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PREFACE. 


The  first  edition  of  tlie  Refkrexie  Handbook  was  begun  in  1884  and  was  completed  in  1887. 
In  1894  it  was  believed  that  the  work  might  be  brought  up  to  date  by  the  f)ublication  of  a  supple- 
mentary volume,  and  accordingly  such  a  volume  was  issued.  During  the  jiast  year  the  same  need 
for  alterations  and  additions  again  made  itself  felt,  and  the  question  then  arose.  Shall  we  issue  a 
second  supplementary  volume?  This  question  was  considered  very  carefully  in  all  its  bearings,  and 
the  conclusion  ,was  soon  reached  that  the  publication  of  a  second  supplementary  volume  would  be 
unwise  owing  to  the  fact  that  everj-  new  si  .icriber  to  the  work  would  be  obliged  to  iiurehase  the 
original  volumes,  in  which  the  proportion  of  useless  text  would  be  constantly  increasing  with  the 
lapse  of  time.  Accordingly  measures  were  taken  with  a  view  to  the  complete  reconstruction  of  the 
H.-i.xDB00K.  The  plan  of  procedure  which  we  adojjted  was  the  following :  All  the  articles  of  the 
existing  nine  volumes  were  collected  together  in  groups,  each  of  which  represented  a  s^jecial  depart- 
ment of  medical  knowledge.  Each  such  group  of  articles  was  then  intrusted  to  a  competent  specialist 
in  that  particular  branch,  with  instructions  to  determine  which  among  these  numerous  articles  were 
worthy  of  being  republished  (with  or  without  revision  on  the  part  of  the  authors),  which  should  be 
fused  together  and  published  under  a  single  title,  and  which  should  be  discarded  altogether.  By 
this  process  it  was  hoped  and  believed  that  we  sIkjuM  learn  what  portions  of  the  original  edition 
were  still  valuable,  and  what  therefore  might  be  utilized  in  the  reconstruction  of  the  new.  'When 
this  preliminary  part  of  the  work  had  been  completed  it  was  found  that  we  could  not  possibly  hope 
to  retain  more  than  one-half  of  the  actual  text  of  the  first  edition.  This  discovery  illustrates  well 
how  many  and  how  great  are  the  changes  which  have  taken  place  in  medical  knowledge  during  the 
past  fifteen  years. 

After  our  expert  advisers  had  determined  to  what  extent  we  could  advantageously  utilize  the 
material  contained  in  the  older  edition,  they  undertook  the  further  task  of  furnishing  lists  of  the 
different  topics  upon  which,  if  the  entire  field  of  medical  knowledge  were  to  be  covered  with  some 
degree  of  completeness,  articles  would  have  to  be  written.  The  names  of  the  men  who  have  per- 
formed this  double  task  and  who  have  made  it  possible  for  me  to  bring  the  rebuilding  of  this  great 
structure  to  a  successful  issue,  are  mentioned  in  the  accompanyhig  list.  To  one  and  all  of  them  I 
desire  to  express  my  grateful  thanks,  for  I  recognize  fully  that  without  their  efiicient  aid  I  should 
not  be  able  to  cope  successfully  with  the  task  of  deciding  what  shall  be  the  contents  of  the  new  series 
of  volumes. 

Finally,  I  desire  to  acknowledge  the  generous  manner  in  which  the  publishers  have  responded 
to  all  my  demands  upon  them.  ^Yhen  they  have  been  con\'inced  of  its  wisdom,  any  suggestion  from 
myself  or  from  one  of  our  authors  has  been  by  them  promptly  adopted. 

New  York,  September  20,  1900.  Albert  H.  Buck. 
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Aachen. 
Aarlien. 


AACHEN  (Aix-la-Cliapf'Ue,  Fr.),  renowned  for  its  hot 
snl|iliiir  springs,  is  ;im  ancient  Prussian  town  of  100.000 
inlialjitants.  easily  reached  from  Paris.  Brussels,  or  Co- 
losne,  heinj;  only  forty  four  miles  distant  from  the  latter 
city.  In  its  ancient  and  renowned  cathedral  "an;  the 
famous  relics  of  Charles  the  Great,  who  has  been  honored 
as  the  discoverer  of  the  springs  and  founder  of  the  town; 
hut  thermal  w.;ite'rs  at  Aachen  were  certainly  known  to 
the  Homans."  whose  predilection  for  baths  an<i  hul  springs 
is  well  known,  as  their  elaborate  remains  at  liath.  Eng- 
land, and  elsewhere  testily.  'I'lu'  springs  of  Aaclien  were 
also  visited  in  .v.l).  Toli  by  King  Pepin  the  Short.  The 
town  is  at  an  elevation  of  about  oli.")  feet  above  sea  level,  is 
built  on  sandy  soil,  and  is  fairly  sheltered  by  hills.  Al- 
though the  town  itself  has  become  eidirely  modern,  its 
surroundings  are  very  attractive.  The  climate  is  niodcr 
ately  moist.  The  average  temperature  is  54"  F.,  anil  the 
number  of  rainy  days  1 10. 

The  entire  city  is  underlai<I  witli  hot  springs,  and  w  itliiu 
a  distance  of  l.:!!*!  metres  the  water  issues  from  ten 
springs.  The  prineii)al  ones  are  the  Kaiserquelle  (the 
stroii<re.st).  with  a  temperature  of  131"  F. ;  the  Quiriiuis- 
quelle.  I2'J'  F. :  the  Hosenquelle.  117.")'  F. :  and  the  t'or- 
neliusi[Uelle.  11-1  F.  The  waters  of  the  various  springs 
are  very  similar  in  mini'i'al  constituents,  differing  in  tem 
peralureand  the  amount  of  sulphur  they  contain.  The 
Klisenbrunnen.  the  nne  mo.st  vised  for  drinking  purposes, 
derives  its  water  from  the  Kaiserquelle. 

At  the  larger  bath  establishments,  which  an'  elegantly 
fitted  up  and  arranged,  there  are  vajior  baths,  inhalation 
chambers  for  bronchial  and  laryngeal  allections,  and  other 
rooms  set  apart  for  the  various  hydrotherapeutie  proc- 
esses. "The  great  advanta.ge  of  Ai.\-la-('hap<-ll(;."  says 
Dr.  Baruch.  "is  the  fact  that  nearly  all  the  bat  lis  are  situ- 
ated in  five  hotels,  and  there  is  no  necessity,  asat  Ai.x  les- 
Hains,  for  the  patients  to  be  carried  in  sedan  chairs  from 
the  springs  to  the  hotels."  In  the  town  is  a  Zander  In- 
stitute, with  Dr.  Zander's  medico  ineclianical  appliances 
for  Swedish  gymnastics.  Although  one  can  be  treated  at 
Aachen  at  all  times,  the  two  seasons  are  the  summer,  from 
April  lo  to  October  lo.  and  the  winter,  from  November  to 
April.  The  aeeommodations  are  very  good,  and  one  can 
live  in  the  bath  establislimeiits  themselves,  as  lias  been  said. 

In  10.000  parts  of  water,  the  Kaiserquelle.  a<:cording 
to  the  analysis  of  .1.  vou  Liebig,  contains: 

Sodium  I'litoride 26.101 

Sudiuiu  bruiniiie O.ltlti 

SiMlium  iodide 0.(K).3 

SmJunii  sulpbidf (l.(Uir» 

Sodiuin  .sulptiale -.KJfJ 

Polassiuiti  sulpliate L.'j^iT 

Sudiiun  furljocale ti.-i-tSt 

Liiliiuiti  carlM.matt; (l.u:;*.» 

Ma<^'nes!Uin  carhouate 0..'»iMi 

Caliiiiin  carbonate 1  S>7'.< 

StnmUiim  eiirbonale ii.W.i 

Ferrous  ('arlK;)nat« ilWi) 

Siliiiii  liydrale ll.tWl 

Oiyauic  matter il.Tiil) 

Total .lO.rsn 

Cartmuic  o.xide  (free  and  iiartially  freei ">.IXI0 

Traces  of  lluorine,  lionm,  and  arsenic.  Tliei'e  Is  probably  an  organic 
sulphidi;  lallyl)  pie-sent  lu  lumute  ciuanllty. 
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The  action  of  the  Aachen  thermal  waters,  as  indeed  of 
all  thermal  waters,  is  to  increase  tissue  metamoi'|ili<Jsis  and 
thus  to  promote  absnrption  of  chronic  infiammatory  jirod- 
ucts,  as  in  chronic  rlieumatism  and  .ffout ;  but,  as  Weber 
wisely  remarks,  "hot  baths  and  hot-water  drinking  are 
likewise  beneficial  in  these  conditions,  and  it  is  not  cer- 
tain that  the  presence  of  small  quantities  of  snlpluir  adds 
much  to  the  ell'ect  of  hot  water";  "the  saiue,"  he  adds, 
"may  be  said  with  regard  to  some  c!ironi<-  skin  diseases." 
In  another  place  the  same  writer  remarks  that  in  other 
cases  besides  those  of  syphilis  the  reputation  of  the  Spa  is 
due  not  so  much  to  the  water  as  to  the  energetic  hydro- 
therapeutic  measures,  special  e.xercises,  massage,  etc., 
which  are  employed  there. 

On  account  of  the  chloride  of  sodium  which  they  con- 
tain the  waters  are  used  in  catarrlial  conditions  of  the 
stomach  and  alimentary  canai  and  of  the  bronchi.  There 
are  inhalation  chambers,  as  has  been  stated  above,  for 
bronchial  and  laryngeal  allections.  The  wat<'rs  ai'e  also 
used  in  various  affections  <:)f  the  abdominal  \iscera:  in 
sluggish  action  of  the  bowels  and  stagnation  in  branches 
of  the  portal  vein,  with  the  resulting  dysjieptic  troubles; 
in  congestion  of  the  jielvic  c/rgans  and  hemorrhoidal  ves- 
sels; and  in  enlargement  of  the  liver.  Chronic  skiu  dis- 
ciises.  such  as  eczema  and  jisoriasis,  are  treated  at  Aaclien 
with  more  or  less  success,  "the  results  obtained,"  as  one 
author  remarks,  •■doubtless  partly  due  to  the  niedieinal 
treatment."  Besides  chroiiie  skin  diseases,  the  follow- 
ing affections  constitute  the  major  part  of  those  treated 
at  Aachen;  chronic  rheumatism,  gout,  and  the  stiffness 
of  joints  resulting  from  these  affections;  metallic  poi- 
.sonin,g;  and  syjihilis.  Cases  of  the  latter  disease  by 
far  outnumber  all  the  rest,  for  out  of  the  20,000  annual 
visitors  at  the  Spa,  14,000  arc;  .said  to  come  there  for 
syphilitic  treatment.  "The  value  of  these  baths  in  this 
disease."  says  Baruch.  "lias  jnodiiced  such  an  afflux  of 
sy  philitics  that  the  town  has  obtained  quite  an  unenviable 
reputation,  which  prevents,  it  is  said,  purely  gout}',  rheu- 
matic, and  other  patients  from  frequenting  it."  Weber 
thinks  that  the  reputation  of  Ai.x-Ia-Chapelle  in  syphilis 
has  been  due  in  great  part  to  the  ordinary  medicinal 
treatment  employed  there  and  to  the  atteufion  paid  to 
the  subject  by  tln'  local  doctors. 

Be  this  as  it  may,  the  success  of  the  Aix  method  of 
treating  syjdiilis  is  undoubted,  and  it  will  be  of  interest 
to  repeat  here  the  detailed  account  of  that  method  which 
Dr.  E.  C.  Wendt  gave  in  the  first  edition  of  this  Hand 
BOOK.     It  is,  in  all  essential  respects,  as  follows:  — 

Dr.  Bnindis,  one  of  the  ex])erieiiccd  physicians  of  the 
Spa,  insists  on  three  points; 

1.  The  body  must  always  be  adequately  prepared  for 
the  absorption  of  the  mercury,  and  the  gray  ointment 
must  always  lie  used  carefully  and  in  suflicienl  (piaiitity. 
The  patient  is  directed  to  take  a  warm  bath  of  half  an 
hour's  duration,  at  a  temperature  of  Ko '  F..  so  as  to 
be  preiiared  for  the  subsequent  inunction.  From  this 
rule  it  may  be  necessary  to  deviate  for  various  rea.sons. 
A  very  frequent  cause  which  I'omiiels  us  to  adopt  other 
measures  first  is  the  fact  that  mercurialisin.  the  result  of 
previous    incautiously  apiplied   mercurial    treatment,    is 


AbilitllK'tl. 
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prps<'iit.  Aftor  tlic  Imtli  tlio  patient  must  he  most  care- 
hilly  ilricd,  ami  iiniiU'iIinU'ly.  in  the  liiithroiiin,  rulibed 
wiili  srniy  oininu'ut. 

Duriiii;  llic  tnllii'  Ircntmciil  il  is  tulvisiililc  In  jillnw  tlic 
paliiiil  to  ilriiik  llir  wann  waters;  two  or  lliiee  ulasses 
slioiiM  lie  ilniiik  ill  the  iiioriiin};.  ami  a  similar  quantity 
ill  the  oveniii!;  also.  lu  winter  aiiil  eold  weather  the 
waters  should  lie  taken  in  lied;  durinj;  llie  summer  and 
on  warm  days,  while  walkiii!;  about.  Nevertheless,  we 
must  earefiiilv  notiee  whether  the  internal  employment 
of  the  waters  (list  urlis  Ihediirestion.  whether  it  lakes  away 
the  appetite  and  thus  interferes  with  the  fiiltilment  of  a 
very  weighty  indiealion,  namely,  the  nourishment  of  the 
liody . 

Kor  removing  debility  Dr.  Brandis  relies  not  on  the  use 
of  the  waters,  but  on  the  abundant  drinking  of  warm  milk. 
a  measure  Use  merits  of  wliieli  have  not  been  sullieiently 
appreeialed. 

Vapor  baths,  followed  by  eojiious  sweating,  are  indi 
cated  wlu'U  the  mercury  no  longer  exercises  a  benetlcial 
effect  upon  the  healing  iiroees.s.  As  a  rule,  patients  arc 
directeil.  possibly  after  the  twentieth  inunction,  to  take  a 
vapor  bath  on  three  consecutive  days,  and  then  subse 
quently  after  each  ([•nth  inunction. 

As  to  (he  method  of  performing  the  inunctions.  Sig- 
mund's  instructions  are  observed.  It  is  essential  that 
comiietent  rubbers  do  the  work. 

Both  hands  must  be  employed  in  rubbing  in  the  oint- 
ment. The  use  of  gloves  and  pads  is  prohiliited.  as  they 
absorb  too  much  of  the  ointment.  ^Mercurial  poisoning 
in  the  rubbers  has  not  been  observed.  Kvery  rubbing  is 
to  last  fully  twenty  minutes,  ten  minutes  for  each  lialf  of 
the  dose. 

The  further  instructions  of  Signnmd  are  as  follows: 

On  the  lirst  day  rub  both  legs;  on  the  second,  both 
thighs;  on  the  third,  the  abdomen  and  the  breast;  on  the 
fourth,  the  back;  and  on  the  tiftli.  both  arms. 

Many  jiatients.  however,  cannot  endure  the  nibbing 
of  the"  abdomen  and  breast ;  in  such  persons  the  rub- 
bing is  ajiplied  to  the  sides  of  the  body  and  the  nates 
The  daily  dose  varies  with  the  body-weight  and  the 
susceptibility  of  the  patient — between  four  and  five 
grammes  for  adults,  and  from  one  to  two  grammes  for 
children. 

2.  During  a  course  of  treatment  the  liody  must  be 
maintained  in  good  condition:  the  patient  must  take  ex- 
ercise in  the  open  air.  he  must  occupy  a  spacious  bed- 
room, and  he  must  liave  good  food  in  plenty. 

The  treatment  of  the  mucous  membrane  of  the  mouth 
is  of  great  importance,  for  it  is  iu  this  way  tliaf  much 
can  be  done  to  prevent  mercurial  stomatitis. 

Dr.  Brandis  employs  as  a  mouth  wash  a  preparation 
made  according  to  the  following  recipe: 


.aa     30.0 
...  300.0 


IJ  Pulveiis  aluminis, 
Plunibiacetatis. . . 
Aquie  destillatie  . . 

Misce  et  filtra. 


This  solution  may  be  used  by  diluting  it  either  with 
pure  water  or  with  some  aromatic  water,  in  the  iiropor- 
tion  of  about  two  dessertspoonfuls  to  the  gla.ss  of  water. 
The  mouth  must  be  regularly  rinsed,  from  the  beginning 
of  treatment,  ten  or  twelve  times  a  day,  or  even  oflener 
Even  when  taking  walks  the  patient  must  carry  a  small 
bottle  of  the  liquid;  and  in  urgent  cases  he  must  u.se  it  re 
peatedly,  even  at  night.  After  eacli  meal  the  teeth  must 
be  brushed  with  a  mixture  of  prepared  chalk  and  cam- 
phor. 

Dr.  Brandis  states  that  by  carrying  out  these  meas- 
ures very  carefully  the  ])atient  will,  as  a  rule,  escape 
salivation;  but  occasionally  it  hajipeus  that  the  physician 
is  obliged  to  order  a  temporary  suspension  of  theinunc- 
tions.  One  thing  more  is  to  be  observed — namely,  we 
may  accustom  even  highly  sensitive  patients  to  tolerate 
mercury.  If  we  know  beforehand  that  we  have  to  deal 
with  such,  we  should  begin  with  small  doses  of  the  mer- 
curial ointment,  and  gradually  increase  to  larger.     Or  if 


we  have  the  misfortune  to  induce  stomatitis,  and  are 
obliged  to  suspend  treatment,  we  must  postpone  resum- 
ing it  until  all  these  symiitoins  have  disappeared;  we 
then  begin  again  with  small  doses,  and  gradually  rise  to 
liirger.  .V  luaclical  suggestion  relates  to  ulcerative  proc- 
esses, so  frequently  observed  in  the  course  of  syphilis.  It 
is  not  always  an  easy  matter  to  distinguish  mercurial 
from  syphilitic  ulcerations;  they  both  occur  in  the  most 
various  jnirts  of  the  mucous  nambranc  of  the  mouth,  and 
may  look  very  like  each  other.  Above  all.  this  holds  good 
of  tho.se  mercurial  ulcerations  which  occasionally  a]i]iear 
on  the  tonsils  and  on  the  .soft  palate.  Here  freipiently 
only  long-C(aitinued  observation  can  decide  the  matter;  if, 
however,  we  remain  in  doubt,  the  iiiunci ions  must  be 
suspended;  the  mercurial  ulcirs  will  then  heal,  whereas 
the  .syphilitic  ulcers  will  be  aggravated.  They  also  be- 
have dilferently  when  cauterized  with  nitrate  of  silver. 
The  mercurial  sore  stands  an  energetic  cauterization  very 
well;  in  fact,  its  healing  is  furthered  by  it;  whereas  the 
c<nitrarv  is  generally  the  case  with  the  \cnei'eal  ulcer. 
Increased  .secretion  of  saliva  may  also  occasion  doubt,  for 
at  times  syphilitic  disorders  wiiich  affect  the  cavity  of 
the  mouth  directly  jiroduce  salivation.  Another  disagree- 
able result  of  the  iiiuuctiiai  treatment  is  mercurial  diar- 
rluea.  This  symptom  sets  in  suddenly;  the  evacuations 
follow  one  another  rapidly,  there  is  pain  and  tenesmus, 
and  the  stools  are  scanty  and  show  mucus  and  blood. 
Treatment  by  opiates  is  indicated,  wliilc  the  inunctions 
must  at  once  be  interrupted. 

Healthy  persons  lose  in  weight  if  subjected  to  mercu- 
rialization.  In  contradistinction  to  tliis.  syphilitic  pa- 
tients gain  in  weight  as  soon  as  they  enter  the  stage  of 
convalescence.  This  applies  to  recent  cases  as  well  as 
to  those  of  long  standing. 

The  inunctions  must  be  employed  for  a  sufficiently  long 
time.  As  our  task  consists  iu  liealing  the  symptoms  of 
the  disease,  and  as  much  as  possible  in  averting  relapses, 
the  earlier  the  syphilitically  infected  person  is  brought 
under  mercurial  treatment,  the  milder  will  be  the  coirrse 
of  the  disease, 

3.  Above  all  things,  Brandis  insists  that  we  must  not 
too  soon  di.smiss  the  patient  from  treatment — indeed, 
not  until  all  symptoms  have  di.s;ippearcd,  to  the  last 
vestige;  and  also,  that  even  the  slightest  attacks  must 
be  energetically  treated  from  the  outset.  If  experi- 
ence shows  us,  on  the  one  hand,  that  inadecpiate  treat- 
ment fails  to  remove  completely  the  existing  symptoius, 
or.  after  ap]iarently  curing  them,  is  not  competent  to 
prevent  later  relapses,  it  also,  on  the  other  liand.  dem- 
onstrates the  fact  that  a  long  and  energetic  mercu- 
rial treatment  will  generally  accomplish  the  desired 
object. 

In  all  ordinary  cases  the  inunctions  are  prolonged 
eight  or  ten  days  beyond  the  time  of  healing  of  visible 
lesions;  the  thermal  baths  need  not  be  given  for  a 
longer  period. 

In  this  country  the  Hot  Springs  of  Arkansas  is  per- 
haps the  most  renowned  place  for  the  treatment  of 
syphilis,  and  so  far  as  the  waters  are  concerned,  it  offers 
essentially  the  same  advantages  as  Aachen, 

Edinird  n.  Oti.i. 

ABDOMEN.  (ANATOMICAL.)— The  abdomen  is  the 
region  of  the  body  lying  between  the  thorax  and  the 
pelvis.  It  includes  the  abdominal  wall,  the  abdiauinal 
Ciivit3',  and  its  contents,  the  latter  comprising  almost  the 
whole  of  the  digestive  apparatus  and  a  part  of  the 
urinary.  Above,  the  abdominal  wall  is  separated  from 
the  thorax  by  the  costal  arch.  Below,  il  is  continued 
into  the  pelvis  and  thighs,  the  lines  of  separation  being 
the  iliac  crests  kiterally  and  Poujiart's  ligaiueius  niesially. 
These  s'.ipci'lici.il  boundaries  of  the  wall  are  not  coexten- 
sive with  those  of  the  cavity,  for  it  extends  above  into 
the  vault  of  the  diaphragm,  corresponding  superlicially 
to  the  fourth  intercostal  siiace  on  the  right  side  and 
the  fifth  on  the  left.  Below,  it  passes  into  the  pelvic 
cavity,  the  lino  of  separation  between  abdomen  and  pel- 
vis being  the  liuea  ilio-pectiuea.       Here  the  lower  limit 
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Abdomen. 
Abdomen* 


is  tile  upper  surface  of  the  levator  aui  and  coccygeus 
muscles. 

The  form  and  external  appearance  of  the  abdomen  varj' 
with  sex,  age,  and  the  eoudilion  of  tlie  abdominal  wall  and 
underlying  organs.  In  infancy,  as  the  pelvis  is  mule- 
veloped  and  the  organs  in  the  upper  part  of  the  cavity  are 
relatively  large,  the  abdomin  is  cnne  sliapeil,  the  apex  of 
the  cone  being  directed  downward.  In  ud\dt  males  the 
region  is  cylindrical  and  slightly  tiattened  from  licfnre 
V)ackward.  In  females  it  is  again  cnne-shaiicd.  l)Ut  the 
ape.x  of  the  cone  is  above,  as  the  diameter  of  the  lower 
circumference  of  the  thorax  is  always  less  tlian  that  of 
the  pelvis. 

The  AKDOMi.NAi.  WAi.i,  ]irescnts  antcro-latcial  and 
posterior  as])eets.  It  dilTers  from  the  walls  of  other 
cavities  in  being,  for  the  most  part,  devoid  of  skeleton, 
which,  with  the  elastic  character  of  the  tissues  comjiosing 
it,  allows  the  cavity  to  vary  in  capacity  according  to  the 
size  of  the  contained  viscera.  At  all  times  it  exerts  upon 
them  a  gentle  pressure,  supjjorting  (hem,  and  causing  tlie 
more  solid  to  impress  the  softer.  This  pressure  may  be 
appreciated  in  any  laparotomy  wound,  when  the  omen- 
tum and  more  movable  intestines  are  retained  with  dif- 
ficulty. The  antero-lateral  wall  is  composed  of  llie 
followhig  lavcrs  o,f  tissue,  which  must  be  considered  in 
detail:—       "     ■■ 


j  superficial  layer 
j  deep  la; 


layer, 


Skin, 

Superficial  fascia 

External  oblique  muscle, 
Internal  obliciue  muscle, 
Transversalis  muscle, 
Rectus  muscle, 
Transvers:ilis  fascia, 
Properiloneal  tissue. 
Parietal  peritoneum. 


In  addition  to  this  general  descrii)tion,  certain  regions 
which  are  eoiniiKJidy   the  seat  of   hernia  must  receive 
especial  study.     These  are: — 
The  inguinal  region. 
The  inguino-fcnioral  region. 

The  iV/./y;  of  the  abdominal  wall  is  thin  and  movable 
except  in  the  region  of  the  navel,  where  it  is  attached  to 
the  uncU'rlying  tissue.  Corresponding  to  the  linea  alba 
Is  a  furrow  which  indicates  the  space  between  the  recti 
muscles.  Two  transverse  fiexion  folds  are  usually  pres- 
ent, one  at  the  level  of  the  umbilicus,  a  second,  one  inch 
above  tlie  pubis.  This  latter  marks  the  summit  of  the 
moderately  distended  bladder.  In  pregnancy,  or  during 
the  growth  of  large  intra-abdoiuiual  tumors,  the  stretch- 
ing of  the  skin  may  give  rise  to  a  series  of  lougituiliual 
lines,  called  stria;  gravidarum. 

Siiperfiriid  Faitcin. — Of  this  there  are  two  layers. 

The  superficial  layer  varies  in  thickness  according  to 
the  amount  of  fat  depo.sited  in  it.  Both  above  and  be- 
low it  is  continuous  with  the  corresponding  layer  of 
tissue  in  adjacent  regions.  In  the  pubic  re.gion  it  passes 
into  the  scrotum,  losing  the  fat,  and,  joining  the  deep 
lawyer,  it  assists  in  the  formation  of  the  dartos.  At  the 
posterior  border  of  the  scrotum  it  becomes  continuous 
with  the  same  layer  of  the  perineum.  The  amount 
of  fat  deposited  in  this  layer,  together  with  that  in  the 
omentum  and  mesenteries,  is  the  principal  factor  in  deter- 
mining the  external  appearance  of  the  abdomen.  Ac- 
cordingly, all  gradations  occur,  from  the  tliin  concave 
abdomen  of  the  emaciated  to  the  thick  pendulous  one 
of  the  obese.  These  variations  become  of  im])ortance 
in  examinations  of  abdominal  organs  or  in  ojierations 
upon  them.  The  thick  wall  renders  the  task  more 
difficult. 

The  deep  layer  is  thin  and  more  fibrous  in  structure. 
It  can  be  separated  distinctly  only  in  iIk!  lower  half  of 
the  wall :  above,  it  is  lost  in  the  superficial  layer.  Below, 
externally,  it  is  connected  with  the  iliac  crests:  anteriorly, 
it  passes  over  Poupart's  ligaments,  to  be  attached  to  the 
fascia  lata  half  an  inch  below  them,     In  the  pubic  region. 


together  with  the  superficial  layer  it  passes  into  the  scro- 
tum to  form  the  dartos.  At  the  posterior  border  of  the 
scrotum  the  layersa.gain  separate,  the  deeper  one  forming 
the  corresponding  fascia  of  the  perineum.  This  latter 
fascia  is  attached  on  each  side  to  the  rami  of  the  |nibis 
and  ischium,  and  turning  around  the  posterior  Ijorder  of 
the  transverse  perineal  muscles,  it  becomes  continuous 
with  the  deep  ]ierincal  fascia.  It  is  beneath  this  layer 
of  ti.ssue  that  urine  or  an  infection  is  guided  fromthe  peri- 
neum through  the  scrotum  upon  the  abdomen.  The  at- 
tachment, of  the  fascia  to  the  bonj'  margin  of  the  pelvis 
prevents  the  sjiread  into  the  thighs  on  their  inner  sides, 
while  the  attachment  to  the  fascia  lata  prevents  a  simi- 
lar spread  from  in  front.  The  deep  superficial  fascia  is 
separated  from  the  aiionetirosisof  the  external  obli(|ueby 
loose  areolar  tissue  exce[)t  along  the  linea  alba,  where  the 
attachment  is  more  intimate. 

ExUriitil  0/d/(jiit:  Mimdf  (Figs.  1  and  2).— This,  the 
strongest  and  most  sujierficial  of  the  abdominal  mus- 
cles, arises  by  fleshy  digitations  from  the  eight  lower 
ribs,  interdigitating  in  the  ujiper  half  with  the  ser- 
ratus  ma.gnus.  in  the  lower  with  the  latissimus  dorsi. 
The  fibres  are  directed  downward,  forward,  and  in- 
ward, those  from  the  la.st  two  ribs  almost  vertically 
downward  to  their  insertion  in  tin-  anterior  two-thirds 
of  the  external  lip  of  the  iliac  crest.  The  remaining 
fibres,  more  oblique  in  direction,  terminate  in  a  broad 
aponeurosis,  which  at  the  mid-line  joins  with  the  aponeu- 
rosis of  the  remaining  muscles  in  the  linea  alba.  The 
following  structures  in  the  aponeurosis  of  the  external 
oblique  require  especial  mention: — 

Piii/pai-t'n  IJniimeiit.  formed  by  the  thickened  lower 
liorder  of  the  aponeurosis,  stretched  between  the  ante- 
rior superior  iliac  spine  and  the  pubic  spine.  Attached 
to  it  below  is  the  fascia  lata,  which  gives  to  the  li.ga- 
ment  an  outline,  convex  downward.  The  flexor  mus- 
cles of  the  tliigli.  the  femoral  vessels,  and  the  anterior 
crural  nerve  pass  behind  the  ligament  in  their  course 
downward. 

(Hiidwniiif'x  Ugaiiient  (Fig.  5). — Reflected  from  the 
pubic  end  of  Poupart's  ligament  to  the  linea  ilio-pectinea 
for  about  three-quarters  of  an  inch,  is  a  triangular  layer 
of  fibrous  tissue  termed  Gimbernat's  ligament.  It  has 
upper  and  lower  free  surfaces,  and  a  concave  external 
border,  liounding  the  femoral  ring  internally. 

EMeriutl  Ahihimiiiid  ar  Itirpiuml  Uing  (Fig.  2). — Situ- 
ated in  the  lower  and  inner  jiart  of  the  aponeurosis  is  an 
oval  opening,  formi'd  by  the  separation  of  the  fibres  com- 
posing this  part  of  the  aponeurosis  from  the  fibres  of 
Poupart's  ligament.  The  long  axis  of  the  ring  corre- 
sponds in  direction  to  that  of  thc^  fibres  of  the  aponeu- 
rosis. Its  base  is  formed  by  the  [lubic  crest,  its  sides  by 
the  diverging  fibres,  which  are  called  the  pillars  of  the 
riug.  The  superior  or  internal  pillar,  thin  and  fiat,  is  at- 
tached to  the  anterior  surface  of  the  .symphysis  pubis, 
while  the  inferior  or  external,  thick  and  prismatic,  essen- 
tially the  inner  end  of  Poupart's  ligament,  curves  inward 
to  terminate  at  the  ]iiibic  spine.  Further  facts  concerning 
the  external  ring  will  be  mentioned  in  the  special  descrip- 
tion of  the  inguinal  region. 

InlnriiliniiiKir  Fiiscin. — Binding  together  the  fibres  of 
the  aponeurosis  above  the  inguinal  opening  is  a  .set  of 
fibres  which  arch  transversely  inward  from  the  outer 
half  of  Poujiart's  ligament,  thus  closing  the  angular  in- 
terval left  between  the  diverging  pillar.s.  At  the  margins 
of  the  opening  these  fibres  are  continued  over  the  sper- 
matic cord  and  testicle  as  a  fine  fascia,  the  intercolumnar 
or  spenuatic  fascia. 

liiliriitil  OliliiiHi  Miixrh  (Fig.  1). — The  general diri'ction 
of  the  fibres  composing  this  muscle  is  the  opposite  of  that  of 
the  external  oblique.  It  arises  below,  from  the  outer  half 
or  two  thirds  of  Poupart  's  ligament,  from  theanterior  t  wo- 
thirdsof  the  middle  lip  of  the  crest  of  tlie  ilium,  and  from 
the  lumbar  fascia  in  the  angle  between  the  crest  <jf  the 
ilium  and  tlie  outer  border  of  the  erector  spiiue  muscle. 
From  this  oriiiin  the  fibres  ascend  over  the  side  of  the 
abdomen  to  be  disposed  of  as  follows:  tile  most  posterica" 
fibres  pass  upwaril  to  be  inserted  into  the  outer  surfaces 
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of  llu'  thriH"  lowiTvilis;  those  from  Mie  crost  anteriorly, 
llif  spiiu'.  mill  I'ouimrl  's  liiriiiiicnt  end  in  ii  liroiul  nponeu- 
rosis  wliieh  exieiuls  from  "the  thorax  to  llie  \m\ns.  and  at 
the  outer  liorder  of  tlie  reel ns  divides  into  two  layers,  to 
enelose  this  musele.  iinitintr  airain  at  the  linca  lUlia.  Tlio 
anterior  laver  is  insepaRibly  united  with  the  aponeurosis 
of  I  he  exiernal  obliiine.  the  posterior  willi  that  of  the 
tninsvers;ili-^      iM.i    ilii.v.'    uiili    ihc-   siviiilli    and   eighth 
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Fig.  1.— On  the  left  side,  the  external  nblirpip  amltlie  anterior  layer  of  ther^etus 
sheatli  are  reiiiitved  ;  on  the  rifflit  side.  Itie  I'.xternal  and  internal  nhliiine  ami 
the  lowt-r  half  of  Mie  rectus.  Tht*  deep  epiLrastric  artery  is  slmuM  ihroiij.^li 
the  wall,  ijoessel.)  a.  Rectus  ahdoininis;  6,  iuscrii>tii>  tcniiinca;  c. 
external  obliiiue;  (/.  linea  alba:  c,  internal  .oblique  ;  /,  fascia  traiiswiNalis; 
g,  internal  abdominal  ring;  /(,  Poupart's  lipainent;  i,"  antciinr  crural  nerve: 
j,  femoral  art.ery ;  h.  femoral  vein  :  /,  spcrtuatic  cord  ;  /».  fossa  fivalis ;  ?i,  deep 

epiga.stnc  artery,  shown  through  abd Iiial  wall;  o,  transversalis  musele; 

jj,  linea  semilunaris:  (;.  semilunar  fold  nf  itou^'las. 


costal  eartila.ires  and  the  eusiforin  jiroee.ss.  This  arrange- 
ment obtains  only  in  the  iijiper  two-thirds  of  the 
aponeurosis.  In  the  lower  third  there  is  no  division 
into  layers,  both  internal  oblique  anil  transversalis  pass- 
ing in  front  of  the  rectus  with  tlie  external  obliipie. 
The  detieiency  resulting  in  the  sheath  of  the  rectus  is 
marked  al)0ve  by  a  semilunar  edge,  known  as  the  semi- 
lunar fold  of  Douglas.  The  lowest  filjres  which  arise 
from  Poupart's  ligament  arch  downward  and  inward, 
and,  ioining  similar  fibres  from  the  transversalis,  form 
tlie  conjoined  tendon  of  these  two  muscles,  by  which 
they  are  inserted  into  the  anterior  surface  of  the  pubis 
and  the  inner  part  of  the  ilio-pectiueal  line,  behind  Gim- 
bernat's  ligament. 

The  TrimKrcrmlis  Muftde  (Fig.  1),  situated  beneath  the 
internal  oblique,  arises  from  the  inner  surfaces  of  the  six 
lower  ribs,  from  the  transverse  jjrocesses  of  the  lumbar 
V(frtcbr;ii  by  an  aponeurosis,  and  from  the  anterior  two- 
thirds  of  the  inner  lip  of  the  crest  of  the  ilium.     Passing 


horizontally  inward,  tlie  fibres  terminate  in  an  aponeu- 
rosis abovit"  an  inch  external  to  the  tiorder  of  the  rectus, 
except  at  the  upper  extremity,  where  the  fibres  pass  be- 
hind the  rectus  almost  to  the  middle  line.  The  arrange- 
ment of  the  aponeurosis  was  dcscrilied  with  that  of  the 
internal  obliiiue. 

licrtiifi  Alxliimimn  3/«.vc?((Fig.  1). — Thismuscle  consists 
of  vertical  fibres  lying  within  the  sheath  formed  by  the  in- 
ternal oblique  as  described  above.  Situated  on 
either  side  of  the  mid-line  of  the  abdomen,  it 
arises  from  the  anterior  surface  and  crest  of  the 
pubis.  Expanding  and  becoming  thinner  as  it 
;iscends.  it  is  inserted  into  the  cartilages  of  the 
i.l!  fillli.  sixth,  and  seventh  ribs,  as  well  as  the  bone 

':!  of  the  lifth.     The  fibres  of  the  muscle  are  inter- 

ruiited  by  three  or  more  lendiutms  intersections, 
in.scriptiones  tendinea',  placed,  the  first  at  the  um- 
bilicus, the  second  at  the  lower  end  of  the  ensiform 
]irocess,  the  third  midway  between  them.  They 
are  contined  chiefly  to  its  anterior  fibres  and  are 
tirmly  tmifed  to  the  anterior  wall  of  the  nniscle 
sheath.  When  additional  transverse  lines  occur, 
they  are  usually  incomplete  and  are  placed  below 
the  umbilicus. 

The  Lined  Alba,  formed  by  the  union  of  the  ap- 
oneuroses of  the  two  obli()uc  and  transverse  mus- 
cles, extends  in  the  mid-line  from  the  ensiform 
process  to  the  pubis.  A  little  below  the  middle 
it  is  widened  into  a  circular  space,  in  the  cen- 
tre of  which  is  the  umbilicus.  Above  the  um- 
bilicus the  recti  muscles  diverge  and  the  linea 
alba  broadens.  Below  the  umbilicus  the  recti 
muscles  converge  and  the  linea  becomes  narrower 
and  passes  in  front  of  the  conjoined  inner  heads 
of  the  recti  muscles  to  the  pubis.  Passing 
fi'om  the  linea.  behind  the  conjoined  heads,  is 
a  small  band  of  Icaigitudinal  filjres,  the  admin- 
iculiun  line;e  alba',  wliieh  spreads  out  below  into 
a  triangular  expansion  attached  to  the  upper 
border  of  the  pubis  behind  the  external  head  of 
the  rectus.  During  ]iregnaucy,  or  when  the  ab- 
domen is  distended  l)y  ilisease,  the  linea  alba  is 
much  increased  in  breadth. 

The  Linca  Scmilunarii!,  situated  along  the 
outer  border  of  the  rectus  muscle,  is  a  curved 
linear  dejuession  corres]iondiug  to  the  narrow 
Iiortion  of  the  ai)oueurosis  of  the  internal  oblique, 
lietween  the  termination  of  the  muscular  tllires 
and  Ilie  division  of  the  ajioueurosis  to  fonn  the 
rectus  sheath. 

The  Fascia  Transrermlis. — This  thin  layer  of 
fascia  lines  the  posterior  surface  of  the  trans- 
versalis muscle  and  is  continued  on  to  the  under 
surface  of  the  diajihragm.  Above  the  umbilical 
line  it  is  exceedingly  thin,  but  below,  esjie- 
cially  in  the  inguinal  region,  it  is  more  strongly 
developed  and  is  attached  to  Poupart's  ligament. 
Lateriilly.  it  is  attached  to  the  inner  lip  of  the 
crest  of  the  ilium  and  is  continuous  with  the 
iliac  fascia.  An  opening  in  the  transversalis,  the  internal 
abdominal  ring,  will  be  described  below. 

Pnipci-iloiiciil  Timtie  and  J'arii/a/  Pcritoncmn. — The 
properitoneal  tissue  is  a  variable  layer  which  is  situated 
between  the  transversalis  fascia  and  the  peritoneum, 
and  is  more  highly  developed  in  the  inguinal  regions. 
Fartlier  up  on  the  abdominal  wall  it  is  frequently  absent. 
In  this  layer  are  situated  the  most  important  blood-vessels 
of  the  iibdominal  wall.  The  ]iarietal  peritoneum  will  be 
more  especially  noted  below.  For  the  most  part  it  is  sepa- 
rated from  the  fascia  fransverssilis  by  the  properitoneal 
tissue,  but  ttlong  the  linea  alba  and  the  umbilical  region 
the  t  wo  ;ire  united. 

Blood- Vfxnch  of  the  Anterior  Abdominal  Vail. — The 
Arteries  of  the  abdominal  wall  are  in  two  sets,  superficial 
and  deep.  The  superticial  vessels  are  situated  in  the 
superficial  fascia.  They  are  the  superticial  epigastric 
anil  the  sujierticial  circumllex  iliac,  derived  from  the 
femoral. 
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'I'hc  (ieop  set  coniprisc'S  tlie  six  lower  infereostuls,  the 
lumbar,  the  deep  circuiiitlex  iliac,  the  superior  ei)ipis- 
tric.  ami  the  deep  epifrastrie  artery.  ()i  these,  the  latter 
requires  especial  descrii)tioii. 

Arising  from  the  distal  end  of  the  external  iliac,  the 
deep  ei)iira-stric  artery  passes  iijjward  and  inward  across 
the  rear  wall  of  the  inguinal  canal  to  tlie  jiosterior  sur- 
face of  the  rectus:  enterinjr  tlie  sheath  of  the  rectus  it 
continues  its  course  upward  to  auastdmose  with  the  su- 
perior e]ngastric.  a  tiranch  of  the  internal  mammary.  It 
lies  between  the  fascia  transversiUis  and  the  i)arietal  peri- 
toneum in  the  properitoueal  tissue.  In  the  bcjrinnini,'-  of 
its  course  it  encircles  the  lower  and  internal  boiuidaries 
of  the  internal  iniiuinal  ring. 

Two  small  brandies  arise  from  the  deep  epigastric 
artery:'  the  cremasteric,  which  aciiim|iaiiics  the  sper- 
matic cord,  and  the  pubic  branch,  wliieli  ramifies  on  the 
siiiierior  surface  of  (iimbernafs  ligament  and  (he  posterior 
surface  of  the  puliic  bone.  On  the  surface  of  the  ab- 
domen the  course  of  the  artery  may  be  indicated  by  a  line 
drawn  from  the  junction  of  the  innertliird  with  the  outer 
two-thirds  of  Pouiiarl's  ligament,  obliiiuely  upward  to 
the  umbilicus. 

The  rdiix  are  likewise  divisible  into  a  superficial  and  a 
deeiiset.  The  superficial  in<-lude  thesuperlicial  eiiigastric, 
tliesuperlicialcircumtlex  iliac,  and  the  \  eiia  lcguinentos:i. 
The  latterconnects  the  a.\illary  with  cither  the  siiperticial 
epiirastric  or  the  femoral  veins. 

The  deep  veins  accomi)any  the  corresponding  arteries 
and  are  double.  They  anastomose  with  one  another,  and 
also  with  the  superficial 
veins  on  one  side  and  with 
the  portal  system  on  the 
other,  through  the  para- 
umbilic:il  \'eins  which  run 
in  the  falciform  ligament 
of  the  liver.  In  pathologi- 
cal states  which  interfere 
with  the  circulation  in 
either  the  vena  cava  in- 
ferior or  the  ])ortal  system, 
the  siiperticial  veins  may 
be  much  more  pidininent 
than  is  usual.  In  llie 
former  case,  the  blooil 
current  is  upward,  tow- 
ard the  umbilicus,  tlie 
veins  assisting  in  the  for 
Illation  of  a  collateral  cir- 
culation. In  the  latter 
case  the  current  is  down- 
ward, away  from  the  iiiii 
bilicus.  and  the  dilatation 
is  due  to  direct  stasis. 

Above  the  umliilicus 
the  superficial  /i/inji/iii/ii:i 
empty  into  the  axillary 
glaniis;  below  it.  into  the 
inguinal  glands.  The 
deep  lymphatic  ves.sels 
empty  into  the  slernal 
glands  above  and  into  the 
iliac  glands  below. 

i\V /■*•«'». — The  abdominal 
muscles  are  supplied  by 
the  six  lower  intercostal 
nerves:  the  skin  of  the 
abdomen,  by  cutaneous 
branches  of  t\u-  same  to- 
gether with  the  ilio  liyiiii- 
gastric  and  the  ilio-ingui- 

nal  from  the  tirst  lumbar.  The  nerves  are  situated  be 
tvveen  the  transversalis  and  the  internal  oblique,  and 
IHiisue  a  course  eorrespcmiling  to  the  intercostal  space, 
from  which  thi-y  emergir  as  far  as  the  sheath  of  tlu^ 
rectus,  which  they  pierce  to  become  cutaneous.  Later- 
ally, between  the  origins  of  the  external  obli(|Ue,  tin;  la- 
t)s.simusdorsi,  and  the  sen'atus  maguus,  arises  a  series  of 


lateral  cutaneous  branches  which  supply  the  skin  of  tlic 
lateral  aspect  of  the  abdomen. 

In  this  connection  it  is  interesting  to  note  the  relation- 
ship existing  between  the  nerve  sup])ly  of  the  abdominal 
wall  on  the  one  hand,  and  that  of  the  abdominal  viscera 
and  ])eritonenm  on  the  other.  The  viscera  derive  their 
jirincipal  nerve  siqiply  from  the  thri'c  splanchnics,  which 
are  formed  by  the  union  of  the  rami  conimiiiiie;intes  <if 
the  six  lower  intercostals.  Therefore  the  abdominal  vis- 
cera and  the  abdominal  walls  arc  all  connected  with  the 
.same  segments  of  the  central  nervous  system. 

In  disease  these  nerve  connections  may  serve  to  ex- 
plain many  of  the  symptoms  and  signs,  such  as  reflected 
jiains  and  rigid  abdominal  muscles  in  acute  inllaniniatoiy 
states. 

The  surgeon  is  frequently  calh'd  upon  to  open  the  ab- 
dominal cavity  through  the  anlerolaleral  wall.  The  in- 
cisions should  he  carefully  ])lanneil.  tirst,  to  give  am])le 
room  for  the  necessary  intra-abdominal  manipulations; 
second,  to  do  the  least  possible  injury  to  the  alidoininal 
wall,  thus  reducing  to  a  minimum  the  li.-ibility  of  a  sub- 
se(|Uent  ventral  hernia. 

The  most  common  line  of  incision  is  through  tlie  linea 
alba,  this  route  being  chosen  in  most  iielvie  operations,  in 
those  upon  the  intestines  in  general,  and  in  many  of  tho.so 
upon  the  stomach.  The  line  is  easily  followed  above  the 
umbilicus,  where  the  linea  alba  is  liroad,  but  below, 
where  it  is  narrow,  the  line  is  followed  with  difliculty. 
In  incisions  above  tin'  umbilicus  the  ])osition  of  the 
falciform  liLiaiiient  of  the  liver  should  be  remembered. 

P 


Fk;  2  On  the  left  siile,  tlie  niionenrosis  of  the  extemiil  oliliiiiic  ami  the  roiiise  of  the  (leer  eiiica.'itno 
iiitcryon  the  rear  surface  of  the  abaoiiiinul  wall  are  shown;  on  the  liL'lit,  the  e.xtenial  ohluiiie  is  re. 
moved,  openins  the  ini.'llinal  eaiial.     I.Toessel.i     a.  l"oii|iait's  liiraniellt;  d,  s] 


lermatie  eord  :   r,  anteritir 

i-niral  nerve;  ,/,  free  edire  of  iliae  portion  of  fascia  lata  ;  r,  fenioral  artery  ;  /.  feniinal  vein;  »,  saphe- 

.,..--     ...   j^  fascia    transversalis;   /f. 


ji.  cremaster  muscle  ;  o. 


nous  vein  ;  h.  f(»ssa  ovalis  ;  i.  reilected  portion  of   (timhernat's    liirameiit ; 

Iviiiph  L'liiud  ill  femoral  canal ;/,  fascia  lata ;  m.  puhic  portion  of  fa.scia  lata  , 

iiileriuii  ohlique;  /i,  external  ol>lir|ue;  14,  (lee|)  epis;;i.stric  vessels  ;  r,  superior  pillar  of  the  external  ring; 

.«,  inferior  pillar  of  the  external  riiii; ;  t.  intercoUminar  fascia. 


Many  surgeons  prefer  iin  incision  slightly  to  one  sidi'  of 
the  linea, — one  which  ojiens  the  sheath  of  the  rectus  muscle 
and  separates  its  fibres.  They  believe  that  such  ;i  wound 
heals  more  solidly  than  one  iliat  divides  the  linea  alba, 
formed  as  it  is  bv  the  interlacement  of  numerous  aponeu- 
rotic layers.  (Certainly  the  liiieji  has  but  one  possible 
advantage,  that  is,  av'ascularity.     The  rectus  should  be 
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s«'|«irjitr(l  only  in  its  inner  Iiiilf.  Iui:ui>i  <■!  iln  |...Miinii  ,.1 
llu'  nerve  trunks  in  its  oultr  lialf.  For  this  reason  ii 
trimsvei'se  ineision  will  do  less  ilaniai^e  tlmn  a  longitud- 
inal one  in  llie  outer  half  of  the  reetus. 

lu  latenil  incisions  three  )ioints  must  be  borne  in  mind: 
(1)  The  direction  of  muscular  or  aponeurolie  fibres;  (2) 
the  eoui-se  of  nerves;   (it)  the  course  of  blood-vessels. 

All  louiritudinal  or  oblique  incisions  will  divide  one  or 
more  layers  of  nuiseular  tibres  which,  in  many  inslances, 
it  is  impossible  to  avoid.  However,  when  possible  the 
plan  of  .MclJurney  should  be  followed — namely,  that  of 
sj'panilinir  each  a]>oneurotie  layer  in  the  direction  of  its 
fibres.  When  the  tibri'S  of  all  "the  layers  cannot  be  sepa- 
rated in  this  manner,  it  is  advi.sjvble  to  separate  those  of 
the  external  obliciue  and  divide  the  remaining  layers. 
The  separation  of  the  tibres  possesses  many  advantages — 
it  is  abnost  bloodless,  no  large  nerves  are  injured,  and 
the  edges  of  the  wound,  instead  of  tending  to  separate, 
tend  to  appro.xiniate.  It  lias  the  disadvantage  of  requir- 
ing a  larger  number  of  assistants  and  of  not  giving  as  free 
an  opening  as  direct  incision. 

When  it  becomes  necessary  to  incise  the  entire  tliick- 
nessof  theabdoniinal  wall,  the  incision  should  be  planned 
with  due  regard  to  the  nerves,  reniendiering  that  they  are 
continued  forward  from  tlii'  inlerciistal  sjiaces  between 
the  tninsversjilis  and  the  internal  obIi(|ue.  For  this  rea- 
son, lateral  longitudinal  incisions  alf)ng  the  rectus  are  ob- 
jectionable, division  of  the  nerves  being  followed  b.y  more 
or  less  paralysis,  which  is  an  important  predisposing 
factor  in  the  deveIo])mcnt  of  a  hernia. 

Transverse  incisions  in  the  lower  abdominal  region 
must  avoid  the  deep  epigastric  artery  the  course  of  which 
is  indicated  above.  In  the  upper  half  they  must  avoid 
the  superior  epigastric  artery,  which,  however,  is  of  less 
importance  than  the  deep  vessel. 

The  iNGl.'iN.\i,  UEGioN  is  bounded  below  by  Poupart's 
ligament,  internally  by  the  median  line  indicated  by  the 
linea  alba,  and  above  by  a  horizontal  line  extending  from 
the  anterior  superior  iliac  spine  to  the  median  line. 

The  tissue  layers  composing  the  wall  are  the  same  as 
those  of  the  wall  in  general. 

PiiTciug  the  region  in  an  oblique  direction  from  behind 
forward,  downward,  and  inward  is  the  spermatic  cord 
in  the  male  and  the  round  ligament  in  the  female.  The 
track  which  the  spermatic  cord  juirsui'S  in  the  abdominal 
wall  is  known  as  the  inguiual  canal,  but  it  must  be  un- 
derstood that  a  true  canal  exists  only  in  a  pathological 
state. 

The  canal  presents  for  description  an  external  opening, 
an  internal  opening,  and  four  walls.  As  meutioned,  the  ex- 
ternal opening  is  formed  by  the  separation  of  the  lower  and 
the  inner  fibres  of  the  aponeurosis  of  the  external  oblique. 
The  ring  is  closed  by  the  intercolumnar  fascia,  which  is 
continued  over  the  cord  and  testicle  and  must  be  teased 
from  the  cord  before  the  ring  is  plainly  visible.  At 
the  upper  angle,  it  binds  the  columns  "together,  thus 
strengthening  the  ring  above.  The  external  ring  varies  in 
size,  depending  upou'the  development  of  the  intercolum- 
nar fibres.  Normally,  the  opening  will  admit  the  end  of 
the  finger,  but  this  is"moditied  by  the  position  of  the  body. 
Flexion  and  external  rotation  of  the  thigh  relax  the  open- 
ing, extension  of  the  thigh  or  contraction  of  the  abdomi- 
nal muscles  contracts  the  opening. — facts  which  should 
be  remembered  in  the  reduction  of  hernia  by  taxis.  In 
corpulent  persons  and  in  women  it  is  sometimes  diffi- 
cult to  locate  the  ring,  but  it  should  be  remembered  that 
it  is  immediately  above  and  external  to  the  spine  of  the 
pubis.  When  tlie  spine  cannot  be  located,  the  tendon  of 
the  adductor  longus  will  .serve  as  a  guide,  as  it  lies  im- 
mediately beneatli  the  jtubic  spine  and  can  in  all  cases  be 
easily  recognized. 

The  inteniiil  ahihiminnl  riii;i  is  situated  half  an  inch 
above  the  middle  of  Poupart's  ligament.  Here,  on  the 
posterior  surface  of  the  transversalis  fascia,  the  sjiermatic 
cord  enters  the  inguinal  canal,  being  invested  throughout 
its  entire  length  by  a  jn-ocess  of  the  fascia  known  as  the 
processus  vaginalis  faseiir  transversalis  or  the  infundibuli- 
form  fascia.     Thus  it  is  seen  that  the  transversalis  fascia 


is  not  perforated  by  the  cord,  but  is  pushed  forward  as 
an  investing  membrani'. 

The  anterior  wall  of  the  canal  is  formed  by  the  aponeu- 
rosis of  theexternal  olili(iue,  the  fibres  of  which  are  here 
crossed  by  the  intercolumnar  libres. 

The  posterior  wall  of  the  canal  is  cimiposed  of  the  apo- 
neurosis of  the  internal  oblique  and  the  transversalis.  and 
of  the  fascia  transv<T.salis,  It  isdivisibleinto  two  parts:  a 
lateral,  formed  by  the  transver.salis  tascia.  and  an  inner, 
formed  by  the  conjoined  tendon  of  the  internal  oblique 
and  the  transversalis. 

The  upper  wall  of  the  canal  is  bounded  by  the  lower 
fibres  of  the  internal  oblique  and  the  transversalis.  When 
the  origin  of  these  muscles  from  Poupart's  ligament  ex- 
tends far  inward,  the  cord  rims  for  a  short  distance  be- 
tween I  hem  before  taking  its  usual  position  in  the  canal. 
From  the  lower  border  of  the  internal  oblicjue  a  series 
of  loops  of  mu.seular  tibres  connected  by  fine  fascia  is 
again  ju-olougcd  over  the  cord.  The  fibres  fonn  the 
cremasteric  muscle  and  the  connecting  fascia  is  the  crem- 
asteric fascia. 

The  lower  wall  or  floor  of  the  canal  is  Poupart's  liga- 
ment. The  subserous  fatty  tissue  in  this  region  is  n'ell 
developed  and  forms  one  of  the  layers  investing  a 
hernia. 

Rear   View  of  the  Anterior  Abclnmiiial    Wall  in  tlie  Iii- 
giiinnl  Region. 

The  parietal  peritoneum  covering  this  region  of  the 
abdominal  wall  is  thick  and  freely  movable.  It  presents 
a  median  and  two  lateral  longitudinal  folds  separating  as 
many  depressions.  The  median  fold,  extending  fronrthe 
summit  of  the  lUadder  to  the  umbilicus,  is  caused  by  the 
urachus  and  is  known  as  the  plica  urachi.  Oa  either 
side  of  it  lies  the  internal  inguinal  fossa.  Of  the  two 
lateral  folds  the  median  is  formed  by  the  lateral  ligament 
of  the  bladder,  the  obliterated  hypogastric  arteryof  the 
fietus.  It  is  known  as  the  plica  hyiiogastrica.  and  sepa- 
rates the  internal  inguinal  fossa  from  a  second,  the  middle 
inguinal  fossa.  The  external  of  the  lateral  folds  corre- 
sponds to  the  deep  epigastric  arteiy,  and  separates  the 
'middle  inguinal  fossti  from  a  third,  the  external  fossa. 
This  fold  is  the  plica  epigastriea. 

In  the  floor  of  the  external  inguinal  fossa  is  situated 
the  internal  abdominal  ring  bounded  internally  by  the 
deep  epigastric  artery.  The  tlo(ir  of  the  m'iddl"e  in- 
guinal fos.sa  is  the  posterior  wall  of  the  inguinal  e:uial. 
The  floor  of  the  internal  inguinal  fossa  corresponds  to  a 
point  in  the  abdominal  wall  immediately  external  to  the 
outer  liorder  of  the  rectus  muscle. 

The  floor  of  each  fossa  may  be  the  exit  of  one  of  the  va- 
rieties of  inguinal  hernia.  The  most  important  landmark 
of  the  above  is  the  plica  epigastriea.  formed  by  the  deep 
epigastric  artery-  separating  the  external  from  the  middle 
inguinal  fossa.  Two  forms  of  inguinal  hernia  arc  de- 
scribed according  to  their  relation  to  the  deep  epigastric 
artery. 

Thus,  a  hernia  emerging  through  the  external  inguinal 
fossa  is  an  oblique  or  external  inguinal  hernia.  It 
travels  the  entire  length  of  the  inguinal  canal,  and  the 
neck  of  the  hernial  sac  lies  external  to  the  deep  epigastric 
artery. 

A  hernia  emerging  through  the  middle  or  internal  ingui- 
nal fossa  is  an  internal  or  direct  inguinal  hernia.  Instead 
of  traversing  the  entire  length  of  the  canal,  it  p.asses 
through  the  lower  portion  only,  to  emerge  at  the  external 
ring.  The  deep  epigastric  artery  is  external  to  the  neck 
of  the  sac.  A  hernia  emerging  through  the  internal  in- 
guinal fossa  is  rare  and  is  described  by  Joessel  as  an  in- 
t^ernal  oblique  inguinal  hernia.  Quain,  however,  dis- 
misses this  variety  with  the  simple  statement  that  it  is 
rare,  and  reserves  the  term  internal  oblique  inguinal  hernia 
for  those  cases  of  internal  hernia  which  emerge  between 
the  conjoined  teudim  and  the  deep  epigastric  artery,  and 
so  traverse  a  considerable  portion  of  the  inguinal  canal  be- 
fore reaching  the  external  ring. 
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Exti-rnal  or  oblique  iiifrninal  licniia  may  ln'  coiiuciiilal 
or  arquiivd.  In  dcscribiiiir  tlu'  conjii'iiitul  variety,  it  is 
inressiiry  to  state  tliat  tlie  testie'.e  in  its  descent  from  tlie 
al)domen  into  the  scrotum  is  accompanied  by  a  iioueli  of 
Dcritoneum  wliieli,  al)Out  tlie  time  of  liirtii.  is  separated 
by  tlie  adhesion  of  its  walls  from  the  general  pi-ritoni'al 
cavity.  The  obliteration  exti-nds  normally  from  the  in- 
ternal abi luminal  rinu^  to  the  epididymis,  the  lower  portion 
of  the  ]ioueh  remainin.^  as  the  tunica  vaginalis  testis,  the 
ui>per  portion  being  ynidually  converted  into  a  librous 
cord.  However,  the  obliteration  may  fail  wholly  or  in 
part.  Thus  the  pouch  may  be  obliterated  only  at  the 
internal  rin,;;  or  immediately  aliove  the  testicle,  or  it  may 
remain  in  complete  eommunicalion  with  the  j;'enei'al 
peritoneal  cavity.  When  the  latter  condition  obtains.it 
is  an  easy  matter  for  a  loop  of  iulestiue  to  enter  the  pro- 
cessus va,iiinalis  peritonei 

and     so    form    a    hernia.  " 

Such  a  hi'rnia  usual l_v  de- 
\'elops  before  or  soon  after 
birth.  an<l  is  distin!;uislied 
by  the  fad  that  the  heriu- 
al  contents  are  in  direct 
relation  with  the  testicle. 
and  that  the  hernial  sac 
is  a  prefornied  one. 
.\jrain,  such  a  hernia  first 
shows  itself  in  more  adult 
a,!?e  and  may  be  siis|)eeted 
in  rapidly  d  e  v  e  1  o  p  i  n  g 
cases.  Thus  it  is  seen 
that  the  term  conj;'enital 
applies  ratiier  to  the  con 
ilitions  e.xistina:  than  to 
the  time  of  life  at  which 
t  h  e  h  er  n  ia  a  |i  jjca  rs. 
.Should  the  con.i;'enital 
hernia  reach  the  scrotum, 
it  passes  below  the  testi 
cle.  surrounding  it  so  that 
it  is  necessary  to  examine 
carefully  in  order  to  lind 
this'  organ.  This  m  a  y 
servo  to  dilTerentiate  be- 
tween congenital  and  ac- 
quired hernia.  Should 
the  obliteration  fail  in  the 
iipiier  jiortion  of  the  pro- 
cessus vaginalis  peritonei, 
but  below  form  a  nor- 
mal tunica  vaginalis,  then 
the  conditions  are  itrcsent 
which  allow  the  develop- 
ment of  a  variety  of  her- 
nia described  as  hernia  in- 
to the  funicular  jirocess. 
It  resembles  the  congenital 
form  in  all  p.arliculars  ex- 
cept in  that  of  coming  into  direct  contact  with  the  testicle. 

In  early  childhood  the  inguinal  canal  pursues  a  verv 
direct  course  through  the  abdominal  wall,  but  as  develo])- 
mcnt  iiroceeds.  the  pelvis  widens  and  the  canal  acquires 
an  obliiiue  course,  the  internal  ring  receding  from  the 
e.xtenial.  This  change  in  the  direction  of  the  canal  may 
be  followed  by  spimtaneons  healing  of  the  hernia. 

Ac(/>iircd  ICrtcniiil  Iiiiiuiiiiil  llrinin. — This  variety,  not 
having  a  congenital  sac.  provides  itself  with  one  from 
the  parietal  periloneuni.  ICntering  the  internal  opening, 
it  passes  slowly  along  the  canal  to  tiie  external  oiicning  and 
follows  the  cord  into  thescroium.  being  always  separated 
from  tin-  testicle  l)y  its  own  sac  and  the  outer' layer  of  the 
tunica  vaginalis.  Such  a  hernia  is  of  slow  develojnnent 
and  may  remain  for  a  long  time  within  the  canal  before 
emerging  from  the  outer  opening  and  passin.g  into  the 
scrotum.  During  the  11  r.st  stages  tlie  canal  retains  its 
oblii|uity.  As  the  hernia  increases  in  size  and  weiLdU 
the  internal  ring  aitproaches  the:  exlernal,  so  that  the 
sac  pas.ses  almost  directly  through  the  abdominal  wall. 


However,  the  neck  of  the  stic  is  still  encircled  on  its  inner 
side  liy  the  deep  ejiigaslric  artery.  As  the  hernia  trav- 
erses the  inguinal  canal  it  is  invested  In'  the  coverings 
.sriven  to  the  spermatic  cord  from  the  several  layei's  of  tjie 
atjdominal  wall.  'I'liese  coverings  are:  (1)  skin,  and 
superlicial  fascia;  {'i)  fascia  proiiria,  coniposed  of.  first, 
intercolumnar  fascia;  second,  cremasteric  muscle  and 
fascia;  (:')  infunilibiiliform  tascia;  (-1)  the  pro])eritoneal 
tissue  and  peritoneum  coin|)osing  the  luM'tiial  sac.  In 
congenital  hernia  this  is  the  jn'occssus  vaginalis  iieritonei. 
and  may  be  distinguished  from  the  acquired  peritoneal 
coat  by  its  relation  to  the  testicle  and  its  tirin  adherence 
to  the  fa.scia  projiria.  The  ae(|uired  sac  is  easily  .scjia- 
rated  from  the  fascia  pro|iria,  while  the  congenital  is 
seiiarated  with  dilllculty.  .The  ac(piired  hernial  sac.  like 
the  con,genital.    lies  directlv  in   front  of  and   in  contact 
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V  .Midominal  Walt  in  Itic  In<.niJiiMl  i;<j.mip!i.     i.inKssel.)     «. Poiijiart's  liffa- 

femcirat  fnssa;  </.  mitiille  iii;,MiiiKil  fossa:  ».  irilertial  ini,Miiiial  fossa; 

/?.  vas  (tefereiis  ;  f.e.vlonial  iliar\ciii;  /.  e.\Ioriial  iliar  arlrry  ;  /..anterior 

,  ptieaepiir.-istriea  ;  n,  plica  liypoj^astriea  ;  o.  plii-a  urai-lli;  /»,  pentoiicnin. 

with  the  Vessels  of  the  spermatic  cord,  but  does  not  pass 
below  the  testicle. 

Two  additional  forms  of  :ncpiired  c\terii:d  inguinal 
hernia  are  described,  and  though  both  are  associated  with 
incomplete  obliteration  of  tli<'  processus  vaginalis  peri- 
tonei, the.y  are  not  provided  with  a  congenital  sac.  The 
first  is  the  infantile  variety,  in  which  the  iirocessiis  vagi- 
nalis peritonei  is  obliterated  only  at  the  internal  ring, 
leaving  a  large  tunica  vaginalis  testis,  behind  which  the 

;   newly  formeil  hernial  sac  descends. 

I  In  the  second  form,  that  of  encysted  hernia,  the  condi- 
tion of  the  proci'ssus  vaginalis  peritonei  is  the  same;  but 
the  septum  which  is  undergoing  obliteration  yields,  and. 

]  passing  down  into  the  tunica  vaginalis  testis,  invests  the 
new  sac.  In  a  dissection  of  the  first,  three  layers  of  peri- 
toneum must  be  divided,  in  a  ili.ssection  of  the  latter  only 
two.  before  the  hernial  contents  are  exposi'd. 

lull  null  III  mill  is  of  mucli  less  frequent  occurrence  and 

J   dilTers  from  the  oblii|Ue  variety.  ( I )  in  pa.ssing  throu.gh  the 

!  abdominal   wall  in  the  Hoor  of  the  middle  or  internal  in- 
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ffuiiml  fossa,  mid  conscqiu'iitly  nhviiys  lyiii.ir  on  the  iiiirt 
siiU-  of  tlu'  <lei'p  cpiu'iisliic  artery;  (3)  m  ""t  passing 
aloii"  till"  ciiliii'  canal;  (H)  in  cxlcriial  appcaranco,  1)C- 
insr  smalliT  and  moiv  globular  in  f<inii ;  (1)  m  Ix'ing 
•iiliiatod  oviT  Ihf  os  pubis  and  not  in  I  lie  course  ol  llic 
in"iiinal  canal.     Tlic  most   V!ilual)lc  dilTcrcntial  ponit   is 
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Fig.  4.— Rear  View  of  Anterior  Abrtciminal  Wall,  tlie  Peritoneum  liaviug  lieeii  UeiiioveJ.  (Joessel.) 
II,  Anterior  cniral  nerve  :  />,  e.\ternal  iliac  artery;  c,  e.\temal  iliac  vein ;  d.  nhturator  artery  ;  c.obturator 
nerve;  f,  umlillical  artiMV ;  y.  ureter; /i.  seminal  vesicle;  i,  bladder;  ,/'.  adiMiiiiculuin  liueiv  allia> ;  /i,  va.« 
deferens ;  (.  sin-niiaiir  vessels  ;  m.  Iraiisversalis  fascia ;  n,  iltacus ;  o.  l'uu|i:irfs  ligament ;  /J.  semilunar 
fold  of  Douffhi.s :  i;,  obliterated  umbilical  artery ;  r.uraclius;  s,  suspens"!  y  liL'aiii.'nt  of  liver;  (.rectus 
muscle ;  u,  deep  epigastric  vessels ;  i\  Internal  abdominal  ring. 

the  position  of  the  deep  epigastric  artery.  The  floor  of 
the  middle  inguinal  foss;i  is  the  rear  wall  of  the  inguinal 
canal.  It  is  divisible  into  two  parts:  An  inner  part,  the 
conjoined  tendon  of  the  internal  ol)lit|ue  and  transversalis ; 
an  outer  part,  the  transvers;ilis  fascia.  The  conjoined 
tendon  varies  greatly  in  its  development.  In  many  cases 
it  is  slight  and  scarcely  discernible,  while  in  others  it  is 
strongly  developed,  especiidly  iu  its  deeper  portion  which 
is  derived  from  the  transversalis  muscle,  and  which  may 
bound  the  canal  as  far  outward  as  the  internal  ring. 

There  are  two  forms  of  internal  hernia  which  pass  out 
through  the  middle  fossa.  The  tirst  and  most  common 
form  protrudes  in  the  inner  part  of  the  fossa,  either 
separating  or  pushing  before  it  the  conjoined  tendon. 
It  traverses  only  the  lower  end  of  the  canal,  to  emerge  at 
the  external  ring.  The  coverings  of  this  variety,  from 
within  outward,  are  the  perilom-uin  and  subperitoneal 
tissue,  the  fascia  transversalis,  and  the  conjoined  tendon, 
except  in  those  cases  in  which  the  s;ic  passes  between  the 
fibres  of  the  tendon,  the  intei-columnar  fasci;i.  the  super- 
ficial fascia,  and  the  skin.  The  siicrmatic  ccjrd,  placed 
behind  and  on  tlie  outer  side,  is  not  in  contact  with  the 
sac,  the  cremasteric  and  the  iufundibtiliform  fascia  be- 
ing interposed. 

The  second  form  of  internal  hernia  passes  into  tlie  in- 


•"•uiiial  canal  through  the  outer  portion  of  tlie  rear  wall, 
and  lies  between  the  conjoined  tendon  internally  and 
the  deep  epigastric  externally.  It  passes  for  a  con- 
siderable distance  along  the  canal,  which  gives  it  a 
cerl;iin  deirn'c  of  obli(|uily.  The  coverings  of  this 
hernia  are' the  sami!  as  those  of  the  first  variety,  with 

the  exception  of  the  con- 
joined tendon,  which  is 
reidaced  by  a  layer  de- 
rived froin  the  cremasteric 
fascia. 

The  Inguino-femohai, 
Region. — Upon  removing 
the  skin  of  the  inguino- 
femoral region  the  super- 
licial  fascia  of  the  thigh 
is  exposed,  ascending  as 
;i  continuous  layer  upon 
I  he  abdomen,  descending 
upon  the  thighs,  and  in- 
lernally  passing  into  the, 
lartos  of  the  scrotum  and 
1  he  superficial  fascia  of  the 
perineum.  A  deep  layer 
of  superficial  fascia,  thin 
a  n  d  membranous,  can 
:ilso  be  distinguished.  It 
is  this  layer  which  is  at- 
tached to  the  margins  of 
the  saphenous  opening, 
closing  it  and  receiving  in 
this  locality  the  special 
name  of  cribriform  fascia. 
Between  the  two  layers 
are  the  superficial  blood- 
vessels and  the  lymphatics 
of  the  thigh. 

The  deep  fascia  of  the 
thigh,    the     fascia     lata, 
strong   and    aponeurotic, 
concerns  ns  only  in  its  an- 
terior and  upper  regions, 
where  it  is  described  as 
consisting  of  two  portions, 
the  iliac  and    the    pubic. 
The  iliac  portion,  attached 
throughout   to  Pouparfs 
ligament,  lies  in   front  of 
tlie    femoral  sheath,  and, 
at  the  inner  end  of  Pou- 
part's   ligament,  termi- 
nates    in     a     free    edge, 
which,  passing  downward 
and  outward  and  then  inward,  in  the  angle  between  the 
internal  .saphenous  and  femoral  veins,  becomes  continu- 
ous with   the  pubic  portion.     The  pubic  portion,   con- 
tinued upward  liehind  the   femoral  sheath  to  which  it 
is  attached,  ends  at  the  linea  ilio-pectinea. 

Thus  is  formed  the  saphenous  opening  throngh  which 
the  intern;il  saphenous  vein  passes  to  join  the  femoral 
vein.  Its  upjier  extremity  lies  about  an  inch  external  to 
the  pubic  siiine.  Its  vertical  diameter  is  about  an  inch 
and  a  half  or  two  inches.  Only  the  outer  side  of  the 
opening  is  well  marked,  where  the  free  edge  of  the  iliac 
portion  of  the  fascia  forms  a  distinct  falciform  border, 
ending  above  and  below  in  superior  and  inferior  cornua. 
On  the  inner  side,  the  ])ubic  portion  does  not  form  a  well- 
marked  edge.  but.  after  covering  the  pectineus  mu.scle, 
passes  upw-ard  behind  the  femoral  sheath  to  which  it  is 
connected,  totlie  linea  ilio-pectinea  where  it  is  continuous 
with  the  iliac  fascia.  The  deep  layer  of  the  superficial 
fascia  is  attached  to  the  margin  of  the  opening  which 
it  closes,  and,  because  it  is  perforated  by  the  internal 
saphenous  vein  and  numerous  small  arteries  and  veins,  is 
known  as  the  cribriform  fascia. 

Poll  [III  rt'n  IJi/amint. — The  defect  in  the  anterior  wall 
of  the  pelvis  between  the  anterior  superior  spine  of  the 
ilium  and  the  spine  of  the    pubis  is  bridged  over  by 
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Poii|mrt's  liganifnt.  Tlic  space  Ix'twocn  tlic  ligament 
and  the  pelvic  boiu'S  serves  for  the  passajre  (if  e<Tl,-iin 
stnietures  from  tlu-abddnien  into  the  thigh,  and  isdivided 
inti)  three  CDnipartnients  by  the  fascia'  investing  them. 

The  first  or  iliac  compartment,  situated  cMeiiially,  is 
formed  anteriorly  by  Poujiart's  ligament  and  the  iliac 
fascia,  posteriorly  by  the  ilium,  and  internally  is  sepa- 
rated from  the  second  or  |)ectineal  comparlmenl  by  an 
intermuscular  septum.  This  compartment  transmits  the 
ilio-psoas  muscle  and  anterior  crural  nerve. 

The  second  or  iiectineal  compartment,  lodging  the  up- 
per end  of  the  pect incus  muscle,  does  not  coimnunicate 
with  the  abdomen,  but  corresponds  to  t)ie  s|)ace  between 
the  pubic  portion  of  the  fascia  lata  and  the  pectineal  sur- 
face of  the  OS  pubis. 

The  third  or  vascular  eomparlineiit  is  the  most  im|ior- 
tant.  It  is  situated  in  front  of  the  other  two,  being 
bounded  anteriorly  by  I'oii)iarfs  ligament,  and  posteriorly 
by  thccontiiuioiis  iliac  an<l  pectineal  fascia'.  It  transmits 
into  the  thigh  the  external  iliac  ves.scis  and  the  crural 
branch  of  the  gcnito  crural  nerve. 

tumoral  Sheath. — As  the  external  iliac  vessels  become 
the  femoral.  Ihcy  are  enclosed  within  the  femoral  or 
criii-al  sheath,  whicli  accomiianics  them  into  the  thigh. 
The  anterior  wall  of  the  sheath  is  derived  from  the  traus- 
versalis  fascia,  tlK'  posterior  wall  from  the  iliac  fascia. 
On  the  outer  side  of  the  artery  the  two  layers  are  con- 
tinuous and  closely  embrace  it;  but  on  the  inner  side, 
wliile  they  are  contiinious,  a  space  is  left  between  them 
and  the  vein.  FuitlK'rmore, 
both  the  anterior  and  pos- 
terior walls  are  attached  to  „ 
the  iliac  and  pubic  jiortions 
of  the  fascia  latji,  respect- 
ively,                                                         j^ 

Within   the  sheath  the  ar-  \ 

tery  lies  external  to  the  vein, 
and  is  separated  from  it  by  a 
thin  septum  stretched  from 
the  anterior  to  the  iiosterior 
wall.  A  second  septum  com- 
pletes, on  the  imicr  side,  the 
comiiartment  for  the  vein,  and 
cuts  olT  a  third  space,  abo;;t 
one-half  inch  in  length,  be- 
tween the  vein  and  the  inner 
wall  of  the  sheath.  This  is 
the  funncl-shaiied  crural  ca- 
nal, through  which  a  femoral 
hernia  descends.  Thus  eacli 
vessel  has  its  sciiarate  com- 
partment, and  there  remains 
a  small  internal  compartment 
containing  only  areolar  and 
lym])hatic  tissue. 

The  Fiiiiordl.or  C'runil  Cii-  \ 

nal. — The  size  of  the  femoral 

canal  varies  in  ditferent  per-  i'^^H 

sons,  being  larger  in  th<^  fe- 
male than  in  the  male.  Like 
the  external  abdominal  ring, 
the  size  of  the  femoral  canal 
and  the  degr<'e  of  tension  of 
its  oritices  are  markedly  in- 
tluenced  by  the  position  of 
the  thigh.  E.xtension,  ab- 
duction, and  external  rota- 
ti(m  contract  the  oi)ening. 
while  flexion,  adduction,  and 
internal  rotation  relax  the 
femoral  canal  and  its  orifice; 

consecpiently  this  latter  position  should  be  used  in  the 
aiiplication  of  taxis  to  a  femoral  hernia. 

The  four  walls  of  this  canal  will  be  understood  from 
the  above  description.  Below,  it  terminates  beneath  the 
s;ii)lienous  opening,  while  abovi',  it  opens  on  the  anterior 
abdominal  wall  by  an  ajierture  known  as  the  femoral  or 
crural  ring.     This  aperture  is  oval,  and  is  larger  in  the 
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female:  its  long  diameter,  directed  transversely, 
one  half  inch. 

The  ring,  covereil  by  the  parietal  peritoneum,  shows  a 
slight  dejiression,  which,  if  not  visible,  can  easily  b<'  fell. 
Beneath  tlie  peritoneum  is  a  thin  layer  of  <-ondcnsed  pro- 
peritoneal  tissue,  the  septum  cruralc,  which  closes  the 
ring.  The  ring  is  bounded  anteriorly  Ity  Foujiarl's  liga- 
ment and  the  deep  cniial  ai<-h ;  posteriorly,  by  the  os 
pubis,  covered  by  the  pectineus  muscle  and  the  jiubic 
portion  of  the  fascia  lata;  externally,  by  the  external 
iliac  vein.  Internally  to  the  ring  are  the  sharp  margins 
of  Gimbernai  s  ligament,  the  conjoined  tendon,  and  the 
j  deep  femciial  arch.  With  the  exc<'ption  of  the  external, 
!  the  boundaries  of  the  ring  are  lormed  by  very  uiiyieM- 
ing  structur<'s. 

Relatione.  The  (losition  of  tlie  external  iliac  vein  has 
been  noted.  The  deep  epigastric  vessels  cross  the  su|ic- 
rior  and  (external  angle.  A  small  communicat  ing  brant  h 
between  the  deeji  epigastric  and  oliturator  arteries  is  usu- 
ally found  on  t he  su])eiior  aspect  of  (iimliernat  's  ligament. 
(Jbtiirntnr  Aril  ri/. — In  two  out  of  every  five  subjects, 
the  obturator  arises  from  the  deep  epigastric  on  one  ot  both 
sides.  It  then  turns  backward  into  the  pelvis  to  reach 
the  thyroid  foramen.  In  doing  so  it  may  ])ursue  one  of 
two  courses:  First,  it  may  turn  backward  close  to  the 
external  iliac  vein,  and  will  tlien  be  on  the  outer  side  of 
the  femoral  ring;  second,  it  may  tirst  run  inward,  then 
arch  backward  along  the  free  edge  of  Gimbernat's  liga- 
ment, and  will  then  be  on  the  inner  side  of  the  ring.     This 
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Fie  .1.— On  tlte  rislit  slilo  arc  slinwn  the  loratimi  and  relatiuns  ef  an  extcnial  iriL'uiiial  lieniia  :  on  tlie 
left  side,  those  ef  a  femoral  hernia.    The  oliturator  arter.v  is  shown  arisiiii.' from  the  deep  e|iiL'a.strii-. 

Its  I'oiirse  alonj?  the  fr itre  of  (iiniliernat's  lifranienl  is  dia^'•rammaIll■all.v  shown  nn  the  U-ft  side. 

iJoessel.)  n.  Deep  i-inunitlex  iliae  artery;  li,  e.Menial  iliac  arlerv  and  vein;  c.  l.vmplialie 
glands;  (Z.  ilio-psoa.s  museli-:  <,  vas  deferens  ;  /■.nreti'r:  !/,liladder;  (i,  si'iiiinal  vesiiles;  i,  ohtin-ator 
nerve  ;  ;,  ahiiormal  olitunit/ir  artery,  internal  to  sue  of  femoral  hernia  ;  /.,  aluiormal  ohiniator  artery, 
external  to  neck  of  femoral  hernia  :  /,  (iimlwrnat's  linanient ;  m,  I'miparl's  lifranicnl  ;  ii.  internal  ali- 
doiniiial  rins;  u,  sac  of  a  femoral  hernia;  /).  rectus  muscle;  </,  upper  horder  of  pnhis;  r,  deep  epijras- 
trie  vessels:  .s,  sac  of  an  ext^'mal  inguinal  hernia;  ^  transversali.s  faacia. 

inner  iiosition  is  more  fi-equcnt  in  males  than  in  females, 
tliougli  the  epigastric  origin  on  the  whole  is  somewhat 
more  common  in  females  than  in  males. 

These  anotUiUies  can  be  detected  in  a  given  ease  only 
by  palpation  of  the  artery  througli  the  femoral  canal. 

/■hii'inil  htriu'it  is  rare  as  compared  with  tlie  inguinal 
variety.     It  occurs  more  frequently  in  females,  and  is  al- 
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Fig.  6.— Rear  View  of  Internal  Inffuiniil  Hernia.  (Joessel.)  a.  Rectus;  fc,  sac  of  in- 
ternal insninHl  liei-nia;  r,  Wailder :  i(.  vas  deferens;  c  seminal  vesicle;  .f,  obtura- 
tor foniTnen;  {/.  Pnupart's  litraineiit;  /i.  e.\ternal  iliac  artery  and  vein;  /.  obliter- 
ated uinbiliral  artery  ; .;,  spermatic  vessels ;  h.  crural  nerve ;  (,  iliac  muscle ;  >n.  deep 
circumflex  iliac  vejssels ;  ?/.  tnmsversalis  fascia ;  o.  internal  abdominal  ring ;  p,  deep 
epigastric  vessels. 

■ways  acquired.  Entering'  tlii-otij;!!  llie  femoral 
ring,  it  passes  vertically  downward  along  the 
femoral  canal  as  far  as  the  end. carrying  liefore  it 
a  sac  of  peritoneum  and  the  septiuu  crurale. 
Having  reached  this  jioint,  the  hernia  ttirns  for- 
wai'd  through  the  saphenous  opening,  -where  it 
derives  a  covering  from  tlie  eribrifurm  fascia, 
and  then  ascends  beneatli  the  superficial  fascia 
of  the  gi'oin  as  far  as,  or  above.  Poujiai't's  liga- 
ment. The  fascia  propria  is  composed  of  the 
septum  crurale  and  the  femoral  sheath,  but  at 
times,  instead  of  distending  tlie  sheath,  it  p;isses 
through  an  opening  in  it. 

Within  tlie  canal  the  liei'iiia  is  small,  as  it  is 
suiTouuded  by  unyiehling  stnietures;  liut  liav- 
ing  passed  the  saplicnous  ojiening.  it  rapidly 
enlarges.  The  direction  of  a  femoral  hernia  anil 
the  position  of  tiie  body  should  be  borne  in  mind 
during  attempts  at  reduction  Iw  ta.xis.  Thus 
the  lower  limb  should  be  Hexed,  adducted.  ami 
rotated  inward.  Tlie  iii-essure  sliould  be  first 
downward,  then  backward.  ;uiil  tinully  up- 
ward. 

A  femoi'al  hernia  may  be  sti'imguliitcd  ut  any 
part  of  the  canal  or  at  tlie  saphenous  (ii)ening. 
the  most  frequent  point  being  tlie  femoral  rinir. 
In  all  cases  the  stricture  may  be  safely  divided 
in  an  upward  direction.  At  the  femoral  ring, 
the  least  damage  will  be  done  by  dividing  Gim- 
bernal's  ligament,  excejit  in  cases  of  luiomalous 
obturator  artery. 

The  coverings  of  n  femoral  liernia.  from  with- 
out inward,  are  the  sliin.  the  superficial  f;iseia, 
the  cribriform  fasei;i.  the  fascia  ])ro].iria.  consist- 
ing of  the  femoral  sheathand  the  septum  crurale. 
and  the  peritoneum. 

T/((  Postciior  Ahddiiihml.   Wnll.     The  ]>oslerior 


abdominal  wall  is  of  simpler  construction 
•and  of  less  extent  th.an  the  anterolateral. 
In  its  centre  is  the  ]>ortion  of  tlie  spinal  col- 
umn composed  of  tlie  five  lumbar  vcrtebric 
with  their  coimecling  ligaments  ;uid  c;irti- 
lages.  On  each  side  are  arranged  the  mus- 
cles— ilio-jisoas,  quadratus  himborum.  and 

■  erector  spina- — enclosed  within  sheaths  of 
fa.scia,  that  of  the  ilio- psoas  muscle  being  of 
especial  imiiortanee.  Tliis  fascia  is  iiltachcd 
lo  the  spinal  column  about  the  origin  of  the 
muscle ;  lo  the  ligamenttim  arcuiitum  inter- 
num and  to  the  anterior  layer  of  the  lumliar 
aponeinosis  ;ilong  the  outer  border  of  the 
muscle,  lielow.  it  tirmly  binds  tlie  iliac 
portion  of  the  muscle  into  the  false  jiel- 
vis.  being  attached  about  its  entire  circum- 
ference, with  the  exception  of  the  space 
where  it  passes  beneath  Poupart's  liga- 
ment to  form  the  posterior  wall  of  tlie 
femoral  slieath.  It  follows  the  tendon  of 
tlie  ilio-psoas  to  its  insertion,  and  ends  by 
blending  with  the  fascia  lata.  Beneiith 
this  fascia  collections  of  pus  resulting 
from  caries  of  the  spine  or  of  the  ilium 
may  be  guided  into  the  thigh,  to  ajipear 
just  below  the  groin  on  the  outer  side 
of  the  femoral  ve.ssels.  These  collec- 
tions of  purulent  fluid  should  be  distin- 
giiishc<i  from  these  situated  beneath  tlie 
transver.salis  fascia  or  in  the  subperitoneal 
tissue.  In  tlie  tirst  instance,  the  pus  can 
spread  no  fiuthcr  backward  tliau  the  outer 
edge  of  tlie  psoas,  and  no  farther  down- 
ward than  tlie  iliac  crest  and  Poupart's 
ligament ;  internally,  it  is  arrested  at  the 
mid-line.  In  the  .second  instance,  an  ab- 
scess is  in  close  contact  with  the  cecum  or 
,sigmoid  flexure,  and  ma_v  open  into  one  of 
them  I  or  it  may  follow  the  iliac  blood-ves- 

f  sels  into  the  thigh.     In  any  case  the  typi- 


Fi<:,  r.  —  Rear  vicnv  of  Fcmonil  Hernia,  Showing  Normal  obturator  .-\rlcry. 
(Joessel,!  n,  Rectus  muscle;  />,  iransversalis  fascia:  c.  deef*  circunitlex 
iliac  artery;  '/,  deej)  epiL'astric  artery;  c.  cremasteric  artery ;  /.  I'oupart's 
lijfament;  !/,  pubic  branch  of  deep  epifra.slric ;  h.  heniialsac;  j.  (iimbernat's 
liiraiucnt ;  ./,  pubic  branch  of  obturator  artery  ;  /..  normal  obturator  artery;  /, 
obturator  nerve;  U),  external  iliac  vein;  «.  external  iliac  artery;  o,  psoas 
muscle  ;  p,  anterior  crural  nerve  ;  *;,  iliac  muscle :  *•,  iliac  fascia.  ' 
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eal  ])icture  may  be  lost  slioukl  uii  abscess  pcnctnitc  llie 
layer  (if  fascia  iieneath  which  it  oriirinally  developed. 

"The  iueisions  thiouuh  the  posterior  abdominal  wall  are 
made  to  expose  the  kidney  and  colon.  Tliey  are  )ioted 
under  the  descriptions  of  these  oricans. 

AitDoMiNAi,  C.wiTY  .\ND  CoNTKNTs. — The  abdominal 
cavity  is  arbitrarily  divided  into  nine  re.irions  by  two 
horizontal  and  two  verlieal  lines.  The  superior  liori- 
zontal  line  e.\tends  between  tlie  cartilajrinons  ends  of  llie 
tentli  ribs,  tlie  inferior  between  the  anterior  superior  iliac 
spines.  These  two  lines  divide  the  cavity  into  three 
zones,  epiiiastrie.  mesogastric,  and  hy]iosastric,  each  of 
which  is  sidKlivided  into  tlu'ce  resiions  by  ver- 
lieal lines  passinc  upward  from  the  ilio  pec- 
tineal eminences  to  the  higher  liorizontal  line. 
The  epigastric  zone  contains,  in  order,  the  right 
hypochondrium,  epigastrium,  and  left  hypochon- 
driuin.  The  mesogastric  zone  contains  the  right 
Innibar,  umbilical,  and  left  huiibar  regions.  The 
hypogastric  zone  contains  the  right  iliac,  hypo- 
gastric, and  left  iliac  regions. 

The  viscera  situated  in  each  region  are  shown 
iu  the  following  table: 


corresjiond  to  the  liia-  above  given,  for  the  reason  that 
the  anterior,  right,  anil  ijostcrior  surfaces  are  considerably 
overla|ipeil  by  the  lower  edge  of  the  Inng.  This  line  in 
the  mi<l-line  falls  at  the  end  of  the  stcrtuiin,  in  the  right 
nipple  line  at  the  si.xtli  rib,  in  the  mid  a.xillary  line  at  the 
eighth  rib.  and  in  the  scapular  line  at  the  tenth  rib. 
When  the  border  of  the  liver  can  be  paljiated  this  method 
of  determining  its  lower  linut  will  be  found  more  accu- 
nite  than  that  by  means  of  percussion. 

Uelali'iii".  The  liver  jiresents  superior,  anterior,  pos- 
terior, inferior,  and  right  surfaces. 

The  .s''//«7'('«/'  surfdci  is  accurately  moulded  to  tin-  dia- 


Rtfiht  Hiipn- 
chondrium. 

Liver. 

Riclit  liidney. 
Hepiitic  lle.^:ul■e. 
Colon. 

,.   Epigastrium. 

I.iver.     . 
Stomaeli. ' 
(iall  bladder. 
Duodenum. 
Pancreas. 

Left  Hiiiiochnii- 

drium. 
Stomach. 
Spleen. 
Left  kidne.v. 
Splenic  flexure. 
Colon. 

Itiaht  Lumbar. 
Kiglit  liidiiey. 
.\sr('inJin«r  folon. 
Ileinn. 

Umbilical. 
Transverse  colon. 
Duodenum  and  small 

intestines, 
(ireat  omentum. 

Left  Luinhiir. 

Small    part  of   left 

liidney. 
Descending  colon. 
Small  intestines. 

lliyht  Iliac. 
Civonm. 
Appenilix. 
Last  i-"li(,f  ileum. 

llllpogastric. 
Small  irili'slhies. 
Hladdrr  in  ciiildren. 
Distended    bladder 

in  adults. 
Pre^naiu  uterus. 
Sigmoid  colon. 

Left  Iliac. 
Sipmoid  Cdlon. 
Smalt  intestines. 

Lirer. — The  liver  occupies  the  right  h\'iiochon- 
(iriac  region  and  part  of  the  epigastric,  and  extends 
into  the  left  liyiKichondriae  I'egion  as  far  as  the 
miirmnillary  line;  at  times  it  descends  into  the  right 
luTiibar  region.  With  the  exception  of  a  small 
part  of  the  right  and  left  lobes,  which  come  in 
contjict  with  the  anterior  abdominal  wall  in  the 
subcostal  angle,  it  lies  behind  the  ribs  an<l  costal 
curtilages. 

Siirfiice  Oiilline.  The  outline  of  the  liver  may  be 
indicated  on  tlie  surface  of  the  l)ody  as  follows: 
Suiicriorly,  a  line  beginning  iu  the  mammillai-y 
line  in  the  fiftli  left  iutei'costal  space,  extending 
toW'iird  the  right,  through  the  lower  end  of  the 
sternum,  gradually  rising  to  the  fourth  right  in- 
terspace just  ifiside  the  nipjile  line,  then  sloiiing 
downward  lichind  the  tifth  and  sixth  ribs,  where 
the  superior  surface  is  continuous  with  the  right 
surface.  Interiorly,  beginning  on  the  right  side  at  the 
upper  bord<T  of  the  fhiid  lumbar  vertebra,  the  line  runs 
directly  to  fiiecosfiil  arch,  which  it  follows  as  far  upward 
as  the  tip  of  the  ninth  costal  cartilage.  Here  it  crosses  the 
subcostal  angli'  to  the  eighth  left  cartilage,  then  gradually 
rises  to  terminate  at  the  beginning  of  the  sujii-rior  line. 
The  right  surface,  lying  behind  the  seventh,  eighth, 
ninth,  and  tenth  ribs,  is  separated  from  them  only  by  the 
thin  edge  of  the  lung,  the  diiiphragm.  and  the  ph'ura. 
It  is  thus  aiiparent  that  the  lower  border  is  most  accessi- 
ble to  examination,  and  especially  that  part  of  it  which 
lies  across  the  subcostal  angle.  Here  it  usually  reaches 
a  point  midway  between  fla;  end  of  the  sternum  and  the 
umbilicus.  When  the  lower  bolder  in  the  remainder  of 
its  extent  is  easily  palpable,  the  liver  is  either  displaced 
or  eniarged.  The  superior  extent  can  be  determined  only 
by  percussion,  but  the  line  of  absolute  duluess  does  not 


Emuientiit  ih c-)rfitinta 
Fig.  8.— Regions  of  the  Abdomen.    Anterior  view.     (Jocssel.) 

i  phragm,  which  separates  it  from  the  pleura',  lungs,  peri- 
cardium, and  heart. 

I  The  aiiteriiir  .■<iiifiirc.  also  in  contact  with  the  dia- 
plifagm,  with  the  exeeiition  of  tin-  small  region  coming 
in  contact  with  tbealidominal  wall  in  the  subcostal  angle, 
lies  behind  the  fifth  to  the  ninth  costal  cartilages  and  ad- 
jacent portions  of  tlie  ribs.  In  its  upper  part  it  is  over- 
lapped by  the  lower  mai'gin  of  the  lung. 

The  pmlcrt'ir  siirf<ic(.  also  in  contact  with  the  dia- 
phnigtu  and  overlapped  by  the  lung,  covers  in  turn  the 
right  suprarenal  caiisule,  the  vena  cava,  the  thoracic  duct, 
and  the  a'sopbagus. 

The  inferior  '.iiirfiiri'  is  jilainly  impressed  by  the  fol- 
lowing organs:  Beginning  at  ihe  right,  iu  front,  the 
hepatic  flexure  of  the  colon ;  beliind,  the  right  kidney, 
immediately  to  the  left  of  which  is  the  impression  of  the 
duodenum.'and  to  the  left  of  b<ifli  the  impression  of  the 
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call  bliidtliT.  Tho  succocding  part  of  the  liver  is  the 
qumlnito  lobe.  Iviusr  i"  front  .>f  llic  lessor  onieuliim. 
Finally,  tlie  under  surfaee  of  the  left  lobe  overlajis  tlie 
le!v<er  eurvnture  and  upper  part  of  the  anterior  surfaee  of 
the  stomaeh. 

The  /•/■'//''  "'irf'iiir  lies  internal  to  the  si'venlh,  eiiihUi, 
ninth,  teiilh,  anil  eleventh  ribs,  beinj;  separated  from  them 
by  the  diaphrai;ni.  and  being  overlappeil  above  by  tlie 
hin"  Manv  elinieal  faets  of  imporlanee  can  be  learned 
by  a  elose  sludv  of  these  rehition.s.  In  gunshot  and  stal> 
Wouiulsof  Ihelowerivirtofthelhoraeiewiill.  hmg. pleura. 
1  liver  inav  all  be  involved. 


liver.     Ab- 


<liaphrii!rm.  peritoneum,  anil 
The  emi  of  a  fraetured  rib  may  prnetnite  tl 
seeiwes  of  the  liver  may 
extend  through  the  dia 
phragm  and  open  into  the 
pleui-sd  eavity.  or,  when 
til  is  is  obliterated  by 
adhesions,  into  the  lung, 
and  a  bronehus.  Hehind, 
an  enlargement  of  the 
liver  may  retard  the  eir- 
culalion  "in  tlie  aorta,  the 
Vena  eava.  or  the  thoraeio 
duet.  Below,  the  elose 
relations  of  the  stomaeli, 
duodenum,  and  eolon  e.\- 
plain  the  case  with  wliieli 
adhesions  develop  be- 
tween these  organs,  and 
disea.se  spreads  from  one 
to  the  others. 

During  inspimlion.  the 
liver  descends  about  the 
breadth  of  one  intercostal 
space.  The  lower  liorder 
is  more  easily  palpable  in 
the  erect  posture  than 
in  the  recumbent,  as  in 
the  latter  it  recedes  some- 
what behind  the  costal 
arch.  These  changes  in 
position,  especially  the 
first,  may  serve  to  dislin- 
guisli  a  tumor  nr  swelling 
of  the  liver  from  one  of 
the  stomach,  kidiie.y,  ad- 
renal gland,  or  pancreas. 
The  peritoneal  relations  of 
the  liver  arc  extensive  and 
important.  For  the  most 
part  its  surface  looks  into 
the  general  iieritoneal  eav- 
ity. and  the  reflections  of 
the  peritoneum  from  the 
abdominal  wall  and  dia- 
phragm are  the  prineiiial 
agents  in  supporting,  or 
rather  suspending,  the  or- 
gan. A  small  part  of 
its  posterior  surface  is  not 

visible  from  the  greater  cavity,  as  it  looks  into  the  lesser. 
This  corresponds  in  extent  to  the  Spigelian  lobe.  A 
second  area  of  the  posteiior  surface,  between  the  layers 
of  the  right  coronary  ligaments,  is  not  covered  by  peri- 
toneum; it  lies  in  conUict  with  the  diaphragm.  This 
locality  is  the  favorite  seat  of  subplireuie  abscesses,  and 
here  they  most  easily  spread  to  the  pleura  and  lung. 

The  artery  of  the  liver  is  the  lu'iiatic  branch  of  the 
coeliac  axis.  It  reaches  the  firgau  between  the  layers  of 
the  lesser  omentum,  and  entering  at  the  transverse  fissure 
its  branches  accompany  those  of  the  jKirtal  \ein. 

The  portal  vein,  formed  behind  the  head  of  the  pan- 
creas by  the  union  of  the  superior  mesenteric,  splenic, 
inferior  mesenteric,  and  the  veins  of  the  stomach,  also 
ascends  in  the  lesser  omentum  to  the  transverse  fissure. 
In  the  substance  of  tlie  liver  its  branches  are  situated 
within  the  portal  spaces,  i.e.,  outside  the  lobules,  before 


entering  tlie  intralobular  capillaries.  They  are  distin^ 
guished  by  their  relatively  thick  walls  and  collapsed  state 
on  cross  section.  .Vn  inleetive  tlirombo-iihh'liilis  in  a  dis- 
tant part  of  the  abdomen  or  pelvis  may  be  followed  by 
a  melastatii'  aliseess  or  iibseesses  in  the  liver,  a  iihenome- 
iioii  explained  by  the  anatomy  of  the  portal  circulation. 

The  hepatic-  veins  are  remarkable  for  their  thin  walls, 
which,  closely  connected  with  the  surrounding  liver  sub- 
stance, stand"  widely  open  on  section.  Consequently  a 
rupture  or  iiici.sed  wound  of  the  liver  bleeds  with  great 
freedom  and  the  bleeding  has  little  tendency  to  cease  spon- 
taneously.    Tile  hepal  ic  vc'ins  emerge  on  the  posterior  sur- 


face of  the 


liver,  entering  immediately  the  inferior  vena 
cava  within  half  an  inch  to 
an  inch  from  its  termina- 
tion in  the  right  auricle. 
They  have  no  valves:  con- 
sequently the  cireiilution 
in  them  is  easily  imjiedi'd. 
In  some  forms  of  valvular 
heart  lesions. — e.g.,  tricus- 
pid insufficiency,  —  the 
pulsation  of  the  heart 
may  be  transmitted 
through  them  to  the  liver. 
The  excretory  appara- 
tus of  the  liver  consists  of 
the  hepatic  duct,  the  cystic 
duct  and  gall  bladder, 
and  the  common  duct. 
The  gall  bladder,  three  or 
four  inches  in  length  and 
with  a  capacity  of  from 
one  to  two  ounces,  is  field 
in  position  on  the  under 
surfaee  of  the  liver  by  the 
peritoneum.  As  a  rule,  it 
is  closely  applied  to  the 
liver  substance,  lying  in  a 
distinct  fossa ;  but  it  may 
hang  free,  completely  iii- 
vested  by  peritoneum 
and  suspended  by  a  me- 
sentery. Its  fundus  pro 
jects  be^-ond  the  lower 
border  of  the  liver  op- 
posite the  ninth  costal  car- 
tilage. It  is  directed 
downward,  forward, 
and  to  the  right,  while  the 
neck  is  in  the  opposite 
d  i  r  e  c  tion.  Immediately 
below  it  are  the  transverse 
c  o  I  o  n.  duodenum,  and 
sometimes  the  pylorus  of 
the  stomach.  The  rela- 
tion to  the  colon  is  most 
constant  and  important. 
An  artificial  opening  is 
sometimes  formed  be- 
tween the  two  organs,  and 
through  it  gall  stones  may  be  passed. 

Tile  ducts  are  all  situated  between  the  layers  of  the 
lesser  omentum,  and  can  be  easily  exposed  by  removal 
of  its  anterior  layer.  The  portal  vein,  hepatic  artery,  and 
hepatic  ner\esare  found  in  the  same  space,  but  the  ducts 
are  anterior  to  them,  and  occupy  the  right  free  edge  of 
the  omentum.  In  making  a  dissection,  or  in  an  opera- 
tion, the  foramen  of  Winslow  should  first  be  located,  and 
with  the  fingers  of  the  left  hanil  in  it  for  a  guide  an  ex- 
posure can  be  easily  accom]ilished.  The  cystic  duct, 
arising  at  tlie  neck  of  the  gall  bladder,  is  an  inch  and  a 
half  in  length.  It  is  directed  downward,  backward, 
and  to  the  left,  to  join  the  hepatic  duct  at  an  acute  angle. 
The  hepatic  duct,  about  two  inches  in  length,  is  directed 
downward,  backward,  and  to  the  right.  It  arises  at  the 
liver  by  two  main  branches.  The  common  bile  duct, 
formed  by  the  union  of  these  two,  continues  the  direction 
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Abdomen. 


of  tlie  lif'patic  alonir  tlie  right  free  edge  of  the  lesser 
omentum  on  the  anterior  surface  of  the  portal  vein,  and 
to  the  right  of  the  hepatic  artery.  Approaching  the 
duodenum,  the  vein  tends  to  the  left,  the  duct  to  the 
right.  This  relation  of  the  vein  to  the  duct  is  reniarUahly 
constant,  hut  the  hepatic  artery  and  its  tiranches  rii'c  sub- 
ject to'  fre(iuenl  variations  whicli  should  lie  guarded 
against.  As  the  common  duct  readies  the  duodenum,  it 
passes  behina  its  tirst  portion,  then  downward,  hetween 
the  second  portion  and  the  head  of  the  pancreas;  or  it  is 
embedded  in  the  latter,  from  which  point  onward  it  ac- 
companies the  pancreatic  duct  into  tlic  Inwcr  part  of  the 
second  portion  of  tlie  duodenum.  The  duodenal  oritice  is 
markediv  constricted,  but  just  jiroximal  to  it  the  duct  is 
dilated,  forming  a  well-marked  diverticulum.  Conse- 
quently a  calculus  may  successfully  pass  the  entire  duct, 
to  be  arrested  at  the  terminal  oritice.  To  cause  a  jaun- 
dicc,  calculi  must  be  situated  in  either  the  liepatic  or  the 
common  duct,  for  any  number  may  occupy  the  gall 
bladder  or  the  cystic  duct,  yet  give  rise  to  h'W  or  no 
symptoms  as  longas  they  remain  there  and  the  gali  blad- 
der is  not  infected.  Not  all  cases  of  jaundice  are  <lue  to 
gall  stones.  Kniarged  lymphatic  glands  in  the  lesser  omen- 
tum. tiuiKirs  of  adjacent  organs,  especially  of  the  head  of 
the  pancreas,  hydatids,  ascaris,  adhesions  producing  flex- 
ures of  the  ducfs,-and  many  other  causes  have  been  noted. 

The  xti'iiKich  varies  in  position  and  relat  ions  according  to 
the  degree  of  distention.  When  empty,  it  lies  in  the  left 
livpochondrium  and  left  half  of  the  e)iigastrium,  the  car- 
diac oritice  being  four  or  live  inches  posterior  to  the  intei- 
val  hetween  the  seventh  left  costal  cartilage  and  tbeensi- 
form  process,  on  a  level  with  theeleventli  or  twelfth  dorsal 
vertebra.  This  is  the  most  tixed  portion  of  the  stomach, 
and  ]iartici])ates  only  slightly  in  any  changes  of  position. 
The  pylorus  is  in  or  near  the  mid-line,  at  the  level  of  the 
last  (lorsal  or  first  lumbar  vertebra.  It  looks  toward  the 
ri,!:lit.  and  is  the  most  movable  portion  of  the  stomach. 
Thus  a  tumor  of  the  jiylorusniay  be  found  in  the  central  or 
lower  jiart  of  the  abdomen.  The  anterior  and  posterior  sur- 
faces .-ire  se|>arated  by  sharp  borders,  andtlie  entire  viscus 
recedes  from  t  lie  anterior  abdominal  wall  behind  the  liver. 

When  distended,  the  fundus  tills  the  left  cupola  of  the 
diaphra.srni,  impinging  upon  the  liver  and  heart.  The 
great  curvature  comes  in  contact  with  the  anterior  ab- 
dominal wall  in  the  subcostal  angle,  and  may  enter  the 
left  lumbar  and  umbilical  regions.  Immediately  below 
it  is  the  transverse  colon.  The  pylorus  moves  to  the 
right  as  much  as  two  or  three  inches,  and  rotates  so  that 
it  is  directed  backward,  lieing  concealed  from  in  front  by 
the  dilated  lesser  cul-de-Siic. 

HeJiituiiin.  The  anterior  surface  is  divisible  into  two 
regions:  the  upper  and  right  region,  which  includes  the 
pylorus  and  cardia,  and  is  overlapped  by  the  rightand  left 
liibes  of  the  liver;  and  tlie  lower  and  left  region,  wliieli 
may  be  subdivided  into  two,  viz..  the  small  triangular 
portion  in  contact  with  the  anterior  alidomiiial  wail, 
and  above  this  the  portion  lying  behind  thi'  costal 
arch  and  iliaphragm.  The  fiinilus  is  also  overlapped 
by  the  lung  and  pleura  in  the  fifth  and  sixth  intercostal 
spaces.  Here,  again,  a  wound  may  involve  both  tho- 
racic and  abdominal  viscera.  Posteriorly,  the  stomach 
is  in  relation  with  tin-  diaphragm,  spleen,  left  kidney 
and<-aiisule.  pancreas  and  the  splenic  flexure  of  the  colon, 
all  of  which  taken  fogi'ther  form  for  it  a  concave  bed. 
Tlie  peritoneal  relations  of  the  stomach  ar<'  compli- 
cated. Its  anterior  surface  faces  the  greater  peritoneal 
cavity,  but  the  posterior  surface  is  concealed  behind  the 
great  omentum,  which  hangs  from  its  greater  curva- 
ture. Furthermore,  joined  to  the  posterior  surface  of 
the  omentum  are  the  transverse  colon  and  the  mesocolon. 
When  the  omentum  is  raised  these  structures  are  carried 
with  it.  Only  by  (lassing  the  finger  through  the  fora- 
men of  Winslow  can  the  posterior  surface  of  the  stomach 
he  reached.  In  a  dissection,  however,  one  of  two  routes 
may  be  chosen.  The  tirst  lies  hetween  the  greater  curva- 
ture and  the  transverse  colon;  the  .second  passes  tlirough 
the  transverse  mesocolon.  Surgeons  choose  the  former. 
A  peritonitis  arising  from  perforation  of  the  posterior  wall 


of  the  stomach,  whether  due  to  trauma  or  to  disease,  will 
at  tirst  involve  the  lesser  cavity  only  and  may  be  limited 
entirely  to  it.  In  operating  for  wounds  of  the  stomach, 
the  posterior  surface  should  always  be  examined  in  the 
manner  inilicated.  The  lesser  omentum  is  attached  to 
the  entire  lesser  '-urvature.  while  the  gastro  splenic  and 
greater  omenta  are  continued  from  the  greater  curvature. 
The  arteries  of  the  stomach  are  derived  from  the  three 
branches  of  the  C(eliac  axis,  and  reach  the  organ  between 
the  layers  of  t  he  omenta.  On  t  he  lesser  curvat  ure  an  arch  is 
formedhy  the  gastrieand  pyloric  brancliesof  the  hepatic; 
on  the  greater,  a  simihir  arch  is  foi'iiied  liy  the  gastro-epi 
])loic  dextra  and  sinistra.  From  t hese  arches  tiansv('rsely 
directed  branelK'S  arise  which  anastomose  near  the  centre 
of  the  surfaces.  Incisions  in  the  stomach  wall  are  best 
made  in  th(^  direction  of  the  transverse  branches,  with  the 
exception  of  the  central  regicai  wlieri'  the  sets  anasto 
mo.se. 

Small  Iiiirxliiiis. — With  the  exee]ition  of  the  duo 
denuni,  tlie  small  intestines  are  surrounded  throughout 
by  peritoneum,  and  are  suspended  from  the  posterior  ab 
doininal  wall  by  a  mesentery. 

The  line  of  attaehmeiit  of  the  mesentery  exti-nds  from 
the  left  side  of  the  second  lumbar  vertebra  obliquely 
across  the  vertebral  column,  aorta,  vena  cava,  and  third 
portion  of  the  duodenum  to  thi'  right  sacroiliac  artieula 
tion.  Although  this  line  is  only  si.x  or  eight  inches  in 
length,  and  the  average  width  of  the  mesentery  is  eight 
or  ten  inches,  it  reaches  at  its  convex  intestinal  edge  a 
length  of  some  twenty  feet.  The  middle  or  lower  intesti- 
nal loops  have  the  widest  mesenti'ry  and  are  therefore  most 
likely  to  entera  hernia.  Between  its  layers  are  the  blood- 
vessels, lymphatics,  and  nerves  of  the  intestine. 

The  duodenum  is  for  the  most  part  situated  behind  the 
peritoneum,  a  jiosition  wdiicli  it  ac(piired  when  the  large 
intestine  of  the  embryo  crossed  the  small.  Up  to  tliis  time 
it  ]iossessed  a  mesentery,  which  then  fused  with  the  pos- 
terior body  wall.  The  tirst  portion  (d'  the  duodenum  is 
movable  excejit  at  its  distal  end.  With  an  empty  stomach 
it  is  directed  trausversel}';  with  a  distended  stomacli,  an 
tem-posteriorl}-.  Above,  it  is  in  ri-lation  with  the  liverand 
gall  bladder;  fjelow,  with  the  pancreas;  behinil,  with  the 
portal  vein  and  common  bile  duct.  Beneath  the  neck  of  the 
gall  bladder,  at  a  point  opposite  the  tirst  lumbar  vertebra, 
it  turns  downward  as  far  as  the  fourth  vertebra,  in  front 
of  the  right  kidney  and  vena  cava,  being  crossed  anti-riorly 
bv  the  meso  colon,  above  and  below  which  it  is  covered 
by  visceral  peritoneum.  Internally  is  the  head  of  the  pan 
ereas,  whose  duet  opens  with  the  bile  duel  into  the  hiwer 
portion  of  the  intestine.  This  const  it  utes  the  second  por- 
tion, at  the  end  of  which  the  duodenum  turns  to  the  left 
across  the  spinal  column  and  great  vessels  to  ascend  a  short 
distance  and  endin  the  jejunum  opposite  the  first  or  second 
lumbar  vertebra.  Note  its  relations  Ui  surrounding  organs 
in  connection  with  the  spread  of  disease  It  may  be  in- 
volved and  the  peritoneal  eavfty  may  escape.  Wouiiilsare 
serious  because  of  its  inaccessibility  and  its  tixed  position. 
With  the  exception  of  the  tirst  part,  it  cannot  be  raised 
into  a  laparotomy  wound.  Its  arteries,  forming  an  arch 
within  the  concavity,  may  be  opened  in  a  duodenal  ulcer 
and  may  allow  a  fatal  hemorrhage. 

The  jejunum  and  ileum  include  the  remainder  of  the 
small  intestines — two-lifths  jejunum,  three  tifths  ileum. 
Altho'.igh  there  is  no  distinct  line  separating  them,  each  has 
distinctive  characteristics.  The  walls  of  the  jejiinuinare 
thicker  and  more  vascular,  the  valvuhe  connivcntes  are 
numerous  and  iierfeelly  developed,  and  the  calibre  is 
greater.  Peyer's  patches  are  larger  and  more  numerous  in 
tlie  ileum.  The  coils  of  th<'  small  intestines  have  no  lixi-d 
position,  but  one  may  expect  to  lind  ji'junum  in  the  luii 
bilical,  left  lumbar,  and  left  iliac  regions,  while  the  ileum 
tends  more  to  tlii'  right  side,  toward  the  hypogastric  re- 
gion and  toward  the  pelvis. 

Because  of  their  wid(^  extent  and  expos  il  jiosition  the 
small  intestines  are  frequently  injured.  The  (legn.-e  of 
injury  may  vary  from  slight  contusion  to  complete 
ruiitilrc,  and  is  gri'ati'r  the  nearer  it  approaches  the 
stomacli  and   the  more  distended  the  coils  hapiieii  to  be 
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Tlu>  fXtoiit  lo  which  the  laiilomiunl  wall  is  injured  does  not 
iiidieiiti'llicscvfiitv  of  tlie  visici-iil  iiijuiT.  for  the  most  ex- 
tensive liuenition  n'my  follow  ii blow  which  scarcely  leaves 
a  mark  upon  ihe  skin".  The  sreat  danirersare  hemorrhage 
and  fecal  exlravasjilion.  espeeiallv  the  latter.  It  occurs 
n\on'  rapidlv  from  ilislcnded  coils",  and  llicv  are  the  ones 
most  frc(|ucnlly  injtncd.  A  lon,i,nludiMal  woinid  ;;apcs 
more  widely  than  a  li-aiisvei-se.  the  edges  being'  separated 
by  the  strong  circular  muscular  libres.  A  small  penetrat- 
ing wound  'may  be  plugged  by  everted  mucous  meni- 
bmne.  A  wound  in  the' mesenteric  border  is  most  dilli- 
cult  to  reiiair.  A  gunshot  wound  in  the  lower  left 
()uarter  of  the  abdonieu  will  certainly  inllict  multiple 
intestinal  injuries.  As  a  rule,  however,  they  will  be 
found  in  a  comparatively  short  loop  of  inlestiue,  with  a 
few  scattered  in  distant  coils. 

Liiiije  Iiiti.tliiH'. — Of  this  there  are  the  following  divi- 
sions; ca'cum.  ascending,  transverse,  and  desceiidiug 
colon,  sigmoid  tlexurc,  and  rcctunt. 

It  is  distinguished  from  the  small  intestines  by  its  larger 
size,  by  its  uiorcti.xcd  position,  and  by  the  appendices  epi- 
ploica'".  Eurlhcrmore,  the  longitudinal  muscular  tibres 
which  arc  sprcail  in  an  even  layer  over  the  small  iutestiues 
arc  gathered  into  three  well-marked  bundles  on  the  surface 
of  the  colon.  These  arc  about  one-half  the  length  of  the 
remaining  colon  layers,  and  so  throw  it  into  sacculations 
sepaniled  by  transverse  constrictions,  which  project  into 
the  lumen  of  the  bowel  as  jjlicic  or  valvuUe  sigmoidje. 
The  length  of  the  large  intestine  is  five  or  six  feet:  its 
capacity  is  aliont  one  gallon.  The  ea'cum — that  part  of 
the  large  inlestiue  below  the  ileocolic  opening — is  situated 
in  the  right  iliac  fossa,  upon  the  iliopsoas  muscle.  An- 
teriorly, it  is  in  contact  with  tlic  anterior  abdominal  wall 
above  "the  outer  half  of  Poupart's  ligament,  excejit  when 
the  omentum  is  interposed.  Its  exact  position  depends 
upon  its  peritoneal  relations.  As  a  rule,  it  is  completely 
invested  by  pcTitonenm,  though  it  has  no  meso-caecum. 
In  a  small  percentage  of  cases  the  upper  part  of  the  pos- 
terior surface  is  not  covered  by  ]ieritoneum.  and  so  comes 
in  contact  with  the  areolar  tis.sue  of  the  posterior  ab- 
floniinal  wall.  It  may  be  long  and  movable,  its  free 
extremity  hanging  into  the  pelvis  or  projecting  across 
the  mid-line  to  the  ojiposite  side  of  the  body.  Or  it  may 
be  situated  at  any  point  between  the  iliac  fossa  and  a 
position  immediately  beneath  the  liver,  this  being  its 
location  in  the  embryo  of  three  months.  The  latter 
variation  occurs  in  consequence  of  au  arrest  of  its  normal 
descent  into  the  false  pelvis. 

When  the  posterior  wall  of  the  caecum  is  not  entirely 
covered  by  peritoneum,  an  infection  readily  travels  from 
it  to  the  areolar  tissue  about  the  right  kidney.  The  ap- 
piiidix  rcnnifoniiis  originally  arose  from  the  apex  of  the 
ca-cum,  but,  as  the  right  half  of  the  latter  exceeds  the  left 
in  development,  the  adult  appendix  arises  from  its  inner 
and  posterior  surface  a  little  below  the  ileo  colic  opening. 
Its  average  length  is  between  three  and  four  inches,  but 
it  may  vary  from  one  to  nine.  Its  cavity,  lined  by  mu- 
cous membrane  continuous  with  that  of  tlie  cscum,"  tends 
to  undergo  obliteration  with  advancing  age.  The  lumen 
is  narrowest  at  the  orifice,  which  is  guarded  by  a  valve 
of  mucous  membrane.  It  is  euvelo))ed  by  peritoneum 
throughout,  and  is  provided  with  a  triangular  mesentery 
derived  from  that  of  the  small  intestines.  The  mesentery  is 
rarely  complete,  allowing  the  end  to  hang  free.  Within  the 
mesentery  is  a  bnuich  of  the  ileocolic  artery,  furnishing 
its  blood  supply.  The  exact  position  of  the  appendix  i^ 
variable,  but  it  will  always  be  found  by  following  one  of 
the  longituilinal  bands  of  muscular  tibi"es  seen  on  "the  sur- 
face of  the  colon.  Two  main  ixisitionsare  observed.  In 
one,  the  appendix  is  truly  an  intraperitoneal  organ  hang- 
ing free  from  the  ca'cuiu.  It  may  be  directed  inward 
and  uinvard,  or  downward;  it  may  be  curled  on  the 
brim  of  the  pelvis  or  may  hang  into  the  pelvic  cavity;,  or 
it  may  occupy  one  of  the  fossae  about  the  csecum.  In  the 
second  position  the  appendix  is  practically  au  extrajjeri- 
toneal  organ,  lying  Ijetween  the  ])osterior "surface  of  the 
cecum  and  the  colon.  The  base  of  the  appendix,  .-is  in- 
dicated by  McBurney"s  point,  lies  two  inches  from  the 


spine  of  the  ilium  on  a  Hue  drawn  from  the  spine  to  the 
umbilicus. 

The  ascending  colon  reaches  from  the  Circum  to  the 
under  surface  of  the  liver,  (lassing  through  the  right 
lumliar  re,!.'ion  into  the  hypochondrium.  Here  it  turus  to 
the  left  luid  becomes  the  transverse  colon.  As  a  rule,  it 
has  nomesi'utcry,  biingheld  in  jiosition  by  the  jierftoneum 
which  covers  its  anterior  svirface  and  sides.  Behind,  it 
is  separated  by  loose  areolar  tissue  from  the  quadratus 
lumborinn  anil  transverssdis  muscles  and  the  lower  and 
iiuu'r  part  of  the  right  kidney.  In  front  it  is  in  contact 
with  the  anterior  abdominal  wall,  omentum,  and  a  few 
coils  of  the  snuiU  intestines.  The  relation  to  the  anterior 
surface  of  the  kidney  is  most  important.  An  abscess  of 
the  kidney  or  a  perinephritic  abscess  may  open  into  it 
without  involving  the  peritoneum.  A  kidney  enlarged 
from  infection  or  a  tumor  carries  the  colon  forward  on 
its  anterior  surface.  This  may  be  determined  by  inflation 
of  the  colon.  The  transverse  colon  suspended  by  a 
meso-colon  is  deeply  placed  at  its  ends,  but  comes  in 
close  contact  with  the  anterior  abdominal  wall  in  the  re- 
mainder of  its  course.  As  a  rule,  it  lies  along  the  sub- 
costal line,  but  may  descend  as  far  as  the  pelvis.  Above, 
it  is  tirst  close  to  the  fundus  of  the  gall  bladder;  adhesions 
between  the  two  are  common,  and  calculi  may  ulcerate 
into  it  from  this  viscus.  The  greater  curvature  of  the 
stomach  and  the  lower  end  of  the  spleen  lie  above  in  the 
remainder  of  its  course. 

The  descending  colon  begins  at  the  splenic  flexure, 
at  which  point  it  is  situated  deeply'  in  the  left  hypo- 
chondrium. From  liere  it  descends  tln'ough  the  left  lum- 
bar region  along  the  outer  border  of  the  kidney.  Its  peri- 
toneal relations  resemble  those  of  the  ascending  colon.  A 
relation  worthy  of  notice  is  that  to  the  kidney.  The  left 
kidney  lies  more  internal  to  the  descending  colon  than  the 
right  does  to  the  ascending  colon.  Anteriorly,  the  de- 
scending colon  is  more  constantly  covered  by  omentum 
and  small  intestine  than  is  the  ascending. 

Fecal  matter  may  accumulate  in  the  colon  in  any  part  to 
such  au  extent  as  to  simulate  a  true  tumor;  consequently 
colonic  flushing  is  always  a  wise  procedure  in  the  exami- 
uation  of  an  intra-abdominal  growth. 

The  sigmoid  colon,  continuing  the  descending  colon, 
extends  from  the  iliac  crest  to  the  third  sacrjU  vertebra, 
at  which  point  it  becomes  the  rectum. 

It  is  provided  with  a  mesentery  attached  transversely 
in  front  of  the  psoas  muscle.  Its  length  and  position  are 
variable.  It  may  form  a  perfect  loop  occupying  the 
pelvis,  or,  when  the  bladder  and  rectum  are  distendetl, 
lying  near  the  umbilicus.  At  times  it  rests  in  the  left 
iliac  fossii.  It  is  this  loop  which  surgeons  open  in  a  left 
inguinal  colostomy.  In  the  descending  colon,  the  open- 
ing may  be  made  through  the  posterior  abdominal  wall 
without  exposing  the  peritoneal  cavity,  but  as  the  posi- 
tion of  the  artificial  anus  is  an  awkward  one  for  the  pa- 
tient the  operation  has  been  abandoned.  The  remaining 
portion  of  the  large  intestine  is  the  rectum,  situated  with- 
in the  true  pelvis,  with  which  it  is  usually  described. 

The  spleen,  is  situated  obliquely  behind  the  stomach 
in  the  epigastric  and  left  hypochondriac  regions.  It  lies 
beneath  the  eighth,  ninth,  tenth,  and  eleventh  ribs;  its 
long  axis,  measuring  Ave  or  six  inches,  corres|>onds  in 
direction  with  the  tenth  rib.  It  is  separated  from  these 
ribs  above  by  the  lower  border  of  the  lung  and  pleura, 
and  throughout  by  the  peritoneum  and  diaphragm.  A 
normal  spleen  cannot  be  palpated.  The  enlarged  spleen 
appears  beneath  the  costal  arch  at  the  level  of  the  tenth  and 
eleventh  ribs.  It  may  be  distinguished  by  the  notches, 
one  or  two,  in  its  anterior  border  and  by  its  respira- 
tory movement.  Unlike  the  movement  of  the  liver,  which 
is  vertical,  the  movement  of  the  spleen  is  oblique,  that 
is,  toward  the  umbilicus.  The  iluluess  of  the  s|)leen  as 
outlined  by  percussion  is  an  oval  area  extending  from  the 
ninth  to  the  eleventh  rib  in  the  posterior  axillary  line. 
Four  surfaces  are  described  (m  the  organ,  each  indi- 
cating a  relation  to  a  neighboring  viscus.  The  phrenic 
surface  is  in  contact  with  the  diaphragtu.  The  renal 
surface,  directed  downward  ami  inward,  is   in  contact 
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with  tlie  left  kidney.  Tlic  giistric  surface  fares  forward 
and  inward  and  is  in  (•onta<t  uitli  Ilic  jiosterior  surface 
of  tlie  stoniacli;  ou  tliis  surface  is  tlie  Iiiluui.  Finally, 
the  lower  blunt  end  is  the  bastd  surface  reslinu:  u|)on  the 
splenic  tlexure  of  the  colon  and  the  tail  of  the  jiancreas. 

The  peritoneal  relations  of  the  s|)leen  are  extensive. 
With  the  exception  of  the  .small  re<;ion  correspondini;  to 
the  hiluni  it  is  covered  by  the  visceral  peritoneum  of  the 
icreater  sac.  The  blood-vessels  and  nerves  reach  the 
orjran  between  the  layers  of  the  irastro  sjilcnic  omentum. 

Wounds  of  the  spleen  are  acc<iniiianied  by  severe 
hemorrhaiie.  When  it  is  extreme  it  may  become  neces- 
Siiry  to  remove  the  orixan  for  this  reason. 

The  piiiK-reiis,  situated  beliind  th(^  stomach,  in  front  of 
the  lirst  and  second  lumbar  vertebra',  reaches  from  the 
concavity  of  the  duodenum  on  the  rijrht  to  tlu;  spleen  on 
the  left.  On  tlii'  surface  of  the  abdomen  its  jiosition  is 
from  two  and  one  half  to  live  inches  above  the  uud.)ilicus. 
To  expose  the  jiancreas  the  lesser  jieritoueal  cavity  nuist 
be  openi'd.  It  is  then  seen  lyiuit  behind  the  posterior 
layer  of  this  cavity.  It  can  be  i)alpated  only  when 
pathologically  enlarged,  as  by  a  carcinoma  or  cyst.  The 
organ  does  not  move  with  respiration. 

The  anterior  .surface  of  the  pancreas  is  in  contact  with 
the  posterior  surface  of  the  stomach,  while  the  posterior 
surface  lies  in  froiifof  the  aorta,  the  superior  UK'seuti'ric 
artery,  the  splenic  vein,  aiid  the  left  Ui<lney  with  its  ves- 
sels. The  hea<l  is  encircled  by  the  duodenum.  The  pan- 
creatic duct  cros.ses  the  gland  from  left  to  right,  and  is 
buried  in  its  substance  close  to  the  posterior  surface.  Its 
coiirse  is  straight  until  it  reaches  the  head,  at  which  point 
it  turns  obliquely  downward  to  enter  the  .second  portion  of 
the  (hiodenum.  close  to  or  in  common  with  the  bile  duct. 
Retention  cyst.s  of  the  duct  or  of  some  of  its  smaller 
branches  occur,  and  may  attain  a  large  size.  In  general 
appearance  such  a  cyst  resembles  a  solid  or  a  cystic  tumor 
of  the  kidne\',  the  differential  diagnosis  being  at  times 
impossible. 

Kirhu'ii.t. — For  the  greater  part  the  kidneys  are  situated 
deeply  in  the  hypochondriac  regions,  their  lower  ends, 
however,  extending  into  the  adjacent  lumbar  and  um- 
bilical regions.  In  consequence  of  the  position  of  the  liver 
on  the  right  side,  the  right  kidney  is  somewhat  lower 
than  the  left.  As  regards  the  vertebral  column,  the  kid- 
neys are  opposite  the  twelfth  dorsal,  the  lirst  and  second, 
and  sometimes  the  third  lumbar  vertebra'.  The  upper  end 
of  the  right  kidney  reaches  a  line  drawn  transversely  out- 
ward from  the  tip  of  the  spine  of  the  eleventh  dorsal  verte- 
bra. Its  lower  border  reaches  a  similar  line  drawn  from  the 
lower  eilge  of  the  spine  of  the  second  lumbar  vertebra, 
'riiis  line  is  usually  about  an  inch  and  a  half  above  the 
iliac  crest.  Its  upper  end  is  nearer  the  sjiinal  column 
than  the  lower.  The  ]ielvis  of  the  organ  is  o|)posite  the 
transverse  process  of  tlie  second  lumbar  vertebia. 

lidiitiunn.  The  posterior  surfaces  arc  similar,  but  the 
anterior  surfaces  ditfer  on  the  two  sides.  Posteriorly,  the 
kidneys  are  not  covered  by  peritoneum,  being  connected 
by  areolar  tissue  with  the  diai)hragm.  the  anterior  layer 
of  the  lumbar  aponeurosis  covering  the  (piadratus  lilm- 
borum,  and,  more  internally,  tlie  psoas  magnus  muscles. 
Above,  the  relation  to  the  diaphragm  is  inqiortant,  as  this 
structure  separates  the  kidney  from  the  twelfth  rib,  and 
sometimes,  on  the  left  side,  from  the  eleventh.  An  insjiec- 
tion  of  Plate  1.  will  .show  that  the  pleura  descends  over 
the  imier  ends  of  these  ribs,  and  so  lies  between  the  upjier 
ends  of  tlie  kidneys  and  the  surface  of  the  body.  Notice 
especially  that  tlie  pleura  does  not  descend  below  the 
angle  formed  by  thi'  lower  border  of  the  twelfth  rib  and 
the  outer  edge  of  the  (luadratus  lumborum  muscle. 
Ilowi'ver,  the  development  of  the  twelfth  rib  is  not  con- 
stant, il  being  incompletely  developed  or  entirely  ab.sent 
in  many  cases.  Tlic>  individual  cases  can  lie  recognized 
only  by  counting  the  ribs.  On  the  other  hand,  the  lower 
limit  of  the  pleura  and  its  relation  to  the  kidney  are  con- 
stant, and  in  a  case  of  anomalous  twelfth  rili  the  pleura 
will  lie  unprotecteil  by  rib  in  this  locality.  The  impor- 
tance of  this  condition  will  be  appreciated  later. 

Anteriorly,  the  right  kidney  has  the  following  relations; 


At  the  extreme  upper  end  is  a  small  non-peritoneal  sur- 
face in  contact  with  the  su)irareiial  capsule,  below  and 
external  to  which  is  a  large  peritoneal  surface  in  contact 
with  the  liver.  Thearcaaliout  thcliilum  is  non-peritoneal 
and  is  in  contact  with  the  descending  portion  of  the  duode- 
num. Helow  this  region  and  internal  to  the  liver  area  are 
two  regions:  an  outer  non-peritoneal  covered  by  the  colon, 
and  an  inner  peritoneal  covered  by  coils  of  small  intestines. 

The  anterior  surface  of  the  left  kidney  is  crossed  just 
above  its  centre  by  the  pancreas,  no  iieritoneiim  interven- 
ing. Above  the  pancreatic  surface  three  organs  ai'e  in 
relation  with  the  kidney:  the  suprarenal  capsule,  the 
stomach,  and  the  spleen — the  first  licing  the  only  organ 
not  se]iarated  by  iieritcaieum.  IJelow  tin;  jiancreas  the 
surface  is  largely  covered  by  peritoneum  and  small  intes- 
tines, the  exception  being  the  outer  border,  which  lies 
behind  the  colon.  From  the  descrijUion  of  the  situation 
and  relations  of  the  kidney  a  number  of  practical  ]ioinls 
are  evident.  As  a  general  rule,  it  is  safe  to  say  that  a 
paljiable  kidney  is  cnl.arged.  Only  in  very  favorable 
subjects,  especially  thin  women,  in  whom  tlie  organ  is 
frccpiently  lower  than  normal,  can  we  certainly  feel  the 
normal  kidney,  and  then  only  the  lower  third,  as  the 
upper  two-thirds  lie  behind  the  lower  ribs.  P.imanual 
palpation  should  lie  used,  the  hand  placed  in  the  loin  being 
depended  upon  to  lift  the  kidney  against  its  fellow  which 
pres.sesupon  the  abdomen.  In  this  connection  note  the  po- 
sition of  the  colon;  it  is  nearly  over  the  centre  of  the  right 
kidney,  but  to  the  left  of  or  outside  the  left  kidney.  The 
kidney  has  no  respiratory  movement.  It  is  recognized  by 
its  characteristic  shape,  and,  when  possible,  by  the  large  ar- 
tery which  enters  the  hiluni.  The  kidney  may  be  reached 
through  the  loin  or  by  way  of  the  peritoneal  cavity.  In 
the  former  method  various  incisions  are  employed.  The 
most  inqiortant  landmarks  are  the  outer  edge  of  the 
quadratus  luniborum  muscle  and  the  tw<'lftli  rib.  In  all 
incisions  it  should  be  remembered  that  the  pleural  cavity  is 
near,  and  it  should  be  avoided.  As  imlicated  above,  when 
the  twelfth  rib  is  of  normal  development,  an  incision  may 
be  carrietl  closely  into  the  angle  between  this  muscle  and 
the  ribs.  When  the  rib  is  short  or  absent,  which  is  to  be  de- 
termined only  by  careful  examination,  then  the  location  of 
the  normal  rili  should  he  borne  in  mind,  and  the  incision 
.should  be  carried  no  farther  than  the  normal  angle.  The  at- 
tachment of  the  i|uadratus  to  the  eleventh  rib  in  these  cases 
should  not  mislead  one.  The  un'ters  occupy  a  position  in 
the  hilum  posterior  to  the  artery  and  vein.  Their  a\-eiage 
length  is  seventeen  inches.  Beginning  as  a  well-marked 
dilatation,  called  the  pelvis  of  the  kidney,  the  ureter  pas.ses 
downward  on  the  psoas  magnus  as  far  as  the  brim  of  the 
true  pelvis,  which  it  enters  by  crossing  either  the  common 
or  the  external  iliac  arter_y.  It  is  accompanied  by  the  sper- 
matic vessels  in  the  male,  and  by  the  ovarian  in  the  female. 
This  portion  of  the  ureter  may  be  reached  tlirougb  the 
post-peritoneal  space.  In  searching  for  it  tlie  ojierator 
must  raise  the  parietal  laver  of  the  peritoneum,  to  which 
structure  it  will  be  found  adherent. 

The  peritiiM'imi,  is  a  closed  serous  .sac  witli  the  excep- 
tion of  the  tubal  openings  in  tlie  female.  It  appears  as 
though  placed  within  the  abdominal  cavity  in  front  of 
the  viscera,  the  anterior  or  ]iarietal  Uu'cr  of  the  .sac  lining 
the  posterior  surface  of  the  antero-lateial  wall,  while  the 
posterior  or  vi.sceral  layer  is  tucke<l  about  the  viscei-a. 
enclosing  them  more  or  less  completely,  and  attaching 
them  to  the  abdominal  walls.  The  exact  relations  of  the 
membrane  to  the  individual  viscera  have  been  noted  in 
the  descriptions  of  them,  and  are  of  importance  in  the 
spread  of  disease  from  viscera  to  peritoneum.  Many  in- 
juries and  disea.ses  of  the  abdominal  viscera  are  danger- 
ous only  as  they  involve  the  peritoueum.  It  is  a  well- 
kTiovvn  fact  that  an  infection  approaching  the  memlnane 
from  itsouler  surfac<'  is  of  much  less  danger  than  one  ap- 
proacliing  from  the  inner.  The  former  is  soon  localized 
and  results  in  the  formation  of  an  abscess;  alisorption 
of  toxins  is  slight.  When  the  inner  surface  is  infected, 
the  tendency  of  the  disease  is  to  sjircad  rai)idly,  ami  the 
absorption  of  septic  toxins  is  intense.  These  phi'iiomena 
ari'  explaineil  by  the  microscopical  structure  of  the  jieri- 
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toni'um.  Essciitinlly  it  consists  of  two  lay  ii-^  I  luoutpr 
liivor  is  composed  o"f  tibroiis  ami  clastic  tissue.  It  sup- 
ports tlic  iuncr  layer,  which  is  of  Hat  endothelial  cells. 
Between  the  niargins  of  the  cells  arc  numerous  openiuiis 
of  lyniphiilic  vessels,  stomatii.  These  are  the  active  ah- 
sorhents  of  the  pi'iiloneiun.  Some  reirioiis.  as  th<)se  of 
the  diaphni::!!!  and  small  intestines,  are  esi)e<-ially  rich  in 
lymphatic  vessels,  while  in  others,  as  the  omentum,  the 
liundicr  is  small.  For  this  reason  a  peritoidtis  is  more 
dansjeums  in  certain  localities. 

\Vlien  the  aniero-lateiid  wall  is  opened,  the  peritoneal 
cavity  is  opened  also.  In  the  livini:  body,  however,  no  cav- 
ity exists,  parietal  and  visceml  layers  lieinu:  held  in  con- 
tact liy  muscidar  action  and  atmospheric  pressure.  The 
gri-at  omentum  is  seen  haniiing  from  the  greater  curva- 
ture of  the  stomach,  coverinjr  more  or  less  completely  the 
viscera  in  the  lower  half  of  the  cavity.  Normally  it 
should  do  this  quite  completely,  hut  it  may  be  found 
collected  in  a  roll  about  some  orjian  or  loo])  of  intestine. 
This  is  especially  the  case  wiien  there  has  been  a 
former  peritonitis."  The  omentum  serves  to  protect  the 
intestines,  and  also  as  a  storehouse  for  fat,  but  its  most 
important  function  is  that  of  limiting  an  infection.  It 
readily  contracts  adhesions  aliout  organs,  such  as  an 
inflanied  appendix  or  a  perforated  intestinal  coil,  and  so 
prevents  infection  of  the  general  peritoneal  cavity.  In 
extensive  pelvic  suppuration,  the  omentum  may  com- 
pletely e.xclude  the  pelvic  from  the  general  abdominal 
cavity.  Behind  the  omentum  are  the  small  intestines, 
and.  on  either  si<le  of  the  posterior  wall,  the  ascending 
and  descending  colons. 

The  mesentery  of  the  transverse  colon  is  raised  with 
the  great  omentum.  As  it  is  attached  transversely  across 
the  posterior  abdominal  wall,  it  divides  the  cavity  into 
two  comp.-irtmcnts.  The  ujjper  contains  the  liver. 
stomach,  and  spleen.  It  also  includes  the  lesser  perito- 
neal cavity.  The  lower  compartment  contains  the  small 
intestines  and  the  colon.  It  is  subdivided  by  the  mesen- 
tery into  an  iipjier  right  jiortion  and  a  lower  left.  The 
upper  portion  ends  bi'low  in  tlie  right  iliac  fossa.  Con- 
sequently a  fluid  elTu-sed  in  this  region  or  on  the  upper 
surface  of  the  mesentery  will  gravitate  into  the  right 
iliac  region.  The  left  and  lower  portion  passes  into  the 
pelvis,  into  which  cavity  fluid  will  descend  when  its  ori- 
gin is  below  and  to  the  left  of  the  mesentery. 

The  relations  of  the  lesser  cavity  are  described  with 
those  of  the  stomach-  Thomas  A.  Oliiiy. 

ABDOMEN  (SURGICAL)  .—The  abdominal  viscera,  un- 
like those  of  the  cranium  and  thorax,  are  contained  within 
a  cavity  whose  walls  are  composed  chiefly  of  soft  tissues 
and  to  a  relatively  slight  extent  of  bony  and  cartilagi- 
nous structures.  The  viscera  of  tlie  upper  abdomen  are 
protected  in  some  degree  by  the  lower  riljs  and  their  car- 
tilages, and  those  of  the  lower  alidomen  liy  the  pelvic 
bones,  while  posteriorly  there  is  the  lumbar  spine. 

The  muscular  wall  of  the  abdomen,  too,  varies  in  tliick- 
ness,  and  hence  in  its  protecting  properties,  in  different 
regions,  being  heavy  and  solid  in  the  loins,  and  relatively 
thin  at  the  sides  and  front. 

These  defences  are  more  apparent  than  real,  for  while 
viscera  may  be  shielded  by  them  from  the  effects  of  vio 
lence  acting  in  certain  directions,  practically  all  the 
abdominal  contents  are  exposed  to  violence  acting  from 
in  front. 

The  dangers  of  abdominal  injuries  depend  also  in  no 
small  measure  upon  the  character  of  some  of  the  viscera 
themselves. 

The  gastro-intestinal  canal,  although  its  mobflity  within 
the  abdomen  unquestionably  enables  it  in  many  instances 
to  escape  the  eft'ects  of  violence,  yet  contains  matter  in 
a  high  degree  infectious,  which,  finding  its  way  into 
the  peritoneum,  regularly  excites  a  dangerous  and  us>t- 
ally  fatal  peritonitis. 

Distention  of  the  hollow  viscera  also  favors  injury  of 
them,  for  not  only  is  there  thus  a  larger  mark  for  violi  nee 
to  act  upon,  but  the  increased  tension  of  their  walls 
facilitates  the  rupturing  effect  of  violence.     Others  of 


the  viscera,  as  the  liver,  spleen,  kidney,  and  great  vessels, 
are  practically  fixed  and  immovable,  and  therefore  are 
subject  to  injury  from  a  degree  of  violence  sometimes 
comparatively  slight. 

The  aliiloiiiinal  walls  are  lined  by,  and  the  viscera 
wholly  or  jiarlially  covered  by.  the  peritoneum.  This 
membrane,  by  reiiiiering  the  movements  of  the  abdominal 
organs  u|)()noiic  another  and  beneath  the  abdominal  walls 
easy,  no  doubt  often  facilitates  their  escape  from  the  re- 
sidts  of  violence  which  would  otherwise  inevitably  pro- 
duce injury  of  them,  and  thus  it  becomes  a  conservative 
agent. 

On  the  other  hand,  peritonitis,  however  produced,  is  the 
most  dangerous  and  oftenest  fatal  of  the  consequences  of 
abdominal  injuries. 

Peritonitis  developing  as  the  consequence  of  injuries 
assumes  one  or  other  of  three  types.  First,  it  results  in  the 
formation  of  adhesions  between  contiguous  peritoneal 
surfaces,  without  pockets  containing  fluid  of  any  kind; 
or.  second,  the  adhesions  form  pockets  shutting  in  collec- 
tions of  11US  of  greater  or  less  size. 

In  both  of  these  tyjx's  the  peritonitis  is  confined  to 
some  particular  region  of  the  abdomen  and  involves 
only  a  part  of  the  peritoneum,  the  rest  of  it  remain- 
ing uninflamed.  Such  types  are  distinctly  conser- 
vative. 

In  contrast  to  them  there  is  a  third  type  in  which 
the  peritonitis,  instead  of  being  circumscribed,  spreads 
quickly  and  soon  involves  the  whole  peritoneum.  Such 
a  type  of  peritonitis  is  usually  fatal,  while  the  first  two  are 
by  no  means  necessarily  so. 

Peritonitis  is  invariably  the  result  of  infection  by  pus- 
producing  bacteria  either  from  without,  through  lesions 
of  the  abdominal  walls,  or  from  within,  through  lesions  of 
the  viscera,  partictilarly  of  the  gastro-intestinal  canal. 

Why.  in  different  instances,  different  forms  of  perito- 
nitis are  produced,  does  not  as  yet  seem  evident.  We 
have  not  the  means  for  determining  what  is  the  role  of  the 
peritoneal  cells  and  other  defensive  factors  in  combating 
infection.  Several  facts  are  apparent,  however.  Numer- 
ous experiments  and  observations  have  shown  that  the 
development  of  peritonitis  is  greatly-  promoted  by  the 
presence  of  blood  in  the  peritoneal  cavity ;  it  is  known 
also  that  infection  by  the  contents  of  the  intestine  high 
up  is  milder  than  when  escape  of  the  contents  of  the 
colon  occurs:  and.  finally,  it  is  known  that  small  fecal 
extravasations  may  be  encapsulated,  while  large  ones  are 
usually  followed  by  a  general  peritonitis. 

Bile  in  moderate  quantities  may  cause  only  an  adhesive 
peritonitis ;  less  frequently  a  general  peritonitis  follows. 
The  same  is  true  of  perfectly  normal  urine;  but  decom- 
posing urine,  or  urine  containing  inflammatory  products 
or  contaminated  by  unclean  instruments — all  of  wliich 
are  conditions  implying  the  presence  of  bacteria — quickly 
excites  a  septic  jieritonitis. 

It  is  convenient  to  classify  injuries  of  the  abdomen  into 
two  groups :  ( 1 )  The  subcutaneous,  including  contusions ; 
(3)  the  open  or  wounds. 

Subcutaneous  injuries  may  be  confined  to  the  abdomi- 
nal wall,  or  there  may  be  lesions  of  the  viscera  also. 

The  open  injuries  may  be  confined  to  the  abdominal 
wall  without  [lenetrating  it.  or  they  mav  simply  jiene- 
trate  the  abdomen  without  injuring  any  of  the  viscera, 
or  there  may  fie  a  ]irolapse  or  a  wound  of  the  viscera. 

SuBCT'T.VNEOvs  iN.n'KiES  of  the  abdominal  wall  result 
from  the  infliction  of  direct  violence  by  blows,  kicks, 
falls  against  obstructions,  spent  balls,  pas.sage  across  the 
abdomen  of  wheels,  crushing  by  machinery,  etc.  In  this 
group,  too,  are  included  those  cases  of  overexertion  in 
which  muscles  arc  rujitured.  This  accident  is  aiit  to 
occur  in  the  recti,  the  diaphragm,  or  the  erector  spin.T, 
])artieularly  in  the  presence  of  degenerative  changes  in 
these  muscles. 

Blood  is  extravasated  between  the  retracted  ends  of  the 
muscle  torn  by  overaction  or  crushed  by  direct  force; 
and  after  its  absorption,  rejiair  occurs  by  cicatricial  tissue, 
which  may  occasionally  yield  to  intra  abdominal  pressure 
and  become  the  site  of  hernia.     Ecchvmosis  also  occurs 
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over  wide  areas  beneath  the  skin  or  in  the  suhserous  i-im- 
neetive  tissue, 

Tlie  wouxDS  of  tlie  abdominal  wall  whieh  do  not  jiene- 
trate  are  not  in  themselves  peeuliar  injuries.  With 
proper  treatment  they  heal  readily;  but  care  must  be 
exercised  in  the  accurate  approxinialion  of  the  cut 
nuiseles  to  prevent  the  subsequent  development  of  hernia. 

Another  condition  and  one  totally  dilTerent  presents  il- 
.self  the  moment  the  periloneum  is  penetrated;  then  the 
woimd  becomes  a  jjrave  injury,  wilh  the  possibilily  of 
peritone^d  infeclion  and  septic  peritonitis;  but  the  dan- 
gers of  such  womids  tlepend  u]ion  their  size,  upon  the 
implement  by  whieh  they  are  inllieteil,  and  upon  the  [jfes- 
enee  or  absence  of  foreii,'!!  bodies. 

Small  wounds  intiieteil  by  narrow.  shaf(i  blades  are  rela 
tively  imiocuotis and  are  usually  reeovereil  from;  the  vis 
ceral"  periloneum.  especially  the  omentum,  becomes  ad 
herent  to  the  abdominal  wall  in  the  region  of  the  wound, 
the  general  cavity  is  shut  oft',  and  healiiii;  occurs  without 
incident.  In  the  ease  of  larjrer  wounds  in  which  there  is 
more  or  less  arapinu:.  or  in  tlio.se  inflicted  by  dirty  imple- 
nientsor  complicated  by  the  presence  of  foreign  bodies,  so 
great  a  surface  of  peritoneum  is  infected  that  no  adeipiate 
adhesion  occurs  and  a  septic  ijeritonitis  follows.  This 
may  be  prevented;  lioWever.  in  a  certain  jiroportitin  of 
cases  at  any  rate.  Iiy  proper  wound  treatment. 

Through  wounds  of  the  abdontinal  wall,  even  if  of 
small  or  moderate  si/e.  and  almost  certainly  through  those 
of  any  considerable  dimension.s. /i/'"A;//.vc  of  one  or  other 
viscus,  or  of  parts  of  viscera,  is  apt  to  occur.  The  omen- 
tum is  most  apt  to  escape;  next  the  small  intestine;  and. 
when  .separated  fi-om  their  attachments,  parts  of  the  liver 
and  the  whole  or  portions  of  the  spleen  and  kidney  have 
beei;  known  to  undergo  a  prolapse. 

The  viscus,  especially  if  ])rola))sed  througli  a  small 
wound,  soon  becomes  congested  an<l  o^dematous.  and  ad 
herent  at  the  margins  of  thewo\md;  it  may  then  remain 
tixed  there,  or  becotne  wholly  or  partly  necrotic. 

Occasionally,  as  in  the  ease  of  the  omentum,  the  wound 
is  plugged  and  permanently  sealed;  or  a  peritonitis 
spreads  from  the  wound  and  destroys  the  patient's  life. 

The  dangers  which  prolapse  of  viscera  thus  a<lds  to 
those  inherent  in  the  penetniting  wound  of  the  abdomen, 
are  the  increasetl  risk  of  jieritonitis,  unavoidable  from 
the  necessity  of  returning  a  proUipsed  area  of  |ieriloneinii 
almost  ecrt.-iinly  intVcteil.  and  tlie  likelihood  of  injuiv  or 
of  strangulaticai  of  the  prolapsed  \  iseera. 

IX.UUIES   OF   SFECIAI.    VISCFiKA. 

1.  The  Iiiver  and  Its  Ducts. — While  tlie  liver  is 
protected  within  certain  limits  liy  its  jiosition  beneath  the 
ribs  and  their  eartiiages,  its  relative  fixity  renders  trau- 
matic lesions  fairly  frerpient. 

Subculaneous  injuries  are  oftenest  the  residt  of  crush- 
ing violence  or  of  blows  inflicted  directly  over  the  liver, 
and  are  not  infrecjuently  associated  with  fractures  of  tla^ 
ribs,  luider  which  eirctnustauces  the  bony  fragments  may 
be  the  agents  by  which  the  liver  lesion  is  iirodueed. 

The  lesion  varies  from  slight  subperitoneal  laceration  to 
fissures  of  somedei)th  and  extent,  orcven  pul]iilication  of 
the  affected  region  or  separation  of  masses  of  liver  tissue. 

The  lesion  occurs  oftener  in  the  right  lobe  than  else- 
w  here. 

Open  injuries  of  the  liver  arc  usually  the  residt  of 
bullet  or  stab  wounds,  and  the  lesion  itself  varies  from  a 
small  puncture  to  a  large  incision  or  hole. 

In  all  tlie-ic  lesions,  except  those  which  are  subperi 
toneal,  bleeding  is  free  and  often  ])rofiise.  and  constitutes 
the  main  danger  to  life.     Healing  of  the  injured  liv<-r  fissiu' 
occurs  readily  ;  but  it  may  be  interfereil  with  by  iid'ection 
conveyed  by  the  blood  current  or  introduced  from  witli 
out. 

The  piw/iioiris  is  modified  in  great  measure  by  the  ]ires 
ence  or  absence  of  associated  injuries  of  other  vi.scera. 
The  mortality  is  reckoned  by  Edler*  at  S.j.T  per  cent,  for 

*  Edfer:  Langenlieck's  Arch.,  vol.  xxxlv. 
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contusions,  .m  per  cent,  for  gunshot  wounds,  64.8  per 
cent,  for  stab  wounds— average,  (iti.SS  per  cent. ;  for  un- 
complicated injuries,  a-ll)  per  cent. 

With  or  without  injury  of  the  liver  itself  the  gall 
bladder  or  the  ducts  may  be  injured,  and  this  may  be 
followed  by  the  escape  "of  bile  into  the  peritoneum  in 
quantities  more  or  less  great. 

Feritonitis  regularly  billows,  but  there  are  on  record 
a  (-(aisiderable  number  of  eases  which  arc  exceptions.  In 
them,  in  subcutaneous  injuries,  the  e.xtravasated  Idle  has 
been  enea|isidated,  and  the  jiatient  has  Ik'cu  saved  by 
repeated  aspirations;  or  the  bile  has  esea])ed  externally 
through  tistulic  formed  in  the  tract  of  wounds,  the  flow 
gradually  dimini.shing  as  these  clo.sed. 

Tfciitiiii  lit  of  injuries  of  tin;  liver  is  directed  chiefly  to 
the  control  of  the  bleeding  from  them,  and  ought  not,  to  be 
delayed  if  the  sj"mpt(aiis  of  loss  of  blood  iire  increasing. 
It  should  be  un(iertaken  bebire  exsanguination  has 
proceeded  far  enough  to  make  the  additional  sliock  of 
the  necessary  operative  procedures  a  source  of  serious 
danger. 

Hemorrhage  from  the  liver  may  be  stopped  by  gauze 
packing  or  by  deep  s;itures;  the  cautery  is  useless. 

The  liver  and  its  ducts  are  most  accessible  through  in- 
cisions of  the  abdominal  wall,  made  paralli'l  with  the  mar- 
gin of  the  costal  cart  ilages ;  but  it  may  be  necess;rry  to  cut 
through  the  latter,  or  even  to  approach  the  liver  through 
the  pleural  cavity  and  diaphragm. 

Wounds  of  the  gall  bladder  are  to  be  sutured;  in  only 
the  rarest  cases  is  extirpation  indicated.  Inconi])lefe 
divisions  of  any  of  the  ducts  should  be  closed  as  far  as 
possible  by  suture,  and  in  any  ease  ade(|uate  iirovision 
iVir  the  escape  of  bile  should  be  made  by  means  of  gauze 
jiacking. 

In  a  case  of  complete  division  of  \\»'  eonuiion  duct,  if 
approximation  of  the  severed  ends  by  sut  lire  seems  imprac- 
ticable, anastomosis  between  the  gall  bladileraml  intestine 
is  clearly  necessary. 

2.  The  Spleen. — The  deep-seated  position  of  the 
s])leen  in  the  abdomen  makes  injuries  of  this  organ  rela 
tively  rare.  Its  injuries  are  flu;  result  of  much  the  same 
sorts  of  violence  as  iiroduce  lesions  of  the  liver.  Of 
Filler's*  Ifil)  cases,  m:!  were  subcutaneous,  A'i  were  bullet 
wounds,  and  ■!■')  were  stabs. 

It  goes  without  saying  that  an  enlarged  spleen  is  nuich 
more  liable  to  damage  than  fine  of  normal  size. 

The  intimate  relation  of  the  spleen  to  other  abdominal 
(and  thoracic)  viscera  makes  associated  injuries  of  these 
organs  of  frequent  occurrence. 

'I'lie  great  danger  in  injury  of  the  sjileeii  itself  is  from 
hemorrhage. 

Suppuration  and  abscess  of  the  spleen  li.-ivc  been 
known  to  follow  even  subcutaneous  injuries  of  the  organ. 

The  proriiiosiK  is  therebire  grave.  Of  the  sidjcutane- 
ous  injuries,  Edler  estimates  that  8(5.7  per  cent,  are  fatal; 
of  the  .shot  wounds,  83.3  i)er  cent.  The  presence  of  as- 
sociated injuries  adds  greatly  b)  thedangersof  the  situa- 
tion and  increases  the  mortality. 

The  trfittiiieiit  of  injuries  of  the  spleen  is  chiefly 
directed  to  the  control  of  hemorrhage.  It  should  there- 
bire be  carried  out  at  the  earliest  possible  moment.  The 
spleen  is  easily  reached  through  an  incision  carried  from 
the  fre(>  border  of  the  costal  eartiiages  vertically  down- 
ward through  the  outer  mafgiiuif  the  rectus  muscle.  For 
relatively  small  wouiuis  or  ruptures  of  the  spleen  dee]) 

sutur<'S  may  be  used  to  stop  the  bl ling,  Init  for  more 

extensive  injuries  one  should  proceed  without  delay  to 
extir|iation. 

3.  The  Kidneys  and  Ureters — Contusions  of  the 
kidney  occur  not  infrc(|uently  as  the  result  of  violence 
acting  upon  the  loins  in  the  form  of  kicks,  blows,  and 
falls.  The  lesion,  in  the  mildest  cases,  consist.s  in  small 
subcajisular  lacerations  or  in  more  extensive  tears,  particu- 
larly at  the  bases  of  the  pyramids,  while  in  the  most 
severe  cases  the  kidney  is  ruptured,  split  into  two  or 
more  fragments,  or  reduced  to  pulp. 

*  I,<ic.  oil. 
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nK'ctlin;;  I  loin  I  lir  ikiii  kidney  lissuc  is  apt  to  be  profuse, 
iinil  llic  r\li-!ivas;ilr(l  lilooil  iiiiillriites  tile  rclioperiloneal 
tissue  or  liiuls  itswa.v  into  the  peiitdiieuui  if  rents  ol  this 
meiiilinine  life  also  present. 

Wounds  of  llie  kidiiev  are  rare  in  civil  practice,  but 
tJiey  present  in  t heni.selves  no  anatoniieal  peculiarities 
that  liistinsnusli  them  rrom  tlie  subcutaneous  injuries. 

Hepair  of  traumatic  lesions  of  the  kidney  occurs  with 
great  readiness  and  completeness.  Rarely,  cysts  persist 
at  the  site  of  injury  or  the  kidney  tfoes  on  to  atrophy. 

The  danj;cr  to  lil'e  in  injury  of  ilie  kidney  lies  lirst  in 
the  lieinoriiiase  and  tlien  in  sniipunilion.  IJiit  the  close 
relation  of  lldsoiiran  to  other  viscera  makes  associated 
injuries  of  one  or  oilier  of  tliem  of  frequent  occurrence, 
and  thtis  the  iinyiioxix  may  be  srieatly  modilied. 

Of  108  cases  of  contusion  of  the  kidney  collected  by 
Gmwit/..*  TiO.  or4(!.:i  iierceiil..  were  fatal.  Of  these  .'"il) 
oases,  18  were  complicated  by  injury  of  more  iinportani 
viscera:  in  IT.  siippiiral ion  occurred,  willi  T  deaths.  Of 
the  'Si  uncomplicated  cases,  14  died  of  the  primary  hein- 
orrhasie.  8  of  secondary  hemorrhasfe,  7  of  sujjpuration,  and 
3  of  urinary  retention. 

Of  .")0  cases  of  slab  wound  of  the  kidney,  b")  were  compli- 
cated by  injuries  of  other  viscera.  iW  were  uncomiilieated. 
Of  the  ';)•■)  uncomplicated  cases,  11  died — 1  from  primary 
bleedinj;,  1  from  secondary  hemorrhage,  (i  from  sup 
puralivenephrilisof  the  injured  kidney,  2  from  sup])ura- 
tion  of  the  uninjured  kidney,  1  not  stated.  Of  the  1.5 
corajjlicated  cases,  3  were  complicated  by  injury  of  the 
spine,  and  all  died;  1  by  laceration  of  the  peritoneum, 
fatal;  2  liy  injury  of  the  liver,  both  died;  3  by  injury  of 
the  intestine,  3  died;  6  by  injury  of  the  chest,  4  died; 
thus  12  died  and  3  recovered. 

Of  .no  bullet  wounds  of  the  kidney  collected  by  Edler.f 
22  died.  Of  the  oO,  but  20  were  uncomplicated  by  in- 
juries of  other  viscera,  and  of  these  only  3  died. 

Injuries  of  the  ureter  occur  infrequently,  most  often 
perhaps  as  accidents  in  operations  upon  the  pelvic 
viscera.  Extravasated  urine  collects  behind  the  peri- 
toneum, exciting  a  cellulitis  there,  or  it  enters  the  perito- 
neal cavity  and  produces  a  fatal  peritonitis. 

The  treiitiiinit  of  injuries  of  the  kidney  turns  upon  the 
control  of  lileedint;,  U])ou  the  provision  for  the  escape  of 
cxtr-avasiited  urine,  and  upon  the  avoidance  of  infection. 

In  contusions,  therefore,  if  catheterism  is  practised  at 
all.  it  must  be  done  with  eveiy  care  to  avoid  introducing 
infection.  For  the  less  severe  cases  rest  in  bed  is  all  that 
is  required.  For  the  more  severe  cases  no  delay  is  to  be 
allowed  in  temijorizing  with  urinary  astriugents,  cold 
enemata.  etc. ;  the  kiilney  should  be  exposed  and  the  bleed- 
lug  controlled  by  suture,  by  gauze  packing,  or  by  partial 
or  total  nephrectomy.  The  external  wound  must  be 
freely  drained. 

4.  The  Bladder. — The  position  of  the  bladder  behind 
the  s}-mphysis  renders  injuries  of  this  viscus  fairly  infre- 
quent. Whether  the  wound  be  subcutaneous  or  open,  the 
presence  of  the  iieritoneum  over  a  portion  of  the  liladder 
wall  is  of  capital  iniiiortance,  and  it  is  convenient  therefore 
to  divide  injuries  of  the  bladder  into  two  groups — extra- 
and  intraperitoneal. 

Of  the  intraperitoneal  injuries  of  the  bladder,  wounds 
may  occur  in  any  position,  while  the  subcutaneous  in- 
juries or  ruptures  are  usually  transverse  or  oblique,  of 
variable  size,  and  occur  oftenest  low  down  in  the  posterior 
wall,  and  least  f)ften  at  the  summit.  They  are  usually  due 
to  blows  or  falls  upon  the  hypogastrium."  especially  when 
the  bladder  is  distended  and  the  abdominal  walls  are  lax. 

There  is  free  bleeding  from  the  bladder  lesion  and 
escape  of  urine  into  the  peritoneum;  and  sooner  or  later, 
generally  within  two  or  three  days,  a  peritonitis  is  pro- 
duced that,  once  estalilished.  has'no  tendency  to  remain 
circumscribed,  but  spreads  :ind  is  regularly  "fatal.  The 
promptness  with  which  peritonitis  develops  depends  in 
great  measure  upon  the  character  of  the  extravasated 
urine  and  upon  the  presence  or  absence  of  infection  in- 
troduced from  without  by  instrumentation. 


*  Arcb.  f.  klin.  Chlr.,  Heft  2, 1887. 
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The  e.rtra peritoneal  injuries  occur  in  the  anterior  wall 
of  the  bladder,  and  vary  in  size  from  mere  punctures  to 
considerable  rents.  They  are  due  to  much  the  same  sort 
of  accidents  that  cause  inlraperiloneal  injuries,  and  are 
notinfn'quently  the  result  of  fr.acture  of  the  pubic  bones, 
in  which  acciilciit  fragments  are  displaced  and  perforate 
the  bladder  nail. 

In  these  cases  there  is  also  free  bleeding  and  an  escape  of 
urine  into  the  cellular  lissue  of  the  jirevesical  space  and 
into  the  subserous  conneelive  tissue;  and,  as  a  result  of 
this,  cellulitis  develops  in  these  tissues,  and  is  practi- 
cally always  fatal. 

As  to  the  relative  frequency  of  extra-  and  intraperito- 
neal ruptures  of  the  bladder,  the  latter  are  much  more 
numerous,  being  estimated  by  Fenwick*  at  88  per  cent., 
as  against  12  per  cent,  for  the  former. 

The  jiror/iiiitiis  of  injuries  of  the  bladder,  even  if  uncom- 
plicated by  iujuiiesof  other  viscera,  is  always  most  grave. 
Bart  el  i  has  collected  .504  cases  with  a  general  luoi'tality 
of  4.5  per  cent.  Of  these,  373  were  extraperitoneal, 
with  a  mortality  of  20  per  cent.,  and  131  intraperi- 
toneal, with  a  mortality  of  99.2  ]ier  cent. 

Arranged  according  to  the  presence  or  absence  of  an 
external  wound,  109  cases  were  subcutaneous  injuries 
and  90  i)er  cent,  died,  while  33.5  were  ojien  injuries  and 
22.7  percent,  died.  Of  the  169  subcutaneous  injuries, 
131  were  intraperitoneal,  with  a  mortality  of  99.2  per 
cent.;  38  were  extrajieritoneal.  with  a  mortality  of  ,58 
per  cent.  Of  the  335  open  injuries,  50  were  stab  wounds, 
with  a  mortality  of  22  per  cent. ;  285  were  bullet  wounds, 
with  a  mortality  of  24.5  per  cent. 

But  these  figures  do  not  indicate  the  present  mortality 
rate,  which  has  undergone  marked  improvement  with  the 
advance  of  aseptic  technique  and  the  general  adoption  of 
earlier  operative  interference.  Thus  Schlange|  has  col- 
lected 32  cases,  with  15  deaths  and  17  recoveries.  Of 
these,  22  were  intraperitoneal  with  10  recoveries,  and  10 
extraperitoneal  with  7  recovei'ies. 

The  treatment  of  injuries  of  the  bladder  is  designed  to 
provide  for  the  escape  of  urine  and  to  close  the  bladder 
lesion  itself,  thus  preventing  infiltration  of  urine  and  the 
development  of  those  inflammations  which  otherwise  fol- 
low, and  which  are  the  immediate  cause  of  death. 

Suprapubic  cystotomy,  then,  should  be  done  at  the  earli- 
est moment  possible.  In  extraperitoneal  injuries  the 
lesion  should  be  closed  by  suture,  wholly  or  in  part, 
Retzius'  space  should  be  thoroughly  tlraiued  by  gauze 
packing,  and  the  bladder  itself  should  be  drained  by  a 
perineal  tube. 

In  a  case  of  intraperitoneal  injury  the  abdomen  should 
be  entered  just  aliove  the  bladder,  and  thoroughly  flushed, 
and  the  bladder  itself  should  be  closed  by  appropriate 
suture;  a  Jlikulicz  drain  being  passed  into  the  depth  of 
the  pelvis  and  the  bladder  being  drained  by  perineal  tube. 

If  the  ureter  has  been  severed  the  di\ided  ends  may  be 
brought  together  by  the  method  of  Hochenegg  or  of  Kelly, 
or  the  kidney  may  be  removed.  Implantation  of  the 
ureter  into  the  intestine  is  a  hazardous  expedient,  as  is 
also  implaiitalion  into  the  bladder. 

5.  The  Gastro-Intestinal  Tract. — Injuries  of  the 
stomach  occur  less  often  than  those  of  the  intestine,  and 
injuries  of  the  large  intestine  are  less  frequent  than 
those  of  the  small.  Thej'  may  be  single  or  multiple. 
Such  injuries  vary  in  extent,  being  either  incomplete  (in- 
volving only  one  or  two  of  the  lawyers  of  the  tract)  or 
complete  (involving  all  of  them). 

The  former  group  includes  those  cases  in  which  the 
nuicous  meiubrane  is  lacerated  by  foreign  bodies  passing 
through  the  canal;  those  in  which  the  intestinal  wall  is 
contused  by  violence  acting  from  without,  and  in  which 
the  injury  is  accompanied  by  hemorrhage  between  Ihe 
component  layers  of  the  intestine,  and  those  in  which  there 
is  laceration  of  the  peritoneal  or  peritoneo-muscular  layers. 

Such  injuries  are  relatively  unimportant.     Perforatioa 


t  Hei-lus :  "  Trait,  de  CUlr.,"  vol.  vii.,  p. 
+  Deutselie  (iiir..  Lief  .52,  p.  67. 
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juay  be  a  cDiiseqiieuce,  hut  it  ijrobalily  orours  \ciy  iufic- 
ciuently.  The  complete  lacerations  are  llie  important  ones. 
They  are  ol'  variable  e.\tcut.  In  the  stomach  the  lesion 
maybe  a  minute  perl'oralion  or  a  tear  several  inches  in 
len<;th;  in  Ihe  intestine  also  the  injury  may  be  a  small 
I)Uneture  or  a  total  transverse  division  oC  the  bowel. 
There  is  more  or  less  hemorrlia.iic  ironi  the  margins  of 
the  injuriil  spot  into  the  canal  and  into  the  l)eritoneum. 
and.  most  important,  there  is  likely  to  be  an  es<'ape  of 
the  conlents  of  the  intestine,  the  amount  varying  uccord- 
iujr  to  the  dimensions  of  the  oi)eniuj;. 

The  consequence  may  be  cither  a  peritonitis  of  small 
and  limited  extent,  resultiuir  snbslanlially  in  nolhln^- 
more  than  adhesions:  or  a  clrcum.scrlbed  perllonills,  with 
abscess  of  greater  or  less  size;  or  a  generali/.ed  septic  [lerl- 
tonitis. 

In  the  smaller  lesions,  at  least,  extra vasiit Ion  of  Intesti- 
nal contents  does  not  occur  at  once  on  the  Intilctlon  of  the 
Injury,  for  one  conunonly  finds,  in  operations  done  for 
bullet  wounds  of  the  Intestine,  that  for  some  hours  the 
openinjr  Is  oceu|)led  and  iiractleally  occluded  liy  pri)la])sed 
nuieous  membrane.  The  mechanism  of  this  occlusion 
was  studied  by  (irIMilh,*  who  found  tliat  in  tians- 
verse  woimds  of  one  third  of  an  inch  In  lenjrth,  the 
nuieous  membrane  is  e.xtruded  by  Ihe  coiUracllon  of 
the  lon<;itudlnal  fibres  of  the  intesline,  and  that  In  small 
longitudinal  wounds  the CJinlraction  of  the  circular  fibres 
causes  the  margins  of  l\u-  wound  to  roll  in,  expresses  the 
mucous  n\embrane,  and  produ<-es  the  same  occlusion. 
■Such  obstruction  to  (he  escape  of  Intestinal  contents  is 
best  seen  in  ilie  small  intestine,  as  It  does  not  occur  in  the 
relatively  thlnn<>r  walleil  parts  of  the  colon. 

Injuries  of  the  gastro  inteslinal  tract  result  from  con- 
tusions of  the  abdomen  due  to  l)lows,  falls,  kicks,  elc, 
wliich  crush  the  intestine  again.st  the  spine;  and  if  this 
part  of  Hie  canal  hapjiens  to  be  distended  when  the  in- 
jury is  Inlilcled.  an  actual  bursting  of  Its  walls  may  re- 
sult. Penetrating  hullet  and  stab  wounds  of  the  alido 
men  are  a  common  cause  of  injuries  of  the  intestines,  and 
the  latter  may  also  result  from  the  pa.ssage  of  a  foreign 
body  through  the  inteslinal  tract. 

The  pnyiiosix  is  always  grave  and  the  chief  danger  is 
periloiiitls.  But  the  development  of  peiitimitis  varies 
with  the  extent  of  the  lesion,  wllh  the  ability  of  the  pa- 
tient to  circumscribe  peritoneal  infeellon  by  forming 
adhesions,  and  with  the  promptness  wllh  which  surgical 
intervention  is  undertaken. 

According  to  I'etry.f  of  19!)  ca.ses  of  rupture  of  Ihe  In- 
testine, 4.8  percent,  recovered  through  the  develoiniient 
of  adhesions  (o  neighboring  siructures:  In  S.,5  per  cent, 
a  circumscribed  fecal  abscess  formed.  The  general 
mortalily  of  ruptures  of  the  intestine  was  80  percent.; 
of  ruptures  of  the  stomach,  80  per  ceiil. 

The  seriousness  of  wounds  of  the  gastro-inlestlnal 
canal  will  a|)pear  more  clearly  when  I  state  that  they  are 
specially  apt  to  be  mulllple  and  that  olherorgans  are  apl 
to  be  wounded  at  Ihe  same  time.  Of  4,9.i8cases  grouped 
by  Colcy.]:  Ihe  mortalily  was  SI  ))er  cent.  Of  Hi.")  cases 
treated  by  operation  the  mortalily  was  (u.~  ])vr  cent.; 
and  of  these.  81  concerned  the  small  intestine  (mortality, 
67.5  per  cent.)  ;  24  the  slomacli(inorlality,  7")  Jier  cent.)  ; 
36  the  colon  (mortalily,  (iG.B  per  cent.). 

Tlie  tri'dliiuiiit  should  be  undertaken  at  the  earliest 
moment.  But  here  there  Is  not  the  positive  indication 
for  instant  operation  that  exists  wlien  the  control  of 
hemorrhage  Is  the  object  in  view.  Nevertheless  there 
should  be  no  unnecessary  delay  In  inlerventlon,  and  the 
guide  to  the  time  of  operation  lies  in  the  degree  of  shock 
present.  The  rule  should  be  to  operate  thi'  moment  the 
general  condition  of  the  patient  will  admit  of  (he  pro- 
cedures necessary,  and  before  perllonills  has  developed. 
In  fact,  after  a  peritonitis  is  under  way  and  is  spreading, 
no  surgical  measure  is  likely  to  be  of  avail  in  any  but  the 
most  exceptional  cases. 

The  lesions  are  to  be  sought  systematically,  and  any 

*  Quoted  hv  Kcinip,  vol.  li.,  p.  143. 
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existing  tears  .should  lie  closed  b_v  .some  one  of  the  recog- 
nized forms  of  Intestinal  suture;  or  the  Intesline  .should 
be  resected,  or  anastomoses  should  be  made.  Then  Ihe 
neighboring  in'rlloneuin  should  be  (■leaned;  or  Ihe  entire 
peritoneal  cavily  should  lie  Hushed  until  it  Is  perfectly 
dean  and  then  should  lie  sponged  dry.  In  most  ca.ses 
the  judicious  placing  of  gau/.e  drains  will  be  advantage- 
ous. 

(i.  The  Mesentery  and  Great  Blood-Vessels. — In 
juries  of  these  structures  are  exceedingly  uncommon  In 
subcutaneous  injuries  of  the  abdomen,  but  they  ociair 
with  some  fre(iuency  as  the  conse(|Uence  of  penetrating 
wounds.  The  great  danger  entailed  is  from  hemorrhage, 
which  Is  consuleralile  in  w-ounds  of  Ihe  mesentery  even 
of  small  .size,  while  in  those  inlilcled  at  the  loot  of  this 
struetureor  Involving  one  or  otherof  the  named  lirauclii'S 
of  the  aorta  or  vena  cava,  the  bleeding  is  jirofuse  and 
usually  quickly  fatal.  Ti-Kitmiid,  if  available  at  all.  Is 
Iiractleally  so  only  In  thos<!  cases  in  which  the  wound  In- 
volves the  smaller  vessels,  which  may  be  <  laniiied  and 
ligatured,  or  surrounded  by  suture,  and  .so  closed. 

SVMl'TOMS. 

To  arrive  at  the  proper  c<inclusion  in  estimating  the 
consequences  of  abdominal  Injuries  it  Is  essential  to  study 
Ihe  Individual  case  from  every  point  of  view,  beginning 
with  the  history  of  the  Injury  Itself,  the  degree  of  vio- 
lence exercised,  the  attitude  of  the  patient  at  the  time  of 
the  oceurrenee,  and  the  slate  of  his  abdominal  viscera — 
empty  or  full,  normal  or  diseased.  Theu.  bisides.  one  must 
note  thesequenceof  symploms.  bolh  Ihe  addition  andthe 
dlsa]ii)eaiance  ot  local  evidences,  and  the  general  condi- 
tion of  the  individual  considered  as  a  whole. 

Of  the  g<'neral  sj'mptoms,  shock  is  apparent  from  the 
beginning  in  most  cases  of  abdominal  injury,  although  it 
varies  in  degree.  It  is  most  profound  after  severe  con- 
tusions, and  may  be  but  slightly  develojied  in  a  consiiler- 
able  number  of  cases  of  penetrating  wounds  of  the  ab- 
domen, so  that  the  absence  of  very  marked  sliock  should 
not  be  construed  to  mean  absence  of  visceral  lesions  of 
serious  or  even  fatal  character;  although  profound  shock 
must  usually  be  iiiter)ireled  to  be  indicative  of  grave 
injury. 

The  symiiloms  of  hemorrhage  are  practically  identical 
with  those  of  shock,  but  they  are  gradually  develojied; 
and  very  often  the  slinllaiitj'fif  the  symptoms  of  the  two 
conditions  makes  their  disllnclion  im)K).sslble,  at  least 
with  any  degree  of  certainty. 

Peritonitis  at  its  outset,  which  may  occur  within  a 
few  hoursof  the  reception  of  an  injury,  .soniel  lines  closely 
resembles  Ihe  symploms  of  shock  or  hemorrhage,  but 
when  fully  established  it  can  liardly  be  mlst;iken  for  any 
other  condition. 

There  are  certain  local  symiiloms  which  appear  after 
injuries  of  any  of  several  viscera,  and  then'  are  others 
wliich  are  peculiar  to  lesions  of  sjiecial  viscera  alone. 

Hemorrhage  in  any  volume  from  the  llvc'r.  s|)leen,  or 
kidney, — extra-  or  intraiieritoneal, — or  from  Ihe  mesen- 
tery, is  accompanied  by  great  pain,  liy  dislenllon  of  the 
abdomen,  by  great  rigidity  of  Its  walls,  by  dulness  in  the 
flanks  in  some  cases;  but  by  no  means  all  of  fhese  symp- 
t<ims  are  present  in  every  case  in  marked  degree,  and 
often  one  or  more  of  tlieni  are  absent  altogether. 

The  presence  of  gas  in  the  peritoneal  cavity  Is  indi- 
cated by  loss  of  liver  dulness  and  by  a  iie<'uliar.  non  re- 
sistant feeling  of  the  abdominal  wall  on  palpation  and 
percussion.  Here,  again,  exicptions  are  numerous  In 
both  the  positive  and  the  negative  .sense.  Perforations 
of  the  intestine  occur  without  loss  of  liver  dulness.  and 
liver  dulness  may  be  absent  without  perforation  of  the 
intestine. 

Distention  of  the  abdomen  following  injury  is  usuiilly 
evidence  of  iierltonill.s. 

T'ain  Is  often  experienced  at  the  slli'  of  injury,  but  is  a 
better  Index  of  the  location  of  injuries  of  Ihe  abdominal 
wall  than  of  viscei'al  Injuries;  it  may  be  entirely  absent 
or   inav    be   referred   to   another  reirion,  an<l   Is  of   lillh^ 
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viiluo  in  dctmiiiiiiiig  any  of  the  features  of  visceral 
lesions. 

Tcnilerness.  on  I  lie  other  liinid.  is  of  greiil  value,  ami  as 
a  rule  is  fell  only  in  (he  re.u'io"  injured,  and  is  thus  often 
an  aeeumle  guiiie  to  the  kieation  of  the  intra-aluloniinal 
tnmble. 

With  injuries  of  the  liirr  tliere  is  a  histciry  of  wound 
or  contusion  in  the  rciiion  of  the  liver,  followed  by  tlie 
local  and  senend  symptoms  of  hemorrliajie. 

With  injuriis  of" the  .t/ilo ii  there  is  a  history  of  wound 
or  contusion  in  the  resrioii  of  the  spleen,  followed  by  the 
local  and  seiieral  svniptoms  of  hemorrliaire. 

With  injuriesof  "the .«/"«"/<•/(  there  isa  history  of  wound 
or  contusion  in  the  ivgion  of  the  stomach,  or  of  the  in- 
gestion of  a  foreign  body,  followed  by  loss  of  liver  dul- 
ness,  bv  hiemati'mcsis,  by  peritonitis. 

Witli  injuries  of  the  'iiitmtiiir  there  is  a  history  of  ,i 
wound  or  contU!;ion  of  the  abdomen  followed  by  loss  of 
liver  dulness.  by  bloody  stools,  in  some  cases,  and  by 
peritonitis. 

AVitli  injuries  of  the  liilini/  there  is  a  history  of  a 
wound  or  contusion  in  the  region  of  the  kidney,  followed 
by  evacuation  of  bloody  urine,  probably  I)y  tumefaction 
in  the  loin,  and  very  often  by  the  symptoms  of  suppuia- 
tive  nephritis  and  perirenal  cellulitis. 

With  inj>u-ies  of  the  hhiilih  r  there  is  a  history  of  a 
wound  or  contusion  in  the  region  of  this  organ.  The 
symptoms  and  the  conditions  observed  are  the  following: 
The  bladder  is  very  often,  although  not  always,  dis- 
tended, and  this  coiulition  is  as.sociated  with  apparent 
suppression  of  urine,  with  tenesmus,  with  evacuation  of 
small  amounts  of  blood  through  the  catheter,  with  non- 
distensibility  of  the  Madder  by  means  of  injections  or 
with  the  re'tvu-n  (if  smaller  volunii'S  than  those  injected, 
and,  finally,  with  perivesical  cellulitis  or  with  peritonitis. 

With  in'juries  of  the  nuwiiti  ri/  there  is  a  history  of  a 
wound  or  contusion  of  the  central  region  of  the  abdomen, 
followed  by  the  local  and  general  symptoms  of  hemor- 
rhage or  of  intestinal  obstruction  and  peritonitis. 

With  injury  of  any  of  the  good  sized  vessels  of  the 
abdomen  there  are  the  symptoms  of  hemorrhage. 

Dl.VONOSIS. 

In  most  instances  it  is  practically  impossible  to  make 
a  correct  diagnosis  of  the  viscera  injured,  and  of  the  ex- 
tent of  the  lesions  present  in  consequence  of  injuries  of 
the  abdomen.  It  comparatively  rarely  happens  that  such 
injuries  are  confined  to  single  viscera,  and  in  the  combina- 
tion of  symptoms  that  regularly  ensue,  some  are  over-, 
shadowed  by  others.  This  fact,  together  with  the  unre- 
liability of  many  of  the  symptoms  which  should  be 
pathognomonic  of  special  injuries,  renders  the  diagnosis 
always  one  of  probability.  Nevertheless,  in  a  con- 
siderable number  of  cases  the  lesions  probably  pres- 
ent may  be  estimated  with  a  fair  degree  of  accuracy,  and 
in  a  small  nunilier  the  diagnosis  may  be  made  with  cer- 
tainty; but  it  should  be  emphasized  that  this  number  is 
small,  and  that  in  these  purl ie\ilar  eases  the  injuries  pres- 
ent are  relatively  slight.  All  the  factors  possible  must 
be  duly  considered:  the  character  of  the  violence;  its 
degree  and  the  particular  region  which  it  affects;  the 
viscera  present  in  this  region  and  their  condition  at  the 
time  of  injury;  and  both  the  immediate  and  the  later 
sj'mptoms  produced.  To  all  of  these  features  proper 
value  must  tie  assigned  before  the  final  conclusion  can 
safely  be  formulated. 

Prognosis  and  Complications. 

For  the  same  reasons  any  statement  in  regard  to  the 
prognosis  of  atidominal  injuries  must  be  made  with  great 
caution.  It  may  be  said,  however,  that  of  those  cases 
that  recover  after  abdominal  injuries,  there  are  some  in 
which  the  recovery  is  com]ilele.  and  others  in  which  it  is 
incomplete  (through  the  persislence  of  tistida'  or  of  peii- 
tonea!  adhesions,  or  through  the  development  of  hernia'). 

Of  the  complications  of  abdominal  in  j  uries,  hemorrhage 


is  perhaps  the  most  important.     It  may  accompany  al- 
most any  of  the  visceral  injuries. 

Peritonitis  is  an  almost,  equally  grave  complication. 
It  is  particularly  apt  to  accompany  injuries  of  the  gastro- 
intestinal tract. "the  bladder,  and  the  biliary  ducts. 

I.,ater  complications,  as  mentioned  under  prognosis, 
are:  fistuhe  communicating  with  the  alimentary  canal, 
the  biliary  jiassages.  and  the  kidney:  adhesions  which 
possibly  giveri.se  to  functional  disturbances  of  the  viscera 
and  esiiecially  to  intestinal  oVistruetion:  herniie  due  to 
yielding  of  cicatrices  of  the  abdominal  wall:  and.  finally, 
"the  jirolrusion  of  one  or  other  or  several  of  the  abdominal 
organs. 

Tre.\t.ment. 

The  treatment  of  patients  suffering  from  the  results  of 
alidonuna!  injuries  is  of  a  twofold  character:  it  comprises 
the  treatment  of  the  general  symptoms — those  of  shock, 
hemorrhage,  or  peritonitis — and  the  treatment  of  the 
local  lesions  present. 

So  far  as  the  treatment  of  shock  is  concerned,  the  pa- 
tient should  be  placed  in  bed  and  the  foot  of  the  bed  should 
be  elevated.  He  should  be  warmly  covered,  and  artifi- 
cial heat  should  be  applied  externally'by  hot  bottles,  etc. 
Heart  action  is  to  be  stinndated  by  the  application  of 
heat  or  mustard  paste  ovei-  the  preeordium,  liy  subcu- 
taneous injections  of  strycluiine.  of  morphine,  of  atropine, 
or  of  whiskey,  and  by  enemata  of  hot  water,  fluiil  extract 
of  coffee,  and  whiskey.  In  many  cases,  and  in  those 
particularly  in  which  the  symptoms  are  due  to  hemor- 
rhage, the  infusion  of  the  patient  with  from  forty  to  sixty 
ounces  of  normal  salt  solution  is  of  the  greatest  possible 
service:  but  it  shoidd  be  borne  in  mind  that  the  effect  of 
the  infusion  will  subside  in  about  four  hours,  and  that 
then  the  injection  may  have  to  be  repeated. 

All  that  it  is  necessary  to  say  in  this  place  in  regard  to 
the  treatment  of  peritonitis  has  reference  to  its  prevention, 
and  this  end  is  best  served  b_y  tlie  rigid  observance  of  the 
rules  which  have  been  formulated  for  the  aseptic  or  anti- 
septic treatment  of  wounds. 

In  the  ease  of  a  wound  of  the  abdominal  wall,  whether 
penetrating  or  not,  the  object  of  the  local  treatment  is  to 
secure  union  in  the  shortest  time  possible  and  in  such  a 
way  that  hernial  protrusions  are  least  likely  to  occur. 
For  this  purpose  surgeons  are  fairly  agreed  that  suturing 
must  be  done  in  layers,  that  is,  that  identical  structures 
in  each  margin  of  the  wound  are  to  be  united  again : 
further,  that  such  union  is  best  accomplished  by  buried 
absorbable  suture  material,  namely,  catgut.  But  since 
catgut  is  aljsorbed  within  a  few  days,  some  other  more 
enduring  suture  material  must  be  used  to  preserve  the 
apposition  and  beginning  union,  started  between  struct- 
ures brought  together  by  catgut.  For  this  purpose,  then, 
it  is  conventional  to  use  deep  sutures,  embracing  all  the 
layers  exceiit  the  ]ieritoneum.  composed  of  silk,  of  silk- 
worm gut,  or  of  silver  wire.  Finally,  accurate  union 
along  the  skin  incision  is  obtained  by  a  continuous  sut- 
ure of  tine  silk. 

For  KiibciitiiiiKms  injuries  of  the  abdominal  wall  in 
which  no  rupture  of  nuiscle  occurs,  no  special  treatment 
is  re(iuired  lieyond  promoting  the  disappearance  of  ex- 
travasated  blood  by  massage  or  aspiration. 

When  rupture  of  muscle  occurs  the  overlying  skin  is 
to  be  incised  and  tlie  injury  treated  as  a  wound  by  suc- 
cessive tiers  of  sutures. 

W'hen  injury  of  one  or  of  several  of  the  abdominal 
viscera  is  certain  or  seems  probalile,  no  delay  in  institut- 
ing active  treatment  is  permissible.  It  is  far  and  away 
the  better  scheme  to  make  explorative  incisions  through 
tlie  abdominal  wall,  to  render  the  diagnosis  certain,  than 
to  subject  the  patient  to  the  dangers  of  peritonitis  or 
fatal  ex.sanguination  liy  waiting  for  a  confirmation  of  the 
diagnosis  of  some  doubtful  or  probable  lesion  by  the  de- 
velopment of  positive  symptoms,  ^lany  patients  have 
withoutdoubt  been  saved  in  consequence  of  this  practice, 
and  it  is  eipially  evident  that  uian_y  have  been  lost 
through  hesitation  in  carrying  out  this  scheme.  There 
is  little  or  no  risk  involved  in  the  simple  incision  itself. 
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But  nooiicvalivc  prnt-odiirc  may  be  undcitaUcn  instates 
of  profound  shock  or  in  cases  in  which  the  in  juries  are  so 
extensive  or  so  complicated  as  to  make  th(!ir  treatment 
practically  inii)ossible :  nor  should  interference  be  resorted 
to  in  the"  presence  of  well-marked  peritonilis.  On  the 
other  liand.  in  the  presence  of  a  be.^inninj;-  jieritotiitis 
there  still  remains  some  possibility  of  success. 

If  decided  shock  is  |)reseMt.  I'lieriretic  measures  for  its 
relief  are  called  for.  anil  only  when  the  patient  has  l)egun 
to  rally,  that  is,  when  tli<!  jiulse  becomes  slower  and 
.sti-onirer  and  the  temperature  be.^ins  to  approach  normal, 
may  an  operation  be  contemplated.  The  exception  lo 
this  nde  is  met  with  in  those  cases  in  which  the  symp- 
toms of  a])]>arent  shock  are  due  to  heiuorrhajre.  In  such 
cases  no  substantial  improvement  is  likely  to  result  from 
stimulation,  and  the  patient's  best  if  not  only  hojie  lies 
in  inunediale  intervention,  during  which  activi;  stimula- 
tion should  he  carried  on. 

For  the  treatment  of  any  visceral  lesion  that  is  a  con- 
secpieiice  of  a  non-penetratinj;  in.jury  of  the  abdomen  it 
is  necessary  to  incise  the  abdominal  wall,  tlic^  posilinn, 
direction,  and  extent  of  the  incision  being  determined  by 
the  viscns  to  be  reached. 

To  expose  the  liver  and  biliary  ducts,  an  olilicpic  in- 
cision parallel  with^tlie  free  limvlerof  the  ribs,  with  its 
centre  about  np]iosite  t)ie  tenth  cartilage,  is  conventional, 
while  a  sinnlar  incision  oiithe  left  siile  exposes  thi-  stom- 
ach. But  for  either  |iurposea  vertical  incision  through  the 
outer  ])art  of  the  rectus  downward,  for  variable  distances 
from  the  fre(^  bonier  of  the  ribs,  serves  equally  well,  and 
has  the  advantage  that  on  the  right  side  the  kidney  may 
be  exiilored  and  attacked  through  it,  while  on  the  left 
side  tlie  si>leen  may  also,  if  necessary,  be  reached. 

To  expose  th<'  ki<lney  by  the  transperitoneal  route,  the 
incision  just  descriln'd  is  the  best;  but  for  general  piir- 
jioses  the  Kiinig  incision  of  the  loin  is  much  to  he  jirc- 
IV'rred  in  every  way,  since  in  itself  it  is  extraperitoneal, 
but  at  the  same  time  it  allows  the  jieritoneal  cavity  to  be 
entered  very  readily  liy  extending  the  incision  forward 
but  a  short  distance. 

For  the  purpose  of  reaching  the  bladder  an  incision 
carried  upward  from  the  symphysis  between  the  rectus 
muscles  for  the  neccs.s;iry  distan<-e.  with  the  ]ia1ient  in 
the  Trenilelenhnrg  |iosition.  exposes  this  organ  perfectly; 
and.  in  order  still  further  to  eidarge  the  working  space, 
till'  insertions  of  the  recti  into  tlie  symphysis  may  be 
divided  for  a  short  distance.  Then,  by  the  aid  of  re- 
tractors placed  so  as  to  draw  the  margins  of  the  wound 
apart,  one  may  obtain  a  perfect  view  of  the  bladder,  and 
ample  room  may  be  gained  for  any  suturing  oiu'ration. 

To  ,i;ain  access  to  the  intestine  and  meseiilerv  a  median 
incision  through  the  linea  allia,  of  variable  length  anrl 
carried  around  the  left  side  of  the  lunbilicus,  will  answer 
till' purpose  best.  In  this  way  the  small  intestine  and 
mesentery,  tlw!  rectum,  and  the  sigmoid  flexure  may 
readily  be  reached,  and  by  use  of  vigorous  retraction  the 
rest  of  the  colon  may  be  cxjiosed.  as  well  as  the  lirst  and 
second  parts  of  the  duodenum. 

In  making  incisions  through  the  al)dominal  wall,  no 
time  should  be  lost  in  using  a  director.  The  inc-ision 
should  be  rapidly  carried  through  the  skin,  tlie  superficial 
and  deep  layers  of  fascia,  and  tlu^  muscles — clamps  being 
ap])lie(I  to  all  bleeding  points — until  the  transversalis 
tascia  is  reaclu'd.  This  is  to  be  nicked  w  illi  tin-  knife  and 
then  divided  along  the  length  of  the  wound  by  scissors, 
thus  exposing  the  ]ieritoneinn.  The  latter  in  turn  is  then 
to  he  pinched  \ip  by  two  jiairs  of  forceps,  a  nick  is  to  be 
ma<le  between  them,  and  the  membrane  is  then  to  be  di- 
vided by  .scissoi-s  on  a  finger  tlu-ust  beneath  il  througli 
the  small  primary  opening.  It  is  optional  whether  bleed- 
ing ]ioints  are  to  be  tied  before  entering  the  cavity  or 
whether  clamps  are  to  be  left  in  xitii. 

In  the  ojjcrative  treatment  of  prnetydiinn  iroiiiiils  of 
the  abdominal  wall  it  is  best  to  enlarge  the  wound  f)f 
entrance  with  the  same  jirecautions  that  are  usually  ob- 
served in  formally  o]iening  the  .abdomen.  Having  done 
so.  one  shoidd  inspect  the  subjacent,  viscera,  and  then 
upon  ascertaining  the  extent  and  character  of  the  lesions 


to  be  treated,  should,  if  necessary,  make  additional  inci- 
sions through  the  abdominal  wall  in  one  or  other  of  the 
jiositions,  and  in  tlie  manner  just  descrilied,  or  the  wound 
should  be  still  further  enlarged.  The  treatment  of  the 
injuries  of  diirereiit  viscera  has  been  referreil  to  under  the 
description  of  their  lesions.   * 

Here  it  is  ])ro])er  to  indicate  tlie  method  of  caring  for 
))rolapse  of  viscera,  and  for  hlooil  and  foreign  material 
which  ?nay  be  incseiit  in  the  ]ieriloneal  cavity. 

Almost  any  of  the  viscera,  whether  injured  or  not, 
may  jn'olapse  through  wounds  of  the  abdominal  wall, 
and  then  be  injured,  or  infected,  or  become  strangulated ; 
and  tiie  iirocedure  to  be  a<lopted  depends  upon  which  of 
these  events  li:is  occurred. 

In  general  terms,  for  purposes  of  treatment,  il  is  al- 
ways to  be  a.ssumeil  tliat  |>rola|>sed  viscera  are  infected; 
anil  whether  a  gi\ en  viscus  is  to  be  returned  or  not  will 
be  decided  by  the  possibility  of  rendering  il  practically 
aseptic  or  not,  of  re]iairing  injuries  jiresent  in  ii,  or  of 
restoring  its  circulation. 

I'rolapscd  omeiiliiiii  should  in  any  case  be  tied  olT  and 
remo\cd. 

Prolapsed  inlestine,  if  slrangulated,  may  be  sutured  in 
kIIii.  or  may  be  opened  in  such  a  manner  as  to  form  a 
fecal  fistula  which  is  to  be  closed  siibseipiently.  or  it 
may  be  resected  at  once.  If  it  has  become  infected  it  is 
to  bit  subjected  to  \'ery  thorough  mechanical  cleans- 
ing with  0.5-per-cent.  .salt  solution,  and  then  returned 
after  any  injuries  possibly  present  in  it  liave  been  re- 
paired. 

Prolapise  of  the  spleen  calls  for  ils  remnviil  if  strangu- 
lated or  irreparably  injured,  or  for  its  return  if  it  can  be 
thoroughly  cleaned  and  repaired. 

Prolapsed  ]iortions  of  the  liver  are  to  be  removed. 

Prolapse  of  the  kidney  should  be  managed  by  removal 
if  it  is  necriiticor  very  greatly  injured  :  by  mechanical 
cleansing,  repair,  and  reiilacement  of  the  oi-gan  if  it  lie 
possible.  However,  in  any  case  ain])le  drainage  must  be 
provided  by  gau/.e  leading  from  the  site  of  the  returned 
viscus  to  the  surface. 

Blood  is  to  be  completely  removed  from  the  abdominal 
cavily.  This  is  done  by  scooping  out  clots  with  the 
hand  and  sponge,  and  by  copious  douchings  with  hot 
s:ilt  .solution,  i'rovision  for  subsequent  drainage  need 
not  neces.sarily  be  sniiplied. 

The  entrance  of  foreign  bodies  from  without  or  from 
the  intestine,  or  the  entrance  of  intestinal  contents  into 
the  peritoneal  cavity,  is  a  fruitful  source  of  iicritonitis, 
and  measures  .should  betaken  to  prevent  its  occurrence. 
But  once  they  have  invaded  the  cavity  and  infected  it, 
no  time  is  tobelost  in  removing  them  and  in  neutralizing 
their  consequences. 

Intestinal  contents  are  to  be  removed  by  scooping  and 
s]ionging,  iuid  then  not  only  the  visibly  soiled  areas  of 
])eritoneum  must  be  cleansed  liy  the  liberal  use  of  salt 
solution,  but  the  s;ime  procedure  must  be  carried  out 
with  regard  to  thi^  whole  ])eritoiieum.  es]iecially  if  con- 
siderable quantitiesof  foreign  material  liaveescaped  ;  and, 
if  necessary,  evisceration  must  be  resorted  to.  I)raina,ge 
must  of  course  be  ]irovided  in  every  case. 

Drainage  of  areas  of  the  peritoneum  is  best  accom- 
plished by  the  use  fif  gauz( — ordinar_v  absorbent  gauze 
sterilized,  or  gatize  impregnated  with  iodoform.  Gauze 
has  the  advantage  over  lubes  of  \arious  kinds  in  several 
respects.  Besides  the  perfect  manner  in  which  it  enaliles 
all  exudate  to  be  carried  to  the  surface,  it  decidedly 
promotes  the  formation  of  adhesions  about  itself,  and  con- 
sequently about  the  region  drained,  wlii<'li  is  often  in- 
fected, and  further  oozing  is  best  checked  by  the  jircssure 
exerted  by  the  gauze  packing. 

Gauze  introduced  for  drainage  purjioses  is  used  in 
ribbons,  one  in'  more  of  which  are  so  pilaced  as  to  lead 
from  the  area  drained;  or  larger  jiieces  of  gauze  may  be 
packed  into  the  region  to  be  drained  and  brought  out  of 
the  abdominal  wound;  or  the  iMikuliez  dressing  may  be 
used.  This  consists  of  a  piece  of  iodoform  gauze  about 
fifteen  inches  square,  doubled  back  from  its  centre  like 
an  umbrella,  and  containing  strips  of  gauze  so  arranged 
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Ilmt  one  iiflc-niiiollu'i-  cjm  bo  withdrawn  without  disturb- 
iiiir  tile  ciivi-ldpiiiy  sUirt.  w  liiili  is  lust  to  be  ivinovoil. 

Tlio  iH'iioil  lor  willidnnviiij:  dniiiis  varies  soiiicwliat 
with  Ihi'  ]>ur)iosi'  for  wliicli  tlicy  have  Ihtii  inlmduccii; 
■riiuzt'  lilaccd  to  sloi>  ooziiij;-  slioulil  lio  removed  in  from 
twi'iitvfour  to  forty -eiiiht  liAui-s,  wliile  Ilmt  used  to  drain 
infected  or  inllanieii  areas  is  allowed  to  remain  in  place 
some  days  lonjrer. 

The  treatment  of  the  sequela'  of  injuries,  as  tistuhe, 
vcntnd  liernia'.  etc  .  does  not  naturally  come  under  tlic 
jiresiMit  title.  Pcrcmil  R.  Bolton. 

ABDOMINAL  TUMORS,  DIFFERENTIAL  DIAGNO- 
SIS OF.  Tlir  word  niiniir  is  used  liere  mil  in  llii'  re- 
stricted sense  of  a  neoplasm  hut  in  the  e1yniciloj;ieal  sense 
of  a  swellinjr.  It  is  at  oneeevidiMit  from  this  thai  a  large 
nund)er  of  patholoiiii'al  processes  alTccling  all  the  organs 
contained  in  the  abdomen  and  the  tissues  making  uj)  the 
abdonunal  walls  nuisl  be  considered.  This  was  deemed 
nocessijry  because  we  start  with  the  assumption  that  in  a 
certain  given  case  a  tumor  has  been  found  in  the  ab- 
doini-n  and  it  is  uccessjuy  to  di.scover  what  and  where  it 
is.  AH  details  of  etiology,  pathology,  and  .symptoma- 
tology have  been  omitted  except  in  so  far  as  they  have  a 
direci  bearing  u|ion  the  diU'erenlial  diagnosis.  For  such 
details  reference  nnist  be  made  to  moie  special  articles. 
Furthermore,  the  diagnosis  of  conditions  which  ulti- 
mately lead  to  th(!  formation  of  demonstrable  tumors  has 
been  omitted,  and  the  discussion  of  such  conditions  will 
be  limited  to  their  eour.se  after  the  formation  of  a  tumor. 
For  example,  when  s|ieaking  of  cancer  of  the  stomach  it 
will  be  assumed  that  a  tumor  has  been  discovered. 

When  cold' routed  with  an  abdominal  tumor,  it  must  be 
renuanbered  that  the  diagnosis  shordd  go  beyond  the 
mere  recognition  of  the  existence  of  a  tumor  in  the  ab- 
domen. We  must  determine  first  the  organ  or  tissue  in 
which  the  tiunor  is  located,  and  second  the  nature  of  the 
tumor.  If  the  tumor  is  believed  to  be  a  malignant  neo- 
plasm, we  must  decide,  if  possible,  whether  the  tuinor 
arose  in  the  organ  in  which  it  is  discovered  or  is  merely 
a  tumor  secondary  to  a  primary  tumor  in  some  organ  yet 
to  be  determineil.  If  the  tumor  found  is  believed  to  be 
primary,  secondary  deposits  in  other  organs  must  be 
sought.  In  other  cases  we  must  hunt  for  the  cause  of 
the  tumor.  If,  for  example,  a  certain  tumor  is  thought 
to  be  a  gall  bladder  distended  with  fluid,  effort  should  be 
made  to  ascertain  the  character  of  the  fluid  and  the  cause 
and  site  of  the  oljstructiou  which  prevents  the  escape  of 
the  fluid  from  the  gall  bladder.  "\Vilh  so  broad  a  subject 
it  is  evident  that  only  the  more  imjiortant  methods,  facts, 
and  pathological  conditions  can  be  included. 

After  a  brief  discussion  of  the  methods  of  examination 
employed,  we  will  consider  what  might  lie  called  tumors 
of  the  abdomen  as  a  whole,  such  as  ascites,  diffuse  peri- 
tonitis, lipomatosis.  Then  the  various  organs  will  be 
grouped  according  to  their  relations  to  the  colon,  and  each 
group  considered  in  turn.  The  organs  situated  to  the 
cephalic  side  of  the  transverse  colon,  the  liver  and  gall 
bladder,  the  stomach,  jjancrcas.  and  spleen,  will  be  de- 
scribed first;  then  will  follow  the  organs  behind  the  colon, 
the  kidney,  adrenal  bodies,  and  perirenal  tissue;  next 
will  come  the  organs  within  the  arch  of  the  colon,  the 
small  intestines,  mesentery  and  omentvun,  |ieritoneum, 
lymph  glands,  aorta,  uterus,  ovaries,  bladder,  spinal 
column,  and  lastly  (he  colon,  appendix,  and  walls  of  the 
abdomen.  With  each  organ  \\-e  shall  as  far  iis  is  possible 
take  up  first  the  circulatory  disturbances,  then  the  in- 
flammatory jirocesses,  cysts,  neoplasms,  and  nial|)ositions.* 
It  is  not  necessary  to  state  that  this  order  cannot  be  fol- 
lowed absolutely,  but  it  can  Ije  aijproximately,  and  will 
be  found  greatly  to  facilitate  a  grasp  of  this  subject, 
probably  the  most  difficult  matter  handled  by  the  diag- 
nostician, 

Methods  of  Ex.\mination'  employed  include  the  I. 
phy.sical,  II.  chemical,  and  III.  microscopic;d:  the  first 
having  in  general  an  especial  bearing  upon  the  localiza- 
tion of  the  tumor,  while  the  second  and  third  are  of  more 
value  in  determining  the  nature  of  the  tumor. 


I.  Physicnl  Mctlwdii — (A)  Inspection.  The  patient 
should  be  placed  on  a  firm  narrow  bed  or  table  in  such 
a  way  that  the  source  of  the  light  lies  in  a  line  with  the 
median  line  of  the  body,  either  directly  above  or  at  the 
head  or  foot  of  the  ))alient.  The  i)urpose  of  this  is  to 
avoid  any  uneven  distribution  of  the  shadows.  The 
kind  of  light  employed  is  usually  a  malterof  indilference, 
but  in  cases  in  which  there  is  reason  to  suspect  the'possi- 
bilily  <if  a  jaundice  the  patient  nuisl  be  examiiii'd  by  day- 
lighi,  for  the  well-known  reason  that  noartilicial  light 
shows  even  the  deepest  shades  of  jaundice. 

Take  note  first  of  the  size  of  the  abdomen,  especially  of 
any  dispro])ortion  bet  ween  the  siz.e  of  tlie  abdomen  and  that 
of  the  other  portions  of  the  bod}'.  Next  note  the  .shape  of 
the  alidomen.  Is  the  abdomen  symmetrical?  Are  there 
any  portions  mcu'c  prominent  than  the  corresponding  ones 
of  the  other  side,  or  is  the  upijcr  half  out  of  proportion  to 
the  lower  half?  If  any  part  appears  large,  does  it  appear 
sharply  outlined  or  does  it  merge  gradually  into  the  sur- 
rounding parts?  Does  the  surface  of  the  enlargement 
appear  smooth  or  noilular,  and  are  the  outlines  rounded 
or  irregular?  Does  the  mass  move ;  and  if  so,  does  it  moxe 
with  tlie  respiration,  the  pidse,  or  independently  of  either? 
Almost  any  tumor  of  the  abdomen  may  show  respiratory 
or  pulsatile  movements  (the  excei>tions  will  be  .stated 
later),  but  only  a  few  show  independent  movements. 
These  are  tumors  from  the  stomach,  intestines,  and 
uterus.  Visible  vermicular  movements  of  the  stomach 
and  intestines  are  conunonly  seen  in  patients  with  thin 
abdominal  walls  and  are  not  in  tlieiriselves  jiathological. 
It  is  only  when  they  are  inuisually  intense  and  continu- 
ous ami  in  combination  with  distinctly  pathological 
symptoms  that  they  need  attention.  The  woi'd  vernucu- 
lar  ipute  accurately  describes  the  motion,  for  it  looks 
exactly  as  if  some  large  worm  were  moving  under  the 
skin.  The  site  and  direction  of  the  movement  shoidd  be 
noted.  In  general  the  peristaltic  movements  of  the 
stomacli  are  limited  to  the  upper  and  median  jiortion  of 
the  abdomen  and  pass  from  left  to  right.  Peristaltic 
movements  of  the  stomach  from  right  to  left  are  patho- 
logical. The  movements  of  the  small  intestines  are  cen- 
tral and  irregvUar  in  directi(-in.  Those  of  the  large  intes- 
tine correspond  to  the  relatively  fixed  position  of  the 
colon  and  vary  in  tlirection  with  the  portion  of  the  colon 
affected.  The  peristaltic  movements  above  the  site  of 
any  stricture  in  the  gastrointestinal  tract,  either  acute  or 
chronic,  are  more  active  than  normal,  and  therefore  per- 
sistently exaggerated  movements  point  to  some  obstruc- 
tion, but  do  not  in  themselves  prove  such  obstruction. 

The  independent  movements  of  the  uterus  arc  of  two 
sorts:  fo'tai  and  uterine.  The  presence  of  the  f<etal 
movements  is  at  times  a  most  important  point  in  the 
differentiation  of  abdominal  tumors.  The  movements 
are  altogether  iriegular  in  time  and  intensity,  and  may 
be  simulated  liy  the  peristalsis  of  the  small  intestines. 
The  expulsixe  contractions  of  the  uterus  are  not  often 
visible,  but  may  be  so. 

Inspection  of  the  abdomen  includes  attention  also  to 
any  subcutaneous  collateral  circulation,  cither  arterial  or 
venous.  Such  circulation  ciften  gives  the  clew  to  the  site 
of  the  obstruction,  which  necessitates  a  collateral  circula- 
tion and  may  give  some  idea  of  the  degree  of  the  obstruc- 
tion. Note  also  any  localized  cEdema  or  inflammatory 
process. 

Often  much  valuable  information  may  be  gained  by 
changing  the  amount  of  gas  in  the  stomach  and  intestines. 
Not  only  do  we  gain  information  as  to  the  exact  location 
and  size  of  these  organs,  but  we  learn  nuich  of  their  rela- 
tion to  the  tumor  found.  Various  methods  have  been 
emplo_ved  fortius  purpose,  but  the  following  recjuire  only 
such  apparatus  as  should  be  in  the  armamentarium  of 
every  physician.  The  stomach  ma>'  be  inflated  by  means 
of  a  Seidiitz  powder  mixed  after  drinking  instead  of  be- 
fore, or  one  can  use  saleratiis  in  solution  followed  b\' 
a  little  vinegar.  This  metliod  is  not  entirely  without 
danger,  because  the  piessvire  resulting  from  the  gas 
evolved  cannot  be  accurately  estimafctl.  Accidents,  how- 
ever, arc  rare.     Another  method  consists  of  the  passage 
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of  the  stoniacli  tulie  anil  inllalion  of  llic  visciis  by  mwins 
of  a  pump.  Tliis  has  tlic  ailvantaL'r  of  ciial)!!!!!:  one  lo 
■use- as  nuicli  or  as  little  jras  as  di-sinMl,  and  pc-nnits  the 
iniin<'cliatr  ninoval  of  I  he  L-'as  if  necessary. 

The  colon  is  inllaled  by  passinir  Ibe  rectal  lulie  wi'll  up 
into  the  dcsccudin.^  colon  and  forcing  in  air  by  means  of 
a  pump,  the  ordinary  bicycle  pump  beini;  perfectly 
adajiled  to  the  purpose.  A  rather  larne.  c(me-sliaped 
rectal  tip  is  better  tlian  the  rectal  tube,  for  il  prevents 
tlie  escape  of  the  air.  but  is  not  so  easily  su]iplieil  as  the 
tube.  As  the  air  passes  upward  and  clistends  the  colon 
we  are  able  lo  learn  the  e.xael  course  of  the  colon  and  its 
relations  to  the  tumor. 

Harris,  of  ('hica,;;().  has  receully  drawn  especial  alien 
tion  to  the  value  of  the  relation  of  tlu^  colon  to  abdominal 
tumors  in  the  dilferential  diagnosis  of  such  tumors,  Jle 
substitutes  for  the  old  and  superficial  division  of  the  ab- 
domen into  nine  areas — the  riyhl  and  left  hy|)ochondriac, 
lumbar,  iind  inguinal  ri'ijions.  the  epigastric,  lunbilical, 
and,  hyponaslrie  renions — an  anatomical  di\  ision  into  four 
areas.  'I'lie  horders  of  llir-sc>  areas  are  nol  lixed  l)y  c.v- 
ternal  jioiiUs.  bul  are  located  by  the  inner  or  mesial  laj'cr 
of  the  lon^ilndinal  colon  and  llie  infi'rior  or  caudal  layer 
of  the  transverse  colon.  The  rcsultinir'  areasare  a  central 
area,  surrounded  by  mesocolon;  a  rijiht  and  left  postero- 
lateral area,  lyini^'external  to  and  behind  llii^  mesocolon; 
and  a  superior  area,  lyins  above  the  transverse  meso- 
colon. While  the  boundariesof  Ibese  areasare  not  fi.\ed. 
their  position  is  easily  ascertained  b)'  delerminiiiir  the 
position  of  the  colon  by  air  distenlion. 

In  the  central  area,  surniunded  by  Uie  distended  colon, 
are  found  tumors  of  the  omentum  and  mesentery,  retro- 
peritoneal tumors,  localized  peritoneal  exudates,  tumors 
of  the  siuall  intestines,  ttunors  of  displaced  and  movable 
kidney.s,  and  idl  tiuuors  of  the  female-  ncnerativi!  origans 
risins  into  the  alxlomeii. 

In  the  superior  reifion  we  find  tumors  of  llu-  livei'.  ijall 
bladder,  stomach,  lesser  omentum,  pancn-as.  relroperito- 
ncal  lymph  irlands,  and  aneurisms  of  the  co'liac  axis. 

Tumors  of  the  spleen  |)ass  forward  close  to  the  anterior 
wall,  in  front  of  the  splenic  tlexure  of  the  colon  and  the 
neishborintr  parts  of  the  transverse  and  descendini;  colon. 

Tumors  of  the  kidneys,  suprarenal  bodies,  and  the  con- 
nective tissue  borderinjr  on  these  organs,  tumors  from 
remains  of  the  Wolffian  bodies,  carry  the  colon  inward 
and  forward.  Hut  tumors  from  floating-  kidneys  may 
appear  in  the  central  area.  /.'..  surrounded  by  the  Colon. 

(B)  Paljialion.  This  method  ofcxamination  isof  uuich 
more  general  application  than  inspection,  for  many  tu- 
nior.s  easily  palpable  are  not  visible.  Palpation  shoidd 
always  be  preceded  by  thorough  and  certain  evacuation 
of  the  bowels,  otherwise  fei'al  masses  may  lead  to  errors. 
The  ])alient  should  be  examined  tirst  in  the  dorsal  posi- 
tion, but  in  some  cases  a  lateral,  a  kneechest,  or  an  erect 
position  will  yield  results  not  otherwise  obtainable.  The 
patient  should  relax  the  alidominal  muscles  as  completely 
as  iiossible.  This  is  often  easier  when  the  thighs  are 
flexed  on  the  abdomen  an<l  the  mouth  held  oiien.  In 
dillicult  cases  better  relaxation  is  obtained  if  the  patient 
is  placed  in  a  bath  of  warm  water  and  examined  in  the 
bath.  In  still  more  dillicult  cases  general  aiaesthesia 
must  be  employed.  Palliation  should  be  made  gently 
but  lirmly.  and  any  pressure  useil  should  be  apjilied 
gradually;  counti'r  ju'cssiu'e  from  behind  is  often  a  help. 
Sometimes,  and  Ibis  is  especially  true  when  there  is  eon- 
siilerable  lluid  in  the  abdominal  cavity,  one  obtains  the 
best  results  by  dijiping  the  stiffly  held  fingers  suddenly 
downward,  depressing  the  abdominal  walls  to  varying 
dei)ths.  Uodies  can  often  be  felt  and  otdlined  in  this 
way  that  cannot  be  felt  at  all  by  the  ordinary  method  of 
palpation. 

Attention  should  be  given  to  ihe  following  points:  the 
location,  size,  shape,  motility,  and  tenderness  of  the  tumor. 
Note  also  any  cliange  in  position  or  ease  of  paljiation 
caused  hy  distenlion  of  stomach  and  colon. 

In  all  cases  in  which  it  is  im|)ossible  absolutely  lo  ex- 
clude a  neoplastic  origin  for  th<>  tumor  jialpafed,  the 
rectum  and  vagina  should  be  examined. 


(0)  Percussion.  This  method  is  far  less  valuable  here 
than  in  examination  of  Ihe  cIk'sI,  but  should  never  be 
omitti'd,  and  in  certain  casr's  exceeds  Ihe  other  methods 
of  examination  in  value.  Its  main  uses  are  thedelernuna- 
tion  of  Ihe  position  of  Ihe  diaphragm,  the  shape  of  the 
uiiper  border  of  Ihe  liver,  the  ))re.sence  or  absence  of  free 
tluid  in  Ihe  abdominal  cavity,  and  the  position  and  ap- 
proximate size  and  shaiie  of  the  slomacb  and  <-olon  after 
the)'  have  been  distended  by  gas  or  fluid.  Percussion  is 
the  main  means  of  delermining  Ihe  relation  of  llii!  colon 
and  stomach  to  the  tumor  found,  and  what  was  said 
under  Ihe  In-ading  of  Inspection  in  this  regard  could  be 
lepeali'd  lieri-;  might  perhaps  have  liei-n  more  ]uv)p{-rly 
placed  here,  for  percussion  is  used  much  more  often  than 
inspection  for  this  purpose. 

Tumors  of  the  abdominal  organs  cause  abnormal  areas 
of  dulness  only  when  superficially  located  or  of  large  size, 
and  the  resulting  area  of  dulness  is  always  smaller  than 
the  tinnor. 

Percussion  is  valuable  in  demon.strating  the  absence  of 
areas  of  ibdness  normally  present.  Disappearanci'  or  re- 
duction of  the  hepalic  and  splenic  duliK'ss  is  often  of  the' 
highest  diagnostic  \alue.  Di.siippearanceof  the  posleiior 
renal  dulness  is  less  so. 

In  isolated  cases  auscultatory  percussion  gives  valuable 
results. 

(D)  Auseullalion.  Almost  no  results  are  olitained  by 
this  method.  Peritoneal  friction,  either  locidized  or 
<liffuse.  is  sometimes  heard.  Arti'rial  and  venous  tones 
and  nnirnuus  are  conuuon  and  usually  of  but  little  sig- 
nificance. 

(E)  E.xploratory  Puncture  is  often  of  the  very  greatest 
value,  especially  in  <letermining  the  nature  of  the  tumor. 
The  details  will  be  given  later. 

(F)  Exploratory  Laparotomy.  In  certain  cases  a  com- 
plete diagnosis — i.e..  one  which  localizes  the  tumor  and 
determines  its  nature — is  impossible  even  after  the  most 
careful  exaunnation.  In  such  cases  an  exploratory  lapa- 
rotomy is  often  justifiable,  providing  it  can  be  made 
liy  a  competent  surgeon  under  favorable  circumstances. 
Unless  the  patient  presents  some  obvious  contraindication 
to  the  operation,  it  can  be  done  with  almost  no  danger 
and  often  gives  information  which  leads  to  definite  cura- 
tive treatment. 

II.  and  III.  The  rhriiiicul  and  iiiii-miicopiml  mitlimh 
of  examination  can  be  more  profitably  fliscu.sscd  in  the 
special  paragraphs  referring  to  the  different  organs. 

Before  taking  U|i  the  various  diseases  of  the  abdominal 
organs  Iciiding  to  tumor  formation,  it  should  be  expressly 
and  emphatically  stated  that  any  examination  of  an  ab- 
dominal tumor  which  omits  a  complete  and  careful 
examination  of  the  entire  bod}'  is  criminally  !ncoin](lete. 
Abdominal  tumors  are  often  merely  symjifomsof  diseases 
of  organs  remote  from  the  abdomen,  and  such  primary 
disease  can  be  discovered  oidy  liy  a  complete  e.xamina- 
ticm  of  the  body 

Eni..\hoi-;mknts  oi-'  tiik  Abdo.ven  as  .\  Whot.e. — This 
may  occur  as  the  result  of  accumulations  of  gas  or  fluid 
in  the  jx-rifoneal  cavity,  from  large  amounts  of  gas  in  the 
intestines,  from  deposits  of  f;it  in  the  abdominal  walls, 
omentum,  and  mesentery,  and  iu  rare  instances  from  very 
large  tumor.s. 

A.'<i'HiK. — This  is  the  only  eonuiion  cause  for  extreme 
eidai'gemeiUs  of  the  abdomen.  The  alidomen  is  enlarged 
in  all  diameters,  but  when  the  cavity  is  nolconiplelely 
filled,  as  is  ordinarily  true,  the  horizontal  iliameter  wIk-u 
the  patient  is  in  the  dorsiil  dcc'ubitus  will  be  foiuid  con- 
siderably greater  than  the  i)er]iendicidar  iliameter.  The 
Hanks  are  bulging  while  the  tunbilical  region  is  llatleiied. 
The  skin  is  often  tense  and  shining,  and  under  it  can  be 
seen  the  overdistended  veins.  8uch  veins  are  present 
iu  all  well-marked  cases  of  ascites  irresjiective  of  its 
cause,  but  are  usually  better  marked  in  cases  due  to 
atrophic  cirrhosis  of  the  liver  (ban  in  others.  The  lun- 
bilicns  is  flattened  out  or  even  bidging.  Sometimes 
when  the  patient  changes  position,  one  sees  Ihe  lluid 
changing  position  also,  and  one  is  reminded  of  the  ap- 
pearance of  an  incompletely  filled  sack  when  il  is  shaken. 
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Oil  palpiition  tin-  thiki  wavt's  can  be  fcit  wlioii  t\w  liaiiil 
is  plaii'il  Hat  (111  one  side  of  the  abdoiiu'ii  and  the  dtlui- 
side  is  i)(Tciiss<>d  frcnllv.  If  one  lays  tlic  hand  lij;litly 
over  tlic  r<  ;;i(m  of  llic  alidmncn  which  iiciciission  shows 
to  lu'  lviiij)anilic  and  at  the  same  time  ihtcusscs  the 
tlank.  lii<'  tluid  will  Hap  up  and  sliikc  the  liand,  /.<..  the 
llucliialion  is  felt  over  Ihc  lympanilic  area. 

IVreussion  sliows  didness"  over  the  dependent  portions 
of  the  alidoinen.  but  usually  about  the  umbilicus  one 
finds  an  ari'a  of  tympany,  the  boidei-s  of  this  area  are 
not  regular.  Imt  wavy.  "  If  one  outlines  this  area  very 
(•arefu'lly  he  will  lind  "that  though  th<'  borders  are  wavy, 
they  are  at  all  iioints  in  the  same  horizontal  plane. 
Wlien  the  position  of  the  iialieiit  is  olianjred,  the  level 
of  the  tluid  ehaiiires  very  inoinptly  to  correspond  to  the 
altered  jiosition.  When  the  amoimt  of  the  liuid  is  very 
great,  the  entire  abdomen  will  be  dull  on  |)ercussion,  even 
at  llie  highest  level. 

Auscultation  yields  no  residts.  except  in  cases  to  be 
stated  later. 

Such  freelluids  in  I  he  abdomen  are  usually  transudates, 
but  they  may  be  exudates,  and  the  lirst  question  is  to  de- 
termine" which.  Usually  this  can  be  done  with  a  great 
degree  of  certainty  even  without  actual  examination  of 
the  tluid.  If  the  patient  has  a  perfectly  mauife.st  disease 
of  the  licart.  kidney,  or  liver,  tla^  lluid  is  veiy  probably 
a  transudate.  If  there  is  tluid  in  the  .subcutaneous  tis- 
sues and  the  other  serous  s;ics  also,  this  pmbability  be- 
comes a  certainty. 

If  doubt  remains,  enough  thiid  must  be  withdrawn  to 
ascertain  its  character.  In  these  ca.ses  it  is  best  to  re- 
move at  tii-st  only  sulhcient  for  examination,  for  when 
the  fluid  is  chyknis  it  is  best  not  to  withdraw  it  except 
upon  the  most  lu'gent  indications.  A  transudate  is  a 
clear,  straw-colored  iluid,  of  low  specific  gravity,  less  than 
1.015,  containing  a  small  amount  of  albumin  up  to  two 
percent,  and  showing  almost  no  cellular  elements.  An 
exudate  may  be  equally  clear,  but  is  usually  cloudy 
from  cells  and  fibrin.  The  specific  gravity  is  above 
1.015,  usually  considerably  abo\'e.  The  amount  of  al- 
bumin is  lugher,  over  four  per  cent.  The  cellular  ele- 
ments vary  greatly  in  luuriber  and  in  character,  but  are 
always  more  al.iundant  than  in  the  transudate. 

The  rather  rare  cases  of  adipose  and  chylous  ascites 
show  a  turbid,  milky  fluid,  very  ditTerent  from  the  ordi- 
nary ascitic  tluid.  Th<'  adipose  ascites  is  usually  of  high 
specific  gravity,  for  it  is  merely  an  altered  exudate,  con- 
tains a  good  deal  of  fat  whicdi  is  in  both  large  and  fine 
droplets,  and  is  free  from  sugar.  The  chvlous  ascites 
contains  fat,  but  only  in  fine  droplets,  sugar  is  present  in 
most,  but  not  in  all  cases;  the  specific  gravity  is  low. 

When  it  is  settled  that  the  enlargement  of  tlie  abdomen 
is  due  to  free  fluid,  and  tlu^  naturi'  of  the  Huid.  whether 
exudate  or  transudate,  has  been  discovered,  it  yet  remains 
to  determine  the  cause  of  the  troul)le.  Lai'ge  peritoneal 
transudates  may  come  from  a  disease  of  heart,  kiilney, 
or  liver.  If  due  to  heart  or  kidney,  the  ascites  is  usually 
a  part  of  an  anasarca;  if  due  to  tlie  liver,  the  ascites  ex- 
ists alone  or  preceded  the  (edema  elsewhere  by  days  or 
weeks.  A  well-marked  collaleral  circidatiou  on  the  ab- 
domen and  an  enlarged  s|ileeii  sjieak  for  a  primary  he- 
patic process,  but  it  may  be  necessary  to  withdraw  the 
fluid  before  the  sjileen  can  lie  paljiated. 

Large  exudates  in  tlie  abdomen  are  almost  always  due 
either  to  tuberculosis  or  to  carcinoma.  The  physical  signs 
often  differ  somewhat  from  those  of  the  transudate,  be- 
cause as  a  rule  the  lluid  is  not  perfectly  free  and  for  this 
reason  does  not  change  its  level  so  promptly  as  does  the 
transudate,  and  oftenlimes  certain  portion-^'of  the  intes- 
tines become  ailherent  to  the  ahdoniinal  wall,  so  that 
tympany  is  found  even  over  the  most  dependent  part  of 
the  abdomen.  The  clinical  dilTerentialion  of  tuberculous 
from  carcinomatous  peritonitis  is  often  very  difficult. 
If  the  patient  is  too  young  for  carcinoma  or  "there  is  a 
manifest  carcinoma  or  tuberculosis  of  some  organ,  then  it 
is  easy;  but  there  are  many  times  when  it  is  difficult. 
The  positive  reaction  to  tlie'  Koch  tviberculin  speaks  for 
tuberculosis,  a  leucocytosis  speaks  for  cancer,  but  these 


two  soiiii  limes  contradict  each  other.  The  development 
of  cachexia  speaks  for  cancer.  In  doubtful  cases  the 
patient  should  be  laparotoniized  for  jiurposes  of  diag- 
nosis and  irealnieiil,  if  the  latter  is  found  possilile. 

There  have  been  nuuK'rous  instances  of  confusion  of 
ovarian  cysts  with  free  fiuid  in  the  abdomen,  both  transu- 
dates and  exudates.  There  is  little  excuse  for  this  error 
unless  the  ovarian  cyst  is  so  large  as  to  fill  completely 
the  abdomen.  Here  attention  to  the  history,  which  in 
these  cases  runs  back  for  years,  together  with  the  absence 
of  any  demonstrable  cause  for  free  (laid,  will  usually  en- 
able one  lo  make  the  diagnosis.  As  a  further  jiid  one 
may  make  an  exiiloratory  puncture.  The  fluid  of  ovarian 
cysis  presents  characteristics  to  be  described  in  a  later 
paragraph. 

Sonietinies  great  dilatation  of  the  stomach  has  been 
mistaken  for  ascites,  the  air  and  fluid  in  the  .stomach 
giving  the  same  jihysical  signs  as  free  fluid  in  the  ab- 
dominal cavity.  The  history  of  this  condition  differs 
from  that  of  the  ascites.  In  cases  of  any  doubt,  the 
slomach  tube,  liy  withdrawing  any  fluid  in  the  stomach, 
will  enable  one  to  make  the  diagnosis  with  certainty. 

CollefMoiin  (if  (Jim  in  tlie  free  peritoneal  cavity  often 
cause  a  very  consiilerable  increase  in  the  size  of  the 
abdomen,  but  percussion  and  the  tympany  thus  de- 
veloped clearly  prove  the  nature  of  the  enlargement. 
Wliether  the  gas  is  in  the  intestines  or  in  the  peritoneal 
cavity  is  often  dilficult  to  decide  when  both  are  possi- 
ble, as  after  trauma  or  in  tlie  course  of  some  ulcerative 
]irocess  in  the  gastrointestinal  tract.  Here  the  progres- 
sive decrease  in  the  size  of  a  liver  dulness.  known  from 
former  examinations  to  be  present,  speaks  for  gas  in  the 
peritoneal  cavity.  It  is  usually  associated  with  shock 
and  symptoms  of  peritonitis. 

Enlargement  of  the  abdomen  froiu  fat  is  common,  and 
is  readily'  recognized,  as  a  rule.  We  sometimes  see  lipo- 
mata  of  the  mesentery  or  omentum,  which  present  them- 
selves as  tumors  of  tlie  abdomen  and  are  really  such,  but 
it  is  not  to  tliese  which  we  refer.  Careful  examination 
of  this  very  coininon  condition  will  protect  one  from 
error. 

Ti'MORS  OP  THE  Liver. 

The  jiathological  (irocesses  causing  enlargement  of  the 
liver  may  be  well  placed  in  two  groups,  according  as  the 
enlargement  is  diffuse  or  circumscribed.  It  must,  how- 
ever, be  .stated  that  this  division,  like  most  other  divisions 
in  medicine,  is  not  at  all  sharply  marked,  for  most  of  the 
pathological  processes  may  occur  in  either  group.  For 
example,  amyloid  infiltration  usually  causes  a  diffuse 
enlargement  of  the  liver,  but  may  cause  sharply  circum- 
scrilied  masses;  while,  on  tiie  other  hand,  carcinoma  usu- 
ally causes  localized  masses,  but  may  cause  diffuse  en- 
largements. 

Diffuse  enlargements  of  the  liver,  no  matter  what  the 
cause,  bring  about  no  change  in  the  general  shape;  the 
liver  is,  so  to  speak,  merely  magnified.  The  liorders 
lose  their  normal  sharpness  and  become  rounded  and 
thickened.  The  notch  in  the  anterior  border  for  the  gall 
bladder  is  retained.  The  consistency  of  the  liver  is  often 
altered,  usually  liccoiuing  firmer,  but  sometimes  it  feels 
softer.  The  surface  may  be  perfectly  smooth  or  slightly 
granular,  <le])endiiig  upon  the  pathological  process  in 
play.  A  granular  surface  may  be  simulated  by  the  pres- 
ence in  the  subcutaneous  tissues  of  jiartially  atrophied 
adipose  tissue,  but  under  such  circumstances  the  granules 
can  lie  felt  all  over  the  abdomen,  and  they  feel  more 
superficial  than  granules  in  the  liver. 

Diffuse  enlargi'uients  of  the  liver  generally  take  place 
downward  rather  than  uinvard.  Percussion  shows  that 
the  upper  bordc'r  of  tile  liver  occupies  its  normal  position; 
presents  its  normal  shape,  that  of  a  straight  line  perpen- 
dicular to  the  surface  on  which  the  patient  is  lying;  and 
shows  only  a  slightly  decreased  respiratory  mobility. 

Pasftire  Voiif/csliuu  nf  llic  Lifer. — This  is  the  commonest 
exam]ile  of  a  diffusely  enlarged  liver,  and  inasmuch  as 
the  subjective  symptoms  from  which  the  patient  suffers 
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may  1k'.  iuid  often  are.  enlin'ly  limited  to  the  liepatic 
region,  tlie  tuiiior  of  tlie  liver  is  often  tiiistaUeii  for  some 
|iriiiiary  eoiiditioii.  while  ill  reality  it  is  not  i)rimary  but 
always  a  mere  symptoinof  some  (lis<'ase  eausiiijr  obstnie- 
tiou  to  the  venous  eireulalioii  at  a  point  above  the  .jnne- 
liire  of  the  hejmtie  veins  with  the  inferior  vena  cava. 

The  siibjeetive  syin])toins  are  pain,  fulne.ss,  tension, 
and  weijiht  in  the  ri.^ht  hypoehondriae  rcLjion.  either 
constant  or  intermilteut.  These  .sym])toms  may.  and 
often  do,  overshadow  all  other  symptoms  of  the  primary 
disease.  E.xamination  shows  a  tiiiifornily  eiilarijed  liver, 
reachini;  usually  only  a  few  eentinietres  below  the  eostal 
arch,  but  someiimes  exteiidinir  to  or  beyond  I  lie  umbil- 
ieiis.  The  surl'a<'e  is  smooth,  the  borders  are  rejjular  but 
io\inded.  Usually,  but  by  no  means  always,  th<'  liver  is 
tender.  I'ereussion  shows  a  rej;ular  u|)i)er  border  with 
normal  resjiiralorv  motility. 

The  patieiitsorien  show  anioderatc;  degree  of  jaundice, 
usually  both  conjunctival  and  cutaneous.  The  jaundice 
is  practically  never  intense  uiih'ss  there  is  some  compli 
cation.  This  jaundice  is  apt  to  still  further  strengthen 
the  idea  that  llie  patient  has  a  primary  disease  of  tlu^ 
liver.  E.Nauiinaliou  of  the  abdmuen  shows  an  absence  of 
ascites  and  no  enlargenienl  of  the  spleen.  E.xception- 
ally  both  these  are  foujid,  but  in  these  cases  the  symptoms 
of  cardiac  insnllicicney  are  so  marked  that  only  the  most 
careless  can  mistake  them.. 

Examination  of  the  chest  will  inmost  instances  show 
that  the  primary  ilisease  is  ofteiiest  a  disea.scof  tlie  heart, 
endoperi-  or  myocardial  The  cardiac  iiisutlicieiiey  may. 
however,  be  secondary  to  some  disease  of  the  lungs  or 
idenra,  oftenestanemphyseniaoran  oblilerativc  iileuritis. 

All  |)atients  «lio  jiresent  an  enlarged  liver,  especially 
when  the  livei  is  painful  or  tender,  should  be  examined 
for  some  disease  of  the  heart,  lung.s,  or  jileura  as  a  possi- 
liU;  cause  for  u  passive  congestion;  and  if  such  disease  is 
found,  the  liver  should  be  regarded  as  a  liver  of  passive 
<'ongeslion;  and  this  diagnosis  should  be  given  up  only 
on  the  strongest  evidence  pointing  to  some  other  disease 
causing  (lilfuse  enlargement  of  the  liver. 

Passive  congestion  of  the  liver  is  liable  to  rapid  fluctua- 
tions, so  that  marked  changes  in  the  size  of  the  liver  can 
occur  in  the  course  of  a  few  days  or  even  hours.  Such 
lluct nations  do  not.  however,  always  occur,  and  the  en- 
largement may  remainstationary  over  weeks  and  months. 

Ach'fi  ( 'iiiiii(xliiiii  iif  the  f.lnr. — This  occurs  in  a  variety 
of  conditions,  but  is  usually  of  so  slight  a  degree  as  to 
pa.ss  unrecognized,  or  if  found,  is  .so  minimal  or  so  mani- 
festly of  secondary  importance  as  to  attract  little  atten- 
tion. It  occurs  in  a  variety  of  infectious  diseases,  the 
most  important  examples  being  scarhit  fever,  smallpox, 
the  various  forms  of  sepsis,  typhoid  fever,  and  malaria. 
Malaria,  especially  the  estivo-antuninal  malaria,  may 
cause  a  marked  and  iicrsistent  enlarg<'mctit  of  the  liver 
which  may  be  dillicult  to  diagnose.  Such  cases  may 
present  an  icteric  discoloration  of  the  skin,  with  marked 
enlargement  of  the  spleen,  thus  clo.sely  resembling  the 
hypertrophic  ( irrhosis  of  the  liver,  a  disease  which  often 
gives  rise  to  an  intermittent  fever  resembling  the  fever 
of  malaria.  The  differentiation  between  the  two  is  mad(! 
by  an  examination  of  the  blood  for  the  Plasmodium  ma- 
laria'. .Malarial  enlargements  of  the  liver  may  persist 
after  the  Plasmodium  has  disappeared  from  the  lilood,  in 
which  <-ase  attention  must  be  paid  to  a  history  of  jiro- 
longed  and  irregular  malarial  fever. 

A  vaiiety  of  ]ioisonings,  es|jecially  those  liy  phos- 
phorus and  arsenic,  may  cause  acute  (■ougeslivc  enlarge- 
ment of  the  liver 

Itilidn/  r/lm/riirtio/i  due  to  obstruction  of  the  common 
duct,  when  continued  for  any  length  of  time,  often  catises 
a  marked  enlargement  of  the  liver.  The  enlargement 
is  perfectly  iiiiiform  and  is  accompanied  by  jiain  and  ten- 
derness. The  jaundice  is  intense  and  progressive.  The 
stools  are  usually  acholic.  The  constitutional  and  other 
symptoms  present  arc  due  in  ])art  to  the  jaundii'e  and  in 
part  to  the  cause  of  the  obstruction.  Tlie  only  disease 
of  the  liver  liable  tobe  confused  with  the  swelling  due  to 
biliary  retention  is  the  hypertrophic  cirrhosis,  for  both 


present  a  uniform  enlargement  of  the  liver  plus  jaundice, 
and  both  may  be  accompanied  by  fever.  There  are  these 
points  of  diirerence:  The  hypertrophic  cirrhosis  is  ac- 
conii)anied  by  a  splenic  tumor;  the  jaunilice  is  usually 
not  complete,  i.e.,  the  stools  still  contain  bile;  and  pain 
antl  tenderness  are  absent  as  a  rule.  With  biliary  reten- 
tion there  is  no  siilenie  tumor,  the  stools  contain  no  bile, 
and  there  are  also  present  the  symi)toms  of  the  primary 
condition  causin.ir  the  obstruction,  such  as  gall  stones, 
acute  catarrhal  jaundice,  a  tumor  at  the  porta,  etc. ;  asci- 
tes is  mole  <-omnioii  than  with  liyperlropliic  cirrhosis. 

JIi/l» i/ri//i/iir  <'irrliii«ix  »;/'  Ihe  IJnr. — This  gives  rise  to 
a  universal  cnlar.gcment  of  the  liver,  exactly  n'semblin.ir 
the  enlargements  just  considered,  so  far  as  the  shap<' 
of  the  swelling  is  concerned.  The  enlargement  is  in 
general  greater,  but  thi'  size  is  of  no  value  in  the  dilfcr- 
entiation.  There  is  usually  no  pain  or  teniU'riiess.  merely 
an  uncomfortable  sense  of  weight  and  fulness.  The 
jjalient  usually  gives  a  history  of  one  or  more  attacks  of 
jaundice,  brought  on  l)y  slight  indiscretions  in  diet  or  oc 
curriiigs])ontaneously.  Eachsiici-ccding  attack  is  longer, 
and  the  intervals  between  the  attacks  become  jirogres- 
sively  shorter.  Usually  these  cases  appear  for  Ireatment 
because  of  a  jaundice,  the  intensity  of  which  varies 
greatly,  but  in  general  is  not  so  int<'nse  in  this  disease  as 
in  others  to  be  mentioned  later.  The  stools  are  not 
acholic  as  a  rule,  although  they  are  often  lighter  col- 
ored than  normal,  and  in  some  instances  are  comiiletely 
acholic. 

Examination  .shows  an  enlarged  liver  and  lu-aclically 
always  an  enlarged  spleen.  This  enlargement  of  the 
spleen  is  very  constant  and  is  ofteu  extreme,  so  that  the 
spleen  reaches  a  hand-breadth  or  more  below  the  costal 
arch.  The  s))leeu,  like  the  liver,  is  not  tender  and.  like  it. 
feels  hard  and  dense.  Inasmuch  as  this  form  of  cirrhosis 
respects  tlie  portal  veins,  there  are  no  signs  of  passive 
congestion  of  the  abdominal  viscera.  There  are  no  evi- 
dences of  a  collateral  circulation.  Ascites  does  not  ap- 
pear until  the  terminal  stage. 

Hypertrophic  cirrhosis  is  sometimes  ai'conipanied  by 
irregular  fever  or  by  fever  regularly  intermittent,  and 
under  such  circumstances  may  require  dffferentiation 
from  malaria  and  from  infections  of  the  bile  tracts.  The 
history  of  previous  attacks  of  lualaria  or  of  residence  in 
malarious  regions  is  important.  The  lilood  should  be 
examined  for  the  Plasmodium  malaria'.  In  these  cases 
the  demonstration  of  the  malarial  organism  often  requires 
repeated  examination  of  the  blood,  and,  in  case  of  reiieatcd 
failure,  an  exidoring  needle  should  be  \n\\  in  the  liver  or 
spleen  and  the  blood  thus  obtained  examined.  Thc^ 
Plasmodia  are  often  fo\ind  in  the  blood  of  these  organs 
when  they  cannot  be  found  in  the  circulating  blood. 

Infections  of  the  bile  tracts,  even  when  acute,  may  re- 
semble the  hyperlroiihie  cirrhosis  by  causing  marked  en- 
largement of  the  liver,  with  jaundice  and  s|ilenic  tumor. 
The  liver  is,  however,  often  tender,  and  the  enlargcinent 
may  be  irregidar;  the  spleen  often  feels  soft,  the  fever  is 
usually  more  marked,  the  chills  are  more  prominent.  An 
examination  of  the  blood  will  in  many  cases  show  a  leii- 
cocytosis  and  sometimes  bacteria.  The  dilliculty  of  dif- 
ferentiation is  still  further  increased  by  the  i'act  that 
many  patients  with  hyiK'rtrophic  cirrhosis  siilfer  during 
the  later  stages  from  infections  of  the  biliary  tracts. 

SfijililUx  (if  the  I'/'/T/' occurs  in  various  forms,  but  we  are 
concerned  only  with  those  forms  which  le.-ni  to  enlarge- 
ment of  the  liver.  Kither  the  accpiircd  or  the  hcredilary 
variety  of  syphilis  may  cause  an  increase  in  the  size  of 
the  liver,  though  they  do  so  by  ililfcrent  iirocesses. 

Tertiary  .syphilis,  the  stage  in  which  the  liver  is  ofteii- 
est enlafged,  leads  to  the  development  of  guimnata  in 
varying  numberand  arrangements.  These  gummata,  un- 
dergoing absorption.  leail  to  gross  irregularities  in  tln^ 
eonliguration  of  thcliver.  Much  livertissue  isdi'stroyed, 
and  the  reniainiug  ]iortions  undergoing  hypertrophy  to 
counterbalance  the  loss,  still  further  increase  the  de- 
formity. The  symptoms  resulting  from  gumniata  in  the 
liver  ar<'  very  variable,  as  may  be  readilv  ima.gined  wheit 
one  recalls  that  there  niav  be  anv  nunib<r  of  iruniinat;i  in 
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tlio  liver,  and  tliiit  tlioy  miiy  he  locntfd  about  tlie  porta  or 
bescattiTcd  mmc  or  li'ss  in'ililTrrcnlly  llnoiish  the  liver. 

The  marked  |ii>euliarit.v  of  this  funn  o(  s.vpliilitie  liver 
is  il.-i  modenile  inerease  "in  si/e  plus  the  very  liio.ss  and 
iri-eirulav  luludations.  The  eonslilutional  synii)U)nis  may 
he  marked  or  sliirhl.  hut  lliere  are  usually  some  •jaslio- 
iuteslinal  svmptonis.  Ascites  is  rjiie  and  usually  does 
not  appear "initil  late.  When  i)reseiit.  it  may  be  moder- 
ate or  exee.ssive.  and  it  is  lialde  to  marked  spontanemis 
variation  in  amount.  It  reappears  rapidly  if  w  itlidiawu 
bv  paraeentesis. 

"There  is  not  usually  any  subeutaueoiis,  abdominal,  col- 
lateral circulation. 

Jaundice  is  exceptional.     Splenic  tumor  is  eonunon. 

The  diagnosis  is  based  mainly  upon  the  irregular  liver, 
residua  or  a  history  of  syphilis,  which  was  either  not 
treated  at  all  or  treated  but  imperfectly. 

llereditary  syphilis  may  atl'ect  the  liver  in  a  variety  of 
ways,  but  iii  contrast  to  'the  elTccls  of  aci|uired  syphilis 
it  is  much  more  often  a  dillus<>  instead  of  a  ciieuniscribed 
process.  The  chaiiires  in  the  liver  may  be  ajiparent  at 
birth,  or  appear  during  early  childhood,  or  be  delayed 
until  adolescence.  The  earlier  they  appear  the  more 
easily  the  nature  of  the  proc<'ss  is  recognized,  for  in  the 
j-ouiig  other  proces.scs  in  the  liver  arc  rare  as  compared 
"with  syphilis.  The  symptoms  are  often  indefinite.  The 
children  are  jioorly  nourished  weaklings,  suffering  froiu 
gjtstro-intestinal  disturbances,  often  rachitic.  The  spleen 
is  usually  eidarged  ;  ascites  is  not  imconunon,  but  icterus 
is  the  exception.  The  manifestations  of  sy])hilis  on  the 
skin  and  niucous  menduanes  are  often  minimal.  The 
diagnosis  is  based  mainly  upon  the  recognition  of  the 
opportunity  for  the  existence  of  llereditary  syphilis ;  in 
other  words,  the  diagnosis  is  based  upon  an  examination 
of  the  parents. 

Fttlli/  Lira-. — There  are  a  considerable  number  of 
pathological  conditions  in  which  the  liver  is  enlarged 
from  the  presence  of  fat,  either  deposited  or  formed  in 
situ.  Such  a  liver  is  enlarged,  usually,  only  to  a  moder- 
ate degree ;  retains  its  shape ;  is  not  tender  or  painful. 
It  does  not  cause  jaundice  or  ascites,  or  lead  to  the  de- 
velopment of  a  collateral  circulation. 

The  recognition  of  the  natuie  of  the  process  causing 
the  enlargeiuent  of  the  liver  rests  on  a  recognition  of  the 
cause  for  fatty  degeneration  or  infiltration.  The  com- 
moner causes  are  over-eating  anil  the  excessive  use  of  al- 
cohol, especially  when  combined  with  insufficient  exercise. 
Enlargement  of  the  liver  is  freqtiently  found  in  alcoholics 
without  the  pathological  process  in  play  being  manifest. 
The  liver  will  be  found  eidarged.  the  patient  suffering 
from  moderate  gastrointestinal  symptoms,  and  examina- 
tion fails  to  show  any  change  in  the  other  organs.  In 
such  cases  it  is  impossible  to  decide  whether  the  patient 
has  a  fatty  liver,  a  congested  liver  from  the  gastro-in- 
testinai  irritation,  or  a  beginning  hypertrophic  or  atrophic 
cirrhosis.  Any  of  these  conditions  will  dis;ippear  if  the 
alcoholic  abuses  are  stopped.  If  this  is  not  done,  a  few 
years  will  settle  the  question.  If  the  spleen  is  found  en- 
larged the  condition  is  probably  one  of  cirrhosis. 

Diseases  which  interfere  wiih  oxidation,  either  by  re- 
duction of  the  laemoglobin  or  by  reduction  of  the  breath- 
ing surface  of  the  lungs,  often  cause  a  fatty  liver.  Thus 
fatty  livers  are  seen  in  many  cases  of  primary  ana?mia — 
in  chlorosis,  for  examiile — and  in  many  eases  of  pulmo- 
nary tuberculosis.  It  occurs  also  in  cases  of  other  ex- 
hausting diseases,  such  as  prolonged  suppuration,  chronic 
dysentery,  pernicious  ana?niia.  A  variety  of  toxic  bodies. 
notably  phosphorus,  arsenic,  and  antimony,  cause  fatty 
liver. 

Aiiiyhiiil  Liirr. — The  diagnosis  of  this  condition  rests 
upon  two  factors:  the  recognition  of  a  sullieient  cause  for 
the  amyloid,  and  the  recognition  of  amyloid  changes  in 
other  organs.  Thi'  liver  is  enlarged,  often  enorniously 
so.  and  the  enlargement  is  usually  generalized,  but  ex- 
ceptionally the  deposits  of  amyloid  are  localized,  forming 
large  and  sharply  circums<-ri'be(l  tumors.  The  surface 
of  the  liver  is  smooth  and  regular.  It  feels  firm  and 
dense,  and  is  not  tender  or  painful.     Jaundice  does  not 


occur,  and  ascites  when  present  develops  late  and  is  the 
ascites  of  cachexia,  preceded  by  oedema  of  the  extremi 
ties.  The  amyloid  process  does  not  often  reach  a  high 
degree  in  one  organ  before  it  begins  in  other  organs  also. 
For  this  reason  we  do  not  find  the  amyloid  liver  without 
similar  changes  in  sjileen.  kidney,  and  intestines.  The 
spleen  is  enlarged;  the  urine  is  abundant  and  contains 
considerable  albumin  with  granular  and  waxy  cysts;  and 
there  are  often  gastrointestinal  disturbances,  especially  a 
diarrho'a  due  to  the  am3'loid  changes  in  the  intestines. 

The  cause  of  the  amyloid  may  lie  in  any  chronic  infec- 
tious disease,  oftenest  chronic  suppuration  of  the  bones 
and  joints  and  pidmonaiT  tubercidosis.  It  occurs  also 
in  .syphilis,  chronic  malaria,  chronic  dv.sentery.  and 
sometimes  in  the  later  stages  of  carcinoma  and  other 
malignant  tuiuors. 

Amyloid  changes  must  most  often  be  distinguished 
from  the  fatty  liver  seen  in  many  of  these  conditions  be- 
cause of  the  coiumon  etiologj',  and  from  hypertrophic 
cirrhosis  because  of  coincident  changes  in  spleen  and 
gastrointestinal  tract.  The  fatty  liver  in  general  feels 
softer  than  the  amyloid  liver,  and,  what  is  more  impor- 
tant, is  not  acc'ompanied  by  enlargement  of  the  spleen,  al- 
buminuria, and  diarrhcea. 

The  hypertropliie  cirrhosis,  while  presenting  an  en- 
larged sjdeen  and  gastro-inteslinal  s^'mptoms,  is  asso- 
ciated with  recurring  attacks  of  jaundice,  something 
never  seen  as  the  result  of  amyloid,  and  the  causal  con- 
ditions for  amyloid  are  absent. 

liesume  of  the,  Uitifurm  Enlargements  of  the  Lirer. 

Pfissite  CongeKtion. — Liver  enlarged,  painful,  tender, 
liable  to  sudden  variations  in  size;  spleen  not  enlarged; 
jaundice  moderate  or  absent  and  altered  in  tint  by  the 
usually  accoiupanying  cyanosis;  ascites,  if  present,  pre- 
ceded by  oedema  of  the  "feet;  examination  of  thorax  will 
show  cause  for  passive  congestion. 

Biliarji  Bitintioii. — Liver  enlarged,  painful,  tender; 
spleen  not  enlarged ;  jaundice  intense  and  the  stools 
acholic;  may  or  may  not  be  fever;  ascites  present  or 
absent;  syiuptoms  of  the  condition  causing  obstruction, 
such  as  gall  stone,  catarrhal  inflammation,  or  tumor, 
present. 

Iliiperirophic  or  Bilinri/  Cirrhosis. — Liver  enlarged,  not 
tender  or  painfid ;  spleen  enlarged ;  jaundice  actually 
present  or  fmmd  one  or  more  times  in  history ;  ascites 
only  in  terminal  stage. 

Si/philis  of  the  Lirer. — Acquired :  enlargement  general, 
but  grossl}' irregular;  maybe  pain  and  tenderness;  javm- 
dice  and  ascites  usually  absent;  spleen  not  enlarged; 
history  and  residua  of  syphilis.  Hereditary;  enlarge- 
ment uniform,  without  pain  or  tenderness;  jaiuidice  and 
ascites  usually  alisent ;  spleen  enlarged ;  other  marks  of 
hereditary  syphilis  and  existence  of  syphilis  in  the 
parents. 

Fiitt)/  Lirer. — Liver  large,  smooth,  soft;  spleen  not  en- 
larged; no  jaundice  or  ascites;  presence  of  cause,  as  gen- 
eral lipomatosis,  alcoholism,  anre'iuia,  etc. 

Amyloid  Ijieer. — Liver  enlarged,  smooth,  firm,  not 
tender  or  painful ;  spleen  enlarged;  jaundice  and  ascites 
absent;  diarrhani  and  allnuuinuria  present;  the  presence 
of  a  cause  for  amyloid,  as  prolonged  suppuration,  tuber- 
culosis, syjihilis.  etc. 

This  practically  coiupletes  the  list  of  processes  causing 
diffuse  enlargeiuents  of  the  liver,  except  the  enlargements 
seen  in  leuka'mia  and  pseudo-leuka?iuia.  These  will  be 
considered  in  the  paragraphs  upon  tumors  of  the  spleen. 

Localized  Enlargements  of  the  Lirer. 

Of  the  processes  which  cause  circumscribed  enlarge- 
ments of  the  liver,  there  are  three  which  far  exceed  all 
others  in  importance.  These  are  the  abscess,  the  cancer, 
and  the  hydatid  cyst.  Any  one  of  these,  however,  may 
cause  diffuse  eidargeiuents,  just  as  most  of  the  processes 
usually  causing  diffuse  enlargements  may  at  times  cause 
circumscribed  tumors. 
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Ab4l€>iiiiiiiil  'riiiii(»rM. 
Abdominal  'I'liiiiorM. 


Almcess  <if  the  Liver. — The  |n<)g<'"i<'  oruaiiisms.  strepto- 
cocci, staphylococci,  pncuniococci,  liacillus  coli,  aiiKcba, 
etc.,  may  ivacli  the  liver  tlinmah  any  of  its  live  sets  of 
vessels.  l:mt  oftenest  tliroiiuli  the  portal  vein,  the  liiliary 
iliiets.  or  the  hepatic  artery.  Infections  lhidii!;h  the 
hepatic  artery  are  usually  part  of  a  freueral  septic-opya;- 
mia  which  so  overshadows  the  infection  of  tlu'  liver  that 
the  latter  has  only  a  piitholo.yical  interest. 

Jlost  often  the  organism  enters  through  the  portal  \iin. 
The  infection  atrium  in  the  intestines  is  fuinished  often- 
est by  dysenteric  ulcers,  and  for  tliis  reason  ali.scesses  of 
the  liver  an^  conuuonest  in  ,Southern  countries,  where 
dysentery  is  commonest.  Jn  the  tem|ierate  zones  the 
primary  disease  most  common  is  appendicitis,  but  ulcer- 
ative processes  anywhere  along  th(^  intestinal  tract,  espe- 
cially along  the  large  intestine,  may  cause  infection 
through  the  portal  vein. 

ISacteria  may  enter  the  liver  from  Ihi'  bile;  ducts  eilher 
directly  from  idcerations  of  the  duels,  e.xciled  by  gall 
stones  or  other  causes,  by  extension  up  along  the  liilf 
ducts,  or  by  entering  the  vessels  of  the  bile  duels  and 
thence  reaching  the  portal  vein. 

The  .symptoms  are  both  constitulional  and  local.  The 
patients  are  often  emaciated,  cachectic,  with  yellow- 
colored  skin  (not  oftyn,  however,  due  to  jaundice),  and 
marked  aiuemia,  h'sually  accompanied  by  leucocytosis. 
Fever  occurs  in  most  cases,  at  least  at  some  time  during 
tlv  course  of  the  disease,  and  may  be  continuous,  inter- 
mittent, reniiltent,  or  hectic  in  type.  Chills  m.-iy  or  may 
not  be  present. 

Locally,  there  is  pain,  usually  preceded  by  a  sense  of 
weight  and  fulness.  The  exact  location  of  the  pain 
varies  with  the  site  of  th<'  abscess — oftenest  in  the  right 
hypochondriac  region.  It  varies  greatly  in  character  as 
it  does  in  intensity,  but  in  general  is  more  severe  if  the 
abscess  islocali'd  nearthi-  surfaceof  the  liver.  Radiation 
of  the  pain  lo  the  right  shoulder  is  quite  common. 

Kxaminaliou  of  the  liver  shows  it  to  be  enlarged,  and 
Ihc  general  tendency  is  for  the  liver  to  enlarge  upward 
instead  of  downward.  The  border  between  the  liver  and 
lung  is  no  longer  a  straight  line,  but  one  curving  upward 
to  a  varying  degree.  The  respiratory  excursion  of  this 
line  is  ri'tained.  unless  there  is  an  <ild  pleuriti.s  with  ad- 
hesions complicating  the  hepatic  condition.  If  the  abscess 
is  located  in  the  k-fl  lobe  of  the  liver  there  may  be  marked 
dislocation  of  the  heart. 

If  the  abscess  points  toward  the  skin  there  may  be 
localized  bulging  of  the  abdominal  wall  with  u'dema  of 
the  skin. 

Jaundice  is  rare  with  liver  abscesses,  as  is  also  the  as- 
cites. Wlu'n  the  latter  is  found,  it  may  be  <iue  to  pres- 
.sure  cm  the  portal  vein,  or  to  I  he  general  cachexia,  and  be 
merely  a  ])art  of  a  general  anastirca. 

The  spleen  is  not  enlargeil  with  the  chronic  abscess  un- 
less it  has  become  amyloid. 

Kxploratory  puncture  will  often  settle  any  doubts  as 
to  the  nature  of  the  process.  Init  one  must  remember  that 
there  are  some  dangers  in  making  the  punclure.  The 
greatest  danger  is  that  of  infecting  the  peritoneal  or 
ideural  cavity  on  withdrawing  the  needle  from  the  abscess 
cavity. 

The  diagnosis  will  often  be  cleared  by  the  rupture  of 
the  abscess  into  some  organ,  as  the  lungs,  slomach,  or  in- 
lestine,  and  the  eseai)e  of  the  |nis  outward. 

The  diagnosis  of  the  .solitary  abscess  of  the  liver  is 
based  mainly  upon  the  symptoms  of  sepsis,  wilh  local 
pain  and  tenderness,  with  physical  signs  of  a  localized 
eidargement  of  the  liver,  wilh"  history  of  dysentery,  ap- 
jieniiicitis.  hemorrhoids,  or  gall-stones.  The  diagnosis  is 
certain  when  pus  is  obtained  by  aspirations. 

When  the  abscess  is  very  large  and  the  cidargenK'nt  of 
the  liver  mainly  or  solely  upward,  the  eondilion  may  be 
mistaken  for  pieurisy ;  hut  attention  to  the  hislory  of  the 
case,  and  especially  to  the  respiratory  motility  of  the 
upjler  border  of  the  dulnes.s.  will  setlle'the  (pieslion. 

Ciniecr  of  the.  L/rei: — Whili^  other  neoplasms  occur  in 
the  liver,  the  cancer  is  so  much  more  connnon  than  all 
otliers  combined  that  it  alone  w  ill  bi;  considered.     Cancer 


may  occur  primarily  in  the  liver,  but  this  is  decidedly  ex- 
ceptional while  secondary  cancer  of  the  liver  is  compar- 
atively fre(|Uenl.  The  cancer  is  oftenest  primary  in  some 
organ  in  conneelion  wilh  the  jiortal  system — the  slomach. 
rectum,  pancreas,  uterus — bul  the  primary  tumor  n]ay  i)e 
anywhere.  The  secondary  tumor  or  tumors  may  far  ex- 
ceed the  primary  in  size. 

Examination  shows  I  be  liver  enlarged,  often  lo  an  ex- 
treme degree,  and  in  suitable  cases  llie  liver  can  he  seen 
to  enlarge  from  day  lo  day.  Thc^  enlargement  may  he 
nearly  uniform,  but  in  most  cases  it  is  ])lain  that  the  cji 
largeineiit  is  irregular.  iSomelimes  thi>  prominences  in 
the  liver  can  be  seen  and  Iheir  respiratory  motility  fol- 
lowed by  the  eye.  Jlore  often  I  hey  can  be  felt  as  round, 
usually  firm,  haril  prominences,  sometimes  distinclly 
nmbilicated  on  the-  surface.  They  may  be  tender. 
Someliiues  the  jieritoneal  covering  is  inflamed  and  the 
resulting  friction  can  he  paljiated.  Percussion  shows  the 
irregular  erdargement  of  the  liver,  and  here  also  es])eeial 
attention  shoulil  be  paid  lo  Ihe  ui)per  border  of  both  the 
superticial  and  deep  hepalie  dulne.ss. 

In  addition  lo  these  sym]itoms  due  to  the  presence  of 
the  tumor  we  may  find  symptoms  due  to  lijc  ])ressure 
which  the  tumors  may  exert  upon  neighboring  organs. 
Thus  the  common  liile  duct  may  be  obstructed  and  icterus 
result.  The  icterus  tends  to  become  rapidly  and  steadily 
worse. 

The  spleen  is  found  enlarged  in  about  ten  pi'r  cenl.  of 
the  cases. 

Ascites  is  not  uncommon  and  may  be  due  to  compres- 
sion of  the  portal  vein,  to  an  accompanying  carcinomatous 
peritonitis,  or  to  Ihe  general  exhaustion.  The  ascites  is 
often  .sutficiently  marked  to  entirely  ma.sk  the  tumors  in 
the  liver,  which  can  be  discovered  only  after  the  removal 
of  the  fluid,  which  may  be  either  .serous  or  hemorrhagic. 
Tlie  patients  with  cancer  of  the  liver  sliow  a  i)rogressing 
.secondary  aiuemia  with  leucocytosis.  together  with  a 
rapidly  developing  cachexia,  accompanied  usually  bv 
considerable  pain  in  the  right  side.  There  are  no  febrile 
symptoms  unless  cau.sed  by  some  complication. 

Having  found  a  tumor  of  the  liver,  a  circumscribed 
enlargement  which,  from  the  general  condition  and  age  of 
the  patient,  and  from  the  absence  of  symploins  of  abscess 
or  echinococcus  cyst,  seems  to  be  a  cancer,  one  sliould 
search  for  the  site  of  the  ])rimary  tumor,  paying  especial 
attention  tosyinptoms  pointing  todisease  of  the  stomach, 
[lancreas,  rectum,  uterus,  or  to  any  of  the  other  connnon 
.sites  for  carcinoma,  as  the  breast,  etc.  Even  in  the  ali 
scnce  of  such  symptoms  it  is  probable  that  the  cancer  of 
the  liver  is  .secondary. 

EcliiniicmriiK  Vj/xts. — ^lany  cases  cause  no  .symptoms 
whatsoever  ancl  are  therefore  unrecognized  until  the  cysts 
reach  considerable  size,  and  (^ven  then  may  be  purely  ac- 
cidental lindings.  When  small  the\'  cause  no  functional 
disturbances  unless  located  at  the  porta  or  sujierticially, 
where  they  may  excite  a  painful  ]ierihei)alilis.  I'sually 
the  first  thing  to  attract  attention  is  a  palpable  tumor  (ir 
symptoms  resulting  from  pressmv  upon  .some  organ. 

Hydatid  cysts  enlarging  downward  are  much  more 
easily  palpated  than  thos<'  enlarging  upward.  The  cyst 
is  round,  firm,  elastic,  sometimes  tluctuating,  allhough 
in  many  cases,  when  the  tension  of  the  walls  is  great, 
there  is  none.  The  size  of  the  tumor  varies  over  a  wide 
range,  but  may  be  so  large  as  to  extend  even  into  Ihe 
pelvis  or  far  upward  into  the  thorax. 

Percussion  shows  the  tumor  to  be  dull,  and  in  a  cer- 
tain mnnber  of  cases  gives  IIk;  .so-called  hydatid  thrill, 
which  is  probably  a  tluctualion  phenomenon  in  which 
the  individual  waves  are  very  short  because  of  Ihe  ten- 
sion of  the  lluid.  the  elasticity  of  IIk'  w'alls.  and  the 
liomogen<aly  of  Ihecysl  contents.  The  ]ilienomenon  is 
not  found  in  all  eases  of  hydatid  cyst  and  is  not  abso- 
lulely  ]ieculiar  to  il,  for  it  is  I'oiuid  wilh  other  forms  of 
cyst  wdien  the  pi^culiar  physical  conditions  are  present. 

Percussion  is  es])ecially  valuable  when  the  cyst  en- 
larges upward  into  the  thorax.  It  enables  us  to  deler- 
miiie  the  upper  border  of  the  cyst.  The  up])er  hepatic 
border  is  no   longer  straight,  bul  presents  a   bulging  up- 
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wnrti  corri>spondinjr  to  tlio  cyst.  Tlip  ros]iiratory  motil- 
ity of  till'  Imnlci-s  i,s  nniniiiiiircil  vuilcss  IIktc  is  or  lias 
lit'on  II  coiiiiiliciitiiiji:  iilcuillis,  sonu'tliiiijc  wliicli  is  not 
iiiu'oninion, 

Eiim-lioiial  ilistiillijinci's  ri'sulliiij;  from  iircssurc  upon 
tlu'  various  iilidoiiiiiial  ami  llioiiuio  organs  vary  wilii  the 
orjnins  alTccted  anil  with  llio  dcgrcu  of  llic  jircssurc. 
TIk'SC  symptoms  are  often  far  more  marked  than  those 
from  the  liver  it.self. 

Compression  of  the  )x>rtal  vein  or  the  inferior  vena 
eava  may  oause  ascites  and  ot  her  lirculatory  disturhanees, 
wliieli  may  intirely  ohsenre  the  presence  of  the  cysl. 
Icterus  may  result  from  coitiprcsslon  of  the  common  duct. 
Cimstilutional  <listurl)anecs  from  these  cysts  are  prac- 
tically wantinsr.  except  as  the  results  of  pressure  upon 
neighborin:;  structures,  or  of  .secondary  infection  of  the 
oysl  with  pyosrenic  organisms  and  the  conversion  of  the 
cyst  into  an  abscess. 

From  this  brief  outline  it  is  evident  that  the  clinical 
picture  of  the  eehinoeoccus  cyst  varies  greatl.y.  and  the 
diagnosis  is  often  ditlicult.  The  main  elements  in  the 
diagnosis  are  the  demonstration  of  a  circiunscribed  en- 
largement of  the  liver,  unaccompanied  iisuall.v  by 
marked  constitutional  disturbances,  and  yielding  to  ex- 
ploratory puncture  a  fluid  which  may  vary  in  character, 
but  which  contains  elements  which  are  absolutely  pe- 
culiar, namely,  the  eehinoeoccus  hooklets  and  scolices. 
These  are  so  peculiar  that  they  will  l)e  inunediately 
recognized  by  any  one  w  ho  has  ever  seen  the  pictures 
found  in  all  text-books  upon  diagnosis. 

When  small  the  cyst  must  be  dilTerentiated  from  other 
proces.ses  which  cause  localized  enlargements,  particularly 
the  abscess  and  cancer.  lioth  these  are  accompanied  by 
marked  constitutional  disturbances,  which  in  the  case  of  a 
cyst  are  conspicuously  absent. 

Pain  is  u.sually  in-esent  with  abscess  or  with  cancer, 
while  it  is  usually  absent  with  cyst.  The  historv  of  a 
residence  in  certain  parts  of  the  world,  notably  Iceland, 
or  of  constant  association  with  dogs,  is  a  point  in  favor  of 
the  cyst. 

Ex]iloratory  puncture  will  remove  all  doubt,  but  here, 
as  with  the  abscess,  this  is  not  entirely  free  from  danger. 
A  very  sharply  localized  cyst  might,  by  enlarging 
downward,  sinuilate  a  distended  gall  liladder,  but  could 
not  assume  the  peculiar  pear  shajie  of  the  gall  bladder, 
nor  would  it  present  the  motility  of  the  gall  bladder. 
The  history  of  the  patient  would  moreover  be  different. 

When  the  cyst  is  larger  and  grow's  downward  it  needs 
differentiation  from  cysts  of  other  organs,  such  as  the 
pancreas,  ovaries,  or  kidneys.  Usually  the  differentiation 
is  easy  from  the  history  and  from  the  shape  and  loca- 
tion of  the  tumor.  In  the  exceptional  cases,  clo.se  atten- 
tion should  be  given  to  the  relation  of  the  colon  to  the 
tumor.  This  is  pushed  down  and  usually  back  by  cysts 
of  the  liver,  forward  by  cysts  of  the  kidiiey,  upward  by 
cysts  of  the  pancreas  and  ovaries. 

When  the  cyst  eidarges  tipward,  it  may  reijuire  differ- 
entiation from  a  plenritis  exudativa.  Ordinarily  the  his- 
tory of  an  acute  on^et  with  iiain,  fever,  and  the  peculiar 
shape  of  the  dulness  will  sjieak  for  a  i^Ieuritis.  In  cases 
of  pleurisy  with  insidious  onset,  when  the  exudate  is 
large  and  unaccompanied  by  manifest  constitutional 
symptoms,  especial  attention  should  l>e  i)aid  to  pressure 
effects  on  the  heart.  With  pleurisy  the  heart  is  dis- 
located outward,  with  cysts  the  displacement  is  more 
often  upward  and  outward.  In  cases  which  are  doubt- 
ful the  exjiloratory  jiuncture  will  decide. 

The  true  nature  of  the  cyst  is  often  learned  from  its 
rupture  into  some  neighboring  organ,  such  as  the 
stomach,  colon,  lungs,  when  tli'e  hooklets.  scolices,  and 
daughter  cysts  may  appear  in  vomit  us,  fa'ces,  or  sputum. 
The  nmltilocular  eehinoeoccus  is  even  less  common 
than  the  cystic  form.  exce]>t  in  certain  jiarts  fif  Euroiie. 
where  it  is  not  infrequent.  The  onset  is  insidious  and 
usually  without  symptoms  until  the  disease  has  made 
i^reat  progress;  then  weight  and  pain  in  the  epigastrium 
and  right  hypochondrium  appear,  with  gastrointestinal 
disturbances.     Icterus  and  ascites  are  common  and  often 


appear  early.  The  liver  is  often  greatly  enlarged,  hard, 
with  irregularly  distrilmted  tumor  masses,  so  that  the 
surfac<' is  grossly  lohulaled.  'I'lie  border  is  often  irregidar 
and  very  hard.  The  liver  usually  shows  its  normal  res- 
piratory motility.     The  spleen  is  often  enlarged. 

The  condition  must  be  differentiated  from  multiple 
carcinomata  of  the  liver,  which  differ  in  their  more  rapid 
eour.se,  marked  cachexia,  blood  changes,  and  age  of  the  pa- 
tient, and  show  also  the  symptoms  caused  by  the  primary 
cancer.  In  most  i>arts  of  the  world,  cancer  of  the  liver 
is  of  almost  daily  oc<urrence.  while  the  multilocular 
cehinncdccus  cyst  is  extremely  rare.  In  eases  which 
camiot  be  <lilferentiated  in  this  waj',  make  an  exploratoiy 
pnncture. 

Hypertrophic  cirrhosis  and  syphilis  of  the  liver  may  be 
simtUatcd.  Both  these  conditions  are  relatively  comiiion. 
With  the  cin-hosis,  the  jaundice  is  usually  not  so  intense 
and  it  varies  from  time  to  time,  the  splenic  tumor  is  more 
common,  an  ascites  is  rare,  and  the  enlargement  of  the 
liver  is  more  uniform.  With  syphilis  of  the  liver  the  in- 
dividual enlargements  in  the  liver  are  not  so  large  or 
hard,  and  the  liver  is  more  irregular;  jaundice,  ascites 
and  splenic  tumor  are  less  coinmiSn,  Here  also  explora- 
tory puncture  may  be  necessary. 

There  are  a  number  of  other  pathological  processes 
which  cau.se  localized  enlargements  of  'the  liver,  such  as 
sarcoma,  fibroma,  adenoma,  and  cysts,  but  they  are  so 
exceptional  that  their  consideration  may  be  omitted  from 
an  article  of  this  .'icjrt, 

Coi-sit  Lin  r. — Tight  lacing,  either  by  means  of  a  corset 
or  by  a  string  aliout  the  waist,  often  causes  a  deformity 
of  the  liver,  which  in  extremecasesmay  cause  a  condition 
simulating  a  tumor.  This  may  be  due  to  an  elongation 
of  the  liver  because  of  the  pressure  to  which  it  has  been 
subjected,  and  its  true  nature  is  then  easily  recognized. 
Sometimes,  and  this  is  more  often  when  the  constriction 
of  the  waist  has  been  made  with  a  string  instead  of  a 
corset,  the  right  lobe,  rarely  the  left,  is  elongated  and  the 
part  directly  below  the  pressure  is  atrophied  .so  that  a 
larger  or  smaller  mass  of  liver  tissue  is  separated  from 
the  liver  and  connected  to  it  by  a  band  of  fibrous  tissue. 
The  shape,  size,  and  motility  of  such  a  mass  vary  in  the 
different  cases.  It  must  o'ftcn  be  dift'ereutiated  from 
movable  right  kidney.  It  differs  in  shape  from  the 
kidney,  lies  nearer  lln'  fi-ont  wall  of  the  abdomen,  and  lies 
in  front  of  the  colon  instead  of  behind  it.  Attention  to 
the  shape  of  the  thorax  and  to  the  history  of  lacing  is 
also  of  assistance, 

Montble  Liver. — This  forms  a  tumor  on  the  right  side, 
one  which  may  extend  downward  to  the  pelvis  or  far 
over  to  the  left  of  the  median  line.  At  the  Siime  time  the 
liver  tilts  so  that  the  convex  surface  lies  forward.  Tlie 
form  of  the  liver  is  unchanged.  This,  together  with  the 
absence  of  liver  dulness  in  the  normal  site  and  the  fact 
that  inmost  cases  the  liver  can  be  returned  to  the  normal 
site  when  the  patient  is  in  the  dorsal  decubitus,  makes 
the  diagnosis  easy. 

Tf.MOUS   OP   THE   (xAI,I,   BLADDEK. 

With  occasional  exceptions  these  are  merely  distentions 
of  the  gall  bladder  willi  bile,  mucus,  or  pus,  either  alone 
or  in  combination  with  stones.  The  degree  of  distention 
varies  from  just  suflicicnt  to  admit  of  palpation  of  the 
gall  bladder,  as  a  small  rounded  projection  below  the 
edge  of  the  liver  in  the  parasternal  line,  to  a  sac  capable 
of  holding  a  litre  or  more.  The  larger  the  bladder  the 
more  it  assumes  a  long,  pear-shajied  form — extending 
downward  from  the  liver  just  beneath  the  abdominal 
wall.  With  increasing  size,  the  motility  increases  until 
the  bladder  can  be  moved  freely  from  side  to  side  and 
backward,  but  it  always  tends  to  return  to  its  position 
just  beneath  the  abdominal  wall.  It  also  shows  distinct 
respiratory  uuitility.  The  tumor  feels  smooth,  elastic, 
ami  sonu  times  lluctuation  can  be  made  out.  Rarely  the 
friction  of  stones  moving  over  one  another  can  be  felt. 

Usually  jialijation  alone  shows  the  presence  of  the 
tumor,  but  in  favorable  cases,  when  the  abdominal  walls 
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are  thin,  its  prcspncc.  sliapo,  form,  iind  respiratory  motil- 
ity are  visible.     Per<-ussioii  also  may  show  its  presence. 

An  enlariied  irall  bladder  jiractieally  always  lies  in 
front  of  the  colon  and  inlestines,  and  to  the  ri^ht  and 
partially  in  front  of  the  stomach.  Inllation  of  liie  colon 
and  stomach  is  sometimes  necessary  in  makinjj  the 
diasnosis. 

I'snally  the  anatomical  location  of  the  tumor,  its  shajie, 
motility, "anil  manifest  relation  to  the  liver  facilitate  the 
reco.snilioii  of  the  tumor  as  one  from  the  gall  bladder,  but 
when  the  distention  is  extreme  it  may  be  confused  with 
a  hydronephrosis  or  a  cystic  ovary.  Attention  to  any 
liistory  of  distnrl)ancesof  the  uiiuary  or  frenital  tract  and 
the  demonstration  of  the  relation  of  the  tumor  to  the 
colon — which  lies  behiial  a  <listeiuledj{all  bladder,  in  front 
of  a  hydronephrosis,  and  above  a  cystic  ovary — will  re- 
move all  doubt.  In  aildition  to  these  ])oints  the  fiall 
bladder  is  attached  above  to  the  liver  and  is  free  below, 
Avhile  an  ovarian  cyst  isattMched  Ix'low  and  i(inaiiis  free 
above.  The  hydronephrosisarises  manifestly  fmni  liehiiul. 

The  diatniosis  of  the  cau.se  of  the  dilatation  of  the  f;all 
bladder  and  the  tindini;  of  the  site  of  the  olistruetion 
may  be  a  simiile  or  a  dillicult  matter.  Kejieated  attacks 
of  biliary  colic  would  sugijresta  stone:  acute  gastro-iiites- 
tinal  symptoms  with  jaundice  would  sugge.stan  acute 
catarrh  of  the  ductus  choledochus;  and  iirogressive  ca- 
chexia with  iiastro  intestinal  symptoms  would  suggest 
a  carcinoma  of  some  of  the  organs  near  the  porta. 

The  diagnosis  of  the  nature  of  the  tluiil  in  the  C3-sfic 
bladder  (pus,  bile,  or  nuieus)  is,  like  the  diagnosis  of  the 
cause,  easy  or  hard.  If  aceomjiaiui'd  by  jaundice,  it  is 
probably  bile,  and  the  obstnietion  is  in  the  common  duct. 
If  there  is  no  jaundice,  the  Huid  is  probably  mucus,  but 
may  be  bile  or  pus,  and  the  site  of  the  obstruction  is  at 
the  neck  of  the  bladder  or  in  the  cy.stic  duet.  An  em- 
pyema of  the  gall  bladder  is  accompanied  by  the  ordinary 
constitutional  disturbances  of  sup|niration.  but  the  pres- 
ence of  such  symptoms,  when  the  gall  bladder  is  dis- 
tended, does  not  in  itself  prove  that  the  tluid  is  pii.s. 

Exploratory  puncture  of  the  gall  bladder  is  ordinarily 
too  dangerous  to  be-  jiistitiable. 

Ciineer  of  tltc.  (hill  BlaiMi  i\ — This  is  on  the  whole  a 
rare  disease,  and  the  diagnosis  is  based  upon  the  demon- 
stndion  of  a  hard,  nodular,  slowly  growing  tumor  in  Iho 
region  of  the  gall  bladder,  accompanied  l)y  cachexia  and 
anaania.  The  diagnosis  is  stri'ngthened  l]y  a  history  of 
biliary  colic,  atal  by  the  exclusion  of  carcinoma  of  any 
of  the  organs  frequently  causing  metastases  in  the  liver. 

Tf.Mons  OF  TiiK  STOM.\rii. 

The  methods  emidoyed  in  the  examination  of  the 
abdominal  tumors  .so  far  considered  have  been  almost 
entirely  physical,  aided  sometimes  by  inicroscoiiical  ex- 
amination of  the  blood.  With  eases  of  tumors  of  possible 
gastri<' origin,  chemical  m<'thodsof  examination  lieennie 
prominent;  but  unfortunately,  in  spite  of  the  immense 
amount  of  study  and  work  which  has  been  put  upon 
them,  their  results  are  often  uncertainand  contiadietory, 
so  that  they  no  longer  receive  the  respect  fonneily  ]iaid 
them. 

The  pathological  processes  which  can  cause  a  tumor  of 
the  stomach  are  very  luuncrous.  but  most  of  them  are  .so 
uncommon  that  they  need  no  mention  in  an  article  of  this 
sort.  The  processes  whicli  demand  our  atti'iition  are  the 
cancer,  the  idcer  willi  scar  form,ation,  and  dilatation  of 
the  stomach.  We  would  remind  the  reader  that  it  is  as- 
siime<l  throughout  this  article  that  a  tumor  is  jialjiable. 
Considerations  relating  to  the  diagnosis  of  these  condi- 
tions previous  to  the  appearance  of  a  palpable  tumor 
must  be  sought  in  more  special  articles. 

When  a  tumor  is  found  in  the  neighborhood  of  the 
stomach,  two  questions  must  be  answered:  Does  the 
tumor  arise  from  the  stomach,  and  what  is  its  n,-iturcV 

Vitncer  (if  tilt- Stoiiiiirh. — The  subjective  symptoms  re- 
sulting from  cancer  of  the  stomach  vary  griatly — in  one 
ca-se  being  lUdininent,  in  another  almost  wanting.  There 
is,  morcovt'r.  no  necessary  proportional  relation  biaweeu 


the  size  of  the  tumor  and  the  intensity  of  the  synqjloms. 
The  symptoms  also  vary  with  the  site  of  (be  carcinoma; 
in  fad,  tidshasa  very  marked  inllueiiee  upon  the  inten- 
sity of  the  symi)toms.  Cancer  at  tin'  cardia  or  pylorus 
need  not  be  large  to  cause  very  marked  sym])toms.  while 
oiu'  on  the  curvatures  of  the  stomach  may  be  very  large 
and  vet  cause  almost  no  sidijective  symptoms. 

In  general  there  are  .symptoms  pointing  distinctly  to 
the  .stomach,  but  these  symi)toins  are  not  peculiar,  for 
they  consist  of  a  loss  of  appetite,  especially  a  loss  of 
ai)pelite  for  meats,  distress  and  fulness  aft<'r  eating, 
eructations  both  gaseous  and  acid,  jiam  either  eonslant 
or  after  eating,  nausea,  and  vondting.  'I'hese  are  sym|) 
(oms  which  may  occur  with  any  disease  of  the  stonuub. 
l)ut  when  they  begin  late  in  life,  csjiecially  if  the  patient 
has  always  been  free  from  gastric  disturbances,  tliey 
should  always  suggest  the  possibility  of  a  caiKvrof  the 
stomach.  When  in  aiUlition  to  these  the  patient  vomits 
the  well-known  colTee-ground  vonut,  the  po.ssil)llity  bi- 
(.-omes  almost  a  probability.  Along  with  these  gastric 
symptoms  there  develoiis  a  ]ir(igressivc,  secondary  an 
a'lnia,  acconqianicd  by  leueocytosis,  and  in  lime  the 
cancer  cachexia,  with  its  peculiar  earthy -colored  skin, 
emaeiatiou,  and  redema,  appears,  and  gives  the  i)aticnl.  so 
peculiar  a  look  that  the  (iiagnosis  can  often  be  made  on 
sight. 

Examination  of  the  functions  of  the  sloniiich  ofira 
gives  most  valuable  assistance  in  the  diagnosis.  .More 
attention  has  been  |iaiil  to  the  secretory  function  of  the 
stomach  than  to  its  other  functions,  although  a  considera- 
tion of  all  three  is  important.  Hrietly  summarized,  the 
residt  of  the  study  of  the  gastric  secretion  is  as  follows: 
In  almost  all  cases  of  cancer  of  the  stomach  the  hydro- 
chloric acid  eventually  disai)i)ears,  but  is  often  ])resent 
luitil  late,  and  may  be  present  until  death.  It  m:iy  be 
present  even  in  excessive  amounts.  Tluic  are  a  large 
numlier  of  other  discasi'S  of  the  stomach  in  which  also 
no  hydrochloric  acid  is  found;  one  might  even  say 
that  there  is  no  di.sease  which  may  not  cause  absence  of 
hydrochloric  acid.  One  must,  tbeierore.  give  up  the 
iiiea  formerly  current  that  an  absence  of  hydrochloiie 
acid  is  pathognomonic  of  cancer  of  the  stomach,  and  be 
content  with  the  fact  that  it  is  more  frequently  absent 
with  cancer  than  with  any  other  one  disease  of  tiie  stom- 
ach. The  inverse  statement  of  this  pro])osition  isof  much 
more  practical  value.  The  continuous  presence  of  hydro- 
eliloric acid  speaks  strongly  against  a  carcinoma,  but  docs 
not  absolutely  exclude  it,  as  it  is  found  until  de:ith  in 
about  ten  per  cent,  of  the  cases. 

Lactic  aci<l  is  foimd  in  many  cases  of  cancer,  but  is 
absent  in  many,  and  present  in  other  conditions  in  which 
the  food  stagnates  and  lerments,  so  that  the  presence  of 
lactic  acid  docs  not  have  the  diagimstie  value  at  tirst 
assigned  to  it. 

The  absorption  time  is  prolonged  in  most  cases  of 
cancer.     The  motive  power  is  lessened. 

Far  more  signilicant  than  all  of  the  .symploms  so  far 
eniunerated  is  the  demonstratiiai  of  a  tiunor  in  the  region 
of  the  stomach.  ISuch  a  tumor  mass  can  be  fiamd  in 
about  eighty  percent,  of  all  c;ises,  but  luifortiinately  its 
demonstration  often  occurs  late,  long  after  the  time  when 
surgical  interference  is  advisable.  When  a  tumor  con- 
nected with  the  stomach  is  found  in  a  )ierson  who  isover 
thirty  and  who  has  beginning  cachexia,  the  diagnosis  of 
cancer  becomes  certain.  Wilbout  the  demonstration  ot 
a  tiunor  the  diagnosis  of  a  c;uieer  of  the  stomach  is  merely 
oneof  greater  or  less  probability.  The  more  advanced  tl]<- 
age,  the  more  marked  the  cachcxi.a,  the  more  conspicu- 
ously gastric  symptoms  are  i>resent  and  symptoms  of 
other  di.seases  are  absent,  the  greater  this  ]nobabiliiy 
beco'.nes. 

In  somecasi's  tlie  tumor  main  fest  sit  self,  upon  inspection 
of  the  abdomen,  as  an  iifegular  mass  in  the  epigastrium  or 
lower  in  the  abdomen,  often  moving  freely  up  and  down 
with  the  respiratory  movi-ments.  The  distention  of  the 
stomach  sometimes  has  an  effect  upon  the  ea.se  with 
which  the  tumor  is  seen.  It  may  make  the  tumor  visible 
or  may  completely  obscure  it.     Inspection  often  gives  im- 
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portnnt  informiitioii  ns  to  tlu>  size.  shi\]H\  ami  location  of 
the  stoiiiiuh  !is  a  whole.  IJccaiiso  of  llic  cMiacialioii.  the 
alxlominal  wails  arc  thin  ami  tliiou^li  llicin  the  outliiu's 
of  llu"  sioniach,  lillcil  cither  with  gas  or  willi  lluitl,  are 
often  ilislinctly  seen. 

Pal|)alioii  sliows  a  lianl,  usually  irrcsiilar  tumor  mass. 
which  uiay  or  may  luil  lie  sharply  circuuiscrilicd.  It  is 
usually  tcmlcr  on"  iivcssurc,  hut  not  .so  much  so  as  an 
ulcer. '  The  mass  is  usually  not  movable,  but  may  be  .so; 
even  liunors  of  the  pylorus,  which  one  would  expect  to 
be  always  lixeil,  are  sonietiiiies  very  movable.  It  is  often 
stated  tiiat  tumors  of  the  stomach  do  not  move  up  and 
down  with  res|iiriition.  hut  it  is  certain  that  they  do  .so 
fivqnently,  even  when  not  adhereni  to  the  liver,  spleen,  or 
diaphrai;m.  This  is  true  of  cancer  of  the  ])ylorusas  well 
as  of  cancer  of  the  body  of  the  stomacli. 

llavlnsr  demonstrated  a  tumor  which  might  arise  from 
the  stoniach.  how  shall  we  determine  wlictlier  it  does 
come  from  the  stomach  or  not?  Aside  from  the  physical 
signs  one  must  consider  the  subjective  .symptoms  of  tlie 
disease,  and  whether  tlic.se  point  to  a  disease  of  the  stom- 
ach or  of  some  other  organ,  and  must  never  lorgel  that  the 
cancer  of  the  stomach  is  liy  far  the  most  conunon  tumor 
in  this  region,  and  in  general,  therefore,  the  diagnosis  of 
a  cancer  of  the  stomach  has  a  greali'r  degree  of  proba- 
bility than  a  diagnosis  of  some  other  tumor  or  some 
other  point  of  origin  than  the  stomach. 

If  a  tuntor  always  lies  within  the  borders  of  the  stom- 
ach dulncss  or  tympany,  according  as  the  stomach  is  tilled 
with  fluid  or  with  gas.  the  tumor  arises  from  the  stomarh. 
If  an  area  of  tymijany  can  be  demonstrated  between  the 
tumor  and  the  liver,  tlic  l\imor  does  not  arise  from  the 
liver  and  probabl.v  not  from  the  gall  liladder.  Cancer  of 
the  gall  bladder,  because  of  its  close  anatomical  relation 
to  the  pylorus,  may'  be  confused  with  cancer  of  the 
pylorus;  but  the  symptoms  of  gastric  disturbances,  and 
especially  the  dilataticm  of  the  stomach  almost  always 
present  with  a  cancer  of  the  jiylorus,  are  absent,  and  a 
history  of  biliary  colic  is  often  present. 

Tumors  of  the  spleen  may  be  confu.sed  witli  tumors  of 
the  fundus  of  the  stomach,  but  their  regular  outlines  and 
oval  shape,  smooth  surface,  and  extension  up  under  the 
ribs,  together  with  the  absence  of  gastric  s\'mptoms,  are 
usuall}'  snfticient  to  make  the  differentiation  easy. 

Tumors  of  the  pancreas  lie  dee]ily  in  the  abdomen,  are 
not  movable,  and  are  apt  to  be  accompanied  by  signs  of 
compression  of  the  conunon  bile  duct  or  the  portal  vein. 

The  following  table  from  lioas'  "Disease  of  the  Stom- 
ach "  shows  the  very  important  relations  of  tumors  of  this 
region  to  the  distended  stomach  and  colon: 


Stomacti. 
(a)  pylorus 

(W  anterior  wall 
and  greatt^r 
curvature. 

(c>    les-ser    curva- 
ture. 
Liver 


Spleen  . 

Colon  .. 
Kidney 


Omentum . 
Panorea.s.. 


Inflation  of  Stomacli. 


Displaced    to  the  riglit 

and  down. 
Feel  larger  and  borders 

less  distinct. 

Disappear  completely  . . 

Displaced  upward  and 
to  the  riclit.  and  bor- 
ders of  orpan  more 
easily  palpable. 

Displaced  to  the  left  and 

often  downward  also. 

Displaced  down 


Displaced  downward. . . 
Disappear   behind 
stiimach. 


Inflation  of  Colon. 


h  Displaced  upward. 


Displaced  upward :  tu- 
moi-s  of  g-all  bladder 
also  forward :  very 
lai'^e  tumors  may  be 
unaffected. 

Displaced  up  and  to  the 
left. 

Not  di-.pt:ired  up. 

.\t  Ilist  displaced  up  a 
littli',  Uien  disappear 
backward.  The  mov- 
able kidney  returns  to 
place 

Displaced  downward. 


In  some  cases  the  develoimient  of  secondaiy  deposits  in 
other  organs  is  the  first  tiling  which  iiroyes  the  nature 
of  the  gastric  process.  For  cxamiile,  tumors  of  the  liver 
are  common  in  the  course  of  cancer  of  the  stomach,  and 
because  of  their  size  they  may  distract  the  attention  from 


tlie  stomach  and  lead  to  an  erroneous  diagnosis  of  cancer  of 
the  liver,  lor  here  aselsewhcre  the  secondary  tumors  may 
far  exceed  the  primary  in  size.  Another  site  for  secomi- 
ary  deposits  which  may  lead  to  a  correct  diagnosis  of  the 
primary  disease,  is  a  lymph  gland  just  above  or  behind 
the  inner  end  of  file  left  clavicle.  This  gland  is  not  in- 
rre(|uently  the  site  of  secondary  cancer  that  has  devel- 
oped from  cancer  of  the  stomach. 

I'lrer  "f  the  Stoiiuteli. — Ordinarily  there  is  no  need  for 
differentiation  between  this  disea.se  and  cancer  of  the 
stoMiiieh  after  demonstration  of  a  tumor  in  connection 
with  this  organ,  for  this  usually  is  proof  of  the  existence 
of  a  cancer.  Sometimes,  however,  a  scar  in  the  liasc  of 
an  ulcer  or  an  hypcrlroiihy  of  the  neighboring  niu.scu- 
lar  layer  of  the  stomach  may  cause  a  palpable  tumor. 
Under  such  circumstances  differentiation  is  necessary 
and  usually  difficult.  Attention  must  be  given  to  the  fob 
low  ing  points:  Ulcer  is  a  disease  of  the  tirst  half  of  life 
and  is  more  common  in  women  than  in  men.  It  causes  a 
good  deal  of  jiain,  which  is  much  influenced  by  ffie  taking 
of  food.  Generally  the  epigastrium  is  more  tender  from 
an  ulcer  than  from  a  cancer.  The  course  of  an  ulcer  is 
li.inger,  lasting  even  for  many  years.  It  causes  hemor- 
rhages which  arc  usually  more  abundant  than  those 
caused  by  cancer.  Ulcer  causes  a  secondary  amemia, 
but  not  cachexia.  Inasmuch  as  a  tumor  from  cancer  is 
common  and  from  ulcer  very  uncommon,  there  must  be 
very  strong  evidence  in  favor  of  an  ulcer  over  a  cancer,  in 
any  case  in  a\  hicli  a  tumor  in  connection  with  the  stom- 
acti is  palpated. 

IMbitidiou  iif  the  Stomaclt. — This  often  causes  an  easily 
visible,  localized  bulging  of  the  abdomen  in  the  region  of 
ffie  stoniiich.  The  stomach  in  such  cases  is  often  dis- 
placed downward,  so  that  both  the  greater  and  the  lesser 
curvature  are  visible.  In  many  of  these  cases,  notably 
those  in  which  the  dilatation  of  the  stomach  is  due  to 
pyloric  stenosis,  there  are  very  manifest  peristaltic 
niovemcnts  of  the  stomach,  exaggerated  because  the 
hy])ertro]ihied  muscle  la.yers  of  the  sfomaefi  arc  trying  to 
overcome  the  obstruction  to  the  outflow  of  the  stoniach 
contents.  The  waves  of  motion  pass  from  left  to  right. 
They  may  ajjpear  spontaneously  or  only  after  stimula- 
tion. Palpation  of  this  bulging  area  gives  a  peculiar  re- 
sistance and  elicits  both  palpable  and  audible  spla.shing, 
which,  however,  is  not  peculiar  to  gastrectasis,  for  it  is 
found  also  in  health,  though  not  to  the  degree  present 
when  the  stomach  is  dilated.  Percussion  of  the  stomach, 
both  when  tilled  with  gas  and  when  tilled  with  fluid,  is 
our  most  valuable  means  of  determining  the  size  and  lo- 
cation of  the  stomach. 

These  physical  findings,  together  with  the  history  of 
gastric  syin])toms  and  the  vomiting  of  large  amounts  of 
material — amounts  far  in  excess  of  the  normal  capacity 
of  the  stomach — arc  enough  to  demonstrate  the  nature  of 
the  bulging  of  the  epigastrium.  The  diagnosis  of  the 
cause  of  the  dilatation  of  the  stomach  is  a  very  dillcrcnt 
and  a  much  more  difficult  problem. 

TuMOIiS   OF   THE   P.\NCKEAS. 

Practically  the  only  diseases  causing  palpable  tumors 
of  the  pancreas  are  the  cancer  and  the  cysts.  It  must, 
however,  be  remembered  that  when  the  alidoniinal  walls 
are  thin  and  relaxed,  ffie  bead  and  even  the  body  of  the 
normal  iiancreas  may  sometimes  be  palpated.  The  pan- 
creas lies  deejil}'  in  the  abdomen  and  is  so  attached  that 
it  does  not.  show  any  respiratory  or  passive  motility.  Its 
anatomical  relation  to  the  transverse  colon  and  its  mesen- 
tery is  such  that  tuiiiors  of  the  pancreas,  when  large 
enough  to  displace  the  colon,  displace  it  downward, 
rarely  directly  forward,  and  almost  never  upward.  This 
is  often  the  most  imijortant  fact  in  the  differentiation  of 
tumors  of  the  pancreas  from  tumors  arising  from  neigh- 
boring organs. 

Cfiiicer  iif  the  Panereas. — This  is  a  relatively  rare  con- 
dition, but  is  by  far  the  most  common  disease  of  the  pan- 
creas. The  symptoms  consist  of  a  combination  of  the 
effects  of  pressure  upon  the  neighboring  organs,  of  altera- 
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tions  ill  till'  function  of  tlie  piuifroas,  and,  in  abn'it  twenty 
to  twi-ntylivc  per  cent,  of  the  cases,  of  the  presence  of  a 
tumor.  Tlie  chaiacter  of  tlie  symptoms  deiienils  in  ])art 
upon  tlie  portion  of  tlie  pancreas  atleeted.  This  is  ofteii- 
est  the  head.  There  are,  tirsl.  synijitoms  of  nastro  intes- 
tinal dislurljanee.s,  such  as  anorexia,  dyspepsia,  vomit- 
ing, and  other  iiiaiiifestatioiis  of  gastrectasis;  tatty  stools; 
often  very  large  stools;  jiain.  either  constant  or  in  the 
form  of  very  severe  colic;  gradually  develoinng  and  lier- 
sistenl  jaundice,  often  with  no  increase  or  with  only 
moderate  increase  in  the  size  of  the  liver;  inarUcd  dis- 
tention of  the  gall  bladder;  ascites  with  enlargeinent  of 
the  spleen;  and  glycosuria  in  .soiiu'  cases. 

When  a  tumor  is  jialpalile  it  lies  deeply,  varying 
greatlv  in  size,  lint  is  smooth  or  irregular,  not  sharply 
outlined,  and  usually  lies  to  the  right  of  the  median  line. 
In  most  cases  the  tumor  is  li.xed,  and  shows  neither  pas- 
sive nor  respiratory  motility.  Exceptions  to  lliisrule  do 
occur,  especially  when  the  tumor  is  in  the  tail  of  the 
pancreas,  Inlhition  of  the  colon  shows  it  to  lie  below, 
i.i..  on  the  caudal  side  of  the  tumor.  Because  of  the 
close  relation  to  the  aorta  the  tumor  often  seems  to  inil- 
.sate,  but  the  iiulsation  is  a  mere  up-anddown  pulsation, 
not  expansile.  When  a.scites  is  iiresent.  iiaracentesis  is 
often  neces.sary  before  t^le  tumor  can  be  palpated. 

The  two  most  iniportant  symptoms  are  the  icteius  and 
the  presence  of  a  tumor.  Tlie  icterus  is  chronic,  gradually 
progressive,  inteii.se,  and  once  estal)lislied  docs  not  disap- 
pear. The  tumor  must  be  rlilfereiitiated  from  tumors  of 
other  organs  in  this  neighlioi hood.  Cancer  of  the  trans- 
verse colon  is  more  superlicial,  is  movable,  is  associated 
with  diliicult  movements  of  the  bowels,  and  is  fice  from 
ascitesand  jaundice,  asarule;  stoolsareuot  fatty.  Cancer 
of  the  pylorus  lies  more  superficially,  is  more  movable,  is 
accompanied  by  changes  in  the  gastric  secretions.  It  does 
not  cause  fatty  stools  and  is  less  often  associated  with 
icterus  and  ascites. 

Tumors  of  the  duodenum  and  of  the  ductus  cliole- 
doclius  are  far  more  dilticult,  often  impossible,  to  ditferen- 
tiate  from  tumors  of  the  pancreas. 

It  is  said  that  cachexia  develops  much  earlier  with 
cancer  of  the  pancreas  than  with  cancer  of  other  organs, 
and  is  accompanied  bj'  more  severe  pain  than  in  the  case 
of  cancer  of  a  neighboring  organ. 

C'l/fts  iif  t/if  Piincfeas. — The  demonstration  of  a  cy.st  is 
prccede(l  by  a  longei'  or  shorter  period  of  obscure  dys- 
]ie]itii'  disturbances,  pain  and  emaciation.  The  jiain  is 
cither  |)aroxysiual  and  colic  like  or  constant.  Tlie  par- 
oxysmal pains  are  said  to  occur  with  no  other  abdomi- 
nal cyst  than  the  pancreatic  cyst.  Disturbances  in  the 
bowel  movements,  fatty  stools,  icterus  and  ascites — in 
short,  all  of  the  symptoms  of  cancel  of  the  pancreas  ex- 
cept those  resulting  from  the  nature  of  the  cancerous 
tumor — may  appear. 

The  cysts  usually  cause  some,  maybe  immense,  en- 
largement of  the  abdoinen,  beginning  usually  in  the  ej)i- 
gastrium,  but  later  it  may  sink  lower  in  the  abdomen. 
The  surface  is  smooth,  often  fluctuating.  Usuall.y  the 
cy.st  shows  no  motility,  but  it  may  in  some  cases.  The 
stomach  may  lie  above,  in  front  of,  or  lielow  the  cyst. 
The  same  is  true  of  the  colon,  but  almost  always  tlii^ 
colon  lies  below,  i.r.,  to  the  eauilal  side  of  the  cyst. 
Puncture  of  the  cyst  yields  fluid  varying  greatly  in  ciiar- 
acter.  and  showing  nothing  absolutely  jjcculiar  except  in 
thosi'  cases  in  which  the  pancreatic  ferments  arc  found  in 
the  fluid. 

These  cysts  must  be  dilTerentiated  from  other  abdomi- 
nal cysts,  especially  the  echinococcus  cysts,  the  liydro- 
nephro.sis,  and  the  ovarian  cysts.  The  echinococcus  cysts 
will  1)0  recognized  by  the  demonstration  of  the  hooklets 
andscoliccsin  thefluid.  Whether  the  cyst  arisesfrom  the 
]iancieas  or  from  some  otherorgaii,  is  usually  plain  when 
the  relation  of  the  cyst  to  the  colon  is  discovered.  Ovarian 
and  pancreatic  cysts  are  often  confused,  but  attention  to 
the  history,  esiiecially  the  early  history,  of  the  tumor,  and 
to  the  portion  of  the  abdomen  where  it  first  appeared,  and 
to  the  relations  between  cyst  and  colon,  will  remove  any 
doubt.     If  tli<'  fluid  obtained  by  |iuncture  shows  pancre- 


atic ferments,  the  cy.st  must  be  from  the  pancreas.  The 
absence  of  these  ferments  does  not  prove  that  the  cysl  is 
not  from  the  ])aiiereas. 

Hydronephrosis  usually  gives  a  history  of  urinary  symj)- 
toiiis,  renal  colic,  and  lumbar  i)aiii,  and  an  appearance 
of  the  tumor  in  the  flanks.  The  colon  lies  in  front  of  the 
hydronephrosis.  Fluid  from  the  hy(lrone]iliro.sis  shows 
urea,  sometimes  uric  acid,  and  may  contain  cells  from 
the  ])elvis  of  the  kidni'V.  Catheterization  of  the  ureters, 
or  the  collection  of  the  urine  which  comes  from  each 
kidney  seiiarately,  may  assist. 

TlMOliS   OK   THE   Sl'I.I'.KN 

are  of  two  sorts — difluse  sjilenic  tumors,  none  of  wliicli 
are  new  growths  in  the  ordinary  use  of  this  term,  and 
localized  tumors  of  the  spleen.  The  former  group  is  com- 
mon, the  latter  ipiitc  uncommon.  The  difl'use  sjileiiic 
tumors,  although  due  to  widely  varying  pathological 
processes,  liav(^  some  peculiarities  ;n  common.  /.<■.,  they 
retain  the  general  sluipe  of  the  normal  organ.  Even  when 
greatly  enlarged,  the  siileen  retains  its  elliptical  shape, 
with  a  notch  in  the  lower  part  of  the  anterior  border,  and, 
though  lliickened,  is  still  much  greater  in  all  dimensions 
than  in  thickness.  TIk;  long  axis  of  the  spleen  passes 
from  the  left  above,  downward  and  to  the  right,  althougli 
in  cases  in  wliieji  there  is  much  eiilargenieiit  the  long  ax  is  is 
often  more  nearly  iiarallel  to  the  long  axis  of  the  body  than 
is  encountered  in  the  normal  individual.  The  enlarged 
spleen  usually  oc<-upies  the  upjier  left  hand  (piadrant  of 
the  alidomeii,  but  it  may  be  displaced  to  any  othi*r  ])or- 
tion,  when  it  often  occasions  great  dilliculty  in  diagnosis. 

The  methods  of  examination  are  in  general  as  outlined 
above,  but  many  are  inclined  to  place  too  much  value 
upon  percussion  and  too  little  upon  jialpation.  The 
.size  of  the  splenic  dulness  may  be  decreased  by  the 
tymiiany  of  stomach  or  colon,  or  increased  liy  dulness 
in  either  of  these  organs.  lu  either  case  the  percus- 
sion of  the  spleen  is  valueless.  Palpation  of  the  spleen  is 
lialile  to  fewi'r  errors  and  should  therefore  be  preferred. 
The  patient  should  lie  u]ion  the  ba<k  or  obliquely  upon 
the  right  side;  the  physician  should  stand  upon  the  left 
of  the  patient,  with  the  left  hand  making  pressure  for- 
ward over  the  lumliar  region.  The  right  hand  should 
palpate  from  in  front  during  both  quiet  and  forced  inspi- 
ration. A  normal  spli'cn,  unless  dislocated,  cannot  be 
palpated.  Note  the  shape,  size,  flrmness,  tenderness,  and 
motility  of  the  organ.  The  sliajie.  iiosilion.  and  motility 
of  the  organ  are  so  peculiar  that  there  is  rarely  any  dilli- 
culty in  recognizing  that  a  splenic  tumor  is  really  what 
it  is.  In  doubtful  cases  the  relation  of  the  tumor  to  the 
colon  and  the  stomach  should  be  ascertained  by  disten- 
tion of  these  organs  with  gas.  The  spleen  lies  external 
to  the  stomach,  above  and  in  front  of  the  colon.  It  is 
very  rarely  that  the  colon  jiasses  in  front  of  the  spleen. 

Auscultation  of  the  spleen  rarely  gives  any  results,  but 
sometimes  one  liears  venous  hums  similar  to  those  heard 
ill  the  large  veins  of  the  neck.  Incases  of  perisjilenitis 
one  sometimes  flnds  localized  friction. 

Exploratory  puncture  of  the  spleen  isat  tiniesa  valuable 
aid,  but  is  not  entirely  free  from  difliculties  and  dangers. 

Aru/c  aph-iiir  tnmiirn  are  seen  in  a  \'ery  wide  range  of 
acute  infectious  diseases;  in  fact,  tliere  is  no  one  of  these 
diseases  which  may  not  cause  acute  swelling  of  the 
spleen.  Certain  of  them,  like  typhoid  fever  and  malaria, 
do  so  with  such  constancy  that  the  want  of  the  splenic 
tumor  throws  some  doubt  on  the  correctness  of  the  diag- 
nosis. Such  enlargements  of  the  spleen  devcloji  rajiidly 
and  present  the  shape  and  motility  of  the  normal  spleen. 
The  degree  of  enlargement  varies,  but  may  be  very  con- 
siderable. Usually  there  is  no  tenderness  and  the  spleen 
feels  soft,  but  there  are  marked  exceptions  to  this  rule. 
The  diagnosis  of  the  site  of  the  tumor  is  made  by  atten- 
tion to  the  position  and  sliajie  of  the  tumor.  The  nature 
of  the  tumor  will  lie  recognized  when  the  general  febrile 
disea.se.  of  which  the  splenic  tumor  is  a  syiii])tom.  is  rec- 
ognized. 

Cliviiio'r  I'liliirr/rDii'iitx  of  the  spleen  occur  as  a  r<'sult  of 
certain  <if  thechidiiie  infectious  diseases,  notably  malaria. 
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Tilt"  inrtlarisil  spU'rii.  .'i  so  r.ilK-il  iiuur  iuIm  .  is  srcii  fro- 
<|iu'iilly  ill  fcitiiiii  ii'iridiis  wlicrc  (i|)p(>i-tiiiiilii's  for  niiilii- 
riiil  iiitVftion  arc  ((nisliinllv  present.  In  sueli  rejiions 
the  eiuulitiim  is  well  known  anil  readily  recognized,  bnt 
in  other  sections  where  malaria  ise.\ceplional  the  malarial 
spleiMi  may  be  taken  for  other  conditions.  It  jiresents 
the  characteristic  form,  is  liard.  and  may  attain  alii\ost 
any  size,  not  infreiinently  renchiiij;'  to  or  even  beyond  the 
unibilicus.  Tlie  naturi'  of  the  enlarj;i'inent  is  recognized 
by  a  history  of  prolonged  malarial  iidVction  and  by  the 
exchision  <)f  other  causes  of  enlartfement  of  the  spleen. 
Examination  of  the  blood  for  the  malarial  orj^anisnis  is 
usually  futile,  for  the  splenic  tumor  may  continue  for 
many  years  after  tlie  infection  has  subsideil. 

SiJii/'iilix.  either  the  tertiary  slaii'c  of  the  aeiinired  or  the 
heivditary  .syphilis,  may  cause  chronic  spleinc  tumors, 
the  true  nature  of  which  can  be  learned  only  by  allention 
to  the  history. 

( 'irrliiixis  of  the  liirr,  either  the  atrojihic  or  the  hypertro- 
phic form,  causes  a  chronic  enlargement  of  the  si)leen 
which  does  not  difl'er  in  any  way  from  other  chronic 
splenic  tiunors.  and  its  nature  can  be  ascertained  by  recog- 
nition of  the  hepatic  condition  of  which  the  s]ilciuc  tumor 
isa  symptom.  In  general  the  sjileeu  is  laig<'rwith  the  hy- 
pertrophic than  with  the  atrophic  form.  Tlie  eularged 
liver,  the  jaundice  either  actually  present  or  repeatedly 
present  in  the  history,  the  iirolonged  freedom  from  circu- 
latory disturbances,  together  with  the  enlarged  spleen, 
make  a  clinical  picture  not  easily  mistaken.  The  small 
liver,  the  collateral  circulation  upon  the  abdomen,  the 
ascites,  and  the  enlargeil  spleen  make  up  the  cardinal 
symptoms  of  the  atro])hic  cirrhosis. 

Aittjiliiid  Sjiliiii. — The  enlargement  is  similar  to  the 
other  diffuse  enlargements  of  the  spleen.  The  essential 
points  in  the  diagnosis  of  the  nature  of  the  process  are  the 
same  as  those  given  under  tlie  heading  Amyloid  Liver. 

PiiAMtc  eonfienUon  of  the  siileeu  occurs  when  the  out- 
flow of  blood  is  obstructed.  The  commonest  cause  of 
this  is  the  atroiihic  cirrhosis  of  the  liver.  Less  often  it 
is  due  to  compression  of  the  veins  outside  the  liver  by 
tumors  or  adhesions.  Sometimes  the  spleen  is  enlarged 
from  obstriKtiou  above  the  diaphragm,  oftenest  from 
cardiac  insufficiency. 

Leiihmiid. — All  the  enlargements  of  the  spleen  so  far 
considered  have  been  merely  .synijitoms  of  disease  else- 
where in  the  body,  and  the  diagnosis  of  the  nature  of  the 
splenic  tumor  has  Iieen  based  on  the  recognition  of  the 
primary  disease;  but  the  leuka'inic  spleen  is  of  a  different 
class,  for  it  constitutes  an  integral  part  of  the  disease. 
The  enlargement  presents  no  peculiarities  which  will  en- 
able one  to  distinguish  it  from  other  diffuse  processes  in 
the  spleen  except  for  the  size  often  attained  by  the  leu- 
kfeiuic  spleen.  It  often  extends  to  the  median  line  and 
downward  to  the  ilium ;  cases  even  larger  than  this  are 
not  uncommon.  The  liver  is  often  but  not  always  en- 
larged, and  when  it  occui's  the  increase  in  size  is  uniform. 
The  lympli  glands  throughout  the  body  are  often  en- 
larged, but  in  many  cases  not.  The  participation  of  the 
bone  marrow  in  the  leuka'inic  process  may  be  show  n  by 
tenderness  or  pain  over  the  bones,  but  the  lack  of  these 
symptoms  does  not  mean  that  the  medulla  has  escaped. 

The  symptom  upon  which  the  diagnosis  of  a  leukaemia 
rests  is  the  change  in  the  blooil.  The  blood  should  be  ex- 
amined in  all  cases  in  whieli  the  spleen  is  found  enlarged 
and  in  all  cases  in  which  an  alidominal  tumor  found  may 
by  any  possibility  involve  the  spleen.  The  characteristic 
blood  changes  consist  in  a  marked  increase  in  tlie  number 
of  white  cells,  while  at  the  same  time  the  relative  percent- 
age of  the  different  forms  of  white  blood  corjiuscles  is 
altered.  There  is  an  absolute  increase  in  the  number  of 
all  forms,  but  the  polyniorphonuclear  form  is  relatively 
decreased  in  number  often  far  below  the  normal  average 
of  eighty  per  cent. :  the  lymphocytes,  niyelocvtes.  and 
eosinophile  cells  are  relatively,  as  well  as  iibsoliitely,  in- 
creased. The  degree  of  increase  of  each  form  differs  in 
the  different  cases  and  in  the  dilTerent  forms  of  leukfemia. 
It  is  at  once  evident  that  these  blood  changes  differ  widely 
from  the  leucocytosis  in  which  the  absolute  increase  in 


the  number  of  white  blood  cells  may  reach  as  high  a  fig- 
ure as  ill  leuka'inia.  but  in  tla^  leucocytosis  the  polymor- 
lihoiiuclear  leucocyte  is  the  form  increased  in  number, 
and  this  increase  is  both  absolute  and  relative. 

The  changes  in  the  number  of  red  blood  corpuscles  and 
the  percentage  of  haemoglobin  are  in  no  way  peculiar. 

The  blood  changes  described  are  peculiar  to  leuka'mia, 
and  upon  them  alone  the  diagno.sis  of  leuka-mia  must  be 
based. 

Ptrud(>-leukami<i  causes  an  enlargement  of  the  spleen 
which  is  uniform  and  often  extreme  in  degree.  Ordi- 
narily the  diagnosis  is  not  difficult,  for  the  changes  in  the 
spleen  are  accompanied  by  similar  changes  in  the  lymph 
glands  generally  and  in  the  liver,  thus  showing  that  the 
splenic  tumor  is  merely  a  part  of  a  constiiutional  disease. 
The  di.ignosis  becomes  more  difficult  w  hen  the  case  is  one 
of  splenic  pseudo-leuktBinia.  i.e..  one  in  which  the  spleen 
alone  is  gro.ssly  changed.  There  are  no  (;liuraeteristic 
blood  changes  in  this  disease,  the  blood  showing  only  the 
findings  of  a  severe  ana-mia.  The  red  blood  corpuscles 
and  lia>moglobin  are  great  ly  decreased,  but  the  color  index 
is  less  than  one.  There  is  no  leucocyto.sis.  There  is  often 
a  temperature  of  the  chronic  recurrent  type. 

\Vheii  the  lyniiib  glands  generally  are  enlarged  the  diag- 
nosis is  usually  siiuiile.  Leuki^mia  is  excludeil  by  an 
examination  of  tlie  blood.  Generalized  tulierculosis  of 
the  lymph  glands  is  not  so  readily  excluded,  but  this  is  a 
very  rare  disease,  while  the  pseudo -leukaemia  is  not.  In 
the  cases  in  whicli  the  spleen  alone  is  enlarged  the  diag- 
nosis must  be  reached  Viv  exclusion  of  all  other  possible 
causes  for  splenic  enlargement  in  a  case  presenting  a  pro- 
gressive ananiia.  Especial  care  must  be  taken  to  exclude 
the  chronic  splenic  tumor  due  to  an  old  malaria. 

Chlorosis  and  ]iernicious  ausmia  are  sometimes  asso- 
ciated with  enlargement  of  the  spleen.  This  is  only  mod- 
erate in  degree  and  is  so  insignificant  when  compared  with 
the  manifest  blood  changes  that  it  is  often  overlooked. 

During  the  course  of  diseases  which  may  cause  emboli, 
such  as  endocarditis,  aortitis,  and  the  like.' one  sometimes 
finds  a  painful  and  tender  enlargement  of  the  spleen  sud- 
denly develo]ied.  It  is  often  accompanied  by  vomiting 
and  chill.  These  are  the  symptoms  of  an  infarction  of 
the  spleen,  and  if  the  embo'lus  is  simple  they  all  disap- 
pear in  a  short  time:  but  if  the  embolus  is  septic  other 
symptoms  soon  appear.  There  are  repeated  chills  with 
irregular  temiK'rature,  sweating,  and  emaciation — in 
short,  the  constitutional  disturbances  common  to  suppu- 
rative processes  anywhere  in  the  body.  The  spleen  in- 
creases in  size,  perisplenitis  with  friction  appears  in  many 
cases,  anil  sometimes  we  tiiid  Huctuation  and  changes  in 
the  abdominal  wall,  such  as  redness,  O'dema,  etc.  When 
the  abscess  of  the  spleen  is  large,  it  often  pushes  the  dia- 
phragm high  up  into  the  thorax,  giving  signs  wliich  may 
easily  be  mistaken  for  pleurisy  with  effusion.  The  upper 
border  of  the  dulness  differs  in  shape  from  that  ordinarily 
assumed  by  ideural  effusions,  and  the  respiratory  excur- 
sion is  greater,  even  though  less  than  normal.  Explora- 
tory puncture  shows  the  presence  of  pus. 

Xidphimiin  of  t/ie  .\pli'iii  are  rare  and  are  difficult  to  dif- 
ferentiate from  simple  hypertrophy  of  the  spleen.  They 
may  be  suspected  when  the  enlargement  of  the  spleen  is 
irregular  and  nodular.  When  sucli  a  splenic  enlargement 
is  found,  tuberculosis,  syphilis,  carcinoma,  and  sarcoma 
must  be  considered.  If  the  individual  is  tulierculous.  the 
spleen  is  probably  tuberculous;  if  he  is  syphilitic,  it  is 
probably  a  gumma.  If  lliire  is  a  careiiiom;"i  of  some  other 
organ,  such  as  the  stomach  or  p:uicreas.  for  example,  it 
is  probably  a  secondary  carcinoma.  If  no  other  explana- 
tion is  manifest,  it  may  be  a  sarcoma. 

Erliiiii'coceiin  ri/xts  occur  in  the  spleen,  causing  an  en- 
largement which  may  be  very  great.  The  disease  causes 
no  peculiar  constitutional  I'listurbances,  and  the  true 
nature  of  the  process  can  be  learned  only  by  exploratory 
puncture  and  the  demonstration  of  hooklets  and  seolices. 

Winiihriiiri  Spltei). — Because  of  the  lengthcniug  of  its 
ligaments  the  spleen  may  become  very  movable  and  be 
found  iuiywhere  in  the  abdomen,  although  as  a  rule  it 
tloes  not  descend  below  the  umbilicus.     It"  retains  its  nor- 
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aial  oval  s-liapc  with  ono  or  more  note-lies  in  the  anterior 
bonier.  The  size  is  often  considerably  increased  because 
of  congest  ion.  Sometimes  the  pulsjitions  of  the  splenic 
artery  are  felt  at  the  hilus.  Percussion  shows  the  absence 
of  the  splenic  dulness  in  the  normal  site,  but  when  the 
spleen  is  |uislied  back  into  the  left  liypnchondrium,  as  can 
be  dune  easily  in  most  cases,  the  splenic  dulness  reappears. 
The  peculiar  .shape,  the  extreme  motility,  and  the  pres- 
ence of  tympany  in  the  normal  site  of  the  .splenic  dulness 
are  usually  enoiiiih  to  enable  one  to  make  the  diagnosis. 
A  mass  offa'ces  in  the  splenic  tiexure  of  the  colon  may 
give  an  area  of  dtdness  sinnlar  in  site.  size,  and  .shape  to 
the  splenic  didness,  but  any  confusion  of  this  sort  is 
avoided  by  clearing  tlie  bowels,  as  slio\dd  l)e  done  before 
(wanunation  of  any  obscure  abdonnnal  tumor.  Other 
very  motile  tumors,  when  about  the  size  and  shape  of  the 
spleen,  such  as  tumors  of  the  intestines,  wanderin.g  kid- 
ney, movable'  tumors  of  the  pylorus,  may  be  taken  for  a 
movable  splc-en,  but  the  fact  that  there  is  an  area  of  dul- 
ness in  tile  splcinc  region,  no  matter  where  the  tumor  is, 
will  exclude  a  movable  spleen.  The  difticullies  of  diag- 
nosis are  sometimes  increased  by  the  spleen  becondng 
fixed  iu  the  spot  to  wliich  it  has  been  dislocated. 

Tf.Moits  OK  THE  Kidney. 

Tlie  normal  kidney  cannot  lie  ]ial[)ated  unless  it  happens 
to  be  displaced,  a  condition  which  is  far  more  conunon 
than  is  generally  .sujipo.sed.  If  pali)alion  is  employed 
It  is  best  to  use  both  hands;  the  patient  lying  lirst  on 
the  back  and  tlien  on  tlie  side.  In  making  such  an  ex- 
amination one  must  remember  that  there  are  various 
pathological  ]irocesses  which  cause  enlargf'inent  of  the 
kidney.  The  diagnostician  must  therefore  not  only 
establish  the  fact  that  the  tumor  arises  from  tlie  kidney, 
but  he  must  also  ascertain  what  is  tiie  nature  of  the  un- 
derlying pathological  process. 

Tumors  of  the  kidney  usually  cause  lirst  a  fulness  and 
bulgin.g  of  the  lumliar  region  and  lateral  abdomln.d 
re.gions.  There  is  often  a  visible  fulness  behind.  AVhen 
enlarging,  the  kidiu-y  almost  always  ]iuslies  the  colon  and 
intestines  forward  and  inward  toward  the  median  line. 
Their  iieristaltic  movements  are  often  visible  in  front  of 
the  lunior  mass.  The  inner  borders  of  the  tumor  may 
plainly  be  seen  through  the  abdominal  walls.  Enlarged 
and  t/irtuous  suboitaneous  veins  are  often  visible.  Pul- 
Siition  can  rarely  be  seen,  and  the  movements  caused  by 
resiiiration  are  exceptional. 

The  size,  consistency,  and  character  of  surface  vary 
■with  the  nature  and  duration  of  the  process.  Fluctua- 
tion is  not  uncommon.  The  vermicular  movements  of 
the  intestines  can  sometimes  be  felt  in  front  of  the  tumor. 
One  may  be  able  to  insert  the  fingers  between  the  tumor 
and  the  arch  of  the  ribs,  or  outline  the  liver  or  spleen  sep- 
arately from  the  kidney. 

Percussion  is  important  as  showing  the  relation  of  tlii' 
tumor  to  the  colon,  which  must  often  be  inflated  with  air 
or  gas  before  one  makes  percussi<m.  It  is  also  valuable  in 
differentiating  a  tumor  of  the  kidney  from  one  of  the  liver 
or  spleen.  If  there  is  an  areaof  tympany  between  thetu- 
morand  the  liver  or  spleen,  the  tumor  does  not  arise  from 
either  of  these  organs. 

Auscultation  over  renal  tumors  shows  in  some  cases 
niunnurs  exactly  like  the  hum  heard  over  an  aneurism. 

If  palpation  has  shown  fluctuating  areas  in  the  tumor 
or  if  it  is  suspected  that  lliiid  is  present  in  the  ma.ss.  ex- 
ploratory puncture  c;in  be  made.  This  is  not  entirely 
without  danger,  but  if  the  ])uncture  is  made  from  behind 
or  well  around  on  the  side  where  one  cannot  enter  the 
peritoneal  cavity,  the  danger  is  minimal.  Any  tluid  ob- 
tained will  be  found  to  vary  with  the  ])athological  iiroc- 
ess,  and  may  be  urine,  blood,  pus.  ecliinococcus  lluid.  etc 
Sometimes  small  particles  of  the  tumor  may  be  olitained 
in  this  way  and  identified. 

The  principal  tumoi-s  that  require  to  be  differentiated 
from  tumors  of  the  kidney  are  tumors  of  the  liver,  spleen, 
ovaries,  gall  bladder,  supravenals,  and  perirenal  connec- 
tive tissue. 

Vol..  I.— 3 


Tumors  of  the  right  kidney  differ  from  those  of  the 
liver  in  the  following  respects:  There  is  often,  in  the 
case  of  the  former  tumors,  an  area  of  tympany  between 
the  two  areas  of  dulness — that  due  to  the  liver  an<l  that 
due  to  the  tumor.  Then  again,  in  renal  tumors  the  tin- 
gers  can  often  be  pushed  in  between  the  ribs  and  the 
tumor,  whereas  this  cannot  bi>  done  when  the  tumor  orig- 
inates from  the  liver.  Renal  tumors  show  little  or  no 
respiratory  motility,  while  hepatic  tumors  move  freely 
during  respiration.  Kenal  tumors  lie  behind  the  tympa- 
nitic area  of  tli(!  colon,  while  tlio.se  of  the  livcrlie  in  front 
of  or  above  this  area.  Kenal  tumors  may  cause  a  slight 
displacement  upward  of  the  u)iper  border  of  the  hepatic 
dulness.  but  this  is  the  only  change  w  liicli  thi-y  can  elfect 
in  this  area.  Hepatic  tumors,  on  the  other  hand,  often 
cause  the  nonnally  .strai,ght  course  of  the  border  of  he- 
patic dulness  to  become  irregularly  curved. 

It  is  often  most  important  to  obtain  the  urine  of  each 
kidney  separately.  This  is  a  diflicult  procedure,  espe- 
cially in  the  male.  In  the  cjise  of  a  female  if  is  not  very 
difficult,  by  use  of  a  cystoscope,  to  catheterize  the  ureters 
and  thus  obtain  the  inimixed  urine,  but  in  the  case  of  a 
male  this  is  almost  imiiossiblc.  and  the  more  successful 
method  is  to  employ  a  llariis  instrument.  This  is  so 
constructed  as  to  raise  a  ridge  in  tlie  floor  of  the  bladder 
between  the  two  ureteral  openings,  thus  making  two  sep- 
arate pouches  for  the  recciifion  of  the  urine  from  each 
kidney.  The  urine  is  drawn  from  these  pouches  lieforc 
they  are  entirely  filled,  and  thus  the  urine  of  each  kidney 
is  obtained  uumixetl.  The  successful  employment  of 
this  instrument  re<|uires  .some  skill  and  practice;  the 
liroccdure  is  infinitely  easier  to  carry  out  than  is  llie  cath- 
eterization of  the  urelers.  Tlie  .same  instrumeut  may  be 
used  enually  well  iu  exandning  females. 

HydiTips  of  the  .n'all  bladder  may  sometimes  be  con- 
fu.sed  with  a  movable  kidney,  but  its  pear-like  shape,  its 
superficial  location  anterior  to  the  colon,  and  the  fact  that 
it  cannot  be  pushed  iiiffi  l!i<'  normal  hication  of  the  kid- 
ney are  usually  sufficient  to  enable  one  to  differentiate 
the  two  conditions. 

■Tumors  of  the  spleen  dlll'er  fnjin  tumors  of  the  left  kid- 
ney in  file  same  ways  as  do  t  he  liver  tumors  from  tho.se  of 
the  right  kidney.  Then,  in  addition,  splenic  tumors,  as 
stated  elsewhere,  retain  the  sli;ipe  of  the  normal  spleen. 

Cysts  of  the  ovaries  rise  from  below  upward  instead  of 
descending  from  above  downward,  and  bear  ((uite  differ- 
ent relatiims  to  the  colon.  They  lie  within  instead  of 
without  the  circle  of  the  colon,  and  in  front  of  instead 
of  behind  the  intestines,  as  the  renal  tumors  do. 

Attenticai  to  these  iiliysical  dilTerenci  s  in  the  tumors 
and  due  consideration  of  the  accompanying  symptoms 
will  almost  alwa.vs  enable  one  to  differentiate  correctly 
between  the  different  conditions.  Diff'erentiation  be- 
tween suprarenal  and  perirenal  tumors  and  ttuiiors  of  the 
kidney  is  practically  im)iossible  unless  changes  in  the 
urine  are  present.  If  these  are  found  anfl  are  of  such  a 
nature  as  is  comiiatible  with  a  renal  tumor,  the  adrenal 
and  perirenal  tumors  may  be  excluded.  Very  high  blood 
pressure  with  normal  urine  is  sometimes  seen  nith  supra-' 
renal  tumors. 

A  diagnosis  of  the  nature  of  a  tumor  recognized  as 
renal  depends  more  upon  the  accompanying  symptoms 
than  upon  the  physical  characteristics  of  file  mass. 

Iljlflniiii iiliriisis. — In  addition  to  tlie  tumor,  wliich  is 
essential  to  the  recognition  of  a  hydronephrosis,  we  find 
alterations  in  tlie  composition  of  the  urine  and  iu  the 
quantity  excreted.  The  amount  of  the  urine  \aries 
greatly,  being  normal  in  cases  in  which  only  one  kid- 
ney is  affected  while  the  other  is  normal,  and  in  ofiier 
cases  varying  from  anuria  to  continuous  or  intennittent 
polyuria.  The  intermittent  polyuria  or  anuria,  es]>e- 
cially  when  accompanied  by  a  corresponding  variation 
in  the  size  of  the  kidney,  is  characleristic.  The  urine 
ma.v  be  normal  or  if  may  be  mixed  with  ]ius,  blood,  re- 
nal elc'ineiils,  and  crystals,  especially  of  uric  acid.  Ex- 
ploratory punclure  of  the  liydrone|ilirosis  yields  lluid  of 
varying  character  according  as  we  have  normal  or  i)atho- 
logical  urine.     The  presence  of  urea  and  uric  acid  in  the 
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lliiiil  speaks  stroiiirly  fur  a  li\  (Iniiupliinsis  but  not  iinsi 
lively,  foi'  llicsc  siil)sljiMc<'S  iiic  fouiiil  in  llic  fluid  con 
tents  of  other  eysis— the  ovarian  cysts,  for  e.xanipU — ami 
Hinv  lie  alisent  in  the  tluid  of  hydronephrosis. 

l'"he  reeojrnilion  of  a  possible  cause  for  a  hydroncphro 
sis  is  always  an  iniporlaiil  item  in  the  diagnosis.  Thus,  a 
nephrolithiasis,  a  movable  kidney,  a  tumor  in  the  abdo 
men  or  pelvis  which  might  compress  one  or  both  ureters. 
u  bladder  tumor,  an  enlarijed  prostate,  or  a  uretJnal 
strieture.  in  a  ease  which  miuhl  lie  a  hydronephrosis. 
is  a  fact  which  strongly  favors  this  diagnosis. 

Theiliirereutiation  between  hydronephrosisand  ovarian 
cysts  has  been  sutlicieutly  considered.  The  presence  of 
eehiuocoeeus  booklets  or  scoliees  in  the  aspinited  lluid 
would  prove  the  existence  of  an  cehinococciiscyst.  The 
differentiaticm  between  a  cystic  kidney  and  a  hydrone- 
phrosis is  often  impos.sible.  The  absence  of  a  demon 
strsible  catise  woidd  speak  against  the  hydronephrosis. 
Early  life  speaks  for  the  cystic  kidney. 

Pi/i/tiiiij)/iiiti.i. — The  imiiortant  symptoms  in  this  dis 
ease  are  alterjitions  in  the  character  and  quantity  of  the 
iiriue.  pain  and  other  signs  of  local  intlammatiou,  tunuir, 
and  tlie  constitutional  disturbances  of  suppuration.  The 
(jiiantity  of  the  urine  varies  from  complete  anuria  to  poly- 
uria, the  latter  lieing  the  more  common.  The-  urine  eon- 
tains  in  varying  iiuautilies  blood,  mucus,  pus,  crystals, 
bacteria,  sometimes  bits  of  kidney  tissue,  sometimes 
casts.  Albumin  is  always  present,  the  specitie  gravity  is 
lowered,  and  the  n^action  varies  from  acid  to  alkaline. 
Catheterization  of  the  ureters  or  the  separate  collection 
of  the  urine  is  a  valuable  aid  in  the  diagnosis,  especially 
if  carried  out  early  in  the  course  of  a  unilateral  pyelone 
phriiis.  E.xploratory  puncture  is  an  aid,  but  it  is  not 
often  necessiiry  and  is  more  dangerous  in  this  than  in  other 
renal  affections. 

Ptii-  null  I'ltriiiHiihritis. — The  important  symptoms  of 
these  processes  are  the  local  pain,  fever,  and  tiunor.  Of 
the.se  the  tumor  is  the  most  important,  but  requires  time 
for  its  development,  during  which  pain  and  elevated  tem- 
perature are  jiresent,  but  do  not  make  a  diagnosis  pos- 
sible. The  tmnor  increases  steadily,  often  rapidly,  in 
size  and  presents  the  characteristics  of  tumors  of  inflam- 
matoiy  origin.  It  is  painful,  tcndi-r,  usually  not  sliarply 
defined,  is  not  movable,  often  tlucluates.  and  when  suf- 
ficiently supertieial  is  accompanied  by  an  (edema  of  the 
skin.  The  urine  is  not  changed  liy  a  primary  paraiie- 
phiitis,  but  when  the  latter  is  secondaiy  to  suppurative 
processes  in  the  kidney,  as  it  often  is,  the  urine  shows 
changes  because  of  the  primary  process. 

The  rules  given  for  the  ditlerenliation  of  renal  tumors 
from  tumors  of  neighboring  organs  ajijily  here  also,  so  far 
as  the  localization  of  the  process  is  concerned.  The  na- 
ture of  the  process  is  usually  at  once  apjiarent  from  the 
combination  of  the  local  and  constitutional  disturbances 
of  inflammatory  origin.  If  there  is  still  doubt,  an  ex- 
ploratory ptnicture,  l)y  demonstrating  the  presence  of 
pus,  will  .settle  the  question.  It  is  often  ilifHeult  or  im- 
possible to  learn  whether  the  paranejihritis  is  primary 
or  secondary,  but  the  chances  are  very  decidedly  in  favor 
of  the  latter  as  a  rule.  If  the  urine  contains  pus.  a  pyelo- 
nephritis is  probalily  the  |)rimary  i)r(jeess.  Tlie  parane- 
phiitis  may  be  secondary  to  aiiiiendicitis,  parametritis. 
or  some  other  sujipuralive  process  in  this  region.  Some- 
times the  gravitation  abscess  from  a  tuberciilous  spine  is 
taken  for  a  paranephritis,  but  usually  an  examination  of 
the  spine  and  the  nervous  system  wilf  enable  one  to  make 
the  differentiation  readily. 

Tiiberniliixix  i,f  the  Kidiiiii  {C7ir<iii/r).—Thc  most  impor- 
tant symptoms  arc  the  changes  in  the  urine,  the  pain, 
and  the  tmnor.  The  urine  contains  lilood,  jius,  mucus, 
and  cells  in  varying  amotuits.  The  pain  is  in  the  region 
of  the  kidney,  but  may  radiate  to  the  bladder,  to'the 
genitalia,  and  to  the  thigh.  Sometimes  the  pain  is  dis- 
tinctly that  of  a  ri'iial  colic.  The  tumor  presents  the 
usual  characteristics  and  relations  of  a  renal  liuiior. 

The  diagnosis  rests  not  on  these  symptoms,  but  upon 
the  demonstration  of  tubercle  bacilli  "in  thc>  urine  or  in  the 
pus  obtained  by  exploratory  puncttire  of  the  tumor.    This 


demonstration  re(iuires  much  patience,  but  it  has  been 
rem  1(  led  decidedly  easier  by  the  introduction  of  the 
centiifugal  machine.  Another  important  item  in  the 
diagnosis  is  the  demonstration  of  tuberculosis  in  some 
other  oigan,  esiiecially  one  of  the  .sexual  organs. 

The  tidiercirlosis  of  the  kidney  must  be  differentiated 
from  nephrolithiasis  and  carcinoma  of  the  kidney,  both  of 
which  cause  luvinaturia,  pain,  and  renal  tumor.  The 
absence  of  renal  colic,  and  of  gravel  in  the  urine,  together 
with  the  iiresence  of  evening  fever  and  of  fubcrcidosis 
ill  some  otiier  organ,  usually  excludes  the  renal  calculus. 
The  ab.sence  of  cachexia  and  leucoc_ytosis  and  the  pres- 
ence of  pus  in  the  urine  exclude  the  cancer.  In  cases 
which  are  still  (U)ul)tful,  an  injection  of  the  Koch  tuber- 
culin, by  exciting  a  violent  reaction,  will  remove  all 
doubt.  The  important  question  as  to  whether  one  or 
both  kidneys  arc  tuberculous  may  require  cy.stoscopie 
examination  or  the  collection  of  the  uiine  from  each  kid- 
ney se|)arately. 

('iirciiiiiiiiii  iiiid  Sarconui  of  the  Kidnei/. — These  will  be 
considered  together,  for  the  clinical  differentiation  be- 
tween them  is  never  certain,  and  practically  it  is  a  small- 
matter  w-hether  the  tiunor  is  carcinoma  or  sarcoma.  Here. 
again  we  find  the  combination  of  pain,  hematuria,  and 
tumor.  The  pain  appears  early,  as  a  rule,  but  is  in  no 
w  ay  |ieculiar.  The  luematuria  is  present  in  about  one- 
half  i>f  the  cases,  and  ma}'  be  an  early  symptom  or  it 
may  be  delayed  luitil  late  in  the  course.  It  differs  greatly 
in  amount  and  frequency  in  the  individual  cases.  The 
tumor  resembles  the  other  tumors  of  the  kidney,  but  in 
some  cases  it  presents  an  expansile  pulsiition  and  hum  ex- 
actly like  those  of  an  aneurism.  Cachexia  and  anaemia 
with  leucocytosis  aj^iiear  sooner  or  later.  The  diagnosis 
is  based  mainly  upon  the  exclusion  of  other  renal  tumors, 
the  absence  of  fever,  and  the  presence  of  cachexia.  Both 
carcinoma  and  sarcoma  are  esjiecially  common  in  young 
children,  at  which  time  of  life  tumors  such  as  h\-dro-  and 
pyonephrosis  and  tuberculosis  are  exceptional.  In  adults 
the  differentiation  is  more  difficult  and  errors  are  not  in- 
frequent. 

C>ther  forms  of  renal  tumors,  such  as  the  cystic  kidneys, 
fibroma,  lipoma,  myoma,  etc.,  need  no  consideration  here. 

Mnriiltl,  Kilt  III  !i. — This  is  one  of  the  most  common  path- 
ological conditions  affecting  the  kidney,  and  it  renders  a 
kidney  otherwise  normal  easily  palpable  In  a  large  per- 
centage of  the  cases  there  are  no  subjective  symptoms., 
and  the  condition  is  discovered  accidentally  during  an 
examination  made  for  some  other  purpose.  In  some  cases 
there  are  subjective  symptoms  which  vary  greatly  in  the 
individual  cases.  These  are:  pain  of  varying  character 
and  site,  gastro-intestinal  symptoms,  symptoms  due  to 
pressure  upon  gall  duct  or  intestinal  tract,  periodical  hy- 
dronephrosis. These  symptoms  occur  in  many  combina- 
tions and  degrees  and  present  nothing  characteristic. 

The  tliagnosis  must  be  made  by  the  palpation  of  the; 
kidney.  Usually  the  peculiar  bean  shape  of  this  organ 
is  readily  recognized.  The  hilus  can  be  located  and- 
sometimes  the  renal  artery  palpated.  The  kidney  feels 
smooth,  firm,  and  of  a  normal  size  in  most  cases.  It  is 
not  especially  tender,  but  when  it  is  firmly  compressed 
a  jicciiliar  sickening  jiain  is  jmxluced.  The  degree  of 
motility  varies  from  a  minimal  amount  which  just  per- 
mits palpation  of  the  lower  pole  of  the  Iddney,  to  such  an 
amount  that  the  kidney  can  be  displaced  beyond  the 
median  line.  In  most  cases  the  kidney  can  readily  be  re- 
turneil  to  its  normal  location.  In  some  cases  the  movable 
kidney  comes  to  lie  within  the  circle  of  the  colon,  and. 
when  it  is  fixed  here,  the  diagnosis  is  a  very  difficult 
matter.    As  a  rule,  however,  the  diagno.sis  is  easily  made 

The  characteristic  shape  and  size  of  the  tumor  and  the 
ease  with  which  it  can  be  returned  to  the  normal  location 
of  the  kidney  furnish  sutficient  evidence.  Sometimes 
highly  movable  tumors  of  the  intestines,  omentum,  gall 
bladder,  and  pylorus,  when  tlu^ir  size  is  about  the  siune 
as  that  of  the  kidney,  are  mistaken  for  a  movable  kidney. 
but  usually  attention  to  the  history,  to  the  subjective 
and  objective  symptoms,  and  especially  to  the  relations 
of  the  tumor  to  the  colon,  will  remove  all  doubt.     Some- 
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liiiKJS  it  is  rather  diDiciilt  to  distiiijiuish  between  n  iiiov 
al)U'  kidney  and  a  toni^ue-like  iirojeetion  ot"  the  riirht 
]ol)('  of  the  liver.  Such  a  projection  is  often  quite  freely 
inovnble,  so  that  it  can  be  ])uslied  backward  into  the 
location  of  the  kidney.  Usually,  however,  it  has  a  dilfer 
ent  shai>e,  and  careful  i)jil])ation  will  show  it  to  be  in 
connection  witli  the  liver.  The  colon  lies  behind  inslead 
of  in  front  of  it.  Sonielinies  dilTerenlialion  is  aiiled  liy 
the  (h-nionstration  of  the  kidney  in  its  normal  loealion 
This  may  be  done  by  percussion  of  the  back,  which 
procedure  .shows  a  small  area  of  dulness  on  each  side  of 
the  spine,  contiinious  above  with  the  liver  or  spleen 
dulne.ss  and  bordering  externally  upon  the  tynii)auitic 
area  of  the  colon. 

TlWIORS   of   TMK    S.M.M.f.    IXTESTINKS. 

These  tumors  are  rare,  but  almost  any  kind  of  tumor 
may  appi'ar  in  connection  with  the  intestines.  Thesymj) 
tonis.  which  are  mainly  those  of  more  or  less  complete  in 
testinal  obstruction,  vary  somewliat  with  the  site  of  the 
tumor  The  connnonest  tumor  of  the  small  intestines 
is  carcinoma  of  the  duodeiuun.  This  causes  the  aniv 
mia  and  cachexia  which  connnonly  accompany  all  car 
cinomata.  and  at  the  same  lime  pain  in  the  right  hy|)0 
chondriac  region..  In  favorable  cases  a  tum<]r  develops 
{lei'jily  in  the  abdomen  and  shows  oidy  slight  molilily  or 
none  what<'Ver.  IJecause  of  the  obstruction  to  the  on 
ward  movement  of  the  intestinal  contents  gastric  symp 
toms  due  to  dilatation  of  the  sto?nach  are  prominent. 
When,  as  may  easily  hapjien.  the  conunon  duel  or  at  least 
its  oritice  is  narrowed,  we  tind  jaiuidice  and  the  results 
of  lack  of  the  iiancreiiiic- digestion.  Ascites  may  result 
from  compression  of  the  jiortal  vein. 

Wlienthe  tumor  issiluated  lowerihiwn  in  the  jejimum 
or  ileum,  the  gaslrie  symptoms,  jaundice,  and  ascites  arc 
less  common,  and  we  find  the  symptoms  of  gradually  in 
creasing  intestinal  obstnietion.  The  tumor  when  felt 
is  characterized  liy  e.\lreme  motility.  The  lower  the 
tumor  the  more  marked  the  etiect  njion  the  l.iowel  move 
ments  and  the  moie  easily  blood,  pus.  and  the  like  ajijiear 
in  the  fa'ces.  The  lower  the  lumor  the  grealer  the  (listen 
ticjn  of  the  abdomen  with  gas  and  material  accumulated 
alKJVe  till' tumor.  The  colleelion  of  the  g.is  is  cen'rally 
located  ill  the  neigliborhood  of  the  umliiliiiis. 

It  is  only  in  rare  cases  that  the  intesliiial  crises  of  loco 
motor  ataxia  cause  localized  spasmsof  the  intestinal  walls, 
and  .irive  rise  to  hard  inas.ses  that  may  easily  lie  mistaken 
formultiiile  tumors.  However,  if  theothersym)i1omsof 
tabes  are  carefully  sought  for,  it  is  not  likely  that  an 
error  in  diagnosis  will  be  made. 

When  the  small  intestines  are  tilled  with  gas.  and  espe 
dally  when  onward  movement  of  the  gas  is  |irevenled  liv 
an  obstruction  of  any  .sort,  such  as  an  intussuseeplioii 
volvulus,  or  internal  strangulation,  Ihey  are  ofleii  visible 
us  tumors.     They  dilfer  from  other  tumors  in  their  spoil 
taneous  motions,   which  in  these  cases  are  exaggerated 
beyond  the  normal,  even  to  the  point  of  being  felt  as 
well  as  , seen.      In  ,some  cases  of  intussusception   the  in- 
vaginated  portion  of  the  small  intestines  can  be  felt  as  a 
sausage  shaped,  motile   tumor.     Such   visibli'   peristalsis 
is  often  an  aid  to  diagnosis  in  cases  in  which  other  symp 
loins  point  to  an  intestinal  obstruction. 

When  the  amount  of  gas  is  very  large,  the  abdomen  as  a 
whole  is  greatly  swollen,  the  skiii  being  tense  and  shining, 
and  often  showing  the  blue  veins  through.  Tlie  general 
appcarincc;  is  like  that  of  aseiti'S.  but  percussion  will  at 
oiK-e  show  the  dilferenee.  The  shape  of  the  abdomen  dif 
fers  .somewhat  from  that  oliserved  in  asciles.  for  the  an- 
terior ])ortion  about  tlie  umliilicus  biilires  prominentlv, 
while  in  asciles  this  pari  is  llalleiied  and  the  Hanks  bulge. 
The  degree  of  ilislention  dejiends  mainly  upon  the 
amount  of  the  gas.  but  in  part  also  upon  the  tone  of  the 
inti'Slinal  wails.  If  tliis  is  lessened,  as  by  a  .generalized 
lieriloiiilis,  llie  dislenlion  is  much  greater."  The  liver  and 
spleen  with  the  diaphragm  are  pushed  upward,  thus  dis- 
placing ihe  heart  and  lower  pulmonary  borders.  The 
area  of  dulness  corresponding  to  the  liver  may  be  ob 
soured  by  the  iiitcstiues  rising  over  this  organ  iii  front. 
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In  emaciated  individuals  the  abdominal  aorta  may 
often  lie  fell,  and  its  pulsation  is  occasionally  visibh'. 
'I'liis  visible  pulsation,  however,  niusi  not  be  inter])reted 
as  indicaling  the  existence  of  an  abdominal  aneurism,  uii 
less  an  expansile  tumor  is  found.  'I'lie  indications  that 
such  an  aneurism  exists  vary  with  thesiteand  size  ol  Ihe 
tumor.  They  consist  in  part  of  pressure  .symptoms  and 
in  jiart  of  Ihe  physical  signs  of  an  aneurism.  The  jires 
sure  .symptoms  arc'  too  numerous  lo  mention,  for  any 
organ  or  nerve  in  the  abdomen  may  be  compressed.  The 
essential  and  peculiar  charact eristic  of  these  tumors  is  the 
expansile  pulsation.  No  oilier  tumor  shows  this  exeepi 
under  extraordinary  conditions.  Solid  tumors  alxjut 
large  vessels — for  example,  lumoisof  Ihe  retro]ieriloiieal 
lymph  glands — sometimes  show  expansile  [lulsalioiis  and 
may  for  this  reason  be  mislakeii  for  aneurisms.  Very 
vascular  neoplasms  may  show  pulsation  and  murmurs. 
Jlolile  sjiherical  tumors  resting  upon  large  vessels  often 
sIkiw  a  transmitted  pulsation,  which,  \ipou  careless  exam- 
ination, may  be  mistaken  for  an  exjiansile  pulsation.  The 
auscullation  of  abdominal  aneurisms  is  of  less  value  than 
might  be  expected,  for  murmurs  in  the  abdominal  vessels, 
both  veins  and  arteries,  ari'  nol  uncomnion.  Aneurisms 
of  Ihe  aorta  it.self  lie  to  the  left  of  the  median  line  and 
because  of  their  deep  location  often  enlarge  backward, 
thus  causing  bulging  and  pulsation  iiosteriorly.  Because 
of  the  close  relation  of  the  aneurism  to  the  nerves  of  the 
lumbar  jilcxus,  symptoms  of  pressure  on  the  nerves  (neu- 
ralgia, ana'sthesia,  paralyses)  arc>  often  early  and  promi- 
nent syni])toins.  Aneurisms  of  tlie  cceliac  axis  tend  to 
enlarge  forward,  and  because  of  tlieirclose  relation  to  the 
vena  port;e  they  often  cause  jaundice  and  asciles. 

TiMoiis  OF  TiiK  riF.Ti!oPKi!iToxi;.\i,  LvMi'ii  Gr..\xr>s 

occur  both  as  ])i  imary  and  as  secondary  jirocesses.  There 
may  be  several  small  lumois  or  one  or  more  large  ones. 
They  present  the  usual  characteristics  of  tumors  of  Ivmpli 
glands,  being  round  or  egg  sha])ed  in  some  cases,  and 
somewhat  nodular  in  others.  They  lie  dei'i>  in  the  ab 
donieii,  behind  the  inti-slines,  and  ,show  neither  passive 
nor  respiratory  motility.  When  resting  on  the  aorta 
lliey  may  show  a  transmitted  pulsation,  or  when  sur 
rounding  it  they  may  show  even  an  cxjiansile  pulsation. 
There  are  numerous  iiuthological  jirocesses  which  can 
cause  such  enlargements  of  Ihe  retroiieriloneal  lymph 
glands,  viz.,  tuberculosis,  li'uka'inia.  jiseudoleuka'inia, 
and  lymphosarcoma.  They  may  represent  melastases 
from  malignant  tumors  located  elsewhere  in  the  body. 
The  diagnosis  of  tlie  nature  of  the  tumor  is  based  mainly 
upon  a  consideration  of  the  liislory  and  upon  the  coiisti 
lulioiial  dislurliances  which  may  be  preseiil.  The  ab 
seiice  of  anything  ]ioiiiliiig  to  disease  of  ol  her  organs  in 
the  abdomen  often  aids  the  iihysician  in  making  a  correct 
diagnosis  Finally,  it  may  be  found  imiiossible  to  learn 
the  exact  situation  and  true  nature  of  sni'li  glandular 
tumors  except  by  means  of  an  exploratory  opiraliou, 

TfMons  (i|.'  ■nil-;  Pkimtonkt-m  and  O.mkntum. 

These  occur  cither  in  the  form  of  a  solid  tumor  (tuber- 
culous, carcinomatous,  or  sarcomatous  in  ils  nalurejor 
in  lliat  of  a  circumscribed  exudate  of  one  .sort  or  another. 

'/'ii/iireii/'ii/s ]iii-iliiiiilix<.bi>\v>i  itself  in  a  variety  of  ways' 
it  may  cause  ditfuse  enlargements  of  the  abdomen,  or 
localized  fiuiil  exudates,  or  separate  liiinor  masses.  The 
(lilTuse  enlargemenls  have  been  considered  in  the  pani 
graphs  upon  ascites.  The  localized  lluid  exudates  and 
Ihe  tumor  masses  may  oc-cur  aii\'wliere  Ihroughoul  llie 
alidomen  and  may  be  single  or  mulliple.  It  is  usuallv 
more  ditliciilt  to  make  a  correct  diagnosis  when  one  such 
focus  of  diseases  is  present  than  when  Ihere  are  several. 
Becau.se  of  the  fact  of  Iheir  varying  locations  notliing  can 
be  s;iid  as  lo  their  relations  to  Iheotheralidominal  organs. 
Either  of  the  two  conditions  named  may  occur  sejiaralely, 
bill  in  many  casi-s  there  is  a  more  or  less  geiii-ralized  af- 
fection of  the  peritoneum  accompaui(  ,1  by  a  lluid  exudate 
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which  lies  free  in  the  pcriloncal  cavity  iind  wliich  is  often 
suthciellt  ill  uiiioiinl  l<i  cover  up  the  loenlized  process. 
When  Iheie  is  such  ii  collection  ol'  lliiid,  sulticieiil  should 
be  wilhdmwii  1(1  eiiahle  one  to  delcnninc  its  chmiictei-. 
If  it  is  an  exudate,  as  shown  by  its  high  specific  irmvit y 
and  iH'i-ccntuge  of  albuniiii,  liic  case  is  one  of  chninic 
peritonitis.  In  some  ca.ses,  although  not  many,  its  tulicr- 
culous  nature  can  be  shown  by  the  di'inonst ration  of  the 
tubercle  bacilli  or  by  inoculatiiai  of  a  guinea  pig.  In 
most  cases,  however."  this  fails,  and  the  diagnosis  must 
be  nuule  by  a  close  scrutiny  of  the  other  organs  of  the 
body.  The  dcmonstnition  of  a  tuberculous  jiroccss  else- 
whore  in  the  body,  as  in  the  lungs,  lymph  glands,  bones, 
or  testicles,  speaks  strongly  (or  the  tulierculous  nature  of 
the  process  in  the  abdominal  cavity.  A  coincidiait  intlani 
mation  of  one  or  more  other  .serous  surfaces,  such  as  I  lie 
pleura  or  i)ericardimn.  also  speaks  for  the  tuberculous 
nature  of  the  |iidcess.  The  absence  of  symptoms  jioint- 
ing  to  careiiKana  of  any  organ,  especially  any  organ  in 
the  abdomen,  such  as  the  stomach,  uterus,  or  rectum,  is 
an  additional  fact  in  favor  of  the  tuberculous  nature  of 
the  chronic  peritonitis. 

In  some  doubtful  cases  the  tuberculin  test  may  aid.  A 
positive  reaction  in  the  aliscnee  of  manifest  tuberculosis 
in  some  other  part  of  the  body.  s|ii-aks  strongly  for  tlie 
tuberculous  nature  of  the  abdominal  process,  but  the 
absence  of  the  reaction  does  not  exclude  tuberculosis. 
The  blood  should  be  examined,  and  the  absence  of  any 
increase  in  the  number  of  leucocytes  speaks  fortuliercu- 
losis,  because  it  speaks  against  the  other  common  cause 
for  chronic  peritonitis,  viz.,  the  neoplasms. 

Tuberculosis  affecting  the  omentum  often  causes  it  to 
shrink  up  into  an  elongated,  sausage-shaped  tumor  lying 
tninsversely  across  the  U]i])er  part  of  the  alidomen.  Sucli 
a  tumor  is  so  i)eculiar  that  its  origin  is  at  once  manifest, 
but  other  processes  than  the  tuberculosis  can  cau.se  the 
same  deformity  of  the  omentum.  Attention  to  the  points 
mentioned  above  and  the  exclusion  of  cancer  of  the 
organs  commonly  affected  will  usuall}'  establish  the 
nature  of  the  tumor. 

Localized  lluid  tul)erculous  exudates  have  often  been 
mistaken  foro\'arian  cysts  even  by  experienced  oliservers. 
but  attention  to  the  points  given  above,  especially  to  the 
character  of  the  fluid  obtained  on  aspiration,  will  usually 
make  the  correct  diagnosis  possilile. 

Lwrilized  suppuratire  procifineis  in  the  abdomen,  such  as 
an  appendicular  abscess,  often  produce  a  well  defined 
tumor.  The  accompanying  constitutional  symptoms — 
irregular  fever,  chills,  sweating,  leucocytosis.  etc. — to- 
gether with  the  local  pain  and  tenderness,  are  usually 
sufiicient  to  show  the  nature  of  the  ].irocess.  and  careful 
attention  to  the  history  will  show  the  jji-obable  point  of 
origin.  Such  abscesses  may  occur  anywhere  in  the  ab- 
domen, but  there  are  certain  sites  of  jn-cdilcctiou.  For 
example,  they  are  common  in  the  neighborhood  of  the 
appendix,  but  the  appendicitis  <'an  cause  abscesses  in 
other  parts  of  the  alidomen  remote  from  the  appendix. 
They  also  often  arise  from  \arious  infective  processes  in 
the  female  genitalia.  Perforating  ulcers,  especially  tliose 
of  the  stomach  and  duodenum,  may  also  furnish  a  con- 
siderable number  of  these  cases.  Infective  processes  in 
the  liver  and  bile  passages  do  the  same  thing. 

Xeoplastnx  of  the  petitoni'iDn  are  far  more  frequently 
secondary  than  primary.  The}-  are  oftenest  secondary  to 
carcinoma  of  the  afidominal  viscera,  but  the  ]iriniary  tumor 
may  be  remote,  as  in  flic  breast.  The  clinical  manifesta- 
tions are  almost  exactly  the  same  as  those  of  tubercu- 
lous peritonitis — viz.,  vomiting,  hiccough,  and  intestinal 
disturbances — together  with  the  development  of  tumor 
masses,  usually  multiple  and  often  accomiiauied  by  large 
amounts  of  fluid  exudate,  either  lying  perfectly  free  m 
the  peritoneal  cavity  or  jiartially  e'neaiisulafed.  The 
effects  on  the  omentum  are  often  exactly  like  those  pro- 
duced by  tuberculosis.  The  fluid  obtained  by  puncture 
has  the  characteristics  of  an  exudate,  is  often  hemor- 
rhagic, and  may  be  fatty.  In  these  respects  it  is  ex- 
actly like  the  tuberculous  exudate.  It  never  contains 
tubercle  bacilli  and  does  not  excite  tuberculous  peritonitis 


in  th(!  guinea  pig,  but  sometimes  it  contains  cancer  cells 
either  singly  or  in  groups. 

If  the  primary  tumor  is  discovered,  the  diagnosis  of 
the  nature  of  the  process  is  easily  made.  When  no  such 
tumor  can  be  found,  the  diagnosis  will  rest  uiion  the  ex- 
clusion of  tuberculous  peritonitis. 

Other  peritoneal  tumors,  such  as  lipoma,  fibroma,  cysts 
of  the  mesentery,  and  chylous  cysts,  arc  so  rare  that  they 
need  no  <-oiislderation.  and.  in  fact,  are  seldom  diagnosed 
except  by  the  aid  of  au  exploratory  laparotonn'. 

Tumors  of  the  Bl.'vddek. 

The  true  neoplasms  of  the  bladder  arc  quite  rare  and 
they  do  not  cause  palpable  abdominal  tumors.  There 
is  ]iiactically  only  one  condition  which  renders  the  blad 
der  pal|ialile,  and  that  is  the  retention  of  urine.  This 
causes  a  long  oval  tumor  w  hicii  rises  upward  from . 
the  pelvis  to  almost  any  height,  even  beyond  the  um- 
bilicus. It  is  rounded,  smooth,  tense,  and  usually  not 
tender.  It  lies  as  a  rule  exactly  in  the  median  line  and  is 
dull  on  percussion.  The  patient  may  or  may  not  jiass 
any  urine. 

The  diagnosis  is  manifest  when  the  patient  is  passing 
no  urine.  Inif  it  is  not  always  so  clear  when  the  urine  is 
constantly  dribbling  away.  The  introduction  of  a  cath 
etcr  and  the  disappearance  of  the  tumor  u|ion  the  with- 
drawal of  the  urine  make  the  diagnosis  plain  The  dis- 
covery of  the  cause  of  the  retention  is  a  different  problem. 

Ii.io-pso.vs  Abscess. 

This  variety  of  abscess  appears  as  a  tumor  on  one  side 
of  the  spine  or  in  the  iliac  fossa.  Its  size  and  .shape 
vary  greatly.  It  lies  deeply  behind  the  intestines.  It  is 
painful  and  tender,  but  not  to  an  cxtreiue  degree,  for  most 
of  these  abscesses  are  of  tuberculous  nature.  The  thigh  is 
flexed  and  rotated  outward.  Usually  the  nature  of  such 
abscesses  is  at  once  manifest  because  of  the  deformity  of 
the  spine  and  of  the  disturbances  in  the  function  of  the 
spinal  cord  This,  however,  is  not  always  .so.  and  there- 
fore whenever  an  abscess  is  found  in  this  region,  or.  for 
that  matter,  in  any  region  in  which  such  a  gravitation 
abscess  may  occur,  the  spine  and  the  areas  supplied  by 
the  spinal  nerves  should  be  carefully  examined.  Such  an 
exaiuination  will  exclude  the  appendicularabscesses  or  an 
abscess  arising  in  this  region  secondary  to  suppui-alion 
in  the  pelvis. 

TiMous  01'^  THE  Uterus. 

There  is  usually  not  much  diffictilty  in  recognizing  a 
tumor  of  the  uterus  as  such  Its  situation  low  down  in 
the  median  line,  its  evident  origin  in  the  ]ielvis.  the  ease 
with  which  motion  is  transmitted  from  the  ttimor  to  the 
cervix,  and  rice  rerm, — these,  together  with  the  altera- 
tions in  the  genital  functions  usually  found,  are  sufficient 
in  most  instances  to  show  that  the  tumor  docs  arise 
from  the  uterus.  A  diagnosis  of  the  nature  of  the 
tumor  is  a  far  more  difficult  matter,  and  even  the  most 
expeit  often  err  in  their  judgment  as  to  the  nature  of  a 
tumor  which  plainly  arises  from  the  uterus. 

Pi-egiifiiiei/. — This  causes  a  progressive  enlargement  of 
the  uterus,  and  it  has  been  a  fruitful  source  of  errors  in 
diagnosis.  The  resulting  tumor  issmooth.  round,  and  not 
tender;  menstruation  ceases;  the  breasts  undergo  changes; 
and  in  course  of  time  the  fo'fal  heart  tones  and  move 
meiits  appear.  Tlie  conimonest  ditficulty  is  that  of  dis- 
tinguishing luegnancy  from  uterine  fibromata.  These 
cause  enlargement  of  the  uterus,  often  as.sociated  with 
irregularity  in  the  menstruation,  less  often  with  ces,s;ttion 
of  this  function.  The  enlargement  of  the  uterus  is  not 
so  symmetrical  as  it  is  in  pregnancy,  and  the  rate  of 
growth  is  not  so  rapid.  In  pregnancy  the  .size  of  the  tu- 
mor shows  a  nearly  constant  relation"  to  the  dunitiou  of 
the  ]ieriod  during  which  menstruation  ceases.  It  is  not 
permissilile,  under  these  conditions,  to  resort  to  a  meas- 
urc'inent  of  the  uterine  cavity  liy  means  of  the  uterine 
jirobe.  The  diagnosis  becomes  siill  more  diflicidt  when 
the  two  conditions  (pregnancy  and  a  tumor)  arc  com- 
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biucd,  V)ut  attcution  to  tlie  shape  of  the  iitcnis,  tlic  rate 
of  cnlarircnK'nt.  and  tlii'  ordinary  .signs  of  iircynancy  will 
iisnalh  ciialilc  one  to  arrive  at  a  correct  coneliision.  If 
any  doubt  remains,  the  diagnosis  must  be  reserved  until 
the  time  arrives  for  the  appearance  of  the  sure  signs  of 
jiregnancy. 

AVheii  the  pregnancy  occurs  in  one  horn  of  a  bieornate 
uterus,  the  resulting  tumor  ditfers  so  much  from  the  ordi- 
nary tumor  of  pregnuney  that  <'rror  may  arise.  The  usual 
syniptoms  of  pregnancy  arc  jiresent,  and  the  diagnosis  of 
[iregnancy  can  be  made  as  early  here  as  in  a  normal  ease. 
Careful  liimanual  examination  will  usually  make  the  cor- 
rect diagnosis  possible.  Such  a  tumor  may  be  taken  ior 
an  ovarian  tiunor.  Ovarian  tumors,  however,  are  usu- 
ally farther  removed  from  the  median  line;  there  is  no 
relation  l)etween  tlu'ir  si/e  and  t"he  duration  of  the  dis 
turbances;  the  signs  of  pregnancy  are  usually  entirely 
absent ;  and  tlie  motion  of  the  tumor  is  not  transmitted  so 
completely  to  the  cervi.x. 

/■'ihri/itl  Tuiiior-s  ijf  tlif  I'tii-iis. — Tliese  are  Very  com- 
mon, especially  in  women  ])ast  the  middle  |)oint  of  life. 
They  cau.se  a  greater  or  less  increase  in  the  si/e  of  the 
uterus,  which  may  even  reach  such  a  bulk  as  to  oc- 
cupy the  main  port,ion  of  the  abdomen.  They  cause  ir 
regular  and  often  profuse  uterine  hemorrhages,  and  are 
associated  with  irritability  of  the  bladder  and  rectum, 
with  l>ain  in  the  jielvis  and  legs,  and  often  with  o'dema 
of  the  latter.  The  enlargement  of  the  uterus  is  usually 
very  grossly  iriegular  and  nodular.  The  tumors  feel 
liard.  and  in  rari'  cases  they  may,  from  cystic  degenera- 
tion, yield  fluctuation.  They  vary  greatly  in  size  and 
shape,  being  often  .sessile  or  hemispherical.  Sometimes 
they  arc  pediuiculated  and  show  considerable  passive 
motility.  The  uterine  cavity  is  lengthened  and  irregular. 
Tliese  tumors  lie  in  front  of  the  colon,  sigmoid,  and  small 
intestines. 

In  cases  such  as  we  are  now  con.sidering,  the  diagnosis 
is  dithcult  only  when  the  tumors  are  so  small  that  they 
caimot  be  felt  from  above.  The  main  point  of  differentia- 
tion between  tlie  tibromata  and  pregnancy  have  been  al- 
ready mentioned.  In  the  case  of  movable,  subperitoneal, 
an<l  pedunculated  tumors  of  the  uterus,  tlie  diagnosis  is 
sometimes  (|uile  difficult,  especially  when  the  tumor  is 
single.  Fortunately  this  is  exceptional.  Such  movable 
tumors  may  l)e  taken  for  an  ovarian  cyst,  for  a  movable 
kidney,  or  for  a  tumor  of  the  intestines,  but  attention 
to  the  history  and  a  careful  examination  will  enable  the 
phy.sician  to  distinguish  between  them. 

C'diii-crtiftlii-  UtcriiK. — The  primary  uterine  tumor  rarely 
attains  sufficient  size  to  present  itself  as  an  aixloniinal 
tumor,  and  in  these  rare  instances  the  condition  of  the 
patient  is  such  that  the  diagnosis  is  manifest  from  the 
<-achexia,  ana'uiia,  and  profuse,  fetid,  bloody  vaginal 
<lischarge.  The  metastases  of  uterine  carcinoma  fre- 
quently present  themselves  as  abdominal  tumors  of  either 
the  liver,  the  peritoiK'um,  or  the  lympli  glands,  and  since 
the  secondary  tumor  may  far  exceed  the  primary  tumor  in 
size,  these  metastases  may  be  mistaken  for  jiriniarv  tu- 
mor.s.  It  is  therefoie  wise  to  examine  the  uterus  in  all  cases 
of  abdominal  tumors  of  obscure  origin.  If  such  tuniias 
may  by  any  ])ossiliility  be  secondary  to  a  uterine  carci- 
noma, and  the  uterus  is  founil  enlarged,  or  a  fetid  <lis- 
charge  w  ithout  enlargement  of  the  uti'rus  is  found,  scrap- 
ings from  the  uterus  should  be  examined  micro.scopieally. 

liiti  iition  of  Ml  ii.it rmil  Fhilih. — This  may  cause  very 
great  enlargement  of  the  uterus.  The  diagnosis  is  usu- 
ally simi)le.  The  cervix  is  found  obliterated,  there  is  no 
menstrual  tlow.  Imt  the  patient  sutlers  at  regular  inter- 
vals from  the  other  symptoms  of  menstruation. 

OVAIilAN    f^VSTS. 

The  dia,gnosis  of  this  common  disease  of  tlie  ovary  is 
based  almost  entirely  upon  the  results  of  physical  exam- 
ination, for  such  cysts  bring  about  no  characteristic 
alteration  in  the  function  of  the  genitalia.  Cysts  which 
are  so  small  that  they  remain  within  the  i)elvis  do  not 
call  for  any  special  consideration  in  this  place. 


Confusion  between  an  ovarian  cyst  and  such  conditions 
as  collections  of  gas  in  the  intestines,  an  over  distended 
bladder,  accumulations  of  fa'ces  in  llii'  colon,  ]iregnancy. 
fat  alidominal  walls,  and  moderate  sized  collections  of 
free  tliiid  in  the  abdomen  can  ])ersist  only  when  the  ex- 
amination is  in<-omplete.  Careful  ])alpation.  percussion, 
and  auscultation  in  a  patient  ]u-operly  piepared  for  ex- 
amination by  complete  evacuation  of  the  bladder  and 
rectum  will  prevent  such  errors.  TIk;  dilferenliation  be- 
tween ovarian  cysts  and  localized  colleclions  of  fluid  in 
the  abdomen,  cysts  of  other  organs  in  tlie  abdonieii,  and 
certain  tumors  of  I  be  uterus  is  far  more  diflicult,  and 
sometimes  is  impossible  without  exiiloratory  incision. 

Encysted  peritoneal  exudates,  usuall^df  a  tuberculous 
or  carcinomatous  origin,  may  very  closely  resemble  the 
ovarian  cyst.  In  many  of  these  cases  the  results  of  the 
physical  examination  are  such  as  to  tit  as  well  with  one 
condition  as  with  the  fither.  but  in  general  the  outlines  of 
the  ovarian  cysts  are  shar[)er  and  more  distinct,  and  the 
tumors  tbemselves  are  often  more  motile  in  response  to 
the  changing  position  of  the  patient.  Usually  there  is 
no  lluid  free  in  the  peritoneal  cavity,  in  the  case  of  an  ova- 
rian cyst,  wliile  this  is  quite  common  in  both  the  tubercu- 
lous and  the  carcinomatous  varieties  of  peritonitis.  In 
many  cases  li.ght  may  be  obtained  from  fither  sources — 
the  history  of  the  case,  the  body  temperature,  the  ]ia- 
tient's  .general  condition,  her  behavior  under  Koch's  tu- 
berculin test,  and  ail  examiniilion  of  the  other  organs  of 
the  body.  In  still  oilier  eases  it  is  necessary  to  make  an 
exiiloratory  puncture  in  order  to  ascertain  the  character 
of  the  tluid.  If  the  fluid  is  an  exudate,  it  will  present 
the  characteristics  described  above.  The  fluid  of  different 
ovarian  cysts  varies  considerably  in  specific  gravity,  from 
1.007  to  l.O'^O  or  more.  In  one  case  it  is  a  thin  serous 
fluid ;  in  another,  a  gelatinous  material.  It  contains 
considerable  albumin  and  paralbumin.  Microscopically 
there  is  nolhing  peculiar  to  these  cysts  except  the  cylin- 
drical e|iitlielium  occasionally  found. 

Localized  purulent  exudates  may  present  the  same 
physical  signs  as  an  ovarian  cyst,  biit  the  constitutional 
disturbances  and  blood  changes  are  so  marked,  and  the 
history  of  the  onset  shows  such  an  acute  licginning,  that 
it  is  not  often  that  any  confusion  arises  between  the  two 
conditions.  Exploratory  puncture  will  remove  the  doubt, 
if  any  cxi.sts. 

Ecliinococcus  cysts  developing  in  the  jicritoneum  or 
tissues  near  the  ovaries  may  in  some  rcsiiects  resemble 
ovarian  cysts.  The  discovery  of  the  tlirill  peculiar  to 
the  former  cy.sts,  or  the  finding  of  the  booklets  and 
.scolices  in  the  fluid  evacuated  liy  exploratory  puncture, 
would  naturally  remove  all  doubt. 

Ilydronephro.sis  is  at  times  confused  with  tfie  ovarian 
cyst.  It  presents.  Iiowever,  this  distinguishing  feature; 
it  lies  lichind  and  to  the  side  of  the  colon  and  small  in- 
testines, while  the  ovarian  cyst  forces  these  upward  and 
backward.  The  ovarian  cysts  rise  out  of  tlie  pelvis, 
wiiile  the  hydrone]ilu'osis  comes  forward  and  downward 
from  tlie  lumliar  region.  Many  cases  of  hydronephrosis 
present  urinary  changes,  and  in  some  cases  the  dilferen- 
tiation  can  be  made  certain  by  the  demonstration,  by 
jialpalion,  of  normal  ovaries.  Puncture  of  the  hydro- 
nephrosis may  yield  a  fluid  containing  urea. 

Pancreatic  cysts  can  almost  always  be  distinguished  by 
the  fac-t  that  they  displace  the  colon  downwaiil. 

The  recognition  of  ])edun<'ulati'd  fibroids  of  tlie  uterus, 
when  the  uterus  is  otherwise  free  from  flbroniata,  is  a 
very  dithcult  matter,  and  in  many  cases  the  differentia- 
tion can  be  made  by  exploratory  inci.sion  only. 

Cystic  fibromata  of  the  uterus  may  very  closely  resem- 
ble ovarian  cysts,  but  usually  they  are  of  slower  growth 
and  I'Xeite  less  constitutional  disturbance. 

Tumors  of  the  livi'r  and  siilceii  can  be  difTcrentiated  by 
the  signs  described  in  the  iiara.nraphs  devoted  to  these 
subjects.  Tumors  of  the  omentum,  iiieseiitery,  and  ]ieri- 
toncum  arc  not  always  easily  distinguished  from  ovarian 
cysts,  but  in  most  cases  they  can  be  shown  to  arise  above 
iustea<l  of  in  the  jielvis. 

Ascites  and  cysts  of  the  ovaries  have  quite  often  been 
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ciiufiisi'il.  V)ut  this  error  is  possible  only  when  the  ryst 
is  so  111 rse  as  eoniplelely  lo  lill  the  abdomen  or  the  us 
cites  is  so  jrreiit  that  there  is  no  central  area  of  tyin- 
niuiy.  In  (it iier  eases  the  error  arises  from  earelessness. 
The"  history  of  an  ovarian  eyst  is  far  longer  than  that  of 
an  ascites.  If  the  fluid  in  the  abdomen  is  a  transudate,  it 
is  a  symptom  of  some  disease  whicli  ouuht  lo  show  oilier 
symptoms  as  well.  I'suiiUy  the  iirimary  di.sea.se  is  of  I  lie 
liver,  hut  it  is  possible  for  eilher  ii  heart  or  a  renal  (lis 
ease  to  cause  an  ascites  without  produeiiiir  any  (edeniii 
of  the  legs.  The  various  forms  of  (  hronie  peritonilis  may 
give  rise" to  as  large  collections  of  tluid  in  the  abdomen, 
but  the  history  is  usually  brief,  and  the  constitulicmal 
symptoms  of  tuberculosis  or  carcinoma,  the  two  common 
causes  of  chronic  peritonitis,  are  eilher  ])re.sent  already 
or  soon  develop.  Kxplonitory  puncture  is  a  valuable  aid 
and  should  be  employed. 

.•v)//(/  Til iiif/i-s  of  the  Oi-iirii's. — There  is  a  large  variety  of 
these  tumors,  none  of  which  presents  anything  espe- 
cially characteristic  in  its  clinical  course.  The  most  im- 
portant are  the  carcinoniata.  the  sarcomata,  and  those 
tumors  which  result  from  tuberculosis.  The  carcinomata 
grow  rapidly,  producing  irregular  nodular  tumors  in  the 
pelvis  and  lower  part  of  the  alidomen.  and  accompanied 
by  the  symptoms  of  a  chronic  pcritcmitis.  by  cachexia, 
aiid  In"  ana-mia.  Carcinonia  and  sarcoma  cannot  be  dis- 
tinguished clinically.  The  dlllVrentiation  of  these  from 
the  tumors  produced  by  tuberculous  disease  is  often  very 
dilTicult.  especially  when  the  patient  is  of  such  an  age 
that  either  might  be  present.  A  positive  reaction  to  the 
Koch  tuberculin  test  speaks  for  tuberculosis,  but  the 
failure  of  such  reaction  does  not  exclude  it.  Leucocytosis 
speaks  for  cancer.  Before  a  correct  diagnosis  can  be 
made,  it  may  be  found  neccsssiry  to  resort  to  an  explo- 
ratory operation. 

There  are  still  oilier  pathological  conditions  in  the  pel- 
vis which  manifest  themselves  as  abdominal  tumors; 
such  are,  for  example,  a  collection  of  tluiil  in  a  Fallojiiau 
tube,  a  pelvic  abscess,  and  an  extra-uterine  pregnancy. 
The  resulting  abdominal  tumor  may  lie  of  considerable 
size.  In  such  instances,  however,  the  history  of  the  case 
and  the  existing  symptoms  and  evidences  usually  rentier 
the  diagnosis  plain. 

Tumors  of  the  Colon. 

These  tumors,  irrespective  of  their  nature,  induce 
alterations  in  the  character  and  frequency  of  the  move- 
ments of  the  bowels. 

Feenl  Tuinni-K. — These  are  very  common,  especially  in 
■women,  and  have  been  the  source  of  many  embarrassing 
errors,  all  of  which  could  have  lieen  avoided  if  a  thorough 
evacuation  of  the  liowels  had  tirst  been  secured.  The 
fact  that  the  patient's  bowels  have  moved  daily  should 
not  lead  to  the  neglect  of  this  precautionary  measure. 
for  the  fieces  may  accumulate  in  large  masses  even  when 
the  bowels  move  daily. 

The  fieees  tend  to  accumulate  in  the  flexures  of  the 
colon — the  sigmoid,  the  splenic,  and  the  lic]iatie  Hexun-s 
— and  in  the  ciecum.  but  they  may  accumulate  anywhere 
in  the  course  (jf  the  large  intestine.  The  resulting  tumor 
may  be  of  large  size,  and  its  outlines  are  usually  of  ir- 
regular shape.  While  it  possesses  a  certain  degree  of 
solidity,  it  can  generally  be  moulded  into  a  different 
shape,  and  this  ne^v  shape  will  remain  permanently. 
These  tumors  may  po.ssrss  considerable  motility.  Ac- 
cording to  the  different  sites  which  they  occujiy  they 
may  simulate  a  great  variety  of  pathological  conditions. 
but  in  all  such  instances  the  sinnile  evacuation  of  the 
bowels  will  quickly  clear  up  the  diagnosis. 

Gas  in  the  Culiin, — This  may  causca  great  distention  of 
theahdomen,  and  this  eiilargenu'nt.  at  least  at  first,  is 
limited  to  its  outer  and  uiijier  poilions.  the  central  por- 
tion being  left  free.  The  fact  that  the  swelling  is  due 
to  gas  is  shown  at  once  by  ]iercussion.  These  accumu- 
lations of  gas  are  often  of  great  significance  in  cases  of 
intestinal  obstruction,  giving  as  they  do  some  clew  to 
the  site  of   the   obstruction  T  it  being  evident  that   the 


lower  the  obstruction  the  greater  will  be  the  portion  of 
the  colon  distended.  The  degree  of  distention  depends 
mainly  ujion  the  amount  of  gas,  but  the  resistance  of 
the  intestinal  walls  is  also  important,  and  when  they 
are  weak  and  have  lost  their  tone — as,  for  example,  in 
cases  of  generalized  peritonitis — the  distention  is  often 
extreme.  I'sually  this  distention  of  the  colon  with  gas 
is  accompanied  by  a  like  condition  in  the  small  intestines. 

Ciiiifi  r  uftin  Ciihni. — The  clinical  [licture  includes  pain, 
which  is  both  localized  and  radiating,  and  which  often 
occurs  in  the  form  of  attacks  of  colic.  In  most  eases 
there  is  const ijiat ion.  which  may  gradually  increase  even 
lo  the  iioint  of  complete  obstruction;  but  in  some  cases 
there  may  be  diarrluva.  The  stools  usually  become 
small  and  ribbon-like,  and  are  often  mixed  with  mucus, 
blood,  and  pus,  and  .sometimes  contain  fragments  of  the 
tumor  tissue.  These  local  symptoms  are  accompanied  by 
the  secondaiT  ana^niia  and  cachexia  w  liich  are  common 
to  carcinonia.  no  matter  what  organ  it  may  involve. 

The  presence  of  a  tumor  which  can  be  felt  is  by  all 
odds  the  most  important  symjitom ;  and  while  it  does  not 
exist  in  all  cases,  it  certainly  does  in  the  great  majoritv 
of  them.  The  size  of  the  tumor  varies,  and  mav  reach 
that  of  an  adult  head.  It  is  hard,  irregularly  round  or 
cylindrical  in  shape,  and  furnished  with  a  "smooth  or 
nodular  surface.  As  a  rule  it  is  moderately  lender,  but 
it  may  be  extremely  tender  in  certain  cases. 

The  tumor  is  generally  very  movable,  especially  when 
it  involves  the  sigmoid  flexure  or  the  transverse  colon ; 
but  it  may  also  be  movable  when  it  involves  the  ciecum 
or  either  of  the  longitudinal  portions  of  the  colon.  Such 
tumors  may  be  moved  by  the  hand  of  the  examiner,  by 
the  peristaltic  movements  of  the  intestines,  by  the  force 
of  gravit\-,  and  by  the  respiratory  motions.  The  passive 
motility  is  most  marked  in  the  case  of  tumors  of  the 
sigmoid  flexure  and  (if  the  transverse  colon,  on  account 
of  the  greater  length  of  their  mesocolon.  The  displace- 
ments due  to  the  force  of  gravity  are  often  considerable 
and  may  render  the  diagnosis  quite  difficult,  for  the  rea- 
son that  the  tumor  ma_v  be  found  occupying  a  position 
remote  from  the  normal"  site  of  the  colon.  "  Thus,  for  ex- 
ample, a  tumor  of  the  transverse  colon  may  lie  at  the 
pelvic  inlet,  or  one  of  the  sigmoid  flexure  may  lie  close 
to  the  ciecum. 

The  accunudation  of  the  fneces  above  the  point  where 
the  lumen  is  narrowed  by  the  carcinoma  leads  to  fre- 
(luent  errors  in  the  matter  of  estimating  the  size  of  the 
new  growth.  These  fecal  masses  may  feel  as  hard.  firm, 
and  irregular  as  the  cancer  itself,  and  the  palpating  lin- 
ger may  not  be  al.ile  to  distinguish  the  one  froni  the 
other.  In  such  cases,  as  in  those  in  which  it  is  necessary 
to  distinguish  between  the  fecal  mass  and  other  forms  cif 
tumor,  vigorous  and  repeated  purgation,  and  flushing  of 
the  colon,  must  be  practised. 

Peritoneal  exudates,  especially  those  about  the  appen- 
dix, \WA.\  be  extremely  difficult  to  distinguish  from  carci- 
noma of  the  ca'cum.  They  may  fonn  hard  and  irregular 
tumors,  whicli  may  obstruct  the  intestinal  canal  and  may 
cause  bloody  and  purulent  stools.  The  presence  of  fever 
and  an  u'deniatous  condition  of  the  skin,  taken  in  con- 
nection with  the  history  of  the  case,  will  point  to  pei'i- 
toniti.s. 

Tumors  of  the  transverse  colon,  because  of  their  close 
anatomical  relations  to  the  stomach,  duodenum,  and  pan- 
creas, may  lie  confused  \vith  tumors  of  these  organs. 
The  .symptoms  of  tumors  of  the  colon  are  chiefly  dis- 
turbances in  defecation,  such  as  constipation  or"  diar- 
liiQ'a ;  bloody,  muc(ms,  or  purulent  stools;  and  ribbon- 
like  form  of  the  latter.  These  tumors  are  also  more 
movable  than  are.  as  a  rule,  the  tumors  of  neighboring 
organs.  Distention  of  the  colon  from  below  with  gas  o"r 
fluid  can  be  followed  upward  to  the  tumor  mass,  where 
it  is  stopped  or  retarded.  Inflation  of  the  stomach  throw  s 
the  tumor  downward  and  forward. 

In  cases  in  whicli  the  tumors  have  migrated  from  the 
normal  location  of  the  vi.seus.  their  relations  to  the  colon 
can  be  demousi rated  by  inflation  of  the  colon. 

Tumors  of  the  sigmoid  flexure  mav  be  confused  with 
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tumors  arising  fnmi  the  ovaries,  tubes,  aud  ]i(ri  utc-riiic 
tissues,  but  the  syniptouis  of  intestinal  dislurbanees  arc 
more  marked  here  than  in  llie  ease  of  tumors  situated 
higlier  up.  A  careful  pliysieal  examination  will  reveal 
(litfereiiccs  liclwecu  these  dilTerent  eiindilions. 

'I'umors  situated  lower  down,  as  in  the  rectum,  are  not 
abdominal  tumors,  bul  they  ha\c  so  imporlant  a  hearinu: 
upon  them  tliat  it  should  airain  lie  stateil  that  in  all  eases 
which  ari'  in  the  Iciist  ubscurc.  even  when  there  are  no 
symptoms  poinliiiL'  dircclly  to  the  rectum,  the  latter 
should  be  examined. 

AflM-,MUCII,.\It    AliSCESSK.S. 

Tlie.se  are  often  of  large  size.  Disease  of  the  ap 
pendi.\  may  cause  an  abscess  to  form  not  merely  iu  the 
immediate  vicinity  of  that  or!>an,  but  also  in  some  remote 
part  of  the  abdoineu.  Tlie.se  more  remotely  situated 
abscesses  have  been  considered  in  the  parai;ra|ilis  de 
voted  to  localized  and  •■ucapsulated  pciilduitis.  but  it 
still  remains  to  mention  the  ali.scesses  iu  the  region  of 
the  appendix.  ^Vhile  it  is  (rue  that  the  ilia,<rnosis  of  ap- 
pendicitis previous  to  the  formation  of  a  tumor  is  often 
difticult,  after  this  has  happened  the  diagnosis  is  easy. 
The  si/.e,  shape,  an(\  exact  location  of  the  tumor  are  sub 
ject  to  wide  variations,  bul  the  history  of  a  sudden  onset 
aud  the  existence  of  localized  jiain.  associated  with  gastio- 
inlestinal  disturbances,  with  a  chill,  and  with  elevated 
temperature,  sutliceto  show  the  nature  of  the  process. 

Ab.scesses  in  this  region  arising  from  other  structures 
arc  encountered,  but  they  are  ilecidedly  less  common  than 
the  appendicular  abscesses.  Those  which  develoj)  in  the 
female  genitalia  arc  freciucnt,  but  the  history  .shows  dis 
turbances  in  the  functions  of  these  organs  and  opportu- 
nities for  their  infection.  These  facts,  taken  in  conjtmc- 
tion  with  the  results  of  the  pelvic  examination,  sutlice  for 
making  the  ditlefcntial  diagnosis.  Sometimes  gravita- 
tion abscesses  due  to  disease  of  the  spine  are  mistaken 
for  apiiendicular  aliscesses,  but  this  crrormay  beavoidcd 
by  examining  the  spine  and  by  noting  the  absence  of  the 
usual  history  of  appendicitis. 

TuMonS   OP   TIIK    AlUXlMINAI,    W.VLL. 

All  fiirms  of  tumors  may  occur  in  this  part  of  the  body, 
but  their  relations  to  tbi'  abdominal  walls  are  so  manifest 
that  thcv  need  nn  consideration  here. 

R„h(H  B   Prihl,. 

ABENAKIS  SPRINGS.  — l.oc.vrroN.— Near  St.  Franc/ois 
du  Lae.  C^ueliee. 

Post-Offick. — Abenakis  Springs,  (Juebec. 

HoTKl,. — The  Abenakis  House. 

Access. — From  Montreal,  by  Richelieu  and  Ontario 
Navigation  Co.. by  Grand  Trunk  and  South  Shore  railways 
to  Sorcl.  thence  by  boat  to  the  springs.  For  the  season 
of  1901)  the  South  Shore  Railway  will  be  running  direct 
to  the  s|irings. 

Analysis  (J.  Baker  Edwards). — Total  sjilinc  solids. 
110.:i  grains  to  the  |)int.  These  are  chiefiy  chlorides  of 
sodium,  magnesium,  calcium,  and  potassium,  with  traces 
of  lithium.  The  water  also  contains  traces  of  bromides, 
iodides,  and  phosjihatcs.      It  is  very  lightly  carbonati'd. 

A  .second  spring  is  mildly  sulphurated. 

These  springs  are  pleasantly  situated  on  the  west  bank 
of  the  St.  Francis  River,  near  its  contluencc  with  the 
St.  Lawrence,  .sixty  miles  east  of  Montreal.  Tin'  sur 
nnmding  country  is  elevated  and  dry  and  well  settled. 
The  hotel  is  new  and  well  ventilated,  |iossesscs  all  mod 
ern  conveniences,  and  is  well  mana.ged.  Hot  and  cold 
baths  are  supplied.  liiivniinut  Simdl. 

ABERYSTWITH.— A  much  fretpiented  seaside  resort 
on  llie  coast  of  Wales.  The  town  of  Abcrystwitb  lies  on 
the  sliorc  of  Cardigan  Bay;  its  po]iulalion.  in  IWiO,  was 
G.Oot).  it  |)osscsses  a  tine  beach;  has  cxccllenl  hotel  ac 
coinmodations:  and,  situated  as  it  is  in  the  midst  of  some 
of  the  most  attractive  scenery  of  Wales,  the  excursions 
into  the  surrounding  country  are  very  enjo^'able.     Con 


cerniug  the  climate  of  Aberystwith.  the  writer  is  unable 
to  present  accurate  data  for  the  place  itself,  but  the  .sub- 
joined table,  cojjied  from  Hann's  "  Ilandbueh  der  Klima- 
tologic,"  may  .serv{'  to  give  some  idea  of  its  temperature 
during  the  colder  months  fif  tlu'  year.  Llandudno  lying 
some  7."i  miles  north  of  Aberystwith.  and  Barnstaple  lying 
about  \'Vi  miles  to  the  south,  both  of  whiclj  jilaces  have 
a  similar  cxjiosurc  to  that  of  Aberystwith,  it  is  fair  to 
assume  that  the  temperature  of  the  latter  place  dilfcrs 
but  little  from  that  of  either  of  the  above  mentioned 
towns,  whose  average  temperature  is  given  by  Dr.  Ilann. 
It  would  therefore  appear  that  tin'  winter  temperature  of 
Aberystwith  must  be  little  colder  than  that  of  \'<'ntnor  in 
the  Isle  of  Wiglit,  the  tigures  for  which  latter  resort  arc 
also  (juoted  from  Hunn's  table  for  p\irposes  of  comparison. 


Name  ut  Place. 

N.  Lat. 

Nov. 

Deo. 

Jan. 

Fel). 

Mar. 

Llandudno 

Barnstaple 

Ventnor 

.5.3°  21' 
51°  .5' 

.50°  av 

44.9fi° 
4.5..5II° 
46.22° 

43.44° 
42.62° 
43.1«° 

41.72° 
43.2«° 
41.72° 

43.44° 
4:3.:M° 
42.62° 

43.70° 
44.96° 
44.34° 

Aber.vstwitli  . .. 

53°  a;' 

ll>inti)i(itiin  liir/iiirih. 

ABIETIC  ACID  (('j,II,,.Or,).— An  organic  acid,  which, 
in  its  anil  villous  state,  chietly  composes  common  rosin.  It 
also  occurs  iu  many  other  coniferous  plants. — //.  //.  7?. 

ABORTION.— While  most  Continental  writers  ajiply 
the  term  abortion  to  all  cases  in  which  tln^  product  of 
conception  is  expelled  from  the  uterus  at  any  lime  pre- 
cedin.g  tlie  period  at  wliich  the  fietus  becomes  viable, 
that  is  to  say.  before  the  seventh  calendar  month  of  gesta- 
tion in  tlie  iiuman  subject,  many  American  and  Englisli 
writers  make  a  distinction  lietwceii  abortion  and  misear 
riage.  restricting  tlie  former  term  to  the  expulsion  of  tlie 
ovum  ]irior  to  the  fifth  month,  and  applying  the  latter  to 
such  expulsion  between  the  fourth  and  the  seventh 
months.  This  distinction,  although  more  or  less  arbi- 
trary, has  some  ])ractical  justification,  inasmuch  as  abor- 
tion, thus  detined,  differs  notably  in  several  particulars 
from  the  processof  ])arturition  at  term — a  difference  that 
becomes  t  rifling  in  tlie  casc^  of  miscarriage.  It  is  well  for 
the  practitioner  to  use  the  word  miscarria.ge  when  talking 
to  patients,  for  women  seem  to  have  an  aversion  to  the 
lerni  abortion.  Certain  (|ualifying  words  are  occasion- 
ally added,  such  as  "ovular."  "embiyonal.  "and  "ftetal," 
but  they  are  of  little  real  .signiticance. 

CiiHKi's. — These  attach  either  to  mechanical  injuries  to 
the  ovum  or  its  uterine  attachment,  to  morbid  conditions 
of  the  ovum,  or  to  diseases  of  tlie  maternal  organism. 
I'nder  the  first  head  must  be  included  not  only  din'Ct 
traumatism,  but  also  hemorrhages  lictween  the  fu'tal  and 
the  maternal  layers  of  the  placenta,  wliether  due  to 
violence,  such  as  falls,  blows,  and  the  like,  or  to  a  dis- 
eased state  in  either  the  mother  or  tlie  ovum  ;  the  latter, 
of  course,  falling  also  under  one  of  the  remaining  heads. 
Strictly  speaking,  indeed,  the  immediate  cause  of  almost 
ivery  abortion  is  some  abnormal  state  of  the  ovum  result- 
ing in  the  death  of  the  embryo,  but  tliis  in  turn  may  be 
due  to  some  defect  in  the  maternal  organism,  or,  f(n' that 
matter,  to  disease  in  the  father,  as  exemplified  by  the  fre- 
i|Ucney  with  which  abortion  takes  place  as  the  result  of 
sy|ihilitie  contaniinatiou  of  one  or  the  other  of  the  par- 
ents. Habitual  abortion,  it  is  well  known,  raises  the  pre- 
sumption of  syphilis.  As  regards  pathological  <'onditions 
of  the  ovum,  it  is  generally  to  disease  of  the  placenta,  or 
a  cripiiling  of  its  respiratdry  and  nutritive  functions  by 
elfused  blood,  that  the  death  of  the  embryo  is  to  be 
traced,  although  eases  are  not  wanting  in  wliieli  the  cir- 
culation in  the  umliilieal  Ves.scis  has  been  so  interfered 
with  as  to  produce  the  same  result. 

In  so  far  as  the  mother's  system  is  at  fault,  much  stri'SS 
was  laid  by  the  older  writers  on  the  "habit  of  abortion." 
It  was  taught  that  when  several  successive  pregnancies 
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in  the  same  siibji-ct  Imd  ciuIihI  in  aboilioii,  no  matter 
what  tlif  caiisr.  a  habit  was  llicrcbv  (■stal)lishc(l  by  virtue 
of  which  tlicre  wasa  tendency  for  sul)seiiucnt  prcjjnaMcies 
to  end  in  the  same  way.  and  iil  aliout  tlie  same  iieriod. 
even  if  the  orisrinal  causes  were  no  longer  openilive. 
There  mav  be  some  tnilli  in  this  doctrine,  but  it  certainly 
has  not  now  the  hold  upon  n\edical  opiuiou  that  it  liad 
formerlv.  The  exanllu-matous  1'cver.s.  it  is  well  known, 
and  parlicuhirlv  smallpox,  are  ])r(Hie  to  give  rise  to  abor- 
tion, either  by  'infeeting  the  emliryo,  or  hy  the  tendency 
to  hemorrhages,  uterine  among  the  othei-s,  to  which  they 
give  rise.  Apart  from  these  acute  diseases,  it  is  possil)le 
that  various  depraved  conditions  of  health  on  the  jiart  of 
the  mother  may  occasion  abortion,  but  on  tliis  score  our 
precise  knowledge  is  meagre.  There  arc  certain  medic- 
inal substances  "that,  when  talicn  into  !!»■  mother's 
system,  may  induce  uterine  contraction,  and  thus  bring- 
about  the  premature  expulsion  of  the  ovum,  such  as 
spurred  gnun  (generally  ergot  of  rye)  and  cotton-root. 
Excessive  purgation  also  may  lead  to  the  same  residt. 
Surgical  operations  done  on  pregnant  women  liavi'  been 
supposed  to  involve  grave  risk  of  abortion,  but  evidence 
has  been  accumulating  of  Inle  years  to  show  that  this 
danger  has  been  much  overrated.  A  striking  example  is 
seen"  in  tlie  frequency  willi  which  even  so  serious  an 
operation  as  ovariotomy  is  performed  during  pregnancy 
without  interrupting  the  process  of  gestation. 

Various  morbiii  conditions  of  the  uterus  and  its  sur- 
roundings, however,  arc  justly  credited  with  jn'oduciug 
a  tendency  to  abortion,  but,  w  itli  regard  to  one  of  them, 
it  seems  to  me  that  more  has  been  assumed  than  the  facts 
AvaiTant.  1  refer  to  laceration  of  the  cervix,  whercb}'  a 
lack  of  retentive  power  is  said  to  be  set  up.  It  cannot 
be  denied  that  lacerations  are  often  accompanied  bjr  con- 
ditions unfavorable  to  the  due  continuance  of  gestation, 
or  that  tliey  tend  to  kee])  u\i  such  conditions,  even  if  not 
directly  chargeable  widi  their  ]ir(iductiiin;  but  this  is 
quite  a  dilTerent  matter  from  admitting  a  lo.ss  of  mechan 
ical  renntive  power  in  the  cervix  as  a  cause  of  abortion, 
for  it  slioidd  be  Ijorne  in  mind  that  the  oviun  maintains 
its  i)osition  in  the  uterus  by  the  implantation  of  its  chori- 
onic villi  in  the  uterine  mucous  membrane,  and  not  in 
any  sense  b}"  resting  on  a  support  beneath,  as  on  a  shelf. 

Abortion  induced  for  tlierapeutical  purposes  will  he 
found  treated  of  under  the  bead  of  Labor,  Premnfuir 
Induction  of. 

Ft-equency. — Although  abortion  does  not  figure  promi- 
nently in  the  statistical  lists  of  public  institutions,  since 
it  is  only  under  unusual  circumstances  that  women  be- 
take themselves  to  a  hospital  during  the  process,  the  gen- 
eral experience  of  family  ijractitioners  shows  that  its  oc- 
currence is  comnmn.  Add  to  the  cases  they  are  called 
upon  to  treat  those  which  are  brought  to  their  knowledge 
long  after  they  have  taken  place,  while  questioning  pa- 
tients as  to  their  past  history,  and  allowing  for  those  that 
are  concealed,  as  well  as  for  those  as  to  which  there  is  an 
honest  feeling  of  doubt  (since  it  is  unquestionable  that 
many  abortions  occur  during  the  very  early  weeks  of 
gestation,  before  the  existence  of  that  condition  is  sus- 
pected, and  are  mistaken  for  a  mere  unusually  copious 
and  painful  menstruation),  and  we  find  ourselves  obliged 
to  admit  that  abortion  is  by  no  means  of  uncommon  oc- 
currence. As  to  the  period  "of  gestation  at  which  it  often- 
est  takes  place,  the  experience  of  most  writers  is  to  the 
effect  that  it  is  on  the  completion  of  two  and  a  half  or 
three  months  of  gestation,  leaving  out  of  account  the 
very  early  abortions  before  alluded  to.  since  they  are  in- 
volved in  so  nnich  uncertainty  that  it  is  impract"icable  to 
estimate  their  freiiuency  with'uuy  apiiroach  lo  jirecision. 

Syiiijildiiix  (iiiit  i>i<i,'/itvxiti. —HonwlmM-a  the  ovum  is  cast 
off  rapidly,  with  scarcely  a  symptom  bevoud  a  sharp 
on.set  of  abdominal  pain,  and  a'few  gushes  "of  blood.  In 
such  cases,  either  the  diagnosis  "is  estaldished  very 
promptly,  or  else  it  is  ne\er  made  with  certainty;  bu't 
it  never  rests  on  symptoms.  These  cases,  however,  are 
exc<'ptioual.  Usually  a  considei-ablcr  period  is  occupied 
by  certain  symi)loms  pointing  to  a  disturbance  going  on 
within  the  pelvis,  notably,  uterine  hemorrhage  and  pains 


like  those  ol  lalior.  When  these  two  phenomena  are 
fovmd  to  coexist  in  a  marked  degree  in  a  woman  sup- 
posed to  be  pregnant,  the  inference  that  an  abortion  is 
inqiending  presents  itself  at  once,  and  most  commonly  it 
will  be  juslilied  by  the  event.  But  such  is  not  always 
the  ca.se.  Ulc'rine  hemorrliage,  or  at  least  hemorrhage 
from  the  cervix,  is  not  very  uncommon  in  pregnant 
women  who  go  to  full  term,  depeiuling  generally  on  an- 
tecedent titerine  disease.  Let  one  of  these  hemorrhages 
coincide  with  an  attack  of  colic,  or  of  lumbago  even,  and 
the  synqitoms  that  ordinarily  usher  in  an  abortion  may 
be  very  closely  counterfeited.  It  may  even  happen  that 
what,  in  a  certain  sense,  may  be  called  a  proiluct  of  con- 
cei)lion,  may  be  expelled  from  the  uterus,  and  yet  no 
abortion  takes  place.  Reference  is  here  had  to  the  de- 
cidua  that  is  commonly  cast  off  from  the  uterus  in  cases 
of  extra-uterine  jiregnaucy.  a  condition  that  is  most  fre- 
quently accompanied,  too.  bj-  hemorrhage. 

Still,  with  every  allowance  for  these  exceptional  oc- 
currences, the  fact  remains  that  paroxysmal  uterine  pain, 
accompanied  by  a  flow  of  blood  from  the  vagina,  almost 
invariably,  when  met  with  in  a  pregnant  woman,  pres- 
ages the  premature  expulsion  of  the  ovum.  This  suspi 
cion  once  aroused  in  the  practitioner's  mind,  the  first  thing 
to  be  settled  is  the  question  of  the  existence  of  pregnancy. 
The  diagnosis  of  pregnancy  will  be  foiuid  treated  of 
elsewhere  in  tins  work,  and,  therefore,  it  will  not  now  be 
dwelt  upon.  Nor.  for  practical  purposes,  is  it  necessary 
to  give  much  more  consideration  to  tlie  diagnosis  of 
threatened  alioition.  The  practical  rule  should  lie.  in  all 
cases  in  which  the  two  symptoms,  uterine  jiain  and 
uterine  heiu(5rrlmge,  are  marked  in  a  pregnant  woman, 
to  treat  her  as  if  an  abortion  were  impending.  There 
are,  indeed,  certain  cases  of  uterine  disease  Uiat  may 
simulate  abortion  very  closel}' — notably  cases  of  sidjmu 
cous  uterine  tumors  so  situated  and  so  attached  as  to 
cause  expulsive  jiains  by  the  imjiedimeut  they  may  offer 
to  the  escape  of  the  flow  of  blood  to  which  their  presence 
gives  rise.  In  such  instances,  however,  we  shall  usually 
be  able  to  get  the  history  of  past  occurrences  of  the  sort 
— a  history  to  be  contrasted  with  the  sharp  picture  of 
suspended  menstruation  followed  by  a  profuse  and  pain- 
ful flow  in  a  woman  previously  free  from  such  troubles. 
A  more  difficult  problem  is  presented  in  cases  in  which  an 
abortiim  is  really  in  process,  but  has  been  arrested  in  its 
course.  Perhaps  the  simplest  form  of  this  condition  is 
the  so-called  "cervical  pregnancy"  of  certain  German 
writers,  in  which  the  ovum  is  detached  from  its  connec 
tion  with  the  uterine  wall,  and  is  forced  down  into  the 
cervical  canal,  where  it  is  retained  in  consequence  of  a 
failure  of  the  os  externum  to  dilate,  or  simply  by  reason 
of  a  suspension  of  the  uterine  contractions.  These  cases 
commonly  offer  no  special  diagnostic  difficvilty.  and,  the 
retention  being  but  transitory,  any  doubt  is  speedily 
cleared  up.  A  more  common  irregularity  is  the  rupture 
of  the  fa'tal  mendiranes  and  the  escape  of  the  fittus. 
either  unperceived  or  unacknowledged,  before  medical 
aid  is  summoned,  the  placenta  still  being  retained. 
Under  such  circumstances,  it  happens  not  infrequently 
that  the  patient  resumes  her  ordinary  course  of  life,  seek 
ing  treatment,  if  at  all.  only  on  account  of  a  uterine  dis 
charge,  which  may  not  even  be  bloody.  In  such  in- 
stances the  uterus  will  be  found  enlarged  and  especially 
elongated.  freel_y  movable,  free  from  tenderness,  and  with 
nothing  to  account  for  its  enlargement  and  its  peculiar 
shape  save  the  supposition  of  an  inconqilete  abortion,  and 
usuall.y  the  question  can  speedily  be  settled  by  giving 
ergot — a  practice  quite  s;ife  uniler  such  circumstances 
It  is  scarcely  necessary  to  add  that,  in  all  cases  of  sus- 
pected abortion,  everj'thing  expelled  from  the  vagina 
should  be  saved  for  examination.  In  the  absence  of  the 
embryo,  the  recognition  of  chorionic  villi  will  be  decisive. 
These  will  often  be  found  on  the  inner  side  of  the  bag- 
like structure  expelled,  the  membranes  having  been 
turned  inside  out  in  the  iirocess  of  expulsion.  In  very 
early  abortions  the  ovum  is  usually  cast  off  entire. 

Pirir/iiiixis  tiiitl   Serjiielir. — If  we   disregard   the  foetus, 
which  is  necessarily  ssicriliccd,    the   prognosis  for  the 
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motlier  is  always  a  matter  of  some  doubt,  but  jienerally, 
provided  tlie  case  is  well  manajred,  favorable.  The  im- 
mediate danger  is  from  liemorrliage.  wliieh  ceases  on  tlie 
comi)lete  evacuation  of  the  uterus;  ne.\t.  and  nuicli  more 
to  be  feared,  is  the  risk  of  septic  fever  from  the  absorp- 
tion of  decomposinn'  portions  of  tlie  ovum  retained  in 
the  uterus;  these  perils  ])asseil,  iullannnatory  comi)lica- 
tioMs.  suliinvolulic  u,  and  the  like  are  still  to  be  feared. 
But  very  few  wnmcii  die  from  the  direct  elTects  of 
lieniorrliajre  (x'casioned  by  abortion,  but  many  are  e.\- 
sjiiiiruinated  to  a  degree  that  materially  delerionites  their 
hi'allh;  more  often  they  succumb  to  .sejitic  absorption. 
The  aeuie  inlianiniatory  sequela-  may  be  either  ])eritonitis. 
cellulitis,  ouiihoritis.  or  any  <ine  of  the  various  forms  of 
metritis.  .Vside  from  the  part  played  by  mild  sejitic 
contamination,  these  all'cetions  are  largely  depeiulent  on 
the  cause  of  the  abortion,  being  iniconnnon  in  cases  nol 
(jccasioned  by  instrumental  interference.  On  the  whole, 
it  may  be  said  that  the  great  majority  of  women  escape 
a  fatal  result.  At  the  same  time,  abortion  is  one  of  the 
most  fertile  causes  of  chronic  i)elvic  disea.se;  usually, 
however,  these  consecpiences  may  be  avoided  by  careful 
treatment. 

'I'viittiin  lit. — This  resoives  itself  into  the  |ii  i\  eiilimi  of 
aliorlion.  the  managi'tnent  of  the  process,  and  the  after 
irealmenl.  If  we  admit  the  "habit  "  of  abortion,  we 
must  usually  look  for  its- solution  in  some  degeneration 
of  the  l)lacenta.  whereby  it  becomes  unfitted  to  carry  on 
the  processes  of  res])iration  and  nutrition  for  the  end)ryo. 
This  occurrence  may  lie  due  to  syphilis;  in  that  case 
inercurial  treatment  alTords  the  main  chance  of  success; 
the  corrosive  chloride  of  mere\irv  in  doses  of  from  one- 
thirty  second  to  one  twenty  fourth  of  a  grain,  tliree  times 
a  day.  will  conunonly  be  found  to  afford  all  the  advan- 
ta.ire  that  is  to  be  gained  in  this  direction.  In  the  absence 
of  syphilitic  infection,  some  obstetricians  believe  that  an 
error  of  htvinatosis  is  often  at  the  bottom  of  rejieated 
abortions,  and  on  this  theory  the  administration  of  potas- 
sium chlorate  has  been  reconnnended.  I  am  not  aware, 
either  that  the  theory  is  well  ri>inided  or  that  llie  remedv 
is  of  any  valm-;  still,  with  proper  precaution,  there  can 
lie  no  objection  to  its  use — that  ]nveaution  being  to 
guard  against  the  injurious  ellects  of  the  drug  ujion  the 
kidneys;  and,  therefore,  to  avoid  large  doses,  and  to  ab- 
•stain  from  them  iiarticularly  in  cases  in  which  the  preg- 
nancy is  somewhat  advanceci,  since  the  latter  months  of 
gestation  are  apt  to  be  frau.ght  with  more  or  less  intcrfer 
ence  with  the  renal  function.  As  for  the  use  of  so-called 
uterine  sedatives,  it  is  not  to  be  thought  of  until  the  proc- 
ess of  abortion  is  actually  threatened.  Of  course,  such 
]iatients  as  are  now  referred  to  should  be  instructed  to 
refrain  from  all  the  excesses  and  irregularities  that  Iiavc 
been  mentioned  as  amon.g  the  exciting  causes  of  abortion. 

iSujiiio.se.  however,  that  symptoms  are  present  showing 
that  an  abortion  is  innniuent.  In  many  instances  tlie 
process  may  lie  prevented,  and  the  expectation  of  suc- 
cess should  not  be  abandoni'd  until  there  is  physical 
evideiicelhal  the  I'Xiiulsion  of  the  ovum  isgoingon.  No 
amouni  of  hemorrhage  and  no  amount  of  pain,  within 
ordinary  hounds,  should  be  taken  in  tliemselves  as  reii- 
d<Tiug  attempts  at  iireveiition  absolutely  hopeless.  Per- 
fect rest  is  to  be  enjoined,  but  the  low  diet  and  cooling 
drinks  of  bygone  times  are  not  to  be  dejiended  u]ion  in 
the  slightest ;  tlie  moderate  use  of  opium  and  the  appli- 
cation of  heat  to  the  spinal  column,  at  the  junction  of 
the-  dorsal  with  the  lumbar  portions,  are  the  most  trust- 
worthy measures.  Theoretically,  we  may  admit  that 
ergot  may  sometimes  be  useful,  by  checking  a  hemor- 
rhage that  might  detach  the  jilaceiita.  but.  practically, 
there  is  such  danger  of  its  inducing  uterin<'  contraction 
thai  it  must  be  regarded  as  at  best  but  adoubtful  remedy. 
The  u.si'  of  viburnum  ])runifolium  has  of  late  years  Iieen 
riconimended  as  a  uterine  sedative,  and  there  is  respect- 
able testimony  in  its  behalf.  It  should  be  given  in  doses 
of  half  a  teaspoonfu!  of  the  fluid  exiract  every  three 
hours.  'I'o  mitigate  its  disgusling  taste,  it  may  be  eom- 
liined  with  an  e([ual  amount  of  tincture  of  cimiamoii. 

When  it  has  once  become  evident   that  abortion  must 


take  iilace,  the  safe  conduct  of  the  case  calls  for  close 
su])ervision;  but,  even  then,  discretion  is  usually  more 
to  be  advised  than  activity.  Ordinarily,  manual  inler- 
ference  is  ((uite  unnecessary,  beyond  what  may  be  needi'd 
to  keep  the  physician  informed  of  the  progress  made, 
aiul  to  chc-ck  hemorrhage.  The  utmost  ]iains  should  be 
taken  to  maintain  the  integrity  of  the  ovum  as  long  as 
possible,  for  when  it  is  expelled  eiiliri'  there  is  eoninionly 
an  eml  to  all  anxiety.  Herein,  in  great  measure,  lies  the 
Siifefy  of  ae<;idental  abortions  as  compared  with  those 
indnced  by  criminal  practices,  in  which  the  fii-lal  en- 
velopes arc  almost  always  punctured,  with  the  result  of 
allowing  the  embryo  to  be  cast  off  early  in  tlie  process  of 
abortion,  while  the  secundines  remain  behind,  a  shajie- 
less  mass,  upon  which  the  uterus  has  to  act  at  a  ,<;reat 
mechanical  di.sadvantage  So  long  as  rupture  of  the 
membranes  can  be  prevented,  our  inlerfcrenee  should  be 
limiied  to  controlling  iiain  and  bemorihage;  an  asep- 
tic vaginal  tamiion.  properly  introduced,  may  always 
b(;  relied  upon  to  fulfil  the  latter  indication.  It  sliould 
be  inserted  leisurely  and  methodically,  with  the  aid 
of  a  Sims  speculum,  and  generally  it  should  be  re- 
moved at  the  end  ot  twelve  hours,  when  a  fri'sh  one  may 
lie  applied,  if  necessary,  after  treating  the  vagina  with 
an  antiseptic-  douche.  To  allay  excessive-  jiain.  there  is 
iiotliin,g  equal  to  opium,  but  it  should  not  be  ]nislu-(l  to 
narcotism  or  to  such  an  extent  as  to  abolish  uterine  ac- 
tion; ergot  may  properly  be  giv(-n  if  the  lu-morrha,i;e  is 
excessive  and  accompanied  by  inertia,  lint  the  more  its 
use  is  avoided,  the  b<-tter  will  be  the  n-sults  on  the  whoU-. 
It  is  better  to  rely  on  the  tampon,  and  that  of  itself  stimu- 
lates uterine-  contraction. 

If.  unforlunately.  the  sac  of  the  ovum  has  Ix-en  emptied 
of  its  contents,  and  the  secundines  are  retained,  the  ques- 
tion of  their  removal  wil',  come  up.  There  are  extremists 
who  are  given  to  energetic  interference  in  all  such  casi-s. 
On  the  other  hand,  the  timorous  trust  too  long  to  nature 
In  such  a  case,  as  in  most  others,  the  middle  course  is 
followed  by  the  judicious.  The  best  practice-  seems  to 
be  not  to  resort  to  forcible  removal  of  the  remnants  of  the 
ovum  nidess  there  an-  particular  reasons  for  doing  so. 
These  reasons  ai'c^  for  the  most  i)art :  (1)  Signs  of  se|itie 
changes;  (2)  the  undue  continuance  of  heniorrbage. 
Und(-r  (-ither  of  these  circumstances  there  should  be  no 
hesitation;  but  the  operation  should  be  done  without  in- 
struiiK-nts.  if  po.ssible.  In  some  cases,  howe-ver.  a  wire 
curette  is  necessary.  The  patient  should  be  aniesthetizeil, 
and.  as  she-  lies  aereiss  the  bed,  em  her  back,  with  the  liijis 
brought  well  to  the-  eelge-  of  the  bed,  the-  operator,  who 
has  previously  re-nele-reel  his  hanels  and  the  parts  about 
the  patient's  puele-iiela  thoroughly  aseptic,  sheiuld  jiass 
one-  eir  more  of  his  lingers  as  far  as  may  be-  ueci-ssary  into 
the  uterine  cavity  anel  tease  away  the  retaineel  portions 
eif  the  ovum.  The  work  will  be  decieleelly  facilitated  if 
the  uterus  is  gently  but  firmly  eleprcsseel  by  an  assistant, 
wlie)  shonlel  make  pressure-  on  it  thremgh  the-  abdominal 
wall.  As  a  pre-liminary  steii,  dilatatiem  of  the  ce-rvix 
may  be  ne(-ess:iry,  but,  as  a  rule,  this  shemlil  neit  be-  ae-- 
complishe-el  with  te-nts,  wlie-the-r  of  S]iongeor  eif  any  eilhe-r 
mate-rial  that  e-xjianels  em  imbibing  moisture-.  If  the 
fingers  will  neit  einswer,  graeluate-d  mi-tallie  eir  harel-rub- 
lie-r  elilateirs  sliemlel  be-  e-niploye-d.  anel,  whe-n  tln-y  ai-e 
useel.  the  ope-rateir  .shonlel  himse-lf  make-  the- e-ounterpre-s- 
sure- em  the  funelus.  Afte-r  the  eiperatiein  is  finishe.-el.  Ihi- 
ute-rus  should  be-  washe-el  eiut  with  an  antise-jif  ie-  solution, 
pe-rfe-rably  a  straw-e-eiieire-el  mixture  eif  tine-lure  eif  ieieiine- 
anel  water,  inje-ete-d  through  a  elouble-  eannula. 

The  afte-r  fre-atiiH-nt  in  e-ase-seif  aliorlion  liinge-s  chie-liy 
npein  e-nfore-ing  re-st  for  a  le-nglh  eif  time-  e-epial  tei  thai 
usually  aelopte-el  afte-r  labeir  at  te-rm.  The-  speeial  ineiiea- 
tions  do  not  ditTe-r  from  those-  met  with  atte-r  ordinary 
l)arturition,  exe-e]it  that  the-  bre-asts  are-  neit  apt  tei  give 
trouble-. 

MissKD  .Vi-.eurrniN. — This  lerm  was  aiiplii-el  by  thelate- 
Preif.  J.  .Malthe-ws  l)une-aii,  of  Eelinburgh,  to  ihe  loiig- 
cenilinueel  rete-ntiem  e)f  the-  de-ad  ei\'um  in  the-  ute-rus. 
whe-re-  it  be-eeimes  macerated  or  mumtnit'ed.  anil  whe-ncc 
it  is  llnally  expe-lle-el.  h'ruiil.  I'.  FaKtu: 
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ABORTION.  CRIMINAL.— In  most,  pcilmps  all,  of  the 
l"nil((i  Stiilcswili  \w  I'lumd  statutes  iimUiii!;  it  ii  cniiic  to 
proitiu'i'.  or  to  atti'inpt  to  proiiiu-c.  an  aboi-lion  or  mis- 
carriago  of  a  woman  liy  arliticial  means.  In  a  lew  this 
applies  only  to  attempts  in  the  eases  of  women  actually 
prejruant ;  but  inasmuch  as  crime  consists  of  a  combina- 
tion of  a  I'orbiiUlen  act  and  a  willul  aiul  unlawful  intent, 
it  is  both  reasonable  an<l  just  that  an  allempi  to  produce 
an  abortion  sliouUI  be  prohibileil  <'ven  when  the  woman 
is  not  actuall.v  preunanl.  altliouj;li  slieaiid  I  he  |ierpetralor 
think  she  is.  "  In  liiany  of  the  statutes  will  be  found  sav- 
ing clauses  freeing  fron\  criminal  liability  the  jierson  wlio 
produces  a  miscarriage  by  artiticial  means,  under  cir- 
cumstances fr<im  whieli  it  must  a]>pear  that  the  fu-tusis 
dead  or  that  it  is  necessjiry  to  s;ive  the  mother.  It  is 
siisrgcsted  as  a  prci-uitionarv  measmc  to  any  medical 
practitioner  who  ccmtemplates  arresting  gestation,  in 
order  to  avoid  suspicion,  t<i  consult  some  oilier  member 
of  the profes.sion  of  unquestioned  standing,  and  to  olitain 
the  consent  or  approbation  of  some  one  or  more  of  llie 
relatives  of  the  woman. 

The  statute  of  Pennsylvania  is  a  good  example  of  the 
best  of  those  passed  in  iliis  country       It  is  as  follows: 

1.  "If  any  person  shall  unlawfully  administer  to  any 
woman,  pregnant  or  (iniclc  with  child,  or  supposed  and 
believed  to  lie  jircgnant  or  cpiii-k  with  child,  any  drug, 
poison,  or  any  substance  whatsoever,  or  shall  unlawfully 
use  any  instrument  or  other  nutans  whatsoever,  witli  the 
hitent  to  procure  the  miscarriage  of  such  woman,  and 
such  woman,  or  any  child  with  wliich  she  may  be  (nuek. 
shall  die  in  conseciueuce  of  either  of  said  unlawful  acts. 
the  person  so  otfendiiig  shall  be  guilty  of  felony,  and 
shall  be  sentenced  to  jiay  a  tine,  not  execediug  live  hun- 
dred dollars,  and  to  undergo  an  imprisonment  by  separate 
or  solitary  coutiucment  .-it  laboi'.  not  exceeding  seven 
years. " 

3.  "If  any  person,  wiili  intent  to  procure  the  miscar- 
riage of  a  woman,  shall  unlawfully  administer  to  her  any 
poison,  drug,  or  substance  whatsoever,  or  shall  luilaw- 
fully  use  any  instrument  or  other  means  whatsoe\er, 
with  the  like  intent,  such  person  shall  be  guilty  of 
felony,  and  being  thereof  convicted,  shall  be  sentenced 
to  iiay  a  tine,  not  exceeding  five  hundred  dollars,  and 
imclergo  an  imprisonment  by  separate  or  solitary  con- 
finement at  labor,  not  ex<-eeding  three  years.  " 

As  a  practical  matter,  it  is  Init  rarely  that  the  prosecut- 
ing power  has  the  opportunity  of  invoking  this  law 
against  a  violator  of  it,  for  the  reascm  that  in  all  cases  of 
criminal  abortion  the  operation  is  performed,  or  the  drug 
is  administered,  at  the  request,  or  it  may  lie  the  eaniesf 
solicitation,  of  the  woman  herself,  who  for  this  reason  is 
as  cautious  to  avoid  detection  as  is  the  perpetrator  of  the 
crime.  It  will  be  found  that  almost  all  of  the  cases  of 
criminal  abortion  which  have  proceeded  as  far  as  inilict- 
ment  and  trial,  are  those  in  which  the  jiatient  has  died 
from  the  effects  of  the  operation  or  the  administration  of 
the  drug.  Even  in  these  cases  it  has  lieen  a  rare  experi- 
ence to  obtain  a  conviction  because  of  the  secrecy  with 
which  this  crime  is  committed,  resulting  usually  in  the 
absence  of  evidence  of  those  facts  which  can  be  used 
against  the  culprit.  Persons  who  commit  offences  delib- 
erately always  avoid  or  destroy  those  circ\imstauces 
which  are  incriminating,  so  far  as  is  possible. 

Irrespective  of  the  above-mentioneil  statutes,  both  in 
England  and  in  this  country  one  wlio  administers  to  a 
pregnant  woman  a  drug,  or  employs  upon  lier  an  instru- 
ment for  tlie  purpose  of  procuring  a  miscarriage,  in  con 
sequence  of  which  she  dies,  or  the  child  dies  after  liirth, 
by  reason  of  being  prematurely  delivered,  is  sjuiltv  of 
murder.  The  cidprit  will  be  'indicted  for  niurde'r  or 
manslaughter,  tirst  because  any  inferior  grade  of  crime 
of  which  he  may  be  gidlty  will  be  merged  in  the  felo- 
nious homicide,  which  in  the  eyes  of  the  law  is  considered 
the  gravest  of  all  offences:  and  secondly,  it  may  be  that  a 
dying  deposition  has  been  olitained  froiii  the  patient. 

It  lias  been  held  that  if  there  be  no  intent  to  kill,  or  to 
infiict  grievous  bodily  harm,  and  the  means  emplovcd  be 
aot  dangerous,  although  used  for  an  unlawful  purpose, 


the  crime,  when  death  ensues,  may  be  manslaughter, 
which  is  an  inferior  grade  of  homicide;  otherwises  the 
crime  will  he  niurder,  and  may  render  the  accused,  if 
convicted,  liable  to  the  death  penalty.  It  is  suggested, 
however,  that  any  known  means,  when  used  tor  this  pur- 
pose, will  be  dangerous  and  should  be  so  considered. 
This  (|iicslinii  is  ically  ilependeut  upon  the  pidgmcnt  of 
the  criminal  prosecutor,  for  it  is  always  competent  for 
him,  unless  he  is  i-esfricted  by  some  statutoiy  ]irovision, 
to  elect  to  liave  the  prisoner  indicted  for  the  inferior 
grade  of  tlie  offence,  and  abandon,  on  behalf  of  the  state, 
the  superior  grade. 

When  a  re])utable  physician  takes  charge  of  a  patient 
upnii  whom  he  discovers  an  abortion  has  been  pel  formed, 
and  whosubseipieutly  dies,  be  is  bound  by  law  to  certify 
the  cause  of  death  to  the  Health  Dc]iartment.  In  this  it 
may  be  necessary  for  him  to  disclose  the  fact  of  the  ])er- 
petratiou  of  a  crime;  but  is  it  his  duty  to  inform  the 
police  authorities  us  soon  as  lie  has  discovered  the  crime':' 
This  is  an  ethical  (juestion  which  need  not  be  discussed 
licre — it  is  a  proposition  which  each  physician  should 
consider  for  liiinself.  Auxiliary  to  it  is  this  question: 
Should  he,  when  the  opportunity  ari.ses,  obtain  from  the 
patient  a  statement  which  could  be  u,sed  as  a  dying  dep- 
osition in  a  criminal  prosecution  against  thealiortionist '/ 

IJi/iiir/  Driiiinitioiix. — For  the  benefit  of  the  physician 
who  is  willing  to  aid  the  State  in  detecting  the  perpe- 
trator of  this  nefarious  crime,  it  may  be  stated  that  if  flu- 
patient  dies  and  the  jjerpefrator  of  the  abortion  is  cliarged 
with  eitlier  minder  or  manslaughter,  it  will  be  admissible 
to  offer  in  evidence  the  dying  declaration  of  the  patient, 
if  she  made  one.  Statements  made  under  such  circum- 
stances are  entitled  to  great  weight.  It  has  been  wisely 
said  by  an  eminent  Englisli  jurist.  Lord  Chief  Baron 
Eyre,  "that  such  declarations  are  made  in  extremity, 
when  the  ]iarty  is  at  the  point  of  death,  and  when  every 
hope  of  this  world  is  gone;  when  every  motive  to  false- 
hood is  silenced,  and  the  mind  is  induced  by  tlie  most 
powerful  considerations  to  speak  tlie  trutli;  a  situation 
so  solemn  and  ,so  awful  is  considered  by  the  law  as  creat- 
ing an  obligation  etjual  to  that  which  is  inijiosed  by  a 
po.sitive  oath  in  a  court  of  justice."  Such  declanitions 
are  admissible  in  evidence  only  in  those  cases  in  which 
the  indictment  charges  the  culprit  with  the  murder  or 
manslaughter  of  the  deceased,  and  not  in  tliose  in  which 
the  gravamen  of  the  cliarge  is  a  violation  of  one  of  flic 
above  mentioned  aliortion  statutes.  The  declaration 
should  also  be  confined  to  a  statement  of  the  circum- 
stances of  the  death,  i.e..  the  person  wlio  performed  the 
operation,  the  method,  time,  and  place  of  performance, 
and  such  other  facts  as  are  germane  to  these. 

To  render  such  a  declaration  admissible  in  evidence,  it 
is  requisite  tliat  the  (U'clarant  should  be  in  actual  danger 
of  death  at  the  time  it  is  made,  tliat  she  ,should  fullv 
realize  her  impending  danger,  and  tliat  death  ,should 
actually  ensue.  It  is  not  necessary  that  the  declamnt 
should  state  that  she  realizes  that  her  speedy  demise  is 
impending;  it  is  sufficient  if  it  satisfactorily  ajipears 
from  any  other  circ\imstances,  such  as  taking  leave  of 
her  relatives,  or  receiving  extreme  imction  and  the  like. 
If,  however,  she  has  any  hope  of  recovery,  no  matter 
how  slight,  such  testimony  will  lie  inadmissible,  though 
death  might  speedily  ensue.  Sucli  a  declaration  was  re- 
jected wlierc  the  dying  person  stated:  "I  have  no  lio]ie 
of  recovery,  unless  ii  lie  the  will  of  God";  it  being  held 
by  the  court  that  such  statement  indicated  that  all  Iioih- 
had  not  been  abandoned.  It  need  not  be  under  oath,  as 
the  solemnity  of  the  occasion  is  lield  to  be  equivalent  to 
the  sanctity  ol  an  oath.  It  may  be  taken  orally,  but  if 
reduced  to  writing,  it  should  be  carefully  preserveil  and 
])roduced  at  the  proper  time.  It  should  be  confined  to  a 
statement  of  facts,  not  theories  or  opinions. 

('riiiiiiKitity  of  till  Art. — So  far  as  the  culpability  of 
the  act  is  concerni'd.  it  is  immaterial  whether  or  not 
quickening  has  occurred,  and  whether  or  not  the  fo'tus 
/;/  titeri)  is  dead,  unless  there  is  a  saving  clause  in  the  abor- 
tion statute  as  above  stated.  The  criminality  is  just  as 
great  on  the  (hiy  of  couceptiou  as  at  any  other  [icriod  of 
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ircstation.  Nor  is  it  a  dcfciicc"  or  excuse  to  llie  eriininal 
eliarjie  tliat  tlie  niotlier  coiiseuted  to.  or  solicited  I  lie  per" 
fonuaucc  of,  tlie  ahortioii.  It  ha.s  been  decided  by  some 
courts  that  a  woman  wlio  consents  to  tlie  iH'rfonnanee  of 
an  abortion  is  an  accomplice,  by  others  that  she  is  not, 
but  this  is  a  purely  legal  {[uestion.  Tlie  rule  of  law 
jrenerally  adhered  to  is,  that  where  a  witness  is  held  to 
lie  an  aecoiiiplice  there  should  be  some  eorroboralion  of 
lier  testimony  in  order  to  Justify  a  conviction  of  the  ac- 
cused. 

QuenlioiiK  ill  Citxi's  iif  Fdtiriilf. — In  every  case  of  fteti- 
cide  the  imiiortant  (|uestious  for  consideration  arc: 

1.  Has  the  tVetus  //(  nti m  been  destroyed  ? 

2.  Has  this  been  produceil  by  natural  or  arliticial 
causes? 

8.  If  by  artitieial  means,  was  the  act  justifiable  or 
criminal? 

In  consideriuj;  the  first  (luestion  an  examination  should 
1m'  made  of  the  clots  anfl  other  sub.stances  expelled  from 
the  j;cnital  orjrans.  for  the  |nirpose  of  ascertaining  if  they 
contain  any  of  the  iirodiicts  of  conception.  If  the  fcetus 
be  found  it  will  be  neccs.saiy  to  determine,  if  possible,  if  it 
was  born  alive;  if  so,  its  probable  age  and  the  cause  of  its 
death.  A  careful  scrutiny  of  it  may  disclose  punctures, 
wounds,  or  injuries  which  indicate  the  unlawful  u.se  of 
an  instrument. 

If  the  fietiisisnot  foiuiit  the  exiielled  substances  should 
be  examined  under  water,  as  an  ovum,  if  one  is  present, 
is  more  easily  discovered  in  tliis  way.  Nor  ought  the 
investigator  trust  to  the  naked  eye,  as  much  may  be  lost 
without  the  use  of  a  microscope.  When  the  criminal 
operation  is  ]ierforinc(l  in  the  early  sta.ges  of  pregnancy, 
the  ovum  is  fri'ipieiilly  expelled  inta<t ;  aft<-r  the  forma- 
tion of  the  placenta,  tlie  extrusion  of  the  ovum  usually 
precedes  that  of  the  placenta,  the  time  intervening  being 
variable,  ranging  from  hours  to  weeks  or  montlis. 

Dill  till'  iiliiii-tinii  rimilt  friiiii  iiiiliinil  nr  iirtijiciid  riiiixix^ — 
Hoth  criminal  and  spontaneous  abortion  occur  generally 
about  the  end  of  the  third  month.  The  sym|itoms  dis- 
covereil  will  vary  witli  the  period  of  gestation  anil  tlie 
time,  since  the  |)erformance  of  the  o|ieration.  at  w  hicli  the 
examination  is  made.  When  the  operation  is  i)erforined 
in  the  curly  .stages  of  geslatiiai,  tin;  appearances  are  not 
different  from  those;  in  eases  of  tumors  and  some  other 
►roubles.  The  nearer  the  period  is  to  full  term,  the 
greater  will  be  the  laceration  of  the  uterus  and  vagina. 

If  death  has  resulted,  a  i)ost-mortem  examination  will 
usually  determine  this  (|Uestion  with  certainly.  An  ex- 
amination of  the  woman  while  living  will  probably  be  un- 
certain in  its  results,  unless  the  evidence  of  instrumental 
interference  is  palpable  or  the  woman  is  fnuiU  in  herstate- 
ment  of  the  case.  Finally,  when  drugs  are  used  as  abor- 
tifacients  even  the  post-mortc-m  may  liaflle  the  investi- 
gator. The  most  popular  means  of  attempting  criminal 
abortion  is  by  aid  of  .some  instrument,  for  the  reason 
that  unless  there  is  a  strong  predisposition  on  the  part  of 
the  woman  to  alKirt,  the  result  can  rarely  be  accomplished 
by  nii'ans  of  drugs.  Among  the  many  means  in  u.se  for 
this  purposi'.  according  to  reported  cases,  are:  reiieated 
and  copious  blood  lettings,  (irastic  emetics  and  purga- 
tives, ergot,  cotton  I'oof,  savin,  tansy,  pc'tmyroyal,  rue. 
While  any  of  these  means,  in  a  woman  disposed  to  mis- 
carry, may  iwoduce  the  desired  result,  in  most  instances 
it  will  lie  uncertain.  The  most  elfective  drug  for  this 
purpose,  according  to  cases  reported,  is  ergot.  Another 
method  sometimes  successful  is  th<'  dilafalion  of  the  os 
uteri  by  means  of  a  sponge  tent.  The  introduction  of 
some  instrument  into  the  uterus  so  as  to  rupture  the 
membranes  is  the  only  certain  method  of  producing  <-on- 
tniction  of  the  uterus  and  thus  lausing  the  extrusion  of 
its  contents. 

In  every  cas(;  tliese  methods  of  ticatment  will  be  ac- 
companied with  danger  to  the  mother,  and  not  infre 
quently  they  result  in  the  motlier's  death  without  elTect 
ing  a  (iisc'harge  of  the  fVetus. 

The  production  of  abortion  being  both  immoral  and 
criminal,  exce])!  where  the  exigencies  of  the  case  reipiirc 
Has  before  mentioned,  the  practice  in  prohibited  cases  is 


confined  to  medical  men  of  low  professional  standing, 
midwives.  and  other  unskilful  persons.  It  is  this,  no 
doubt,  which  makes  the  operation  unusually  dangerous. 
Were  this  branch  of  practice  reputable,  when  conducted 
by  a  competent  physician,  according  to  the  iirinciijles  of 
modern  surgery,  if  would  result  fatally  in  a  much  smaller 
number  of  ca.ses.  Just  what  percentage  of  these  eases 
result  fatally  it  is  dillicult  to  ascertain  bccan.se  of  the 
chindestine  method  of  treating  them. 

It  has  been  noticed,  even  in  ca.ses  of  natural  abortion, 
that  as  the  process  of  gestation  ap|)roaclies  its  full  term 
the  muscles  of  the  uterus  grow  stronger  and  are  able  to 
fulfil  their  function  by  contracting  not  only  ujicui  the 
contents  of  the  womb  before  delivery,  but  also  upon  the 
bleeding  vessels  afterward.  In  cases  of  abortion  in  early 
stages  of  pregnancy  there  is  greater  dan.ger  of  liemoi- 
rhage  and  of  septic  diseases  such  as  jnaania  and  puer 
peral  peritonitis,  because  thesi'  muscles  respond  slowly 
and  thus  leave  the  uterine  canal  open  to  the  introduciiiin 
of  germs  and  other  foreign  matter, 

Wlicn  consulted  in  a  suspicious  case,  the  physician 
should  examine  the  vagina  and  uterus  for  marks  Of  in- 
jury, wounds,  perforations.  He  should  notice  if  there 
are  indications  of  irritants  in  the  stomach  and  intestines, 
or  inflammation  in  the  bladder  or  kidneys  lesulfiMg  from 
the  use  of  emmenagogues.  He  should  note  what  drugs 
or  instruments  are  in  her  possc-ssion  and  if  there  are 
any  marks  of  violence  upon  her  body,  for  alKMtion  is 
.sometimes  attem])ted  by  tlic  woman"  herself  by  this 
means. 

Witflians  and  Becker,  in  their  work  on  medical  juris- 
pnnlence.  i|uote  from  Tilly's  work  on  the  same  suliject 
the  following  table  suggesting  a  line  of  imjuiry  for  the 
medical  practitioner  in  cases  of  suspected  criminal  abor- 
tion: 

I.    Ej-ilmi iitltiiiii  tif  thi    Muthi  r.  if  Liriiiij, 

I.  Temperature. 

~.  As  to  the  woman's  predisi)ositioii  to  abort  and  the 
[leriod  at  which  abortion  has  commonly  occurred. 

;!.  General  state  of  health.  (Note  existence  ol  leiieor- 
rliu'a,  excessive  menstruation,  ,syphilis.  asthma,  malignant 
diseases,  uterine  diseases,  etc.) 

4.  Whether  the  woman  be  well  or  ill  formed.  (Note 
IH'lvic  malformations,  ctTccfs  of  tight  lacing,  etc.) 

■").  Whether  or  not  there  be  signs  of  recent  delivery  or 
of  the  expulsion  of  the  uterine  contents. 

0.  Whether  any  cause  can  be  assigned  to  account  for 
the  abortion  (cJi..  violent  coughing,  blood-letting,  strain- 
ing at  stool,  violent  exercise,  undue  excitement,  septic 
poisoning,  violence,  adniinistrafion  of  medicines,  etc.). 

7.  .Vll  injuries  of  the  genital  organs  (consider  whether 
the  injuries  niiglit  be  self  intliefeii. ) 

II.  KriimiiKdiiiii  (if  llu   ISmhi  i,f  thiMnthcr.  if  Dniil. 
Note— 

{(f)  The  necessity  for  care  not  to  mistake  the  effects 
of  menstruation  for  those  produced  by  abortion. 

(A)  To  avoid  injuring  the  parts  by  the  kiiib-  or  other- 
wise during  the  autopsy. 

('•)  To  consider  the  ]Hissibilily  of  injuries  being  self 
inflicted. 

1.  Note  the  existence  of  marks  of  violence  on  the  ab- 
domen or  other  jiarfs. 

2.  The  condition  of  the  genital  organs,  noting  all  in 
flammutions.  rents,  tears,  perforations,  etc,  (if  the  uterns 
be  injured  if  should  be  preservi'd). 

Note  also — 

{«)  The  condition  of  the  passage  (relaxed  or  otlier 
wise). 

{h)  The  conilitii>M  of  the  os  iileri  (virginal  or  ga]u'iig. 
etc.). 

('•)   Vaginal  secretions,  and  if  present  their  character 

(0)  The  general  aiipearance  of  the  breasts,  presence  of 
milk,  etc. 

'?>.  Whether  there  be  any  signs  of  irritant  poisoning  in 
rectum,  etc.  (contents  of  stomach  to  be  ]u'eserved.  if 
necessary). 

4.  Whether  the  viscera  generally  indicate  loss  of  blood 
during  life. 
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III.  Krtiniiiiiilion  of  (he  Product  of  Conception. 

\.   NnHiic  of  llic  supposed  product  of  ooiKoption. 

•J.  Coiisidor  wlipthcr  lliciv  is  cvidcuce  of  u  diseased 
comliliou  of  the  iiicnibiuucs  or  plaeeiitii.  (.(j.,  structural 
tlegenenilion. 

'i.  If  ufu>tus  be  found,  determine  (.()  wlietlier  it  was 
born  alive;  (b)  its  probable  age ;  and  (c)  the  cause  of  its 
death. 

4.  Determine  whether,  if  there  be  wounds  or  other 
injuries,  they  were  intlieted  during  life  or  after  death. 

IV.  K.miiliiuition  of  All  Druga,  IiiKtntiii(iil.s.  clr. 

Iknry  Dtiffn. 

ABROMA.     Sec  Iftercitliacea. 

ABSCESS. — (Latin,  (ihnfesxiin,  from  the  verb  ahsreifo, 
1  deparl :  nlwulii  and  alisirxxus,  used  by  Celsus  in  the 
sense  of  the  gathering  of  the  corrupted  fluids  of  the  body 
into  an  aljscess.  Greek,  n-iiavi/na.  French,  a/jcis.  Ger- 
man. Eitivlntih\  though  the  Germans  more  commonly 
use  tlie  word  abgcexx.)  By  the  term  abscess  is  meant 
a  colleclionof  puswilhin  the  body,  the  resultof  liquefied 
iutlanunatory  products.  This  may  occur  in  one  of  the 
preformed  spaces,  or  in  a  newly  formed  cavity  in  solid 
parts  Certain  adjective  preli.xes  arc  used  to  denote 
duration,  character,  and  .situation  of  ub.sccsses.  Thus. 
51S  regards  duration,  they  may  be  acute,  subacute,  or 
chronic.  As  regards  character,  the  \arious  terms  tised  will 
be  mentioned  later.  As  regards  situation,  some  of  the  fol- 
lowing are  the  most  frequent  designations:  alveolar 
(abscess  in  alveolus  of  tooth),  a.xillary,  bursal,  cerebral, 
hepatic,  isehio-rectal.  manimarj',  mastoid,  ovarian,  \v.-\- 
vie,  perinephritic,  perityphlitic.  prostatic,  jjulmonaiy, 
retromammary,  retropharyngeal,  splenic.  Kub-dia|)hrag- 
matic,  etc.  Abscesses  more  or  less  free  in  pre-existing 
cavities  usually  bear  special  names;  a  collection  of  pus 
in  tfie  jileural  cavity  is  generally  designated  as  empyema, 
and  this  term  is  also  ajiplied  to  collections  of  pus  in  the 
gall  liladder,  the  frontal  sinuses,  and  other  accessor}' nasal 
caviticsiempyema  of  the  gall  bladder,  etc.).  Pyosalpinx 
means  pus  in  tlie  Fallopian  tulie;  pyonephrosis,  accunui- 
lation  of  pus  in  the  pelvis  of  the  kidney;  hypopj'ou.  jius 
in  the  anterior  chamber  of  the  eye.  In  other  serous 
cavities  one  speaks  simply  of  a  purulent  or  suppurative 
pericarditis,  peritonitis,  ependymitis,  meningitis,  syno- 
vitis, or  arthritis,  etc. ,  as  the  case  may  be.  Pelvic  abscess 
means  a  collection  of  pus  in  the  pelvis,  due  to  a  circum- 
scribed peritonitis,  the  remainder  of  the  peritoneal  cavity 
being  shut  off  by  adhesions.  AVhitlows,  felons,  boils, 
carbuncles,  and  fin-uncles  are  names  of  special  varieties 
of  supptu'ative  intlammation  which  greatly  resemble  ab- 
scesses, and  inf(n-mation  concerning  them  will  be  found 
under  the  appropriate  lieads. 

('.iiisix  of  AljsriK.i. — Abscesses  are  the  resultof  a  kind 
of  intlammation  known  as  suppurative  or  purulent. 
Clinically,  this  form  of  intlammatiou  is  almost  without 
exception  the  result  of  infection  with  micro-organisms  of 
various  kinds.  Experimentally,  it  is  quite  possible  to 
produce  suppuration  by  the' introduction  of  variovis 
chemical  and  other  substances,  which  directly  or  indi- 
rectly exercise  positive  chemotaxis  upon  the  luemal  and 
other  mobile  or  niobilizable  cells  of  tlie  body.  Council- 
man, Uskoff.  Grawitz.  Orthmann.  and  others  have  by 
their  experiments  shown  that  this  so  called  chemical  su])- 
pm-ation  does  take  place;  mercury,  cnitou  oil,  turpentine, 
nitrate  of  silver,  chloride  of  zinc,  etc..  are  some  of  the 
substances  used  in  the  ex]ieriments.  in  which  the  ac- 
tion of  bacteria,  introduced  accidentally  or  latent  in  the 
tissues,  has  been  carefully  excluded.'  AVyssokowit<'h 
and  then  Buchner  studied  the  ctTccts  of  the  injection 
of  dead  cultures  of  divers  organisms;  Buchner  exjiei-i- 
mented  with  the  bacterio  iiroteins  of  numerous  species 
of  bacteria,  and  showed  to  general  satisfaction  that  jhis 
may  be  produced  by  proteid  substances  in  the  bodies  of 
the  bacteria.  Animal  and  vegetable  proteins  also  have 
pyogenetic  properties.  Bacterial  toxalbumins  are  not 
pyogeuetic. 

In  most  cases  abscess  is  the  result  of  the  iircseiice  in 


the  tissues  of  some  one  or  more  of  the  common  pyo- 
genetic bacteria,  lirst  discovered  by  Ogston  in  1881,  sub- 
sequently i.solated  by  Kosi'ubach  in  1884,  and  comjiletely 
described  by  Fasset  in  1885,  namely,  Staphylococcus 
pyogenes  aureus,  albus,  and  citreus,  and  Streptococcus 
pyogenes.  Janowski  tabulates  827  cases  of  abscess  and 
sup]iur!ition  in  the  subcutaneo\is  tissue  (the  most  fre- 
quent seat  of  suppuration),  and  in  OO.j  the  sla])b_ylococci 
occiu'rcd  alone,  in  l.")4  the  streiJtococcus,  and  in  08 
staphylococci  and  streptococci  were  associated.  These 
organisms  have  also  been  found  to  produce  pus  in  man 
imder  experimental  conditions.  But  abscess  frequently 
follows  the  invasion  of  the  tissues  by  organisms  that  are 
not  constantly  or  generally  pyogenetic;  the  number  of 
organisms  that  are  facultatively  pj'ogcnetic  is  quite  con- 
siderable. Jlierococcus  lanceolatus  (dijilococcusof  pneu- 
monia), which  is  the  most  frequent  pus-producer  after 
the  common  pus  cocci,  may  cause  abscesses  in  the  soft 
parts,  suppurative  otitis  media,  suppurative  osteomye- 
litis, synovitis,  peritonitis,  etc.  Bacillus  mucosus  cap- 
sulatus  (pneinnobacillus  of  Friedlilnder  and  B.  laetis 
aerogenes)  has  been  repeatedly  isolated  from  cases  of 
suppuration  in  the  tympanic  cavity,  the  antrum,  and 
other  accessory  nasal  ca\ilies.  Bacillus  coli  communis 
is  frequently  fotmd  in  suppurative  cholangitis,  abscess 
of  the  liver,  peritonitis,  etc.,  and  is  pyogenic  in  animals. 
Bacillus  typhi  abdominalis,  which  has  the  power  of  re- 
maining latent  in  the  tissues,  cspeciall)'  the  bone  marrow 
and  the  gall  bladder,  long  after  the  primary  attack  of 
typhoid  fever,  is  now  and  again  found  as  the  probable 
cause  of  absces.ses  in  bones  (typhoid  osteom_yelitis) .  sup- 
purative cholecystitis,  emiiyema,  abscesses  of  the  soft 
parts,  etc.  The  typhoid  bacillus  produces  pus  in  ani- 
mals. Bacillus  influeuz;e  may  also  induce  purulent  in- 
flammation. 

Among  other  bacteria  capable  of  producing  pus  may 
be  mentioned  Proteus  Zeiikeri.  bacillus  of  swine  plague, 
bacillus  of  chicken  cholera.  Micrococcus  tetragenus. 
Micrococcus  intracellularis.  Bacillus  pyocyaneus,  Bacil- 
lus prodigiosus.  etc. 

Bacillus  pyocyaneus,  the  organisiu  of  blue  pus,  is  not 
merely  a  chromogenic  sapniphyte ;  for  it  has  been  isolated 
as  the  only  cause  of  otitis  media,  suppurative  pericar- 
ditis, hepatic  and  ovarian  abscesses,  ascending  urinary 
suppurations,  etc.  In  two  hundred  cases  of  suppuration,' 
Janowski  found  this  bacillus  only  twice. 

Stapliylococcus  epidermidis  albus  Welch  is  the  most 
Cfimmon  organism  on  the  surface  of  the  body,  being  often 
situated  deeper  than  can  be  reached  by  any  of  the  pres- 
ent methods  of  cutaneous  disinfection;  it  is  closely  re- 
lated to  Staph\iococcus  pyogenes  albus,  being  according 
to  Welch  an  attenuated  form  of  this  organism,  and  is 
probiibly  the  most  general  cause  of  "stitch-abscess.  " 

The  action  of  Slicrococcus  gonorrhoese  in  a  few  cases 
has  seemed  to  be  distinctively  pj-ogcnetic. 

Jlicrococcus  pyogenes  tenuis,  which  is  usually  men- 
tioned as  a  pus  coccus,  has  been  isolated  only  nine  times; 
in  six  instances  it  was  fcnuid  alone,  in  three  associated 
with  other  organisius.  The  identity  of  this  microbe  is  not 
fully  established,  and  the  question  has  been  raised  as  to 
the  probability  that  Micrococcus  lanceolatus  is  an  organ- 
ism mistaken  for  it. 

Bacillus  pyogenes  fa>tidus  is  a  rare  jms-prodticing 
organism  the  relation  c>f  which  to  the  colon  group  has 
not  been  settled. 

In  additiiai  to  being  caused  by  bacteria,  abscesses  may 
be  produced  by  divers  fimgi.  such  as  the  ray  fungi  (see 
AcliiKiiiii/cosix) .  in  Avhich  case  the  pus  may  contain  char- 
acteristic finigous  clusters  orgranides;  Oidium  albicans 
and  various  forms  of  Blastomycetes  are  also  pus  pro- 
ducers; Trichophyton  tonsurans  may  cause  cutaneous 
and  subcutaneous  abscesses  (Sabouraud).  Recently  cer- 
tain jiecidiar.  refractory,  subcutaneous  ab.sccs.ses  have 
been  shown  to  depenil  upon  the  presence  of  a  fungus 
possibly  belonging  to  the  sporotricha  (Schcnck). 

A  form  of  abscess  which  is  obser\ed  in  hot  cliiuatesand 
occasiouidly  in  other  regions.and  which  occurs  in  the  liver, 
has  received  the  name  of  tropical  or  amrebic  abscess  of  the 
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liver;  it  is  caused  by  tlie  Iransfei'  of  organisms  from  the 
larjre  intestine  to  the  liver,  throusrli  tlie  portal  vein,  in 
nmu'bie  ilysentery.  Tliis  would  seem,  therefore,  to  be  an 
example  of  suppuration  with  abseess  formation  due  toan 
animal  organism,  theamieba  eoli.  but  Ihee.xael  relation  of 
this  pai-asite  to  Iheab.seess  lias  not  yet  been  established  ;  it 
may  be  that  other  mierobes  play  an  essential  part,  the 
presence  of  the  amteba  being  largely  secondary  or  ac- 
cidental. 

A  luuuber  of  cocci  lias  been  found  to  be  pyogeuetic 
only  in  ainmals,  such  as  cattle,  liorses.  etc. 

The  pyogenelie  (|ualitiesof  most  of  the  (n'ganisms  that 
have  been  mentioned  have  been  satisfactorily  eslablished 
by  e.xiieriraents.  It  appears  that  of  tlie  warm-blooded 
animals,  man  is  the  most  disposed  to  suppuration. 
Among  the  various  condilions  thai  especially  favor  sup- 
iniration  may  be  mentioned  the  infectious  diseases,  both 
aeule  and  chronic:  conditions  eharaeteii/.ed  in  general 
liy  a  lowering  of  llie  vilal  strength;  diabetes  mellitus, 
etc.  The  common  pus  microbes  are  normally  ])resent  on 
the  skin,  in  the  oral  cavity,  and  in  the  vaginal  secretion. 
Local  infections  are  likely  to  occur  wdicii  the  protective 
covering  is  injured  in  any  way  and  the  general  strength 
reduced.  The  disposition  to  pyogenic  infection  created 
by  the  infectious  il-iseast-s  such  as  typhoid  fever,  goiuir 
rho'a.  inlluenza.  scarlatina,  variola,  diphtheria,  measles. 
dys<'nlery.  etc..  is  clearly  shown  by  die  fre(|Uencv  with 
which  secondary  mixed  infections  wiih  pus  microlies 
occur  in  these  diseases.  Secondary  infection  usually 
means  the  lodgment  and  pathogenic  action  of  bacteria  in 
the  tissues  and  the  blooil  of  persons  rendi'red  especially 
siisceiitilile  by  the  inlluenccs  of  pre-existin.g  infections 
with  other  microbes.  The  resulting  abscesses  may  con 
tain  lh<'  microbe  of  the  ]iriniary  disease  and  of  the  secon<l- 
ary  infection,  or  the  laller  oidy  may  be  presi'iit.  The 
]ihrase  .secondary  iiifi'Ction  is  generally  used  in  tliis  sense. 
Abscesses  may  be  the  resvdt  of  a  primary  polyinfection; 
thus  slaphylococci  and  streptococci  not  infre(]Uenlly  are 
associated  in  the  same  abscess. 

When  an  abscess  becomes  old  or  clironie  tlie  microbes 
present  are  usually  reduced  in  virulence,  but  by  several 
passages  throimii  susceptible  animals  the  virulence  may 
lie  again  greatly  increased. 

Or/'f/ui  i>f  I'lin.  —  Pus  is  the  result  of  intlaniniation  in 
which  the  exudate  and  the  dead  cells  and  detritus  are 
li(pielied  by  the  action  of  digestive  ferments  ]u-oduced 
eillK'r  hy  the  bacteria  tlK'mselves  or  by  the  cells.  The 
ferments  either  hinder  the  coagulation  of  the  c.xuded 
serum  or  redissolve  the  fibrin  once  formed.  The  various 
factors  in  inllammation  are  therefore  in  full  o])eration  in 
the  early  stages  of  abscess  formation,  and  the  classical 
symptoms  of  acute  intlaniniation — rubor,  calor.  dolor, 
tumor,  funclio  lasii — are  rarely  seen  to  better  advantage 
than  in  the  beginning  of  an  acute  abscess  in  the  skin  or 
subcutaneous  ti.ssuc.  As  a  result  of  the  action  of  tlie 
microbes  present  or  of  tlieir  products,  and  of  divers 
chemical  substances,  the  tissue  cells  in  the  immediate 
vicinity  are  injure(L  and  this  is  followed  by  the  well 
known  vascular  changes  of  acute  intiammation,  leading 
li>  exudation  of  serum  and  leucocytic  emigration.  In 
resiionse  to  the  ]iositively  cheniotactic  substances,  pro- 
duced either  by  the  bacteria  din-el ly  (Leber),  or  liy  Ihe 
action  of  broken-u]!  necrotic  fragments  of  cells  destroyed 
by  the  liacteria.  or  by  other  causes  (Buehner),  the  mobile 
cells  of  the  lilood  and  of  the  tissues  accunuilale  in  Ihe 
intlammatory  focus.  Many  of  these  cells  become  jiliago- 
cytes.  and  intracellularand  extracellular  bactericiclal  and 
digeslive  IV'rments  are  produced.  As  a  l'<'sult  of  the  dis- 
turbed intercellular  e(|inlibrium  the  fixed  tissue  cells 
begin  lo  mulliply  and  karyokinelic  tigures  are  seen  at 
the  Iiorders  of  the  area  ;  the  migralory  cells  also  multiply. 
Thus  is  ))roduced  a  mass  whicli  al  lirst  is  denser  than  the 
normal  tissue.  I'nder  the  inlluence  of  the  toxic  suhslances 
necrosis  of  cells  takes  ]ilace,  and,  as  already  emphasized, 
Ihe  proleolylic  fernienis  hinder  coagulalionof  Ihe  in  Mam - 
matory  serum  and  dis.solve  the  dead  cells  and  shreds  of 
tissue,  and  in  this  way  pus  Is  formed.  The  lu-oteolylic 
action  of  ferments  of  bacterial  origin  is  well  illustrated 


by  Hosenbach.  who  showed  that  under  anaerobic  condi- 
lions Staphylococcus  |iyogenes  aureus  dissolves  while  of 
egg  and  meat. 

I'us  is  therefore  an  albuminous,  non-coagulalile  tluid. 
rich  in  cells;  it  is  disiinguislied  from  blood  serum  and 
lymjih  by  not  being  spontaneously  coagulable.  Lillam 
mationof  a  tissue  associated  with  cellular  intiltration  but 
without  reco,giii/.ablc  solution  of  tissui — histolysis — does 
not  give  rise  lo  pus. 

yV///.svVv//,  f7tt  iitinil,  ttiid  ^TorpltitUtfjit'ifl  ('hitfartrriniit's  i/f 
Pus. — Tyiiical  liunian  juis — the  pus  bonum  el  laudabil.- 
of  theold  writei's — is  a  creamy,  more  or  lessinucoid  tluiil. 
usually  of  alkaline  but  not  rarely  of  acid  read  ion.  pos 
se,ssiu.g  a  peculiar  sweetish  odor  and  a  specitic  gravity  of 
1.03l)-;!3.  Atyjiical,  "thin  "  pus  ("ichor")  may  have  a 
much  lower  spccilic  gravily.  and  such  pus.  mixed  with 
tibriuous  tlocculi  and  shreds,  and  smiUing  (if  butyric  acid, 
is  regarded  as  Ihe  result  of  a  viruU'nt  infeclion.  and  as 
indicating  a  cautious  prognosis.  Allowed  to  stand,  juis 
generally  .separates  into  two  layers,  the  upper  lieing  a 
transparent,  yellowish  Huid — "liquor  puris" — and  Ihe 
lower,  an  opaiiiie  mass  com]iosed  of  tlie  soliil  constitu- 
ents of  Ihe  pus.  The  licpior  jiuris  is  much  like  blood 
serum  and  lymph  in  its  comjio.sition. being  somewhai  less 
albuminous  and  not  conlaining  .■iiiy  tibrinogen;  it  con 
lains  considerable  globulin,  albumoses.  and  various  ex- 
tractives, such  as  leuciii  and  tyrosin.  more  or  less  mucus, 
fats,  and  cholesterin,  the  latter  especially  in  the  case  of 
old  pus;  among  liie  mineral  constituenis  may  lie  men- 
tioned sodium  chloride  and  the  phosphates  of  magnesium 
and  calcium;  tinally.  the  serum  of  pus  will  be  found  to 
contain  digeslive.  bactericidal,  and  other  ferments  and 
loxi(r  substances,  partly  of  bacterial,  partly  of  cellular 
origin,  the  anunint  and  the  kind  varying  according  as  the 
microbe  at  work,  its  virulence,  aiul  the  age  of  the  pus 
vary.  The  odor  and  the  color  of  pus  are  also  subject  to 
'variation,  dependingon  th<'  cause  and  the  situation  of  Ihe 
abscess  and  the  presence  of  secondary  putrefactive  bac- 
teria. Pus  a.ssocialed  with  disease  of  Ihe  middle  ear  and 
of  the  brain  is  frequently  fetid,  due  lo  changes  of  a  putre- 
factive nature.  In  sucli  cases  lactic,  valerianic,  butyric, 
and  other  acids,  n...S,  etc..  are  formed.  Purulent  ac 
cumulations  in  the  vicinity  of.  or  in  connection  with,  the 
intestines  generally  acquire  a  fecal  odor,  which  sometinu'S 
is  intense.  Pus  may  be  mixed  with  blood  so  that  its 
color  on  that  account  varies  from  bright  reil  to  brown  or 
chocolate.  Green  or  blue  pus  is  the  result  of  suppura- 
tion caused  by  Bacillus  pyocyaneus.  which  lu-oduces  a 
green  pigment,  pyocyanin.  Abscesses  caused  by.  or  con- 
laminated  with,  gasogenie  organisms,  such  as  the  colon 
bacillus.  Proieus  vulgaris,  and  iiacillus  aerogenes  capsu- 
latus.  may  contain  a  more  or  less  frothy  pus. 

In  addition  to  jnis.  ab.scesses  may  ciaitain  other  sub 
slances.  as  blood,  shreds  of  tissue,  foreign  bodies,  jiara- 
sites.  cheesy  anil  calcareous  masses.  When  ]ii'e-existing 
cysts,  such  as  retention  cysts  and  follicular  cysls.  become 
the  seat  of  purulent  infeclion,  the  resultiiiL;'  jius  is  mixed 
with  the  cyslic  contents. 

The  formed  elements  present  in  jius  are  uiigraled  li-u- 
cocytes  and  wandering  cells.  Strieker  insisted  that  the 
pus  corpuscles  were moditied  embryonal  tissue  cells,  and 
it  stands  to  reason  that  some  of  the  cells  in  jius  may  be  of 
this  origin;  but  it  is  now  agreed  that  leuc  icyies  form  the 
great  majority  of  the  cells  in  jius.  In  acute  abscesses  the 
greater  number  of  the  cells  are  leucocytes  of  the  lincly 
granular,  polymoriihonuck-ar  lyjie;  coarsely  granular, 
eosinophiles  and  hyaline  celk  of  different  kinds  with  cir- 
cular and  oval  nuclei  are  also  found,  and  lo  what  exieni 
this  cell  conies  from  the  blood  and  to  what  extent  from  the 
li.ssues  is  unsettled.  There  is  great  diversity  in  Ihe  a]i- 
pearances  of  the  cells  present  in  pus;  Ihe  great  irregular- 
ity in  the  shape  of  the  nucleus  is  explained  as  due  in 
some  cases  to  its  being  tixed  while  the  cell  is  in  motion. 
in  other  casc-s  to  beginning  degeneralion  and  disinte- 
,gralion  into  the  nuclciir  fr.a,gmenls  commonly  present. 
Among  the  disinlegralingcclls  will  bi'  found  those  which 
still  relain  their  anneboid  movemi'Ut.  The  proto]ilasm 
of  many   leu(!ocytes   often   .shows  extensive   fatly   and 
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jrraimlnr  chiiu.sres.  In  chronic  abscesses  the  monoimclear 
ceils  are  relatively  mniv  luinierous.  .lanowski  observed 
that  the  cells  in  (ins  are  ol'  the  same  general  nii)r]il!«ilo,i;y 
iu  bacterial  and  in  purely  chendeal  abscesses.  In  the 
case  of  must  alisces.ses.  especially  the  acute,  pus  will 
contain,  in  addition  to  cells  and 'cellular  detritus,  the 
special  pus|)rodneiM};-  oriranisnis.  whose  presence  is  usn- 
."."y  readily  established  Ijy  the  ordinary  histoloi;ieid  and 
Imcic'iolo^ical  nu'lhods.  In  some  cases,  as  for  instance 
in  absces.ses  caused  by  my  fungi,  the  organisms  form 
peculiar  grayish  or  yellowish  granules  which  can  be 
seen  w  ith  the  naked  eye. 

In  domestic  animal's  pus  presents  a  \ariable  macro- 
scopic appeanmee.  In  horses,  cattle,  and  swine  it  cor- 
responds in  the  main  with  huniun  pus:  in  dogs  it  is  gcn- 
cndly  ihimier  and  more  .serous;  iu  rabbits,  guinea-pigs. 
and  iiinls  it  is  much  thicker,  almost  caseous  in  appear- 
ance (Johnc), 

Cold  Abscess. — Puruloid  lluids  are  produc<'d  by 
softening  of  caseous  foci  and  by  the  .so called  bland  or 
aseptic  iiciuefaction  of  Ihiombi.  In  these  cases  the])roe- 
ess  is  not  exactly  the  same  as  iu  ordinaiT  suppuration, 
although  fluids  niay  result  that  greatly  lesemble  pus. 

The  chronic,  socalled  "eold  abscesses  "are  in  reality 
collections  of  softened  tuberculous  material.  They  are 
observed  most  frenueutly  in  connection  with  tuberculous 
arthritis  and  osteomyelitis.  The  contents  of  the  cavities 
are  formed  slowly,  and  e.xtc^nsion  often  occurs  according 
to  the  laws  of  gravity.  Thus  "cold  abscesses"  associated 
with  tubifeulosisof  verti'bra'  often  make  their  way  down- 
wards as  well,  as  shown  iu  the  tluctuating  swellings  ob- 
served above  or  lielow  Poupart's  ligamcut.  which  origi- 
nate iu  tuberculous  foci  of  the  lower  dor.Siil  or  lumbar 
vertebra'  and  pass  down  along  tlie  p.soas  muscles. 

Many  hax'e  failed  to  tiiid  bacteria  in  cold  aliscesses 
(Bilhoth.  Ogston)  ;  others  found  tubercle  bacilli  alone  or 
mixed  with  other  bacteria.  Hence  it  is  claimed  by  .some 
authois  that  the  tubercle  germ  can  cause  suppuration, 
while  olheis  regard  the  process  as  oidy  apparently 
purulent  (Baumgaiten).  Pure  "tulierculous  pus"  con- 
sists of  a  tine  granular  detritus  of  caseous  material,  fatty 
and  granular  cells,  and  few  leucocytes.  Jlore  typical  pus 
is  produced  when  unxed  infection  occurs,  but  even  tlieu 
the  microscopicaiiiieaiaucesof  the  pus  are  difTereut  from 
those  of  uon  tuljereulous  pus.  Tuberculous  abscesses 
are  usually  i-hrcaiic.  and  perhaps  the  conteuts  have  been 
changed  by  the  long  stay.  Inoculated  into  animals  such 
as  guinea-pigs,  the  contents  of  "  cold  abscesses  "  uearlj- 
always  |iroducc  tuberculosis. 

"Serous  abscesses"  occur  in  connection  with  certain 
intlatiuiiatious  of  the  periosteum.  The  condition  is  also 
known  as  periostitis  albunnnosa  and  as  periosteal  gan- 
glion. Flattened  cavities  form,  c(nitaiuiug  a  varying 
(piantity.  most  fre(|iu-nt!y  from  KlO  to  l.iOc.c.  of  clear^ 
transparent,  yellowish,  viscid  flidd  like  synovia  or  glyc- 
erin. The  fluid  contains  albunun  coagulable  by  heat 
and  nitric  acid,  more  or  less  mucus,  and  some  fibrin!  Pus 
cells  are  absent,  liruer,  who  collected  twenty-five  cases, 
found  the  femur  involved  twelve  times,  the  tibia  eight 
times,  the  hinnerus  twice,  the  ulna  twice,  and  a  rib  oiicc. 
The  h'siou  was  located  at  the  epiphyseal  function  seven- 
teen times  and  in  the  iiuddle  of  the  shaft  live  times.  It 
is  thought  that  this  form  of  intlanmiation  may  be  either 
ttibefculous  or  pyogenic  in  its  nature,  the  peculiar  mor- 
phology of  the  exudate  depending  on  a  secondary  mucoid 
degeneration  of  pus  cells  orupon  reabsorption  of  the  leu- 
cocytes: or  the  exialate  may  be  lu-imarily  serous,  due  to 
the  peculiar  action  of  the  microbes. 

The  Size.  Wiilh,  Fittc,  etc..  of  AhsccHHct. — In  size  ali- 
scesses  vary  from  the  microscopic  to  those  containinir  a 
litre  or  more  of  pus:  such  large  accumulations  are  ob- 
served especially  in  the  soft  siibcutanccnis  tissvU'S  and  in 
preformed  cavities  like  the  pleiu-al,  the  renal  pelvis,  etc. 
The  writer  once  ojieia'd  ati  abscess  in  the  anterior  ab- 
dominal wall,  situated  between  its  layer.s,  which  con- 
tained no  less  than  four  litres  of  yellow,  creamv  pus. 
This  enormous  collection  developed  iu  a  girl  seven  vears 
of  age,  who   for  a  time  previously  luul   presented   the 


symptoms  of  typlioid  fever;  gradually  the  abdomen  be- 
gan to  enlarge  and  soon  an  excessive  size  was  readied ; 
the  summit  of  the  distention  corresponded  to  the  navel. 
The  cavity,  which  occuiiied  the  whole  extent  of  the  an- 
terior abdi>miual  wall,  did  not  a])i)ear  to  communicate 
with  the  peritoneal  cavity.  After  the  insertion  of  nu- 
merous drains,  which  converged  at  the  navel  and  passed 
out  at  the  pubes  .■iiul  the  flanks,  the  symptoms  began 
to  impro\-e,  and  complete  recovery  took  place. 

When  pusaccumtdates  in  a  preformed  cavity  the  walls 
of  the  abscess  are.  primarily  at  least,  those  of  the  cavity. 
Ab.sce.ssi's  in  solid  organs  or  tissues  after  a  lime  generally 
become  walled  olT  from  the  surroundings  by  a  layer  of 
granulation  tissue  and  filirous  tissue,  to  which  the  name 
"  pyogenic  membrane  "has  been  given,  on  the  supposition 
that  this  memljiane  secreted  the  jnis.  Pus  may  form, 
however,  without  any  such  membrane,  wliich  in  reality 
represents  the  effort  of  tlie  organism  to  circumscribe  the 
action  of  tlu-  pyogenic  agents  and  limit  the  destruction 
of  tissue.  The  term  pyogenic  membrane  is  therefore  an 
ill-chosen  one. 

Often  there  is  not  this  tendency  to  definite  circum- 
scription, but  the  pus  wanders  or  "burrows"  in  thediree- 
tion  of  least  resistance,  soft  parts  like  muscle  yielding 
readily,  whereas  dense  fibrous  structures,  like  fascia-, 
offer  more  resistance.  Abscesses  near  the  surface  of  the 
body  tend  toward  the  surface,  and  are  then  said  to 
"point";  eventually  spontaneous  rupture  and  discharge 
of  the  contents  may  take  jilace.  Aliscesses  in  organs 
\\  itli  serous  coverings  often  reach  the  surface,  perforate 
the  covering,  and  by  the  ilischarge  of  pus  into  the  cavity 
cause  diffuse  intlamination  of  the  serous  membrane. 
Sometimes  pre\ious  adhesive  inflammation  between  two 
serous  surfaces  may  prevent  the  escape  of  tlie  pus  into 
tlie  cavity  in  which  the  organ  lies,  the  pus  eventually 
being  discharged  along  other  routes.  Thus  adhesions 
between  the  diaphragm  and  the  lung  precede  the  dis- 
charge of  abscesses  of  the  liver  into  the  bronchi. 

Instead  of  pus  being  discharged  spontaneously,  or  after 
incision,  it  may  be  removed  by  absorjition.  This  pre- 
supixises,  in  the  first  place,  the  destruction,  neutrali.^a- 
tion.  or  removal  of  the  pyogenic  agent  and  the  subsidence 
of  the  active  infiamniatory  changes;  the  fluid  parts  are 
absorbed,  the  living  leucocytes  and  wandering  cells  de- 
part, and  the  dead  cells  undergo  disintegration  either  by 
extra-  or  intracellular  digestion.  Occasionally  the  solid 
parts  of  till'  abscess  contents  are  not  removed,  but  un- 
dergo inspi.ssatiou  and  are  changed  into  a  crumbling, 
grayish  material,  which  later  may  become  infiltrated  with 
lime  salts  and  converted  into  a  calcareous  mass;  it  is  also 
possible  that  inspissated  pus  may  later  undergo  lique- 
faction. Al)sor]jtive  changes  like  these  are  ahvajs 
associated  with  the  formation  of  a  well-marked  con- 
nective-tissue capsule,  which  separates  the  area  from  the 
surrounding  ti.ssue.  Abscesses  healing  spontaneously 
may  leave  behind  a  mere  scar,  an  encapsulated,  calcare- 
ous mass,  or  more  rarely  a  cyst.  It  is  probable  that 
pyogenic  microbes  ma}'  persist  for  some  time  iu  such 
areas  in  a  condition  of  latency. 

Embolic  Auscesses. — Secoudary  or  metastatic  ab- 
scesses are  those  which  are  develojied  at  a  distance  from 
the  point  of  primary  infei'tion.  They  are  properly  called 
embolic  also,  and  are  usually  multiple  and  small,  hence 
often  called  miliary  abscesses.  They  are  alwaysdue  to  in- 
fectious organisms,  and  in  most  cases  the  infected  emboli 
are  derived  fi'om  thrombi  undergoing  septic  softening  or 
from  fragments  of  endocardial  vegetations.  It  is  also  prob- 
able that  the  circulation  iu  the  blood  of  pj'ogenic  organ- 
isms may  result  iu  the  formation  of  multiple  abscesses,  in 
the  same  manner  as  the  intravenous  injection,  in  rabbits, 
of  pure  cultures  of  Staphylococcus  pyogenes  aureus  is 
followed  by  miliary  foci  of  suppuration.  The  presence 
in  the  blootl  of  jiyogenic  organisms,  with  the  formation 
of  emfiolic  or  metastatic  abscesses,  constitutes  the  much- 
feared  disease  pya-mia.  If  one  wishes  to  find  the  source 
of  embolic  abscesses  in  a  given  case,  one  follows  back  the 
circulatory  current  and  searches  for  a  vessel  the  ,seat  of 
thrombosis  and  intiauimatiou.     Thus,  if  such  abscesses 
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arc  pix'seiil  in  the  luiiirs.  one  is  likely  to  tiiiil  llic  source 
eitlicr  iu  the  sinuses  of  tlic  brain,  in  flic  venous  jjlexuses 
arotniil  pelvic  origans,  or  iu  tlie  peripheral  veins.  Eui- 
liolic  abscesses  of  the  bniin.  heart.  sple<'U.  kiilneys.  etc., 
connnouly  have  their  oriiiin  iu  an  infectious  endocarditis 
— arterial  pya'niia.  In  cases  of  multiple  abscesses  in 
which  careful  search  tails  to  disclose  the  primary  scat, 
the  pva'niia  is  sonietinies  sjJoUen  of  as  cry])lo;;i'netic.  its 
oriirin  reniainiuij  hidden.  Embolic  abscesses  of  the  liver 
are  usually  derived  from  the  radicles  of  the  portal  vein, 
which  lieconie  involved  In  such  conditions  as  appendicitis 
and  suppuration  associated  willi  hemorrhoids  and  with 
dy.seutcric  and  other  ulcers  in  the  iulestines.  infected  em- 
boli may  also  i-each  the  liver  tliroujrh  the  lie|)atic  artery  in 
.•rencnil  jiyaauia.  Embolic  abscesses  are  most  frecpiently 
due  to  Staphylococcus  and  Streptococcus  pyoii'cncs,  but 
.Micrococcus  lauceolatus.  IJacillus  mucosus  eapsulatus, 
and  other  bacteria  are  also  often  at  worU  in  such  cases. 
Characteristic  midtiplc  ubs<-csses,  who.se  pus  contains  the 
fuujius  jiraiuilcs,  also  develo])  in  the  metastases  of  acti- 
nomycosis 

Si/ii/ptii/iix. — The  general  synijitoms  of  acute  abscesses 
are  those  of  a  local   infection,  the  intensity  of  Ihi- infee 
tion  varying  according  to  the  virulence  of  the  organism 
There   will   !)<■   locjil  'pain,  tenderness  and  swelling,   and 
moll' or  less  fever  and   general   dislurbaiices  dui'   to  the 
absorption  of  toxic  substances.      In  streptococcus  iiilec- 
lion  the  general  .symptoms  are  often  severe      It  should 
be  borne  iu  mind  that  in  the  early  stages  of  abscess  for 
niatioii  the  swelling  may  be  lirni  in  consislciu c,  and  that 
an  e,\act  etiological  diagnosis  is  possible  only  afier  care- 
ful  bacteriological   examinaticai      Chronic  abscesses,    in 
addition   to  the  purely  local   syni|)toms,  may   iu  time  in 
diice  amvloiil  degeneration  of  the  internal  organs, 

J./iilriij  n.ktiHii 
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Wissensetiaft  aus.    Ziefjier's  lleitrage.  ISVH,  xv.,  12s. 

ABSCESS.  (SURGICAL.)— Clinical  research  and  ob- 
servalinn  coaibiinil  wilh  bacteiiological  e.\pi  rimeiital  ion 
liave  deinonstrated  that  the  presence  of  pus  is  always  sure 
to  be  acccMiipanied  by  some  form  of  bacteria.  That  these 
pyogenic  bacteria  stand  in  the  relation  of  cause  and  ef- 
fect lo  the  pus  production  has  not  been  absolutely  proved. 
It  has.  however,  been  shown  that  they  or  their  products, 
that  is.  the  to.xins  which  their  chemical  action  inoduces. 
are  capable  of  inducing,  and  do  induce,  a  coagulation  ol 
tissue  and  a  digestion  by  iieptoncs  which  tinally  result  in 
the  roiination  of  the  abscess.  Ab.sccss  formalion  is  there- 
fore the  resull  of  their  action  upon  tissues  and  of  the  re- 
action which  is  induced  in  the  body  in  the  elTolt  of  self 
protection. 

The  severity  of  the  inlVi  tion  diprnds  upon  the  char- 
acter of  the  iid'ecting  micro  organism  and  upon  the  at- 
tenuation which  age  or  environment  has  elleded  in  the 
virulence  of  its  toxins,  while  the  I'eaction  is  propoil ion- 
ate  lollie  resisting  power  or  the  vitality  of  ihe  jnili\jdijal 
infected.  Thus  it  has  been  found  that  the  iidcction 
which  results  from  the  rupture  of  an  abscess  of  long 
standing  into  Ihe  peritoneum  is  in  some  cases  alnio.st  in- 
nocuous and  the  reaction  very  slight,  although  the  pu.9 
contains  bacteria  which  are  endowed,  under  other  cir- 
cumstaifees.  with  a  virulence  that  would  produce  a  fatal 
infection,  ruder  such  circumstances  and  in  operations 
upon  collections  of  pus  that  are  chronic  in  their  mode  of 
(levclo[iiiient,  Ihe  greatest  ase])tic  precaul ions  should  be. 
einiiloycd  to  ])revcnt  infection  by  more  virulent  germs  or 
those  of  a  ditVerent  character 

Such  an  advance  in  our  knowledge  of  Ihe  causalicai 
and  pathology  of  abscess  formation  has  rcvolutionj/ed 
our  methods  of  treatment  anil  necessitates  an  adaptation 
and  revision  of  Ihe  nomenclature,  as  well  as  of  the  treat- 
ment, of  these  results  of  inlection 

An  abscess,  when  considered  in  Ihe  light  of  this  n(;w 
patholog}    tauuot  be  coinprcheusively  defined  as  a  cir- 


cumscribed collection  of  ])us.  That  delinilion  can  be 
apjilied  to  Ihe  nidus  or  ciicumscribed  points  of  infection 
from  which  the  general  infeclion  may  siiread,  but  Ihe 
cau.se.  the  liactcria.  may  have  permeated  the  surrounding 
tissues  or  may  have  passed  on  farther  through  the  lym- 
phatics, and  their  toxins  may  already  be  producing  a  co 
agulation  necrosis.  'I'he  abscess,  in  its  incipient  stage, 
may  thus  be  widespread  in  exieiil.  and  yet  no  pus  be 
formed  other  than  in  the  nidus. 

Treatmciil.  to  be  effective,  iiiust  not  be  delayed  till  the 
abscess  is  fully  Ibrmed.  It  iiiusl  compreheml  the  facts 
demonstrated  by  pathologv.  and  to  be  radical,  thorough, 
and  ellicient  it  must  deal  with  the  incipieni  abscess.  The 
cause  must  be  ri  moved  before  the  infection  expresses 
ilscif  in  the  full.v  developed  circiunscribcd  collection  of 
pus  which  would  embrace  the  whole  area  infected.  The 
old  method  of  waiting  till  the  abscess  lias  formed  and 
"pointing"  has  taken  place,  has  had  to  give  way  to 
methods  which  destroy  the  inlectjng  agent  and  assist 
nature  in  preventing  itssjnvad.  The  resulls  justify  Ihe 
treatment.  Recovery  is  more  rapid  and  the  drain  upon 
the  system  is  lessened,  while  in  ca.ses  of  grave  infection 
the  life  of  the  patient  can  be  saved  in  no  other  way. 

From  the  surgical  standpoint  abscesses  are  classified  in 
accordance  with  their  situation,  in  reference  lo  structures 
which  detenuine  their  developnieiit  and  appearance,  or 
in  reference  lo  an  organ  the  vilalily  of  which  is  threat- 
cued  by  their  proximity.  These  relations  intluence  their 
symptoinatology  and  in  a  measure  the  method  of  treat-; 
inent. 

The  .symptoms  that  accompany  the  formation  of  an 
abscess  are  lho.se  of  a  localized  acnir'  siiii[uirative  in, 
tlammation  The  area  surrounding  the  ]ioint  of  infec- 
tion becomes  tensely  swollen  from  the  intiltratioii  of 
the  tissues  by  the  outpouring  of  leucocytes.  The  sur- 
face becomes  more  or  less  glazed  from  the  tension  anil  is 
covered  by  a  bright  red  blush.  The  increasin.g  tension 
within  brin.irs  ever-increasing  p.-iin  in  the  nerves,  w  liicli 
tinally  beconies  acute,  with  a  characteristic  throbbing  or 
boring  .sensation.  As  the  pressure  increases  and  llie 
tissues  become  thinned  out.  ■■liuctuation  "  is  reco.s;nized 
by  the  alternate  pressure  of  the  fingers.  If  the  |irocess 
is  allowed  to  go  lai.  the  integumeiil  beconies  w  liitish  and 
thinned  at  one  spot,  that  is.  "  pointing  "  lakes  plate,  and 
finally  Ihe  abscess  rupliircs. 

The  const itulioiial  disturbance  is  great  throughout. 
There  may  be  a  rise  and  fall  in  temperature  on  alternate 
days  IhaV  suggests  malaria,  from  which  Ihe  diilcreiilial 
diagnosis  has  frei|iieiitly  to  be  made  When  suppurat  iiai 
takes  place  there  iseillier  a  chill  or  a  sudden  rapid  rise 
of  temperalure  .lust  bebn-c  "■  poinling  "  fakes  place  the 
pain  and  b'brilc  disliirbance  are  very  great  The  rup- 
ture of  the  abscess  is  followed  by  a  subsidence  of  both 
local  and  ciaislilulional  symptoms. 

The  tendency  of  all  abscesses  or  infections  is  lo  spread 
in  the  direction  of  least  resistance  They  have  therefore 
been  classified  in  relation  lo  the  slructures  which  tend  to 
limit  their  spreading  and  to  direct  their  developnienl  into 
subcutaneous  or  superticial,  and  subfa.sci;il  or  deep  ab- 
scesses, 

'I'he  dee])  or  subfascial  abscess  is  geiieially  limited  by 
IIUMleep  fasei;e  and  extends  in  Ihe  direclion  of  least  re- 
sistance beneath  that  structure.  It  may  be  limited  by  Ihe 
periosteum  of  the  lione.  in  which  case  it  forms  a  subperios- 
teal abscess.  It  may  dissecl  its  way  between  the  niuscles, 
since  the  loose  cellular  and  (omieclive  tissue  which  sepa- 
rates llieni  readily  yieldsanii  forms  I  he  [lalb  of  least  resist- 
ance It  may  follow  Ihe  sheaths  of  blood  vessels  oralong 
nerve  trunks  In  dealing  with  deep  absci  sses  Ihe  surgical 
analoniy  of  the  part  must  be  duly  considered,  and  the 
directions  in  which  the  ab.sccss  may  extend  examined 
with  this  idea  in  view 

The  symplonis  of  deep  su])]ninitii)n  dill'er  from  those 
already  described  in  coining  on  more  gradually  The 
hist  syinploins  are  of  a  subjeclive  nature.  There  is  no 
immediate  superticial  swelling,  the  normal  contour  and 
outlines  of  the  part  are  not  altered  An  ledema  may  be 
the  hrsi  superlicial  sign,  followed  l>y  teuderness  and  red- 
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iicss.  and  ns  tlic  inttammMtiou  iippronclies  the  surface  all 
the  svmplonis  jrmilually  appear  According  to  the  re- 
srion'in  which  the  abscess  has  I'ormed  and  the  extent  to 
which  adjacent  orirans  are  hivolved.  the  pus  will  be 
found  to  contain  fmjrnientsof  necrosed  bone,  or  urine,  or 
l)ile.  or  intestinal  contents  with  frciiueutly  :ui  odor  that 
is  very  characteristic. 

These  deeper  al)sccsses  arc  ,i;ciicrally(  hronic.  An  acute 
deep  s<'aled  suppuration  is.  however,  not  uncouuuon.  The 
chronic  aliscess  is  most  frequently  tlie  result  of  a  tuber- 
culous infection,  or  the  deep-seated  focus  may  be  the  rem- 
nant of  an  acute  disease.  Such  sui)|nirations  and  abscess 
formations  arc  seen  as  the  sei|ucl:e  of  typhoid  fever,  of 
iuHuenza.  or  of  any  of  the  infectious  diseases. 

Chronic  suppuration,  or  "cold  abscess"  as  it  was  for- 
nicrlv  termed,  is  most  freiiuently  a  result  of  tuberculous 
infection.  The  psoas  ab.scess  illustrates  the  result  of  a 
tuberculous  infection  in  which  the  pus  enters  the  sheath 
of  the  psoas  muscle,  usually  from  a  focus  in  a  vertebra, 
and.  follow  inir  the  line  of  least  resistance,  burrows  down 
within  its  sheath  and  finally  "points  "  just  above  or  be- 
low I'oupart's  lisaiuent.  often  on  the  inner  suiface  of  the 
thigh  Another  c.vamiileot  a  deep  seatrilelironie  ali.scessof 
this  cliaracler  is  seen  in  the  post  pharyngeal  region.  Here 
it  arises  from  a  focus  of  tulierculous  disease  in  the  cervical 
vertebra'  and  is  guided  by  tlie  deep  fasci:e  of  the  neck  and 
the  sheaths  of  the  blood  vessels,  and  often  points  in  the 
lower  (lortion  of  the  neck.  The  abscesses  of  Pott's  disease 
are  to  be  grouped  in  this  category.  In  fact  all  foci  of  infec- 
tion which  are  introduced  by  any  cause  beneath  the  deep 
fascia'  may  give  rise  to  suppuration  with  the  formation 
of  abscesses,  \vhfcli  can  be  cla.ssitied  only  as  dee|i  ab- 
sces,ses  or  given  names  w  hich  correlate  them  with  the  or- 
g-ans  the  vitality  and  fmiction  of  which  they  endanger 

As  illustrations  of  this  method  of  nomenclature  we 
have  the  perinejihritic  abscess,  the  ischiorectal,  the  peri 
typhlitic.  and  those  which  form  in  the  pericardium  or 
in  the  pleura. 

The  treatment  of  these  chronic  forms  of  suppuration, 
these  deep-seated  subfascial  abscesses,  is  identical  with 
that  ofahsccsses  in  all  situations.  Tlie.strictest  antisepsis 
and  asepsis  should  be  employed  The  bacteria  that  pro- 
duced these  abscesses  have  had  their  virulence  attenuated 
by  the  chronicity  of  their  development  and  the  resistance 
offered  by  the  tissues  that  surround  them.  The  reacting 
and  resisting  powers  of  the  tissues  have,  however,  been 
weakened,  while  the  conditions  present  in  the  abscess 
cavity  are  typical,  for  the  rapid  development  of  other 
forms  of  pyogenic  bact<Tia.  A  mixed  infection  should 
be  carefully  guarded  against,  and  every  precaution  em- 
ployed to  prevent  the  entrance  of  other  more  active  and 
more  virulent  forms  of  bacteria.  The  parts  should  be 
carefully  scrubbed  and  prepared  with  antiseptic  washing. 
The  operator's  hand  .should  be  as  clean  as  for  a  luajor 
operation,  and  the  instriuuents  and  .surroundings  shotdd 
have  all  the  care  given  to  them  which  is  essential  to  an 
aseptic  ojH'ration. 

In  contrast  with  the  older  methods  of  treating  abscesses 
the  surgeon  does  not  wait  till  "  pointing"  has  taken  place. 
That  means  that  the  abscess  and  infection  have,  in  a  sub- 
fascial abscess,  extended  in  the  direction  of  least  resist- 
ance, lieneath  the  deep  fascia,  as  far  as  is  possible,  and 
liave  at  last  been  forced  to  break  through  that  fascia 
and  come  to  the  surface.  As  a  consequence  all  the 
damage  that  is  jiossible  has  already  taken  place,  and  the 
full  extent  of  the  infection  has  been  reached.  This  is 
what  operation  should  prevent  It  must  therefore  be 
early  and  radical.  As  soon  as  the  presence  of  infection 
anrl  the  danger  of  abscess  formation  are  evident,  opera- 
tion shoidd  be  undertaken.  The  detection  of  deep-seated 
fluctuation  or  of  dc'cji  induration,  and  the  jn-csence  of 
localized  iiain  and  constitutional  symptoms,  are  sufficient 
indications  for  early  o]ii'ralion.  Such  intervention  is 
essential  in  many  eases  to  the  preservation  of  the  integrity 
of  the  organ  involved.  As  an  instance  the  ischiorectal 
abscess  may  be  cited.  Early  incision  in  these  cases  jire- 
vents  the  ruiiture  of  the  abscess  into  the  bowel  and  the 
subse(|uent  formation  of  a  listula.     It  also  prevents  the 


involvement  of  the  entire  region  and  the  formation  of  a 
hor.seshoe  abscess  cavity  about  the  rectum.  This  is 
especially  liable  to  occur  because  the  connective  tissue 
is  very  loose  and  its  blood  supply  limited. 

The  free  incision  is  planned  so  thai  drainage  can  be  pro 
vided  foral  the  most  dr|)eiidrnt  jioint  -.  that  is.  at  the  point 
wlicre.  when  the  paticnl  is  in  the  jiosition  assumed  during 
the  after  trealmiail.lhedrain  will  enter  at  the  bottom  of  the 
jiocket.  Free  drainage  of  the  entire  cavity  is  most  essential 
in  tlietreatmeiil  otabseesses  In  many  cases  it  is  necessary 
to  make  more  than  one  incision.  When  free,  dependent 
drainage  cannot  be  secured,  pressure  must  be  applied,  so 
that  no  pockets  of  imdrained  pus  shall  reiuain  If  an 
aliscess  is  so  situated  that  it  is  impossible  to  secure  de 
|)endent  drainage,  the  thorough  evacuation  of  the  pus 
may  be  secured  by  employing  a  sterilized  boroglyccride. 
This  iireparation  has  a  greater  specific  gravity  than  pus. 
and  will  disjilacc  it  in  the  depths  of  a  sinus  or  abscess 
cavity  I  have  thus  been  able  successfully  to  drain  a 
pelvic  abscess  and  the  sinuses  that  diverged  from  it.  in 
a  case  in  which  the  septic  condition  of  the  patient  made 
operation  iinpos.sible 

After  the  incision  has  been  made  and  the  pits  evacuated 
the  cavity  should  be  carefully  inspected  and  its  relation 
to  vital  organs  and  structures  determined  Then  a  sharp 
curette  is  employed  to  remove  all  sloughs  and  the  in 
fected  granulation  tissue  which  foniis  the  inner  wall  of 
the  cavity.  The  thorough  removal  of  this  infected  tissue 
is  essential,  for  in  it  are  many  liacteria  that  are  capable 
of  setting  up  further  coagulation  necroses  and  of  de- 
veloping new  aliscess  cavities  In  acute  and  severe  in- 
fections it  is  often  essential  to  follow  up  this  infected 
tissue  into  areas  that  arcsimplv  infected  and  intlamcd,  and 
where  pus  and  abscess  cavities  have  not  yet  been  formed. 

After  the  thorough  use  of  the  curette  bleeding  may  be 
checked  by  packing  the  cavity  with  sterile  gauze,  which, 
if  the  ease  is  one  of  chronic  suppuration  and  the  symp- 
toms are  not  acute  or  the  infection  very  virulent,  can  be 
removed  and  the  wound  closed,  firm  pressure  being  ap- 
plied to  hold  the  abscess  walls  in  close  apposition.  This 
method  of  treatment  in  suitable  cases  is  followed  by 
primary  union.  Perfect  asepsis  and  the  absence  of  irrita- 
tion and  oozing  in  the  wound  are.  however  essential  to 
its  success  The  inore  certain  plan  is  to  provide  drain- 
age. When  the  infection  is  more  virulent  it  is  necessary 
to  u.se  antiseptic  solutions  to  destroy  the  liacteria  in  the 
wound.  Their  action  upon  the  tissues  is.  however,  harm- 
ful, and  drainage  thus  becomes  essential.  Where  the  infec- 
tion is  still  more  severe  and  there  is  great  induration,  the 
wound  should  be  irrigated  with  a  1:1.000  or  1.. 5,000 
solution  of  bichloride,  to  be  followed  by  sterile  water 
The  wound  is  then  packed  with  wet  bichloride  gauze 
wrung  out  of  a  1  :o,000  solution;  over  this  is  applied  on 
the  exterior  more  wet  gauze  covered  by  oiled  silk,  mack- 
intosh, or  soiui^  impervious  material  which  forms  an  an- 
tiseptic poultice  by  retaining  the  heat  of  the  body. 
When  a  less  vigorous  action  is  neeiled.  the  protective 
mav  be  omitted  and  the  moisture  allowed  to  dry  out. 
Or  simple  sterile  gauze  ma.v  be  employed  in  sutiicient 
(piantity  to  absorb  the  exuded  serum  and  keep  the 
wound  dry.  Free  drainage  or  packing  with  gauze 
which  is  frequently  changed  effects  the  same  juirpose 
by  absorbing  from  the  wound  the  moistiirc;  essential  to 
the  development  of  the  bacteria  When,  however,  the 
infecting  bacteria  are  very  virulent,  this  is  insufficient  and 
it  is  necessary  to  use  more  active  germicidal  agents  The 
use  of  iodoform  gauze  should  be  c<infincd  to  tuberculous 
ab.scesses  In  these  it  has  been  found  to  exert  an  ap 
parent  specific  influence  upon  the  bacteria.  The  action 
of  the  wound  secretions  libci-ates  from  it  free  iodine,  which 
isa  decided  irritant  It  would  therefore  seem  well  toavoid 
the  employment  of  iodoform  gauze  in  cases  in  which  such 
an  irritant  action  is  not  desired 

Of  the  acute  forms  of  ab.si-ess  formation  the  sju'cading 
abscess  accompanied  by  septic  lymphangitis  is  the  most 
dangerous  and  reiiuires  the  most  pronqit  radical  and 
thorough  treatment  The  infeclion  usually  takes  place 
through  some   trifling   wound   of   the   extremities       It 
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spreads  tliroiiLrh  tlic  lyiiipliatios  and  may  go  uniidticed, 
and  the  primary  wound  may  liral  iH'forf  tho  patient's  at- 
teiitidM  is  directed  to  tlie  eiinditiou  by  swollen  and  painful 
glands  thai  have  become  liypera'mic  from  their  redoul)led 
activity  in  combatinjr  tiie  |)oison.  'l"he  glands  are  found 
swollen  at  the  elbow  anil  in  the  axilla  in  case  of  infec- 
tion in  the  hand,  while  the  courses  of  the  lymphatics  arc 
marked  liy  red  lines.  Although  the  ab.sccss  is  located 
in  the  hand,  it  has  in  a  sense  spread  throughout  the  lym- 
phatics. The  infection  is  tlieri',  the  bacteria  and  their 
to.xins  ari'  tluTe.  and  the  incipient  abscess,  ludess  pidmpt 
treatment  is  applied,  will  develoii  throughout  this  entire 
an 'a 

The  treatment  is  identical  in  principle  with  that  of  all 
ab.scesses.  The  local  focus  of  infection  must  be  opened 
and  thoroughly  curetted;  other  foci  of  suppuration,  no 
matter  how  many  they  are,  shoidd  be  opened  and  as  much 
of  the  infected  tissues  as  possible  removed.  Tlie  glands 
should,  however,  be  res])eeted  as  long  as  possible,  until 
sui)]iuration  is  actually  present,  for  they  are  the  bul- 
warks which  nature  is  erecting  to  prevent  further  inva- 
sion. Their  swollen,  congested  condition  is  due  to  their 
increased  activity,  and  unless  their  vitality  is  endangered 
they  should  be  preserved. 

In  mild  cases  thcwipening  of  the  ori.ginal  focus  of  infec- 
tion and  its  thorough  treatment  by  an  antiseplii'  poultice 
dressing  often  i)rove  sutticient,  when  combined  with  the 
a[)i)ii<-ation  e.vternally  over  the  intiamed  lymjihatics  of  a 
tifty-perccnt.  iclithyol  ointment.  Severe  infections,  with 
multiple  foci  of  suppuration,  demand  multiple  incisions 
with  wet  antiseptic  dressings  fre(iuently  changed,  and, 
in  some  instances,  continuous  irrigation  with  antiseptic 
solutions.  In  spite  of  all  of  these  methods  of  treatment, 
the  infection  may  become  so  serious  that  amputation  is 
necessary  to  save  the  patient's  life.  Either  a  jiart  or  the 
entire  lind)  may  have  to  be  ssicriticed  to  rid  the  sj-stcm 
of  the  source  of  infection,  and  even  then  the  patient  may 
succuml). 

The  essentials  in  tlie  treatment  of  abscesses  are.  there- 
fore, free  incisions,  free  drainage,  thorough  cleansitig  and 
curetting,  with  the  employment  of  aseptic  or  antiseptic 
washes  and  ilressings.  as  the  severity  of  the  infection  in- 
dicates. In  all  cases  of  abscess  formation,  tonic  systemic 
treatment  is  indicated,  and  frequently,  unless  such  treat- 
ment is  carefully  cairicd  out,  lecovery  will  be  very  tedi- 
ous, especially  in  cases  of  chronic  abscesses. 

Among  the  cutaneous  and  suiiertieial  abscesses  are  to 
be  classed  those  that  lie  in  the  skin  itself,  such  as  boils, 
carbuncles,  and  the  less  serious  forms  of  pustules.  The 
latter  are  seen  as  the  acne  pustule,  and  they  range  in  size 
from  a  pin's  head  to  a  pea.  according  to  their  period  of 
development.  They  are  the  residt  of  infection  in  the 
hair  follicles  or  sweat  glands,  with  the  blocking  up  of 
the  duct 

The  next  fonn  of  cutaneous  suppuration,  in  point  of 
frequency  and  freedom  from  serious  results,  is  thu  fnniii^ 
cleorhiiil.  It  differs  from  the  pustule  only  in  the  depth 
to  which  the  infection  penetrates  and  the  severity  of  its 
symptoms,  which  result  from  the  increased  difficulty  in 
"pointing"  and  the  .severity  of  the  coagulation  necrosis 
which  the  toxins  of  the  infecting  liactcria  produce.  The 
symptoms  of  abscess  formation  are  present,  but  in  a  mild 
forni.  As  the  proc<'SS  of  destruction  and  the  breaking 
down  of  the  tissues  proceed  the  boil  becomes  sore  and 
tenderou  pressure.  A  crust  forms  over  the  duct  When 
it  is  removed  a  probe  can  be  pa.ssed  down  into  the  abscess, 
even  before  it  has  begun  to  discharge.  The  suppuration 
increases,  and  finally  the  core,  or  the  result  of  the  coagu- 
lation necrosis,  is  cxpi'lled,  when  the  cavity  heals  by 
granulati<in.  This  is  the  natural  process  without  treat- 
ment. 

Since  a  series  of  boils  may  follow  in  the  same  indi 
vidual.  a  condition  is  determined  called  fiir>niriili>xis. 
Constitutional  and  prophylactic  treatment  are  therefore 
as  essential  in  many  instances  as  surgical  treatment. 
Frei|uent  baths  and  changing  of  underclothing,  with 
careful  care  of  the  nails  and  tlie  avoidance  of  scratching, 
are  among  tlie  preventive  measures,  wliile,  when  the 
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boilsare  in  process  of  formation,  antiseptic  washes  shoulil 
protect   the   surrounding   skin.      An    ounce    of   sulpho- 
naphtliol  in  a  bathtui)  of  warm  water  mak<'S  a  mild  an 
tiseptic  bath  that  is  not  injurious  and  that  cleanses  Hit 
skin  of  the  siiperlicially  located  bacteria. 

Roils  may  be  aborted,  when  they  are  small  and  are 
situated  superlicially,  by  applying  a  few  crystals  of 
pure  carbolic  acid  on  a  glass  rod  or  i)icce  of  wood;  or, 
when  the  disease  is  furtlier  advanced,  by  the  injection 
into  llu'  parenchyma  (jf  a  three  pcr-cent,  solution  of  car- 
bolic acid  in  amounts  propoilionate  to  the  si'/e  of  the 
boil,  Tliis  method  is  somewhat  painful  ami  not  always 
successful. 

The  expectant  treatment  should  be  eniiil<i_ved  only 
when  a  scar  is  to  be  avoitled  and  no  organ  is  threaicned, 
and  when  it  is  too  late  for  abortive  treatment.  An  anti- 
septic ])oultice,  gauze  or  cotton  wet  in  1 :  o.OlK)  bichloride 
solution  undi-r  a  protective,  should  be  apjilied  over  the 
boil  and  the  cavity  should  be  syringed  out  daily  until  the 
core  is  discharged,  when  the  cavity  may  be  p.icked  lUid 
an  occlusive  dressing  (cotton  held  in  place  by  collodion) 
applied. 

TIk'  crucial  incision  will  frequently  abort  a  boil  and 
])ermit  an  antiseptic  in  the  dressing  to  reach  the  seat  of 
infection  and  destroy  the  bacteria.  When  the  disease  is 
furtlier  advanced  free  opening,  curetting,  and  subsequent 
treatment  as  for  any  other  abscess  constitute  the  most 
rapiil  and  radical  method  and  furnish  the  best  results. 
Any  of  these  operations  can  be  rendere<l  painless  by  the 
employment  of  infiltration  ana>sthesia  or  by  the  subcu- 
taneous injection  of  a  two-per-cent.  solution  of  eucaine 
B  or  cocaine.  These  injections  should  commence  out- 
side tlie  inflamed  area,  as  the  increasetl  pressure  causes 
great  pain, 

A  ciirljuiide  is  the  result  of  an  infection  by  bacteria  that 
enter  the  skin  in  the  same  manner  as  they  do  in  the  case  of 
a  boil.  The  conditions  under  which  they  develop  are  re- 
sponsible for  the  difference  in  the  symptonisaud  the  gan- 
grenous iutlammation  and  sloughing  that  take  place  in 
the  subcutaneous  cellular  tissue.  The  conditions  which 
|)re<lispose  to  carbuncle  formation  are  the  location  of  the 
infection  in  the  thicker  portions  of  the  skin,  where  it  is 
difficult  for  the  pus  to  find  a  iikhIc  of  exit,  and  hence  it 
spreads,  causing  ]iressure  and  coagulation  necroses  over 
large  areas,  and  pointing  through  the  numerous  coluninfe 
a<liiios;e.  which  oiTer  its  only  points  of  exit  through  the 
toughened  skin.  It  is  distinguishable  by  the  extent  of 
the  ti.ssues  involved  and  by  the  multiple  jioints  or  heads 
which  first  show  themselves.  Pain  is  not  so  marked  a 
symptom  and  is  not  commensurate  with  the  extent  of  the 
suppurative  process. 

The  treatment  is  antiseptic,  and  always  shoidd  lie  in  a 
measure  operative  to  permit  the  outflow  of  imsaiid  tlie  ac 
tionof  an  antisei)ticou  the  foci  of  infection.    The  amount 
of  operative  interference  demanded  varies  with  the  grav 
ity  of  the  case,  from  a  deep  crucial  incision,  with  or  with 
out  curetting  and  an  antiseptic  poultice,  to  complete  ex 
ci.sion  of  the  entire  carbuncle.     The   latter  is  of  course 
reserved  for  the  severer  cases,  while  there  are  varying 
degrees  of  operating  which  depend  on  the  extent  of  the 
infection.     All  parts  should  be  thoroughly  exposed  and 
subjeeteil  to  the  action  of  antise|itics. 

Fi'liiim.  jxtiiiin'lii/m,  vary  in  degree  and  in  their  .situa- 
tion. They  are  ab.scesses  that  form  in  the  fingers  and 
hands.  The  varieties  are  the  cutaneous,  tendinous,  and 
subperiosteal,  together  with  a  more  general  form  which 
is  known  as  a  palmar  abscess  and  maybe  either  supcr- 
ticial  or  deep  according  to  its  relation  to  fhe  palmar 
fascia.  It  is  of  special  inii)ortanee  because  it  endangers 
the  integrity  and  function  of  the  hand. 

The  various  forms  of  felon  are  named  according  to  the 
struc'turcs  in  which  they  originate.  Tlicircomplications. 
sequeUc,  and  gravity  depend  upon  these  relations.  The 
subperiosteal  felon  may  destroy  a  phalanx  or  involve  an 
articul.ation.  The  tendinous  felon  may  spread  through 
the  tendon  sheaths,  and  involve  these  spaces  in  the  hand, 
if  till-  primary  disease  is  in  the  thumb  or  little  finger.  The 
cutaneous  felon  is  liable  to  produce,  as  are  all  tlie  others. 
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lymplmiiEritis  niid  possibk' suppuration  in  the  glands  of 
the  cltmw  and  axillii. 

All  of  tlii'so  paniiritiuni  ciist-s  denuinrt  radical  antiseptic 
tveatnicnt :  early  deep  incision  down  to  tlic  scat  of  the  sup- 
puration, cuivttins.  antiseptic  washing,  in  many  cjises 
packing  with  ijauze  wruny  out  of  a  l.~,(IIK)  bichloride 
solution,  and  the  application  of  an  antiseptic  poultice  till 
the  infection  is  g<ine.  Prompt  treatment  of  tliis  char- 
acter will  Siive  many  lingers  and  hands  that  are  of  the 
utmost  value  to  those  most  generally  attlicteil — the  work- 
ing classes.  Carbolic  solutions  have  a  tendency  to  pro- 
duce gangrene  in  the  extremities  and  should  be  avoided 
in  these  cases.  Bichloride  solutions  should  be  employed 
according  to  the  dermal  irritability  ol  the  individual.  If 
too  strong  they  may  produce  an  irrilalion  of  the  skin. 
and  even  jioisoning.  C'/xirle.t  J.ester  Lconiird. 

ABSINTHISM.— .V  term  applied  to  the  train  of  morbid 
sym|>ti>m>.  following  the  abn.se  of  the  liquor  called  ab- 
sinthe. 

In  its  general  features  absinthism  is  almost  identical 
with  the  alcoholism  brought  on  by  the  immoderate  use  of 
any  other  alcoholic  be\erage  (see  article,  A/eoholisni, 
under  the  heading  Iiii<<iiut>i)  ;  and  some  observers  have 
even  doubted  wlietherany  special  and  peculiar  s.ymptoms 
could  beattributed  to  any  of  the  non-alcoholic  ingredients 
contained  in  the  liquor.  Nevertheless,  according  to  most 
authorities,  not  only  the  evil  etlects  of  intemperance  ap- 
pear earlier  in  tlnw  addicted  to  the  habitual  and  execs 
sive  use  of  absinthe  llian  they  do  in  the  case  of  abusers  of 
other  alcoholic  drinks,  but  these  effects  are  in  them.selves 
of  a  sevcier  nature,  and  there  is,  besides,  a  more  marked 
disturbance  of  the  nervous  system  in  its  various  parts. 
Vertigo,  severe  headaches,  a  condition  of  stupor  and  of 
tpathetic  listlessness,  terrifying  hallucinations,  and  epi- 
leptiform convulsions  are  particularly  noticeable  among 
the  symptoms  belonging  to  the  absinthe  tippler,  anil  this 
liquor  is  especially  prone  to  bring  on  an  early  condition 
of  mental  decay,  and  ,seems  to  be  facile  princepn  in  its 
power  to  enslave  its  victim.  That  the  active  principles 
of  absinthe  (Artemisia  absinthimn  and  its  congeners)  are 
the  agents  in  causing  the  special  toxic  effects  of  the 
liquor,  has  been  pretty  well  established  by  Marce  in  his 
experiments  cm  dogs  and  rabbits. 

Iliinfingtan  Itirh finis:. 

ABSORPTION.— Gould,  in  his  "3Iedical  Dictionary," 
defines  absorption  as:  the  permeation  or  imbibition  of  one 
body  by  another;  the  process  whereby  nourishments, 
medicines,  morbid  products  of  tissue  metamorphosis,  etc. , 
are  taken  up  by  the  lymphatic  and  venous  systems. 
Foster  defines  it  as  "the  inhibition  of  nutrition  or  other 
materials  by  a  living  organism;  the  process  of  taking 
waste  or  effete  material  into  the  general  circulation.  "  In 
the  limited  .sense  of  this  article,  and  as  usually  accepted 
in  physiology,  absori)tion  is  niereh'  the  process  l)y  means 
of  which  nutritive  material  is  taken  from  the  digestive 
tract  into  the  circidation. 

Certain  tluiils  when  brought  into  contact  with  one  an 
other  will  mix  until  the  liquids  present  a  uniform  com- 
position, and  the  ])assage  of  the  molecules  of  the  one 
liquid  inlotlie  intermoleeular  spaces  of  the  other  has  been 
named  "dilfusion. "  When  the  same  or  similar  two 
liquids  are  sepai-ated  by  a  membrane,  this  dilfusion  takes 
place  through  the  memliraue  and  is  then  called  "  osmosis. " 

For  a  long  time  osmosis  was  sujiposed  to  be  sufficient 
to  accoimt  for  all  the  iihenomena  of  absorption,  the  proe 
ess  .seemed  so  delightfidly  simple,  but  careful  studies 
revealed  the  fact  that  while  dead  membranes,  fluids,  and 
gases  under  certain  definite  conditions  obey  equallv  defi 
nite  laws,  osmosis  fails  to  explain  the  actions  of  living 
organs.  Theories  of  electrical  action  and  of  differential 
filtration  demonstrate  only  more  clearly  the  complexity 
of  the  function  of  living  absorbing  surfaces.  Living 
cells  obey  their  own  laws,  and  they  are  laws  of  life,  not 
of  mechanics.  As  the  imiccllularanimal  ingests,  digests, 
ab.sorbs.  and  excretes,  and  knows  what  it  wsints  and  what 
it  has  to  do,  so  in  the  complex  higher  animal  each  cell 


retains  all  these  functions,  while  the  differentiation  of  the 
organs  has  imjjosed  ujion  each  the  additional  labor  of  do- 
ing something  for  the  general  wellbeiug  of  the  whole  or- 
ganism. The  work  assigned  to  the  cells  of  the  different 
parts  of  the  digestive  tract  concerned  in  absorption  is 
first  to  keep  themsrivcs  in  good  condition;  .secondly, 
to  pick  out  from  the  contents  of  the  tract  such  substances 
as  the  body  wants,  and  pass  them  into  the  circulation. 
It  is  safe  to  assert  that  normal  absorption  is  a  li\'ing,  not 
a  mechanical  act.  and  that  osmosis,  as  a  factor  in  these 
phenomena,  must  not  be  taken  into  account.  In  patholog- 
ical conditions,  however,  in  conditions  in  which  the  sepa- 
rating membrane  has  been  injiired  or  its  vitality  lowered, 
osmosis  may  well  come  in  as  a  strong  factor  in  swellings, 
effusions,  lymph  accunudatious,  and  all  the  phenomena 
usually  designated  as  poor  absorption;  here  we  shall  have 
to  imagine  a  fight  between  the  osmotic  and  the  vital  proc- 
esses, the  latter  constantly  tending  to  check  the  action 
of  the  former,  imtil  recovery  takes  place  and  osmotic 
acticni  has  ceased. 

In  a  lieabliy  body  the  .skin  can  be  excluded  as  an  organ 
of  ubsor|itiou;  in  spite  of  the  many  careful  experiments 
made  pro  and  con,  the  weight  of  authority  to-day  rests 
with  the  assertion  that  under  noimal  conditions  the  skin 
is  passive  so  far  as  absorption  is  concerned.  The  same 
must  be  said  about  the  mucous  membrane  of  the  mouth 
and  cesophagus,  for  although  wc  know  that  violent  ]ioi- 
sons  can  be  and  are  taken  np  by  the  mucous  mendjrane 
of  the  mouth,  luider  ordinary  conditions  food  does  not 
stay  there  long  enough  to  allow  of  any  absorption  to  take 
place.  That  limits  the  absorbing  surfaces  of  the  human 
body  to  the  mneous  membranes  and  allied  structures  of 
the  stomach,  ami  the  small  and  large  intestines. 

While  the  food  eaten  determines  the  length  of  the 
digestive  tract,  the  absoibiug  surfaces  bear  a  definite  re- 
lation to  the  Indk  of  the  body  and  explain  why  the  body 
stops  growing  after  a  certain  size  has  been  attained. 
During  a  given  limit  of  time  the  absorbing  surfaces  in- 
crease as  their  scpiare  while  the  body  increases  in  bulk 
as  its  cube.  In  other  words,  if  we  assume  that  the  ab- 
sorbing surface  eipials  2,  and  the  body  bulk  eipials  2, 
then  by  the  time  the  former  has  grown  to  equal  4  the 
latter  eipials  8;  and  when  the  former  has  increased  again 
to  IG,  the  tatter's  bulk  is  .")I2.  It  is  easy  to  see  how  the 
growth  of  bulk  is  checked  by  the  limitations  of  the  ab- 
sorbing surfaces. 

The  sulistances  to  be  absorbed  are  peptones,  glucose, 
and  emulsilied  fat,  the  products  of  digestion,  besides 
water  and  different  salts  which  have  remained  unchanged. 

The  stomach  has  no  six^cialized  organs  of  absorption, 
but  its  whole  mucous  membrane  absorbs  materials  di- 
gested in  its  cavity,  peptones  and  glucose  The  older 
view  w  hich  made  the  stomach  practically  the  only  organ 
worth  mentioning  of  the  digestive  tract,  and  took  it  for 
granted  that  its  function  in  the  absorption  of  peptones, 
glucose,  salts,  and  water  was  of  proportionate  importance, 
has  been  slowly  changed  by  the  results  of  modern  exjieri- 
ments.  Without  .going  to  the  other  cxtieme  view  which 
makes  the  stomach  merely  the  temporary  receptacle  for 
food,  these  exiieriments  prove  that  absorption  of  the 
above  named  sidistances  does  take  place,  but  only  to  a 
limited  extent.  Of  the' carbohydrates,  dextrose,  lactose, 
maltose,  and  saccharose,  even  dextrin,  is  absorbed  by  the 
mucous  membrane  of  the  stomach,  and  the  more  concen- 
trated the  solutions,  the  more  marked  is  the  absorption. 
Peptone;^  are  absorbed  slowly  and  ajiparcntly  with  dilti- 
culty.  while  condiments  and  alcohol  increase  distinctly 
the  absorbing  power  of  the  stomach. 

Perhaps  the  most  interesting  and  least  noticed  fact 
brought  out  by  these  experiments  is.  that  practically  no 
water  is  absorbed  by  the  stomach,  but  that  all  passes 
into  the  intestines;  on  the  other  hand,  alcoholic  solu 
tions  are  readily  taken  np  This  fact  may  ultimately 
help  to  explain  why  water  is  the  beverage  most  desired 
when  men  are  thirsty,  and  why  something  mixed  \\  ilh 
the  water  seems  necessary  when  peopleT  not  thirsty, 
gather  and  drink  for  social  enjoyment. 

Peptones,  glucose,  and   emnisified  fats  are  absorbed 
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mostly  in  the  sniiiU,  aiul  to  a  limited  fxtont  in  Ilic  liirjj<' 
inti'Stines.  Throughout  the  larsfc  and  small  iutr-stiiics 
we  tiud  organs  spccializi'd  for  absorption,  viz.,  the  villi 
and  the  solitary  inlands.  The  lormer  arc  most  numerous 
in  tin-  duodenunV  and  jejunum,  the  latter  in  the  ileum. 
Throii>rhout  the  large  'intestines  we  find  solitary  glands, 
but  no  villi,  irregidariy  scattered,  the  Uirgesl  numbers  in 
the  ca'Cum  and  appendi.x  vermilornns;  an<l  their  limited 
numlier,  together  with  the  well  known  high  absorbing 
power  of  the  large  intestines,  leads  us  to  think  that  its 
mucous  membraiie  is,  like  thai  of  the  stomach,  an  impor 
taut  factor  in  absorption. 

The  villi,  little  cone  shaped  pKilubcranecs  in  the 
mucous  membrane,  have  a  dense  network  of  blood  caiiil 
larics  just  tuiderncath  their  epithelial  covering,  while  a 
lacteal'duct  occupies  the  centric  of  theconc.  The  solitary 
gbiiids  have  a  dense  lacteal  i)lexus  beneath  the  membrane 
and  a  liinit<'d  supply  of  blood  capillaries.  All  the  blood 
caiiillaries  of  the  intestinal  tract  are  radicles  of  the  portal 
vein,  while  the  lacteal  ducts  and  capillaries  arc  radi<-les 
of  ihe  abdominal  lymjiliatics.  The  villi,  however,  are 
the  principal  organ's  and  carry  the  bulk  of  the  lieptones 
!Uid  sugars  into  the  cireulatioii  directly,  wliile  the  emul 
sitied  fats  absorbed  arc  poured  by  the  way  of  the  lacle.'ils 
and  abdondnal  Ivmphalics  into  the  rece|)1acidiun  cliyli, 
and  from  there  through  the  thoracic  duct  into  the  left; 
subclavian  vein. 

How-  much  the  peptones  absorbed  are  changed  in  their 
]iass;ige  through  the  epilhelial  cells  of  the  villi,  an<l  how 
muchadditional  moditicatiou  takes  jilace  ui  the  capillaries 
and  veins  before  the  ab.sorbed  material  enters  the  liver, 
is  as  yet  a  matter  of  conjecture.  The  knowledge  that 
everything  ingested,  with  tlie  exception  of  fat,  and  water 
enou'gli  to  emulsify  the  fat,  has  to  pass  through  the  liver 
bcfoi-e  the  boilv  can  make  use  of  it,  will  jirobalily  in- 
crease our  respect  for  that  long-neglected  and  much- 
abused  organ. 

The  enndsificd  fats  are  taken  up  by  the  e])ithelial  cells 
and  passed  into  the  stroma  (d'  the  villus:  but  whether 
directly  into  the  ih'licate  lymph  channels  which  traverse 
it  and  "tinally  unite  to  form  th<'  lacteal,  or  whether  the 
leucocvtes,  so  abundantly  found  in  the  stroma,  carry  tin- 
small  fat  globules  from  'the  epithelial  cells  directly  into 
the  lacteal,  is  vet  an  unsettled  ([uestion.  Under  onlinary 
conditions  only  fat  enters  the  lacteals,  while  peptones  and 
sugar  find  their  way  into  the  blood  capillaries;  but  that 
do'csnot  preclude  the  possibility  that  after  an  excessively 
fat  meal,  a  trace  of  fat  can  find  its  way  into  the  blood 
capillaries,  as  well  as  that,  in  cases  in  which  an  excess  of 
meat  and  carbohydrates  has  been  eaten,  a  trace  of  either 
can  be  found  in  the  lacteals, 

Thi!  bulk  of  the  fats  ingested  is  absorbed  in  the  form 
of  an  emulsion;  the  small  amoimt  which  is  broken  u\> 
into  fatty  acid  and  glycerin  is  probably  absorbed  with 
tlu'  peptones  and  glucose. 

The  absorbing  jiowcr  of  the  small  intestines  is  about 
ecpial  to  the  tusk  of  taking  up  the  quantity  of  fluid  formed 
by  the  action  of  the  digestive  ferments  plus  the  rpiantity 
of  tinids  secreted  by  the  iianereas.  liver,  and  intestinal 
glands,  and  thus,  a.s  these  (piantities  combined  do  not 
represent  the  total  amount  of  llnid  ])resenl.  Ihr.  contents 
of  the  small  intestines  ri'main  lluid  throughout  their  en- 
tire length.  In  tliclarg<'  intestines  the  conditions  change, 
the  absorbing  power  is  liigh,  secretion  and  digestion 
are  limited,  and,  as  a  conse(iuence,  the  contents  become 
more  and  more  pasty  as  they  near  the  rectum,  until  tinally 
the  fa!ccs  contain  that  portion  of  the  food  ingested  which 
has  escaped  digestion  and  absor|ition.  'I'he  absorbing 
power  of  the  large  intestines  is  not  limited  to  sub.stances 
prepared  by  the  action  of  the  digestive  tluids,  but  it  can 
absorb  uniligested  food,  such  as  white  of  egg;  and  nutri- 
ent enemata,  based  uiion  this  knowledge,  have  saved  the 
lives  of  many  patients. 

The  final  test  of  the  activity  of  absorption  as  well  as 
of  digestion  will  be  a  cbemicai  and  physical  I'Xamination 
of  the  fa'ces,  a  proceeding  perhaps  not  ipute  as  agreeable 
to  the  phvsician  as  an  analysis  of  the  contents  of  the 
patient's  s'tomach  after  a  lest  meal,  but  an  innovation 


which  will   beacce])led    with   hearth  It    gratitude  by  all 
whose  digestive  tract  needs  the  services  of  the  physician. 

J'lU'ifi  Polihiiiin. 

liKrKIlKXCKS, 

Merlng:  T^elM'r  (lie  Functlcm  des  Mii(,'ens,  IslKi. 
Howell;  Amerii-an  Texl-li.>(ik  i>f  Ph.vsiolopv,  isim. 
.•Uchi\    fiir  (•.viieriiueiitcllc    riitliiilcigie  und  niiinnakolojiii',  lid,  2S, 
p,  :ill. 

ACANTHACE/E  (Acanthus  family).— A  large  family, 
related  to  the  .Mints  an<l  Vervains.  i)ut  uium]>ortant  ex- 
cepl  bir  its  \  cry  lich  ornamental  properlii's.  ^laiiy  spe- 
cies  have  been  utilized  in  the  materia  medica  of  Brilish 
India,  and  the  properties  of  .\dhatoda  Isee  Vn.iiriiii)  -ak 
verv  ]ieeuliar.  The  jirinciplcs  are  mostly  resinous  and 
amaroidal,  with  a  few  alkidoids,  and  all  the  recorded  ac- 
tions and  uses,  except  those  of  A'llHit'itlii.  are  rather  in- 
diJferent.  JI-  Jl-  A'. 

ACANTHOSIS  NIGRICANS.— (Syn.mym-  Dystrophic 
liaiiilhure  el  pigmenlaire  [  Daiier]).  A  disease  of  the  skin 
and  mucous  membranes  cliaracterize(|  by  hyper|iigm<-n- 
talion  and  papillary  hypertrophy,  (h'Veloping  in  the 
course  of  an  abdominal  cancer. 

The  first  recorded  case  of  this  disease  occurred  in  a 
patient  in  Dr.  Unna's  Cliniipie  for  Skin  Diseases  in  Ham- 
burg, and  was  described  by  the  presi'iit  writer  in  the  "In- 
ternational Atlas  for  Rai'e  Skin  Diseases,"  Ko.  4,  I'late 
X.,  in  IS.S9.  Since  then  cases  have  been  oliserveii  in 
France,  Austria,  England,  and  Russia.  Couillaud,*  in 
a  monograph  pulilislicil  in  IsKii,  was  able  to  record  thir- 
teen cases.  At  the  Twelfth  International  Medical  Con- 
gress, Moscow,  two  additiona.l  cases  were  described. 

The  disease  usually  begins  with  a  slaty  or  brownish 
discoloration  of  the,  skin  of  the  iK'ck,  about  the  genit;d 
organs,  and  the  umbilicus.  luother  cases  the  first  symp- 
lom  to  attract  the  patient's  attention  is  the  papillary  or 
cnndyloniatoid  ])rolifrralion  affecting  the  mucous  mem- 
brauesof  the  mouth.  Of  her  regions  that  may  be  alTcctcd 
are  the  flexor  surfaces  of  the  extremities,  the  axilhe,  and 
the  inframammillary  ri'gion,  the  anal  region,  and  in  wom- 
en the  vulval  and  vaginal  mucosa'.  A  striking  feattire 
of  the  distribution  of  the  disease  is  its  almost  perfect  .syin- 
metrv.  The  i)igmentat ion  varies  from  a  light  gray  to  a 
bluish  black  in"  color.  It  occurs  over  large  areas  and 
fades  at  their  borders  into  the  normal  color  of  the  skin. 
It  isgenerallyeoi'Xtensive  with  the  papillary  hypertniphy, 
but  .sometim'es  appears  as  a  lu'eeur.sor  of  this  condition. 
It  has  never  been  noticed  on  the  mucous  membranes. 

The  i)ai)illary  hypertrophy  varies  in  degree  from  a 
slight  pronnneiice  of  the  normal  areas  of  the  cuticle  to 
warty  excresec-nceslhat  may  attain  an  elevation  of  a  cen- 
timet'rc.  It  occurs  in  extensive  i)atehes  in  the  regions 
noted  and  its  borders  merge  insensibly  into  the  normal 
skin.  The  iiafches  are  jilways  dry.  there  is  no  exudation 
even  from  iironounced  lilibirm  excresecnees,  and  they  im- 
jiart  aharsh  grating  sensation<in  palpation.  On  pinching 
up  the  skin  file  epidermis  is  seen  lohave  lost  its  elasticity, 
but  the  all'ccted  regions  are  freely  movable  over  the  sub 
cutis.  Then'  is  no  appreciable  des(piamation  from  the 
affected  areas.  On  flic  mucous  membranes  the  jiapillary 
elevations  may  be  discrct<'  or  they  may  occur  in  patches. 
The  excresceiices  souK-finies  attain  a  very  considerable 
size,  and  in  appear.-ince  ami  consistency  are  strikingly  like 
venereal  warts,  but.  unlike  them,  do  not  bleed  readily 
on  palpafioir 

In  some  cases  of  long  duralion,  changi'S  in  the  appi-nd- 
agesid'  the  skin  have  been  noted.  'I'he  nails  of  tlu- lingers 
and  toes  b(-comi-  dry.  (-rack(-il.  and  misshapen.  The  h,-iirs 
on  the  head  and  ov(-r  thet-ntire  body  become  dry  and 
fragiU-  and  may  fall  out  spontaneously,  iiroducing  a  tola! 
alojiei-ia, 

Aii<!li>i(i!i  iiiid  }',il!iol„r/t/.—\'uth-r  the  niicroseo|)e 
changes  (-orri-sponding  to  tin- clini(-al  ))icturean-  b>und. 
Tlu-  hornv  laverajipears  somi-what  thickened:  the  granu- 
lar laver  shows  several  rows  of  keratohyaline  cells:  the 
rete  .NlalpiLdiii  is  the   seal   of  a  hypi-rtroijiiy  « h  iehin 


*  UystropUie  piip.  et  pi;;,  oa  iieautliosls  uifrk-iiiis,  Paris,  ISUO. 
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some  sections  attains  tlie  enormous  dimensions  seen  ordi- 
narily in  conniion  wnrts.  and  its  lowest  layer  contains 
jrreat  quantities  of  iiijinicnt.  The  jiapiUa'  arc  elon- 
giited.  sometimes  attaininj;  a  lenj;th  of  li  or  8  mm.,  and 
often  nuuify.  following;  the  diiritiitions  of  the  epitheliuin 
above  tliein.  They  show  no  evidence  of  increase  in 
width.  The  sulipapillary  layer  and  the  cutis  itself  show 
but  very  slight  cliaiiircs — a  moderate  increase  in  the  uum- 
lier  of  cmijii-.itcd  cells,  of  mast  and  pigment  cells. 

In  most  of  theca.sestliere  has  been  more  or  less  positive 
evidence  of  cancer  allectinj;  the  abdominal  organs.  In 
the  two  cases  in  which  an  autopsy  was  obtjuuable  there 
was  an  extensive  carcinosis  of  the  abdomen,  which,  while 
it  spared  the  adrenal  bodies,  was  csiit'cially  noted  as  in- 
volving tlie  lyiuiih  glands  in  close  ]iro.\imity  to  the  large 
symiiatbetie  ganglia.  There  is  no  doubt  that  the  disease 
is  directly  dependent  oti  the  existence  of  abdominal  cancer, 
but  whether  it  be  a  cutaneous  manifestation  of  a  peculiar 
cancer  intoxication  or  whether  it  be  due  to  changes  in- 
duced in  the  great  sympathetic  ganglia  through  the  pres- 
sure of  the  tilmors  on  them,  or  to  the  combined  action  of 
both  these  causes,  is  a  matter  that  future  investigation 
must  determine. 

Didt/iKmx. — I<-hthyosis.  ]>ityriasis  ndira  pilaris,  and 
keratosis  folliculorum  (Darier's  disease)  are  the  only  dis- 
eases which  may  bear  even  a  remote  resemblance  to  acan- 
thosis nigiicans.  Ichthyosis  is  a  mild  congenital  dis- 
ease, persists  throughout  life  without  producing  any 
general  disturbances,  is  located  cUietly  on  the  extensor 
surfaces,  never  affects  the  mucous  membranes,  and  is 
characterized  by  constant  desc.|uamation  in  more  or  less 
extensive  scales.  Pityriasis  rubra  pilaris,  sometimes  oc- 
curring in  extensive  sheds  atiout  the  great  flexures  and 
presenting  the  peculiar  discoloration  common  to  many 
hyperkeratoses,  may  suggest  acanthosis  nigricans,  but 
ill  all  other  respects  there  are  more  points  of  difference 
than  of  resemblance  between  the  diseases.  Darier's  dis- 
ease is  differentiated  by  the  limitation  of  the  affection  to 
the  follicles,  the  non-involvement  of  the  mucosa,  the 
peculiar  greasy  character  of  the  affected  surfaces,  and 
the  occasional  occurrence  of  large  nodular  masses  from 
which  a  foul  secretion  is  discharged.  The  differentiation 
from  the  various  pigmentary  affections  of  the  skin  need 
not  be  entered  into. 

The  prognoms  of  the  disease  is.  of  course,  that  of  the 
underlying  cause — the  abdominal  cancer;  that  is,  it  is 
hopeless.  In  some  of  the  cases  the  cutaneous  manifesta- 
tions have  undergone  a  varied  course,  probably  depend- 
ing upon  changes  in  the  location  or  size  of  the  tumors 
in  the  abdomen.  In  my  own  ease  there  was  an  almost 
complete  disappearance  of  the  atlection  of  the  skin  and 
mucous  membranes  shortlj-  before  the  patient  died. 

SirjtHUiid  PMitzer. 

ACARDIUS.     See  Tcmtolofjy. 

ACARI.     See  Amrhiiida. 

ACAROIDES  GUM.     See  Znnlhorrhm  Resin. 

ACCLIMATIZATION.— When  any  animal,  brute  or 
human,  is  remnveil  from  the.  environment  to  which  he 
and  his  ancestors  ha\'e  long  been  accustomed,  a  consider- 
able disturbance  of  the  wliole  econoiuy  is  liable  to  ensue. 
The  process  of  evolution  has  developed  certain  organs 
and  certain  fiuictions  in  accordance  with  the  requirements 
of  those  circumstances  tuider  which  his  race  has  found 
itself,  and  when  he  is  suddenly  transplanted  into  new 
conditions  some  of  his  faculties  become  without  occupa- 
tion, while  others  hitherto  luicalled  upon,  and  therefore 
undeveloped,  are  suddenly  subjected  to  a  demand  to 
which  they  are  quite  unable  to  respond.  The  process  of 
accommodation  of  the  individual  to  new  conditions  of 
climate  is  known  as  acclimatization  or  acclimation. 
These  conditions  include  temiieralure.  moisture,  morbific 
germs,  elevation,  sunshine,  food,  and  other  less  tangible 
factors.  Such  elements  as  are  connected  with  the  social 
rather  than  the  natural  environment,   as,   lor  instance. 


education,  the  standard  of  public  morality,  and  the 
avocation  or  means  of  livelihood,  while  in  any  radical 
change  that  they  may  undergo  profoundly  affecting  the 
individtial,  are  yet  to  be  held  distinct  from  the  conditions 
lo  which  acilimatization  properly  refers. 

No  other  animal  is  so  facile  in  his  accommodation  to 
changes  of  climate  as  man.  The  lower  animals  and 
plants  often  do  not  recover  for  several  generations  from 
the  effects  of  transplantation.  The  Societe  d'Acclimali- 
Siition  of  Paris  has  for  years  been  carrying  on.  in  its  gar- 
dens, an  extensive  zoological  experiment  on  the  domestica 
tion  of  foreign  animals  and  plants  which  it  is  believed 
can  be  made  useful  to  European  countries.  The  record 
of  its  failures  and  successes  is  embodied  in  the  numer- 
ous volumes  of  its  reports.  Jlan's  comparative  immu- 
nity from  the  disastrous  ctVects  of  changing  climate  is 
due  in  part  to  his  ability,  by  an  intelligent  pievisioii  of 
the  dangers  which  are  to  beset  him,  of  guarding  against 
them.  The  records  of  arctic  explorers  present  abundant 
eivdence  of  the  ability  of  the  denizens  of  temperate  climes 
to  endure  winters  in  which  the  thermometer  averages 
from  40'  to  oO"  F.  below  zero.  On  the  other  hand. 
Europeans  have  lived  in  health  and  eheerfidness  on  the 
banks  of  the  Senegal  when  the  thermometer  in  their  teiUs 
stood  at  from  120^  to  l^O  F.  lien  endure  extremes  of 
barometric  pressure  ranging  from  that  of  .several  atmos- 
pheres, as  found  in  caissons,  to  the  tenidty  of  the  air  ex- 
perienced at  great  elevations.  In  the  Himalayas  men 
have  lived  at  the  Iieight  of  1.5.000  feet,  and  Humboldt 
even  went  to  the  elevation  of  19.286  feet,  where  he  re- 
mained for  a  tiiue  without  ill  effects;  but  where  no  ani- 
mal but  a  dog  would  follow  him,  and  this  creature  quite 
lost  the  power  of  barking. 

The  differences  in  the  facility  of  acclimatization  at  vari- 
ous points  in  the  Siuuc  latitude  are  shown  by  an  article 
reprinted  in  the  Pajiuliir  Science  Monthly  for  July.  18S4. 
Between  30^  and  35°  N.  latitude,  Europeans  acclimate 
much  less  readily  than  in  the  same  latitudes  south.  Al- 
giers, for  instance,  is  vastly  more  difficult  for  the  Euro- 
pean to  live  in  than  Cape  Colony,  yet  both  places  are 
about  latitude  3.5°.  The  Argentine  Confederation  and 
New  South  Wales  are  more  healthy  than  the  East  and 
West  Indies,  which  are  of  the  same  latitude.  The  mortal- 
ity of  the  French  and  English  troops  has  been  found  to 
be  about  eleven  times  as  great  at  foreign  stations  in  the 
northern  as  at  those  in  the  southern  hemisphere.  The 
chief  cause  of  the  difference  is  in  the  prevalence  of  nuas- 
matic  fevers  so  deadly  to  Europeans.  Those  fevers  in  the 
northern  hemisphere  occur  even  in  high  latitudes,  while 
sotUh  of  the  etpiator  they  do  not  extend  beyond  the 
tropic.  The  island  of  Tahiti,  for  instance,  about  latitude 
18°  S.,  is  ([uite  exempt  from  these  fevers.  The  records 
of  the  French  and  English  soldiers  on  foreign  service 
show,  in  South  America,  a  sickness  from  malarial  fevers 
of  1.6  in  1,000  men  per  annum;  while  inasimilar  latitude 
in  the  northern  hemisphere,  the  number  of  such  cases  an- 
nually is  224  per  1,000. 

To  persons  removing  from  one  point  to  another  within 
the  temijerate  zone,  one  principal  obstacle  to  acclimatiza- 
tion is  change  (especially  diminution)  in  barometric  pres- 
sure. JIany  persons  on  going  to  an  elevation  of  not  more 
than  6,000  feet  experience  a  sense  of  constriction  in  the 
chest  as  well  as  across  the  liver  and  stomach.  The  judse 
is  quickened,  as  is  also  the  resjiiration.  The  individual 
sometimes  feels  that  he  cannot  take  a  long  breath,  and  is 
often  testing  himself  to  see  if  he  can  do  so,  but  the  act 
does  not  reiie\e  the  air-luuiger.  Slight  exertion  causes 
fatigue  and  sleep  is  disturbed  and  fitful.  If  there  was 
any  pre-existing  heart  trouble,  the  condition  may  soon 
become  perilous.  Anything  like  a  congestion  of  the  in- 
ternal organs  adds  to  the  danger  of  ascending  to  high 
altitudes.  If  the  tiniileasruit  symptoms  continue  after  a 
day  or  two  of  perfect  rest,  it  is  advisirble  to  make  no 
further  attempt  to  secure  acclimatization. 

The  practical  ciuestions  of  greatest  importance  con- 
necte<l  with  acclimatization  are  those  relating  to  tho  col- 
onization of  Anglo-Saxon  peoples  in  tropical  coimtries, 
which,   while   they  have  long   concerned   our  English 
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Fig.  1,    Shows  the  roughened  and  discolored  condition 
of  the  neck, 
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Fig.  2.    Shows  the  discoloration  about  the  lips 
and  chin,  and   the   condylomatoid   proliferation  at 
j^^S^       the  angles  of  the  mouth. 
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Fig.  3.    Microscopic  section  through  one  of  the  condylomatoid  masses 
at  the  mouth. 


Acanthosis  Nigricans.     <Case  of  Dr.  S.    Pollitzer;  from  the  International  Atlas  of 

Rare  Skin  Diseases.) 
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Iiivtlircii.  liavi'  (•(iiiu-  to  possess  a  new  interest  for  Ameri- 
cans ill  coiiiiceliDii  will]  our  recently  ae(|uire(l  possessions. 

'I'o  llnM|iirstion,  "Can  Anglo-Saxons  ever  lieeoinc  eoni- 
jiletely  aeeliniali/.eil  in  the  tropics?"  a  incire  or  less 
nuanled  negative  reply  has  lieen  given  by  probably  a 
majority  of  the  most  eniiuent  authorities.  'I'liis,  it  will 
be  observed,  does  not  mean  that  Anglo  Saxons  eannot 
live  in  the  tro))ics  under  conditions  of  special  caution. 
It  does  imply,  in  the  minds  of  its  advocates,  that  Euro- 
jieaus  can  never  e.\pcct  to  perform  (lie  same  work  under 
the  same  conditions  as  llie  natives  If  tliis  be  the  case,  it 
(iresupposcs  the  continuance  of  a  dislinclively  menial  or 
si'rvile  class  as  a  iicrmanencv,  which  ai>|iears  to  li<'  iiicon- 
si.stent  with  the  theory  of  a  purely  demoeratie  colony. 

In  favor  of  the  ijcssimistic  view  regarding  tro]iieal  ao- 
climati/.aliou  are  urged  the  high  death  rate,  the  physical 
dcterioralion.  and  the  reduced  fertility  of  Europeans  in 
llie  tropics.  'I'he  lirst  two  of  tliese  eonsidd'alions  are 
certainly  matters  in  which  the  improved  sanitation  of 
recent  times  may  be  expected  to  count  for  much.  In 
fact,  the  annual  mortality  of  European  troops  in  India, 
uliicli  prior. -to'  1S,"")9  had  been  09  per  1,001),  has  now 
fallen  to  12  per  1,000.  The  death  rate  of  Euroiican  chil- 
dren in  India  is  considerably  less  than  that  of  native  chil- 
dren, and  in  some  colonies  compares  favorably  with  that 
in  many  districts  of  Europe. 

Whether,  as  has  lieen  sometimes  claimed,  white  ramilies 
in  the  tiii]iics  are  likely  to  die  out,  is  ditticult  of  demon- 
stration, because  the  slock  is  liable  on  the  one  hand  to  be 
reinforced  by  fresh  European  iniinigration,  or  on  the  other 
to  be  deteriorated  by  mixed  marriages.  But  a  paper 
presented  at  the  Sevi'iith  International  Congress  of  Hy- 
giene and  I)cmogra|)hy  by  Sir  Clements  JIarKliam  shows 
that  families  of  pure  Euro|)ean  blood  had  been  .settled  in 
tropical  places  for  more  than  two  centuries  wilhout  any 
deterioration,  menially  or  ]iliysically  of  the  later,  as  com- 
pared with  tlie  earlier  representalives. 

Regarding  fertility  asalfectcd  by  removal  of  Euroiieans 
to  the  tropics,  great  diversity  of  opinion  has  existed  Tlii' 
analogy  of  plants  seems  to  .suggest  a  loss  of  fertility,  at 
least  temporarily,  from  a  chan.ge  of  climate.  For  ex- 
ample, tlie  chrysanthemum  is  said  to  have  remained  in- 
fertile for  sixty  years  after  its  transplantation  from  Cliina 
into  France,  so  that  the  seed  had  to  be  coiitinually  im- 
ported. But  after  that  time  fertility  began  to  be  re- 
.gained,  till  now  the  species  propa.gates  itself.  European 
fowls,  which  when  first  brought  to  Bolivia  became 
sterile,  later  regaini'd  Iheir  fecundity. 

Regarding  the  human  species,  however,  we  are  liable  to 
error  in  .iud.iiing  from  eases  in  which  infertility  is  due  to 
crossing  of  the  breed  with  inlVrior  races;  or  when  possi- 
lile  lack  of  fecundity  is  overcome  by  fresh  European  ad- 
mixture. Vet.  as  against  a  permanent  sterility  of  pure 
European  families  in  the  frojiics  there  are  abundant  in- 
stances. It  is  said  that  Spanish  women  in  Ouayaipiil,  at 
a  temperature  rarely  below  s;i'  F.,  are  exceedingly  ])ro- 
litic,  and  that  the  Kreiich  have  a  higiier  birth  rale  in 
Algeria  than  in  France. 

In  general,  we  may  say  that  it  is  not  temperature  or 
climate  inlrinsieally  which  is  the  obstacle  to  acclimatiza- 
tion. Physiology  lias  shown  the  marvellous  ada|ilabilily 
of  man  lo  w  ilhslaiiil  llie  w  idesi  ranges  of  thermomelric 
varialion.  ^Ioreo\ir,  anthropologists  agree  that  man- 
kind is  all  descended  from  one  primitive  slock.  Hence 
man  Iiii«  acclimali/.ed  himself,  as  a  matter  of  fact,  wher- 
ever by  successive  migrations  he  has  permanently  oc- 
cupied new  tields. 

The  only  imiiortant  obstacle,  then,  to  acclimatization 
is  pathogenic  organisms,  and  not  temperature 

The  diseases  lo  which  a  European  is  especially  subject 
on  renioving  lo  the  tropics  ar<'  yellow  fever,  dysentery, 
heiialitis.  ana'inia,  and  malaria  "  The  first  of  liiese.  yel- 
low fever,  const itut(^s  the  greatest  immediate  diuiger  for 
the  unaccliniated  stranger.  The  Creole  population,  as  is 
known,  are  largely  exempt  from  susceptibility  to  this  dis- 
ease, though  even  they,  after  havin.g  resided  for  a  lime 
in  the  temperate  zone,  have  to  go  through  an  aeclimati/.a- 
tion  on  their  return  before  they  are  safe  from  tli(>  disease. 


Their  acclimatization  is  more  (piickly  acconiplislieil.  liow- 
ever.  than  that  of  the  European,  rmmiinity  anainst  this 
fever  is  gained  by  a  jirevious  attack,  anil  also  by  having 
passed  through  an  epidemic  of  it.  even  wilhoiii,  having 
contracted  tin-  di.sease.  The  time  necessary  to  secure  ab- 
solute safely  a.gainst  yellow  fever  is  variable.  The  other 
tropical  diseases  which  impede  acclimatization — dysen- 
tery hepatitis,  etc. — afford  no  security  against  yellow 
fever. 

ny.senlery,  which  is  perhaps,  next  to  yellow  fever, 
the  most  fatal  obstacle  to  llieacclimatization  of  Europeans 
in  the  tropics,  is  rarely,  excejit  in  great  eiiidemics.  fatal 
at  till!  first  attack,  but  with  successive  years  it  isajit  to 
recur,  either  as  dysentery  or  as  chronic  diarrho-a.  .Many 
of  the  cases  are  now  known  to  be  due  to  the  fimidin  n/i. 
The  British  Admiralty,  on  the  theory  that  the  mortality  of 
the  colonial  troops  from  this  cau.so  is  indirect  ratioto  the 
period  of  Iheir  stay  in  the  tropics,  removes  and  replaces 
such  garrisons  at  short  inlervals,  while  the  French  Gov- 
ernment sendsannually  to  her  colonies  transports  lo  carry 
away  those  soldiers  who  have  become  enfeebled  by  re- 
lapses and  recurrences  of  dysentery.  A  certain  number 
of  indi  V  iduals  can  never  become  acclimated  to  this  disease, 
and  find  relief  only  by  a  return  to  tcmiierate  climes 

Another  obstacle  sometimes  fatal  to  acclimatization, 
but  of  rarer  oeciirrcnee,  is  hepatitis.  This  may  be  either 
primary,  due  lo  hi'at  or  malaria!  infeclion — in  the  latter 
ease  tlie  enlargement  of  the  liver  being  analogous  to  the 
accompanying  splenitis;  or  thehcpalilismay  be  secondary 
to  dysentery,  in  which  case  alisee.ss  of  the  liver  may  re- 
sult, usually  with  a  fatal  ending  These  hepatic  abscess- 
es are  said  to  be  more  common  in  Europeans  than  in 
Creoles  alter  a  dysentery  Other  liver  diseases,  cancers, 
hydatids,  and  icterus,  dueto  affcctionsof  the  gall  bladder 
and  ducts,  are  said  by  Dr.  Saint  \'el,  in  his  work,  "Hy- 
giene des  Europeens  dans  les  Climats  Tropicaux.  "  etc., 
to  lie  rarer  in  the  torrid  than  in  the  temperate  zone,  in 
spill'  of  the  comnion  lirlicf  to  the  contrary 

A  degree  of  an.-emia  may  be  considered  physiological 
in  hot  countries.  But  it  not  unfreipiently  becomes  ex- 
cessive, interfering  with  the  nulrition  of  the  body  and 
combining  with  a  certain  amount  of  malarial  poisoning, 
and  perliajis  also  of  hepatitis,  lo  impart  the  dou.afiy,  pale, 
and  sallowisli  lint  not  uncommon  in  those  who  have  lived 
long  in  th(^  tropics.  This  aiuemia.  sometimes  amounting 
quite  to  a  cachexia,  is  most  extreme  in  the  immediate 
neigliborhood  of  the  equator,  growing  less  with  every 
degree  of  lalilude,  and  is  by  no  means  confined  to  the 
white  race,  though  it  is  only  as  it  occurs  to  Euro|)eans 
seeking  a<-climalization  that  it  deserves  meiil ion  in  this 
cimnection. 

Intermittent  and  remittent  fevers,  now  known  to  be 
due  to  the  varionsspeclcsiif  malarial  organism,  and  other 
manifest  at  ions  of  malarial  cachexia  a  ret  he  olistaeles  which 
most  commonly  stand  permanently  in  the  way  of  acclima- 
tization. Keceiit  observations  have  shown  that  malaria 
exists,  at  least  in  the  northern  hemisphere,  nearly  as  fariip 
as  the  .\rclic  circle,  and  the  deadly  nature  of  tlie  Tuscan 
Maremma  (lat.  41!")  has  even  given  a  name  to  the  di.sease. 
Slill,  the  most  virulent  types  of  the  disease  are  of  tropical 
origin.  .\n  inili\idiial  may  resist  these  inlluences  for  a 
lime,  to  fall  a  victim  wilhout  anyapjiarent  change  cither 
in  his  own  carefulness  or  in  the  nature  of  the  surround- 
ing miasmatic  influences.  Malaria  is  not  eontined,  like 
yellow  fever,  to  the  coast  regions,  hut  is  distributed 
widely.  High  altitudes  are  not  exempt  from  it,  and  it 
wasf'ound  by  Curran  even  on  the  chain  of  the  Himalayas. 
Still,  it  is  more  common  in  lower  levels  where  vegetation 
once  covered  with  moist  lire  is  left,  by  a  subsidence  of  the 
water.  expo.-;ed  to  tlie  alinos]iliere.  There  are  some  re 
gions,  as,  for  instance,  parts  of  Si'iiegal.  .Madagasi';ir,  :ind 
French  (riiiana,  where  the  malarial  influence  is  so  strong 
that,  while  individuals  have  overcome  it.  it  may  be  sjiid 
that,  as  a  race,  Europeans  hitherto  have  failed  lo  bi'coine 
acclimtilcd. 

In  jiassing  from  the  tropics  lo  the  tenipi'iale  zone,  the 
obstacles  in  the  way  of  aeelimatiz;ilion  are  much  less  than 
when  the  eniiirration  is  in  the  other  direction.    The  trausi- 
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tion  of  seasons  from  the  iK'iit  of  siimmor  to  the  cold  of 
winter  has  a  tnnio  elTect,  and  is  favoralilc  lo  tliose  siitTer- 
iu.ir  from  ana'iuia,  lieinililis,  and  malaria  Certain  in- 
flammatory elicsl  alVeclioMs,  however,  are  lialUe  to  be 
eansed  in  Creoles  liy  a  norlhern  winter,  as  well  as  some 
cutaneons  diseases  dependent  jierliaps  on  the  change  in 
the  ninouut  of  perspiration.  It  is  often  claimed  that 
persons  removiuc:  to  the  temperate  zone  are  in  special 
danger  from  idilhisis.  Dr.  Saint  Vel  (tor.  cit.)  says  tliat 
tlie  reverse  of  this  is  Irne  Some  negroes  die  of  tul)er- 
culosis  in  tlie  hospitals,  but  there  are  usually  circum- 
stances of  special  exposure  in  these  cases,  while  tho.?e 
negroes  who  are  well  cared  for  and  live  ut  service  are 
remarkably  free  from  phthisis.  Confusion  has  perhaps 
been  made  of  the  negro  with  the  monkey  in  this  respect, 
but  the  tuberculosis  so  cotnmon  in  the  latter  animal  is 
due  to  his  eontinement  and  toother  conditions  not  ob- 
taining in  the  case  ot  the  negro.  The  experience  of  all 
the  Northern  States  of  our  country  shows  that  the  negro 
acclimates  well  in  the  lem]ierate  zone ;  but  observations 
are  wanting  as  to  his  power  of  adapting  himself  to  really 
cold  climates. 

The  Creoles  residing  in  France  are  particularly  long- 
lived.  Theiracclimatization  is  said  to  be  more  readil_v  ac 
complished  than  that  of  whites  returning  after  a  Umg 
residence  in  the  tropics;  but.  as  a  whole,  the  effect  of 
removal  from  lower  to  higher  latitudes  is  more  beneficial 
than  that  of  moving  in  the  contrary  direi'tion.  Arctic 
animals  do  less  well  iu  temperate  regions  than  those  from 
the  tropics. 

Hygiene  of  Acclimaiiza.tion. — Hygiene  can  do  something 
to  overcome  the  obstacles  in  the  way  of  acclimatization.  It 
is  especially  important  iu  combating  dysentery,  anwniia, 
and  malaria.  Contrary  to  what  has  been  sometimes 
taught,  a  robust  frame  is  an  assistance  to  acclimatization. 
The^  immigrant  to  the  tropics  should,  if  possible,  reach 
his  destination  in  the  cool  sea.son.  tliat  the  transition 
may  be  as  moderate  as  possible  from  his  nati\-e  clime. 
For  the  same  reason  the  tropical  emigrant  should  reach 
the  temperate  zone  in  the  summer.  In  going  to  the 
tropics  one  should  not  deprive  himself  wholly  of  a  meat 
diet,  though  of  course  less  meat  and  very  little  fat  are 
required.  The  food  shovdd  be  sufficient  in  all  its  con 
stituents  to  keep  up  the  .strenglh.  Alcoholic  excess  is 
to  be  especially  avoided.  The  light  wines  are  much  pref- 
erable to  s|)irits.  A  slight  diarrlKca  is  to  be  checked  at 
once,  as  otherwise  it  may  run  on  to  the  severe  chronic 
intestinal  fluxes.  The  dwelling  should  be  situated  high, 
with  the  sleeping-room  on  the  second  floor.  Alluvial 
bottoms  are  to  lie  avoided  as  jilaccs  of  abode,  and  the 
domicile  should  not  be  erected  in  the  track  of  breezes 
blowing  over  marshy  districts.  E.xposure  to  the  night 
air  is  unwise,  especially  when  there  is  a  fog  hanging 
about  Food  should  l)e  taken  before  going  out  in  the 
morning,  and  a  daily  dose  of  quinine  should  be  made 
use  of. 

Reference  shovdd  lie  made  to  the  jirobably  important 
part  played  by  certain  insects,  notably  the  mosquito,  iu 
the  communication  to  man  of  malaria  and  possibly  of  oth- 
er diseases  that  have  gi\'en  to  some  tropical  regions  an 
unsavory  reputation  for  deadliness  to  Europeans.  If  the 
teachings  of  Koch  and  oilier  believers  in  the  inoS([uito 
inoculation  of  the  malarial  jiarasile  be  confirmed,  the  em- 
ployment of  nets  and  bars  will  assume  an  important  part 
in  the  hygiene  of  acclimatization. 

Direct  e.xposure  to  the  equatorial  sun  during  the  mid- 
dle of  the  day  should  be  avoided.  Only  the  natives  can 
withstand  its  fierceness.  On  the  other  haml.  draughts, 
especially  of  nighl  win<l,  should  be  as  earefidly  avoided 
as  in  temperate  climes  While  the  clothing  should  of 
course  be  li.irht.  it  slioidd  lie  of  cotton  rather  than  linen, 
and  merino  undergarments  should  be  worn,  and  changed 
frequently  in  order  to  kee|)  the  large  amount  of  transuded 
moisture  absorbed.  Nostalgia,  which  retards  acclimatiza- 
tion, should  be  avoided  as  far  as  possible  If  society  is 
wanting,  work  must  be  relied  upon  to  take  iqi  the  mind. 
It  is  said  that  the  workers  acclimatize  more  n^adily  than 
tJie  idlers  in  hot  countries      Of  the  various  forms  of  ex- 


ercise, which  is  always  so  important  from  a  hygienic 
point  of  view,  riding  anii  dri\ing  are  especially  desirable 
in  warm  count  ries.  Cool  and  cold  baths  daily  are  of  use. 
The  advantages  of  hydrotherapy  are  often  combined  with 
those  of  high  elevation  in  th<'  sanatoria  which  are  locateii 
in  the  mountainous  districts  (where  svich  exist)  in  many 
warm  countries,  and  whither  the  half  acclimated  Euro 
pean  repairs  from  time  to  time  with  nuich  benetit  to 
jialudic,  dysenteric,  and  hepatic  affections  Finally,  if 
dysentery  obstinately  recurs  in  the  high  altitude,  or  if 
the  system  does  not  throw  off  miasmatic  impressions,  it 
is  better,  after  a  reasonable  time,  to  abandon  the  allenqit 
at  acclimatization  and  return  to  a  temperate  climate  Tlie 
ocean  voyage  will  be  likely  to  cause  some  relief,  and 
after  a  reeonstitution  of  the  bodily  powers  in  the  home 
country,  a. second  attempt  at  acclimatization  may  be  more 
successful.  Charles  F    Withiiiyton 


ACCOMlVIODATiON    AND  REFRACTION. 

Din/.lnr.s  ,;/; 


See  Ki/i'. 


ACCOMMODATION  AND  REFRACTION,  DISOR- 
DERS OF  — .VccoMMoD.vTio.N  is  the  name  adopted  to  des 
ignate  the  adjustive  power  of  the  eye  for  distinct  vision  at 
different  distances.  As  used  in  modern  ophthalmology, 
it  may  be  more  narrowly  detined  as  the  power  of  acti\e 
optical  atljustment  of  the  eye  for  near  vision  In  the 
case  of  the  normally  proportioned  (emmetropic)  eye.  the 
fye,  in  a  state  of  rest,  is  adapted  for  distinct  vision  at  a 
distance,  the  accommodation  coming  into  play  to  increase 
the  o]itical  power  (refraction)  of  the  eye  to  meet  the  re 
quirements  of  distinct  vision  at  shorter  distances. 

The  existence  of  an  active  accommodative  adjustment, 
effected  tfiroughan  increase  in  the  c<invexityof  the  crys 
talline  lens,  was  demonstrated  by  Thomas  Young  (Philo 
sophical  Transactions.  IHOl).  but  the  validity  of  his 
proofs  was  not  genei'ally  recognized  until  fully  half  a 
century  later.  The  first  actual  observation  of  the  change 
in  curvature  at  the  anterior  .surface  of  the  crystalline  lens, 
by  Jla.xiniilian  Langenbeck  (1849).  was  confirmed  (1853) 
bj'  A.  Cramer,  who.  by  the  employment  of  more  refined 
methods,  measured  both  the  increase  in  curvature  and 
the  position  of  the  anterior  lens  surface  This  was  fol 
lowed  closely  in  time  by  the  wholly  independent  and 
altogether  admirable  research  of  H.  Ilelmholtz  (185.")). 
which  definitively  established  the  fundamental  theory 
of  accommodation  on  an  exact  mathematical  basis. 
Tscherning,  who  has  lately  taken  up  the  subject  anew, 
(1894,  189.5),  has  brought  to  light  important  additional 
details. 

The  changes  in  the  eye  in  accommodation  consist  in 
(ii)  a  notable  increase  of  convexity  in  a  central  area  of 
the  anterior  surface  of  the  crystalline  lens,  (/>)  a  much 
smaller  but  positively  demonstrated  increase  of  convex- 
ity in  a  central  area  of  the  posterior  surface  of  the  crys 
talline  lens,  and  ('•)  a  slight  displacement  forward  (/.(.. 
in  a  direction  toward  the  posterior  surface  ot  the  cornea) 
of  the  anterior  lens  surface;  the  position  of  the  centre  of 
the  posterior  lens  surface  remaining  unchanged. 

Accommodation  is  accompanied  by  active  contraction 
of  tiie  pupil,  the  efl'ect  of  which  is  to  stop  off  all  but  a 
companitively  small  central  portion  of  the  cry.stalline 
lens,  thus  excluding  the  peripheral  portions  of  the  lens 
from  participation  in  the  formation  of  the  retinal  image. 
Both  accommodation  and  the  accomiiauying  puiiillarv 
contraction  are  essentially  binocular  acts,  and  they  are 
sensibly  ccjual  in  the  two  eyes.  They  arc.  moreover 
associated  with  convergence  of  the  visual  axes  upon 
the  object  for  which  both  eyes  are  accommodated,  thus 
making  it  possible  to  see  near  objects  single,  as  well  as 
distinctly,  with  the  two  eyes 

These  several  adjustments,  which  go  to  make  up  the 
complex  act  of  binocular  accommodat  ion,  arc  co  ordinaled 
iindcr  the  control  of  the  third  (common  motoi')  pair  of 
cranial  nerves.  Thus  the  imimlse  to  accommodate,  in 
order  to  see  a  small  near  object  distinctly,  evokes  not 
only  the  needful  lenticular  and  pupillary  changes  in  both 
eyes,  but  also  the  simultaneous  action  of  both  recti  iutcrni 
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imisck'S,  ri'sultina'  in  couvcrireiice  corR'spondinir  to  llie 
distiiiioc  of  the  object.  Similarly,  the  iiiiimlse  to  eon- 
ver;;e  the  visual  axes,  in  order  to  make  the  two  retinal 
ima.ires  lull  each  at  the  central  fovea  in  its  own  eye  and 
so  to  prevent  the  confusion  incident  to  doulile  vision, 
evokes  a  simultaneous  and  equivalent  accommodative 
chanjre.  with  contraction  of  the  pupil,  in  both  eyes. 

The  physioloyieal  bond  by  which  acconiniodation  and 
convergence  are  coordinated  is.  however,  elastic,  within 
certain  limits.  Thus  the  relation  of  the  two  adjustments 
may  be  altered,  for  the  time  bein,;;.  liy  lr,okini;  through 
coiicave  or  convex  ,!;'las.ses,  or  throujiii  diveij;enl  or  con- 
verjrent  |)risms.  so  as.  with  imchan.ircd  converirence.  to 
force  or  to  relax  the  accommodation,  or.  with  unchanged 
acconiu\odatiou,  to  inerea.se  or  to  diminish  the  converg- 
euce.  Such  experiments  are,  however,  fatii^nnnfr.  and 
cannot,  as  a  rule,  be  lonjr  continued  without  Kivinsj  rise 
to  a  vivid  sense  of  discomfort  and  of  functional  disturb- 
ance. 

A.u-ain,  the  relation  of  accommodation  to  convergence 
is  progressively  changing,  from  youth  to  olil  age.  in  con- 
nection with  tiie  physiolo.gical  in<-rease  in  the  hardness  of 
the  erystalliue  fens,  w  hieii  nevertheless  tirst  makes  itself 
seriously  felt  after  middle  life  as  an  accommodative  in- 
sulticieiicy  uniler  the  familiar  aspect  of  pirnhiiojiiti  or  old 
sight,  in  which  readin.gbecom(  s  dillicult  or  impossible  at 
the  ordinary  distance  of  holding  the  book. 

A.gain,  there  are  matiy  persons,  sul)je(ts  of  anomalies 
of  the  eyes  which  involve  notable  variations  in  the  n-la- 
tion  of  "accommodation  to  convergence,  who  neverthe- 
less experience  no  ditliculty  in  the  liabitual  free  use  of 
the  eyes  in  near  work,  or  perhaps  even  imagine  that  they 
enjoj"  exceptionally  good  vision.  These  are.  however, 
generally  cases  of  a  congenital  anomal.y.  or  else  of  one 
whieli  is  of  gradual  development,  giving  time  for  a  eor- 
n'spnndingly  gradual  change  in  tlie  relation  of  the  two 
adjustments  one  to  the  other. 

The  acconunodative  power  which  the  eye  can  bring 
intci  exercise  is  called  the  r<iii;ic  of  iwrdiiiiiuidiilinii  ;  it  is 
conveniently  measured  in  xuiits  called  diojitries,  one 
dioptric  (1  I))  being  equivalent  to  a  convex  lens  of  1 
metre  focal  length. 

The  maximum  range  of  aceonunodation  fi.r  any  eye  is 
attained  wlu-n  the  fellow  eye  is  covered,  or  otlierwise  ex- 
cUided  from  participation  in  the  visiud  act.  and  is  free  to 
assume  a  position  of  extreme  convergence.  This  niaxi- 
nnun  range  is  called  the  iihaoluie  rdiiiji-  i>f  am)iiiiii"(!iitinii. 
The  range  of  accommodation  for  the  two  eyes  together, 
under  convergence  for  any  partieidar  disttmce,  is  called 
the  rililliri  riinr/c  of  acenmmoddliiiii. 

The  relative  range  of  accommoilation  varies  greatly  for 
different  distances.  Thus  Donders  (1S.">S)  found  that  in 
a  young  person,  of  the  age  of  fifteen  years,  it  was  ])ossi 
lile  to  aeconniuidat<'  with  either  eye  singly  up  to  a  dis- 
taiH'c  of  ;!.()'.)  Paris  inches  (about  10  cm.  =  ^'j  metre), 
indicating  an  absolute  range  of  aceonunodation  <if  alKuit 
10  I).  With  tlu'  two  eyes  together,  it  was  possible  to  see 
distant  objects  distinctly  through  concave  glasses  of  any 
powiT  up  to  a  limit  of  11  Paris  inches  (negative)  focal 
length  (about  29.7  cm.  =  j'jy  metre),  indicating  a  rela- 
tive range  of  aceonunodation  of  about  :'.:^T  I)  mider 
paralh'lism  of  the  visual  axes.  L'nder  convergence  for  a 
dislance  of  :!. it  Paris  inches  (about  lO.ocm.  =  ,,|j;  metre) 
it  was  just  ])ossible  to  accommodate  for  that  distance. 
but  it  was  also  possible  to  .see  distinctly,  with  the  two 
eyes,  through  convex  glasses  of  any  ])Ow<'r  up  to  a  limit 
of  it  Paris  inches  (about  24.3  cm.  =  :f|^  metie)  focal 
length,  indicating  a  negative  relative  range  of  aeconuno 
dation  of  about  — -1. 1  I).  Under  hi.gher  grailes  of  conver 
pence,  i.f.,  for  distances  less  than  :!.!!  I^aris  inihes  (10.5 
cm.),  it  was  imjiossible  to  accommodate,  with  the  two 
eyes,  for  the  distance  of  the  point  of  intersection  of  the 
visual  axes;  in  other  words,  distinct  binocular  visi<in  was 
po.ssible  only  at  distances  .greater  than  abotit  10. "i  cm. 
(si;  metre),  indicating  a  biiwc>iliirr<//ir/e  i,f  (irri>niiii<iiliilioii 
of  about  il.T)  I).  Under  convergence  for  all  distances 
greater  than  3.9  Paris  inches,  it  was  found  that  tin;  two 
eyes  could  ac(;ommodate  lor  a  di.stance  less  than  that  of 


the  intersection  of  the  visual  axes,  and  also  for  a  L'reater 
distance;  in  other  words,  the  rilalive  range  of  accommo- 
dation was  in  part  positive  and  in  part  negative.  ■■This 
distinction  acc|uires  pi~actical  importance  from  the  fact 
thiit  thrnreotnininftitiotii'iiji  In'  ttnihittiinift  oiihf  f'>r  i(  iliit- 
tifttn-  (it  trhicJi,  iu  I't'fvn nt'f  tn  fft*-  iitfiiitifi',  ilic  jM^sitia'  jitti't 
i>f  the  nldtiee  raiif/e  I'f  ticcniiinixUitioii  is  t'lliivMi/  f/icit.  " — 
Donders. 

Fig.  10  shows,  in  the  form  of  a  diagram,  the  series 
of  measurements  of  the  relative  aceonunodation  in  the 
case  cited,  as  plotted  by  Donders.  the  ordiiiates  indicate 
dioi)tries  of  accommodation,  and  the  abscissas  the  i-orre- 
sponding  degrees  of  conver.gence,  namely,  for  distances 
of  1  metre  and  aliipiot  parts  (i,  i,  i.  to  .^V,)  of  a  metre.'* 

By  insi)e(rtion  of  theilia,gram  it  is  seen  that  the  positive 
part  of  the  relative  range  of  accommodation — /.(.,  the 
jiart  abov(;  the  dia,gonal  line  KK — appears  only  in  con- 
vergence for  distances  greater  than  about  IO.."i  cm.  (5^- 
melre);  at  l'^..")  cm.  H  metre)  the  ])Ositive  part  is  about 
three-sevenths   as   srreat   as   the  neg.-itive:    at  33,3  cm. 
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(i  metre)  the  positive  part  exceeds  the  negative  in  the  ratio 
of  about  S  to  .•). 

These  relations  of  the  positive  to  the  negative  part  of 
the  relative  range  of  accommodation  correspond  clo.sely 
to  actual  conditions  as  learned  from  every  day  observa- 
tion of  the  working  of  the  accommodation  in  young  per- 
sons. Thus  a  child  of  Siiy  Vi  years  can  ordinarily  force 
his  a<'Conmiodation  so  as  to  see  minute  objects  distinctly 
for  a  short  time  at  a  minimum  distance  of  about  10 
cm.,  using  about  10  I)  of  accommodation.  At  a  little 
,greater  distance,  about  r2..")cm..  using  about  S  D  of  ac- 
commodation, he  can  reail  bir  a  much  longer  time,  al- 
thouirh  not.  as  a  rule,  without  a  consciousness  of  elTort 
leailing  to  fatigue.  .\t  about  t30  cm.,  using  about  o  1)  of 
accommodation,  the  :!rconuno<lation  can  often  be  main- 
tained for  hours  together  iu  close  work.  Imt  not  without 
ineuriing  the  risk  of  ultimate  grave  injury  to  the  eyes 
when  reading  at  so  short  a  ilistanee  becomes  habitual. 
The  limit  of  eas<'  and  safety,  for  young  persons,  in  \im'i- 
continued  use  of  the  eyes  in  reading  and  study,  is  at  about 
33  cm.  (about  13  Englisli  inches),  or  perhaps  a  little  less, 
corresponiling  loan  habilu:il  n.se  of  not  much  more  than 
3  1)  of  accommodation.  At  Ihislimit  of  distance  then-la- 
tive  range  of  accommodation  is  anqile.  and  the  positive 
part  is  at  about  its  maxinuun. 


»  I'iir.  Ill  liiLs  Ix-eii  stiL'hllv  i-hauiri-il  lo  (■on("rin  to  Un-  ini-iric  .sys- 
tem, wliii-li  liH.s  loirje  iiiM  L'enenil  use  in  epliilialmelfit'v  siih-e Uie  ilal« 
ot  nulilji-ation  "t  UkiicIcts'  wurli. 
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The  letters  r,  ri,  ra,  and  p.  pi,  pi  (Fig,  10)  represent 
tlie  iihxtilKt,-.  the  reliitiri;  ami  the  lihioruhir  farthest  aiul 
nearest  poiuts.  respectively,  of  distinct  vision.  Under 
pamllclisni  of  the  visual  axes  the  alisolutc  far  point  (i-), 
tlie  rclalive  far  point  (ri).  and  tlii'  binocular  far  jioiut  (ri) 
all  fall  together  at  an  infinite  distance;  l)\it  there  is  a 
positive  relative  acconuiiodation  of  about  3.37  D.  Under 
convergence  for  a  distance  of  10..")  cm.  (jij  metre),  the 
relative  near  point  (;)i)and  the  binocular  near  point  (p'i) 
fall  together  at  the  same  distance  of  about  10.5  cm.  from 
the  eye;  but  there  is  a  negative  relative  accommodation, 
wliich  here  attains  its  ma.ximum,  of  —4.1  I).  The  ab- 
solute near  point  {[i)  is  attained  only  under  extreme  con- 
vergence (for  a  distance  of  about  Tt.Tt  cm.  =  -[-'if  metre),  and 
falls,  together  with  the  relative  near  point  (/)i).  at  about 
10  cm.  i-^jj  metre)  from  the  eye;  luider  this  ma.ximum  ex- 
ertion the  relative  range  of  accommodation  is  reduced  to 
zero.  Under  convergence  for  all  distances  greater  than 
'.iO  em.  (I  metre),  the  positive  part  of  the  relative  range 
of  accommodation  is  large  and  nearly  constant,  falling  no- 
where below  about  8.2.")  P.  and  reaching  a  maximum  of 
nearly  4  1)  at  a  distance  of  about  88  cm. 


Accommortiition  I 
in  dioptrles.     ) 
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Table  A  represents,  in  parallel  series,  consecutive 
dioptrics  of  accommodation  and  the  corresponding  dis- 
tances at  which  a  normally  proportioned  (emmetropic) 
eye  sees  distinctly  througli  the  exercise  of  the  accommo- 
dation. It  will  be  observed  that  the  first  dioptric  of  ac- 
commodation covers  all  distances  from  infinity  up  to  a 
distance  of  1  metre  from  the  eye;  the  second  covers  a 
distance,  1  —  i  =  i  mcti-e ;  the  third,  i  —  J^  =  |  metre ;  the 
fourth,  J  —  J  =  ^V  metre;  the  tenth,  ^  —  -^^  —  ^J^  metre; 
the  twentieth,  -^^  —  ^'j  =  -g^-^  metre,  etc. 

Inasmuch  as  the  distance  of  the  near  point  (;;)  from 
the  eye  is  the  reciprocal  of  the  number  of  dioptries  of 
acconuiiodation.  it  follows  that  when  the  effective  range 
of  accommodation  exceeds  1  D  tlie  distance  of  ji  from 
the  eye  will  be  represented  by  some  fractional  part  of  1 
metre.  Again,  if,  for  any  cause,  the  far  jioint  (r)  falls 
at  a  distance  (which  we  will  represent  by  R)  less  than  1 
metre  from  the  eye,  the  distance  of  the  near  point  (p) 
from  the  eye  (which  we  will  represent  by  P)  will  be  less 
than  when  ;•  is  at  infinity,  but  will  still"  always  have  a 
real  value  represented  by  "some  fraction  of  1  metre.  The 
linear  distance  R — P,  covered  by  any  given  range  of  ac- 
commodation, decreases,  therefore,  at  a  rapidly  increasing 
r.'itc  for  every  change  in  the  position  of  r  nearer  to  the 
eje.  The  linear  distance,  R— P,  is  called  the  region  of 
(iiromiiiodatioit;  its  special  significance  will  appear  more 
fully  in  connection  with  the  study  of  the  Anomalies  of 
Refraction,  and  of  the  changes"  elTected  by  wearing 
spectacles. 

Refr.\ctiox  is  the  word  used  in  ophthalmology  to 
designate  the  optical  power  of  the  eye  when  in  a  state  of 
accommodative  relaxation  or  rest,  "it  is,  in  fact,  the  ag- 
gregate of  .successive  refractions.  (<()  fnmi  the  air  into 
the  cornea,  (i)  from  the  cornea  into  the  a(iueous  humor, 
((•)  from  the  aqueous  humor  into  the  crystalline  lens.  {(J) 
from  layer  to  layer  of  the  crystalline"  lens,  through  a 
medium  of  progressively  increasing  refractive  power 
(index  of  refraction)  from  its  anterior  surface  toward  its 
centre,  and  of  decreasing refrac;live  power  from  its  centre 
to  its  posterior  surface,  and  (c)  from  the  crystalline  lens 
into  the  vitreous  body.  Inasmuch  as  the  curvatures  of 
the  .several  refracting  surfaces  and  the  indices  of  refmc- 
tion  of  the  several  transparent  media  remain  constant  or 
neaily  constant,  after  the  eye  has  once  attained  to  its  full 
development,  the  absolute  refraction,  as  determining  the 
jiosition  of  the  principal  focus,  is  |iractically  a  constant 
(juantity  for  any  parlicular  eye. 

The  principal  posterior  focal  length  (focal  length  for 
parallel   rays)    of  the  human   eye,    measured   from   its 


second  (posterior)  principal  point,  is  estimated  at  about 
20  mm.  (sV  nietre).  To  represent  the  sum  of  the  several 
refractions  in  the  eye  by  one  refraction,  at  a  single 
spherical  surface,  we  have  only  lo  assume  an  infinitely 
thin  cornea  of  '>  mm.  radius  of  curvature  and,  suppress- 
ing the  crystalline  lens,  to  assume  a  length  for  the  axis 
of  the  eyeball  equal  to  20  mm.*  This  simplified  or 
reduced  eye,  again,  maj-  be  represented  by  a  thin  convex 
lens  of  66.6  I)  power,  mounted  b")  mm."  (j^^  metre)  in 
front  of  a  screen  representing  the  retina. 

The  measurements  of  the  radii  of  curvature  of  the 
cornea  and  of  the  two  surfaces  of  the  crystalline  lens  are. 
howe\'er,  found  to  vary  notably  in  di'tferent  eyes,  and 
this  without  giving  rise  to  any  corresponding  anomaly  in 
the  functions  of  the  eye  as  a"whole.  The  explanation  is 
found  in  other,  compen.sating  variations  in  the  size 
(length  of  axis)  of  tlie  eyeball.'  Thus  a  very  small  eye- 
liall,  with  correspondingly  short  radii  of  curvature  of  its 
refracting  surfaces,  e.g..  the  eye  of  a  mouse,  maybe  as 
perfectly  jnoportioned  as  a  miu-h  larger  eyeball,  with 
corresp(]iidingly  greater  radii  of  (  urvature.  e.g.,  the  eye 
of  a  rabbit.  Estimates  of  the  actual  refraction,  even  "in 
the  case  of  the  human  eye,  are  therefore  at  best  but  aver- 
age estimates;  the_y  are,  moreover,  of  minor  importance, 
and  are  practically  disregarded  in  the  discusssion  of  oph- 
thalmological  problems.  On  the  other  hand,  any  deviation 
from  a  correct  proportion  between  the  curvatures  of  the 
refracting  surfaces  and  the  length  of  tlie  axis  of  the 
eyeball  is  of  very  great  iiii]nortance.  for  it  is  upon  such 
correct  proportion  that  the  adaptability  of  the  eye  to  the 
varied  requirements  of  vision  mainly  depends. 

We  have  then  to  recognize,  first  "of  all,  a  normal  con- 
dition of  correct  proportion,  cm /»c?TOy//ff,  E  (from  fu//frpof, 
proportionate,  and  wi/',  eye),  between  the  radii  of  curva- 
ture of  the  refracting  surfaces  of  the  eye  and  the  length 
of  theantero-posterior  diameter  (axis)  of  the  eyeball,  "in 
emmetropia,  a  sharply  defined  image  of  a  ciislant  object 
is  formcil  on  the  retina  without  the  exercise  of  any  part 
of  the  accommodation,  so  that  the  entire  range  of  accom- 
modation is  available  to  meet  the  retiuirementsof  distinct 
■^'ision  for  near  objects.  The  region  of  accommodation 
includes,  therefore,  all  distances  from  intinit_y  up  to  the 
distance  of  the  near  point  (p)  from  the  eye,  and  is  at  its 
maximum  (ef.  Table  A). 

As  opposed  to  emmetropia  we  recognize  a  condition  of 
incorrect  proportion,  (nnetropid  (from  autrpnc.  dispropor- 
tionate, and  cji/).  eye),  in  which  the  principal  focus  of  the 
eye  falls  elsewhere  than  at  the  distance  of  the  retina. 
Ametropia  occurs  under  two  opposite  types,  according 
as  the  retina  lies  in  front  of  or  behind  the  principal  focus. 

Ili/permetropiii.  H  (from  vTrepuerpo^.  over-measure,  and 
'ji/'.  eye),  is  the  condition  in  which  the  principal  focal 
length  of  the  eye  is  greater  ihan  the  length  of  its  axis. 
The  hypcrmetropc.  if  his  range  of  accommodation  is  in 
excess  of  that  required  to  advance  the  focus  for  parallel 
rays  to  the  actual  position  of  the  retina,  is  able,  through 
the  exercise  of  some  part  of  his  accommodation,  to  see 
clearly  at  a  distance.  A  part  only  of  the  range  of  ac- 
commodation is  then  available  for  near  vision,  and, 
through  the  recession  of  the  near  point,  the  region  of  ac- 
commodation is  curtailed.  In  the  liighest  grades  of 
hypermetropia  the  range  of  acco"mmodation  is  insufficient 
to  overcome  the  refractive  defect,  so  that  distant  as  well 
as  near  objects  are  seen  indistinctly  :  in  the  lower  grades 
the  recession  is  often  not  so  great  as  to  inierfere  ma- 
terially with  distinct  near  vision,  so  long  as  the  range  of 
accommodation  remains  normal  or  approximately  normal. 
The  accommodation  is  nevertheless  overburdened  in 
hypermetropia,  and  its  exercise  is  often  attended  with  a 
sense  of  strain  or  fatigue;  with  advancing  age,  the  re- 
cession of  ihe  near  point,  due  to  the  i)rogressive  diminu- 
tion of  tlie  range  of  accommodation,  gives  ri.se  prema- 
turely to  the  condition  of  old  sight  (jm-i/ii/ojiin). 

In  hypermetropia  the  disproportion  is  ordinarily  due  to 
an  actual  deficiency  in  the  length  of  the  antero-posterior 

*  The  index  of  refniction  from  air  into  the  aqueous  humor  is  as- 
sMineil  to  lie  J  =  1.3,  \yhioh.  thou|th  not  absolutely  exact,  is  a  very 
close  approximation  to  the  true  index. 
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(liiinieter  of  the  oyclmll,  and  may  piopcrly  be  regarded 
as  tlie  result  of  iueomplete  development  of  tlie  eye  in  its 
posterior  segment.  The  erneial  test  of  hypermetrojiia  is 
the  ability  to  see  distinetly  at  a  distance  tlirouj^h  conve.x 
glasses;  its  measure,  in  dioptries,  is  the  strongest  eonvex 
lens  through  whieh  vision  at  a  distance  is  unimpaired, 
(."^ee  lliipi'miitfijiiii. ) 

Mjimiiii,  M  (from  iivLii.  winking  or  shulting  the  eye), 
is  a  condition  the  e.xact  opposite  of  hyperni<-tropia.  As 
a  visual  defect,  myopia  was  well  known  to  the  Greek  and 
Roman  writers  on  seientilic  subjects:  it  takes  its  name 
fiom  th(^  fact  that  short-sighted  persons  see  distant  ol)- 
jecis  more  clearly  when  the  opening  of  the  eyelids  is  re- 
duced to  a  narrow  slit.  In  myopia  Ihe  principal  focal 
length  of  Ihe  eye  is  less  than  tlie  length  of  its  a.\is  The 
myojie,  therefore,  even  under  coniidcle  relaxation  of  his 
acconmiodation,  does  not  see  distinctly  at  a  dislance.  but 
he  has  perfect  vision,  without  exercise  of  the  accommo- 
dation, at  some  short  distance  defined  by  the  position  of 
his  far  point  (/■),  which  position  is  determined  by  the 
grade  of  myopia.  The  near  point  (p)  of  distinct  vision, 
as  determineil  ,by.  tlie  range  of  accommodation  and 
ineasured  frolii  ;■,  falls  nearer,  therefore,  to  the  eye  than 
in  eminetropia.  Tlie  region  of  accommodation,  / c,  the 
dilTerence  in  distance  of  the  far  jioint  and  the  near  point 
from  the  eye,  is  notably  restricted,  and  in  the  bigliest 
grades  of  myopia  is  nuluced  to  insignificance  In  myopia 
of  low  grades,  the  disiibility  of  old  sight  {prixhiidjiin)  is 
first  experienced  at  a  later  period  of  life  than  in  emine- 
tropia: in  the  higher  grades  of  niyo]na,  in  which  the  far 
point  {/•)  lies  well  within  the  ordinary  reading  distance, 
presbyoiiia.  in  the  ordinary  accx-ptation  of  the  word,  is 
:in  impossibility. 

In  myopia  the  disproportion  is  due  to  an  elongation  of 
the  axis  of  the  eye  incident  to  distention  of  the  eyeball, 
as  a  result,  in  most  cases,  of  improper  or  excessive  ap- 
jilication  to  close  work  during  the  period  of  childhood 
and  youth.  Unlike  hyiiermetropia,  myopia  is  to  be  re 
gariled  as  essentially  a  iiathological  condition  and  it  is 
generally  progressive,  increasing  in  grade  from  year  to 
year  iirovided  that  the  active  causes  continue  operative. 
The  test  of  myo|)ia  is  the  inability  to  see  distant  objects 
distinctly  exc<'pt  through  concave  glasses:  its  measure, 
in  dioptries.  is  the  weakest  concave  lens  which  brings 
distant  vision  up  to  the  same  standard  of  acuteness  as  at 
distances  within  that  of  the  far  point.    (.See  Mjiopiii.) 

The  positionsof  the  far  point  (r)  and  of  the  near  point 
(/(),  respc'Ctively.  are  measured,  in  metres  ami  parts  of  a 
metre,  from  the  anterior  nodal  point  of  the  eye.  which  is 
situated  in  thi^  crystalline  lens  about  U.'iTi  nitii.  from  its 
posterior  surface.  Representing  these  distances  by  R 
and  P,  respectively,  the  range  of  accommodation,  ex- 
presseil  in  dioptries,  by  A,  and  the  degree  of  inyo|iia  or 
of  hypermetropia.  expressed  also  in  dioptries,  by  M  or 
il,  respectively,  we  have: 

lu  emmetropia,       R  =  infinity, 


in  myopia, 


P  =  —  metre  ; 
A 

R  =  Tj  metre, 


P  =  ^— 


metre ; 


in  hypermetropia,  R  = 


A  +  31 

1 
■ry  metre, 

p=_L 

A-  H 

As,  however,  the  actual  limit  for  dislaiit  vision  is  at  in- 
finity, this  must  lepresent  the  jiosition  of  the  far  point 
{!■)  in  hypermetropia;  the  expression  of  the  real  conilition 
then  becomes: 


metre. 


III  hi/pernietropia,  R  : 

P: 


infinifv, 

1 
A- II 


From  a  comparison  of  these  eiiualions  it  will  be  seen 
bow,  with  the  same  range  of  accommodation,  ihe  region 
of  accommodation  is  most  extensive  in  emnietroiiia.  In 
myopia  Ihe  region  of  accominodalion  is  greally  con- 
tracted tbrough  the  approach  of  the  far  point  (/■)",  with 
but  slight  and.  in  the  higher  grades  of  myopia,  unim- 
portant compensation  in  the  apiiroach  of  the  near  point 
(//)  to  the  eye.  In  hypermetrcipiu  the  elfective  range  of 
accomniodatioii  is  diminished,  and  the  region  of  accom- 
modation is  curtailed  thnnigh  the  recession  of  the  near 
point  (;<)  from  the  eye,  the  far  point  (c)  remaining,  as 
in  eninietro|)ia,  at  inlinity.  When  II  is  so  large,  or  A  so 
small,  that  A  is  less  than  II,  the  entire  range  of  accom- 
modation becomes  negative,  and  distinct  vi.sion  is  impos- 
sible at  any  distance. 

By  the  correction  of  the  ame1ro])ia,  by  an  appropriate 
concave  or  convex  .ghiss.  the  far  point  (;•)  is  adjusted  to 
inlinity,  and  the  position  of  the  near  point  (//)  is  then  de- 
termined by  Ihe  range  of  accommodation  (A).  The 
equations  for  myopia  and  for  hypermetropia  then  become 
iileiitical  with  that  of  emmet id]ii.-i. 


In  iinjiipUi, 


K 


1 


M  -  M 

1 


—  =  infinity. 


in  hyperi,,driipui,  K  = 


P  = 


A  +  ]« 

1 
iT^i 

1 


=  —  metre ; 


infinity, 
1 


A  -  H  -f  n 


A 


metre. 


AVe  have  thus  far  consi<iered  only  the  case  of  ametropia 
in  a  single  eye,  and  have  ignored  all  complications  grow- 
ing out  of  ihe  fact  that  vision  is  actually  the  result  of 
the  concurrent  act  ion  cjf  the  two  eyes.  In  brief,  it  may 
be  said  that  in  order  to  see  an  object  single  and  distinctly 
with  the  two  eyes  together,  the  eyes  must  be  accurately 
directed  each  to  the  same  point,  and  this  point  must  be 
il  point  for  whose  distance  each  eye  is  acconiinodated. 
The  clos<!  comu'clion  between  accrimniodation  and  con- 
vergence may  lead  to  important  complications  both  in 
myopia  and  in  hyperni<-tropia.  In  myopia,  there  is  com- 
liaralively  little  mcasion  for  tlie  exercise  of  the  accom- 
mod:iti(in.  Init  tlie  need  lor  convergence  remains  un- 
changed, or  may  even  be  increased  by  reason  of  the 
sliiirti'r  distaiK'e  at  which  tlii'  .strongly  myopic  eye  sees 
sni;dl  ol)jccts.  This,  normal  or  excessiv<>,  convergence 
may  in  turn  evoke  accominodalion  for  a  still  shorter  dis- 
tance, and  so  necessilat(!  the  holding  of  the  book  still 
nearer  (o  the  eyes,  thereby  inciting  tigain  to  stronger 
convergence.  The  excessive  acconmiodation  which  is 
thus  excited  may  cause  the  myopic  eye  to  apjiear  mote 
strongly  myopic  than  it  really  is,  and  may  lead.  Ihroiigli 
long-conlinneil  tension  of  accommodation,  to  pathological 
conditions  resulting  in  progressive  increase  in  tln' grade 
of  tlie  myopia.  On  the  other  li:ind,  Ihe  eyes  may  fall 
into  the  liaiiit  of  relaxing  Ihe  accommodation  to  the  de- 
grei^  rei|uisilr'  fordisliiK't  vision  at  or  near  tlie  far  point, 
in  wliicli  case  tlie  attendant  relaxationof  the  convergence 
may  lead  to  relative  insutiieieiicy  of  the  recti  interni 
muscles,  with  resultant  muscular  fatigue  from  the  elTort 
to  maintain  binocular  vision  (nin.scnhir  asthenopiai  :  or 
else  the  ell'ort  to  maintain  binocular  vision  may  be  aban- 
doned, and  a  condition  of  :ictual  inuscular  insulliciency 
(divergent  strabismus)  est:iblished.  In  hypeniietropia 
th(^  eyes  accoinmod;ile  even  in  distant  vision,  and  must 
accommodate  more  strongly  than  in  emmelroiiia  in  order 
to  see  near  objects  distinctly,  .\ccordiiigly.  in  hyper- 
metropia one  of  two  complications  may  arise:  either  the 
convergence  may  be  haliilually  adjusted  to  the  disi;ince 
of  theobject.  ill  which  caselhi'  correlated  accommodation 
may  be  insutlicieiil  for  continuous  near  work,  ami  so  Ihe 
eyes  m:iy  sutler  fmin  accommodative  iusulli(  i  iiey  or 
fatigue  (iti'riiiiiiniiiliilii;  ti.itlii  ii'ipiit)  ;  or.  on  ihe  other 
hanil.  the  accominodalion  may  be  maini.-iined  to  the  de- 
gree re(|uisile  for  distinct  vision,  and  this  e.xc-.ssive  ac- 
cominodaiiv(- ellort  niav  evoke  a  tendency  lo  excessive 
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convergence,  which  mny  develop  into  convergent  stra- 
bismus.    (See  Axtlifix'inii.  Str(i/)imnni<.) 

The  elTect  of  the  disturbed  correlation  between  accom- 
modation and  convergence  in  ametropia  has  been  con- 
cisely formulated  by  i)ouders.  as  follows- 

lljipi  niHtiDjtia  aiiincK  iici'iiiiiiiunhttire  asthenopia,  to  be 
act  inly  oixrfijme  by  stmbismiin  cDiiriyeilK. 

Mi/opia  liadu  to  mniiciilar  antlicnopia,  pamtely  yielding 
to  strabiHiitus  direryeiui. 

Astigimitixm  is  a  refractive  anomaly  in  which  the  re- 
fractive powerof  the  eye  is  un((|ual  in  dillerent  meridians. 
(Sec  AntirpiKitixiii.)  This  ine(iiialily  is  greatest  in  two 
meridians  whicli  lie  at  riglil  angles  to  each  other,  and 
which  are  called  the  pruiripal  meridians.  The  astigmatic 
eye  may  be  emmetropic  in  one  of  its  principal  meridians, 
in  which  case  it  is  either  myopic  or  hypermetropic  in  the 
other;  or  it  may  be  either  myopic  or  hypermetropic  in 
both  meridians;  or,  lastly,  it  may  be  myopic  in  one  of  its 
prin(ii>al  meridians  and  hypermetropic  in  the  other.  If 
the  astigmatic  eye  is  hy|iennetropic  in  its  horizontal 
meridian,  the  acrouunodative  distvirbances  generally 
simulate  those  which  belong  to  hypermetropia.  namely, 
accommodative  asthcno|>ia,  or  a  tendency  to  convergent 
strabismus;  if,  on  the  other  hand,  the  eye  is  myopic  in 
its  horizontal  meridian,  the  complications  are  more  com- 
monly those  which  Ijclong  to  myopia,  namely,  muscular 
asthenopia  or  insutficiencj-.  Moreover,  as  in  astigma- 
tism the  acuteness  of  vision  is  more  or  less  iupaired,  the 
inclination  is  always  to  hold  the  book  too  near  to  the 
ej'es.  and  thus  the  tendency  to  acconunodative  tension  or 
to  muscular  iusutlieiency,  on  the  one  hand,  or  to  muscu- 
lar tension,  or  to  accommodative  insufficiency,  on  the 
other  hand,  is  materially  increased. 

Irregular  astigmatism  (see  Aslir/in'ilis-ui)  necessarily 
impairs  the  acuteness  of  vision  at  all  distances,  and  may 
prove  a  source  of  disability  or  of  danger  through  the 
forcing  of  both  accommodation  and  convergence  in  the 
effort  to  read  continuously  at  a  very  short  distance. 

The  correction  of  regular  astigmatism,  together  with 
any  accompanying  ametro]iia,  by  means  of  appropriate 
cylindrical,  spherico-cylindrical,  or  torie,  lenses,  both 
improves  the  acuteness  of  \'ision  and  removes  the  dis- 
abilities incident  to  the  dis]ilacemcnt  of  the  region  of 
acconmiodation.  Even  in  iri'egidar  astigmatism  a  part 
of  the  refractive  defect  may  often  be  corrected  by  means 
of  some  form  of  cylindi-ical  lens,  with  corresponding  im- 
provement in  the  acuteness  of  vision. 

Unequal  refraction  in  the  two  eyes — aidminetropia 
(fromoivCTOf,  unequal,  /itrpni',  measure,  and  uxp,  eye) — may 
give  rise  to  certain  complications  growing  out  of  the 
close  connection  between  accommodation  and  conver- 
gence. Jloreover,  as  tlie  accommodation  is  sensibly  equal 
in  the  two  eyes,  the  same  {legree  of  inequality  exists  in 
accommodation  as  in  a  state  of  rest,  so  that  the  two  eyes 
are  never  accurately  accommodated  for  the  same  distance 
at  the  same  time.  In  order  to  see  any  object  clearly,  one 
of  the  ej'es  must  therefore  accommodate  accurately  for 
Its  distance,  while  the  other  eye  is  accommodated  for 
some  other  distance.  Hence  one  of  the  retinal  images  is 
di.stinct,  while  the  other  is  imperfectly  defined.  This 
difference  in  definition  is.  however,  not  of  ver_y  great  im- 
portance, for.  practically,  the  attention  is  concentrated 
upon  the  clearer  image,  and  the  confused  details  of  the 
other  image  are  disregarded.  lioth  images  are.  however, 
utilized  in  binoc\dar  vision,  as  is  shown  by  the  persist- 
ence of  the  binocular  faculty  of  estimating  dilferences  of 
distance  and  of  appreciating  the  form  of  solid  objects 
(stereoscopic  vision).  On  theoretical  grounds  a  certain 
improvement  in  the  acuteness  of  vision  should  result 
from  the  accurate  correction  of  both  eyes  by  means  of 
glasses  of  dillerent  foci,  and  this  is  actually  the  fict  in 
the  case  of  lesser  ditTeiences  in  i-efraetif)n.  but  in  eases  of 
great  difference,  equalizing  glasses  are  not  always  readily 
accepted.  A  jierson  with  one  emmetropic  eye  of  normal 
visual  acuteness  will  not  ordinarily  accept  glasses  for  the 
solo  purpose  of  remedying  a  defect  of  which  he  is  per- 
haps unconscious  and  whicli  causes  him  no  inconvenience ; 
and,  similarly,  many  persons  with  ametropia  of  a  differ 


ent  grade  in  the  two  eyes  will  rest  satisfied  with  glasses 
of  equal  foci,  which  leave  the  existing  refractive  differ- 
ence unehiuiged.  Hence  it  is,  as  a  general  rule,  unneces- 
sary to  give  glas.ses  for  an  unconqilicated  refractive  error 
of  one  eye.  and.  in  cases  of  imecpuil  defect  in  the  two 
eyes,  it  is  often  sufficient  to  prescribe  gla.sses  of  equal 
foci,  selected  with  reference  to  the  condition  of  the  eye 
which  is  habitually  in  use. 

The  complications  which  may  make  it  necessary  to 
prescrilie  gla.sses  of  different  foci  in  anisometropia  occur 
chietly  in  easesof  myo])ia  of  one  eye.  or  of  myoina  of  a  dif- 
ferent gra<le  in  the  two  eyes.  In  myopia  of  one  eye.  with 
ennnetropia  or  moderate  hypermetropia  of  the  other.* 
the  myopic  eye  is  ordinarily  used  in  reading,  and  the 
emmetropic  or  hypermetropic  eye  in  distant  vision. 
Such  a  jjerson  may  sufi'er  from  muscular  asthenopia  or 
insufficiency  of  the  recti  interni,  as  a  consequence  of  the 
habitual  rela.xation  of  the  aceonuriodatiou  in  reading,  or 
from  injurious  tension  of  the  accommodation,  with  a 
tendencN'  to  progressive  increase  of  the  grade  of  myopia, 
incident  to  the  habit  of  converging  accurately  for  the 
reading  distance.  In  such  cases  it  is  generally  best  to 
correct  the  niyo]iic  eye  by  means  of  a  suitable  concave 
glass,  and  to  prescribe  for  the  other  eye  either  a  plane 
glass  or  a  convex  glass  suited  to  the  grade  of  its  hyper- 
metropia. In  myopia  of  a  dilferent  grade  in  the  two 
eyes  it  is  the  rule  to  correct  the  less  myopic  eye  for  dis- 
tance, and  to  give  either  the  same  glass,  or  one  of  shorter 
focus,  to  the  more  myopic  ej'e,  as  may  be  found  most 
satisfactory  upon  trial.  If  the  difference  in  the  refrac- 
tion of  the  t^vo  eyes  is  large  (two  dioptrics  or  more),  a 
partial  correction  of  the  more  myopic  eye  may  be  pre- 
ferred in  the  beginning,  and  the  full  correction  may  be 
accepted  after  the  lapse  of  a  few  weeks  or  months. 

Aplidkid  (from  o.  privative,  and  (panog  ^=  leim.  a  lentil) 
is  the  condition  in  which  the  crj'stalline  lens  is  either 
wholly  wanting  or  is  so  displaced  that  it  no  longer  lies  in 
the  axis  of  the  eyeball.  The  focal  length  of  the  crystal- 
line lens,  within  the  eye,  is  estimated  at  43.7  nun  .  repre- 
senting a  refractive  power  of  about  23  D.  The  aphakia! 
ej'e  has  therefore  sustained  a  loss  of  refractive  power 
equal  to  about  2'd  dioptrics,  besides  the  loss  of  its  entire 
accommodation.  In  correcting  aphakia  by  means  of  a 
convex  glass,  the  position  of  the  gla.ss  (about  half  an 
inch  in  front  of  the  cornea)  is  much  more  advantageous 
than  that  of  the  crystalline  lens  which  it  replaces,  .so  that 
a  glass  of  ten  or  eleven  dioptrics  is  sufficient,  in  most 
cases,  to  make  good  the  refractive  deficiency.  The  retinal 
image  is  alsoeidarged  by  about  one-third,  inconsequence 
of  the  change  in  the  position  of  the  nodal  point.  A  cer- 
tain degree  of  accommodative  adjustment,  with  addi 
tional  enlargement  of  the  retinal  image,  may  be  obtained 
by  holding  the  glass  fartlier  from  the  eye.  but  as  the  dis- 
tance at  which  the  glass  can  be  easily  held  is  limited  to 
the  length  of  the  nose,  it  is  too  small  to  adnut  of  the 
necessary  adjustment  for  reading.  Hence  two  glasses 
are  generally  lequired,  a  weaker  glass,  of  ten  or  eleven 
dioptrics,  for  distant  vision,  and  a  sti-onger  glass,  of  ,say 
tliirteen  to  tifteiai  dioptrics,  for  reading.  If  the  aphakial 
eye  is  of  hypermetropic  construction,  proportionally 
stronger  glasses,  and  if  of  myopic  construction,  ju-opor 
tioiially  wi'akcr  glasses,  are  re(|uired.  In  a|ihakia  of  one 
eye.  with  normal  visual  acuteness  of  the  other  eye.  it  is 
impossiltle.  by  any  glass,  to  make  the  retinal  images  e<puil 
in  ,size  in  the  two  eyes,  yet  even  with  this  draw  back  the 
correction  of  the  apJiakial  eye  is  generally  acce]ited  by 
young  persons,  with  the  very  great  advantage  of  helping 
"to  keep  the  eye  in  use.  and  so  opposing  the  not  infrequent 
tendency  to  ibift  into  a  position  of  divergent  (or  more 
rarely  of  convergent)  strabismus.  An  aphakial  eye.  even 
when  luicori'cetcd.  generally  takes  some  part  in  liinoeu- 
lar  vision,  and  is  of  use  by  enlarging  the  general  held  of 
vision,  and  also  by  assisting  in  the  estimation  of  distances. 
A  considerable  grade  of  astigmatism  is  fre(piently  present 
in  aphakia,  which  may  be  due  either   to  original  asym- 

*  Tlie  name  antimt'tntiiia  Iiii.s  been  imiposeii  for  the  purtieular  form 
of  anisometropia  in  wliicli  one  eye  is  h.vpermetropic  und  the  other 
myopic. 
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mctiy  of  llio cornea  or  to  anaciiuirnl  asymmetry  iiuiilcnt 
to  the  liealiug  of  a  corneal  wouiul  (jrof  tlu-  incision  in  tlie 
operation  for  tlie  extraction  of  cataract.  ],o\v  iirades  of 
asliirmatism  are  often  overcome  by  looliinir  olilii|nely 
tlirouifli  till-  strong  convex  jilasses  worn  to  correct  tlie 
apliuUial  condition;  liiyiier  .i;rades  may  reipiire  correc- 
tion by   a  splierico-cylindrical   or  f  ric   lens.     (See  Axti'j- 

IKUliKIII.) 

DisoiiDKiis  OK  Accoii-\i()i)ATi(i>  may  occnr  as  a  result 
either  of  an  abnormal  condition  of  the  special  oryan  of 
accommodation,  the  cryst;illine  lens,  or  of  disoi'dcrcd  in- 
nervation. 

The  prosressive  liardeninji:  of  the  crystalline  lens, 
which  has  already  bejiiin  in  yo\ith.  and  which  yues  on 
priilialily  lliioui;houl  the  entire  dural  ion  of  life,  becomes, 
after  middle  life,  an  insnrmouniable  obstacle  to  sncli 
change  iu  the  form  of  the  lens  as  is  es.sential  to  perfect 
aeconmiodation  for  the  nsnal  rcadini;  distance.  (See  /';■<  .v- 
fii/o/iiii .)  Only  in  myopia  is  there  an  ajiparent  e.\cep1ioti 
to  this  statement,  owing  to  the  fact  that  tlie  far  iioint  (ci 
often  lies  so  near  to  the  eye  as  to  bring  itwilhin  llie 
onlinary  ri'ading  distance  of  i!0  cm.  (l'^  inches).  In  such 
cases  the  myo'pe  never  becomes  ]iresbyo]iie  in  the  sense 
of  being  unalile  111  ie;id  withoni  tlieaid  of  convex  glasses; 
bnt  whereas  in  yonth  he  reads  easily  wilh  the  concave 
glasses  which  accurately  correct  his  myopia,  he  is  com 
pelled,  with  advancing  age.  either  lo  lay  aside  his  glasses 
in  reading  or  to  exchange  them  for  weaker  concave 
glasses  than  tho.se  through  which  he  sees  well  at  a  (lis 
tance.  In  hypermetroijia,  on  the  other  hand,  the  loss  of 
acconnnodation  shows  itself  liy  an  early  recession  of  the 
near  point  (//) .  so  that  liel])  is  .sought  from  convex  gliisses. 
jierhaps  long  before  the  usual  age  of  from  forty  to  forty 
tive  years.  The  young  hypermetrope.  wearing  convex 
glasses  which  correct  his  hyiiermetropia,  is  aide  both  to 
see  at  a  distance  and  to  read,  and  it  is  only  at  the  age  of 
about  forty-five  years  that  he  tind.s  himself  compelled 
to  exchange  these  glasses  for  stronger  reading  glasses. 
I'luler  no  cirenmstauces  can  a  presbyo])e  .see  clearly  at  a 
distance  and  read  easily  with  the  same  glasses.  .Either 
he  is  an  emmetrope.  in  which  case  he  rcfpiircs  convex 
glas.ses  fin' reading,  but  none  for  distant  vision:  oi' he  is 
a  myope,  and  so  requires  concave  glasses  for  distance, 
and  weaker  concave  glasses,  or  no  glasses  at  all.  or  jiossi- 
hly  even  weak  convex  glasses,  for  reading;  oi-  he  is  a 
hypermetrope.  and  .so  .sees  distinctly  at  a  distance  with 
neutralizing  convex  glasses,  but  requires  si  longer  ccmvex 
glasses  for  reading. 

Paralysis  or  paresis  of  accommodation  from  defective 
innervation  may  be  the  result  of  an  atTection  impliealing 
the  terminal  liranches  of  the  ciliary  nerves,  or  any  jiarl 
of  the  nervous  tract  between  these  and  the  central  origins 
of  the  oculoniolor  nerve  in  the  ganglia  and  cortex  of  the 
brain.  It  is  accompanied  by  dilatatiiai  and  loss  of  mobil- 
ity of  the  pupil,  and  iu  many  cases  also  by  jiaralysis  or 
paresis  of  one  or  more  of  the  muscles  snp])lied  "by  the 
oculomotiu-  nerve,  namely,  the  levator  palpebne  super! 
oris,  the  rectus  superior,  the  rectus  inferior,  the  leclus 
inlernus.  and  the  obliipius  inferior. 

A  typical  example  of  paralysis  of  accommodation  de 
liendent  on  impairment  of  the  function  of  the  terminal 
branches  of  the  ciliary  nerves  is  that  which  follows  the 
inslillation  of  a  mydriatic  solution  into  the  conjunctival 
siic.  Within  (ifteen  minutes  after  the  instillation  of  a 
drop  of  a  solution  of  alropia  sulphate  of  a  strength  of  one 
per  cent.  (1  ;  IIH)),  the  impil  begins  to  dilate,  and  within 
half  an  hour  the  dilatation  ivaeiies  its  maximum,  and  the 
pupil  no  longer  contracts  under  the  siimuliisof  sli-ong 
light.  Closely  following  the  dilatation  of  the  pujiil,  the 
near  point  (/;)  begins  lo  recede  raindly  from  the  eye.  and 
the  paralysis  of  accommodation  is  eonqilete  at  the  end  of 
about  an  hour  and  a  half.  The  dilatation  of  the  pupil 
and  the  jiaral.vsis  of  aeconmiodation  continue  without 
sensible  change  for  about  two  days,  after  which  bnth 
begin  to  pass  awaj',  the  former  very  gradually,  the  latter 
more  rapidly  for  iwo  or  three  days  and  afterward  more 
.slowly,  until  at  the  end  of  ten  or"  twelve  days  the  elTect 
of  the  drug  dis;ippears  altogether.     The  eltect  of  very 


weak  solulionsof  atropia.  say  of  a  strength  of  oneone  luin- 
diedth  of  one  per  edit.  (1  111,(1(111),  is  to  dilate  the  pupil 
in  the  course  of  an  hour  and  a  half  or  tWDhiairs,  but 
without  rendering  it  immovable  under  the  inlluenee  of 
strong  light,  and  wilhont  greatly  atfecting  the  accommo- 
dalioii.  I'nder  the  action  of  atropia  the  near  point  (/;) 
recedes  fiom  the  eye  until  it  conies  to  coincide  with  the 
far  [loiut  (;■).  Hence  the  visual  disturbance  varies  verv 
conspicuously  according  to  the  refractive  condition  of 
the  eye.  In  ennnetropia  distant  vision  remains  clear, 
bnt  a<'coinniodalion  for  the  near  is  rendered  impossible; 
in  hypernu'tropia  vision  becomes  indistinct  for  the  dis- 
tance, and  still  more  so  for  the  near;  while  in  myopia  of 
a  rather  high  grade  there  may  be  no  trouble  in  reading, 
and  the  loss  of  accommodation,  wilhiii  the  narrow  liniit 
of  distance  between  the  bir  iioint  anil  the  near  point,  may 
.give  rise  to  little  inconvenience  or  may  even  pass  uri- 
noticed.  'Po  the  hypermetroiieor  myopi'  wearing  glas.ses 
which  correct  his  refract iveclefeet  the  visual  disturbance 
is  the  same  as  iu  emmetropia.  Several  other  plants,  be- 
longing mostly  to  the  natural  family  S„l,iiuir,,t ,  vield  al 
kaloids  who,se  action  is  nearly  identical  wiili  Ihatof  atro- 
pia; coeain  also,  theaetive  )n-ineiple  of  i  ijillif'.i/ihni  n,r,i. 
has  the  property  of  dilating  thi'  pupil,  with  a  inininuim 
elfect  on  the  aeeommodation.  Eu|ihthalinin  hydrochlnr- 
ate,  a  synthetic  luodiiet  lately  introduced  in  ophthalmic 
practice,  has  mydriatic  pro]ierties similar  to  those  of  co- 
eain. 

Concussion  of  the  eyeball  is  sometimes  followed  bv 
weakening  or  loss  of  ihe  accommodation,  conjoined  with 
dilatation  of  the  iiupil.  This  condition  may  soon  pass 
away,  or  it  may  be  lurmanent. 

Diphtheria  is  often  folluwed  by  paresis  of  aeeommoda- 
tion, with  enlargcmcnl  of  the  pu|)ils.  It  occurs,  as  a 
rule,  after  recovery  from  the  throat  affection,  and  has 
oidiuarily  a  duration  of  several  weeks.  It  is  generallv 
associated  with  jiaresis  of  the  palatine  muscles,  giving 
rise  to  characterislie  alteration  of  the'  s|)eech,  and  difli- 
eulty  of  swallowing  lii|ui(ls.  The  external  mu.seles  of 
the  eye  may  also  be  alTected,  and  cases  id'  true  convergent 
strabismus  have  been  observed  as  a  result  of  excessive 
elToits  lo  aeeouunodate  iu  tin-  weakened  eonditiun  i\i  the 
aeeommodation.  The  .symptoms  of  paresis  of  accommo- 
dalion  following  diphtheria  are  essentially  the  same  as  in 
asthenopia  resulting  from  the  overloading  of  the  accom- 
modation iu  hy|iermetropia.  and  the  useof  conve.-;  glass"s 
is  often  indicated  as  an  aid  in  reading  during  the  eon- 
linuanceof  the  disability  ;  Ihe  instillation  of  a  drop  of  a 
weak  solution  of  pilocarpine,  two  or  three  times  a  day.  is 
also  of  utility  in  many  eases. 

Pressure  upon  the  ciliaiT  nerves,  from  intrii-orbital 
hemorrhage,  iullammatory  exudation.  tuniiM'.  etc..  may 
give  rise  lo  lo.ss  of  accommodation  and  dilatation  of  th" 
pupil,  without  all'ecting  the  function  of  any  of  the  ex- 
ternal mu.seles  id'  the  eyeball. 

In  lesions  ailed  ing  Ihe  conductivity  of  the  oculomotor 
nerve,  the  accommodative  disturbance  and  dilatation  of 
Ihe  impil  are  accompanied  by  paralysis  of  the  lexalor 
muscle  of  Ihe  upper  lid  (ptosis),  of  the  recti  muscles 
(excepting  Ihe  abdueens),  and  of  the  inferior  oblique 
muscle. 

.Mydriasis,  wilh  loss  of  aeeommodation,  may  occur  as 
a  symptom  of  intracranial  dislurbance,  alTecting  the  cen- 
tml  origins  of  the  oculoniolor  nerve.  Such  distnrbancr 
may  be  the  result  of  a  palholiigii'al  |iroeess  (syphilis, 
emiiolisui.  ele).  in  which  casi-  it  is  ;ipl  lobe  assiieialed 
with  paralysis  of  one  or  mipn' of  Ihrcxtc-rnal  muscles  of 
Ihe  eyi'bali. 

Ex|)osure  to  sudden  changes  of  teiiqierature  is  some 
times  followed  by  paralysis  of  one  or  more  of  the  nmlc  v 
nerves  of  the  eye  or  of  the  eyelid.  These  eases,  whieh 
are  often  designaled  as  rheumatic,  end  fre(|Uently  in 
perfect  recovery  after  some  days  or  weeks;  in  other  in 
stances  they  prove  rebellions  lo  all  trealmi'nt. 

The  constitutional  ellVr-t  nf  an  nverdose  of  any  mie  of 
Ihe  common  mydrialie  drugs  (billadomia.  datura,  liyos- 
cyauuis,  duboisia).  admin isli  red  by  Ihe  stomach  nr  liypo- 
dermically,  is  marked  Ijy  conspicuous  dilalaii  ni  of  the 


59 


A<'0|>li»liiH. 
Arolubiiliiiu. 


KEFERENCK   HANDBOOK    OK   TIIK    MEDICAL   SCIENCES. 


inipils,  with  loss  of  accoiniiiodation.  If  tlie  patient  sur- 
vives the  toxic  iiitliicuce,  these  symptoms disappeai'  after 
a  short  time. 

True  spasm  of  aeeoinmoilatioii.  as  ilistinjiuished  from 
the  contlition  of  accomiiioilative  tension  ah-eady  noticed 
in  connection  witli  amelroiiia.  is  of  comparatively  rare 
occurrence,  and  is  a  result  of  irritation  of  the  ciliary 
nerves  or  the  oeulomolor  nerve  centres.  It  is  associated 
with  contraction  of  the  pupil,  and  is  the  exact  opposite 
of  accommodative  paralysis  with  mydriasis.  Certain 
drugs  {iiii/otic.^).  instilled  into  the  conjunctival  sac,  have 
the  property  of  evoking  acconunodative  spasm  with  con- 
traction of  the  puiiil.  A  single  drop  uf  a  solution  of 
e-serine  sulphate  (the  active  alkaloid  of  Calabar  bean),  of 
the  strength  of  one-half  of  one  per  cent.  (I :  :200),  brings 
on  conlraclionof  the  pu|iil  and  spasm  of  accommodation, 
which  begin  nearly  siiiuiltaueously  within  about  ten 
minutes,  and  reach  a  maximum  in  frgm  thirty  to  forty 
minutes.  After  atiout  two  hours,  the  far  point  (r), 
which  at  the  height  of  the  action  of  the  drug  is  not  over 
'20  cm.  (eight  inches)  from  the  eye.  is  foimd  to  have 
receded  to  its  normal  jiosition  (intinity  in  the  emmetro- 
pic eye)  ;  but  the  near  point,  in  voluntary  accommo- 
dation, is  considerably  nearer  than  normal  after  the 
lai)se  of  six  hours,  sliowing  a  temporary  increase  in 
the  range  of  accommodation.  The  contraction  of  the 
pupil  begins  to  diminisli  after  about  two  hours,  at  first 
slowly,  then  more  rapidly  for  about  four  hours  more,  and 
afterward  slowly  until,  at  the  end  of  two  days,  the  pupil 
has  nearly  fir  quite  regained  its  normal  diameter.  Witli 
a  weaker  solution  of  eserine  the  spasm  of  accommodation 
is  much  less  than  with  tlie  half-per-ceut.  solution,  and  is 
painless;  with  the  stronger  solution  the  action  is  accom- 
panied bj'  a  sen.sation  of  spasmodic  jerking,  with  some 
pain.  Pilocarpine,  the  active  alkaloid  of  jaborandi,  is 
much  milder  in  its  action  than  eserine,  but  is  nevertlie- 
less  an  efficient  myotic,  and  exerts  also  a  very  positive 
effect  in  stimidating  the  acconnnodation. 

Contraction  of  tlie  pupil  is  fixHiuently  observed  in  cen- 
tral nervous  aft'eetions,  and  notably  in  tabes  dorsalis. 
lyiyosis,  with  spasm  of  the  accommodation,  follows  also 
the  administration  of  large  doses  of  eserine,  opium,  and 
some  other  drugs,  internally.  The  internal  or  hypoder- 
mic use  of  pilocarpine  does  not  produce  contraction  of 
the  pupil  or  spasm  of  accommodation. 

Irritation  of  the  fifth  cranial  nerve  (ophthalmic  divi- 
sion) is  followed  by  contraction  of  the  pupil,  and  the 
s;ime  phenomenon  nia_v  attend  irritation  of  the  terminal 
branches  of  this  nerve  in  the  cornea.  jMyosis  from  this 
cause  ma}'  also  be  attended  with  spasm  of  accommodation. 

.Mill  Green. 

ACEPHALUS.     See  T.ntMm,/. 

ACETABULUM,  FRACTURES  OF,  may  be  divided 
into  compound  and  sidicutaneous,  or.  as  regards  their 
causation,  into  direct  and  indirect.  Tlie  hip  "joint  is  .so 
deeply  situated  and  so  efliciently  protected  by  the  sur- 
rounding bony  projections  and  soft  tissues  against  direct 
violence  that  fractures  produced  in  this  manner  almost  in- 
variably belong  to  the  coiuiiound  variety,  and  in  the  great 
majority  of  cases  they  are  Uw.  result  of  gunshot  injuries. 
Gunshot  wounds  of  the  Iiip  joint,  withor  without  frac- 
ture of  the  acetalmliim,  have  always  been  considered  bv 
surgeons  as  formidable  and  dangerous  lesions.  Pirogoif 
made  tlie  statement  that  during  the  Crimean  AVar  all  in- 
juries of  this  kind  proved  fatal.  During  the  War  of  tlie 
Rebellion  nearly  all  cases  of  gunshot  injuries  of  the  hip- 
joint  treated  oii  the  conservative  plan  resulted  in  death. 
Of  63  cases  of  similar  injury  in  which  resection  was  per- 
formed, only  .5  recovered.  In  liis  classical  treatise  on 
this  subject,  B.  von  Langenbeck  collected  110  cases  which 
occurred  during  the  Franco- Prussian  War,  with  29  recov- 
eries; 88  were  treated  on  the  expectant  ])lan.  with  2.5 
recoveries;  31  were  submitted  to  excision,  with  4  recov- 
eries. 

The  acetabulum  may  be  fractured  without  injury  of 
the  head  or  neck  of  the  femur,  as  the  bidlet  may  iinpiuge 


upon  the  floor  of  the  acetabulum,  from  witliin  the  pelvis, 
with  sufficient  force  to  break  the  bone,  producing  a  fissure 
or  stellate  fracture  of  its  base,  or  it  ma}',  in  its  course, 
carry  away  the  rim  of  the  cotyloid  cavity.  An  exceed- 
ingly interesting  case,  illustrating  the  latter  assertion, 
is  reported  by"  Dr.  J.  F.  Miner,  of  Buffalo  (Biiff„l( 
Meil.  (iiid  Siiiy.  JoiitiikI.  vol.  v..  p.  383).  Lieut. -Col 
James  Strong,  of  the  Thirty-eighth  ISew  York  Volun 
teers,  was  wounded.  May  5,"l8t)2,  at  the  battle  of  Wil- 
liamsbuig,  Va.  The  ball  entered  a  little  below  the  ante- 
rior superior  spinous  process  of  the  ilium,  and  made  its 
exit  near  the  outer  margin  of  the  sacrum.  The  ball 
passed  deeidy,  and  fractu"i-ed,  in  its  course,  the  rim  of 
the  acetabulum,  which  was  removed,  an  inch  and  a  half 
in  length,  and  of  a  diameter  sufficient  to  show  that  the 
whole  upper  rim  had  been  carried  away.  This  fragment 
of  bone  was  removed  from  the  Avound  at  the  dressing 
made  in  tlie  hosjiital  to  which  lie  was  carried,  after  hav- 
ing lain  on  the  field  for  some  hours.  The  wound  was 
very  large,  and  a  thorough  examination  could  be  made 
by  the  easy  passage  of  the  finger.  The  patient  passed 
through  a  serious  and  prolonged  illness  from  the  suppu- 
ration and  hectic  fever  which  followed,  but  finally  recov 
ered,  with  five  inches  shortening  of  the  limb,  inward 
rotation  of  the  foot,  and  bony  ankylosis  between  the  dis- 
located thigh  bone  and  the  ilium.  The  points  of  entrance 
and  exit  of  the  projectile  furnish  valuable  information  in 
regard  to  the  probable  injury  of  the  acetabulum  in  gun- 
shot fractures  of  the  hiji  joint.  In  the  case  liere  reported, 
the  ball  enteied  just  below  the  anterior  superior  spiuoiis 
process  of  tlie  ilium,  and  passed  out  near  the  margin  of 
the  sacrum,  liaving  intact  the  head  <if  the  femur,  but 
opening  the  hip  j<iint  b\'  carrying  away  the  superior  and 
posterior  margin  of  the  rim,  thus  permitting  the  subse- 
quent dorsal  dislocation  of  the  head  of  the  femur  bj-  mus- 
cular force.  B.  von  Langenbeck  states  that,  in  case  the 
ball  enters  directly  Ijclow  and  toward  the  outer  side  of 
the  spine  of  the  pubes,  and  takes  its  exit  in  the  region 
behind  tlie  greater  trochanter  of  the  same  side,  as  a  rule 
it  penetrates  the  hip  joint;  and,  at  the  same  time,  it  frac- 
tures in  its  course  the  upper  rim  of  the  acetabulum. 
Escape  of  synovial  fluid,  swelling  in  tlie  region  of  the 
hip  joint  from  extravasation  of  blood  or  the  products  of 
inflammation,  preternatural  motion  in  the  joint,  crciiita- 
tion,  and  dislocation  of  the  head  of  the  femur  spontane- 
ously or  on  manipulation,  are  other  important  diagnostic 
symptoms.  The  most  inqiortant  information  regarding 
tiie  exact  nature  of  the  injury  is,  however,  obtaineil  by 
enlarging  the  track  of  the  bullet  and  rendering  the  hip- 
joint  accessible  to  touch  and  sight.  This  procedure,  done 
under  antiseiitic  precautions,  not  only  atfords  an  ojipor- 
tunity  to  ascertain  the  true  nature  and  .gravity  of  the 
injury,  but  it  is  imperatively  called  for  as  the  first  and 
most  important  ste])  in  the  treatment.  All  foreign  bodies 
and  detached  pieces  of  bone  should  be  I'emoved.  all  hem- 
orrhage carefully  arrested,  and  the  wliole  injured  surface 
and  surrounding  parts  thoioughly  disinfected ;  effective 
drainage  slunild  be  established,  and  e\ery  possible  source 
of  infection  guarded  against  by  dressing  the  wound  anti- 
septically.  All  these  measures  are  essential,  as  the  suc- 
cess of  the  operation  and  the  life  of  the  patient  depend 
on  procuring  and  maintaining  an  aseptic  condition  of  the 
wound.  The  leading  principle  in  the  treatment  should 
be,  from  the  very  beginning,  to  convert  the  compound 
into  a  simple  fracture,  and  thus  protect  the  patient 
against  the  disastrous  consequences  of  traumatic  infec- 
tion, exhausting  supimrafion,  pya-mia,  and  septica-mia. 
Subcutaneous  or  simple  fractures  are  again  divided 
intt)  those  which  involve  the  floor  and  those  which 
involve  the  rim  of  the  acetabulum.  This  division  rests 
on  clinical  experience  as  well  as  on  the  results  of  experi- 
mental research.  Fractures  of  the  base  or  floor  of  the 
acetabulum,  notwithstanding  their  rare  occurrence,  yet 
present  a  great  diversity  in  the  direction  and  extent  of 
tlie  line  of  fracture.  Courant  observed  a  fracture  which 
traversed  the  ilio-peetineal  tubercle,  the  entire  acetabu- 
lum, and  the  Lsehiuni.  Earle  and  Travers  describe  two 
cases  in  which  two  lines  of  fracture  passed  through  the 
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lU'ctalnilum;  Neill  and  Sansom  saw  oases  with  tlircc  lines 
of  fracture  whieli  exteiuled  beyoiui  tlie  rim.  In  Dr. 
Neill's  specimen  tlie  lines  of  fracture  lollowed  tlmse  of 
the  embryonal  division  of  the  bone;  the  union  which  fol- 
lowed was  complete,  and  there  was  very  little  callus  on 
the  articular  surface,  a  circumstance  luidnubledly  <lue  to 
th<'  sliffht  disiilacement  of  the  frasments,  ilore  serious 
to  the  life  of  the  ]iati(nt  and  the  future  utility  of  the  limb 
are  those  cases  in  which  a  nuiltiple  fi'acture  at  the  base 
p.\i.s1s  with  such  wiiU^  separation  between  the  fiajrments 
as  to  allow  the  head  of  the  femur  to  be  driven  into  the 
pelvis  by  the  fracturing  force,  thereby  producing  an  in- 
trapelvic  dislocation  of  tlie  thigh.  A  nunilier  of  snch 
cases  have  been  reported.  Astley  Cooperallurles  to  three 
cases.  In  two  of  these  the  thigh  was  rotated  inward,  in 
the  third  case  the  leg  and  thigh  were  su]iinaleil.  .Mr. 
iVIoore's  case  demonstrates  the  ]>(issiliilily  and  manner 
of  repair  in  these  cases  (Medico- Chir.  Transactions,  vol. 
x.xxiv.,  p.  107).  A  man  suffered  a  .severe  injury  (jf  the 
hip,  which  was  diagnosticated  and  treated  for  fnicfure  of 
the  femoral  neck.  The  thigh  was  not  inverted  or  everted, 
only  slightly  Ile.V'cd. and  addiuted.  The  man  recovered, 
and  several  years  afterward  died  from  other  cau.ses.  when 
an  autopsy  revealed  Uiat  the  injury  had  been  a  fiacture 
of  the  OS  pubis,  ilium,  and  acetabulum,  which  allowed  the 
liead  of  the  femur  to  pass  througli  into  the  pelvis,  the 
trochanter  resting  against  the  acc-tabulum.  Similar  cases 
have  been  reported  by  Kendrickand  Morel  Lavellee.  In 
all  cases  of  fracture  at  the  base  of  the  acetabulum,  with- 
out dis]dacement  of  the  head  of  the  fcnuir,  the  diagnosis 
usually  remains  doubtful.  Main  reliance  must  be  |daced 
on  the  manner  in  which  the  injury  was  inllicted,  the  in- 
tensity of  the  force  applied,  and  the  location  of  the  pain. 
Accurate  mea.surcmcnt  will  always  furnish  ini|)orla!it 
negative  evidence.  In  case  of  intrapelvic  dislocation  of 
the  head  of  the  femur  through  the  fractured  base  of  the 
acetabulnm.  the  shortening  of  the  liml)  and  the  a]ipro\i- 
niation  of  the  trochanter  major  toward  the  ])elvis  wiU  be 
]irop(n'tionale  to  the  degree  of  penetration  of  the  head 
and  n<'ck  into  the  pelvis:  rotation  of  the  limb  will  mil  lie 
practicable;  llexion  and  extension  will  be  found  to  be 
eitlu'r  imjiaired  or  render<'d  impo.ssilile;  and  at  llii' same 
time  the  head  of  the  femur  may  be  felt  within  the  [lelvis 
on  making  a  digital  examination  through  the  rectum.  In 
the  adoption  of  therapeutic  measures  it  is  necessary  to 
ascertain  tlic  degree  of  impairment  of  the  functional  ca- 
pacity of  the  acetabulum.  If  the  head  of  the  fennir  is 
retaini'd  firndy  in  its  normal  position  the  fracture  will 
unite  pi<imi)tly  and  tirmly  without  any  special  relenlive 
measures.  Rest  in  lied  with  the  thigh  slightly  Hexed  and 
resting  upon  pillows  will  be  sullieient  to  fuliil  the  local 
indications.  If  thi' pelvic  ring  is  more  extensively  frac- 
tured, a  plaster-of-Paris  splint  including  the  jielvis,  both 
thighs,  and  the  entire  leg  on  the  affected  side,  or  Verity's 
susjiension  splint,  will  prove  luost  eflicient  in  securing 
inuiiobility  of  the  fragments,  'and  will  afford  the  greatest 
amount  of  comfort  to  the  patient.  When  the  base-  of  the 
acetalndinn  has  been  perforated  by  the  head  of  the  femur 
it  is  of  paramount  importance  to  replace  the  dislocated 
bone  and  ri-lain  it  inxitii  by  a  plastercif-Paris  dressing, 
or  by  applying  extension  "by  weight  and  pulley,  as 
advised  by  Ilueter,  until  the  opening  is  closed  by  calhis 
or  connective  tissue  which  will  delinitely  preventredislo 
cation. 

Fk.VCTIKK  ok  the  Ri.M  of  the  AcET.MUI.rM. — \ 
number  of  well  authenticated  cases  of  this  accident  have 
been  reported,  so  that  no  further  doubt  can  exist  thai 
some  jKirtions  of  the  rim  can  be  fractured  witliout  further 
injury  to  the  acetal)uluni.  Some  years  ago  the  writer  col- 
lected from  various  .sources  twenty-.seven  cases  of  this 
kind  of  fracture,  all  of  them  su]>p"orted  by  an  accurate 
clinical  history,  some  having  been  cases  verified  by  a  jiosf- 
mortem  exaniination.  Dr.  II.  O.  Walker,  of  Detroit,  has 
in  his  possession  a  typical  specimen  of  this  kind,  an  illus 
tration  of  which  is"  here  in.serted  (Detroit  Luimt.  July, 
1879).  In  the  text  books  on  surgery  thissidijecl  is  usual 
ly  referred  to  under  the  head  of  complicated  dislocations 
of  the  head  of  the  femur.     As  this  fracture  usually  in 


volves  the  upper  and  ]Kisterior  portion  of  the  rim,  (he 
resistance  to  the  head  of  the  femur  in  that  direction  is 
lost,  and  as  a  result— either  with  the  concurrent  aid  of 
some  extriuieous  force, 
or  even  witlunit  such 
aid,  simply  liy  the  force 
of  nuiscular  contraction 
— a  dorsal  dislocation  of 
the  thigh  takes  place, 
with  aclduction.  flexion, 
and  rotation  of  the  (high 
inward.  The  difllcully 
experienced  in  retaining 
the  liead  of  the  femur  in 
the  acetabulum  under 
these  circumstances,  as 
well  as  the  oliscurily  of 
the  diagnosis,  imparts  to 
this  subject  an  unusual 
amount  of  interest.  The 
older  works  on  surgery 
mention  direct  and  great  violence  as  the  oidy  cause  of  fmc- 
ture  of  the  acetabulum;  indeed,  until  more  recently,  it 
ha<l  been  considered  impossible  for  a  fracture  of  the  rim 
to  take  Jilace  without  more  extensive  injury  to  the  ilium. 
Wlien  the  fracturing  birce  is  aiipliiil  over  the  centre  of 
the  troclumter  majoi',  in  the  direction  of  the  neck  of  the 
femur,  the  head  of  the  bone  is  driven  directly  against  the 
■socket,  and  a  stellate  or  [lerforating  fracture  of  the  base 
of  the  acetabulnm  is  the  residt,  according  to  the  amount 
of  violence  applied:  but  if  the  force  is  applied  in  sucli  a 
manner  that  il  first  rotates  the  b-innroufward  or  inward, 
tlien  one  margin  of  the  acetabulum  acts  as  a  fulcrum  to 
the  neck,  and  the  head  is  forced  against  the  oiipo.site  side, 
and  a  linear  fracture  through  the  acetaliulum,  or  a  frac- 
ture of  the  rim,  takes  place.  In  such  cases,  the  traction 
of  the  cajisular  ligament  assists  the  head  of  the  femur  in 
producing  the  fraclure  of  flic  rim.  but  independently  of 
other  causes  such  tracti<in  is  insufhcient  to  produce  the 
injury.  'When  the  force  is  apjilicd  to  the  iiosterior  part 
of  the  pelvis,  the  pelvis  liecomes  the  movable  point,  and 
the  foot,  if  the  leg  is  ext<'nded,  or  more  fretiucntly  the 
knee,  becomes  the  fixed  point,  and  furnishes  the  neces- 
sary amount  of  resistanc<'.  These  assertions  have  been 
verified  by  the  writer  by  innnerous  experiments  on  the 
ca<laver.  At  the  monu-nt  the  injury  is  received,  it  is  es- 
sential for  the  thigh  \o\\v  iilnluclcil.  as  adduction  w<mld 
favor  a  dislocation  by  the  head  of  the  femur  gliding  over 
the  inclined  plane  of  flic  internal  surface  of  the  acetabu- 
lum. The  jiclvis  may  be  the  lixed  point,  and  the  force 
may  be  transmilfecl  through  the  fenuir  by  a  blow  or  fall 
upon  fill'  knee.  In  most  instances  in  which  this  accident 
(KcuiTed.  the  thigh  was  more  or  less  flexed  at  the  time  of 
injury:  hence,  in  tlu^  majority  of  cases,  the  upper  and 
])osterior  .segment  of  the  rim  was  fractured,  and  the  head 
of  the  femur  dislocated  into  the  upper  sciatic  notch  or 
upon  flic  dorsum  ilii.  Of  the  twenty -seven  cases  of  frac- 
ture of  the  rim  of  the  acetaliulum,  the  <'Xtremes  of  the 
ages  were  eighteen  and  seventy-eight  years,  so  that  most 
of  these  cases  occurred  during  the  time  of  life  when  tlie 
individual  is  most  exposed  to  grave  injuries.  It  is  also 
well  to  remember  that,  in  young  persons,  dishication  and 
diastasis  occur  in  ])reference  to  fracture,  while  in  the 
aged,  the  altered  jiosilion  of  the  neck  of  the  femur,  as 
well  as  the  increa.sed  fragility  of  its  tissue,  is  a  potent 
preilispiising  cause  of  fraclure  of  the  femoral  neck. 

The  symptoms  prc'seiited  by  a  case  of  fracture  of  tlie 
rim  of  the  acetabulum  are  fho.se  <if  dislocation  and  frac- 
ture combined;  th<'  symptoms  of  the  former  resemble 
ordinary  dislocati<in.  while  those  of  the  latter  are  ilirectly 
referabie  to  the  broken  bone  itself.  A  certain  degree  of 
displacement  of  the  head  of  the  femur  was  present  in  all 
cases  in  whi<-h  a  diagnosis  was  made  durinir  life.  Henja 
min  Travel's  believed  fli:if  in  somecas/sof  fnicnnc  of  the 
rim  of  theacelabnium  the  displacement  lakes  plaiegnadu 
ally  some  time  after  the  injury  has  been  received,  but  it 
is  inoi'e  probable  that  these  were  cases  such  as  have  been 
described  bv   lliieter  as  intlanuiiatorv  dilatation  of  the 
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acetabulnin,  the  interetitial  absorption  of  the  nmigius  of 
the  cavity  penniltini;-  the  head  of  tlie  femur  to  alitle  up- 
ward ami  liackward.  In  2\  eases  the  direction  of  tlie  dis- 
location is  nienlioned,  and  in  15  of  these  the  head  of  the 
femur  was  dislocated  upward  and  backward, in  4  into  the 
,ireat  sciatic  notch,  in  >'  directly  backward,  in  2  down- 
ward, and  in  1  case  forward.  Il  w  ill  be  .seen.  then,  that 
in  a  larjie  ina.iority  of  cases  that  jiortion  <if  the  rim  is 
fractured  which  is  in  the  direction  of  the  usual  form  of 
dislocation,  so  that  tlie  same  injury  which  produces  a 
dislocation  may  also  cause  a  fracture,  provided  the  force 
applied  be  sul'iiciently  i;fcat.  and  the  limb  happen  to  be 
abducted  at  the  time  the  injury  is  sustained. 

The  aiuoiuit  of  shortening  corresponds  to  the  distance 
the  head  of  the  fcnnir  recedes  from  the  socket.  In  A.g- 
ncw's  case  no  short eiiing  coidd  lie  detected  on  careful 
measurement.  In  all  of  i  he  other  cases  in  which  mention 
is  made  of  this  .symptom,  it  was  present,  bnt  varied  in  de- 
gree from  a  (piarter  of  an  inch  to  four  inches.  If  the 
Tiead  of  the  femur  has  left  the  socket  the  position  of  the 
litiib  is  the  siinie  as  in  simjile  di.socatiou,  the  direction 
being  deterinined  by  the  form  of  dislocation.  Fle.xiou  to 
a  greater  or  less  extent  was  jnvsent  in  all  ca-ses  in  which 
reference  is  made  to  this  subject.  Inversion  of  the  foot 
and  rotation  of  the  femur  inward  were  present  iu  fourteen 
cases,  while  the  opposite  condition  existed  in  three  cases, 
and  in  ten  cases  no  mention  is  made  of  this  symptom. 
When  the  dislocation  was  complete,  the  limb  remained 
immovable  in  its  abuoimal  position  imtil  reduction  was 
effected.  The  characteristic  symptoms  of  the  injury  are 
those  which  are  referable  to  the  fracture  itself,  and  these 
are  crepitus,  easy  reduction,  and  diHicult  retention. 
Crepitus  is  always  an  important  symptom  in  ascertaining 
the  existence  of  a  fracture.  If  it  is  distinctly  felt,  there 
can  be  no  further  doubt  that  a  bone  has  been  broken. 
The  presence  of  this  symptom  is  of  special  diagnostic 
value  in  connection  with  this  subject,  as  the  symptoms 
of  dislocation  are  usually  so  prominent  as  to  engage  the 
whole  attention  of  the  surgeon.  In  the  cases  reported, 
this  symptom  is  alluded  to  eighteen  times,  and  in  the  fol- 
lowing terms;  distinct,  eleven  times;  faint,  once;  marked, 
twice;  indistinct,  once;  slight,  once;  and  in  two  cases  it 
was  absent.  Bigelow  lays  great  stress  on  this  symptom  as 
being  essential  to  tlie  diagnosis  of  fracture ;  his  words  are : 
"To  afford  satisfactory  evidence,  cases  of  this  sort  should 
have  been  identitied  by  autopsy,  or  at  least  by  crepitus.  " 
I  believe  that  tlie  ercjiitus  is  not  the  Siune  as  in  ordinary 
fractures,  for  in  these  it  is  the  residt  of  two  rough  bony 
fragments  rubbing  against  each  other,  while  in  the  cases 
under  consideration  it  is  a  roughness  we  obtain  by  rub- 
bing an  articular  surface  against  a  broken  surface  of  bone ; 
hence  it  is  not  quite  as  loud  and  distinct.  The  detached 
margin  of  the  acetabulum,  unless  comminuted,  remains 
attached  to  the  capsular  ligament,  and  is  pushed  in  front 
of  or  to  one  side  of  the  head  of  the  femur  at  the  time  dis- 
location occurs,  and  is  dragged  after  it  when  reduction 
takes  place.  In  most  of  these  eases  it  is  cli'arly  stated 
that  crepitus  was  felt  just  before  the  head  of  the  femur 
slipped  into  the  socket,  or  at  the  moment  reluxation  took 
place,  and  in  both  instances  it  must  have  been  produced 
by  the  head  passing  over  the  rough  broken  edge  of  the 
acetabulum.  The  ease  with  which  reductionhas  been 
effected  has  attractc'd  the  attention  of  almost  every 
observer.  Tliis  is  due  to  a  more  extensive  laceration  <)f 
the  capsular  ligament  thanocctu's  in  simple  dislocation, 
and  also  to  the  removal  of  the  obstacle  offered  by  the  in- 
tact margin  of  the  acetabulum.  I!y  the  fracture  of  the 
rint,  a  more  direct  and  e\'en  route  has  been  prepared  for 
the  head  of  the  femur  to  return  to  its  socket. 

Reluxation  has  always  constituted  the  most  perplexing 
feature  of  these  cases.  Its  occurrence  has  usually  led  to 
a  more  thorough  examination  and  correct  diagnosis.  It 
is  well  known  that  in  ordinary  dislocations  of  the  hip- 
joint,  when  the  bone  has  once  been  reduced,  it  remains 
iu  its  place  regardless  of  the  after-treatment,  dilfcriiig 
greatly  in  this  respect  from  the  same  lesion  of  the  shoui 
der  joint  on  account  of  the  greater  depth  of  the  socket 
and  the  action  of  more  numerous  and  powerful  muscles 


for  maintaining  retention.  Hueter  believed  that  the 
cases  of  habitual  dislocation  of  the  hip  joint  reported  by 
Karpinski  may  have  been  the  result  of  injur}'  to  the  rim 
of  the  acetaliulum.  Reluxation  takes  place  from  the 
inability  of  the  defective  margin  to  resist  muscular  con- 
tract ion.  The  dilliculty  in  retaining  the  bone  is  increased 
by  the  depth  of  the  fracture  and  its  approach  to  the  June 
tion  of  the  sujierior  and  posterior  portions  of  the  rim.  In 
this  connection  it  is  imjjortant  to  determine  what  portion 
of  the  rim  is  most  frequently  the  seat  of  tlie  fracture. 
In  20  of  the  cases  special  meufiou  is  maile  of  this  fact,  as 
follows:  superior  portion  of  rim,  2:  superior  and  poste- 
rior, 7;  posterior,  'j;  posterior  inferior,  4;  inferior,  1;  an- 
terior. 1,  When  the  inferior  or  anterior  portion  of  the 
rim  is  fractured,  there  is  no  tendency  to  reluxation  pro- 
vided the  limb  is  kept  in  the  extended  position  and  slightly 
inverted. 

JJiiif/mms. — A  most  thorough  and  critical  examination 
while  the  patient  is  profoundly  under  the  iutlueuee  of  an 
an;esthetic  is  always  necessary  to  establish  a  positive 
diagnosis.  If  spontaneous  reluxation  does  not  follow 
immediately  after  reduction  has  been  accomplished,  and 
there  are  sufficient  symptoms  present  to  warrant  a  suspi- 
cion of  the  presence  of  the  injury,  it  would  be  advisable 
to  test  the  functional  integrity  of  the  acetabulum  by 
flexion,  adduction,  and  rotation  of  the  thigh;  if  any  part 
of  the  rim  has  become  defective  by  fracture,  reluxation 
will  be  sure  to  take  place.  This  manauvre,  associated 
with  the  presence  of  crepitus,  may  be  regarded  as  the 
crucial  test. 

The  differential  diagnosis  must  consider  fractures  of 
the  neck  of  the  femur  with  displacement,  and  simple  dis- 
location. To  distinguish  this  fracture  from  fracture  of 
the  neck  of  the  femur,  it  is  necessary  to  compare  their 
most  prominent  .symptoms: 


FR.\CTURK   OF  THE   RIM    OF    THE 
ACETABULUM. 


FR.ICTURE  OF  THE    NECK  OF    THE 
1       FEMUR  WITHOUT  IMPACTION. 


Po.si7io)i  of  Limb. 
adilucted,  I  Tblgli  and  leg  straight  and  rotated 


Tliigh  and  lejr  fle.xed, 
and  rotated  Inward. 

yiobilUu  nf  Limb. 
Mobility  of  liinli  diniinisbed.  I  Mobility  of  limb  increased. 

Arc  of  Eittation. 
The  trocbanter  major  rotates  iu  I  The  arc  of  rotation  of  the  trochan- 
its  normal  arc.  1     ter  major  is  dlminisbed. 

Cirpitits. 
Crepitation  is  not  rough,  and  is  I  Crepitation  Is  rough,  and  is  felt 
felt  as  the  head  passes  over  the       when  the  limb  has  been  drawn 
bRiken  edge  of  the  acetabulum.  |     down  to  its  normal  length. 

Head  of  the  Femur. 
The  head  of  the  femur  is  felt  to  be  I  The  head  of  the  femur  is  normal 
displaced.  I     In  its  position. 


Retention. 


The  deformity  reappears  as  siK>n 
as  extension  ceases. 


The  deformity  reappears  if  by  any 
movement  of  the  limb  the  head 
of  the  femur  is  made  to  leave 
the  socket. 

Hinlonj. 
Is  most  frequent  in  middle  life  and  I  If  intracapsular  in  variety,  it  oc- 
Is  the  result  of  great  violence.  cui-s  in  the  aged  and  is  the  re- 

I     suit  of  slight  violence. 


Crepitus  and  a  tendency  to  reluxation  are  the  symp- 
toms on  which  we  place  the  most  reliance  for  differentiat- 
ing this  fracttire  from  simple  dislocation.  Acupuncture, 
as  aihised  by  Jliddeldorjif.  may  be  of  great  service  to  de- 
termine the  existence  of  fracture  of  the  rim.  After  re- 
duction has  been  accomplished,  a  long  stout  needle,  pre- 
viously well  disinfected,  is  passed  through  the  tissues  to 
the  sujiposeil  seat  of  fracture.  By  lateral  movements  of 
its  jioint  the  defect  in  the  margin,  as  well  as  the  rough 
ness  of  its  surface,  is  ascertained.  An  effort  should  now 
be  made  to  fix  the  detached  fragment  with  the  point  of 
the  needle,  and  by  rubbing  it  over  the  broken  margin  a 
rough  crepitus  is  elicited. 
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A<'4>lnliiiliiiii« 
Aci'laiiilid. 


Pi-iitiiKisis. — Tlif  pi-()i!:iio.sis  must  luivc  rcfcrciicc  In  the 
prpscrviilion  of  lifo  and  the  festonition  of  the  utility  of  llii' 
limb.  All  of  the  old  authors  iciraiiU'd  fracture  of  the 
pelvic  hones  as  a  jrrave  lesion,  almost  neces.sarily  leadinj; 
to  a  fatal  termination.  I  believe  that  all  uneomplieatecl 
fractures  of  these  bones  tend  to  recoverv.  and  that  death 
is  atlriliut  ible  in  most  instances  to  a  lesion  of  some  im- 
jiortaiit  |ielvic  or  abdominal  viscera.  In  'i'-i  eases  in 
which  the  result  is  noted  in  this  reirai'd.  K!  recovered  and 
Ul  died.  The  ])ro;jnosis  is  less  favorable  if  thelloorof 
the  acetalinlum  is  also  implicated  in  the  fracture.  Of  4 
cases  of  this  sort,  only  1  recovered.  In  9  cases  out  of  tlic 
i:i  that  recovered,  the  litnb  remained  in  i)lace  after  reduc- 
tion, and  the  recovery  was  complete.  In  ■!  cases  redis- 
location  took  place,  the  limb  assumina;  the  same  mal- 
position as  after  simple  unreiliiced  dorsal  dislocation  of 
the  femur. 

Tii'dtiiiiiit. — The  indiealions  Id  be  fulfilled  in  the  treat 
ment  of  this  class  of  injuries  are-    (1)  to  reduce  the  dislo 
cation:   (2)  to  retain  the  head  of  the  femur  in  the  socket 
tuitil  union  has  taken  place  between  the  fra.cmeiils.     The 
dislocation  niay'ljereduced  by  manii)ulation  or  liy  exien 
sion ;  in  both  instances  tlexion  constitutes  an  important 
step  in  the  operaliiMi.     Biirelow  says    "These  <lispla<c 
ments.  especially  the  (lis|)lacement    liackward.   demand 
the  usual  attempts  at   reduction   by  tlexion.      Allhoui;h 
the  bone  inclines  to  .slip  from  I  he  .socket  it  can  be  retained 
there,  in  cases  of  a  sort  heretofore  considered  dillicidt   of 
treatment,  by  angular  extension,  with  an  ani;ular  splint 
attaclied  to  the  ceilin.s'.    or  some  other  point  above  the 
])atient;  oi-  if  any  mautt'uvre  has  reduceil  the  bone,  the 
limb  should  be  retained,  if  ])ossible,  in  the  attitude  which 
completed  the  mancvuvre.  "     In  17  of  the  cases  reported, 
the  maimerof  reduction  isspecitied  as  follows,   by  exten- 
sion. II  (in  most  of  these  eases  extension  and  llexion  were 
eondiineil),    by   mani|ndation,    2;    by   manipidation   and 
extension,  1;  by  manipulation  over  Sutton's  fulcrum.  1. 
iiy  extension  with  pulley,  i.     In  all  but  one  of  the  eases 
the  displacement  was  corrected  without  dilliculty.     As  in 
most  instances  a  dia.snosis  cannot  be  made  before  redue 
tion  has  been  aceom[)lished,  surgeons  will  resort   to  their 
favorite    methods  of  reduction.     .Should    the  nature   of 
the  lesion  lie  il<-ternnned  bef(nehand,  traction  in  thedirec 
tion  of  the  broken  edge  of  the   rim,  and   r(jtalion   of  the 
limb  inward,  will  reailily  restore  the  normal  relation  of 
the  iiarts.     As  we  ]iossess  no  direct  measures  of  kee|iin.e 
the  fractured  surfaces  in  apposition,  all  our  efforts  must 
be  directed  toward  jireventing  reluxation  by  a]iproprial<' 
position  and  fixation  of  the  limb  and  pelvis      The  depth 
and  extent  of  the  fractured  margin,  as  well  as  the  loea 
tion  of  the  fracttu-e.  will  determine  the  diilicully  in  retain- 
ing  the   head  of   the   femur  in  its  normal  position.     If 
suflicient  depth  of  the  upper  jiortion  of  tlu-  lini  is  left  to 
serve  as  support  to  the  head  of  the  bone,  all  that  is  neces 
sary  is  to  dress  tlu-  thigh  in  the  abducted  position,  so  as 
to  press  the  head  of  the  femtir  against  the  floor  of  the 
aeelabnlum.     As  the  contusions  of  the  soft   parts  alxiul 
the  hip  and  pelvis  are  severe,  a  plaster  of  Paris  splint 
caimot   be  applied  as  a  primary  dressing.     Thi'  lieallhy 
limb  and  pelvis  should  always  be  included  in  the  retell 
five    dressing.      Bonnet's  av ire  breeches,    Dzondi  IIag<'r 
dorn's  apparatus,   or   Hamilton's  splint,   as  advised    by 
him  in  the  treatment  of  fractures  of  the  fenuir  in  chii 
ilren,    will   be   found   suflicient    to   maintain    retention. 
After  the  swelling  in  th<'  soft  jjarts  has  subsided.  iKithing 
more   perfect   could   be  devised    than   a   plaster  of-l'aris 
dressing,  including  both  limbs  and  the  jielvis. 

When  nearly  the  entire  depth  of  the  nppi-r  or  ]ioslerior 
portion  of  the  rim  has  lieen  detached,  nuiseidar  contrac- 
tion must  l)e  counteracted  by  permanent  exlensio?i  with 
the  weight  and  indley,  and  immobility  of  the  joint  should 
be  secured  by  appropriate  splints.  In  cases  of  this  sort, 
angidar  extension  with  an  angular  splint,  as  advised  by 
Bigelow,  will  answer  an  adnu'rable  purpose.  The  uii 
broken  part  of  the  rim  should  be  nia<le  the  supjiorl  of  the 
head  wlienever  practicable.  Thus,  for  cxamjile,  when 
the  posterior  part  of  the  rim  is  fractured  the  thigh  should 
be  dressed   in  the  position  of  hypcrextension:  a  broad. 


firm,  pelvic  band,  with  a  compress  above  the  troclianter, 
being  employed  to  aid  in  keeping  the  bone  in  place,  in 
approximating  the  fractured  surfaces,  and  in  preventing 
muscular  spasms. 

'I'he  treatment  should  be  continued  for  a  suflicient 
length  iif  time  to  s<-eure  a  firm  union  of  the  detached 
fragment  with  the  liroken  rim,  which,  as  in  otlier  frac- 
tures, generally  reipiires  from  foiu'  to  si.x  weeks.  The 
patient  must  lie  directed  t<i  exercise  great  car<-  in  the  use 
of  the  lind)  for  a  considerable  length  of  time  after  all 
dressings  havit  been  removed,  so  as  to  obviate  any  luidue 
pi-essure  against  the  recently  repaired  rim  of  the  acetabu- 
lum. 

X.  Senn. 

I.irKK.lTtUK. 

N'.  Senn  :  A  Ccmtriliiiiinn  lu  u  KiKiwIi'dsieiif  Fraetiireof  ttieUim  of  tlie 

AeclabulUMi,  el<-.,  Mihviiukce,  Issll. 
Krrllnert :  Lelirliiich  der  .spec.  Cliir.,  vol,  iil„  p,  7."jU,  Stuttgart,  1802. 
Di-lroii  I.aiu-ci,  ,Iiily,  l.sr'.l:  II,  (i.  NValker's  ca-sc. 
IlulTalo  Medical  and  Stirj-'ical  .lournal,  vol,  v..  p.  ;t,S3:  Colonel  Strong's 

ease, 

ACETAL.— i:thyleiie-di  .-ihyl  ether— di  ethyl-aldehyd. 
CllaClIiOCjII,,)...  This  is  a  pri-paralion  obtained  by  dis- 
lilling  a  mixture  of  acetic  aldehyd  and  alcohol  in  tlie 
presence  of  some  dehydrating  agent  such  as  sul|)liuric 
acid.  It  is  a  eohirless,  limpid  licpiid,  very  volatile,  and 
with  a  rather  agreeable  ethereal  odor.  On  the  tongue  it 
is  rather  sharji,  but  leaves  a  lilea.sant  milly  after-taste. 
It  is  soluble  in  eighleen  parts  of  water  and  in  twenty- 
live  parts  of  chloroform  ;  and  it  is  niiscible  in  all  propor- 
tions with  alcohol  and  ether.  It  boils  at  Ibl  -lUO  C. 
(•21!)  -222'  F.),  and  its  specific  gravity  at  20'  C.  is  0.831. 
lis  particular  use  is  as  an  agreeable  seilaf  ivc,  and  it  also 
has  some  power  as  a  hypnolic  and  local  anaesthetic.  Asa 
hypnotic,  however,  its  cfTects  are  too  transient  to  be  of 
much  value;  anil  the  more  volatile  ethers  are  preferable 
for  the  production  of  local  ana'slhesia,  Asa  sedative  in 
headache  an<l  nausea  one  to  three  drachms  may  be  given 
in  emulsion  with  orange  flower  or  cinnamon  water,  ami 
may  be  administered  either  by  mouth  or  by  reetmn. 

vlc(/"ns  also  the  tra<le  name  for  a  headaclie  remedy 
which  consists  of  various  volatile  oils  and  acetic  ether 
dissolveil  in  alcohol.  IT.  .1.  Jliixtii/o. 

ACETAMINOL.  —  I'ara  aceiaun'do  bin/ovl  cu.genol. 
C„1I:,  OCHj.C:  11-,  (>.(■().( V,iI.MI('llaCO,  prepared  by 
the  action  of  benzc^ie  and  amidoacelic  acids  on  eugc- 
nol.  It  is  in  whitish  scales  <ir  a  crystalline  powder,  i,s 
]iractieally  insoluble  in  water,  and  is  soluble  in  alcohol. 
It  has  the  general  antise|ilie  action  of  benzoyl  engenol 
(Mimbined  with  more  or  less  power  to  reduce  tlie  temper- 
ature. It  h;is  been  used  as  an  intestinal  anii.septic  anil  in 
the  Ireatinenl  of  pulmonary  tuberculosis.  Dose,  .5  to  1.5 
grains.  IT.  .1.  linMidn. 

ACETANILID.— ( ',,1 1,,.  M l.(  '.J  I:,0  i  I'henylacetamide, 
Antifelirini.  Of  the  host  of  new  remedies  that  have  been 
manufactured  during  the  past  few  years,  this  is  one  that 
has  received  general  approbation  and  has  sustained  the 
ri'imlafion  uilh  which  it  was  inlroilueed.  Since  its  intro- 
duction in  li^sti.  by  Drs.  Kahn  and  llepp,  it  has  been  cx- 
lensively  employed,  without  deli-.icting  from  Iheiresli- 
mate  of  its  virtues.  Further  study  has  established  its 
antipyretic  and  analgesic  iiroperlies.  and  were  it  not  (hat 
in  )ihenazone  and  ]ihenaceline  we  have  drugs  with  a 
sindlar  action  if  would  be  |iiized  as  of  inestimable  value. 

It  now  occupies  a  ]iosition  in  the  new  pharmacopreias 
of  the  I'nitcd  States  and  (ireat  Britain— in  the  former  as 
iinliiiiilid.  "an  acetyl  derivative  of  aniline":  in  the  latter 
as  iiritiiiiiUih'.  "a  crystalline  substance  otitainable  by  the 
action  of  glacial  acetic  acid  on  aniline,  and  subsefjuent 
liurification. "  It  occurs  as  white,  shining  micaceous, 
crystalline  lamina^,  or  a  crystalline  powder,  odorles.s,  hav- 
ing a  faintly  burning  taste  Soluble  ai  ."i!)  F  in  l!tl 
parts  of  water  and  in  ■">  parts  of  alcohol:  in  1^  parts  of 
boiling  water;  also  soluble  in  IS  parts  of  ethir:iiid  easily 
.soluble  in  chloroform  When  hi-ated  lo  2:!,"i,l  F.  it 
melts.      I'pon  ignition  it   is  consumed  without   leaving  a 
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residue.  It  is  neutral  to  litmus  paper.  A  simple  test  is 
to  !nld  a  ei>l(l  sjiturateil  aqueous  solution  to  fcrric-ehlor- 
iile  test  solulioii:  tlie  color  of  the  latter  should  not  be 
ehanjred.  inilieatius  an  alisenee  of  aniline  Sivlts. 

Aeetanilid  e.xereises  a  de]ire.ssing  aetion  upon  the  gray 
matter  of  the  nervous  system,  and  adeslruetive  action 
upon  the  eonstitu<'nts  of  the  blood.  L'i>on  the  former 
dei>ends  its  tlieraiieutic  properties,  while  the  latter  is  an 
altoiielher  undesirable  elleet. 

Its  ai'tion  on  the  uer\-ous  system  is  most  marked  upon 
the  sniy  matter  of  the  sjiinal"  cord,  by  which  the  power 
of  conducting  painful  impressions  is  greatly  reduced,  and 
at  the  same  time  it  lessens  the  receptivity  of  the  brain 
The  brain  retains  its  clearness,  but  motive  power  and 
conduction  are  affected  in  a  slight  degree. 

Its  effect  upon  the  medullary  centres  is  to  reduce  the 
fre(iueucy  and  force  of  the  pulse,  depress  respiration,  and 
by  relaxing  1  he  blood-vessels  to  promote  the  flow  of  blood 
to  the  surface  and  lessen  blood  pressure,  lu  very  large 
doses  these  effects  are  intensified,  and  upon  animals  the 
drug  has  caused  antesthesia,  loss  of  i-etlex  action,  weakened 
circvdation,  convulsions,  coma,  and  general  [laralysis. 

In  ordinary  doses  its  action  upon  the  blood  is  not 
noticeable,  but  if  its  use  is  persisted  in  it  leads  to  ana;mia. 
In  over-doses  it  acts  directly  upon  the  haemoglobin,  pro- 
ducing metha'moglobiu  and  les.seniug  the  o.xidiziug  power 
of  the"  lilood.  The  blood  may  become  of  a  dirty-brown 
color  and  ha'moglobiiuiria  may  be  present. 

When  to.xic  .symptoms  arise'there  is  generally  a  sudden 
sense  of  weakness  and  oppression,  with  a  rapid  loAvering 
of  temperature  and  bluing  of  finger  nails  anil  lips;  this  is 
accompanied  or  followed  b}"  vertigo,  giddiness,  noises  in 
the  ears,  dilated  pupils,  cold  extremities,  subnormal  tem- 
perature, shallow  breathing,  feeble  pulse,  nervous  twitch- 
ings,  convulsions,  and  coma  It  is  after  large  doses,  or 
during  the  prolonged  use  of  the  drug,  that  these  symp- 
toms of  poisoning  are  met  with,  bvit  many  instances  are 
reported  in  which  an  ordinary  therapeutic  dose  has  pro 
duced  an  alarming  condition. 

In  the  administration  (if  the  drug  there  arc  many  points 
to  be  considered  which  iiillucncc  its  action.  As  the  effect 
of  the  dose  is  continued  for  two  oi  three  hours,  the  dose 
should  not  be  repeated  until  that  interval  has  elapsed. 
AVhcn  the  use  of  the  drug  is  persistcil  in  for  some  time,  a 
day  of  freedom  from  its  use  should  occasionally  be  allow-ed 
to  intervene,  as  it  undoubtedly  possesses  a  cumulative  ac 
tion.  JIany  instances  are  reported  in  which  severe  toxic 
symptoms  have  followed  the  same  dose  that  had  been 
given  for  some  days  with  only  beneficial  effects.  Wlien 
the  patient  is  anaemic,  and  in  the  debilitated  and  aged, 
the  toxic  symptoms  nion^  readily  supervene,  and  in  wom- 
en, during  the  few-  days  previous  to  menstruation,  the 
condition  of  the  blood  is  supposed  to  favor  the  decom])o- 
sition  of  the  drug  and  increase  its  action.  The  time  of 
the  dose,  in  relation  to  the  natural  rise  or  decline  of  tem- 
perature, is  of  importance;  when  gi\en  with  the  increase 
of  fever,  its  action  is  slower  and  wiihin  control,  but  if  its 
effect  coincides  with  the  decline,  the  fall  will  be  rapid 
and  probably  in  excess  of  what  is  expected. 

The  teudeney  to  cause  profuse  sweating  and  cyanosis 
has  luifortunately  engendered  in  many  a  sense  of  dread 
which  has  restricted  its  use.  This  toxicity  is  greatly 
over-estimated  and  shoidd  not  be  fe.ired  if  the  dose  and 
mode  of  administering  are  attended  to.  It  is  rather  a 
danger-signal  far  in  advance  of  any  serious  consequences 

The  cyanosis  and  depression  are  not  of  long  duiati<ui  and 
are  rapidly  overcome.  Fatal  cases  are  rare,  and  v(>ry  large 
quantities  of  the  drug  have  been  taken  without  causing 
death.  A  case  is  rejiorted  in  which  teaspoonful  doses 
were  taken  at  short  intervals  luitil  one  ounce  was  dis- 
posed of.  and  in  another  instance  seven  and  a  half  drachms 
were  taken  with  sincidal  intent.  In  both  cases  recovery 
followed. 

Kahu  and  Hepp  in  their  original  papers  stated  that 
one-foiuthof  a  gramme  (o.No  grains)  was  a  sullicicnt  ilose, 
and  subseiiuent  writers  have  insisted  on  the  ellieacy  of 
even  smaller  quantities. 

Instead  of  the  seven  or  ten  grains  so  freqm'utly  giv('n. 


the  consensus  of  opinion  now  points  to  three  or  four 
grains  as  a  nwre  proper  initial  dose  in  every  ease  in  which 
its  use  is  begim,  to  be  increased  as  the  individual  suscep 
tibility  is  leana'd. 

During  the  past  few  years  it  has  become  evident  that, 
when  ainilied  to  raw  surfaces,  aeetanilid  may  be  absorbed 
and  imiiluce  its  ]iliysiological  effect.  In  some  instances 
acute  poisoning  has  followed  this  use  of  the  drug  in 
infants  and  children.  In  one  case  the  umbilical  cord  was 
dressed  with  about  .sixty  grains  of  the  crystals.  On  the 
second  day  prostration  and  cyanosis  were  marked,  and 
continued  Uit  three  days.  In  another  case  between 
twenty  and  forty  grains  were  applied  to  a  burned  sur- 
face. When  u.sed  for  two  successive  days  the  same  toxic 
symptoms  arose.  Many  other  cases  have  been  reported. 
In  one,  an  infant  four  days  old,  death  resulted  in  four 
hours. 

A  distressing  itchiness  and  burning  of  the  skin,  accom- 
panied by  a  varying  degree  of  erythema,  has  occasionally 
been  noticed.  It  is  not  so  conunon  as  during  the  use  of 
other  coal-tar  products,  but  many  cases  have  been  re- 
corded. 

To  counteract  the  poisoning,  stimulating  treatment  is 
indicated.  Warmth  to  the  extremities  and  surface;  alco- 
hol, ether,  and  camjihor  by  the  mouth  or  liypodermically ; 
belladonna  is  jiarticularly  recommended,  tour  drops  of 
the  tincture  every  half-hour  for  four  do.ses,  afterward  at 
longer  intervals,  having  proved  of  service.  Strychnine 
is  also  u.seful.  The  inhalation  of  oxygen  is  indicated. 
In  extreme  prostration  the  transfusion  of  saline  solution 
has  been  adopted  with  benefit. 

Aeetanilid  in  fever  is  used  solely  as  an  antipyretic,  and 
as  such  it  lias  been  classed  as  one  of  the  best  we  possess. 
It  is  utilized  in  typhoid  fever,  pneumonia,  phthisis,  ery- 
sipelas, acute  rheumatism,  and  in  all  conditions  in  which 
hyperpyrexia  is  present.  It  was  thought  by  some  to 
have  specific  properties  in  acute  rheiunatism.  but  such 
a  view  is  no  longer  tenable;  the  duration  of  the  dis 
ease  is  not  alTected,  complications  are  not  prevented,  nor 
does  it  guard  the  patient  against  relapses.  It  reduces 
the  high" temperature  and  relieves  the  discomfort  and  dis- 
tress that  are  iiresent,  and  its  sedative  action  on  the 
nervous  system  adds  to  its  calming  and  refreshing  effect. 
Its  continuous  administration  is  not  advised,  but  only  its 
use  when  the  temperature  is  such  as  to  require  interfer- 
ence. 

In  phthisis  it  proves  particularly  soothing.  In  the 
hyperpyrexia  of  pneumonia  it  is  used  with  advantage, 
but  in  this  coudition,  as  well  as  in  advanced  phthisis, 
where  the  lespiratory  tissue  is  reduced,  it  must  be  given 
with  caution. 

In  acute  rheumatism  it  relieves  the  painful  and  swollen 
joints  and  reduces  the  temperature.  When  the  pains  are 
severe  larger  doses  are  required  than  in  other  febrile 
affections.  Its  action  is  generally  thought  not  to  be  so 
eflicaeious  as  that  of  antipVrin  or  sjilicylate  of  soda. 

Its  analgesic  lu'dperties  have  proved  almost  as  decided 
as  its  pow-i-r  of  reilucing  pyrexia.  It  is  particularly  use- 
ful in  all  pains  due  to  irritation  of  the  sensory  nerves,  or 
pains  of  a  rcHex  character,  such  as  those  of  locomotor 
ataxia,  neuralgia,  sciatica,  lumbago,  pains  after  opera- 
tions, ovarian  "and  menstrual  irritation:  also  in  migraine, 
nervous  headaches,  and  the  headaches  of  growing  chil- 
dren. In  all  paroxysmal  pains  it  has  proved  equally  suc- 
cessfvd. 

It  has  been  reconuneniled  and  tried  in  e|iilepsy  and 
chorea,  but  without  uuich  advantage. 

Quite  recently  it  has  been  lavulcd  as  a  very  effective 
remedv  for  thi'('atcned  premature  expulsion  of  the  ovum. 
It  is  stated  that  from  seven  to  ten  grains  will  lessen  the 
uterine  contraction  and  pain  and  clieck  the  hemorrhage; 
the  dose  to  be  rc'peated  at  intervals  of  two  or  three  hours. 

In  the  diseases  of  infancy  it  has  jiroved  of  decided  use- 
fidness.  lis  effects  are  of'longer  duration  and  the  toxic 
symptoms  are  not  so  liable  to  follow  its  use.  In  scarlet 
fever,  measles,  pneumonia,  etc.,  its  action  has  been  most 
gratifying,  reducing  fever  and  restlessness  and  iudiu'ing 
a  qui(!t  and  refreshing  sleep.     In  whooping-cough  it  is 
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also  used  with  success:  its  action  jiroiuotcs  cxpi-cl oral  ion 
and  reduces  the  frequeucy  and  duration  of  the  parox- 
ysms. 

Its  iion-irritaling  and  antiseptic  properties  liave  led  to 
its  emiiloyment  as  a  dressinj;-  after  surjrieal  oi.eralions. 
as  well  as  for  wounds  of  every  description.  It  is  alMi 
recommended  as  a  substitute  for  iodoform  in  venereal 
sons.  It  may  lie  dusted  pure  over  the  parts  or  mixed 
with  boric  aci<l  in  varyiusj  proportions.  A  glycerol  is 
made  by  addini;  one  ]iart  to  forty  of  cold  sterilized  ulyc- 
erin.  If  a  stronj^er  preparation  is  desired,  a  solution  of 
aeetanilid  in  alcohol  is  prepared,  twenty  fjrains  to  the 
ounce,  and  one  oimee  of  this  mixed  with  four  of  jjlyc- 
crin.     It  may  also  be  combined  with  vaseline  or  collodion. 

Hill II lIKUil  Slnittl. 

ACETIC  ACID.— Acetic  acid,  IlcaisO....  the  w<ll 
known  acid  of  vinesar.  is  a  body  fluid  at  ordinary  tem- 
peratures, and  niiscible  in  all  jiroporlions  with  water. 
Mixtures  of  the  acid  and  water  in  different  ])roportions 
constitute  the  different  grades  of  the  acid  in  conunerce. 
Strong  acetic  af'd  is  caustic.  largel\'  tlu'ough  its  jiroperty 
of  dissolving  the  formed  material  of  the  connective  tis- 
sues to  a  pultaeeous' -translucent  substance.  Being  caus- 
tic, it  is  of  course  irritant,  and  swallowed  in  concentrated 
condition  operates  as  a  corrosive  poison.  1  lie  effects  and 
symptoms  being  substantially  the  sjime  as  in  poisoning 
by  tiie  strong  mineral  acids.  Two  cases  of  death  have 
been  recorded.  The  treatment  is  similar  to  thai  to  be 
employed  in  case  of  poisoning  by  a  mineral  acid.  In 
non-corrosive  strength  of  solution  (five  or  six  ]iercenf.. 
the  equivalent  of  vinegar),  acetic  acid  produces  the  usual 
local  elTects  of  the  sour  acids — exciting  the  flow  of  saliva 
and  tending  to  oppose  sour  fermentation  of  the  food — and 
is  also  <lislinctly  astringent.  Inhali'd,  the  fumes  are 
reviving  in  faintness  and  may  relieve  headache. 

Acetic  acid  has  many  uses  in  pharmacy.  Hecently  it 
has  been  urged  strongly  by  high  authority  that  the  I'har- 
macopceia  should  substitute  acetic  acid  largely  foralcohol 
as  a  menstruum  for  the  preparation  of  extracts,  anil  it  is 
probable  that  some  such  course  will  be  followed.  It  has 
even  been  jiroposed  that  this  class  of  extracts  shall  bear 
the  special  name  "  Acetraets.''  In  medicine  the  strong 
acid  may  be  employed  as  a  caustic,  as  to  warts  or  can 
eers.  and  the  weak  acid  u.sed  to  make  refreshing  acid 
draughts  in  fever,  or  cooling  lotions  in  inflamniatory 
skin  affections.  Acetic  acid  is  official  in  the  L'.  S.  I'liar- 
macopifia  in  the  following  forms: 

Acidiim  Acttirinn  (ilaniile,  Gliicinl  Ari/io  An'i/. — This 
is  defined  to  be  "nearly  or  quite  absolute  acetic  acid.'' 
It  is  "'a  clear,  colorless  liquid,  of  a  strong,  vinegar-like 
odor,  and  a  very  pungent,  jiurely  acid  taste.  When  the 
acid  is  coolerl  to  a  temperature  as  near  as  possible  to  l.T  ('. 
(59'  F. ),  but  yet  in  a  liquid  form,  its  specific  gravity 
should  not  be  higher  than  1.058,  coriespondin.g  to  at  least 
uinefy-nine  percent,  of  absolute  acid.  At  a  temperature 
somewhat  below  lo°  C.  (59°  P.),  the  acid  becomes  a  ci  vs- 
talline  solid"  (U.  S.  P.).  This  grade  of  the  acid  is  for 
Iiharmaceutical  uses. 

Ai-iilmii  Antirinii,  Acetic  Acid. — The  grade  of  acid  thus 
simply  named  is  a  "liquid  composed  of  thirty  six  per 
cent.,  by  weight,  of  absolute  acetic  acid  and  sixty-four 
per  cent,  of  water,"  It  is  "a  clear,  colorless  lii[nid,  hav- 
ing a  strong,  vinegar-like  odor,  a  piu'cly  acid  taste,  and  a 
strongly  acid  reaction.  Specific  gravity,  about  1.048  at 
15'  0.  ((59  F.).  iMiscible  with  water  and  alcohol  in  all 
proportions.  When  heated,  the  acid  is  volatilized  with- 
out leaving  a  residue"  (U.  S.  P.).  This  grade  of  acid  is 
somewhat  stronger  than  the  best  .samples  of  the  commei'- 
cial  so  called  "No.  8  "acid,  these  "No.  8"  acids  rarely 
being  of  higher  specific  gravity  ihan  l.OMOand  often  sink- 
ing to  1.025  or  less(Squibl)).  This  is  the  acid  that  results 
from  the  imritication  of  the  crinle  aciil — ci-ikU  iijii-nliiiiimiis 
acid,  so  called— obtained  by  the  destructive  distillation  of 
wood. 

Acetic  acid  of  the  present  quality  is  sharply  irritant 
and  even  mildly  caustic.     Dangerous  symptoms  have  re- 
sulted from  swallowing  it,  undiluted,  in  quantity  of  two 
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or  three  ounces.  The  acid  may  be  used  as  a  mild  caustic, 
but  its  principal  uses  uiider  its  own  form  are  pharma- 
ceutical. 

Acidiiiii  Accticuiii  Dibit II III.  Diliital  .in tic  Acul. — This 
preparation  is  compounded  of  one  part.  l)y  weight,  of 
acetic  acid  of  the  foregoing  grade  and  tive  parts,  by 
weight,  of  distilled  water.  It  "contains  six  per  cent!, 
bv  weiirhl.  of  alisolutc  acetic  acid.  Specitic  gravity, 
afiout  1.008  at  15  C.  (.".!)  F.i"  (V.  S.  1'.  i.  This  diluted 
acid  is  of  the  strength  of  the  best  qualities  of  vinegar, 
and  is  better  than  vinegar  for  all  the  purposes  of  "the 
siunc,  medicinal  or  dietetic.  Sqiiilib  Siiys:  "If  one  part 
of  alcohol  be  added  to  about  two  hundred  and  tifty-six 
parls  of  this  diluted  acetic  acid— llial  is,  about  hidf  a 
flnidouncc  to  the  gallon — and  the  mixture  be  set  aside  for 
a  few  weeks  (the  longer  the  heller),  enough  acetic  ether 
is  generated  to  give  it  the  full,  clean  aroma  of  tine  vine- 
gar, and  then  for  table  use  it  is  very  far  superior  to  any 
vinegar  made  in  the  ordinary  way  by  fermenting  cider.  " 

Diluted  acetic  acid  is  the  most  convenient  grade  of  the 
acid  for  medicinal  use,  and  has  also,  in  the  L'.  S.  Phar- 
macoiKcia,  superseded  vineg.-ir  for  jihannaceutical  pur- 
])oscs.  For  an  acid  draught  a  five  per  cent,  addition  to 
water  is  aiipropriatc.  and  for  a  lotion  a  twenty-five-per- 
cenl.  addition.  The  ]io])ular  notion  th.-it  the  habitual 
use  of  vinegar  lends  to  deterioralion  of  nutrition  and 
health  is  certainly  not  true  of  a  moderate  indulgence,  if 
indeed  it  he  true  at  all.  Edirnrd  ('itrtia. 

ACETIC  ETHER.— fuller  the  title  ./;//«/■  Actticij.H. 
Acetic  Ether,  the  1'.  S.  I'harmacopieia  makes  oflicial  a 
preparation  consisting  of  the  ethereal  salt,  it!ii/l  acitittc. 
with  a  little  contaminating  alcohol  and  water.  Acetic 
ether  is  ilescrilied  as  "a  transparent,  colorless  Ii(|uid,  of  a 
fragrant,  and  refreshing,  slighlly  acetous  odor,  and  a 
|ieciiliar  acetous  and  burning  t;iste.  Specitic  gravity. 
0.8!):^  to  O.S!)5  at  15  ('.  (5!)  F.).  Boiling  point,  about 
7(1  t'.  (108.8  F.).  Soluble  in  about  eight  parts  of  water 
at  15  C.  (5'J'  F.i:  mi.-icible  in  all  priqiorlions  with 
alcohol,  ether,  fixed  and  volatile  oils.  Acetic  elher  is 
readily  volatilized,  even  at  a  low  teni|ierature.  It  is  in- 
flammable, burning  wiih  a  yellowish  flame  and  an  acetous 
odor"  (U.  S.  P.).  '.\eelic  i-lher  should  be  kept  in  well- 
sfoppered  bottles  and  away  from  lights  or  tire. 

The  elTecfs  of  acetic  ether  uiion  the  aiumal  economy 
are  similar,  in  a  general  way,  to  those  of  common  ether, 
the  most  iniijorlant  point  of  dilferciice  being  that  acetic 
ether  is  the  slower  in  operation.  For  this  reason  this 
ether  is  not  available  as  a  surgical  an;esthetic;  but,  on 
the  other  hand,  by  reason  of  its  agreeable  odor,  it  makes 
an  excellent  and  grateful  cardiac  stimulant,  antispas- 
modic, and  carminative,  taken  inlernally.  Used  ex- 
ternally, it  may  .serve  to  mask  disagreeable  odors.  It 
may  be  given  internally,  in  quantifies  ranging  from  fif- 
teen to  thirty  drojjs,  well  diluted  with  water  or  with 
some  medicinal  jireparat ion,  to  which  the  elher  is  added 
as  an  adjuvant  or  corrigent.  h'ltirncd  Cmiix. 

ACETONE.— Acetone,  C'jII„(t,  the  ketone  of  acetic 
acid,  called  also  /ii/i-micitic  s/iirit  and  jii/ninci  tic  (tine,  is 
a  colorless,  limpid,  and  inflammable  liquid  of  pungent 
iiuality,  miscible  in  all  proportions  with  w.-iter.  alcohol, 
and  ether.  ItselTects  upon  the  animal  system  are.  doubt- 
less, of  the  general  nature  of  those  of  the  volatile  alcoliols 
and  ethers,  but  the  substance  has  never  been  systemati- 
cally employed  as  a  niediciue. 

It  is  used  for  chemical  purposes  in  the  manufacture  of 
chloroform,  and  as  a  .solvent  for  fats  and  resins. 

It  occurs  normally,  in  small  amounts,  as  an  ingredient 
of  blood,  urine,  etc.  h'llirurd  Cnrlix. 

ACETONURIA.— 1)i:kimtion  — The  presence  in  the 
urine  of  a  pathological  quantity  of  acetone.  ('( lifllsi..,, 

HiSTOHir.M.. — Petters  in  \>*'u  discovered  aci  tone  in  the 
urine  of  a  patient  suffering  from  diabetic  ei>ma.  and  three 
years  later  Katdieh  demonslraled  its  oceuiTeiice  in  ordi- 
nary cases  of  diabetes  anil  added  a  clinical  picture  of  the 
condition  known  as  acctona'inia 
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Kussmaul  in  1874,  wiitiug ou  diabetic  coma,  first  threw 
doubt  ou  the  I'leviously  expressed  ich'a  that  a  detinite 
rchUion  existed  between  diabetic  coma  and  aeetoniiria, 
while  Gerliardt  later  on  showed  theoeenrrence  of  diaeetic 
acid  in  the  urine,  a  substance  which  has.  cliincally,  even 
a:reater  ini))orlance. 

OrciiutKXCK.  — Physiolo.sically,  acetcme  occurs  in  tlie 
urine  in  verv  minute  pro]. ort ions,  prol)ably  never  more 
than  .Oi  iini.'beinu  excreted  in  t  wenty-l'our  hours.  Patli- 
olosically.  more  than  5  .yni.  have  been  in  the  daily  quan- 
tity of  urine. 

The  main  conditions  luider  wliieh  increased  acetone  is 
found  niav  be  brieliy  sinnmari/.ed  as  follows: 

1.  Alimentary,  (■."('..  a<-cording  to  diet;  withdrawal  of 
carbohydrates;"  this  may  reaeli  (l.T  .gm.  after  prolonged 
dieting. 

3.  Diabetes,  especially  alter  some  duration  of  the  dis- 
ease and  Avilh  proteid  diet  or  increased  fats. 

3.  Fe\ers  (often  with  diaeetic  acid  and  /3  oxybutyric  acid 
as  well);  infectious  diseases,  e.g..  enteric  fever,  sepsis, 
pneumonia,  exanlhems.  tuberculosis,  acute  inflammatory 
rhevimatism;  in  the  fevers  it  occurs  only  in  prolonged 
cases,  probably  because  of  the  nature  of  the  diet;  acute 
fevers  present  no  increased  acetonuria. 

4.  Starvation  and  inanition ;  cachexia;  early  carcinoma 
of  stomach. 

5.  Digestive  disturbances  with  auto-intoxication;  peri- 
tonitis. 

6.  Pregnancy  with  flead  fo-tus. 

7.  Nervous  lesions  and  mental  disease ;  tabes;  general 
paralysis:  melancholia,  etc. 

8.  "Artiticial'.v  induced  general  anaesthesia  (chloroform). 

9.  Experimental — after  extirpation  of  the  solar  plexus 
or  of  the  pancreas. 

10.  Medicinal — phlorizin ;  chronic  morphinism. 
Source. — There  is  no   doubt  that  acetone  elimination 

bears  a  definite  relation  to  the  increased  destruction  of 
l^roteids,  its  occurrence  iu  starvation,  fevers,  etc.,  bear- 
ing out  this  theory.  It  is  not  yet  determined  whether 
the  amount  excreted  depends  merely  on  the  quantity  of 
tissue  proteid  destroyed  or  upon  the  total  proteid  used 
up  by  the  metabolism.  Von  Noorden  and  Ilonigmanu 
hold  that  the  destruction  of  tissue  proteid  is  the  essential 
feature.  Certainly  acetone  elimination  is  not  always  in- 
creased with  greater  ingestion  of  proteids;  in  fact,  too 
much  proteid  may  diminish  the  degree  of  acetonuria. 
Fatty  diet  seems  to  increase  acetcme  elimination:  indeed, 
Geelsuyden  is  of  the  opinion  that  disintegration  of  fat 
either  in  the  tissues  or  in  the  food  is  the  main  cause  of 
acetonuria.  Again,  whili^  increased  ingestion  of  carbo- 
hydrates causes  decrease  of  acetone  excretion,  a  diminu- 
tion of  this  iu  the  diet  is  followed  by  marked  acetonuria. 

There  seems  to  be  no  nuitual  relation  between  nitrogen 
elimination  and  acetonuria. 

In  diabetic  mine  three  substances  frequeutl}'  occur 
together  and  seem  to  have  some  detinite  relation  to  one 
another,  though  their  exact  interdependence  is  not  as  yet 
understood.  These  substances  an;  acetone,  diaeetic  acid, 
and  /3  oxybutyric  acid.  "We  can  readily  derive  one  fi'om 
the  other,  e.r/..  ji  oxybutyric  acid  from  diaeetic  acid,  or 
again  by  oxidation  /i  oxybutyric  acid  forms  acetone  and 
carbonic  acid.  These  three  cxi.st  also  together  in  other 
conditions  than  dialietes,  ej/..  in  starvation,  severe  infec- 
tions, fevers,  etc. ,  and  their  relative  proportions  seem  to 
vary  without  resjieet  to  their  origin. 

Probably,  as  Naunyn  suggests,  ft  oxybutyric  acid  is 
usually  formed  tirst  and  is  the  mother  substance  for  the 
others,  and  the  amounts  of  each  formed  depend  on  a 
great  variety  of  conditions;  tluis,  for  example,  a  very 
marked  alkaline  state  of  the  blood  favors  diaeetic  acid  for- 
mation, while  again  acetone  forms  best  in  an  acid  urine,- 
and  so  on.  Certainly  the  degree  of  acetonuria  does  not 
depend  regularly  on  the  amount  of  ft  oxybutyric  acid. 

Clinical  Signifie-tincc. — In  all  probability  the  acetone 
;)?(•  .«e  is  harmless  and  the  toxic  symptoms  are  produced 
bj'the  diaeetic  and  ft  oxybutyric  acicis;  and  possibly  also 
others,  e.g.,  lactic  acid  or  volatile  fatty  acids,  come  into 
action,  too,  at  times.     At  all  events,  it  is  the  acid  into.v- 


ieation  (or  excessive  acidosis,  as  It  has  been  called)  that 
induces  the  .serious  cliange:4  which  occur.  Patients  mani- 
festing this  acid  intoxication  usually  get  diabetic  coma 
if  no  intercurrenl  atl'ectiou  occur  to  carry  them  off. 

The  I'uoGNosis.  then,  depends  rather  upon  the  evidence 
of  acidosis  lliaa  of  acetonuria  to  a  large  extent,  and  Ilal- 
lervorden  has  tor  this  reason  suggested  the  imi.Ku-tance 
of  frequent  estimation  of  the  ammonia  eliminated,  this 
giving  a  fairly  accurate  idea  of  the  acid  intoxication. 
(More  than  3  gin.  of  NHs  in  twenty-four  hours  indicates 
excessive  acidosis,  while  if  more  than  4  gm.  exist,  the 
onset  of  diabetic  coma  is  almost  certain,  even  though  due 
treatment  temporarily  diminish  the  amount  of  Nil,  elim- 
ination.) This  theory  is  ]U'oven.  too,  by  Stadelmann's 
and  iliukowski's  observations,  that  diminished  L'O.j  was 
in  the  blood  (t.c,  less  alkalinity),  and  by  the  fact,  too, 
that  in  .severe  diabetes  the  sudden  restricting  to  meat 
diet  {i.e.,  acid)  is  often  followed  by  coma. 

The  acetone  is  to  some  extent,  however,  in  definite 
ratio  to  the  intensity  of  the  diabetes,  and  tlie  presence  of 
a  large  quantity  is  of  grave  import — though  not  as  a 
prodrome  of  approacliing  coma,  as  Hirschfeldt  once  sup- 
posed. Intercurrent  fevers,  e.g..  pneumonia,  ma_v  greatly 
increase  the  acetone  temporarily,  and  with  convalescence 
the  quantity  may  return  to  its  jirevious  amount.  So  it 
was  iu  the  case  of  a  diabetic  whose  urine  increased  during 
an  intercurrent  pneumonia  from  0.4  gm.  to  4  gm.  acetone, 
daily,  and  with  convalescence  the  amount  returned  to  0.4 
gm.  in  the  twenty-four  hours ;  coma  did  not  supervene  and 
the  patient  lived  for  montlis  afterward,  until  fatal  maras- 
mus came  on.  It  is  well,  however,  to  folIo\v  the  acetone 
excretion  iu  diabetes,  for  its  increase  is  .so  frequent  with 
threatening  symptoms; — hence  the  benefit,  at  such  a 
time,  of  judicious  administration  of  carbohydrates. 

The  Di.vGNOSTic  .significance  of  acetonuria  lies  in  the 
fact  that  its  presence  to  any  extent  with  glycosuria  ren- 
ders the  diagnosis  of  diabetes  certain. 

Texts. — Before  testing  for  acetone  one  should  ascertain 
the  possible  presence  of  diaeetic  acid,  which  by  decompo- 
sition often  forms  acetone.  For  this,  Gerhardt's  reac- 
tion is  to  be  tried  and  the  following  three  steps  m.ust  be 
taken : 

Fifteen  cu!)ic  centimetres  of  urine  are  treated  with  dilute 
(not  too  acid)  ferric  chloride  so  long  as  it  gives  a  precipi- 
tate. The  lu-ecipitate  (ferric  phosphate)  is  filtered  and 
more  fenic  chloride  added  to  the  filtrate.  In  presence  of 
diaeetic  acid  a  claret-red  color  appears.  A  second  portion 
of  the  urine  is  boiled  and  the  same  test  repeated  after 
cooling.  A  negative  result  should  follow,  because  the 
diaeetic  acid  was  decomposed  by  the  boiling.  (If  a  jiosi- 
tive  result  were  again  obtained  it  would  indicate  the 
presence  of  acetic  or  some  other  acid  in  the  urine.) 

A  third  portion  is  next  acidified  with  sulphuric  acid 
and  shaken  with  ether.  The  ether  is  removed  and  shaken 
with  a  very  dilute  aqueous  solution  of  ferric  chloride, 
when  the  watery  layer  becomes  violet  red  or  claret  red. 
The  colin-  dis-appears  on  warming  or  after  standing 
twenty-four  hours. 

In  the  abaciire  of  (Uacetic  ricid  we  proceed  to  test  di- 
rectly for  acetone.  No  single  test  for  acetone  is  com- 
pletely .satisfactory;  hence  the  necessity  of  emiiloying 
several  as  coufiiniatory  evidence.  One  may  use  the  urine 
as  it  is,  although  it  is  "more  accurate  to  resort  first  to  dis- 
tillation. Ab(nit  2r>{)  c.c.  of  urine  are  boiled  after  faintly 
acidifying  with  sulphuric  acid,  and.  a  good  condensiition 
beinn'  secured,  all  the  acetone  will  distil  in  the  first  30  c.c. 

"When  iliiifilie  tirid  i.i  jiiv.''riit  the  urine  should  first  be 
rendered  faintly  alkaline  and  carefully  shaken  up  in  a 
separator  funnel  with  ether  (the  ether  must  be  free  from 
alcohol  and  acetone).  The  removed  ether  is  then  shaken 
up  with  water,  which  takes  up  the  acetone,  and  this 
watery  liquid  is  tested. 

Qiii'ilitiitire  J'l'sts.—Liebcn's  Iodoform  Test.  Treat  a 
few  cubic  cenlimetres  of  the  distilled  urine(which  should 
be  freshly  voided  always^i  with  some  sodium  hydrate  and 
iodine  ixitassic  iodide  solution  and  gently  warm.  With 
traces  of  acetone  a  yellow  precipitate  of  iodoform  occurs, 
and  this  w  ill  be  n^c'ognized  by  its  odor  and  by  the  hexag 
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onal  plates  or  stellate  crystals.  AVIiilc  this  test  is  dclieate 
eiiimj^li  for  aeeloiie,  there  ar<'  iiiaiiy  other  coiisIitueiUs  of 
the  urine  and  other  sulistanees  (at  least  seventeen)  wliieli 
yield  a  similar  reaction.  Among  them  is  alei}hol ;  hence 
the  pos.sihilily  of  error  from  using-  an  alcoholic  solution  of 
iodine  to  make  up  one  of  the  reagents— which  nurst,  of 
course,  be  avoided.  Gunning  moditied  the  test  by  using 
!Ui  alcroholie  solution  of  iodine  and  anuuonia  inslead  of 
tlie  mi.xture  mentioned  above.  A  black  |ireeiiiilate  of 
iodide  of  nitrogen  residls,  and  this,  in  the  presence  of 
acetone,  gradually  disajipears.  Icaxing  the  yeUow  iodo- 
form behind.  The  te.st,  though  not  c|uite  so  (h'licate,  is 
more  accurate,  neither  alcohol  nor  aldehyde  iiroducing  a 
similar  result :  and,  moreover,  it  is  eminently  suile<l  for 
clinical  purposes,  in  view  of  the  temptation  to  test  with- 
out the  time'abs<irbing  distillation. 

J,i(/iil'.s  Stiiliidii  yitni/jnisaii/i  I'mt.  Treat  a  few  cubic 
centimetres  of  the  urine  with  two  or  three  drops  of  a 
freshly  prepaied  eoneeiilratcd  solution  of  sodiiun  nitro- 
Ijrusside  and  add  a  thirtyper  cent,  solution  of  caustic 
potash.  A  ruby  red  color  appears,  which  changes  to 
yellow.  Any  iHiiie  may  give  this  reaction,  liut  if  ace- 
tone be  iirese'i'it  in  pathological  amount  the  addition  of 
acetic  acid  changes  the  color  to  a  purple  red  or  violet. 

Parakiesol  and  ereatinin  give  somewhat  sinular  reac- 
tions. In  presence  of  the  former,  however,  the  yellow 
color  chauges  to  ])iuk  on  addition  of  acetic  acid,  while 
with  the  latter  a  untiii-diion  with  acetic  acid  gives  a  yel- 
low color,  soon  changing  to  green  and  blue.  Acetone, 
under  similar  conditions,  gives  a  carmine  color.  Fehr 
modities  this  lest  by  lloating  the  acetic  acid  on  the  tu'ine 
as  the  color  changes  to  yellow.  A  violet  is  produccfl  at 
the  line  of  contact,  its  intensity  being  proportionate  to 
the  amount  of  acetone  ])resent. 

Notwithstanding  its  frequent  commendations  for  din 
ical  ]iurposes.  I.egal's  test   is  certainly  uiu'eliable  uidess 
the  urine  be  lirst  distilled. 

Le  SiM's  lent  is  similar.     One  adds  an  alkaline  solu 
tion  of  sodium  nitroprusside  (so  dilute  as  merely  to  give 
a  faint  reddish  tint  to  the  solution)  to  the  urine;  a  ruby 
red  color  is  olitained.  soon  changing  to  yellow.     On  boil- 
ing and  adding  the  acid  a  greenish  blue  or  violet  results. 

l'i'iiziil(ll\  liiiliiji)  'I'csl .  Treat  the  urine  with  a  warm 
s;Uurated  and  then  cooled  solution  of  orthonilroben/.alde- 
hyde  and  add  caustic  soda.  If  acetone  be  present  the 
lii.piid  becomes  first  yellow,  then  green,  and  Hnall^v  indigo 
forms,  which  may  be  dissolved  in  chloroform. 

VhiiHliird  takes  fuehsin  solution  into  wliich  a  cur- 
rent of  sulphurous  acid  gas  has  been  passed.  This  decol- 
orizes the  liquid  and  gives  it  a  clear  yellow  tint.  AVben 
added  to  urine  containing  acetone  a  deep  violet  color  is 
produced. 

lliijHiihlii'  merrurir  o.iiilc  test  depends  on  the  power  of 
acetone  to  dissolve  freshly  precipitated  mercuric  o.xide. 
A  mercmic  chloride  solution  is  tirst  precipitated  by  alco- 
holic caustic  potash.  The  urine  is  added  to  this  and  the 
mixture  well  shaken  and  tiltered.  If  acetone  be  ])resent 
the  lilt  rate  contains  mercury,  which  may  be  detected  b.v 
the  black  color  on  adding  anunimium  sulidiide. 

Heynolds'  and  Ounning's  tests  arc  particularly  recom- 
mended for  delicacy  and  reliability  ccind)ine(l. 

(Jiiini)Uiitirc  T(\t. — iluppert's  moditieation  of  Mes- 
singer's  is  that  most  reeornmended;  l.irben's  iodoform 
test  being  the  method  on  which  if  is  based. 

Acetone  forms  iodoform  when  treated  in  an  alkaline 
solution  with  iodine.  By  treuling  the  urine  with  a  known 
amount  of  iodine  one  need  simply  estimate  the  (juan- 
tity  umised  by  the  iodoform  to  know  how  much  has 
been  combined.  This  can  be  done  by  titration  with 
sodium  thiosidphate  solution.  For  the  details  of  the 
methcKl  the  reader  is  referred  lo  Hupiiert's  •■.\nalvse  des 
Ilarns,"  ISil-S.  Churhs  V.  M.'ulin. 

ACETO-PHENONE-ORTHO-OXY-QUINOLIN.  C.Ho- 

No,('lI....CO.C'cIU,  is  made  by  the  action  of  an  alkali  on 
a  solution  of  acetophenone  chlori<le  and  orthociuinolin. 
It  is  an  odorless,  tasteless,  strongly  basic  liquid  insohdile 
in  w'ater  and  soluble  iu  alcohol,  ether,  and  chloroform. 


It  forms  salts  with  the  acids,  and  is  given  in  doses  of  one 
to  three  minims  as  a  hypnotic  or  for  nemalgia.  Its  uses 
are  the  same  as  those  of  acetophenone  (see  /////i/e/io),  but 
it  lacks  the  ]>enet rating  odor  and  pungent  taste. 

IK.  A.  BuHledo. 

ACET-ORTHO-TOLUID  (Ortho  tolyl  acetamid). 
ACET-PARA-TOLUID     (I'ara  tolyraeelamid),     C„H,- 

((■|Ul.Ml..t   <>(    11:,. 

These  isomers  are  produced  by  the  prolonged  boiling 
of  glacial  acetic  acid  with  orthololuidin  and  paratohndin 
respectively.  They  occur  in  colorless,  needle-shaped 
crystals,  almost  insoluble  in  cold  water  and  readily  sol- 
uble in  alcohol  and  ether.  Chemically  they  ditfer" from 
phenacetiu  only  by  the  substitution  of  a  methyl  for  an 
o.xyethyl  group,  and  they  are  valuable  as  antipyretics. 
The  dose  is  from  ")  to  15  grains.  IK.  ,1.  Bastcih. 

ACETYLENE.     See  (',ir!,o,i,  Oxiih  „f. 

ACETYL-TH  YMOL  (thymol  acetate),  C,„n,:.O.Cn3CO, 

is  a  colorliss  li(juid  with  an  aromatic  odor  and  pungent 
taste,  and  is  used  as  an  aniiseiitic,  IT.  ,1.  BasUdo. 

hZ\Xi%.—Fnnii  Atid  S-rirs.  ('„ll.,,/)j.  — Fatty  acids  are 
found  in  the  body  chietly  in  combination  with  glycerin  in 
the  glycerides  or  neutral  fats  of  adipo.sc  tissue.  They  arc 
also  found  combined  with  alkalies,  as  s(>a])s,  and,  in  small 
((Uantilies,  as  free  fatty  acids.  Free  fatty  acids  occiu'  in 
the  intestine  as  a  result  of  the  breaking  up  of  neutral 
fats  in  pancreatic  digestion.  .Some  of  the  lower  members 
of  the  series  are  fomid  free  in  blood  and  sweat.  As  we  as- 
cend the  series,  the  molecules  become  more  complex  and 
the  mi-Iling  and  volatilizing  jioints  rise.  For  each  acid 
they  vary  slightly,  according  to  the  mode  of  preparation. 
.Many  fatty  acids  crystallize  in  characteristic  forms.  TIk^ 
following  are  of  most  physiological  importance: 

F(ainie  acid.  II.COOH,  is  found  combined  as  sails  in 
minute  traces  in  normal  urine,  and  in  increased  amount 
ill  certain  diseases  with  deranged  metabolism,  such  as 
leueocytha'niia  and  diabetes.  It  is  |iresent  in  the  stingsof 
certain  insects,  giving  them  their  irrilaliiig  <|Ualities.  It 
is  a  colorless  licpiid,  of  strong  odor,  volatilizing  at  KID'  C. 

Acetic  acid,  Clla.COOll,  is  found  in  Ihc  intestine  and 
sometimes  in  the  stomach  as  a  result  of  fcrnicntation 
processes,  occurring  in  carbohydrates  and  higher  fatty 
acids.  Itssaltsarc  present  in  normal  urine  in  traces,  and 
in  increased  amount  in  diabetes  and  leucocylluemia.  In 
the  disease's  named,  it  is  also  found  in  the  urine  combined 
with  acetyl,  Clla.f^O.  to  form  diaeetic acid,  CIIs,CO.CII.j,- 
COOII.  Acetic  acid  has  a  characteristic  oilor  like  vine- 
gar, a  sour  taste,  and  forms  transparent  crystals  which 
"melt  at  IT'  C. 

Propionic  acid.  CIl:,.CH...,('()OII,  occurs  occasionally 
in  sweat.  It  is  present  in  the  blood,  urine,  and  vomit  of 
certain  di.seases.  It  is  the  tirst  fatty  acid  to  form  a  neu- 
tral fat  with  glycerin.  It  has  an  odor  like  acetic  acid 
an<l  volatilizes  at  14"-i    C. 

Butyric  acid,  CH;,.  (Cir,),.,C()OII,  is  found  iu  the  in- 
testines and  occasionally  in  the  stomach,  as  a  result  of 
fermentations.  It  may  be  formed  from  the  ilc-composition 
of  proteids,  carbohydrates,  fatty  acids  higher  in  the  scries, 
or  lactic  acid.  It  is  found  in  sweat,  ami  traces  have 
been  (Icmonslrated  in  blood  and  urine.  It  is  present  in 
milk  and  butter,  combined  with  glycerin  as  butyrin. 
Butyric  acid  is  an  oily  liquid,  volatilizing  at  l(i'-3.:i'  C. 
and  solidifving  at  —  l!l    C. 

Lsovalerianie  acid.  ((■ll3U.CH.Cn.,.C001I.  is  fouml  in 
clieese,  the  sweat  of  the  fool,  and  the  urine  of  certain 
diseases.  Tt  is  a  [iroduct  of  proleid  decomposition.  It 
is  found  combined  as  a  neutral  fat  in  dolphin  bhiblier. 
It  is  an  oily,  colorless  li(iuid,  smelling  like  rollen  cheese, 
and  volatilizing  at  171!.:!'. 

Caproic  acid,  CII;..  (CH,.')  ,.COOII.  is  found  in  the 
fa'Ces  and  sweat,  also  in  cheese,  is  formed  from  pulrefae 
tion  of  proleids.  and  occurs  as  a  glyceriile  in  bulter.  It 
is  an  oily,  colorless  liquid,  with  a  faint,  unpleasant  smell. 
It  volatilizes  at  205°  C.  and  solidities  at  —  is*  C. 
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Caprylic  acid,  OHs,  (CH,)  „.C00n,  and 

Capric  acid.  CHs.  (Cll.j)^.COOn.  arc  found  in  .sweat, 
in  clioesc.  and  as  .slyccridcs  in  biitlcr.  Cainylic  melts  at 
16.5''  C.  and  volaiilizcsat  2'M°  V.  Capric  iiicUsat30'  C. 
and  volatilizes  al  -TO'  C. 

Laurie  acid.  CIU(CII..),o,COOII,  and 

Myristic  acid.  CH3.  (Cllj)  ,s,C001I.  arc  present  as  gly- 
cerides  in  lumian  fat  and  in  buller,  also  as  compound 
ethers  in  spermaceti.  ].,auric  acid  melts  at  43.0°  and 
lU'-ristic  at  oS.iii"  C. 

Palmitic  acid.  CII3,  (CIL,)  ,,,C()()II.  is  found  as  a 
glyccride  in  all  animal  fats  and  as  ccinipo\md  ethers  in 
spermaceti  and  heeswa.x :  it  is  also  found  combined  with 
cholesterin  in  wool  fat  (lanolin).     It  melts  at  62°  C. 

Stearic  acid,  CII3.  (CIK.)  lo.COOH,  is  found  combined 
like  palmitic  acid  in  animal  iats  and  spermaceti.  It  melts 
at  69.2°  C;.  Jlar.s'aric  acid  is  a  name  sometimes  applied 
to  a  mixture  of  palmitic  and  stearic  acids. 

Arachidic  acid,  CIL,  (CII2)  if.C'OOlI,  is  found  in  but- 
ter as  a  glyccride.     It  melts  at  75°  C. 

Ccrotic  acid.  CII;,.  (CII5)  ss.COOII,  is  found  free  in  bees- 
wax. Combined  as  cetyl  ether,  it  forms  the  principal 
part  of  Chinese  wax.  The  free  acid  forms  granular 
crystals,  whicli  melt  at  78°  C. 

'Acri/iic  Acid  Series,  C„H.j„o — O2. — Some  of  the  liiglier 
members  of  this  series  form  compounds  with  glycerin, 
resembling  the  neutral  fats.  The  most  important  mem- 
ber of  this  grouji  phvsiologicallv  is — 

Oleic  acid.  ClI,.'(Cn:)M.(Cil)=.COOH;  it  is  found 
united  with  glycerin  in  all  tlie  fats  of  the  body,  as  a 
liquid  fat,  olein,  which  holds  the  higher  fats  of  the  fatty 
acid  series  in  solution  at  the  body  temperature. 

Glycolic  Acid  Serien,  C„Ho„03.  —  Carbonic  acid, 
0H,C00H,  is  unknown  in  its  free  state,  being  doubt- 
less too  unstable  to  exist.  Its  salts,  however,  are  ju'es- 
eut  in  large  quantities  in  the  body,  and  play  an  fmportant 
part  in  the  alkalinity  of  tlie  tissues  and  lluids.  Its  cor- 
responding oxide,  CO,,  is  the  principal  form  in  which 
carbon  leaves  the  bodv. 

Glycolic  acid,  II,CH0H,C00H,  does  not  occur  in  the 
body. 

Lactic  acid,  CIT,,,CHOH,COOH,  exists  in  three  isomeric 
varieties: 

1.  Fermentation  lactic  acid  is  present  in  sour  milk,  and 
in  the  stomach  and  intestines  during  digestion.  It  is 
also  found  in  small  quantities  in  the  muscles  and  brain, 
and  in  diabetic  urine.  It  is  a  colorless  or  faintly  yellow 
liquid  of  syrupy  consistency,  and  is  distinguished  from 
the  two  following  by  being  optically  inactive. 

2.  Paralactic  or  sarcolaetic  acid  is  the  iirincipal  acid  of 
meat  extracts  and  of  muscle,  and  is  also  found  in  luuner- 
ous  glands.  It  is  present  in  the  sweat  in  puerperal  fever, 
and  in  the  urine  after  severe  fatigue,  in  acute  yellow 
atrophy  of  the  liver,  and  in  phos|ihorus  poisoning.  It 
is  dextro  rotatory  to  polarized  light. 

3.  A  third  Ucvo-rolatory  lactic  acid  has  been  obtained 
by  the  fermentation  of  cane  sugar  bv  a  special  bacillus. 

"Oxybutyric  acid,  CH3,CHn,CH01LC00H.  found  along 
with  diacetic  acid  and  acetone  in  the  blood  and  urine 
of  diabetes,  is  an  odorless  syrujiy  liqtnd,  Avhich  mixes 
freely  with  Avater,  aleoliol.  and  ether,  and  rotates  polar- 
ized "light  to  the  left. 

Oxalic  Acid  Sr.ricx.  C„ll.,,—.,04.— Oxalic  acid,  COOH,- 
COOH,  is  found  in  small  quantities  in  the  urine  as 
calcium  oxalate,  and  oi'ten  occurs  in  excess  after  the  in- 
gestion of  rhubarb  or  cabbage.  It  is  usually  increased 
where  the  aiuount  of  uric  acid  is  increased.  It  may  be 
obtained  in  the  laborat<iry  along  with  urea  and  carbonic 
acid  gas  from  the  oxidation  of  uric  acid,  and  it  is  believed 
to  be  formed  from  the  latter  in  the  body  to  some  extent. 
Oxalic  acid  is  a  violent  poison.  It  ciystallizes  from 
aqueous  solutions  in  large,  transparent  prisms,  which 
effloresce  when  exposed  to  the  air. 

Succinic  acid,  COOlI.(Cll.j)-,CO0II.  has  occasionally 
been  found  in  the  urine  after  the  ingestion  of  asparagus 
and  other  vegetables  and  fruits.  It  has  also  been  ile- 
tected  in  the  sweat,  the  intestiinU  contents,  and  in  the 
thymus  and  thyroid  glands.     It   forms  large  colorless 


crystals  which  are  unaltered  by  the  air  and  which  fuse 
at  180°  C. 

Ainido  Acids  are  derived  from  the  fatty  acids  by  replac- 
ing one  or  mfire  hydrogen  atoms  by  amidogen,  NHj. 
They  are  formed  from  jnoteids  and  albuminoids  (gelatin) 
during  digestion  and  metaliolism,  and  are  considered  im- 
portant inecnrsors  of  urea. 

Carbaniic  acid,  0H,C0,XH2,  amidoformic  acid,  is  not 
known  in  the  fi'ee  state.  Its  amiuonium  .salt  has  been 
foiuid  in  the  blood  and  is  believed  to  be  an  intermediate 
substance  between  proteids  and  urea. 

Leucin.  (CII:.),,C11.CI1.,.C1I,NH,,C00H,  namidoiso- 
butj'lacetic  acid,  is  isomeric  with  and  was  formerly 
considered  identical  with  amidocaproic  acid.  It  is  pres- 
ent wherever  iiroteids  are  being  broken  up  by  tryptic  di- 
gestion, by  boiling  with  dilute  acids  or  by  puti-efaction.  It 
lias  been  found  in  certain  glands  after  death,  and  is  found 
in  tlie  lu'ine  in  acute  yellow  atiophy  of  the  liver  and 
phos])horus  jioisoning.  There  ai'e  satisfactory  proofs  of 
its  being  one  of  the  iirecursors  of  urea.  It  crystallizes  if 
pure  in  shining  while  ]ilates.  but  usually  forms  character- 
istic round  knobs  or  balls. 

Tyrosin,  H0.C;„H,,C,H3,NHo,C00H,  p-oxyphenyl- 
amidopropionie  acid,  contains  a  phenyl  group,  and  is 
consequently  a  member  of  the  aromatic  group  of  sub- 
stances as  well  as  an  amido  acid.  It  is  formed  with 
leucin  from  the  breaking  up  of  proteids  in  pancreatic 
digestion,  and  especially  in  putrefaction.  It  crystallizes 
in  colorless,  silky,  tine  needles,  w  hich  are  often  grouped 
into  tufts  or  l)alls.  It  has  not  been  definitely  proved  to 
be  a  precursor  of  urea. 

Aspartic  acid,  H00C,CJl3,NH-,C00H.  amidosuc- 
cinic  acid.  It  is  formed  from  proteids  during  pancre- 
atic digestion,  and  is  probably  a  precursor  of  urea  in  the 
animal  bodv.     It  crystallizes  in  rhombic  prfsms. 

Glutamic  acid.  I100C.C3n5,NH.j.COOH,  amidopyro- 
tartaric  acid.  It  is  formed  along  with  aspartic  acid  dur- 
ing pancreatic  digestion.  It  crystallizes  in  rhombic 
tetrahedra  or  octahedra  or  in  small  leaves. 

Lysin,  CJIn,NoO-;,  Arginin,  C6Hi4,Ni02,  and  Histidin, 
Cells, NsOj.  are  probably  amido  acids,  but  in  their  reac- 
tions they  resemble  bases  and  are  grouped  together  under 
the  name  of  the  liexone  ba.ses  because  they  each  contain 
six  atoms  of  carbon.  They  are  among  the  products  of 
proteid  de<<)mposition.  Lysatin  or  lysatiniu,  which  is 
sometimes  given  as  a  separate  substance,  is  probably  a 
nuxture  of  lysin  and  iirginin. 

Glycocoll.  XHn.CH:,COOH,  aiuidoacetic  acid,  is  also 
known  as  glycocin  or  glycin.  It  is  formed  from  the  de- 
composition of  proteids  and  albuminoids,  and  is  foimd 
free  in  the  intestine  as  a  result  of  the  breaking  up  of  the 
Inle  salts.  It  is  also  .set  free  when  hippuricacid  is  boiled 
with  mineral  acids  or  alkalies. 

Sarcosin.  NH.CIL.CHj.COOH,  methyl  glycocoll,  is  not 
found  in  the  body. 

Creatin,  Nll,t'NHn,NCHs,CH,.COOH+H-0.  may  be 
prepared  synthetically  from  cyanainide.  CN.NHn.  and 
sarcosin.  It  occurs  among  the  extractives  of  muscle  and 
is  regarded  as  a  probable  precursor  of  urea.  When  in- 
jected into  the  blood,  however,  it  loses  the  elements  of 
water  and  appears  in  the  urine  as  creatinin,  C4H7N!iO. 

Taurin,  XII....C.;11  ,.S()..,.()H,  amidoisethionic  acid,  is 
found  combined  in  the  bile  sitlts.  It  may  oecur  free  in 
small  quantities  in  the  intestines.  It  crystallizes  in  color- 
less, shining,  four  to  six  sided  prisms,  often  of  large  size. 

Bih'  Acids. — Glycocholic  and  taurocholic  acids  arc 
found  in  the  bile  combined  with  soda  to  form  the  bile 
salts.  They  consist  of  cholalic  acid  in  combination  w  ith 
glycocoll  and  taurin  respectively. 

"Glycocholic  acid,  C^oHisNOe.  is  found  in  human  and 
ox  bile,  but  is  absent  or  nearly  so  from  that  of  carni\'ora. 

Taurocholic  acid,  d.-.H^XSOT.  is  found  principally 
in  the  bile  of  the  carnivora  and  man.  but  is  also  present 
in  oxen,  shcei).  and  goats. 

Cholalic  acid.  C.>jIL„0.s.  is  found  combined  in  the 
above-named  bile  acids.  It  is  insoluble  in  water,  but 
soluble  in  alcohol,  and  slightly  so  in  ether.  It  crystal- 
lizes in  rhombic  prisms  or  in  large  rhombic  tetrahedrji  or 
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Dctaliedra.  ClioU'ic  aciil.  Cjin,„()i,  iind  fcllif  ncid. 
CoallioOi,  are  also  prcscul  in  small  (iiuintitics  in  human 
liilc.  conibinwl  in  |)la«'  of  cholalic  acid  in  llic  bile  sjilts. 

Arniiiiitic  Ari'ih. — Acids  of  tin-  licnzcne  scries.  A 
nnmlier  of  these  are  jircsent  in  the  body  in  small  (juaiili- 
tics.  They  arc  derived  partly  from  tlie  aromatic  sub- 
stances contained  in  the  food,  and  partly  from  the  break- 
in;;'  up  of  proteids.  Tyrosin  has  been  ab-eady  described 
under  tlie  amido  acids.  The  follou  ing  arc  found  prin- 
eipnllv  in  the  urine; 

llippurie  acid,  ('„Ih,(O.NH,('II,.C()()lI.  Benzoyl 
amidoacetic  acid  occurs  in  large  quantities  in  the  urine  of 
herbivora,  but  oidy  in  small  (plant ities  in  the  carnivora 
.-mil  man.  The  (luantity  in  the  urine  is  increased  by 
vegetable  food  conlaining  benzoic  acid  comiiounds.  and 
by  putrefactive  processes  in  the  intestine.  It  may  be 
dcconi])osed  into  benzoic  acid  and  glycoecill. 

Klher<'al  sulphuric  acids  include  the  following  four 
acids,  phenol  sul|ihuric acid.  ('oII:..O.S( )....( )1I,  cresol-sul- 
phuric  acid.  C:H:.(),S().;.(  »1I.  indo.xyl  sulphuric  acid  or 
indican,  C,Il6N.(),S()...,()II.  and  skatowl  sulphuric  acid. 
C,lU.N.0.8q.>.01I. 

These  aciffs  are  all  found  in  the  urine,  and  are  derived 
from  the  phenol,  t-resol,  indol.  and  skatol  whicii  arc 
formed  ill  the  intestines  as  a  result  of  the  iHilrefaclion  of 
proteids.  Any  cireunistances  favoring  t  he  lattci' ])rocess. 
such  as  intestinal  diseases  aceoni]ianicd  by  obstruction, 
increase  the  amount  of  these  acids  in  the  urine. 

Aromatic o.wacids.  of  which  the  ])rincipal  areparaoxv- 
phenyl  acetic  acid,  ('„H,,OII.Cll....('()()H,  and   parao.\y 
plienyl  propionic  acid,Cr.IIi,OH,('.JI,.('()()n.  are  foruicil 
from  tyrosin  in  small  ipiantities  in  the  intestine  and  pass 
unchanged  into  the  urine. 

.Xiirh/i-  Aci(l«. — These  are  acids  rich  in  iihosphorus,  of 
comjilex  and  variable  composition,  found  among  I  be  most 
characteristic  constituents  of  cell  nuclei.  They  combine 
with  proteids  to  form  minierous  varieties  of  nuclein  and 
nucleoproteid.  Among  the  products  of  their  decompo 
silion,  the  most  imi)ortant  are  the  allo.xuric  liodies.  also 
known  as  the  xanthin  or  still  better  as  the  purin  bodies. 

L'n'r  Arid. — CsH.NjOa,  trioxypurin,  is  found  in  adult 
human  urine  to  the  extent  of  "from  .seven  to  ten  grains 
])er  day,  combined  with  bases  to  form  urates.  In  birds 
and  reptiles  it  replaces  uri'a  in  the  urine  as  the  principal 
<-nd  product  of  proteid  nietabolisin.  fn  man  it  is  derived 
principally  from  the  miclci  of  broken-down  cells  and 
from  the  purin  bodies  contained  in  the  food.  The  extent 
to  which  it  is  foniied  from  proteids  in  the  body  cannot 
be  considered  settled.  For  further  details  about  tiric 
acid,  see  the  articles  on  O'nif  and  I'riiic. 

WckU'H  MilU. 
WiUiam  S.  ^^orr(nr. 

ACIDS,  MINERAL.  TOXICOLOGY  OF.— Tlu  only 
mineral  acids  which  re(|Uire  extended  consiileration  at 
the  hands  of  the  toxicologist  or  ])hysiciaii  are  sulphuric, 
nit  lie,  and  hydrochloric  acids. 

I.  Snlji/t)ir/c  Acid. — A  number  of  dill'erent  forms  of 
sulphuric  acid  occur  in  commerce. 

First,    the   pure  acid,    colorless    and   oily,  kntjwn    as 
clii  niii'iilly  jtiin:  ■siit/i/ii'i'ic  tiritl.  having  a  specific  gravity 
of  1,842,  and  containing  abmit  99  per  cent,  of  sulphuric 
1  acid. 

Second,  a  solution  of  much  the  sjuiie  appearance  con- 
taining U2,.5  per  ceiu.  of  sulphuric  acid,  i\w.  Acidum  ml- 
lilon-iriijii  of  the  L'nited  States  Fharmacopo'ia. 

Third,  the  dilute,  watery  solution  of  the  acid,  also  char 
and  colorless,  containing  K)  per  cent,  of  sulphuric  acid, 
the  Ariduin  nii/jt/iiiririnn  diliifniii  of  llie  I'niled  Slates 
Pharmacopceia. 

Fouitli.  the  com/Ill  iriid  iicid  of  varying  strength,  and 
colored  brown  to  black  by  organic  impurities. 

The  concentrated  acid  in  all  its  forms  is  intensely  cor 
rosive,  destroying  readily  any  organic  tissue  with  whicli 
it  may  come  in  contact.  Its  power  in  this  direction  is 
due  to  its  avidity  of  water,  it  being  able  to  extract  the 
elements  of  water  from  wood,  cloth,  or  llesh,  leaving  tiie 
residue  charred  and  more  or  less  blackened  as  a  restilt. 


On  clothing,  if  dark  colored,  the  acid  produces  a  brown 
stain  with  reil  edges,  and  after  a  lime  di-composcs  and 
softens  the  lihres  of  the  cloth,  so  that  it  easily  falls  to 
pieces.  The  acid  spot  is  always  wet,  <lue  to  absorption 
of  water  from  the  material  and  from  the  air.  On  light- 
colored  cloth  Iheaeid  producesa  brown  stain,  which  after 
a  time  turns  black  anil  destroys  the  tissue  of  the  cloth. 

Wood  is  blackeneil  by  the  action  of  the  acid,  and  at 
the  same  time  softened  anrl  <lisinlegra.ted.  In  damp 
weather  the  stain  of  this  acid  on  wiiod  is  moist,  unless 
the  acid  has  been  neutralized  by  an  alkali. 

On  the  skin  the  concentrated  acid  produci-s  an  intense, 
bitingsen.siition,  and  soon  blistersand  destroys  thccuticle, 
and  to  a  greater  or  less  extent  corrodes  the  tissues  undiT- 
neath.  If  the  aciil  is  not  removed  at  once,  the  spot  turns 
brown  ;  and  even  when  it  is  washed  away  immediately,  or 
ils  action  neutralized  by  alkalies,  the  cuticle  is  destroyed 
and  a  red  scar  remains  wherever  the  acid  has  acte<l, 
'I'his  acid,  because  it  is  so  readily  olilained,  is  the  hivorlle 
of  the  acid  thrower,  who  attein]its  to  disligure  or  blind 
his  victim  by  throwing  the  ticry  licpiiil  over  the  face  and 
person,  A  number  of  cases  ari;  re])orled  yearly  in  wliicli 
such  attempts  havi-  been  more  or  less  successful.  If  the 
acid  gets  inio  the  eyes,  its  corrosive  action  and  the  in- 
tense intiammation  it  sets  u])  are  almost  sure  .seriously  to 
impair  the  sight,  and  certainly  to  cau,se  the  most  excruci- 
aling  sulTering. 

Fatal  results  from  sulphuric  acid  introduced  into  the 
body  are  numerous.  Yet  the  acid  has  never  been  useil  in 
linmicidal  cases  excejit  when  the  intended  victim  has 
been  incapable  through  age  or  condition  of  resisting  the  ad- 
ministration of  the  acid.  For  so  intensely  sour  is  its  taste, 
anil  .so  suddenly  corrosive  its  action,  that  in  tin' very  act  of 
taking  it,  it  is  rejected.  The  results  of  taking  it  arc  there- 
fore to  be  looked  for  in  cases  of  suicide  or  accident.  A 
mnnber  of  such  cases  are  reporte<l,  and  some  in  which  there 
has  occurred  a  curious  lack  of  early  .symptoms,  the  action 
of  the  acid  .seeming to  be  delayed  by  th<'  ]ire.sence  of  food 
in  the  stomach.  SouiC  cases  are  rciiorted  in  which  the 
acid  has  been  taken  by  the  vagina  or  rectum.  In  all 
these  instances  the  corrosive  action  of  the  acid  has  been 
in  evidence  sooner  or  later. 

When  the  concentrated  acid  is  swallowed,  there  is  at 
once  th(!  most  intense  pain  in  the  mouth  and  throat.  In 
many  instances  this  sense  of  pain  is  so  excruciating  as  to 
deprive  the  person  ol  the  jiower  cjf  niolion,  yet  cases  are 
recorded  in  which,  after  taking  it,  the  ])erson  has  walked 
or  ridden  a  considerable  dislance.  The  pain  <piicUl_y  ex- 
tenils  to  the  stomach,  and  there  is  continued  vomiting  of 
a  thick,  brown  material,  strongly  acid  and  tinged  with 
blood.  The  mouth  becinnes  tilled  with  a  tough,  stringy 
mucus,  so  that  (lillicully  of  swallowingand  lo.ssof  speech 
sjieedily  occur.  Tlu^  mouth  and  the  tongue  are  greatly 
swollen  and,  at  times,  as  thougli  smeared  with  w  bile  jiaint, 
though  after  a  time  the  color  changes  to  gray  or  brown. 
The  alidomcii  is  very  painful  when  tom-hed,  aiid  is  gen 
erally  distendeil.  .\11  food  is  immediately  rejected  l)y  the 
stomach  and  vomiting  is  usually  incessant.  The  face  is 
pale  and  anxious;  theindse  isipiickand  feeble;  the  body 
cold  and  covered  with  a  cold  perspiration.  Tlx're  is  no 
delirium.  The  bowels  are  constliiated  ;  the  stools,  if  any, 
are  mon^  or  less  black  and  coiiiain  shreds  of  lining  nwm- 
brauc.  Death  usually  occurs  within  from  eighteen  to 
forty  eight  hours,  tliough  it  may  occur  from  the  second- 
ary elTects  of  Ihi'acid  ni.-uiv  months  after  the  latter  has 
been  taken. 

The  trealinent  consists  in  the  adminisl ration  of  dilute 
alkalies,  by  pri-rerence  calcined  magnesia,  though  in  an 
emergency  washing  soda  or  even  the  jila^ler  from  the 
wall  may  be  used  to  neutralize  the  acid.  and.  in  casi' of 
the  lack  of  all  these,  water  should  be  given  copinnsly. 
.Mucilaginous  and  oily  drinks  should  also  be  .-idminisli  red 
to  aid  in  recovering  the  corroded  surfaces.  Tli"  sti>!nach 
]Him]i  should  not  be  used  on  account  of  tin'  softened 
condition  of  the  tissues.  In  cases  of  imjieniling  sulToea- 
tion.  whicli  sometimes  occurs  from  the  swollen  condition 
of  the  glottis  or  from  the  presence  of  a  ina.ss  of  stringy 
mucus,  tracheotomy  must  be  resorted  to. 
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A  post- mortem  examination  of  a  case,  rapidly  fatal, 
shows  tlie  inoutli  and  touffuc  more  or  less  corroded  and 
covered  with  a  while  or  brown  coat,  the  (esophagus  cor- 
roded and  at  times  its  linini;  nicMibnine  loosened  entire  in 
the  form  of  a  tube,  orn\ore  eoniMinnly  lielaclied  in  slireils. 
The  bronchial  tubes  are  intensely  inilamed.  In  some  in- 
stances death  has  resulted  from  the  effects  of  the  acid  on 
the  organs  of  respiration  silone.  The  stomach  is  intensely 
retkleued.  and  its  mucous  surface  may  be  brown,  the 
blood-vessels  beneath  showing  as  dark  lines  through  the 
action  of  the  acid  on  the  blood.  Sometimes  the  stomach 
is  perforated,  the  edges  of  the  iierforatiou  being  black  and 
jagged,  and  the  surrounding  organs  showing  marks  of  in- 
tlanunatiim.  In  cases  of  death  fmni  the  remote  effects  of 
the  acid,  the  apl)earance  of  the  body  is  that  of  starvation. 
The  glands  of  the  stomach  are  found  to  be  extensively 
destroyed  and  the  stomach  itself  much  contracted.  Con- 
.striction  of  the  stomach  and  wsophagus  has  also  been 
found  on  post-mortem  examination. 

Recovery  has  taken  place  from  so  large  a  dose  as  three 
ounces,  and  death  has  resulted  from  lorty  drops,  in  the 
case  of  a  child.  The  amount  which  will  cause  death  de- 
pends so  much  on  individual  conditions  that  it  is  impos- 
sible to  state  what  may  be  considered  a  fatal  dose.  He 
covcry  from  a  case  of  sulphuric  acid  poisoning  is  not  usual, 
tliough  a  number  of  cases  of  recovery  have  been  reported. 

The  search  for  sulphuric  acid  in  a  case  of  death  by  its 
action  may  lead  to  negati\'e  results,  as  has  been  shown  in 
a  number  of  cases.  This  comes  fifan  the  fact  that  most, 
if  not  all,  of  the  acid  is  gotten  rid  of  by  the  incessant 
vomiting,  by  its  neutralization  by  the  remedies  admin- 
istered, by  its  combination  with  the  albuminous  mattei'S 
of  the  tissues,  or  by  its  elimination  by  the  kidneys  or 
bowels.  In  order  to  detect  the  acid,  the  vomited  material 
or  the  stomach  with  its  contents  must  be  steeped  in  water 
for  some  time,  the  solution  tiltered,  and  the  reaction  of  the 
filtrate  tested  with  blue  litmus  paper.  A  slightly  acid 
reaction  is  to  be  expected,  even  if  no  sulphuric  acid  is 
present,  owing  to  tlie  naturally  occurring  free  hydro- 
chloric acid  in  the  gastric  juice. 

A  portion  of  the  filtrate  is  to  be  carefully  evaporated  to 
small  bulk,  and  in  it  is  to  be  placed  a  lump  of  wliite  sugar 
If  any  sulphuric  acid  is  present,  the  sugar  after  a  time 
will  turn  brown  or  black,  according  to  the  amount  of 
acid  present.  If  to  a  jiortion  of  the  clear  flltrate,  made 
acid  with  hydrochloric  acid,  there  is  added  a  solution  of 
barium  chloride,  a  dense  white  precipitate  of  barium 
chloride,  insoluble  in  acids  and  alkalies,  is  formed  at  once, 
if  sulphviric  acid  be  present.  The  same  precipitate  will 
be  foimed  whether  free  or  combined  sidphuric  acid  be 
present,  and  care  must  be  taken  not  to  base  an  opinion  on 
the  result  of  this  test,  unless  it  can  be  proven  that  the 
amount  of  barium  chloride  is  in  excess  of  that  which 
would  be  present  in  the  foods  taken,  or  woidd  correspond 
to  a  greater  amount  than  that  in  any  medicine  adminis- 
tered. The  quantity  of  sulphuric  acid  is  readily  calcu- 
lated by  collecting  and  washing  the  bariimi  sulphate 
formed,  and  igniting  it  with  the  tilter  paper  in  a  porcelain 
crucible,  and  then  weighing  the  product  after  the  crucible 
has  become  cold.  Each  lijO  parts  of  the  precipitate  cor- 
respond to  43.00  ]iarts  of  anhydrous  sulphuric  acid. 

II.  Nitric  An'il. — Nitric  acid  or  aqua  fortis  is  not  so 
common  as  sulphuric  acid,  and  for  this  reason,  and  also 
because  of  its  warning  odor,  it  is  not  so  liable  as  the 
other  to  be  taken  accidentally.  A  number  of  cases  of 
suicide  and  some  cases  of  accidental  death  have  been 
traced  to  its  use.  Fatal  resvdts  have  followed  both  when 
the  fumes  have  been  inhaled  and  when  the  acid  itself  has 
been  swallowed. 

A  number  of  forms  of  the  acid  occur. 

First,  a  clear,  colorless  liquid  having  a  specific  gravity 
of  1.42,  and  containing  To  per  cent. "of  the  acid.  This 
liquid  fumes  strongly  in  the  air,  and  its  vapor  is  suf- 
focating. 

Second,  a  colorless  liquid  having  a  specific  gravity  of 
1.414,  and  containing  08  jier  cent,  of  the  acid.  This  is 
\\k  Aeidum  niiricum  of  the  Cnited  States  Pharmacop<eia. 

Third,  a  dilute  acid,  also  clear  and  colorless,  containing 


10  per  cent,  of  the  real  acid,  the  Aciclum  nitncum  dihi- 
tiiiii  of  the  United  States  Pharmacopteia. 

Fourth,  a  commercial  acid  of  varying  strength,  yellow 
or  brownish  red   in  color  and  giving  ofi  irritating  fumes. 

.\ll  the  eolorle.ss  foims  of  the  acid  are  decomposed  by 
air  anil  light,  with  the  formation  of  oxides  of  nitrogen, 
and  the  licpiids  become  colored  through  the  solution  of 
these  oxides  in  the  acid.  In  bottles  partly  full  of  nitric 
acid,  the  space  above  the  liquid  is  also  tilled  with  tlie 
gaseous  proilucts  of  the  decomposition  of  the  acid. 

The  corrosive  effects  of  nitric  acid  are  much  like  tho.se  of 
sulphuric  acid,  with  the  differences  that  nitric  acid  has 
not  so  great  an  attraction  for  water  and  that  it  possesses 
the  power  to  oxidize  most  organic  substances  with  which 
it  comes  in  contact.  Further,  it  combines  with  albumin- 
ous substances,  making  a  comparatively  stable,  yellow 
compound. 

The  vapor  when  inhaled  produces  a  sense  of  suffoca- 
tion and  fulness  in  the  head  which  is  followed  by  a  coiigh 
and  by  intlanunation.  These  symptoms  gradually  pass 
away  in  most  instances,  though  some  cases  are  recorded 
in  which  death  has  followed  the  inhalation  of  the  vapor  of 
the  acid. 

When  swallowed  in  concentrated  form,  there  is  at  once 
an  intensely  severe,  buruiug  pain  in  the  mouth  and  thrreit 
which  extends  soon  to  the  stomach.  The  stomach  is  dis- 
tended and  there  are  eructations  of  a  peculiar,  sour-smell- 
ing gas.  Vomiting  usually  occurs,  the  matters  vomited 
being  brown  in  color  and  generally  containing  dark 
brown  blood.  The  mouth  is  fdled  with  thick  nuicus  and 
there  is  often  almost  complete  loss  of  voice.  Swallow- 
ing is  intensely  ]3aiutul  and  often  impossible.  The  proc- 
ess of  breathing  is  interfered  with  on  account  of  the 
swelling  of  the  glottis  and  adjacent  parts.  Sometimes 
tracheotomy  is  necessary.  The  pulse  is  faint,  quick,  and 
irregular.  The  surface  of  the  body  is  covei-ed  with  a 
cold  sweat,  and  there  are  frequent  chills.  The  bowels 
are  constipated,  and  in  some  cases  the  urine  is  suppressed. 
Toward  the  end.  a  stupor  sometimes  comes  on,  but  the 
mind  is  generally  clear.  Death  has  taken  place  in  an 
hour  and  a  half  from  the  primary  effects,  and  from  the 
secfindarv  effects,  after  two  years.  Death  is  usually  de- 
layed from  twelve  to  twenty-four  hours. 

The  treatment  consists  in  giving  mild  alkalies  or  alka- 
line carbonates  to  neutralize  the  corrosive  effects:  milk 
and  mucilaginous  drinks  are  also  beneficial. 

The  quantity  necessary  to  produce  a  fatal  result  varies, 
as  in  the  case  of  the  other  mineral  acids,  according  to 
many  circumstances.  Death  has  followed  the  swallow- 
ing of  two  drachms,  and  recovery  has  taken  place  after 
half  an  ounce  has  been  swallowed. 

The  jKLst-mortem  appearances,  when  death  has  occuiTcd 
within  a  short  time  after  taking  the  acid,  show  a  yellow  or 
brown  color  on  the  mouth  and  lips,  and  the  skin,  where  the 
acid  may  ha\e  fallen,  is  burned  and  easily  detached.  A 
yellowish  or  brownish,  frothy  liquid  issues  from  the  nose 
and  mouth.  The  abdomen  is  usually  distended,  the 
membranes  of  the  mouth  are  white  or  slightly  yellow,  the 
teeth  are  corroded,  and  sometimes  there  are  yellowish  stains 
at  the  junction  of  the  teeth  and  gums.  JIarks  of  inflam- 
mation are  present  in  the  larynx  also.  The  lining  mem- 
brane of  the  O'sophagus  is  softened  and  often  easily  de- 
tached in  long  stri]is.  The  lungs  are  congested.  The 
stomach  isintiamed  and  shows  yellowish  or  brown  patches 
or  streaks.  The  nuiscidar  coats  of  the  stomach  are 
generally  softened,  but  the  organ  is  seldom  perforated. 
The  infianunation  .irradually  decreases  in  intensity  from 
the  stomach  downward,  and  the  small  intestines  show 
only  slight  marks  of  the  acid.  In  prolonged  cases  there 
are  noted  .ureat  ccnitraction  and  marks  of  ulceration  iu 
the  oesophagus  and  stomach.  In  some  cases  the  stomach 
has  been  founil  with  large  scars,  or  almost  obliterated,  or 
attached  to  adjacent  organs,  with  its  cardiac  and  jiyloric 
openings  contracted  to  a  mere  thread.  The  body  is 
emaciated,  the  per.son  having  died  from  starvation — a 
view  which  is  borne  out  by  the  condition  of  the  stomach 
and  organs. 

In  ease  the  patient  has  long  survived,  there  is  no  use 


TO 


REPERENCK  HANDBOOK   OP  THE   ^rEDICAL  SCIENCES. 


Ai'idN. 
AeldK. 


to  search  in  tlie  dead  body  for  indications  of  tlie  acid. 
The  nuist  pronilsinjr  material  for  sucli  investijration  is.  of 
course,  tlie  vomited  matter,  but  if  this  be  not  available, 
the  stomach  and  its  contents,  if  any,  may  reveal  the 
presence  of  the  acid,  provided  death  has  followed  the 
ingestion  of  the  acid  williin  a  few  hours. 

In  order  to  make  the  uecessjiry  lesls  for  the  presence 
of  the  acid,  the  materials  at  hand  arc  treated  with  water 
at  a  ycnlle  heat  for  some  time.  The  mi.\(nrc  is  tlien 
filtered  and  evaporated  to  small  volume,  I'orlionsof 
the  solution  are  then  tested  as  follows. 

Pirst,  test  the  reaction  of  the  material  with  blue  litmus. 
If  the  litmus  is  reddened,  it  shows  the  ]ireseiice  of  an 
acid,  which  in  this  case  may  be  nitric  acid,  hydrochloric 
acid,  or  lactic  acid,  or  an  acid  salt. 

Second,  to  a  crystal  of  brueiue  in  a  poicelaln  dish  a<ld 
a  small  amount  of  the  .solution  and  warm.  Jf  fiic  nitric 
acid  is  present,  the  crystal  turns  red. 

Third,  to  a  saturated  solution  of  ferrous  sulphate,  add 
in  a  test  tube  a  little  of  the  susijccted  solution  carefully, 
so  as  not  lo  mi.\  the  two  liquids.  In  a  short  time  a 
brown  or  brow,inshblack  line  appears  at  the  iunction 
of  the  two  li('|uids,  if  nitric  acid  is  present.  If  alkalies 
have  been  ailmiiii.stered,  concentrated  suljjhurie  acid 
must  be  added  to  the  portion  of  the  liquid  used  for  this 
test,  the  mi.xture  cooled,  and  the  iron  solution  ijoured  on 
this  mi.xture. 

Pourtli,  to  a  portion  of  the  solution,  hydrochloric  acid 
is  added,  and  a  fragment  of  gold  leaf,  'i'lie  solution  is 
then  carefully  heated.  If  Litric  acid  is  jiresent.  a  part 
of  the  gold,  at  least,  will  dissolve.  The  ])re.sence  of  the 
gold  in  solution  may  be  proven  by  treating  the  li(|uid 
after  tiltration  with  stannous  chloride,  wlien  in  the  jiics- 
euce  of  gold  a  purple  coloration  results. 

Fifth,  a  portion  of  the  liquid  evaporated  to  small  bulk 
is  placed  in  a  flask  and  to  it  is  added  sinue  concentrated 
sulphuric  acid,  A  .strip  of  bibulous  paper  that  has  been 
dipped  in  boiled  starch  containing  a  little  dis.solved 
l)f)tassium  iodide  is  suspended  from  a  cork  fitted  to  the 
mouth  of  the  tlask.  After  a  time  the  paper  is  turned 
blue  in  the  presence  of  nitric  acid. 

III.  Iliiihiirlilniic  Aciil. — Hydrochloric  or  muriatic  acid 
oee\irs  in  commerce  in  several  forms: — 

Pirst.  as  a  clear,  cohirlcss  liquid  that  fumes  strongly 
in  the  air,  giving  off  .suffocating  vapors  and  absorbing 
water.  The  solution  has  a  specific  gravity  of  \.H).  and 
contains  40.8  per  cent,  of  acid. 

Second,  as  a  clear  solution,  having  a  si>ecitic  gravity 
of  1.10,  and  containing  ol.O  per  cent,  of  acid. 

Third,  as  a  clear  li<pud  prepared  from  the  preceding 
by  dilution,  and  containing  10  per  cent,  of  hydrochloric 
acid. 

Fourth,  as  a  yellow  liquid  containing  a  variable  amount 
of  the  acid  and  colored  yellow  by  iron.  This  acid  also 
contains  traces  of  arsenic  and  other  inqjurities. 

As  in  the  case  of  the  other  acids,  hydrochloric  acid  oc- 
casions serious  consequences  because  of  its  corrosive  na 
turc,  and  is  less  active  in  proportion  to  its  dilution.  It 
is,  however,  the  least  corrosive  of  the  common  mineral 
acids,  and,  on  account  of  the  irrespirable  gas  given  oil. 
the  concentrated  acid  is  less  liable  than  the  otliers  to  be 
taken  l)y  accident  or  to  be  administered  in  homici<lal 
cases. 

When  the  strong  acid  is  swallowed  there  is  at  once  in 
tense  pain  in  the  mouth,  throat,  and  stomach.  f<jllou-eil 
by  vomiting  with  eructations  of  gas.  In  some  cases  a 
white  vapor  is  also  seen  escaping  from  the  mouth.  The 
votnited  luatters  have  a  strongly  aciil  reaction,  and  aie 
brown  in  color  and  Siimetimcs  streaked  with  blooil.  The 
pulse  is  feelile  and  quick,  the  breathin.g  labored,  atid  the 
snrfaeeof  the  body  is  cold  and  covered  with  jiersiiiration. 
The  month  and  throat  appear  white  and  swollen. 

The  treatment  in  cases  of  hydrochloric  acid  poisoning 
consists  in  the  administration  of  dilute'  alkalies  and 
mucilaginous  and  oily  drinks.  The  carbonates  arc  not  to 
be  used  except  as  a  last  resort,  on  account  of  the  softened 
condition  of  the  stomach. 

Recovery  has  occurred  from  a  large  dose  of  the  acid. 


and  death  has  followed  the  taking  of  n  small  one.  The 
amount  necessiirily  fatal  is  ludiiiouu,  the  result  dc|)eu(l- 
ing  more  on  bodily  conditions  and  treatment  than  on  the 
amount  of  the  acid. 

If  the  ease  procci-<ls  rapidly  to  a  fatal  termination,  the 
a]q)earances  at  the  jiost  luortem  are  generally  as  follows: 
The  mouth,  tongue,  and  throat  are  white  and  swollen,  the 
e])i.glottis  much  enlarged,  thiMesophagus  devoid  of  its  lin- 
ing  membrane  lo  a  greater  or  less  extent,  or  thrown  into 
longitudinal  foldsand  thickened,  Thelungsare  inflamed 
anil  ,somewhat  congested.  The  stomach  shows  the  cor 
rosive  elTects  of  the  acid;  its  walls  are  much  softencil 
and  sometimes  i)resent  a  charred  a]>|)eai'ance.  The  in 
Icstines  also  show  luarks  of  intlauunation. 

The  (lelecllon  of  the  acid,  except  In  the  materials  first 
vomited,  is  extremely  dillicult,  aiid,  complicated  liy  the 
fact  that  there  are  i)reseiU.  in  thcMiody  normally  a  Vary- 
ing amovuit  of  chlorides  an<l  even  of  free  hyd'rochloric 
acid.  Tests  of  the  material  siqiposed  to  contiun  the  acid 
are  made  by  treating  it  with  water  for  a  considerable 
tiuK^  and  lil'tcring  the  li<pnd.  A  portion  of  the  filtrate  is 
treated  in  ii  jioreehnn  dish  with  a  few  drops  of  phloro- 
glucin  vanillin  solution,  made  by  dissolving  2  gin.  of 
plilorogluciu  and  I  gm.  vanillin  in  :{(>  c.c.  of  alcohol- 
Oii  careful  evaporation,  a  re<l  line  a|>pears  at  the  junc- 
tion of  the  liquid  and  the  dish. 

The  filtrate  ttu'iis  blue  litmus  red. 

The  concentrated  liipiiil  causes  white  fumes,  if  a  glass 
rod  dippi'd  in  concentrated  ammonium  hydrate  be  held 
near  it. 

A  portion  of  the  filtrate  added  to  a  solution  of  silver 
nitrate  givesa  white  curdy  precipitate,  insoluble  in  acids, 
but  readily  soluble  in  ammonium  hydrati'.  Ilydrochloiic 
acid,  free  or  eomliined,  gives  this  reaction,  and  the  above 
test  is  of  use  only  in  case  the  amount  of  the  preci|iilate 
is  largely  in  excess  of  what  might  l)e  due  to  the  chlorides 
in  foods  and  in  thi^  gastric  juice.  The  aliove  precipitate 
also  furni-shes  a  ready  means  of  estimating  the  amount  of 
the  hydrochlorii'  acid  present,  if  tlie  preciiiitate  is  care- 
fully <lried  at  ItIO'  ('.  and  weighed,  eacli  hundred  parts 
corresponding  lo  ■-?-■). 4:!  parts  of  anhvdious  hvdrix'hloric 
acid.  "  ■     II,  ,l„ii  M.  Hill. 

ACIDS,  THERAPEUTIC  ACTION  OF.— In  treating  of 
the  tlnraiicutic  iiciiiai  cil  acids,  ii'lriciicr  is  directed  to  the 
stronger  acids  which  ]io.-isess  all  the;  chemical  cliaractcrs 
of  this  group  in  a  marked  degree.  The  most  important 
are  sulphuric,  nitric,  hydrochloric,  phosphoric,  acetic, 
citric,  and  tartaric  acids.  Of  the  vast  host  of  other  acids, 
represented  by  boric,  ben/oie,  oleic,  carbolic,  Siilieylic 
acid,  etc.,  the  chemical  <liaraetcrs  of  the  true  acid  are 
either  absent  or  gi'adually  diminish  until  they  are  over- 
shadowed by  other  imiiortant  theraiieutic  properties. 

VV'liena]ii)lied  to  the  tissues,  the  local  elfect  varies  from 
tin;  powerful  coifosive  action  of  sulphuric  acid  lo  the 
mild  irritation  of  the  vegetalile  acids.  Sulphuric  acid 
is  destructive  to  all  ti.ssues,  altering  and  destroying  them 
lieyond  recognition.  It  is  extremely  hygroscojiie,  and 
this  afiiuity  for  water  is  the  cause  of  its  great  pene- 
trating and  (liiTused  action.  It  eombiiies  with  the  al- 
bumin, fibrin,  etc.,  pro<lucing  a  jelly  like  mass  which 
may  be  i>artially  discolored  anil  charred.  The  milder 
solutions  sim|)ly  coaguhite  and  disorganize  the  albu- 
minous structures.  Nitric  acid  acts  similarly,  but  is 
less  severe.  In  addition  to  its  corrosive  ell'ects,  it  pi'o- 
iluces  a  cliameteristic  yeIlowi^h  stain,  which  serves  to 
distinguish  it  from  other  acids.  .\  somewhat  similar 
stain  is  caused  by  bromine  and  iodine,  but  marksof  either 
of  these  are  readily  removed  by  a  little  caustic  potash, 
while  the  nitri<-  acid  stain  becomes  of  a  brighter  hue  liy 
the  action  of  tlie  alkali.  Hydrochloric  acid  is  very  much 
weaker.  It  does  not  cause ihi'  same  destruction  of  tissue 
as  the  other  two  acids,  but  tin-  parts  become  white  m- 
whitish  brown  by  its  coagulation  of  tin-  albumin:  at 
times  bulla'  and  lilisters  may  form.  On  the  soft  mucous 
surfaces,  the  strong  acid  may  produce  a  swollen;  struc- 
tureless mass.  The  other  acids,  with  the  exception  of 
glacial  acetic  acid,  are  .siiiqili.-  irrilanth. 
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When  the  acids  are  administered  internally,  the  local  ef- 
fects are  tlie  same  as  when  tliey  arc  aiijilicrl  to  tlie  skin, 
but  more  severe  on  accounl  of  llic  ynalcr ilclicacv  of  (lie 
tissues.  Ill  addilion  to  tlie  action  upon  the  inucous  nieiii- 
Xiraue.  they  also  act  upon  the  .secretions  and  ii])on  the  con- 
tents of  the  stomach.  In  medicinal  iloscs.  the  lieiieticial ef- 
fects of  dilute  acids  are  marked,  but  how  far  this  is  due  to 
their  local  action  or  is  .secondary  to  action  after  absorption, 
is  still  an  unsettled  iiuestion.  After  absorjition  tliey  lose 
their  acid  character,  tliey  combine  with  the  alkaline  bases 
in  the  blood,  and  render  it  less  tdkaline.  but  never  pro- 
duce acidity.  'Phey  arc  cxcreti'd  as  sulphates,  chlorides, 
etc.  The  presence  of  hydrochloric  acid  in  the  gastric 
juice  is  regarded  as  a  true  secretion  of  the  gastric  glands. 
As  cscliarotics.  acids  are  a  useful  adjunct  to  the  thera- 
peutic armamentarium.  Sulphuric  acid  is  not  so  much  em- 
ployed as  it  was  formerly,  when  it  was  a  favorite  reagent 
for  removing  morbid  growths.  Its  painful  effects  and 
great  iienetrating  power  are  objectionable,  and  it  is  rc- 
lilaced  liy  other  caustics  which  are  more  easily  controlled. 
This  penetrating  property,  however,  renders  it,  as  well 
its  nitric  acid,  of  \alue  in  bites  and  wcninds  of  poi.sonous 
animals.  Nitric  acid  is  always  selected  when  any  de- 
strnctionof  tissue  isdesired.  Its  value  in  sj-philitic  sores 
and  phagedenic  ulccraiion  is  well  recognized.  It  removes 
the  necrosed  tissue  and  produces  a  healthy  growth  of 
granulations.  ( 'hromic  acid  and  carbolic  acid  may  be  meu- 
tioued  here.  They  are  not  true  acids,  but  their  caustic 
properties  are  frc(|Uently  resorted  to.  Their  action  is 
more  easily  controlled.  Init.  in  the  ease  of  <liromic  acid  in 
particular,  e\'ilelTectsniay  follow  itsabsorjilion.  Hydro- 
chloric acid  is  seldom  used,  although  it  was  at  one  time 
often'employed  to  destroy'  tlit^  membrane  in  diphtheritic 
throats.  The  use  of  acetic  acid  is  almost  limited  to  the 
slow  removal  of  warty  growths  and  the  treatment  of 
ringworms. 

In  weak  solutions  the  acids  become  stimulating  and 
disinfecting  lotions.  Nitric  acid  has  been  found  of  ser- 
^"ice  in  indolent  ulcers  and  wounds,  and  iu  cystitis.  Hy- 
drochloric acid  is  employed  for  the  same  purpose  in  the 
anginas  of  scarlet  fever  and  diiilitheria.  Iu  very  dilute 
solutions  all  acids  jiossess  a  cooling  and  refreshing  action 
when  applied  to  the  surface  of  the  body;  they  also  exert 
an  astringent  effect  upon  the  blood-vessels  and  sweat 
glands,  as  when  employed  to  prevent  or  lessen  the  night 
sweats  of  phthisis.  Nitromiiriatic  acid  baths  anil  com- 
presses have  been  extolled  as  a  means  of  relieving  the 
hepatitis  of  hot  climates. 

When  administered  as  a  beverage  all  acids  are  most 
refreshing.  This  is  well  known  in  all  tropical  countries. 
Lemonaile,  lime  juice,  dilute  phosphoric,  acetic,  citric, 
and  tartaric  acids  are  universally  employed.  Their 
effervescing-  sails  are  particularly  useful.  The  treat- 
ment of  fevers  by  the  continuous  employment  of  acids 
has  many  disciples.  Tliey  l1ro^■e  refrijerant  and  disin- 
fectant, promote  digestion,  and  if  there  is  any  diarrlia'al 
tendency,  their  astringent  jiropcrties  become  of  service. 
The  vegetable  acids,  either  imre  or  in  combination,  have 
a  more  relaxing  effeet  and  promote  excretion  by  the 
emunctories.  Beaumont  f<iiiiill. 

ACNE.— Definition.— Aiii<>  in.-iy  lie  deliiieil  as  a  dis- 
ease of  the  sebaceous  glands  of  llie  skin  and  of  the  fol- 
licles of  the  lanugo  h!urs  attached  to  them,  thus  being 
both  a  folliculitis  and  a  perilollieulitis.  It  is  character- 
ized by  their  intlammation  and  suppuration,  and  often 
by  their  destruction,  with  a  resulting  sear. 

Tlie  term  acn<'  has  been  qualified  in  accordance  with 
various  salient  features  presented  by  its  lesions  or  with 
certain  clinical  characteristics  in-cdominant  in  a  case, 
and  there  are  therefore  found  in  literature  such  terms 
as  acne  vulgaris,  pustidosa,  puiietata,  juvenilis,  adoles- 
centium.  etc.  All.  however,  represent  the  s;ime  proc- 
ess. In  addition  to  these,  the  name  acne  has  also  been 
applied  to  a  large  luimber  of  affections,  which  have 
nothing  whatever  in  eonimon  with  true  acne,  but  which 
represent  totally  different  pathological  entities,  ami 
among  these  are  included  tuberculous  affections,  drug 


eruptions  (iodine  and  bromine  acne),  or  folliculitides 
of  artilicial  origin  (tar,  oils,  and  grease,  etc).  For 
the  sake  of  simplicity  and  detiniteness.  the  disease  will 
be  treated  of  here  under  the  heading  of  acne  simplex — 
tlie  more  superficial  form — and  of  acne  indurata — the 
deeper-seated  variety.  Acne  rosacea,  being  a  compound 
process,  will  receive  separate  mention. 

Sy.mpto.vi.vtology.  —  Acne  Stmple.i:  —  Acne  simplex 
possibly  represents  the  most  common  form  of  the  dis- 
ease, as  it  is  the  one  developing  particularly  about  tlie 
age  of  puberty  and  in  young  people.  Instances  have  also 
been  seen  at  a  much  earlier'age,  and  likewise  later  in  life, 
about  the  cliinaeterie.  Appiareutly.  it  occurs  more  often 
in  the  female  than  in  the  male  sex,  but  the  ratio  between 
them  is  ])robablv  more  relative  than  exact.  The  lesions 
characterizing  the  affection  occur  without  regularity  or 
symmetry,  though  they  are  usually  distributed  bilater- 
allj-.  Still,  variations  are  met  with,  such  as  one  side  of 
the  face  being  intensely  attacked,  and  the  other  side  only 
slightly,  and  sometimes  it  is  found  unilateral.  Acne  oc- 
curs on  the  face  especially,  but  it  also  often  appears  on 
the  chest  and  shoulders,  and  sometimes  on  the  upper 
arms,  or  it  extends  down  the  back  even  to  the  thighs. 

The  lesions  characterizing  acne  simplex  are,  comedones, 
papules,  and  pustules.  In  this  variety  of  the  disease,  the 
comedo,  or  popularly  the  blackhead,  as  a  rule  constitutes 
a  central  point  around  which  the  intlammatory  changes 
take  place.  These  can  usually  be  seen  and  traced" in 
every  case,  and  consist  of  redness  around  the  comedo, 
then  formation  of  a  papule,  and  lastly  trausforinatiou 
into  a  pustule.  Lesions  may,  however,  arise  indejiend- 
cntl}'  of  the  comedo.  The  lesion  having  become  pustular, 
remains  as  such  for  a  few  days;  the  redness  then  begins 
to  fade  and  a  crust  forms,  which  falls  off  in  the  course 
of  a  few  days  or  more,  leaving  a  slight  stain,  or  a  scar,  or 
a  pitting.  The  pustular  transformation  does  not,  how- 
ever, take  place  in  all  of  the  lesions.  JIany  of  them 
having  reached  the  papular  stage,  remain  in  that  form  for 
a  variable  length  of  time  and  then  gradually  imdcrgo  in- 
volution. Neither  do  all  the  comedones  become  im- 
plicated and  result  in  papules  or  pustules,  but  many 
persist  in  fa'tii  unchanged.  In  consequence,  on  an  affected 
surface  all  stages  of  the  disease  are  usuallv  met  with,  and 


FiG.  12.— Section  throagli  a  SnperflPial  Acne  Lesion  (.\cne  Simplex). 
(Autlior's  (imwing.) 

comedones,  papules,  pustules,  crusts,  stains,  and  sears 
are  seen  more  or  less  aggregated  together  without  order 
or  regulai'iiv,  the  Avliole  constituting  the  condition  known 
under  the  name  of  "  pim|ily  skin"  or  "  pimples.  " 

The  lesions  of  aeiie  simiilex  present  no  especial  subjec- 
tive .symptoms,  though  when  handled  the  intlamed  ones 
are  sometimes  slightly  painful.  Occasionally  a  burning 
sensation  or  itching  is  complained  of. 

The  scars  and  .stains  lesiilting  from  the  lesions  vary  in 
degree,  in  numlicr,  and  in  size.  In  many  cases,  no  scars 
iire  produced  and  the  subsidence  of  the  inllaminatory 
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symptoms  marks  the  end  of  the  Ifsioiis.  Ollicrs.  hiiw- 
over,  leave  decided  stains  and  sears.  The  stains  may 
remain  for  a  few  \veel<s  only :  but  the  writer  has  seen 
them  persist  for  montlis  with  scarcely  any  ehanjie.  As 
a  rnle.  they  gradually  fade  and  idtimately  disappear 
without  leavini;  any  pinuientation  or  trace.  In  the  cases 
in  which  scarring  takes  place,  the  scars  often  remain  for 
all  time,  thonjrh  occasionally'  the  skin  seems  to  smooth 
out  entirely  after  a  few  year,s.  These  (lill'ev<'nces  in  the 
results  of  the  lesions  are  naturally  dependent   u|ion  the 
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Pig.    13.— Secliou    througli   an    Afiie    Indunita    I'listuie,     (.-Vutlior's 
drawing, ) 

tissues  of  the  individual  atTected,  the  formation  of  scars 
beiu,2  commonly  found  in  stnunous  subjects  and  in  those 
.sufferini^r  fiom  malnutrition  of  various  origin, 

When  an  acne  lesion  is  opened  and  its  contents  evaen 
ated,  these  will  be  found  tf>  consist  of  jius,  blood,  sebace- 
ous matter,  and  the  comedo,  when  this  latter  is  ])resent. 
After  evacuation,  the  lesion  heals  rapidly  and  the  process 
is  at  an  end.  Still  just  next  to  that  gland,  another  may 
become  attacked,  and  in  that  way  the  ili.sease  constantly 
renews  itself,  lesions  appearing  every  da\'  and  the  same 
train  of  symptoms  repeating  theni,selves  for  a  varying 
period  of  time.  Acne  always  runs  a  chronic  course;  thai 
is,  a  limit  of  existence  within  which  it  ceases  to  rec-ui- 
caimot  be  made,  and  the  comforting  assurance  so  often 
given  to  young  pal  iiiits  that  when  they  reach  legal  age 
their  affliction  will  disappear,  is  based  upon  fancy  and 
not  at  all  u])oii  fact.  The  simple  variety  of  acne  may  be- 
present  during  tlu'  entire  cou'se  of  the  affection,  or  it 
may  become  of  the  severer  type — the  indurate  form — or 
it  may  be  complicated  by  the  development  of  a  rosacea. 
The  simple  and  indurate  form,s,  however,  very  conunonly 
coexist,  one  or  the  other  preponderating  from  time  to 
time. 

Anil  liiihiriitii. — The  deeper-seated  variety  of  acne — 
the  indurate  form — i.>resents  clinical  symptoms  dilfering 
in  degree  and  extent  from  tliose  whit-li  occur  in  the  type 
just  described.  Comedones  are  often  present,  but  tln-y 
do  not  constitute  an  essential  portion  of  the  pro<-ess, 
nor  do  the  lesions  have  their  origin  in  connection  with 
them.  The  efllorescences  of  acne  inilurata  vary  in  si/e 
from  a  pea  to  a  small  nut.  They  originate  deeji  in  the 
tissues  and  enlarge  slowly  or  rapidly,  requiring  some 
days  and  even  a  week  before  softening.  The  intlam 
matory  reaction  is  not  limited  to  the  .gland  alone,  Imt 
affects  the  surrounding  tissues,   and    while  in  cases  in 


whicli  the  lesions  arise  acutely  their  color  may  lie  a 
bright  red,  in  olli<-rs  it  may  bedull  redandeven  purplish. 
In  shape,  great  variations  are  seen,  and  the  inliunied  lesion 
may  be  rounded,  or  elongaled.  or  irre.Lndar,  and  it  may 
also,  by  the  implicali(pn  of'seveial  contiguous  glands,  give 
origin  to  a  furuncular  or  abscess-like  formation.  The 
occurrence  of  the  suppurative  change  is  in  some  cases 
very  active,  and  there  is  a  rapid  transfi>nna1ion  of  the 
indurated  area  iiUo  a  (lus  cavity;  but  in  others,  only  a 
small  amount  of  pus  forms  in  theceiUral  jioriion,  and  the 
hard  and  lejise  condition  of  the  original  lesion  iiersists, 
Spontaneinis  ruplure  does  not  occur,  and  unless  its  con- 
tents are  evacuated  mechanically,  the  lesion  may  remain 
for  days  and  even  weeks,  slowly  uiiilergoing  involution. 
After  it  has  been  opened,  it  may  relili  again,  and  even 
many  times,  or  until  thoi-ough  evacuation  of  all  its  con- 
tents has  taken  place.  Acne  indurata  is  nuich  more  a])t 
to  leave  scars  than  acne  simplex.  The  scarrin.ir,  l;ow- 
ev<'r,  (;ccurs  most  readily  in  subjects  of  lax  fibre,  or  w  ho 
have  strumous  antecedents,  or  who  are  accustomed  to 
empty  the  lesions  liy  hard  siiueezing  or  other  irregnlari 
mechanical  means,  Tlii'  sr-ars  jiroduced  have  no  cliarac-/' 
teristics  and  are  generally  at  tirst  jiurplish  and  livid,  but 
finally  lliey  become  white  in  color.  Keloidal  or  libroid 
degeni'ration  has  been  seen  by  the  writer  as  a  sequela. 
This  form  of  the  disease  attacks  the  same  localitiesas 
have  been  mentioned  for  acne  simplex,  lint  it  occurs  on 
the  trunk  more  freipiently  than  the  latter.  The  le- 
sions may  occiu-  singly,  discrete,  and  only  few  in  num- 
ber, or  the}'  may  be  very  numerous  ami  more  or  Ics-s 
aggregated  together.  In  fact,  |)afclies  may  occur  on 
which  they  are  so  crowded  thai  it  is  diHicull  "to  make  out 
th(^  separate  lesions. 

Acne  induiala  lends  to  run  a  cluimic  course  and  to 
Jiersist  for  a  number  of  years.  Only  a  few  lesions  may 
appear  from  time  to  time,  or  there  may  be  severe  ou{- 
breaks,  and  cro|)  after  crop  may  arise  until  thealTccted 
surface  is  covered  with  the  manifestations  of  the  process 
— ])a])ules,  pustules,  crusts,  and  scars — and  every  stage 
of  evoluticm  and  involution  of  the  disease  be  present  at 
IIk'  same  time.  It  is  doubtful  if  sjiontaneous  di.siipjiear- 
ance  of  the  in<lurale  form  ever  takes  placi'.  thoUL'li  such 
is  not  infreciucnt  for  the  sinqile  variety.  In  connection 
with  bolh  the  simiile  and  tlie  imlurate  type  of  acne, 
seliorrhiea  oleosa  occurs  very  commonly,  the  skin  then 
pi'e.senting  a  greasy,  oily  as|i<ct,  being  yel|owi,sii  in  color, 
with  most  usually  tin-  follicular  orilices  dilateil,  giving 
the  surface  a  sieve  lik<'  a]ipearance.  The  process  known 
as  seborrhoic  eczema  (l)erm.atilis  seboirhoica)  is  also  a 
frequent  complication,  the  skin  then  iiresenting,  in  addi- 
tion to  the  acne  lesions,  scaly  patches  of  irregular  out- 
line, or  palches  coven'd  with  thin  greasy  S([\ianiie  or  even 
fatty  I'rusts.  It  is  in  such  cases  that  itching  is  geneiidly 
complained  of.  Besides  these,  any  oilier  cutaneous  dis- 
ease may  coexist  with  an  acne. 

Ai'iia  (^iflui'tlt'onnii. — Tlu;  form  of  culaneous  eru|vtion 
to  which  llii^  name  of  afne  citrliiHiruniin  is  given  occurs 
in  poorly  nourished,  marasmic,  strumous  individuals, 
1  hough  cases  have  be<'n  recorded  which  developed  in  those 
perfectly  healthy.  The  process  is  generally  associated 
with  tnbercidous  glands  of  the  iii'ck  and  with  Lichen 
scrofulosum.  The  trunk  and  lower  extremities  are  most 
commoidy  the  seal  of  the  <  ruption,  though  the  arms  may 
be  alTected  and  likewise  the  face,  Tlx'  le.sions  are  of 
large  size — pea  to  a  nut :  they  are  dark  red.  jiurplisli.  and 
even  livid  in  color;  they  are  not  lense  or  prominent,  but 
flattened  and  tla<-cid.  Xo  sebaceous  plugs  are  pn-seru. 
•and  the  contents  ari'  scanty,  consisting  of  a  sero  jmrnlent 
fluid.  They  form  crusis,  and  umh'rne.'ith  llie-ie  ulcera- 
tion occurs.  In  some  cases,  the  lesions  become  hemor- 
rhagic, .\fter  healing  has  t,-d<en  place,  .-i  livid  and  pur- 
l)Iish  scar  of  irregul.-ir  shape  persists  for  .-i  li'm,'  time, 
linally  beco'ming  white.  Occasionally,  lli^'  Iriiids  are 
affected  and  become  (edematous  and  bluish  I'd.  and 
covere<l  with  nodules  and  pustules.  Il  is  d.iubiful  to- 
day whelher  tliis  process  should  be  reaai'di  d  as  an  acne 
at  all.  In  its  coursi'  and  general  .syie.ptoius  il  ditTers 
greatly  from  ,acne  indurata,  thoULdi  it  is  possible  that  the 
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differences  are  due  more  to  the  soil  conditions  in  wliicli 
the  process  occurs  tlian  to  any  special  pathological 
CJiusjitivc  factor.  Slill.  owini;  to  the  presence  o£  the 
tuberculous  uUinds  and  the  coexistence  of  Lichen  scro- 


FiG.  14. —Acne  CartiPftiooruin  of  the  Face.     (From  a  photogiapli 
taken  by  In:  (Jeorge  H.  Fo.x.) 

fulosorum.  a  tendency  exists  to  regard  it  as  a  form  of 
"  scrophuloderma  "  and  of  tuberculous  origin. 

The  iodide  ami  bnii/ii'de  iicne  ave  eruptions  caused  by 
these  drugs  -when  taken  internally.  The  iodic  acne  oc- 
cupies the  same  regions  as  acne  in  gem-ral.  though  it  is 
very  apt  to  be  more  disseminated  over  the  surface. 
There  are  no  comedones,  but  the  lesions  appear  as  an 
acute  eruption  of  hard  papules,  which  may  enlarge  and 
become  pustular.  General  symptoms  of  iodism  are  usu- 
ally coexistent.  The  liromide  acne  appears  often  on  the 
face,  but  lias  a  predilection  for  the  hairy  surfaces — scalp 
and  eyebrows.  The  lesions  are  pajuiles.  pustules,  and 
tubercles.  They  often  form  around  the  hair  follicle  and 
the  lesion  is  pierced  b.y  a  hair.  Both  of  these  may  be 
caused  by  any  iodine  f)r  bromine  compound,  and  though 
the  erupiion  generally  ceases  with  the  cessation  of  the 
drug,  it  may,  however,  persist  for  several  mouths  after- 
ward. 

Acne  pict'K,  tar  acne,  occurs  in  those  regions  njion 
which  tar  has  been  used.  The  orifices  of  the  sebaceous 
glands  become  bloclced  up  with  the  tarry  plug,  which 
acts  in  a  similar  manner  as  the  comedo  and  leads  to  peri- 
follicular iiillammatiou  and  the  formation  of  a  papule. 
Pustulation  also  takes  place  at  times.  The  same  condi- 
tion may  result  from  the  use  of  chrysarobiu.  The  ap- 
plication of  ointments,  particularly  in  tho.se  regions  in 
more  or  less  constant  contact  with  each  other— the  in- 
guinal, the  axillary  regions,  for  instance — very  often 
produces  a  follicular  disturbance  viry  analogous  to  an 
acne,  in  so  far  that  the  lesions  im|ilieate  the"  sebaceous 
glands  and  consist  of  pajniles  which  become,  later,  pus- 
tules. There  can  also  be  referred  to  here  the  folliculitis 
of  the  face  and  arms  of  flax  sinnners  (Purdon).  and  the 
eruption  occurring  on  the  thighs,  which  isdue  to  the  oils 
and  grease  used  by  spinners  in  their  vocation  (Leloir). 


PATitoLOGY. — The  pathological  changes  in  acne  are 
constituted  by  inflamniatiou  of  a  sebaceous  gland,  the 
occurrence  of  sujipuration,  and  in  a  greater  or  lesser  de- 
gree the  destruction  of  the  gland  and  the  surrounding 
tissue.  Tlie  cause  of  there  changes  may  be  of  various 
origin  and  is  certainly  not  a  single  specitic  one.  It  may 
be  the  comedo  or  other  agent  blocking  up  the  follic- 
ular orifice,  and  acting  as  a  foreign  body  causing  jieri- 
follicular  congestion  and  inflammation  through  some 
chemical  change.  The  caussil  agent  may,  moreover,  be 
some  puthogenic  micro-organism  present  in  the  follicle 
prior  to  its  closure,  or  carried  to  it  through  the  circida- 
tion.  The  fact  that  certain  micro-organisms  have  been 
found  to  be  espeeially  associated  with  the  production  of 
pus  has  suggested  that  the  acne  pustule  was  the  result 
of  infection  of  the  .sebaceous  follicle  by  some  one  or  other 
of  these  pyogenic  germs.  But  the  literature  on  the 
subject  is  too  chaotic  to  warrant  absolute  statements  in 
that  regard,  for  we  find  that  though  the  Staphylococcus 
pyogenes  aureus  and  the  Staphylococcus  pj'ogenes  albus 
have  been  found  present  by  some  observers  (Barthelemy 
and  others),  yet  Uuua  has  a  special  micro-organism  for 
acne,  Boeck  has  another,  and  Gilchrist  advises  us  in 
1899  that  he  lias  one  different  from  all  of  these,  and  it  is 
this  which  is  tfie  specific  one.  With  all  of  these  micro- 
organisms accused  of  causing  acne,  no  inoculation  ex- 
periments have,  however,  been  carried  out;  and  .since  the 
causal  relation  between  the  lesion  and  themselves  is  so  far 
based  onl3'  on  their  presence  in  the  cases  examined,  it 
would  be  better  to  leave  to  the  future  the  decision  in  re- 
gard to  their  effect  in  the  production  of  the  lesion.  Tliej'' 
may  l)e  the  cau.se  of  the  acne  lesion,  but  at  the  same  time 


FIG.  l.">.— .^cne  Cilchoctlconnu  at  tlie  Bacl;.     (From  a  pliotograpli 
taken  by  Dr.  George  H.  Fox.) 

they  may  not  be.  At  any  late.  they  certainly  are  cot 
the  only  cause,  as  is  evident  when  experience  has  been 
obtained  from  observation  of  many  cases:  which  repeat- 
edly suggest  that  the  eruption  is  often  the  outcome, 
proliably,  of  some  toxic  agent  in  the  circulation,  which 
is  sought  to  be  eliminated  by  the  skin,  and  which  acting 
as  an  irritant  leads  to  a  perifollicular  inflammation  and 
a  subsequent  folliciditis. 
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ACNE   INDURATA,  showing  the  deep-seated  lesions  which 

DISTINGUISH  IT   FROM  THE  SIMPLE  VARIETY. 

(from   the  collection  Of    PHOTOGRAPHS  OF   DR.   GEORGE   HENHV  FO*.  ' 
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Patiioi.ocicai.  AXATdMY. — Accdixliuj^  to  many  u  rilcrs, 
the  stiirting  point  of  the  intlnniniiitoi-y  clianj;c"is  lUdimil 
tlie  I'ollii-k' of  Iho  liinujro  liair  iiltac-lied  to  the  itlaiid,  llw 
Irttlt-r  bcfoming  only  sccouibirily  iniplicatfd  in  llii' proc- 
ess. The  wriler  lias,  Iiowever.  fre(|Uently  found  tlie 
liair  folliele  absoUitely  intael  and  nol  concefned  in  llie 
pustular  formation.  The  inllannnatory  ehanjres  always 
lieiiin  around  the  folliele — that  is,  it  is  primarily  a  peri- 
follieulitis.  The  tissues  are  infiltrated  willi  round  cells 
which  arc  located  at  tirsi  around  ilie  network  of  blood- 
vessels supplying  the  sebaceous  gland  attacked.  Unna 
states  that  the  intiltration  consists  of  i)alsma,  large  fusi- 
form "  ma.st  "  and  a  lew  giant  ceils,  leucocytes  being  found 
oidy  when  suiiiniratioii  lias  occurred.  The  degree  of  infil- 
tration varies  in  dillVrent  lesions  and  cases.  The  wriler  has 
fiamd  thai  in  acne  simplex  lesions,  iidiltralion  is  more  su- 
pcrticial  and  located  about  the  duet  and  upper  part  of  the 
gland,  while  in  the  iuduralc  form  it  is  deeper  and  around 
the  body  of  the  gland  especially.  It  may  also  c.v tend  wide- 
ly throughout  the  cutis;  and  several  contiguous  glands  be- 
coming aU'ected.  they  melt  together  into  one  inllannnatory 
and  suppurating,  area.  The  perifollicular  inllammation 
having  e.xfe'nded  to  the  gland,  its  parenchyma  becomes 
infiltrated,  its  cavity  is  distended,  and  its  walls  ru|iture 
in  places.  Its  contents  are  then  compose<l  of  .sero-librin- 
ous  fluid,  sebaceous  debris  and  leucocytes,  some  intael 
glandular  eijithelium,  and  often  tln^  comedo.  In  acne 
simplex  the  gland  is  not  always  (Iestro_ved,  but  in  acne 
indurata  it  generally  is.  The  same  changi-s  may  affect 
the  follicle  of  the  lanugo  hair  attached  to  (he  gland. 

Etioi.oov. — The  etiological  causes  active  in  the  pro 
duetionof  acne,  whether  of  the  sitiijile  or  indurate  variety, 
are  manifold,  and  the  jirocess  cannot  in  any  sense  of  the 
term  be  regarded  as  of  sjiecific  origin.  Whether  the 
niany  disturbauccs  or  sy.stcinic  conditions  found  in  con- 
nection with  these  cases  are  to  be  estimated  as  of  Ciiu.sa- 
five  importance,  or  as  simply  of  predis]iosing  elTcet,  is  a 
question  which  will  be  determined  when  the  jiatliological 
origin  of  the  disease  is  absolutely  established,  f'ntil  then, 
it  can  only  be  said  that  without  their  jiidper  valuation 
and  consi<leration,  no  case  of  acne  can  be  understood  or 
its  nee<ls  correctl\'  estimated,  for  it  is  more  upon  these 
etiological  factors  that  treatment  should  be  based  thtin 
tiiion  any  other  feature  presented  by  the  process.  Age 
plays  an  important  part,  as  the  inceiitionoflhedi.sca.se 
in  the  large  majority  of  ea.ses  is  at  or  about  the  time  of 
puberty.  Still  itoccur.s  at  other  a,i:cs,  and  the  writer  has 
seen  it  develop  at  every  period  of  life  between  jiuberty 
and  the  climacteric,  and  even  later.  In  youth,  acne 
simplex  is  most  common,  but  acne  indurata  occurs  most 
frequently  after  twenty-five.  That  it  tends  to  disipiicar 
at  tiie  age  of  twenty-one — a  belii'f  so  current  atnong  the 
laity  and  unfortunately  the  general  medical  iirofe.ssion 
also — is  an  unwarranted  assumption,  due  to  llu  fact  that 
many  patients  have  at  that  a.ge  recovered  from  one  or 
another  disturbance  of  nutrition  incident  to  their  de- 
velopment, and  occurring  during  the  period  in  which 
stability  of  their  tissues  was  in  a  stage  of  transition  ;  that 
is,  major  etiological  causes  of  the  disease  had  by  that 
time  been  removed  by  nature,  liy  general  treatment  for 
other  systemic  conditions,  or  by  greater  care  of  the  func- 
tional and  general  health  on  the  jiart  of  the  individual 
afflicted,  through  education  and  possibly  observation  of 
the  relation  existing  between  thecru]ition  and  some  ile 
vialion  from  normal  health. 

Jlenstrual  and  uterine  disorders  are  frcc|Uently  accused 
as  preilispo.sing  factors  in  the  iiroduction  of  acne,  but  still 
too  much  stress  should  not  be  laid  upon  them  alone,  since 
the  cause  of  the  menstrual  disturbance  may  more  ]irop 
erly  be  the  important  factor.  At  any  rate,  an  aggravation 
of  an  existing  acne  will  commonly  occur  before,  during, 
or  after  a  menstrual  eiKich.  And  yet  the  abtiormal  con 
ditions  which  affect  this  function  may  be  entirely  re 
moved,  but  the  eruption  will  persist;  or  the  acne  may  lie 
radically  cured,  while  the  functional  or  other  disturlianee 
of  the  uterine  organs  remains  unchangi'd.  In  a.ssociation 
with  the  proecs.s,  all  other  forms  of  functional  and  nutri- 
tive disturbance  are  also  met  with.     Constiiiation  is  very 


frecinent  and  not  imconunonly  i;hronic  catarrhal  forms  of 
diarrlwea.  Chlorosis  or  ana-mia  of  varialilc  i;rades  and 
debility  of  various  origin  are  often  llii-  basic  factors, 
(lastric  iind  intestinal  dyspepsia  ar(;  common,  though  in 
iny  experience  it  is  most  usually  fermentative  intestinal 
indigestion  which  is  of  im|)oriance.  Dilatation  of  the 
stomach  has  been  stated  to  be  |iarticnlarly  common  in 
these  cases,  but  it  is  undoubtedly  exccpticinal.  Mental 
and  jihysical  exhaustion,  cxces.ses  of  aiiv  and  everv  kind, 
mtislurbation,  urethral  irritation,  a  .sedentary  life,"  exces- 
sive exerci.se,  the  gotdy,  rheumatic,  or  struinous  consti- 
tution, all  must  be  mentioned  as  caii.ses  of  acne  in  them- 
selves or  through  their  influence  upon  the  svstemic 
health.  Hut  if  analysis  is  applied  to  all  of  these"  it  can- 
not but  be  evident  tl'iat  the  whole  may  be  coniiirised  in 
the  category  of  lowered  or  (h'liased  luitrition,  as  all  are 
produi'tive  of  more  or  less  marked  nutritive  disturbance 
of  the  organism.  In  consequence,  the  etiologv  of  acne 
can  be  briefly  stated  to  dcjiend  es|)eeially  upoii  some  dis- 
turbance occurring  in  till'  functional  or  systemic  health 
of  an  individual,  which  results  in  disordered  or  lowered 
nutrition.  External  and  local  causes,  however,  also 
play  a  certain  part  in  the  production  of  the  disease. 
.\mong  these,  there  miiy  be  mentioned  exposure  to  cold 
winds,  to  irritationof  various  kinds,  inattention  to  clean 
liness,  etc.  Tlu'  face,  the  locality  most  geni-rallv  aflccfed, 
is  that  surface  especially  and  constantly  expo.si-d  to  such 
faclors  as  changes  of  temperature,  to  dust  and  dirt  of 
every  description  carried  hy  the  winds,  to  irritating  in- 
fluences of  many  kinds;  and  the  fact  that  it  is  attacked 
so  disi)roporlionately  in  fre(|Uenee  to  other  surfaces 
e(|ually  or  almost  as  rich  in  sebaceous  glands  would 
su,gg<'St  that  these  v;u'ious  external  a.genis  and  can.ses 
hav(^  an  influence  in  devcloplngor  at  least  in  a,<;.gravafing 
many,  if  not  all,  cases  of  the  disease. 

As  particular  causes  of  acne,  the  atrophic  form  of 
rhinitis  has  been  mentioned,  and  recently  a  (iennan  col- 
league has  claimed  that  all  cases  of  the  process  owe  their 
origin  primarily  to  some  slight  or  severe  ulcerative  or 
erosive'  process  in  the  nasid  cavities,  which  allows  en- 
trance of  pyogenic  germs  into  the  lymphatic  circulation. 

The  acne  due  to  the  use  of  iodine  and  bromine  compounds 
has  as  its  direct  inducing  cause  one  of  those  subslauecs, 
and  is  a  drug  eruption;  not  an  acne  in  a  strict  sense, 
but  one  of  artificial  origin.  Tlie  s;ime  ma.v  be  staled  in 
regard  to  the  follicnlifis  due  to  the  closure  of  the  follicle 
by  t;ir — after  use  <if  a  tar  oinlment — and  known  as  acne 
]iicea;  while  the  maiiv  other  priu-csscs  dubbed  acuc  of 
one  kind  or  <itlicr  having  nothing  in  cominon  eliologi- 
ciilly  with  acne  simplex  and  indgrala,  .should  all  be  strictly 
di.sassociated  from  these. 

The  ell'ect  of  diet  upon  the  disease  is  of  some  impor- 
tance, since  it  ma.v  originate  the  process,  through  llie 
functional  disturbances  which  it  may  create,  or  it  may 
iig.irravatc  an  already  existing  acne,  .\mong  the  articles 
of  diet  which  niiiy  be  iiarticularly  mentioned  are  sweets 
of  all  kinds,  jiastries,  oalnie;il.  cheese,  nut.s,  highly  sea- 
soned and  rich  foods,  shelltish,  et<-.  Milk  in  certain  in- 
dividuals apjiears  to  have  thi'  effect  of  causing  an  out- 
break <if  lesions:  so  iilso  has  cream,  fermented  drinks, 
such  as  beer,  etc.,  champagne  and  .syrups  with  .sodji  or 
natural  waters. 

DiAoxosis. — There  should  he  no  diliicidty  in  making 
the  diagnosis  of  a  case  of  acne.  Popularl.v  known  as 
■■  ])impics  "  or  a  "pimply  fac-e  "  or  an  attack  of  "  black- 
heads,"' it  is  so  eomnion  that  its  recogtiition  should  he 
inunediate.  Especially  isthis  the  case  withacne  simplex, 
in  which  the  e<imedo  plays  so  im])orlanl  a  role;  hut  acne 
indurata  may  at  times  offer  s<ime  points  of  doubt.  The 
pajiiilar  form  of  eczema  may  he  ditTercntiated  by  its  oc- 
currence on  the  extremities  as  well  as  on  the  face,  and  it 
is  never  linufed  to  the  latter.  Its  lesionsare  smaller,  often 
crowneil  with  a  minute  vesicle,  and  they  tend  to  coalesce 
into  patchis;  they  arc  very  itchy,  and  when  opened  do 
not  contain  sebaceous  debris.  The  vesicular  or  pustular 
elevation  is  supertieial  and  r<'sults  in  the  formation  of 
epidermic  scalesand  small  exudation  crusts.  The  pustu- 
lar syphilide  may  he  mistaken  for  acne,  and  vice  versa; 
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and  so  muth  is  this  the  case  that  oue  form  of  syphilitic 
eniptiou  has  Dccn  named  aeneit'oi-m.  'Pliese  lesions  may 
be  limited  to  the  I'aee,  but  they  are  more  often  coincident 
with  syphilitic  manit'estalionson  olher  (larts  of  the  body 
orontiie  mucous  membranes.  They  tend  lo  fonu  groups, 
to  drv  and  become  c'overed  with  crusts;  and  when  these 
are  removed,  a  punclied-out  ulei'ratiou  tilled  with  sero- 
jiurulent  fluid  and  bounded  by  a  more  or  less  infiltrated 
wall  is  found,  Many  mistakes  in  diagnosis  are  made  be- 
tween au  indurate  acne  and  the  superficial  gummatous 
.syphilide — the  so-calleil  tubercular  syphilide — especially 
when  the  latter  is  situated  cm  the  nose.  But  the  error 
should  not  occur  when  it  i.s  liorne  in  mind  that  the 
syphilide  as  a  rule  is  circinn.scribed  iu  its  occurrence,  its 
lesions  are  grouped,  indolent,  undergo  softening  and 
crust  formation,  an<l  beneath  the  latter  ulceration  occurs. 
The  process  very  usually  extends  slowly  in  an  exceutric 
or  serpiginous  in"am\cr,  leaving  more  or  less  marked  cica- 
trices. .\cnc  iudurata,  on  the  other  hand,  runs  a  more 
acute  course,  is  jiainful  and  furuncular  iu  aspect,  occurs 
here  and  there  without  rd'crence  to  pre-existing  lesions, 
does  not  tend  to  form  groups,  heals  up  rapidly  afterevacu- 
atiou,  does  not  ulcer-ate  nor  tentl  to  progress  in  a  serpig- 
inous manner,  and  freiiuenlly  leaves  no  scar,  or  at  the 
most  one  supcrticial  and  ill  defined. 

There  is  a  pajiular  form  of  ervthenia  occurring  at  the 
menstrual  eiioch  in  women  which  is  very  usually  con- 
founded with  acne.  It  is  papular  in  character,  though 
occasionally  a  pustide  occurs.  It  appears  on  the  face 
especialh-.  but  sometimes  over  the  neck  and  shoulders. 
Its  appearance  is  brusk,  a  few  day.s  before,  during,  or 
just  after  the  menstrual  epoch.  It  may  consist  of  a  few 
or  of  man}'  lesions,  which  are  frankly  inflammatory  and 
about  the  size  of  a  small  pea.  They  do  not  contain  any 
comedo  nor  .sebaceous  matter;  they  itch  and  burn,  per- 
sist for  a  few  days  to  a  week,  and  then  subside,  to  rca]i 
pear,  however,  at  the  time  of  the  next  period.  This 
eruption,  purely  a  reflex;  pajivdar  erythema,  is  usually 
regarded  as  an  aenc.  but  it  should  be  strictly  separated 
from  it. 

Prognosi.s.. — The  prognosis  of  an  acne  is  favorable, 
and  it  can  be  said  that  all  cases  of  the  disease  are  curable, 
provided  that  the  etiological  factors  existing  in  any  given 
case  are  correctly  estimated,  and  that  the  therapeutic 
efforts  are  carried  out  carefully  and  sj'stematically  by 
the  patient.  Acne  also  may  and  does  disappear  spon- 
taneously, but  ih:it  is  the  case  when  the  one  or  other  cause 
of  the  process  has  also  been  removed  by  course  of  time, 
improvement  of  .general  somatic  conditions,  etc. ;  but  in 
view  of  the  distiguremeiit.  scarring,  and  changes  wliich 
may  occur  in  tlie  skin  from  I  he  disease,  it  is  not  advisable 
to  wait  for  a  spontaneous  involution  and  to  leave  the 
patient  without  such  jiropcr  care  as  will  keep  the  proc- 
ess within  boimds  or  gradually  cause  its  entire  cessation. 
In  giving  to  a  patient  ilie  prognosis  of  his  or  her  acne, 
it  shoulil  also  be  borne  in  mind  that  the  .same  cavrses  can 
produce  the  same  cITects.  and  that  the  ccanplete  or  lasting 
cure  of  the  eruiition  will  therefore  depend  upon  tlie  in- 
di\iduars  avoidance  of  the  particular  cause  or  cau.ses  or 
factors  which  have  been  found  fo  be  the  basis  for  the 
existence  of  the  disease  in  any  given  case.  As  to  the 
length  of  time  needed  to  cure  a  case,  definite  statements 
should  not  be  made,  since  Ihc  duration  of  treatment  will 
have  to  depend  upon  the  response  of  the  patient  to  the 
remedial  agents  mailc  use  of,  the  care  and  system  with 
which  the  orders  of  the  |)hysician  are  carried 'out.  the 
age  of  the  patient,  and  particularly  upon  the  possibility 
of  removing  the  etiological  cause  or  causes.  Still,  if  not 
absolutely  cured,  no  case  should  lie  dismissed  as  incur 
able,  as  all  can  be  very  materially  benefited  by  proper 
care. 

Tre.vT-MENT. — The  methods,  procedures,  and  remedies 
pertaining  to  the  treatment  of  acne  are  manifold  and 
various,  being  such  as  have  to  do  with  the  general 
systemic  health,  and  such  as  are  local  and  ajiiilicablc  to 
the  lesions  themselves.  In  no  sense  of  the  term  is  there 
any  specific  medication  in  vogue  or  any  drugs  which 
can  he  regarded  as  specific,  hut  every  case  has  to  receive 


such  treatment  as  is  indicated  by  the  conditions  found 
lo  exist.  The  statement  just  made  refers  especially  to 
the  intei-nal  and  general  systemic  care,  and  in  tiicse 
particulars  there  is  no  tlisease  in  which,  as  it  may  be 
put,  "individualization"  of  treatment  is  so  necessary 
and  called  for.  As  a  rule,  no  two  cases  can  be  treated 
alike,  hut  each  nuist  receive  such  special  advice  as  may 
be  judged  to  be  required,  after  a  thorough  investigation 
into  the  bodily  and  functional  health  of  the  patient,  his 
habits,  mode  of  life,  diet,  etc.  Under  these  circum- 
stances, should  constipation  be  the  factor  in  the  case,  it 
should  be  relieved  bj'cascara  sagrada,  aloin,  or  some  other 
remedy  alfecting  tlie  bowels,  or  by  means  of  diet,  proper 
exercise,  cold  douches,  etc.  Gastric  or  intestinal  iiidigcs 
tion,  fermentative  processes,  should  be  appropiiatcly 
combated  by  dietary  measures,  the  mineral  acids,  pep- 
sin, etc.,  or  by  intestinal  antiseptics^resorcin,  sulphocar- 
bolate  of  soda,  salicin,  charcoal,  etc,  and  by  such  other 
measures  as  are  indicated  for  these  conditions.  If  de- 
bility or  ana-mia  exists,  then  tonics  are  called  for:  iron, 
nux  vomica,  mercurj',  the  vegetable  bitters,  feeding  up, 
general  hygienic  methods,  etc.  The  ferrum  reducliuu, 
the  carbonate,  and  the  dry  sulphate  of  ii'on  have  proved 
the  best  in  my  experience;  h;emogalioi  is  particularly 
good  when  the  stomach  rebels  against  the  other  forms  or 
when  constipation  exists.  Except  to  tuberculous  subjects, 
the  iodide  of  iron  should  not  be  given,  owing  to  the  pos- 
sibility of  the  iodine  causing  an  eruption.  'VVhen  admin- 
istering iron  iu  cases  of  acne,  the  blood  should  be  tested 
at  the  beginning  of  its  use  for  its  percentage  of  ha'mo- 
globin,  and  retested  every  two  to  three  weeks.  Only  in 
this  way  can  certainty  be  had  that  the  iron  given  is  being 
assimilated  and  the  blood  state  is  or  is  not  improving. 
Practically,  Flci,schrs  luemometcr  answers  all  require- 
ments for  testing.  For  strumous  subjects,  cod -liver  oil, 
the  hypophos])hitcs,  and  the  malt  preparations  ari!  espe- 
cially valuable.  If,  on  the  other  hand,  the  acne  occurs  in 
gouty  subjects,  in  those  who  are  rheumatic  or  plethoric, 
who  show  evidences  of  deficient  elimination,  then  alkaline 
mixtures,  the  potash  salts — except  the  iodide  and  bro- 
mide— iitliia,  ,s;iline  purgatives,  colchicum,  the  ,salicylates, 
strict  regimen,  etc,  are  of  the  greatest  service.  In  other 
words,  every  indication  obtained  from  in\estigatiou  of 
the  patient's  liistor_v  should  be  duly  estimated  and  re- 
ceive such  attention  as  it  requires.  It  is  useless  to  take 
up  each  seriatim,  Vmt  all  should  be  considered  together  in 
ord<!r  to  obtain  as  rapid  progress  as  possible.  The  effects 
of  calcium  suliihide  are  illusory :  none  when  given  alone; 
but  wlien  exhibited  together  with  dietary  regulations, 
with  other  internal  and  local  treatment,  then  improve 
ment  is  seen  in  the  case.  But  the  result  is  obtained  by 
those  same  measures  when  no  calcium  sulphide  is  ad- 
miuistcrcfl.  Arsenic  is  of  use  under  certain  conditions, 
but  should  not  be  reganled  as  a  specific.  As  a  rule,  more 
harm  than  benefit  is  done  by  it.  It  is  of  value  in  certain 
eases  in  which  anaauia  or  debility  is  present.  In  acute  ex- 
anqiles<if  the  disease  it  is  eontraindicated,  but  it  may  be  of 
benefit  in  those  which  are  chronic  iu  type.  In  those  acnes 
which  are  complicated  b}'  a  seborrha'a  oleosa,  or  in  which 
the  process  is  sluggish  and  the  lesions  are  indolent  and 
leave  congested  .stains,  ichthyol  internally  is  frequently 
of  value.  Be,gimiing  with  five-grain  doses  three  times  a 
day,  the  amount  may  gradually  be  increased  until  gr, 
XV.  ter  in  die  .are  being  taken.  Tlu'  drug  is  harmless,  and 
f(u-  its  best  elf  eets  should  be  continued  forseveral  months. 
The  question  of  diet  is  of  some  importance,  but  yet  it 
should  not  be  carried  to  an  extreme,  nor  be  regarded 
as  the  keynote  of  the  treatment.  In  general,  it  msiv  lie 
staled  that  the  diet  should  be  composed  of  nutritious  and 
easily  digesleil  food,  and  the  various  articles  chosen  or 
forbidden  should  depend  to  the  greatest  extent  u))on  the 
digestive  conditions  in  existence  in  the  individual  case 
under  care.  As  a  rule.  I  have  found  that  it  is  advis- 
able to  forbid  in  all  cases  such  articles  as  arc  comprised 
under  the  heading  of  sweets — desserts,  candies,  jams,  pre- 
serves, iiies,  rich  puddings,  etc — and  also  oatmeal, 
cheese,  and  nuts.  Besides  these,  the  diet  shouhl  exclude 
stimulating,  highly  seasoned,  and  indigestible  foods  of  all 
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kiiiils.  Oystcrsare  allowiiblf.  but  lolistcisaiul  cralis  will 
be  found  injurious.  Ck-ar  soups,  plainly  cookril  lisli, 
roast  ami  broiled  and  boikui  meats,  poultry  anil  jjaine, 
vegetables  of  all  kinds,  sidads  with  plain  vinegar  and  oil 
dressinir  are  perfeelly  allowable  for  all  eases,  but  al  I  he 
s:nne  time  the  diet  iulhesi-us  well  as  in  all  liiirli<-ulars 
will  have  to  be  varied  aeeording  to  the  necessities  of  the 
individual  ease.  It  may  thus  be  foun<l  llial  in  one  milk, 
cream,  butter,  and  fats  will  be  benelicial,  while  in  others 
they  will  be  injurious;  iu  some,  a  light  clan't  or  I{hine 
•wine  with  the  meals  is  distinctly  benetleial,  but  in  others 
all  wines  will  be  lianid'ul.  The  same  remarks  are  perti- 
nent as  regards  iieer,  alcohol,  tea  and  eolfee;  and  on  the 
whole,  it  may  be  .stated  that  so  far  as  diet  is  concerned, 
the  sjime  rule  should  be  followed  as  has  been  laid  down 
for  the  internal  medication  of  acne — that  is,  it  ,shonl<l  be 
made  to  conform  to  the  needs  and  the  re(nurements  of 
the  individual  alllicied,  and  not  with  a  view  of  furnishing 
a  spetilic  regimen  which  shall  of  itself  remove  the  iilllic- 
tion. 

General  hy.irienie  laws  should  also  he  eid'orced.  E.xer- 
cise  in  moderation,  but  not,  however,  to  tla^  excessive 
point  it  is  carried  to-day,  is  of  value,  and  so  also  is  a  change 
from  a  sedentary  to  an  active  life.  Attention  to  ]iersonal 
cleanliness,  to  bathing,  to  etniy  hours  is  clearly  indicated, 
and  dissipation  and  e.xcesses  of  all  kinds  shoidd  be 
avoided. 

The  locul  tiU'iitiiKiit  of  acne  is  of  eipial  imiiorlanee  with 
the  internal  and  with  the  general  care  of  the  iiatient.  for  by 
these  means  the  lesions  of  the  disease  can  bi-  removed  and 
a  healthy  action  of  the  skin  can  be  brought  about,  and  t  hat 
even  before  the  predisposing  causes  liuve  been  entirely 
disposed  of.  ^lany  cases,  moreover,  can  lie  cund  by 
external  treatini-nt  alone,  but  the  writer  has  failed  so  lai' 
to  obtain  such  a  result  from  exehisiviOy  iiUernnl  i-ii-c. 
Both,  in  reality,  shoulil  go  hand-in  hancl  in  firder  to  gel 
the  best  and  most  rapid  cure  of  the  ]>rocess. 

The  tirst  recpnsite  in  the  local  treatment  is  th"  use  of 
soap  and  water.  The  surface  of  the  skin,  thi'  scat  of  an 
acne,  should  be  tlionnighly  washed  night  and  morning. 
Any  good  toilet  soap  is  all  that  is  necessary,  but  a  marble 
or  sand  soaj)  has  been  reconnncnded,  as  wi'll  as  the  Tr. 
Siiponis  viridis.  iSnperfalted  soaps  containing  rcsorcin, 
iclithyol,  sulphur,  or  mercuric  chloride  are  also  advised 
and  used,  but  uidess  left  on  the  surface  over  night,  foriu- 
stance,  they  offer  lit  tie  ad  vantage  over  a  plain,  pure  soap. 
Tar  soaps  are  decidedly  injurious  in  these  cases,  particu- 
larly if  rubbed  into  and  left  on  the  skin,  inasmuch  as  the 
tar  may  lead  to  the  development  of  an  acne  picea.  The 
water  should  be  fresh  and  cool — about  tlur  temperature 
of  the  room;  and  in  the  writer's  ojiiin'on  and  cxpeii(^nce, 
hot  water  is  injuiious.  Still,  it  is  reconnncnded  by 
many  as  of  value  when  apjilied  for  a  nundicr  of  mimitcs 
every  night  at  as  hi.uh  a  tem]ierature  as  can  be  borne  by 
the  ]ialicnt.  Face  steaming  is  also  advised  by  some,  the 
external  remedy  ordered  being  afterward  rubbed  into  the 
skin.  The  "writer  certainly  cannot  vouch  for  the  value 
of  either  one  of  these  procedures,  as  he  himself  has  never 
found  them  other  thati  objectionable,  increasing  the 
amount  of  the  eruption,  inducing  often  a  seboi-rhiea 
oleosa,  aeeompanied  by  a  relaxed  <'ondition  of  the  skin 
and  <lilated  follicular  orifices,  and  causing  the  skin  to  have 
a  sieve  like  apiicarance.  He  has  also  found  that  these 
procedures  were  liable  to  cause  a  iiersistcnceof  the  proc- 
ess and  to  occasion  fre(|uent  relaiises.  The  same  state- 
ments he  wotdd  also  make  in  regard  to  facial  inassjige. 
.so  frequently  recommended  and  useil  to-day.  as  in  his 
experience  he  has  found  that  it  often  causes  an  outbreak 
of  acne  and  invariably  a.ir.gravates  a  pre-exi.sting  one. 
Still  all  of  these  may  in  some  cases  he  heneficial,  but 
they  certainly  are  not  adajited  for  all,  and  shovild  iKit  be 
made  use  of  as  regular  modes  of  treatment. 

The  comedones  should  be  dealt  with  according  to  the 
directions  given  tuiderlhat  section.  Curetting,  both  Un- 
them  and  the  acne  lesions,  has  been  reconunendcd  by 
various  writer,s — Ilebra.  .Jr..  Fox.  Broctj ;  a  dermal  curette 
is  used,  and  th(^  face  is  goiar  over  and  thoroughly  .scraped 
once  every  week  or  ten  days.     The  operation  is  rather 


painful,  anil  though  •  tiuii-s  thi'rc  mav  lie  mpiil  improve- 
ment, yet  unless  ih"  patient  is  treated  locally  and  iiiler- 
nally  at  the  ssiine  tunc,  the  relief  is  only  temporary  and 
a  marked  ic!a;.se  is  apt  to  follow.  I  wish  to  emphasize 
this  stali-ment  because  in  a  large  nundier  of  cases  which 
have  come  under  my  observation  the  previous  treatment 
consisted  solely  of  re[,eated  curetting,  and  yet  the  re- 
lief ■dTorded  had  been  only  temporary.  Incision  of  all 
the  lesions  with  a  sharp-pointed  iiistonry  and  complete 
evacuation  of  their  conti-ms  constitute  very  desirable 
steps.  When  the  acne  lesion  has  been  (pute  large,  or  a 
veritable  alwcess  has  formed  (through  the  coalescence  of 
several  lesions),  or  such  an  abscess  has  re  formed  de- 
spite repeated  o|)enings  with  the  knife,  it  is  advis- 
able to  swab  out  the  cavity  with  pure  carbolic  iicid  or 
with  pure  or  lifly  jier  cent,  iehthyol.  An  ordinary 
match  slightly  sharpened  is  all  that  is  necesssiry  for  con- 
veying the  antiseptic  into  the  cavity.  For  lesions  which 
are  indumte.  indolent,  and  olistinate,  not  contaiinng  pus. 
linear  scarilication  has  been  reconunendcd  by  Vi<lal  and 
electrolysis  by  Broc(|.  The  latter  procedure  invariably, 
however,  causes  more  or  less  marked  scars.  Forthe  obsti- 
nate lesions,  the  writer  has  obtained  good  results  from  the 
Emplastrum  hydrargyri,  or  from  imre  iehthyol,  or  from 
the  rn,guentum  hydrargyri  nitialis  diluted  one  half  or 
more.  The  local  agents  and  leincdies  which  have  been 
used  and  r<'Commcndcd  for  the  treatment  of  acne  are 
innumerable  and  of  the  most  various  kinds.  Vet  all 
which  will  be  found  beneficial  possess  some  dc'gree 
of  antiseptic  action.  The  application  chosen  should 
vary  according  as  the  ])rocess  is  acme  in  character,  or 
partakes  rather  of  the  indolent  and  chroiuc  type.  For  the 
former,  .soot  hingapplieat  ions  should  be  used,  and  forthe 
latter  those  which  are  stinudaling  and  capable  of  causing 
a  certain  amount  of  a<tive  reaction  in  the  tissues.  In 
all  cases,  li(|uid  ageiUs,  solutions,  etc.,  are  far  prefer- 
able,  and  only  occasionally  are  .salves  .-md  greases  ad- 
visable. When  the  eruption  is  acutely  intlamed,  then; 
can  be  used  a  lotion  of  K  Magnesia'  carbonafis,  Zinci 
oxidi,  aii  gr,  xv.;  Aeiili  carbolici.  gr.  .x,  (or  Acidi  borici, 
gr.  XV.;  or  resorciiu.  gr.  v.,  etc.);  Aqua'  rosa',  3  I, 
j\I.  Calamine  may  be  substitut<'il  for  the  magnesia  in 
tlie  lotion,  or  aqua  calcis  can  be  used  instead  of  the  rose 
water.  Other  lotions  suitable  for  these  cases  are: 
Liquor  ]ihindii  subacetatis  dihui.  or  I{  Bisnmtlii  snh- 
nitralis,  'jij.;  Ichthyoli,  gr,  xv, ;  Aipia'  ros;v.  acpia- 
calcis.  afi  3  ss.  M.  If  the  patient's  skin  is  a  dry  and 
harsh  oih'  and  a  seborrlaea  oleosa  does  not  complicate 
the  acne,  then  an  ointment  can  be  used.  Suitable  (aies 
would  be:  1{  Acidi  sidicylici.  gr.  xv. ;  Zinci  oxidi.  gr. 
xl.  :  rnguenti  a(|ua'  rosa\  3  i.  JI.,  or  a  two  jier  c(  nt. 
ichthvoi  ointment,  or  one  containing  acid,  lioracicum, 
three  to  live  per  cent.,  etc.  The  remedy  clmsen  should 
he  kept  more  or  less  constantly  on  the  atTected  siu-faee. 
in  order  to  obtain  the  best  residts.  and  if  jiossiible  it  should 
therefore  l)e  used  both  day  and  night. 

The  large  majority  of  acne  cases  being,  however,  of 
the  chronic  type,  a  greater  choice  fif  remedies  is  tU'cded. 
and  they  iire  also  rci|uired  when  the  acute  stage  of  the 
disease  has  subsided  and  the  case  h.-is  alsohecouK'  imlolent 
in  character  and  conrs<'.  Of  especial  value  are  a|ipliea- 
tionscontainint;'  sul|ihur.  It  may  hi-  used  in  powder  form 
mixeil  with  starch  in  the  iiroporlion  of  one  to  four,  or  as 
high  as  one  to  one,  that  is,  eipial  i>arts.  But  it  is  in 
lotions  that  sulphur  is  most  useful,  though  many  recom- 
mend it  in  the  form  of  a  ten-per-ci'iit.  ointment  or  paste, 
1{  S\ilphuris  sublimati.  gr.  I.  to  3  ij. ;  Cret:e  pra'panU.-e. 
kaolini,  aa  3  ij. ;  rnguenti  aqu.-e  ros.'i'.  ?  i.  .M.  .Vpply 
freelv  at  night  and  remove  with  soaji  and  water  next 
morning,  and  then  rub  in  well  a  two  i>cr  cent,  sdieylic  I'r 
other  mild  ointment,  or  apply  a  three-  to  tive-|H-r  cent, 
boric  acid  lotion  several  times  through  the  day  .\  very 
strong  rcsorcin  paste  is  also  of  bendit  at  liujis.  Its 
strength  may  be  from  ten  to  twenty  live  |ier  cent,  or 
even  more  a'ccordinir  l<i  the  indoli'nl  nature  f.f  the  ease. 
It  shoidd  be  applie<l  by  the  jibysieian  :ied  its  i-tTecIs 
clo.sely  watched,  as  rcsorcin  has  a  very  |iowerful  reac- 
tionary ellect  on  the  .skin.aial  will  cause  a  diffuse  peeling 
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off  of  the  epulcriiiis.  The  reaction  produced  may  give 
some  very  iiiidesiniblo  rosiiUs,  but  when  the  jirocedure  is 
carried  out  witli  caiv  it  is  usually  of  great  benctil.  The 
!uimV)er  of  appliialious  iiecessaiy  will  vary  in  eaeli  case, 
and  the  paste  shciuld  be  diseontiiuied  when  the  ei)idermis 
lias  a  seared,  yellow  look,  and  exfoliation  is  imminent ;  a 
mild,  soothing  salve  should  then  be  substituted  for  it.  The 
process  may  lie  rei)eated  a  number  of  times,  but  a  milder 
resorcin  paste  sliould  be  u.sed  after  the  first  peeling  lias 
occurred.  This  method,  wliicli  is  rather  heroic,  neces- 
sitating the  patient's  conlineiiicnl  to  the  house,  is  of  great 
value,  but  necessarily  of  resli'ieted  u.se,  and,  the  same  re- 
sults being  obtainable  by  milder  measures,  it  should  be 
reserved  for  obstinate  and  rebellious  cases. 

There  arc  a  large  luimber  of  lotions  in  use  for  acne, 
which,  together  with  other  ingredients,  contain  some  pro- 
])cntion  of  sulphur.  Of  these,  there  may  be  mentioned: 
I?  Sulphurissubliniati,  3  ij.  ;  .Etheris,  spiritus  vini,  glyc- 
eriiii,   aa    Zi.j.;    Ai(ua'  caleis,  aqu*  ros;e,  aa    3  iv,     JI. 

(Crocker).  R  Sulphuris  lactis,  3  i v. ;  Tincture  saponis 
\  iridis.    3  X. ;  Glycerini,     3  vi. :   Spiritus   vini,    |  i.     JI. 

(F.lliot),  R  Sulphuris  lactis,  3  iss. ;  Glycerini,  J  i. ; 
Spiritis    vini  camphorati,     3  -x. :    Aquse   rosoe,    q.s.     31, 

(Besnier).  These  various  combinations  owe  their  effi- 
cacy for  the  most  part  to  the  sulphur  they  contain, 
and"  may  be  varied  according  to  the  pb\'siciau's  wishes. 
One  of  the  most  useful  will  be  fouud  to  be:  R  Ziuci 
sidjibatis.  potassii  sulphuret.,  aa  gr.  xv. ;  Sulphuris 
lactis.  gr.  .XX.;  Aqua;  rosa\  3  i.  M.  When  made 
with  fresli  drugs  and  properly  prepared,  this  lotion  is 
of  very  great  value.  It  should  be  applied  at  night 
after  the  face  has  been  thortuigbly  washed  with  soap  and 
water,  and  allowed  to  remain  all  night.  If  irritation  is 
produced,  cold  cream  can  be  used  during  the  day.  But 
it  is  wise,  however,  to  keep  up  the  effect  of  the  trcat- 
meut  even  during  the  day,  and  for  this  purpose  a  lotion 
of  boric  acid  can  lie  used,  or  a  one-  to  three-jjer-cent. 
solution  of  resorcin  in  water,  but  preferably  in  alcohol 
and  water,  equal  parts,  A  very  beneficial  lotion  is  R 
Acidi  borici,  gr.  xv. ;  Rcsorcini.  gr,  x.  ;  Acidi  acetici 
diluti,  3  ij  ;  Spiritus  vini,  3  vi.     M.     Potassium  sulphide, 

3i.,  in  rose  water,  giv.,  is  also  recommended.  The 
mercuric  salt  is  often  of  value,  but  it  should  never  be 
used  in  conjunction  with  sulphur  preparations,  owing  to 
the  probable  formation  of  sulphuret  of  mercury  on  the 
surface.  Authors  recommeud  R  Hvdrargyri  bichlorirli, 
gr.   XV. ;  Amnionii  chloridi,   gr.  xxx.   to  Ixx. ;  Alcoholi. 

I  iv. ;  Aqrue,  Oi.  M.  The  formula  of  the  "Oriental 
Lotion"  as  given  by  Hehra  is:  R  Hydrargyi'i  bichloridi. 

3  i. :  Aqua' destillati.  3  iv. ;  Ovorum  iij  albumen:  Succi 
citri  rceentis.  3ii.i.;  Sacchari,  5'-  M.  Another  formula 
recommended  by  the  writer  is:  R  Hydrargyri  biehloiidi. 
gr.  iij.  to  vi. :  Acidi  salicylici,  gr.  xxx.:  Acidi  acetici 
diluti,  3  iss.  ;  Spiritus  vini.  3  iiss.  M.  When  using  any 
of  these  lotions,  it  sliould  be  remembered  that  more  or  les"s 
desquamation  and  i)eeling  of  the  horny  layer  takes  place, 
audit  is  advisable  to  warn  patients  of  the  fact.  When 
this  occurs,  it  is  wise  to  discontinue  the  application  and 
to  use  an  indifferent  salve  until  the  reaction  has  subsided, 
and  then  to  begin  anew  with  the  lotion. 

Ichthyol  as  an  external  agent  is  most  valuable  in  cer- 
tain eases.  It  may  be  useci  in  watery  .solution — five  to 
fifty  per  cent. — or  it  may  be  added  to  any  of  the  fore- 
going formula',  witli  the  exception  of  those  contain- 
ing mercuric  chloride.  The  writer  has  found  it  of 
especial  benefit  in  cases  in  which  jiustulation  was  a 
marked  feature:  and  in  full  strength  or  in  a  fifty-per-cent. 
dilution  it  has  very  couunonly  served  the  "purpose  of 
aborting  a  beginning  lesion.  In  those  instances  of  acne 
in  which  from  time  to  time  one  or  two  papules  begin  to 
develop,  the  ichthyol  application,  as  mentioned,  has  been 
a  most  valuable  agent  in  cutting  short  the  career  of  such 
fresh  lesions. 

In  the  case  of  patients  in  wliom  there  is  no  complica- 
tion of  a  seborrlwpa  oleosa,  but  w  Iio  have  a  natural  dry- 
ness of  the  integument,  ointments  are  especially  of  use, 
AVlieu  indicated,  they  shoidd  be  such  as  po.ssess  antiseptic 
properties,  and   may    contain   \arious   remedial  agents. 


Among  the  manj'  recommended,  the  Ungucnti  hydrar- 
gyri ammoniati,  five  to  ten  per  cent.,  ma.v  be  mentioned, 
and  also  one  made  with  the  red  or  yellow  oxide  of  mer- 
cuiy — three  to  ten  per  cent,  A  ten-percent,  .sulphur 
ointment  may  bo  of  value,  or  the  hyiiochloride  of  sul|ihur 
may  be  used — ten  to  fifteen  per  cent.,  or  the  iodiile  of 
sulpluu- — three  to  ten  percent.  At  times  the  following 
formula  will  be  found  a  good  one:  R  Unguenti  hydrar- 
gyri oxidi  rubri,   3  ij.  ;   tJuguenti  sulphuris  (U.  S.  P.), 

3  iij. ;  L'nguenti  aqua'  rosie,  q.s.  ad  3  i.  M.  In  ordinaiy 
eases  the  writer  would  advi.se:  R  Acidi  borici.  gr.  x. : 
Rcsorcini,  gr.   x. ;  Acidi  acetici  diluti,    3  iij.:    Lanolini, 

3  vi. ;  Ungucnti  aqure  ros.-v.  3  ij.  M.  In  addition  to 
these,  there  may  be  mentioned  calomel  ointment,  three 
to  ten  per  cent.,  ,i  naphthol  ointment,  five  per  cent., 
or  one  containing  dermatol,  or  oxychlorate  of  bismuth, 
etc.  In  cases  characteriz<'d  by  indolence,  tlie  Uuguen- 
tum  hydrargyri  nitratis,  diluted  (1  to  8,  1  to  4.  or  1  to  "2), 
is  of  benefit.  Chrysarobin.  pure  carbolic  acid,  tincture 
of  iodine,  have  also  been  used  in  individual  instances 
with  benefit.  That  is,  there  is  a  host  of  external  remedies 
or  "  cures  "  for  acne  embodied  in  literatiu'e,  but  wiien 
dealing  with  a  case  of  the  disease  it  .should  always  be 
kept  in  mind  that  each  case  represents  an  individual,  and 
whatever  line  of  treatment  is  instituted  it  should  involve 
the  use  of  an  antiseptic,  should  be  adapted  to  the  pe- 
cidiaritics  of  each  individual  patient's  skin,  and  should 
lie  adjusted  in  accordance  with  the  intensity  of  the 
lesions  existing  in  each  case. 

Geoi-ffe  T.  Elliot. 

ACNE  NECROTICA.— (Synonyms:  Acne  frontalis,  seu 
varioliformis;  acne  pilaris;  acne  rodens:  acne  atrophiai ; 
folliculitis  varioliforrais,  etc.) 

Definition. — A  chronic,  recurrent,  papulo-pustular 
affection,  having  its  seat  about  the  hair  follicles,  leading 
to  necrosis  of  the  involved  tissues  and  terminating  in  a 
vaiiola-like  scar. 

SViMPTOJi.vTOLooY. — The  site  of  predilection  is  the  fore- 
head, at  the  margin  of  the  hair,  and  it  is  this  fact  which 
gave  rise  to  the  name  acne  frontalis.  A  wider  acquaint- 
ance with  the  affection,  however,  has  shown  that  it  in- 
volves other  regions.  It  may  extend  to  the  haiiy  scalp, 
tlie  face,  the  neck,  and  the  interscapular  and  intermam- 
mary  regions.  Cases  of  more  or  less  generalized  erup- 
tions of  papulo-pustules  terminating  in  necrosis  and  scar 
foi-uiation  have  been  described,  which  present  many  of 
the  clinical  features  of  this  malady. 

The  primary  lesion  is  generally  stated  to  be  a  papule 
which  soon  becomes  encrusted  and  covers  an  underlying 
ulceration.  Sabouraud  describes  the  elementary  lesion 
as  an  umbilicated  vesicle  always  seated  aliout  a  hair. 
Within  two  m-  three  days  it  attains  its  full  dimensions, 
about  3  mm.  in  diameter.  Its  central  portion  then  sinks 
lielow  the  level  of  the  surrounding  integument,  liecomes 
harder,  encrusted,  and  gives  to  the  observer  the  impres- 
sion that  it  is  mortised  into  the  skin.  The  color  of  the 
crust,  at  first  a  yellow  or  browni,sli  yellow,  darkens  with 
age.  The  lesion  may  remain  in  this  state  for  .several 
weeks;  exceptionally  two  or  more  pustules  may  become 
confluent. 

On  removing  the  crust  or  after  its  spontaneous  separa- 
tion, a  red,  moist,  or  dry  depression  is  left  which  eVentu- 
allv  becomes  white  like  the  variola  sear.  Superficial 
lesions  healing  with  shallow  depressions,  and  deeper  ones 
leading  to  depressed  scars,  are  gencndly  encountered  in 
every  case  (Unna). 

The  presence  of  lesions  in  various  stages  of  evolution, 
with  pigmented  and  non-pigmented  scars  of  older  ones, 
makes  up  the  pcculi;ir  clinical  picture  of  the  disease. 

P.vTHOi.oGY  AND  Moiiiuo  Anatomv. — It  is  uow  gen- 
erally conceded  that  acne  necrotica  is  a  perifolliculitis 
jirobably  of  locally  infectious  origin. 

Sabouraud  insists  that  the  aftection  demands  for  its 
develo]unent  hair  follicles  previously  infected  with  his 
microbacillus  of  fatty  seborrha'a.  It  is  not  possible  to 
have  acne  necrotica.  according  to  this  writer,  unless  these 
infected  follicles  are  invaded  by  the  yellow  staphylococci 
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wliicli  arc  the  essential  agents  in  prodiicinjr  the  disease. 
Tile  infection  takes  phu-c  at  tlie  fiilliciilar  openinjr.  and 
ironi  this  point  invades  the  cpiderniis  in  a  eircidar  man- 
ner, giving  rise,  as  tlie  jn'cictss  increases.  In  an  intense 
leucocytosis  in  the  papillary  and  snbpapillary  dermal 
reuiiiMs,  The  final  staire  is  characterized  by  a  dry  necrosis 
of  all  the  involved  tissues. 

SaliduriUid  was  unable  to  dilTerentiale  the  yellow 
slaphylococcus,  which  he  found  in  all  lesions  of  acne 
neerotica,  from  ordinary  Staphylococcus  aureus  from 
oilier  sources.  The  distinct  clinical  lesion  to  which  it  is 
supposed  here  to  give  rise  may  be  due  to  the  jjrevious 
dania,s;e  to  the  follicle  by  the  microbacillus  of  .sebonlaea. 
to  its  admixture  with  this  organism,  to  a  change  in  the 
viruleiicy  of  (he  slaphylococcus,  or  to  olliei-  causis  which 
we  are  al  ]ire,seut  unable  to  determine. 

Micro  organisms  had  been  previously  described  in  these 
lesions  by  Toulon,  Uuua,  anil  myself,  and  others, 
Toulon  was  not  inclined  to  attribute  to  Iheni  any  jiatho- 
genic  iinporlance.  Vnna.  however,  considers  the  allec- 
tioii  due  to  a  mi.xed  infecticm  witli  a  small  bacillus  and 
his  diplococci  of,  seborrhoic  eczema. 

In  lesions  ■e.xamined  by  myself,  staiihylococci  were 
found  which  are  pro.bably  identical  willi  Ihose  descrilied 
by  Saliouraud. 

In  substance  it  may  be  staled  that  acne  varioliformis 
(Ilebra)  is  an  intlannuation  of  the  pilo-sebaceous  system, 
probably  microbic  in  origin,  leading  to  destrucljon  of 
tliese  organs  and  the  surrounding  derma,  and  that  IJazin 
was  correct  iu  naming  the  disease  acne  pilaris. 

Etiology. — Acne  neerotica  is  essentially  a  disease  of 
adult  life.  It  is  rarely  seen  before  the  age  of  thirty,  and 
may  develop  late  in  lite.  Men  are  more  ficipiently 
alVecled  than  women, 

Some  of  the  older  dermatological  writers  iitlrilmleil  il 
to  syphilis.  Although  sometimes  mistaken  for  a  grouped 
paiMilo-puslular  syphilide  on  the  forehead  or  at  the  sites 
of  acne  neerotica,  it  does  not  owe  its  exislence  to  that 
infection. 

Its  more  frequent  occurrence  among  those  in  the  lower 
walks  of  life,  and  its  location  in  the  majority  of  instan<-es 
on  the  forehead,  exposed  to  the  pressure  of  unclean  hat 
bands,  lend  weight  to  tile  theory  of  local  infection.  A 
lire  existing  fatty  seborrha>a  is,  according  to  Sabouraud. 
an  absolutely  essential  condition  for  the  devclojiinent 
of  an  acne  neerotica  by  affording  a  /'<c//,v  niinon's  ;v  - 
Kinti'iitiiT,  and  determining  the  clinical  features  of  the 
eru])lioii, 

I)i.\(iNosi>. — The  ab,sence  of  comedones,  and  the  siles 
afTecled,  together  with  the  depressed  encrusted  lesions, 
intermingled  with  while  and  iiigmenlcd  scars,  easily  en- 
ables one  to  differentiate  this  variety  of  billiculitis  from 
acne  vulgaris.  Its  differential  diagnosis  from  a  |)apulo- 
pu.slular  or  a  grouped  puslulo-tidicrcular  syi)hili<le  is 
more  difficult.  The  history  of  frequent  recurrences  ex- 
tending over  nionlhs  or  years,  which  patients  with  jicne 
neerotica  give  us,  together  with  the  absence  of  concomi- 
tant manifestations  of  syphilis,  should  enable  on<'  to  sepa- 
rate the  two  diseases,  Syphilis  again  shows  no  ])redilcc- 
tion  for  the  hairy  parts  of  the  face  which  tlic-  birrmr 
affection  does  in  a  striking  manner. 

Other  varieties  of  pustular  afTectioiis  of  the  folliiles  do 
not  give  rise  to  the  peculiar  and  rapid  tissue  necrosis 
with  its  resulting  variola-like  scar.  It  is  (]uestionable 
whether  the  generalized  eruption  of  papulopustules  re 
suiting  in  scar  formation  like  that  of  acne  neerotica  of 
the  face  should  be  included  with  thistlisease  in  a  single 
group. 

This  disseminated  eruption,  to  which  various  nanfes 
have  been  given,  as  hydradenitis  suppurativa,  acnilis, 
necrotizing  granuloma,  etc.,  freqtiently  begins  as  a  dee[i- 
seated  papule  about  the  coil  glands  or  in  the  connective 
tissue  of  thederma  independently  of  the  glamlular  struct- 
ures, AVIiile  tlie  two  diseases  ])reseni  many  similar 
clinical  features,  il  is  quite  probable  that  they  depend  on 
different  infectious  agents.  Boeck  claims  for  the  i:en- 
eralized  eruption  aclose  relationship  with  lupus  erylliern- 
atosus.  and  believes  that  both  affections  are  due  to  the 


toxic  products  of  the  tubercle  bacillus  alisorlied  from  a 
focus  in  .some  part  of  tlie  borly. 

I'l!0(^Nosis.  — It  is  not  dillicidt  to  cure  a  single  attack  of 
the  eruption,  but  recurrences  are  the  rule,  and  we  liave 
no  certain  means  of  preventing  them  or  of  limiliiu;  their 
fre(piency, 

TuKATMKN'r.— The  various  internal  remedies  reeoiii- 
mended  by  derniatological  writers  have  iirobablv  no 
value  in  curing  the  attacks  or  iireventing  rclaiises. 

'Phe  lesions  are  (pute  readily  liealed  by  ointments  con- 
taining sulphur,  resorcin.  /i  naplithol',  sjdicylie  acid, 
ammoniated  mercury,  or  caliaiiel.  These  drugs  maybe 
used  in  the  strength  of  two  to  live  per  cent,  or  stronger. 

Careful  allenlion  should  be  paid  lo  the  hygiene  of  (lie 
scalp  and  lo  ]iersonal  cleanliness,  as  the  ageiit  producing 
the  infection  is  probably  widely  scattered. 

The  scalp  sliiaild  be  frei|Ueiilly  washed  with  llii>  or- 
dinary tincture  of  green  soaji.  followed  by  lotions  cou- 
laiiiing  bichloride  of  mercury,  1:1,(11)0,  to  insure  its  dis- 
infection. IJesorcin  lotions  (two  to  ten  per  cent,  in 
alcohol  and  water,  e(|iial  parts),  with  the  occasional  use 
of  sulphur  or  .s;iliey lie  acid  ointment,  may  be  used  alter- 
nately with  the  bichloride  lotion.  It  is  only  by  the  per- 
sistent use  of  local  antiseptic  apjilications.  not  only  to 
the  eruption  itself,  liut  to  the  surriMinding  skin,  "that 
we  may  hope  to  prevent  or  dela\'  relap.scs. 

</.  A.  I'hnlyce. 

I.lTKR.\Tri!l':. 

I'iik:  .Arcliiv  f.  Deniiiit.  ii.  .sypli..  p.  5,")l,  l.ss!). 

Tiinteii:  Verliiuiii.  iter  lieiKseli.  deriiiatol.  (Jesellsi'liaft.    Zweiler  u. 

Dritter  Coiii.'ivss.  |i.  »;.  l.sie. 
I'niiii:  llistii|iiitliiil(i!.'y  i)f  Slilii  liisfiises  :  Ensrlisli  traiislatiDii,  ]).  SfiB. 
iMinlvce:   .loiiniul  Cutaneous  and  (ieiiito-IJriiiary  DLseases,  vol.  xll., 

11.  l."i:.',  tsiM. 
Saliiniraud:  Ann.  di;  diTinal.  et  de.sy|>li.,  t.iuie  .v.,  |i.  Sti,  I.S99. 

ACNE  ROSACEA. —  (Synonyms:  Acne  erythematosa; 
gutta  rosaeia;  acne  rosee ;  Couperose;  ICupfernase:  etc) 

I)i';i'TXiTiox. — Acne  ros:icea  represents  notonedisea.se, 
but  a  rosacea  with  a  su|)('riniposed  jicne.  Kosacea  is  a 
congestive  distnrljance  allecting  the  nose  and  portions  of 
the  hice,  transitoiy  at  first,  but  afterward  becoming  per- 
manent, and  represented  by  redness,  dilatation  of  the 
cutani'ous  blood  \essels,  the  f'ormati<iii  of  a  telangiec- 
tasis, and  in  some  instances  by  more  or  less  hypertrophy 
of  the  connective  (issueand  (he  gl.andiilar  elements  of  the 
skin.  The  acne  lesions  develoiiing  in  the  course  of  (he 
process  are  secondjiry  products,  and  are  expressions  of 
all  inllamniatorv  jiroeess  allecting  tlu"  sebaceous  glands. 

>iv\il"ro.\i.\Toi,o<iV.  —  Rosacea  attacks  esiieeially  the- 
nose  and  the  laaghboring  portions  of  the  cheeks,  though 
it  may  extend  laterally  to  the  malar  jirominences,  or 
even  implicate  the  forehead  and  the  chin,  aial  in  some 
c:ises  the  entiri'  face,  with  the  exception  of  the  orbital 
spaces.  The  .symptoms  cliaracterizing  the  process  vary 
in  degree  and  in  intensity  according  to  tlu:  stage  and 
the  grade  of  the  alfection.  In  the  earlier  stages,  there  is 
only  more  or  less  marked  liy|iera'iiiia  or  congestion  of 
the  Hose  and  clie(  ks.  occurring  after  eating  or  drinking, 
or  after  exiiosure  to  cold,  or  at  the  lime  of  menstruation. 
Tlie  svmploms  are  usually  transilory,  and.  remaining  in 
existence  for  a  short  space  of  time,  disappear  without 
leaving  a  trace.  The  patii'iils  geiu'ially  complain  that 
llieie  is  at  the  time  a  sensalion  of  heal  or  <if  burning,  but 
vet  the  skill  itself  is  cold  to  the  loiich.  Tills  recurrent 
eon;;rstioii  iiiav  lake  place  for  a  Viiriable  length  of  time, 
alteniatinu'  "ilh  a  return  to  iKjrmal  conditions:  but 
sooner  or  later  the  liyper.-emia  occurs  more  often  and  ap- 
]iarentlv  without  cause  or  inducement,  and  gi-adually  the 
redness'  becomes  a  stable  and  permanent  lad,  varying 
only  in  degree  from  lime  to  lime.  The  congestive  dis- 
turiiance.  when  iiermanent.  is  dilfuse  and  sluggish  in 
character,  witliout  delinile  outlines,  anil  the  redness  re- 
turns only  slowly  after  pressure,  .\l  times,  however,  it 
mav  beactiveaiiil  mav  simulaiean  erysipel.-isoraciiteder- 
m;i'tilis.  When  exposed  lo  the  cold,"lhe  alTeeted  surfaces 
are  liable  to  become  blui'^h  and  cyaii'die  in  apiieaniuce. 

The  stage  of  permanent  congestion  may  jiersist  for  a 
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variiililc  Ipiiirth  of  time  witlioul  any  fiirtlu'r  olmn.irc  "c- 
curriim-  ill  llio  skin.  But  smuu-r  or  later  IIk  re  (li'vclops 
upon  the  nose  and  other  siirl'aees  u  condition  of  lelanjii- 
cctasia.  represented  by  fine,  tortiions.  dilated  blood  ves- 
sels. These  vary  in  size,  beint!'  iisuall.y  more  prominent 
and  larger  on  the  al;e  nasi,  and  they  sometimes  ])rescnt 
in  their  course  distinct  varicosities.  The  telangiectatic 
condition  may  be  slight  or  .severe,  and  in  some  cases  at- 
tains such  a  height  thfit  the  entire  nose  and  cheeks  are 
covered  with  distinctly  evident  tortuous  vascular  dilata- 
tions, varying  in  color  from  bright  red  to  pur|ilish  red, 
according  to  the  temperature  and  tlie  somatic  couditiou 
of  the  ali'ected  individual. 

The  process,  as  a  rule,  does  not  ]5rogress  beyond  this 
stage,  but  occasionally  and  after  long  existence,  a  fibroid 
degeneriition  of  the  surface  attacked  takes  place.  It  is 
the  nose,  however,  wliich.  as  a  rule,  is  the  seat  of  this 
change,  the  other  portions  of  the  face  being  affected 
only  to  a  slight  degree  and  moderately  thickened.  The 
nose  under  these  conditions  becomes  hypertrophied  as  a 
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whole,  and  on  portions  of  its  superficies  there  ma\'  in  ad- 
dition arise  lobulated  or  pedunculated,  lirm  growths  of 
various  size,  which  sometimes  attain  enormous  develop- 
ment (rhinophyma). 

In  all  of  the  stages  of  rosacea  a  seborrhcea  oleosa  gen- 
erally coexists.  The  affected  surface  is  greasy,  the  ori- 
fices of  the  sebaceous  glands  are  dilated,  and  minute 
drops  of  oil  can  be  seen  exuding  from  them  after  the 
flushing  has  subsided,  and  even  independently  of  the 
h}']iera'mia.  "When  the  congestion  has  become  jierma- 
nent.  these  orifices  may  be  so  excessively  dilated  that  the 
skin  has  a  sieve-like  appearance,  but  it  is  in  the  hyper- 
trophic form  of  rosacea  that  the  greatest  degree  of' dila- 
tation is  fotmd.  In  other  cases,  the  affected  surface  is 
scaly  and  dry  or  covered  with  small,  thin,  yellowish  scales, 
or  with  larger  greasy,  soft  crusts.  The  patients  complain 
of  itching  and  burning,  and  tliese  symptoms  are  invari- 
ably associated  witli  a  yellow,  scaly  discoloration  of  the 
interpaliicbral  sjiaee  and  with  a  certain  grade  of  what  is 
generally  called  pityriasis,  or  seborrhiea  sicca  capitis. 
The  clinical  picttire  presented  by  tliese  cases  is  quite  dis- 
tinct from  tliat  of  the  others  deserilied  and  represents  a 
complication  of  rosacea  and  dermatitis  seborrboica.  In 
fact,  tlie  ]iresence  of  the  latter  process  alone  may  and  fre- 
quently does  lead  to  the  same  congestive  and  hyjieraMiiic 
objective  appearances  as  originate  from  ot.lier  and  differ- 
ent internal  causes. 
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A  further  and  very  common  complication  of  a  rosacea 
is  acne,  whicii,  in  the  ma.iority  of  eases,  sooner  or  later 
arises  on  the  congested  surface.  It  is  when  the  two 
processes  are  eonibincd  that  an  acne  rosacea  inav  be  said 
to  exist.  The  lesions  may  be  either  of  the  siipcrficial 
(simplex)  variety  or  of  the  deeijer  (indurata).  or  both 
may  be  present.  They  will  lie  foimd  on  the  nose  and 
cheeks,  singly  or  very  numerous,  and  occurring  in  num- 
bers on  the  nose,  in  which  organ  tliey  fretiuently  cause 
considerable  deformity  and  also  very  marked  pain.  In 
them.selves.  tlie  lesions  dilfer  in  no  wi.se  from  those  others 
which  occur  indci)endenll3  of  rosacea. 

The  course  of  the  process  is  always  a  slow  one.  and.  hav- 
ing developed,  it  persists  in  varying  degree  for  an  indefi- 
nite period  of  time,  or  until  its' inducing  cause  or  causes 
have  been  removed  by  apjiropriate  care  or  treatment. 
Slight  subsidences  of  the  congestive  disturbance  and  cf 
the  acne  lesions  are  .generally  seen  to  alternate  with  ex- 
acerbations. 

Pathology  and  Morbid  Anatomy.— Rosacea  is  pri- 
marily a  vasomotor  neurosis,  result- 
ing in  retardation  of  the  circulation 
in  the  superficial  capillary  plexus. 
Although  at  first  transitory,  this 
paretic  condition  of  the  blood-vessels 
becomes,  through  frequent  repetition, 
somewhat  fixed.  In  consequence  the 
congestive  redness  becomes  perma- 
nently established,  and  the  telangi- 
ectases and  varicosities  graduaily 
become  evident.  The  implication  of 
the  blood-vessels  is  not  limited  to  the 
superficial  ones,  but  may  extend  to 
the  deeper  plexus,  and  so  all  the 
vessels  throughout  the  skin  may 
be  affected.  In  consequence  of  the 
congestion,  the  sebaceous  glands  are 
inllueneed  and  the  seborrhcea  oleosa 
arises.  The  acne  lesions  owe  their 
origin  to  the  resulting  debased  nu- 
trition of  the  skin.  In  some  cases 
new  connectixe  tissue  forms  about 
the  blood-vessels  and  the  follicles, 
thus  producing  a  thickening  of 
the  ci'rium  and  causing  ultimately 
either  the  hypertrophic  foriu  of  the 
disease,  or,  in  very  severe  cases, 
rhinophyma.  On  the  other  hand, 
one  form  of  the  hypertrophic  stage 
is  attributed  to  an  increase  in  size 
of  the  sebaceous  follicles. 
The  iiistological  anatomy  of  the  first  stage  of  rosacea 
has  been  found  by  the  writer  to  be  represented  by  a  dila- 
tation of  the  blood-vessels  in  the  upper  portion  of  the 
cutis  and  by  a  few  collections  of  round  cells  about  them. 
In  the  second  stage,  there  was  an  increase  in  degree  in 
these  features,  many  dilated  vessels  having  thin" walls, 
and  large  lumina  being  foiuid  widely  distributed  through- 
out the  corium.  which  was  also  slightly  thickened  and 
(edeiuatous.  In  the  third  stage  (rhinophyma).  marked 
hyperplasia  of  the  connective-tissue  elements  of  the  skin 
had  taken  jilace.  and  the  seliaceous  glands  -were  also 
somewhat  enlarged.  The  blood-vessels  were  large  and 
tortuous  and  their  coats  were  thickened.  Substantially 
the  same  changes  have  been  found  by  others,  but  Unna 
also  ascribes  the  formation  of  the  growths  in  some  cases 
to  an  enlargement  and  m\ilti]ilication  of  the  sebaceous 
glands,  which  thus  constitute  the  major  part  of  the  rhi- 
nophymatous  change.  In  otlu'r  cases  he  states  that  the 
connective-tissue  hypertrophy  predominates,  though  the 
glandular  change  may  also  be  a  iirominent  feattn-e.  The 
investigations  of  Hans  Ilebra  led  to  (iractieally  the  sjtme 
conclusions.  The  histopathology  of  the  acne  lesions 
occurring  in  connection  with  rosjicea  does  not  differ  from 
that  of  the  same  efflorescences  \vliich  arise  independently. 
Eti(U.ogy. — Rosacea  develops  more  frequently  in 
women  than  in  men,  and  while  occurring  especially 
after  the  age  of  thirty  and  in  older  people,  yet  it  also  is 
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not  infrequently  seen  in  younger  persons.  It  arises  in 
women  very  commonly  in  iis.soeiiition  witli  puberty, 
with  menstrual  anil  utero ovarian  irritation,  and  esjie- 
cially  at  tlie  menopause.  It  also  is  lialili'  to  ajipcar  dur- 
mix  prejiiiaiiev,  in  sterile  women,  ami  v<'rv  i'miuenllv 
among  those  others  wlio  eonu!  in  the  eatenory  of  old 
maids.  In  hoth  sexes,  disorders  of  the  ,;;astro  intestinal 
canal  are  potent  factors  in  the  production  of  the  eonjjes- 
five  disturhance.  an<l  in  individual  cas<'s  tliere  will  there- 
fore be  found  such  disturbances  as  constipation,  gastric 
or  intestinal  indi.nestiori,  fermentative  i)rocesses,  etc. 
Ana'inia  is  often  the  basis  of  the  cutaneous  disease,  and 
so  also  is  plethora.  The  .ironty  and  rlienmatic  diatheses 
are  prone  to  favor  the  development  of  the  disease  both 
directly  and  through  tliose  functional  and  other  dis- 
turbances which  are  so  liable  to  occur  in  those  who 
are  subjects  of  tliese  constitutional  conditions.  Sed- 
entary habits  strongly  predisjjose  to  tlie  ])roccss.  and 
hence  rosacea  and  its  accompauyin.g  feature,  acne. 
very  commonly  affect  seamstresses,  sewing  .iritis,  and 
others  obliged  ))V  their  occupation  to  forego  outdoor  <jr 
physical  cvereise.  In  connection,  however,  with  their 
eontinin,!:- oceuiiations.  it  should  also  be  mentioned  that 
these  same  iiidivi<luals  are  usually  subjects  of  functional 
bodily  disturbances,  due  to  their  diet  and  ]ioor  hygiene. 
The  morphine  habit  has  been  claimed  to  iH'oduce  the  dis- 
ease, and  it  has  also  been  attribute<l  to  various  intranasal 
processes,  such  as  atro|ihic  and  hyiiertrophic  rhinitis, 
chronic  catarrhal  intlammations  of  varicnis  degrees,  and 
sycosis  of  the  vibri.ssa'.  Sel)orrhoicd<Tniatitis  is  claimed 
by  Unna  to  be  a  most  important  caus<'  of  r<}sacea  in 
women.  It  would  be  more  correct,  however,  to  re.uard 
its  effects  when  located  on  the  nose  as  in  tlie  line  of  pro- 
ducing a  redness  similar  to  ro.sacea,  through  the  intlam- 
inatory  congestion  incident  to  its  jiresence,  than  to  claim 
that  it  causes  that  latter  disease  itself.  E.\|iosure  to  cold 
and  bad  weather  is  an  externa!  factor  in  the  etiology  of 
llie  process.  The  writer  has  seen  sunburn  determine 
its  existence,  and  in  a  inimber  of  cases  a  slight  chillbl.iin 
condition  of  the  nose  li'd  to  ol)iective  symptonissinnilal 
ing  accurately  a  mild  rosacea.  Face  steaming,  use  of 
very  hot  water,  continual  exposure  to  the  heat  of  a  lire — 
all  enter  into  this  cat(^gory.  The  effect  of  diet  and  abuse 
of  siiiritnous  liquors  is  generally  very  well  known.  The 
articles  of  diet  which  are  injurious  are  practically  Ihe 
sjime  as  have  been  mentioned  for  acne,  and  their  eifects 
are  not  so  much  in  themselves,  as  in  the  .yastro  intestinal 
and  other  disturbances  which  they  may  liring  about. 
When  used  in  excess,  all  liquors  may  lead  to  llie  devel- 
opment of  a  rosacea,  but  th<>  most  pernicious  are  fer- 
mented drinks,  such  as  ale.  beer,  porter,  and  also  sweet 
wines  and  licpiors,  jiort.  etc.  Tea,  wiien  impro[)erly 
used,  may  have  a  similar  intluence.  owing  to  the  injurious 
effect  of  the  tannin  on  the  .aastro-intestinal  canal.  The 
influence  of  smoking  in  itself  is  certainly  remote,  though 
it  possibly  may  indireeily  opi'i~ate  through  the  ])roduc- 
tion  of  a  catarrhal  oiolhcriutrana.sal  irritation.  \n  many 
cases,  however,  no  detinite  etiological  cause  can  be  dis 
covi'rcd. 

Di.voxosis. — The  dia.gnosis  of  rosacea  will  be  obtained 
from  the  history  of  its  development,  as  well  as  from  the 
clinical  symptoms  presented  by  it.  As  the  di.sea.se  occu- 
pies, as  a  rule,  the  nose  anfl  neighborin,;;  jiortions  of  the 
checks,  it  will  be  found  that  the  persistent  reilncss  was 
preceded  by  intermittent  flushing,  and  was  followed  by 
superficial  capillary  <lilatation  and  the  formation  of  tel- 
angiectases and  varicosities.  Lupus  erytlicmatosus, 
which  commonly  occupies  the  same  surfaces,  may  be 
dilferentiated  from  a  rosacea  by  the  distinct  delimitation 
of  the  patches  constituting  it.  The  outlines,  though  ir- 
regular, are  sharply  defined,  the  edges  are  usually  ele 
vateil  and  enclose  a  scaly  area.  The  jiatehes  tend  to 
enlarge  by  peripheral  extension,  and  as  a  rule  atrophi<- 
changes  occur  over  Ihe  affected  area. 

Erythematous  eczema   should   also   be   dilferentiated 

from  rosacea.     Its  occurrence  is  not  limited,  however,  to 

the  Siime  localities,  but  it  appears  anywhere  on  the  face, 

or  neck,   or  other  surface.      It  appears   bruskly  as  an 
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acute  process,  which  in  time  may  become  chronic  in 
character.  The  alb'cied  portions  are  somewhal  swr)llen 
from  serous  exudation;  tliey  are  scaly  and  rough  to  the 
touch,  or  have  a  glazed,  vaiiiished  aiipcarancc.  and  there 
is  much  burtiing  ami  itching.  When  syjihili^  exists 
on  Ihe  nose,  cither  in  the  form  of  the  |)apulo-pusinlar 
giouiie<l  syphilide  or  when  there  are  cutaneous  gummata. 
errors  in  (lia.anosis  are  not  oidy  ixissible.  but  are  not  in- 
frequent. If  attention,  however,  is  paid  to  the  Iiistory 
of  the  develo]unent  of  the  redness  and  of  the  lesions  dis- 
cretely located  or  ag.gregated  together  in  grou]is  njKin  il ; 
if  it  is  noted  that  bcneatli  the  crusts  distinct  ulci-ralion 
with  sul)se(iuent  scarring  occurs,  and  that  there  is  a  ten 
deiicy  as  regards  the  .i;umniatous  lesions  to  .serpiginous 
extension  with  consecutive  ciiatrization,  then  Ihe  diag- 
nostic ditlicully  should  gi\c  no  trouble. 

The  term  eiysijielas  is  used  very  loosely  both  by  me<li- 
cal  men  and  by  patients,  and  it  is  a  most  comnion  fact 
to  hear  the  latter  coiuplain  of  an  erysi])elas.  which  in 
reality  is  a  rosacea  of  several  months'  or  years'  staiidin.i;. 
They  often  state  that  their  dia.gnosis  was  that  made  by 
their  iihysician.  It  should,  however,  be  remembered 
that,  thou.yli  erysipelas  does  freqiu'ntly  affect  the  no.se 
primarily,  yet  it  is  an  acute  |)rocess,  begins  with  slight  or 
marked  chills,  and  is  accompanied  by  elevation  of  tem- 
perature and  such  (pther  somatic  disturbances  as  are 
never  associated  witli  a  ros;ieea, 

FitoGNosis, — The  ]U'o.i;nosis  of  this  cutaneous  alfection 
will  depend  to  a  great  extent  upon  the  jjossibility  of  re- 
moving its  iudueiu.i;'  cause  or  causes  in  an_v  .iriven  case 
and  upon  the  ability  to  ]>revent  their  recurrence.  An 
(■111  ire  and  aiisolute  cure  is  obtainable  ami  can  be  eiVected, 
or  if  not  this  much,  at  any  fate  a  most  decided  ameliora- 
tion of  the  syniiiloms. 

TiiE.\TMi;XT, — In  the  treatment  of  ro.sacea  oracnerosji- 
cea,  very  much  Ihe  same  procedures  are  called  for  as  have 
lieen  detailed  for  acne  sinqdex  and  acne  indurata.  The 
cases  requiiir  liotli  internal  and  external  care,  the  former 
bein.g  such  as  w  ill  remove  or  modify  tliat  defect  in  ftmc- 
lional  or  physical  licaith  which  may  be  found  in  the  case 
under  consideration  at  the  time,  and  the  latter  being 
such  as  will  bring  back  tone  and  vasomotor  control  to 
the  paretics  blood  ve.ss<is.  or  will  destroy  them,  or,  in  the 
severest  grades  of  the  disease,  will  remove  the  disfigurin.g 
growths  which  have  arisen.  In  general  it  may  be  sjiid 
that  all  internal  medication  should  be  such  as  will  correct 
the  existing  constipation  or  .<;astro-intestiiial  dislnrbance 
present  in  the  case.  If  iilerine  or  ovarian  irritation  ex- 
ists, it  should  be  attended  to;  and  also  .ijout,  rheumatism, 
and  litlhemic  conditions  should  receive  proper  attention, 
Aiuemia  or  iilethora.  the  tuberculous  di;itliesis,  and  every 
other  factor  should  lie  properly  estimated  and  seen  to, 
and  all  matters  pertaiiiin.ii'  to  errors  of  diet  should  lie  dili- 
gently investig.ated.  As  a  rule,  cheese,  oatmeal,  sweet.s, 
pastries,  nuts,  fermentable  articles,  and  such  as  are  hi.irhly 
seasoned,  stimulating,  and  liabU'  to  tax  the  digestive 
l>owcrs,  should  iie  foiliidden.  Beer  and  idcohol  and  all 
sweet  bevera.ires. should  be  stop])ed.  though  a  light  claret 
with  water  or  a  dry  Moselle  wine  may  be  allowed  at 
nazals.  ColTee  without  milk  is  perfectly  allowable,  but 
tea  should  be  cut  off.  unless  il  is  very  weak  and  freshly 
made.  With  these  exceptions,  the  diet  should  be  of  a 
simiile,  easily  di.ir<sied.  and  luilrilious  cliaracter,  Tlie 
needs  and  diiieslive  capabilities  of  each  palieni  should 
be  studied,  and  the  food  taken  slnnild  be  such  a.s  is 
found  approi>riatc. 

So  far  as  drugs  are  concerned,  il  may  be  slated  that  in 
many  of  the  cases  in  which  the  process  is  in  its  inception, 
in  which  Ihe  redness  has  not  become  persistent,  but  is 
re|iresenled  by  periods  of  Hushing  and  of  retrogression, 
the  minei-al  acids  are  particularly  useful.  Especially  is 
this  the  case  with  the  dilute  nitric,  niurialic,  or  nitro- 
muriatic  acid.  Another  da.ss.  howi'vcr.  may  nquire 
iilkaline  remedies  and  diuretics,  the  cilnite  ami  acetate  of 
potash,  or  SI  line  of  the  more  recent  ones,  urici-din.  iiro- 
tropein,  aspirin,  etc..  or  it  may  be  f^idine  purgatives  that 
are  called  for.  By  means  of  these  il  is  possible,  in  the 
eaiiv  cases,  to  divert  the  blood  current  from  Ihe  face  to 
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some  other  part  of  the  body.  Wlicn  tlie  congestive 
rtisturhanco  of  the  no.se  and  face  has  beeonie  a  stable 
faet,  then  a  very  useful  remedy  is  ielithyol.  licfiiiming 
with  doses  of  irr.  v.,  it  shouUl  be  increased  until  gr. 
XV.  arc  taken  t.i.d.  It  may  be  jriven  in  pill  or  eaijsule 
form,  or  simply  diluted  with  water  or  coffee.  Toler- 
ance to  its  peculiar  taste  is  ciuickly  established,  and 
only  rarely  have  I  found  the  remedy  to  be  objection- 
able or  distressing  to  the  ])atient.  Besides  these  par- 
ticular remedies — and  they  should  be  given  in  conjunc- 
tion with  those  others  demanded  by  the  necessities  of 
the  individual  case — ergot  and  ergotin  have  been  ree- 
onnncnded,  as  well  as  belladonna,  digitalis,  quinine,  cod- 
liver  oil.  etc.  15ut  all  of  these  are  intended  to  meet 
indications  funnshed  by  certam  cases,  and  should  not 
be  regarded  as  of  general  or  extended  value.  Arsenic 
may  lie  said  to  be  always  injurious  in  rosacea.  The 
local  treatment  is  of  the  utmost  importance,  and  some, 
if  not  many,  instances  of  the  disease  nmy  be  relieved 
by  it  alone.  In  acute  ca.ses.  characterized  by  active 
lij-pera'mia  and  burning,  soothing  applications  arc  to 
be  used.  The  magnesium  carbonate  and  ?,inc  oxide, 
or  the  calamine  and  zinc  lotion  referred  to  in  the  article 
on  Acne,  is  indicated;  or  a  lotion  of  1}  Bismuthi  subni- 
tratis,  gr.  xxx. ;  Bismuthi  oxychloratis,  gr.  xl. ;  Mag- 
nesiiTi  carbonatis,  gr.  xx. ;  Aquse  rosse,  5  i.  M.  ct  S., 
or  the  Liquor  .sodre  chlorinatfe  diluted  1 :  90,  or  less,  or 
more,  may  be  applied.  A  very  thin  lioiled  starch  poul- 
tice is  frequently  of  great  value,  as  is  also  the  official 
Liquor  calcis 

The  majority  of  the  cases  of  rosacea  coming  under 
treatment  are,  however,  of  the  chronic  type,  have  passed 
beyond  the  primary  stage,  and  require  a  very  differ- 
ent order  of  local  treatment — one  which  is  stimulating 
in  its  effects  and  which  is  intended  to  improve  the  vaso- 
motor tone  of  the  paretic  vessels.  For  this  pui'pose. 
stronger  apislications  than  are  needed  in  acne  in  general 
are  called  for.  and  for  this  purpose  a  stiff  paste  is  often 
useful — IJ  Resorein,  gr.  1.  to  cl. ;  Kaolin,  Zinci  oxidi.  aa 
3  ij.:  Unguent,  aqua^  rosa;,  3  i.  >I.  In  place  of  the 
resorein.  ichthyol  may  be  substituted  in  the  strength  of 
ten  to  fifty  per  cent.,  or  the  ichthyol  may  be  used  pure. 
The  pastes  are  ajiplicd  every  night  until  a  decided  reac- 
tion has  been  produced  and  the  horny  layer  has  a  glazed 
appearance  and  is  beginning  to  exfoliate.  The  paste 
used  should  then  be  replaced  by  a  mild,  soothing  oint- 
ment, I?  Acidi  salicyliei.  gr.  x. ;  Zinci  oxidi.  3  ij.; 
Unguent,  aquas  rosfe,  3  i.  M.,  or  any  other  similar 
salve.  When  the  exfoliation  has^^eased.  the  surface  will 
be  found  much  improved  in  all  probability,  and  the  same 
paste,  or  a  weaker  one.  may  again  lie  applied  and  the  same 
course  followed.  This  procedure  may  be  kept  up  tmtil 
all  the  redness  has  disaijpcared,  or  towaid  the  end  the 
lotion  given  under  Aene — I^  Zinci  stdphatis,  Potassii  sul- 
phidi,  aii  3  ss. ;  Sulphiu-is  lactis.  3  i.  ;  Aqua'  rosa'.  3  i. 
jl. — may  be  applied.  To  obtain  the  same  result,  caustic 
potash  solutions  (two  to  ten  per  cent.)  have  been  recom- 
mended, or  vigorotis  wasliing  with  green  soap.  Like- 
wise Vleminckx's  solution  in  full  strength  or  diluted  one- 
lialf,  or  even  weaker,  is  at  times  of  benefit.  Chrysarobin 
has  been  advised  and  used,  but  the  danger  of  conjunc- 
tivitis from  its  aiiplication  on  the  face  renders  it  of  doubt- 
ful service.  Wlien  sebonhoic  dermatitis  is  the  cause 
of  the  rosacea,  resorein  and  sulphur  are  particularly  called 
for.  They  may  be  tised  either  in  ointment  form  or  in 
water,  or  in  alcohol  and  w;iter,  equal  parts. 

The  acne  lesions  which  may  be  coincident  with  the 
rosacea  do  not  i-equire  any  special  treatment,  but  the 
telangiectasia  and  dilated  blood-vessels  remaining  after 
subsidence  of  the  congestive  disturbance  have  tube  dealt 
with.  They  may  be  destroyed  liy  multiple  scarification, 
care  being  taken  to  split  the  vessel  longitudinally  with  a 
fine-pointed  knife  and  then  to  make  transverse  incisions. 
It  has  been  reconunended  to  touch  the  open  vessel  along 
its  length  with  nitrate  of  silver,  but  that  usually  leaves  a 
sear  as  a  I'esult.  Iodine  and  pure  carbolic  acid  have  also 
been  advised,  but  when  the  scarification  has  been  ]irop- 
erlv  done,  none  of  these  nteasures  is  nccessjirv.     Excellent 


results  are  obtained  from  electrolysis,  and  also  from  the 
use  of  the  thermocautery.  As  regards  the  former,  the 
needle  used  for  electrolytic  destruction  of  superfluous  hair 
i.s  all  that  is  necessary.'  The  needle  attached  to  the  nega- 
tive pole  of  a  galvanic  battery  should  penetrate  the  ves- 
sel before  the  circuit  isclosed— that  is,  before  the  electric 
current  is  turned  on.  The  positive  pole — sponge  moist- 
ened with  water  or  salt  solution — is  grasped  by  the  pa- 
tients after  the  needle  has  Ijeen  introduced  into  the  vesseL 
The  procediu-e  is  very  painful  and  rei.|uires  much  time, 
and  scarring  is  very  liable  to  result.  The  thermocautery 
acts  on  the  .same  principle,  but  it  is  neither  as  painfill 
nor  as  liable  to  cause  scars.  A  needle  point  should  be 
used,  such  as  is  furnished  with  the  3Iikrobrenner  intro- 
duced into  prac-tice  by  Unna  of  Hamburg,  iluch  the 
same  result  may.  however,  be  obtained  if  an  ordinary 
sewing  needle  grasped  by  a  needle  holder  be  heated  in 
an  alcohol  flame  and  made  use  of  to  puncture  the  dilated 
blood-vessels  in  their  course.  Tlie  method  is  simple,  and 
I  have  found  it  absolutely  as  efficacious  as  the  more 
showy  and  impressive  ones  previously  mentioned. 

When  the  ease  is  one  of  hypertrophic  rosacea,  in  which 
the  development  of  coimective-tissue  growths  in  greater 
or  lesser  degree  lias  occurred,  surgical  interference  is 
called  for.  Ablation  of  the  excrescences  is  necessary  and 
may  be  done  with  the  knife  or  the  galvanocautery.  Elec- 
trolysis has  been  recommended,  but  is  of  uncertain  value, 
if  not  entirely  without  result.  Georr/e  T.  EUiot, 

ACOIN  (Di  -  para  -  auisyl  -  mono-  phenetyl  -  guanidine  - 
chliiiliydiate). — Introduced  in  1899  by  Trolldenier  as  a 
local  anjesthetie.  it  has  been  foimd  to  liave  an  action 
similar  to  that  of  cocaine  but  without  svstemic  effects. 
Its  ana'sthesia  is  more  rapid  and  of  longer  duration  than 
that  of  cocaine,  and  is  increased  by  the  addition  of  a  little 
of  the  latter.  Trolldenier's  original  solution  consisted  of 
1  part  of  acoin  in  l.dOO  parts  of  normal  s;tlt  solution. 
Darier  recommends  acoin,  gr.  i.,  cocaine,  gr.  ii.,  dis- 
solved in  100  minims  of  0.8  per  cent,  sodium  chloride 
solution.  Dropped  into  the  eye.  acoin  has  practically 
the  same  effect  as  cocaine,  but  when  injected  into  the 
stibconjunetival  or  subcutaneous  tissues  there  is  none  of 
the  intense  burning  sensation  which  cocaine  may  pro- 
duce.    In  strong  solution  acoin  is  caustic. 

W.  A.  Bastedo. 

ACONITE.  AcoNiTtM.— (J/t);,A-,v/«wrf,  Wolfsbane.)  "The 
tuber  of  Aconititm  jS'apeliiis  L.  (fam.  Ranuncitlacea)  " 
(U.S.  P.). 

Aconitiim  L.  is  a  genus  of  some  sixty  species,  dis- 
tributed almost  throughout  the  Northern  hemisphere. 
Many  of  the  species  resemble  one  another  so  closely  that 
even  from  the  examination  of  complete  specimens,  with 
flower  and  fruit,  botanists  have  reached  the  most  tliverse 
conclusions  regarding  their  identity  or  distinctness.  It  is 
therefore  not  remarkable  that  the  detached  medicinal 
portions  should  be  found  ditticult  of  differentiation,  or 
that  various  species  should  have  been  found  mixed  in 
commerce.  As  the  chemical  and  medicinal  pro]ierties  of 
the  different  species  vary  greatly  in  degree,  tiie  tubers  of 
at  least  one  species  being  used  for  food,  these  mixtures 
become  serious  in  the  case  of  such  an  important  drug. 
Of  late,  much  more  care  has  been  exercised  than  for- 
merly, so  that  this  adulteration,  intentional  or  accidental, 
has  become  infrecpient.  Partly  because  of  this  element, 
and  partly  because  experiment  has  proven  the  activity 
of  the  drug  to  increase  under  cultivation,  the  British 
Pharmacopana  now  reqvnres  that  only  the  cultivated 
English  tuber  shall  be  supplied.  It  is  also  cultivated  in 
various  continental  localities.  These  cultivated  products 
are  much  more  expensive  than  the  ordinary  drug,  but 
their  specification  appears  fully  j\islilied.  except  when  a 
standardized  drug  or  preparation  (see  Composition)  is 
emiilo)ed. 

The  otlicial  species  occurs  abundantly  in  the  mountain- 
ous districts  of  Central  Europe  and  Asia,  extending  vqi 
the  mountain  .sides  to  a  very  high  elevation,  as  well  as 
deep  into  the  valleys.     The  plant   is  eidtivated  as  an 
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ornaniontal  flower  in  the  United  States,  where  oeeasioii- 
ally  il  escapes.  The  tubers  used  in  inedieine  are  ehietly 
collected  in  Europe. 

Since  the  lierb.  ulthouch  luionicial.  is  much  used  in 
medicine,  the  entire  pl;;ut  is  here  described.  Tlie  simple, 
.stilT,  upriiihl  stem  of  aco- 
nite rises  t loni  .')()  to  lUO  cm. 
(20  to  4U  inches)  from  the 
ground,  bearinj>'  numerous 
alternate  leaves,  and  a  lonj;, 
close,  terminal,  spike-like, 
raceme. 

The  leaves  (Fulia  Acoiiiti. 
B.  P.)  are  sub-rot imd,  from 
5  to  20  cm.  in  diameter  (2 
to  H  inches),  rather  stilV  and 
thick,  smooth,  shininj;-.  and 
dark  green  above  and  jtaler 
below.  The  blade  is  palm- 
ately  three-parted:  the  lat- 
eral .segments  are  again 
divided  nearly  to  the  base. 
The  narrowly  wedge- 
shaped  divisiorioure  furtlier 
three  or  two  lobed,  and 
these  lobes  are  again  in- 
cised, or  cleft,  with  linear 
and  ])ointed  fijis.  The 
leaves  become  less  com- 
pound toward  the  upper 
part  of  the  stem,  and  are 
tinally  reduced  to  three  or 
have  no  marked  odor,  but 
upon  being  chewed  produce,  like  the  tuber,  a  jiiTsislent 
stinging  s<'nsiition  iu  the  mouth.  They  are  poisonous 
and  contain  a  small  and  uncertain  amount  of  arnuitiiic 
and  considerable  iwfDiitic  ofhl,  the  latter  of  no  theia- 
peutic  importance.  The  flowers  are  of  striking  aiipear- 
ance;  tlie  corolla  is  ncarlj-  wanting,  and  its  place  is  taken 
by  a  large  colored  caly.x,  of  which  the  up])er  sepal  is 
developed  into  a  <leep  cuii-shaped  helmet,  tijat  .sits  upon 
the  rest  of  the  flower  like  a  bonnet  (Fig.  18).  The 
pistils  are  three,  containing  ntimerous  .small  ovules. 

The  mature  tuber  gives  the  specific  name  to  the  plant 
{napdhin,  a  little  turnip).  It  is  a  simple,  conical,  ta])er- 
ing  tuber,  ending  in  a  long,  slender,  cylindrical  tap-root, 
and  bearing  numerotis  rootlets  upon  its  sides  (see  Fig. 
19).  From  its  scaly  crown  ari.sesllu^  Jiowering  stem,  and 
at  the  base  of  this  stem  a  short  stolon  extends  hori/.on- 
tally  under  the  ground,  and  bears  on  its  extremity  a 
young  tuber,  more  or  less  develo[)ed  according  to  the 
season,  and  destined  to  ])roduce  the  jilant  of  the  succeed- 
ing year.  There  may  also  remain  upon  the  other  side  of 
the  crown  a  similar  but  dead  connection  between  the 
present  tuber  and  the  remains  of  that  of  the  preceding 
year.  This  habit  of  growth  well  enables  us  to  determine 
the  season  when  the  tuber  was  collected.  When  it  shall 
become  positively  determined  at 
what  season  it  is  most  active,  this 
knowledge  will  doubtless  prove 
of  the  greatest  value  to  us. 

Fresli  ocoriile  (iihcr  is  brown  ex- 
ternally, white  within,  and  has  a 
biting,  benimibing  "taste,"  which 
has  caused  it  to  be  occasionally 
stupidly  mistaken  for  horseradish. 
The  (l}-u:d  tnljcr.  which  consti- 
tutes the  usual  drug  (Acnniliiiii, 
U.  S.  P.;  Aroi,iti  lindir,  V,.  P.; 
Tiibera  Amiiiti.  P.  G. ;  Jinciiic 
D'nconit  napcl,  Code.x  iMed.,  etc.), 
is  from  1  to  3  cm.  in  diameter  at 
the  ba.se,  and  from  5  to  7  cm.  in  length  (t wo-lil'tlis  to 
four-fifths  inch,  by  3  to  !!  inches)  ;  much  shrivelled  and 
wrinkled  longitudinally,  especially  below ;  often  curved 
and  twiste<l.  or  Iiroken.  .Tlie  external  color  is  dark 
brown;  internally  it  is  grayish,  showing,  iu  a  transverse 
section,  a  distinct,  live  to  eight  pointed  stellate  cambium 
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ring,  in  each  angle  of  which  is  a  well  ileveloped  libro 
vascular  bundle.  Frequently  the  tubers  arcf  attached 
iu  ))airs:  when  not,  the  scar  where  they  wi  re  liroken 
apart  can  be  seen.  The  taste  is  similar"  to  that  of  the 
fresh  root,  but  the  stinging  sensation  may  be  a  little 
delayed. 

Aconite,  even  when  conung  .solely  from  Aoniitnia 
yii/nlhiK,  is  very  variable  in  quality  and  often  ])oor. 
The  age  of  the  root  has  nuich  to  do  with  this.  (Jrown  in 
dilTereut  counlrics,  or  under  varying  circnnistances,  it  is 
subject  to  considerable  variation  in  (|uality. 

Co.Ml'osiTloN. — Its  active  constituent  is  the  alkaloid 
Aciiiuiiin\  described  below.  The  determination  of  its 
percentage,  which  is  very  irregidar,  therefore  constitutes 
a  perfect  method  of  esliiuiiling  its  (|uality.  Owing  to 
dilliculties  in  its  extraction,  this  determination  has  in 
the  jiast  not  been  found  i)racticable,  l)ut  il  is  altogether 
probable  that  such  a  method  of  assay  will  be  incorporated 
into  the  forthcoming  edition  of  the  Pharmacopu'ia.  It 
has  also  been  jn'oposed  to  determine  the  presence  of  the 
normal  l)ercenlage  of 
alkaloid  by  securing 
the  tingling  elVeet 
upon  the  tongue  and 
lijis  by  the  use  of  a 
solution  of  a  specific 
degree  of  dilution; 
but  the  pc'i-.sonal 
equation  is  .so  great, 
and  the  elTects  of 
traiiung  so  inqior- 
tanl,  that  this  method 
has  not  found  favor. 
The  total  alkaloidal 
contents  should  be 
alio  u  t  sc  ve  u  oiie- 
hundredths  of  one 
lier  cent.  He  si  des 
the  alkaloid,  a  large 
amount  of  acoiiitie 
aeiil,  condiinc-d  with 
<al<'ium,  is  present, 
lie  sin  and  slight 
amounts  of  fat  and 
sugar  are  also  found. 

The  acoiutes  were 
known  to  the  an- 
cienls,  both  in  Fu- 
rojie  and  Asia,  as 
lioi.s<ins,  and  are  .said 
to  be  si  ill  used  by 
some  of  the  hill  tribes  of  India  to  envenom  tlieir  arrow.s. 
They  were  emiiloyed  as  medicines  in  (lermany  in  the 
twelfth,  and  on  the  islands  of  Great  15ritain  inllie  thir- 
teenth centuries,  but  afterward  fell  into  disuse  until 
IT<i3.  when  Hlocrck,  of  Vienna,  again  introduced  llieni 
to  the  medical  inofession,  since  which  time  they  have 
been  constantly  used. 

Piivsioi.ooicAi,  Action. — Then'  is  nothing  in  the  com- 
position of  aconite  which  materially  niodilies  the  action 
of  the  aeon  it  inc. 

I'riiiKirji  h'll'i lis. — It  shar]ily  .stimulates  certain  of  the 
nerve  endings  on  coming  into  contact  with  them,  as  well 
as  certain  of  the  encephalic  centres.  Tlxse  elVecls  upon 
the  nerve  endings  are  evidenced  by  a  tingling  sen.-ijition 
in  the  skin,  whether  the  aconite  be  diieclly  applied  or 
be  carried  there  in  the  circulation.  A  similar  lini;ling  is 
produced  upon  contact  with  the  mucous  membrane,  and 
this  becomes  a  severe  irritation  wliiii  (he  drug  is  applied 
in  concentrated  form,  as  when  the  dust  of  the  alkaloid  is 
inhaled  or  ria(  lies  the  eyes.  This  elfect  of  aconite  upon 
the  mouth  is  markeilly  to  increase  the  .sjilivary  anil 
mucous  secretion.  It  produces  some  increase  of  per- 
spiration in  the  same  directly  stimulating  manner  on 
lieing  carried  to  the  skin.  I'nder  careful  ob.servation, 
spasmoilie  contractions  of  voluntary  muscular  fibre  can 
be  seen,  while  stimulation  of  the  vasomotor  mechanism 
(whether  central  or  periplieral  is  nut  certainly  known) 
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results  in  arterial  constriction,  when  other  and  antago- 
nistic influences  resulting  from  I  lie  drug's  action  are  ex- 
cluded. At  the  same  tinie.  the  pupil  is  teuiiiorarily  con- 
tracted. Under  the  sjime conditions  of  control,  increased 
cardiac  action  is  observed.  A  slight  diuretic  cITcct,  in 
spite  of  decreased  blood  pressure,  is  proliubl_y  due  to 
direct  renal  stimulation.  Stinudation  of  the  niedullarj- 
centres  is  plainly  exidenced  by  the  strong  cardiac  inhibi- 
tory action  which  is  the  most  prominent  clfect  of  the 
drug,  and  in  convulsions,  which  iu  poisoning  often  occur 
before  the  respiration  has  failed  siiflieiently  to  jji-oduce 
them.  There  isa  powerful  stimulation  of  the  respiratory 
centre,  though  the  action  is  temporary,  irregular,  and 
spasmodic.  The  vomiting  wliich  is  often  present  ma}' 
also  be  due  in  part  to  tlie  same  centi-al  stinudating  cause. 
When  nausea  is  present,  the  diaphoresis  is  increased. 
The  powerful  slowing  of  the  vagus  results  iu  a  marked 
slowing  of  the  heart,  and  as  the  s^-stole  is  much  the  more 
abbreviated,  the  heart  is  weak  as  well  as  slow,  and  blood 
pressure  is  reduced.  The  temperature  falls,  partly  owing 
to  this  cause,  partly  to  the  pers]iiration,  and.  some  think, 
partly  by  reason  of  tlic  disturbance  of  the  heat  centres. 

Secoiniart/  Effects. — The  secondary  effect  of  aconite  is 
to  paralyze  the  parts  at  tirst  stimulated,  though  these  are 
affectedin  very  different  degrees  as  to  both  strength  and 
promptness.  Failure  of  the  sensory  nerve  endings  pro- 
duces ansestliesia  where  tingling  before  e.\isted,  so  that  a 
sensation  of  numbness  is  experienced.  The  stimulated 
respiration  changes  to  a  depressed  one,  and  convulsions 
from  this  cause  frequently  ensue  in  poisoning.  Vaso- 
motor constriction  disappears,  as  does  secretion  due  to 
peripheral  stimulation.     The  pvipil  often  becomes  dilated. 

The  promptness  with  which  these  secondary  symptoms 
appear  is  proportional  to  tiie  size  and  concentration  of 
the  dose,  so  that  the  primary  symptoms  may  be  almost 
altogether  wanting.  Iu  all  cases,  they  supervene  so  soon, 
and  are  so  much  more  jirouounccd  and  continuous,  that 
they,  rather  than  the  primary,  constitute  tlie  medicinal 
effects  of  the  drug.  Of  all,  the  cardiac  repression  au<l 
lowered  arterial  pressure,  which  are  continuous,  are  the 
most  prominent  effects. 

In  jioisoning,  conspicuous  modifications  of  the  medic- 
inal effects  occur.  The  heart  becomes  very  erratic,  al- 
though upon  the  whole  weakness  is  rapidly  progressive. 
The  respiration  is  painfully  depressed  and  couvidsive. 
Muscular  weakness,  which  may  be  cpiite  persistent  even 
after  recover}'',  is  added  to  nerve  depression.  Respira- 
tory failure  is  the  usual  cause  of  death.  This,  with  car- 
diac paralysis,  is  sometimes  almost  instantaneous  when 
large  quantities  of  a  liquid  preparation  are  swallowed. 

Otherwise,  the  above-described  symptoms  come  on 
successively.  The  tingling  and  numbness  of  the  mouth 
are  very  characteristic,  and  are  succeeded  by  similar  sen- 
sations over  the  surface  of  tlie  body,  esiiecially  in  the 
hands  and  feet.  The  skin  soon  becomes  cold,  though 
there  is  more  or  less  perspiration.  Tliere  is  dilatation  of 
the  pupils.  There  is  progressive  nuiscidar  weakness, 
accompanied  by  feebleness  and  ultimately,  in  fatal  cases, 
paralyses  of  respiration. 

Although  .some  aconitine  is  excreted,  especially  by  the 
urine,  it  is  for  the  most  part  quickly  burned  up  in  the 
system,  so  that  if  a  fatal  result  is  not  pronqit,  recovery 
is  apt  to  occur.  Atropine  is  a  physiological  antidote,  as 
is  digitalis.  External  heat  is  very  important.  Alcohol 
shoidd  be  used  cautiously. 

Aconite  is  one  of  the  most  uscfvd  drugs  of  the  Phar- 
macopoeia. It  works  especially  well  with  children,  and 
even  very  small  doses  often  work  satisfactorily.  Because 
of  the  rapidity  with  which  it  is  destroyed  in  the  system, 
doses  should  be  small  and  often  T'cpeated,  The  special 
eases  in  which  it  is  ii.seful  are  those  of  sthenic  char 
acter,  in  the  relief  of  congestions.  It  is  a  very  siife  and 
moderate  agent  for  lowering  the  temperature,  as  well 
as  for  relieving  ten.sion.  It  tends  to  lessen  inllamniation 
and  is  especially  useful  in  many  forms  of  sore  throat. 
All  forms  of  throbbing  pain,  such  as  earache,  toothache, 
and  headache,  are  likely  to  be  relieved,  as  are  painful  dis- 
orders of  the  I'espiratory  organs,  such  as  pleurisy.     Gi'cat 


relief  is  often  experienced  from  its  use  in  inflammatory 
rheumati.sm.  Scarlet  fever  and  the  fever  of  measles  and 
similar  diseases  are  often  markedly  benefited  by  aconite, 
but  care  should  be  taken  to  avoid  excessive  depression. 
Neuralgic  painsare  often  benefited  by  local  apidieations, 
preferabi}'  b}'  iiumctiou.  It  must  never  be  overlooked, 
however,  that  fatal  absorption  may  thus  take  place. 

The  otllcial  preparations  and  their  doses  are  as  follows: 
Extract,  0.01  to  0.6  gm.  (one-half  to  one  grain);  fluid 
extract.  1  to  2 minims;  tincture  (of  3.5-per-cent.  strength), 
1  to  5  minims.  The  strength  of  an  ointment  of  aconitine 
shoidd  not  be  greater  than  2  per  cent.,  and  it  is  best 
made  still  weaker      (See  also  Aconitine.) 

Other  species  of  aconitum  haxing  similar  properties  in 
marked  degree  are  A.  ftca  WaW.  of  India,  containing 
pseudaconitine,  and  ^1.  Jiipnuicnm  Thunb.  of  Japan, 
containing  apparently  aconitine,  but  which  has  been 
called  japaconitine.  //.  JI.  Rndiii. 

ACONITE,  TOXICOLOGY  OF.— A  preparation  of  some 
of  the  species  of  the  genus  Aconitum  (natural  order.  Rk- 
niinculacca')  was  first  suggested  as  a  medicine  by  Stoerck 
in  1T62,  although  its  poisonous  qualities  ■n'ere  known 
long  before  that  date. 

The  species  at  present  in  use,  Aconitum  yapelhis.  is 
popularly  known  as  5Ionk,shood,  all  parts  of  which  con- 
tain aconitine.  but  the  root  most  abundantly.  The  ex- 
tract or  tincture  of  the  root  contains  besides  aconitine 
several  other  alkaloids.     These  are : 

AcoNiNE  (C-r.H„NOi  1  [■']).  which  does  not  produce  tin- 
gling of  the  tongue,  and  does  not  appear  to  be  poisonous 
in  small  doses. 

Ben'zoyl-acoxine  (C26H4o(C6H5CO)NO„)is  the  napel- 
line  of  Dunstan — a  suljstance  readily  hydrolyzed  by  alka- 
lies or  superheated  steam,  yielding  acouine  and  benzoic 
acid.  Although  poisonous,  its  toxic  power,  when  adminis- 
tered to  animals,  is  about  one-thirtieth  that  of  aconitine. 

PsEUD.\coxrriXE — nepalin-veratroyl  aconine,  CseHis- 
NOii — occurs  sparingly  if  at  all  in  ,1.  Snjielltis.  but 
replaces  aconitine  iu  ,1.  fn-ii.i\     It  is  highly  poisonous. 

At  least  five  additional  highly  poisonous  alkaloids  have 
been  prepared  from  various  species  of  aconitum  other 
thau  ^-1.  yapellus. 

The  commercial  aeonitines  vary  greatly  in  composition 
and  in  therapeul  ic  anil  toxic  activity,  containing  varying 
fiuantities  of  aconitine  from  a  mere  trace  to  nearly  the 
pure  article. 

The  name  aconitine  properly  apjdies  oidy  to  the  crystal- 
line alkaloid,  acetyl-bexzoyl-aconine,  CjeHsgtCHsCO)- 
(C6ll5CO)NO,,,  a  faintly  yellow  solid,  crystallizing  iu 
transparent  prisms,  which  fuse  at  188.5""  C.  (miT.S'  F.), 
readily  soluble  in  chloroform  and  benzene,  sparingly  sol- 
uble in  alcohol  and  ether,  and  almost  insoluble  iu  water 
and  pelroleiun  ether.  It  forms  crystalline  s;dls.  The 
alcoholic  solution  of  the  alkaloid  is  dextrog}'rous;  aqiic- 
ous  solutions  of  its  salts  are  hevogyrous.  It  is  readily 
hydrolyzed,  yielding  aconine.  benzoic  and  acetic  acids. 
The  toxic  power  of  a  solution  of  aconitine  chloride  admin- 
istered subciUaneously  to  guinea-pigs  is  very  high. 
0.000064  gm.  (0.001  gr.)  per'kilograuv  of  body"  weight 
being  the  lethal  dose. 

Stalifitics. — ^Most  of  the  aconitic  poisonings  reported  iu 
medical  literature  are  irceiilentiil.  Out  of  193  cases,  1-57 
were  accidental,  26  sincides,  several  ludcnown,  and  6 
homicides.  In  18  cases  the  root  itself  or  a  decoction  of 
it  was  taken  by  mistake  for  some  other  root,  usually  for 
horseradish  (Cnchleariei  eirmnniciii  ;  natural  order,  Criici- 
ferit').  The  points  of  dilTercHce  in  the  two  roots  will  l>e 
evident  from  the  cut.  Fig.  20(BeiUleyV  Poisonings  have 
occurred  from  the  external  application  of  liniments  and 
ointments  coutaining  aconite. 

Lttliid  Dose. — On  accoimt  of  the  variations  in  strength 
iu  the  ditl'erent  preparations  of  aconite,  it  is  impossible  to 
fix  with  any  accuracy  the  lethal  dose.  Probably  less 
than  0.064  gm.  of  crystallized  aconitine  would  be  fatal. 

Symptoms. — Usually  the  first  effects  of  aconite  or  aconi- 
tine, when  taken  by  tlu'  month,  arc  manifested  immedi- 
ately or  within  a  few  minutes,  and  consist  of  a  peculiar 
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tingling  or  prickling  sensalion  nf  the  lips,  toiigui',  and 
nioutli,  iKcompanicd  by  a  fVcling  (if  iiuinliuoss,  liolh  sen 
sations  fxicnding  unlil  the  cntiro  surface,  ))arli<-idarly 
thai  of  the  extremities,  isalfeeted.  There  is  a  iKirriljle 
strangling  or  cinteliing  sensation  in  the  throat,  degluti- 
tion is  dillieult.  and.  later,  attempts  to  swallow  provoke 
spasms  wliieh  may  hv  hydrophobic  in  character.  The  teeth 
feel  as  if  loose,  the  throat  feels  dry.  tliere  arc  sen.sations 
of  swelling  of  the  face  and  forehead,  ami  t  witcliing  of  tlic' 
facial  muscles.  Nausea  is  felt  <'arly.  is  accompanied  by 
salivation,  and  (puekly  followed  by  the  must  vinleiil  and 
persistent  retching  and  vomiting.  The  act  of  vomiting 
is  a  convulsive  spasm  of  the  abdom- 
inal muscles  and  diaiihra.gm  by  which 
the  stomach  contents  arc  as  it  were 
".jerked  out."  After  a  very  brief  pe- 
riod of  cardiac  stimnlalion  the  pulse 
becomes  slower,  more  feeble,  irreg- 
ular, and  dichrotie,  then  tlickei'iug, 
and  linally  iinpercei)tililc:  respiration 
is  shallow  and  hurried  ;  there  are  chills 
and  subnormal' temperature.  There 
is  .creat  weakness  and  pro.stration ; 
slight  exertion  provokes  syncope  and 
sometimes  cardiac  pain.  The  jiutient 
is  in  fear  of  death,  restless;  the  face 
is  pale,  the  lips  are  blue,  and  the  sur- 
face is  covered  with  cold  perspiration. 
The  extremities  are  cold,  sometimes 
paralyzed,  and  sometimes  affected 
with  pains  in  the  joints.  The  eyes 
arc  staring,  glistening,  and  the  pupils 
usually  dilated,  with  more  or  less 
complete  loss  of  si,ght  or  diplopia.  In 
some  in.stanccs  the  patient  becomes 
delirious,  though  generally  perfectly 
conscious  to  the  last :  sometimes  he 
is  attacked  with  cramps  and  convul- 
sions, and  sometimes  he  is  comatose. 
The  urine  is  generally  retained. 

JIany  unusual  symptoms  are  re- 
ported in  the  cases  referred  to  in 
medical  literature. 

Dunitio/i. — The  usual  duration  of 
a  fatal  case  of  acimitic  poisoning  is 
from  one  to  live  hours,  whether  the 
substance  be  taken  in  the  form  fif 
aconite,  aconitine,  or  the  root  itself. 
In  two  cases  of  fatal  poisoning  by 
the  leaves  the  duration  was  twenty  1 

and  twenty-f(mr  hours. 

Tri:((tii)iiit. — The  stomach  is  to  be 
washed  out  as  soon  as  possible,  pref- 
erably with  water  containing  a  .solu- 
tion of  iodine  in  potassium  iodide, 
which  forms  a  crystalline,  insoluble 
compound  with  aconitine.  In  the  ab- 
sence of  the  necessary  instruments  an 
emetic  of  zinc  sulphate  or  of  a])omor-  Fni.  20, 
phine  may  be  given,  notwithstand- 
ing the  tendency  to  emesis  caused 
by  aconite.  Respiration  is  to  bi-  maintained  aitilieially 
if  necessary.  DilTusible  stimulants,  ether,  anunonia, 
Ijrandy,  etc.,  should  be  given  by  liy]iodirmic  or  intra- 
venous in.jeclion  or  by  eiicmata.  Digitalis,  strycluiine, 
and  atrojiine  have  been  given  hypodermically  to  counter- 
act the  cardiac  effects  of  aconitine,  and  amyl  nitrite  b\' 
iidialation  to  control  the  spasms.  Tlie  diminution  of 
temperature  is  ojiposed  by  warmth  externally  applied. 

I'lixl  Miirtdii. — The  post-inorlem  apiiearances  are  in  no 
way  characteristic.  AVhen  death  is  due  to  failure  of  res- 
piration the  post-mortem  apjiearances  resemble  those 
after  death  by  asphyxia. 

IMeeliim. — In  the  exceptional  cases  in  which  portions 
of  the  plant  have  been  taken,  these  may  be  reco.gni/.cd  in 
the  stomach  contents. 

Under  favorable  conditions  the  alkaloid  will  crystallize 
from  its  solutions  iu  benzene;  it  gives  no  color  reaction, 


nor  is  there  any  special  chemical  lest  by  which  it  may  be 
identitied. 

The  most  sensitive  reagents  for  aconitine  arc;  the  human 
tongue  and  the  frog.  Jlinutc  ([uantitics  placed  upon  tlie 
tongue  jiroduce  a  peculiar  tingling  or  prickling  sensa- 
tion, or  if  injected  hyiKidi-rmically'thcy  cause  the  death 
of  a  frog.  (Compiled  from  I'rof.  "R.  A".  Witthaus' Toxi- 
cology.) l.'iui^  WftriKi-  Jiif/ffs. 

ACONITIC  ACID,  C'ellnOo,  occurs  in  large  amount  in 
eombinalion  with  calcium  in  aconite,  also  in  adonis  and 
other  plants  of  the  Itanttucalacen:  and  elsewhere.     Either 
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water  or  alcohol  will  dissolve  it.  It  deposits  in  thin 
plates.  This  acid  is  also  yielded  upon  healing  <-ilric  acid. 
ll  has  no  special  medicinal  proiierties.  //.  //.  A'. 

ACONITINE. — "An  alkaloid  obtained  from  aconite 
root,  aTuI  ha\ing  the  I'ormida  C.i:,lIiiN(),2"  (B.  P.). 
(Not  official  in  U.  S.  I'.)  As  the  British  Pbarmacopu'ia 
<lelines  aconite  root  as  proceeding  from  A.  y<ijitlliis  L., 
the  abov<'  detinition  is  equivalent  to  a  rctiuireinent  that 
the  alkaloid  be  obtaiin-d  from  that  species.  It  is.  how- 
ever, not  conlincd  to  that  species,  as  what  is  believed  to 
be  the  siime  is  obtained  from  Japanese  aconite.  Its  per- 
centage in  aconite  must  be  very  small,  as  the  total  alka- 
loids represent  but  about  .07  of  one  per  cent.  The  per- 
centage is.  moreover,  very  variable,  and  should  bi'  stated 
in  connection  with  every  lot  and  preparation  of  the  drug. 
Aconitine  occurs  in  white,  lial  crystals  and  is  soluble  in 
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alcohol,  but  nol  in  water.  It  is  a  comi)ouMil  of  atctic 
acid  with  the  alkaloid  hcuzoyl-aconiuc,  tiic  latter  being 
a  compound  of  benzoic  acid  with  the  alkaloid  aconine. 
Both  of  tlie  two  last-named  occur  to  a  greater  or  less  ex- 
tent in  aconite,  as  derivatives  of  the  first.  Neither  pos- 
sesses the  properties  of  aconitiuc.  nor  arc  they  poisonous. 
To  the  incompatibilities  of  alkaloids  in  general,  acouitine 
adds  that  of  being  (lee(im])osed  liy  alkalies,  owing  to  its 
peculiar  composition,  as  above  described. 

The  |iro|ierlies  and  usesof  the  alkaloid  are  fully  stated 
under  the  title  Acoiiiti'.  Its  activity  is.  however,  so  in- 
tense that  it  has  to  be  used  and  hanr'led  with  the  most 
extreme  caution,  as  will  be  appreciated  when  it  is  con- 
sidered that  there  is  but  a  half  pound  (jf  it  in  a  ton  of 
aconite,  yet  the  Siife  dose  of  aconite  is  limited  to  about 
five  grains. 

Its  external  use  is  for  the  relief  of  rheumatic  and  neu- 
I'algic  pain.  The  ordinary  commercial  alkaloid  has  been 
usecl  in  ointment  u]i  to  two-per-cent.  strength,  but  that 
of  the  pure  crystalline  alkaloid  should  be  limited  to  .3 
of  one  per  cent.  There  is  great  danger  of  absorption, 
and  it  should  be  applied  only  to  the  unbroken  .skin.  In- 
ternally, it  may  be  used  in  jiill  form  tn-  in  freshly  made 
solution,  in  doses  of  gm.  0.0001  to  0.0003  (^i^'to  ^'^ 
grain),  and  not  more  than  ten  times  these  anunmts  per  day. 

JdjKicoiiitiiie,  from  .Taiwanese  aconite  (.4.  Japonica 
Thunb.),  is  apparently  identical. 

Pseiidaconitine,  from  Nepaul  or  Indian  aconite  (-4.  fen/.t; 
Wall.),  is  equally  poisonous.  Its  properties  are  under  in- 
vestigation, and  it  is  not  unlikely  that  it  may  be  found 
worthy  of  introduction.  II.  II.  Eushy. 

ACORMUS.     See  Ttrntohgy. 

ACROCHORDON.     See  Fibroma  nf  Ihe  Skin. 

ACRODYNIA,  or  Ei'ide.mic  Ehytiii:m.\. — A  somewhat 
obscure  disease,  said  to  bear  consiilerable  analogy  to 
pellagra.  It  was  first  observed  at  Paris  in  1S2S,  occur- 
ring tliere  as  an  outbreak  in  one  of  the  infirmaries  for  old 
men.  The  epidemie  subsiiled  during  the  winter  months 
to  break  out  again  in  the  spring,  but  was  considered  to 
have  been  extinguished  during  the  severe  winter  of 
1829-30.  A  few  cases,  however,  weie  noted  from  time 
to  time  during  the  years  1830  and  1831,  since  when  the 
afEection  has  not  again  been  observed  in  Paris.  In  jMex- 
ico,  in  180(5,  during  ]\larch  and  April,  an  epidemic  said  to 
be  acrodynia  broke  out  among  the  Mexican  and  Algerian 
soldiers  at  Zitoeuaro. 

On  the  Continent  it  had  been  observed  on  a  small  scale 
since  1831,  chiefly  among  Belgian  and  French  soldiers 
and  prisoners,  the  last  occasion  being  in  a  French  regi- 
ment stationed  at  Satory,  near  Versailles,  in  1874.  This 
epidemic  was  not  very  clearly  demonstrated,  however, 
to  have  been  one  of  acrodynia,  and  of  late  the  existence 
of  such  a  disease  has  even  been  questioned.  The  general 
symptoms  are  said  to  be  in  some  respects  similar  to  those 
of  chronic  arsenical  poisoning.  Commencing  with  gas- 
tro-iutestinal  irritation,  redness  of  the  conjunctiva, 
oedema  <if  the  face  or  limbs,  there  are  soon  added  foi'mi- 
caticm,  pains  in  the  fingers  and  toes,  a  burning  sensation, 
and  pricking  or  shooting  pains  in  the  palms  and  soles, 
and  a  feeling  of  weight  in  the  extremities,  especially  the 
lower,  llypentsthesia  of  these  jjarts,  esiiccially  the 
soles  of  the  feet,  and  sometimes  an;i?sthesia.  are  present. 
Cramps,  spasms,  and  tetanic  contractures  are  almost 
always  constant  symjitoms.  There  is  no  fever,  and  tlie 
disease  is  rarely  fatal,  except  in  the  old  and  feeble  or 
from  the  diarrhoea  wliich  is  jircsent  in  all  cases,  recovery 
taking  place  in  a  few  weeks  or  months. 

The  chief  cutaneous  manifestations  of  Ihe  di.sease  are 
erythematous  and  pigmentary. 

The  erythema  makes  its  appearance  early  in  the  course 
of  the  disease  and  may  be  very  general,  alfecting.  how- 
ever, chiefly  the  cxtremitii'S.  more  particularly  the  hands 
and  feet,  and  here  es|iecially  their  palmar  and  ]ilanlar 
surfaces.  It  may  be  iircceded  or  accompanied  V)y  the 
formation,  chiellv  on  tlie  hands  and   feet,  of  vesicles  or 


bulla-  filled  with  a  clear  or  at  times  more  or  less  sanguino- 
lent  effusion,  and  is  followed  by  desquamation  or  exfoli- 
ation of  the  epidermis,  while  a  dark  brown  or  blackish 
pigmental i(ni  spreads  itself  over  the  abdomen,  chest, 
axilUt,  and  other  parts,  being  more  jironounced  in  the 
warm  region  of  the  body.  Alibert,  in  his  description, 
the  onl\-  one  coming  from  a  dermatologist,  .says  ("Mono- 
graphic lies  dermatoses,"  Paris,  1833,  p.  12)"  that  what 
particularly  attracted  his  attention  in  most  of  those 
afflicted  with  tlie  disease  was  this  black  _eolcr  which 
affected  the  integument,  neaiiv  all  who  presented  them- 
selves for  treatment  having  the  tint  of  a  chimney  sweep. 
The  pathology  of  the  di.sease  is  ob.scure:  there  are  no 
special  post-mortem  changes,  but  in  several  eases  inflam- 
mation of  the  pia  mater  and  spinal  ai'aclmoitl  was  founil. 
Though  the  disease  bears  a  close  le.semblance  to  pellagra, 
the  general  and  cutaneous  symptoms  arc  more  varied  in 
acrodynia  than  in  pellagra;  and  while  in  the  latter  the 
backs  of  the  hands  and  feet  are  attacked,  it  is  the  jjalms. 
and  soles  that  are  affected  in  the  former.  The  disease 
was  regarded  (Chomel,  Reeamiei',  etc.)  in  Paris  as  being 
due  to  spoiled  cereals,  but  nothing  positive  on  the  score 
has  been  proven.  The  most  efficient  treatment  was 
claimed  to  consist  in  counter-irritation  of  the  spine. 

Charles  Toirmi/ieiid  DiuU. 

ACROMEGALY,  or  Akuomegaly  (a/cpor,  extremity; 
/"fJQf.  great).  —  (Synonyms:  Acromegalic :  Akromegalie; 
acromegalia;  pachyacrie:  jNIarie's  disease.) 

Definition. — Aerome,gal_y  is  a  chronic  disease,  char- 
acterized by  an  abnf)rnial  increase  in  the  size  of  the  ex- 
tremities of  the  body,  viz.,  hands,  feet,  and  generally 
head,  due  to  a  hypertrophy  of  the  bones  and  soft  parts 
of  these  regions. 

History. — The  fir.st  to  recognize  this  disease  as  a  sep- 
arate entity  was  P.  Jlarie,  who  wrote  upon  this  subject 
in  1886.  This  first  article  of  jMarie's  describes  two  cases 
which  he  had  discovered  while  first  assistant  to  Pro- 
fessor Charcot.  He  named  this  disease  "Acromegalic" 
because  he  found  all  the  extremities  of  the  body  enlarged, 
viz.,  hands,  feet,  and  cephalic  extremity,  while  von  Reck- 
linghausen suggests  tlie  name  of  "  Pachyacrie.  "  Since 
the  publication  of  ilarie's  first  paper,  in  1886.  a  munber 
of  cases,  reported  in  literature  under  various  titles,  liave 
been  discovered,  which  in  all  probability  were  cases  of 
acromegaly. 

On  the  other  hand,  since  1886,  a  number  of  cases  have 
been  reported  as  acromegaly  which  I  do  not  believe  to  be 
cases  of  that  disease.  The  first  cases  discovered  and  re- 
jiortcd  as  acromegaly  (in  188.")  Wadsworth  reported  a  case 
as  mv'XO'dcma  which  was  undoubtedly  acromegaly)  in 
America  were  those  of  I)rs.  O'Connor  and  Adler,  both  of 
which  were  published  in  1888. 

A  complete  study  of  this  disease  can  be  made  by  refer- 
ence to  the  New  .Sydenham  Society  Reports.  London, 
1891 ;  to  Dr.  Joseph  Collins'  articles  in  the  Jmirrial  of 
Nermvx  <ind  Mental  IJi.iea.se.^,  Decembci'.  1892.  and  Jan- 
uary, 1893;  to  the  alphabetical  bibliographj-  in  tlie 
writer's  article  in  the  Yale  Medieal  Jfiurnal.  December, 
1897;  to  Dr.  Guy  Hin.sdale's  monograph  in  }[edieine. 
1898;  and  to  the  chronological  bibliography  of  Dr.  Har- 
low Brooks  in  the  Archives  of  Neurology  and  Psycho- 
Patholociy,  vol.  i..  No.  4.  1898. 

Sy.mpto.m.\tologv. — (General  Condition. — The  acromeg- 
alic patient  comes  to  the  physician  complaining  of  head- 
ache, disturbances  of  vision,  severe  joint  jiains.  and  some- 
times ringing  in  the  ears;  or  the  condition  is  discovered 
while  the  patient  is  under  treatment  for  an  entirely  differ- 
ent disease.  This  ]iain  in  the  head  is  the  most  frequent 
subjective  symptom,  and  is  often  severe  an<l  even  terrific. 
There  may  be.  and  freipiently  are.  pains  referred  to  vari- 
ous parts  of  the  body,  often  to  the  joints,  which  are  more 
or  less  persistent  but  neuralgic  in  character.  Frequently 
there  is  tingling  of  the  hands,  feet,  or  ears,  often  with 
numbness  of  the  fingers,  but  with  no  great  loss  of  sensi- 
bility. Then-  is  gi'iierally  increased  and  often  mvenous 
appetite.  incrca.sed  thir.st.  and  often  dyspepsia  and  poly- 
uria, and  generally  constipation.     Menstruation  is  ,gcn- 
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enilly  absent  in  the  fomale.  anrl  the  sexual  appetite  is 
generally  diiiiinislieil  in  the  male.  The  pulse  and  teui- 
perature  are  aliucist  iiiv;;rial)ly  normal. 

I'irfi"iii  lli^t'iiil.  —  In  wimien  the  ces-^iilicin  (it  the  men 
struation  is  jrenerally  the  lirst  symiitoni  dl'  Ihe  disease. 
In  several  eases  there  has  been  a  liislorv,  in  the  early 
sta.iies,  of  profuse  and  recurring  episla.xis. 

From  the  patient  or  his  family  jii'oof  of  the  eonliuuous 
growth  of  the  head,  hands,  feel,  and  body  can  generally 
be  elicited,  and  connnonly  an  apjiro-vimate  date  for  the 
beginning  of  th<>  disease  can  be  estimated.  'I"he  weight 
during  this  develo])ing  period  of  the  disease  always  in- 
creases, and  so  does  the  height  to  a  certain  extent,  al  least 
till  the  period  when  kyphosis  develops.  When  Ihis 
kvphosis  is  well  devclo|ied  more  or  less  lo.ss  of  height: 
takes  place,  even  to  as  much  as  six  iucljcs  in  Pagcl's 
case. 

The  gradual  increase  in  the  size  of  the  hats,  shirts, 
glove.s,  and  shoes  worn  can  always  be  ascertained,  and 
furnishes  positive  evidc-nce  of  growth. 

In  women  the  increase  in  the  si/c>  of  the  lingers,  as 
shown  by  the.  in;'iliiliiy  to  longer  wear  the  wedding  ring, 
which  in  many  cases  has  been  sawed  off,  is  a  positive 
evidence  of  growth  frecjuently  mentioned  in  the  histoi-ies 
of  the  eases.  In  most  cases  earlier  jihotographs  of  tlie 
])atient  can  be  obtained  and  compiired  with  the  ])resent 
rondition. 

These  signs  an<l  facts  show  a  po.sitive  and  continuous 
growth,  and  carefid  examination  of  the  parts  alVeeted 
shows  that  this  growth  is  largely  of  the  bones. 

CUiiinil  Tiixinrtioii. — In  acromegaly  ail  of  the  pmjeet 
ing  portions  of  the  body  are  greatly  enlarged — hands. 
feet,  chin,  lips,  nose,  tongue,  ears,  and  often  the  genitalia. 
Of  these  jiarls  tlie  bones,  cartilages,  and  soft  tissues  are 
all  liypertro|)liied.  The  face  is  oval,  the  cheeks  are  flat- 
tened, the  forehead  is  retreating  and  low,  the  nose  en- 
larged and  often  massive,  and  exophthalmos  may  be  pies 
ent.  The  ears  are  generally  enlarged  and  the  liair  of  the 
head  is  strong  and  thick. 

The  intellectual  faculties  may  or  may  not  Ije  impaired, 
and  somnolency  is  sometimes  present.  Taste  and  smell 
are  rarely  affected,  while  hearing  is  occasionally  ilis 
turbed  and  sight  is  fre([uently  impaired.  The  voice  is 
loud  and  deep.  The  reflexes  are  generally  normal,  at, 
least  not  markedly  impaireil.  and  the  eleelrical  reai-lions 
are  normal. 

The  skin  may  be  diy  and  harsh  and  is  generally  greatly 
thickened,  es|)ecially  on  the  alTeeted  Jiarts.  while  the  sub 
cutaneous  cellular  tissue  may  be  either  hypertroijhied  or 
atrojiliied.  The  skin  isoften  yellowish,  especially  marked 
f)n  the  face,  and  there  is  often  increased  persiiiration, 
either  local  or  general.  There  is  frequently  an  increased 
growth  of  hair,  es]iecially  on  the  arms  and  legs,  and  mol 
lu.scous  growths  often  appear  on  the  face,  neck,  or  body. 

The  superlieial  veinsof  the  bo<ly  are  often  dilated,  giv- 
ing rise  to  hemorrhoids  iind  varicose  veins  of  the  legs. 

There  may  be  nuiscular  hypertrophy,  local  or  general, 
but  later  there  is  atrophy  of  many  of  the  muscles.  The 
heart,  bnigs,  spleen,  and  liver  may  be  normal,  although 
the  heart  may  be  slightly  hypertroiihied.  Thekidneysare 
generally  normal,  although  there  is  fre(|Uently  polyuria, 
and  occasionally  glycosuria  or  albiunimiria  is  present. 

The  earlila.ges  of  the  nose  are  enlarg<'d  and  thickened, 
as  are  generally  the  earlilages  of  the  cars  and  eyelids. 
The  lower  jaw  is  almost  invariably  enlarged,  and  gen 
erally  to  such  an  <'Xtent  that  prognathism  is  present. 
The  superior  maxillary  and  malar  bones  are  generally 
enlarged,  elongating  the  face  and  giving  prominence  to 
the  cheek  bones.  The  supra-orbital  ridges  are  generally 
very  prominent,  causing  the  rest  of  the  forehead  to 
apparently  retreat,  while  the  skin  of  the  foreluvid  is 
enormously  hyperlrophied  and  thrown  into  folds  and 
corrugations.  The  cranial  bones,  exee[)t  as  to  crests  and. 
protuberances,  are  rarely  affected. 

The  bones  of  the  thorax  an^  always  eidarged,  notably 
the  extremities  of  the  clavicle  and  the  eostid  cartilages. 
especially  at  the  j  unci  ion  of  the  ribs  an<l  the  sternum,  and 
Still  more  markedly  at  the  xiphoid  appendix.     The  ribs 


are  generjiUy  widened,  while  the  seapuhe  mayor  may  not 
be  eidarged.  and  .sotmer  or  later  llie  vcrleline  and  Ihe  verte- 
bral cartilages  liceonie  affected,  the  lalter  ihiekening  ami 
ossifying,  causing  ky])lKisis  and  other  deformities  of  the 
spinal  column.  On  account  of  this  kyphosis  and  the 
shortening  of  the  lU'ck  the  long,  projecting  chin  often 
almo.st  rests  upon  the  sfernuin. 

The  boiii'S  of  the  arm  are  generally  not  enlarged  exce|)t 
the  lower  part  of  Ihe  radius  and  ulna,  thus  causing- an 
enlarged  wrist,  while  \\w  bones  of  the  hand,  the  meta- 
carpal hiinesaiid  ]ihalaiiges  especially,  are  all  widened 
and  thiekc-ned. 

The  soft  parts  of  the  hand  are  especially  hy]icrtrr)plucd, 
giving  the  large  and  often  enormous  acroinegalie  hand. 

The  pelvic  bones  are  generally  enlarged,  tliis  being  par- 
ticularly  nolicealile  at  the  symphysis  ])ubisanil  the  crests 
of  the  ilia.  The  thigh  bones  arc  generally  not  affected  ex- 
cept at  the  condyles,  which  are  enlarged  and,  togetlier 
with  Ihe  almost  coihstantly  enlarged  jiatelhe,  produce 
large  knee  joints.  The  libia'  and  libula'  may  or  may  not 
be  enlarged,  though  fre(|Uently  there  is  some  hypertrophy 
of  the  extremities  of  these  bones.  The  ankle  joints  are 
generally  enlarged,  and  the  feet  bones  and  soft  parts  are 
alTeeted  similarly  <o  the  hands  anil,  like  the  latter,  are 
enormous. 

CiiiTirv!.  Kx.\.\iiN.\'iio.N.  —  lliiid.  —  \Ve  Iind  the  fore- 
head low  an<l  retreating,  due  lo  the  growth  forward  of 
the  sui)erciliary  ridges,  which,  with  Ihe  elongation  and 
forward  pi'ojection  of  the  lower  jaw,  givi's  the  oval  (pr 
elliptical  face  so  characteristic  (jf  this  disease.  The  hair 
is  tiiick  and  strong,  and  the  eyelirows  are  often  heavy. 
We  next  notice  that  the  face  is  entirely  too  large;  that  it 
is  out  of  all  pro]iortion  to  the  crauinm  projier.  The  skin 
of  the  face  is  thickened  and  of  a  yellowish  brown  color, 
most  marked  on  the  eyelids,  with  perhaps  here  and  there 
a  molluscous  growth. 

The  skin  of  the  forehead  isoften  redundant  and  Ihrown 
into  many  transverse  wrinkles  and  folds.  Thecheeksare 
generally  llattened,  and  often  ajipcar  sunken,  largely  due 
to  the  iH'ominence  and  ]iidjeelion  of  the  malar  bones. 
The  circiunferenecs  of  the  orbits  are  prominent,  and  the 
eyelids  are  large,  due  to  the  thickening  and  widening  of 
liie  tarsal  cartilages,  with  more  or  less  hypertrophy  of 
the  skin,  especially  of  the  lower  lid,  where  it  may  fall  in 
folds,  with  occasionally  the  ajipcaranee  of  o'dema.  The 
eyeballs  are  large  and  geiK-rally  more  or  less  prominent, 
even  to  tla^  condilion  of' exo]ihtlialnios. 

The  nose,  even  for  the  size  of  the  face,  is  too  large, 
often  immense,  du(^  to  the  thickening  an<l  enlarging  of 
th<' nasal  cartilages  and  to  tin:  great  hypertrophy  of  the 
soft  ]iarts.     It  is  wide,  thick,  and  may  be  pugged. 

The  superior  maxillary  bones  may  or  may  not  be  en- 
larged, but  are  fre((Uently  lengthened  from  above  down- 
ward;  nevertheless  they  are  never  enlar.ired  to  the  sjime 
extent  as  is  the  lower  jaw. 

The  upper  lip  is  geiii'rally  thick  and  projecting,  but 
never  attains  the  size  of  the  lower  lip.  The  lower  lip  is 
almost  invariably  thick,  everted,  and  projecting,  and  is 
a  characteristic  feature. 

The  cnlargeinent  of  the  lower  jaw  is  one  of  the  land- 
marks of  this  disease,  although  acromegaly  can  uiupies- 
tionaldy  oeiair  without  the  enlargemiait  of  this  bone. 
The  angle  of  junction  between  the  rami  and  the  body 
lieeomes  obtuse,  and,  wliile  the  rami  may  grow  to  a  con- 
siderable extent.  Ihe  chief  growth  is  in  tjie  body.  The 
body  of  this  bone  widens  ami  Ihickens  all  over,  but 
is])eciallv  on  its  alveolar  holder  and  at  the  symphysis, 
where  tlic  mental  process  becomes  very  prominent.  The 
rami,  however,  may  be  so  enlarged  and  widened  as  to 
force  outward  the  lower  part  of  Ihe  external  ear.  The 
te<th  rarely  partake  of  this  growth  (in  Ihe  congenital  case 
descrilieil  by  Cenas  Ihe  teeth  were  all  enlarged):  hence 
the  growth  of  the  alveolar  jirocess  soon  tends  to  separali' 
the  teeth  from  one  another  by  contiunally  increasing  in- 
tervals, though  the  teelh  may  fall  out  spontaneously. 
Sooner  or  later  prognathism  g<'iienilly  occurs;  it  is  due  not 
only  to  the  growth  of  Ihebodyoi'  the  lower  jaw.  but 
also  to  the  widening  of  the  angle  and  the  changes  in  Ihe 
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glenoid  fossa.     This  iiro,s;ii!illiisiii  is  of  iill  degrees,  even 
to  1.5  mm. 

The  e.xternal  ear  is  jienerally  increaseil  in  size,  some- 
times even  appearing  very  large.  The  cartilages  and  the 
soft  parts  both  taUe  part'in  the  growth,  and  the  former 
may  become  in  places  us  Imid  as  bone,  while  the  exleruid 


Fig.  21.— Typical  Face  In  Acromegaly.     (.Author's  Brst  case.) 

auditory  canal  may  be  lengthened  by  the  growth  of  its 
cartilage  and  the  bony  canal  narrowed  bj'  exostoses  from 
its  walls. 

The  bones  of  the  cranium  are  generally  not  enlarged, 
although  there  have  been  several  exceptions.  l>ut  the 
ridges  and  eminences  arc  often  abnormallj-  prominent, 
especially  the  occipital  jirotuberauce;  and  in  one  case 
there  were  spiky,  osseous  protuberances  along  the  su- 
tures of  the  skull. 

The  mucous  membrane  of  the  nostrils  is  frequently 
found  h3'pertrophied.  The  sense  of  smell  is  very  rarely 
affected. 

The  tongue  is  broad  and  thick  and  freqiiently  double 
its  normafsize.  almost  entirely  filling  the  cavity  of  the 
mouth,  so  that  the  sides  shoW  indentations  from  the 
teeth.  The  upper  surface  of  the  tongue  is  often  deeply 
corrugated  and  marked  by  deep  lines  and  fissures,  and 
the  papilke  niiiy  lie  prominent  and  projecting.  The 
speech  is  rendered  thick,  heavy,  and  slow  by  the  massive 
tongue,  which  gives  the  impression  of  weight  and  clum- 
siness, while  the  in-ognathism  allows  the  laliial  and  dental 
sounds  to  be  but  jioorly  articulated.  The  tongue  is  gen- 
erally clean,  but  may  "be  covered  with  a  grayish-yellow 
coating. 

The  soft  palate  is  often  thickened,  the  uvula  may  be 
wide  and  long,  even  as  large  as  a  little  finger,  and  the 
epiglottis  has  been  foiuid  considerably  thickened.  The 
larynx  is  enlarged,  cither  as  a  whole  or  in  one  or  more 
sets  of  its  cartilages.  The  aryepiglottic  ligaments  have 
been  found  thickened  and  the  vocal  cords  hypertrojihied. 
These  laryngeal  enlargements  cause  the  voice  to  be  lnud 
and  harsh,  wliile  the  pitch  is  much  lowered  in  men  and 
made  masculine  in  women. 

The  thyroid  cartilage  is  often  enlarged,  as  is  also  the 
cricoid  cartilage  anil  freiiuently  the  hyoid  bone.  The 
submaxillary  and  the  lymphatic  glands  of  the  neck  may 
be  enlargeil.     Tlie  tlivVoid  gland  niav  be  normal  in  size. 


hypertrophied,  cystic,  or  so  atrophied  that  it  cannot  be 
found. 

The  neck  is  slioi't  and  tliick,  and  the  head  leans  for- 
ward, which  with  the  cervico  dorsal  kyphosis  causes  the 
long  projecting  chin  to  almost  rest  on  the  sternum. 

lliidii. — Sooner  or  later,  but  almost  invariably  if  the 
case  is  far  enough  advanced,  the  irregular  growth  of  bone 
in  the  spinal  column  causes  deformities  of  the  spine.  This 
deformity  is  almost  constantly  a  cervieo-dorsal  kypho.sis, 
giving  a  humpback  appearance  which  is  very  characteris- 
tic of  this  disease.  Occasionally  scoliosis  is  also  present, 
and  sometimes  there  is  a  compensatory  lumbar  or  dorso- 
lumbar  lordosis.  The  spinous  processes  of  the  vertebroe 
are  frequently  found  abnormally  prominent,  especially 
the  lower  cervical. 

The  size  of  the  chest  is  greatly  increased,  especiallj'  at 
the  level  of  the  ensiform  cartilage,  w-here  it  reaches  its 
greatest  circumference.  Laterally  the  chest  appears  flat- 
tened, while  tlie  antero-posterior  diameter  is  often  enor- 
mous, due  to  the  forward  projection  of  the  lower  end  of 
the  sternum. 

Tlie  sternum  is  generally  widened  and  thickened,  with 
prominent  transverse  ridges,  and  there  may  be  triangular- 
shai^ed  indentations  at  "the  sides.  There  may  be  a  hol- 
lowing of  the  sternum  in  the  region  of  the  manubrium 
due  to  an  irregular  growth  of  fhe  segments,  while  the 
iipper  end  of  the  sternum  may  be  so  thick  as  to  give  a 
tluluess  on  percussion.  The  xiphoid  cartilage  is  gener- 
ally hard,  wide,  and  projecting. 

The  clavicles  arc  most  enlarged  at  the  sternal  cxtrenti- 
ties,  but  the  acromial  ends  are  also  generally  thickened. 

The  ribs  are  wide  and  very  oblique,  and  at  their  junc- 
tion with  the  more  or  less  enlarged  and  ossified  costal 


Fifi.  23.— .Uitlior's  Third  Case  of  .\cromegaly. 

cartilages  are  generally  found  bony  nodules,  not  unlike 
the  rachitic  rosary,  and  nodosities  may  appear  on  the  ribs 
themselves.  The  ribs  are  rendered  oblique,  and  the  lower 
ones  are  forced  outward  by  the  great  growth  of  the  cos- 
tal cartilages.     The  hardening  of  the  ligaments  and  car- 
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tilages  of  tlic  chest  causes  a  peculiar  still'  iiiul  cnnstraiiieil 
upand-dowu  or  out-aiulin  niolioii  of  tlic  lower  [lart  of 
the  thorax  (hiring  resi)iration,  and  the  abdoiniuai  respira- 
tion is  increased. 

The  abdomen  is  generally  flattened  and  even  appears 
retracted  from  the  forward  jirojeetion  of  the  sternum  and 
costal  cartilages,  though  rarely  ii  may  be  large  and 
pendant. 

The  pelvis  is  generally  eidarged.  llie  ilia  are  wide 
apart,  the  crests  broad  and  prominent,  and  the  ]iubie 
bones  are  especially  hypertropliied  at  the  .symphysis. 

The  external  genitals  may  or  may  not  be  eidarged. 
The  clitoris  may  be  hypertrophied.  and  the  vagina  may 
be    lengthened,    but     tiie 

uterus  is  generally  small        .^ _ 

and  atrophied. 

Vpi"!'  lutreinitji. — The 
shoulder  .joint  may  be.  but 
rarely  is.  much  eiiUirged ; 
the  elbow  joint  may  be  in 
creased  in  size;  the  fore- 
arm is  often  culavgcd  at 
its  lower  thii'd,  especially 
just  above  and  at;  the 
wrist;  the  wrist  joint  is 
almost  always  largi'.  The 
hand,  widened.  tliieUeiied. 
and  often  lengthened,  is 
massive  and  enormous, 
and  apiiears  heavy  and 
<uniber.some  for  the  rela- 
tively small  arm  to  carry. 
The  ends  of  the  metacar- 
pal bones  and  phalanges 
are  enlarged,  giving  prom- 
inent joints.  The  skin  of 
the  hand  and  the  siibcu 
taneous  tissues  are  greatly 
liypertrophied,  so  that  the 
normal  lines  of  the  palm 
are  greatly  deepened,  even 
to  tlie  aiipearance  of  fis- 
sures in  the  flesh.  At  the 
upper  part  of  the  hand, 
and  over  the  metacarpal 
bone  of  the  tluiiub,  and 
on  the  ulnar  border,  the 
liypertrophy  of  the  soft 
parts  is  excessive. 

The  fingers,  by  the  , 
growth  of  phalanges  and  ' 
soft  parts,  become  of  the  i 
s;uiie  width  and  thickness  i 
at  the  tips  as  at  the  bases, 
giving  the  appearance 
called    "siiusage-shaped."  f 

which   is  a  characienstic 
feature  of  this  disease. 

The  above-shaped  fingers,  with  the  great  thickness  of 
the  soft  jiarts  over  the  luetacariial  bone  of  the  thumb  and 
on  the  ulimr  border  of  the  hand,-  with  tlu'  exaggerated 
palmar  lines,  and  with  the  abnormal  jiroportion  of  the: 
hand  to  the  size  of  the  forearm,  render  the  acromegalic 
hand  a  landmark  not  easily  forgotten. 

The  lingers  may  ajipear  somewhat  flattened,  and,  ac- 
cording to  Marie,  there  is  often  a  swelling  at  the  arllcula- 
tioii  of  the  first  and  second  phalanges. 

The  nails  are  fiattened.  short,  and  sometimes  widened, 
but  always  appear  too  small  for  the  enlarged  lingers, 
who.se  reduixlant  flesh  laps  over  them  at  the  sides. 
There  are  strongly  marked  longitudinal  striations,  some- 
times even  with  ridges,  and  there  may  be  transverse  stri- 
ations ou  the  nails.  They  are  often  brittle,  breaking  oft' 
or  cracking  easily,  and  in  Ceiias'  case  the  nail  of  one 
finger  fell  off  sponlaneoiisl_v  and  a  new  one  developed. 

Lmrer  Kr/rei/tili/. — The  thighs  are  generally  not  in- 
creased in  size,  aUlioiigh  the  condyles  of  the  femurs  arc 
generally  prominent  and  enlarged,  which  with  the  hy- 
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pertrophy  of  the  iialellie  causes  a  marked  enlargement  of 
tiie  knees.  The  upper  ends  of  tlw  libi:e  and  libul,-e  may 
or  may  not  be  enlarged,  but  the  lower  ends  of  the  leg 
bones  are  generally  found  hy])i-rtropliied.  causiiiL'  Jiromi- 
iient  malleoli  ami  large  ankle  joints.  The  tenilo  .\(  hillis 
is  frequently  prominent  and  hardened,  while  the  foot  is 
described  as  ••ma.ssive. "  "colossjd, "  and  •■enormous." 
The  bones  of  tlu^  feet  are  all  enlarged,  and  especiallv  the 
OS  caleis,  wliieh  jjrojects  backward,  giving  a  marked 
proinineiiee  to  (he  heel.  The  fo(jt  is  thick  and  broad, 
with  a  prominent  ciishifin  of  thickened  skin  and  subcuta 
neous  ti.ssue  on  the  external  border,  a  iharact eristic  fea 
t lire  of  the  foot  in  acromegaly.     The  tor-s  are  all   large, 

but    more   especially   the 

big  toe,  which  is  immense. 

and  crowds  the  other  toes 
toget  her.  Tlie  skin  of  the 
foot  is  n-diindaiit.  hyper- 
tro[ihied.  and  thickened, 
especially  <jii  the  toes, 
causing  them  to  appear 
pushed  back  and  liirned 
u|),  tlirowiiig  the  skin  into 
.irreat  folds  on  the  upper 
surface  of  the  toes.  The 
nails  of  (he  toes  present 
appearances  similar  to 
those  of  the  fin,;rers. 

The  jirojecting  os  caleis 
covered  with  a  cushion  of 
hypertrojihied  skin  and 
fat.  the  presence  of  a  pad 
of  hypertrophied  tissue  on 
the  external  border  of  the 
foot,  llie  immense  big  toe 
pn.^liing  against  the  other 
toes,  and  the  redundant 
skin,  make  the  acromega- 
lic foot  as  prominent  a 
landmark  as  the  hand. 

A'fyintiKtri/. — Acromeg- 
aly is  primarily  a  sym- 
metrical di.sease,  one  part 
enlarging  correspondingly 
with  its  fellow  on  the 
other  .side;  but  in  many 
cases  one  side  of  the  body 
is  larger  than  (lie  'otlier, 
and  tlie  right  half  of  the 
body  is  often  the  larger. 
In  a  number  of  cases 
data  lire  given  showing 
the  growth  to  have  begun 
in  one  foot  or  one  hand. 
or  in  both  feet  or  both 
hands,  before  any  other 
jiarts  of  the  bodv  were 
a fleeted. 
In  fact,  the  growth  probably  geiitially  starts  in 
the  lianils  and  fret,  while  later  the  face  and  lower  jaw- 
are  attacked;  then,  the  lower  ends  of  the  arm  and 
li'g  bones;  next,  the  crests,  tubercles,  ridges,  and  em- 
inences show  growth,  and  about  this  lime  kyphosis 
develops;  while  lastly  cartila.ires  and  tendons  all  over 
tlie  body  show  bone  dcveloimient.  Besides  the  slight 
asymmetry  of  the  two  .sides  of  the  liody,  .some  atypi- 
cal cases  have  occurred  in  which  one  or  several  toes 
or  finiiers  were  found  to  be  larger  than  their  fillows, 
or  one  side  of  the  face  and  head  was  niiich  larger  than 
the  othrr  side. 

.l///.sr/( .<.  — At  first  the  nuiscli'  growth  and  muscular 
power  are  increased,  and  sometimes  the  development  of 
the  muscles  may  be  very  great.  Sooner  or  later,  how- 
ever, the  muscUs  become  alrojiliied  in  greater  or  less  de 
gree.  and  the  muscular  power  is  greatly  diiiiinisheil,  evi-n 
to  the  point  of  comiielling  the  patifiil  to  r<iiiain  in  a  sit 
ling  or  reclining  posture,  or  evi-n  forcing  him  to  remain 
in  ijed.     There  may  be  iuteriniltent  atliieks  of  great  lo.ss 


.Xiitlior'siywe.) 


8!) 


Acronioisaly. 


KEFERKNCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


of  muscular  iiowcv.  to  lie  followed  liy  periods  of  im- 
proved sliviigth. 

Tho  muscles  of  the  anus  and  Icits  may  become  Haccid 
and  slmmkcM,  and  some  of  the  kyiihosis  and  scoliosis  may 
be  due  to  nuiscular  debility.  Some  of  the  muscles  may 
be  atrophied  while  others  arc  hypertrophied.  even  to 
the  extent  of  forming  muscle  tumors  and  causing  de- 
formity. 

.*,'/.,■,;. — The  subcutaneous  fat  may  be  increased  or  di- 
minished, but  later  it  is  generally  found  diminished,  ex- 
cept perhaps  on  the  tliseased  portions  of  the  body.  The 
skin  on  the  alTei'ted  jiarts  is  hypertrophied,  and  gener- 
ally, especially  where  exposed,  is  oli\c  brown  or  yellowish 
in  "color.  This  yellow  color  is  nio.st  marked  on  the  face. 
autl  here  most  niiticealily  on  the  eyelids.  The  face  may. 
however,  be  ]iale.  or  tlie  nose  may  lie  red.  and  the  skin 
may  be  dry  and  harsh  from  diminislied  sebaceous  secre- 
tion. There  is  frequently  increased  perspiration,  coming 
on  with  slight  exercise,  or  even  without  exercise,  either 
general  or  local  on  the  diseased  portion  of  the  body,  and 
especially  frequent  on  the  leg.s.  This  perspiration  may 
have  a  disagreeable  odor.  The  growth  of  the  hair  all 
over  the  body  is  generally  increased,  especially  on  the 
legs,  and  on  the  head  it  is  tliiek.  strong,  and  coarse. 
There  may  be  jjigmentations  on  the  skin,  and  growths  of 
molluscum  tibrosum  frequently  occur  on  the  face,  espe- 
cially on  the  eyelids,  and  on  the  chest  or  back,  and  they 
are  generally  pendulous  in  character.  Multiple  fibromata 
of  the  skin  "may  occur,  of  the  size  of  a  millet-seed,  and 
fatty  nodules  niaj'  be  found  beneath  the  skin. 

Blood- Vrsfu-h.-^TUvTo  are  always  vasomotor  disturb- 
ances of  the  affected  jiortions  of  the  body,  as  shown  by 
the  tingling,  flu.shing.  and  local  sweating.  The  flusliing 
is  often  accompanied  by  a  "burning  pain."  Besides 
the.se  signs,  which  denote  the  dilatation  of  the  small 
blood-vessels,  there  is  a  marked  tendency  to  a  dilated  and 
varicose  condition  of  the  superficial  veins,  which  is  fre- 
quently found  on  the  legs.  Ilemorrhoids  are  often  pres- 
ent, varicocele  may  be,  and  jirofuse  epistaxis  may  occur, 
while  the  arteries  may  .show  signs  of  beginning  atheroma. 

The  blood  .shows  "no  markeil  or  constant  changes;  the 
red  corpuscles  or  the  haemoglobin  may  be  decreased. 

IiiUriKil  Orf/ini.i. — The  lungs  are  normal,  although 
there  may  be  some  dyspno-a.  especially  on  exertion ;  it  is 
due  to  tlie  impaired  respiratory  movements  of  the  chest. 

The  heart  sounds  are  generally  normal,  but  more  or 
less  hypertrophy  is  always  present.  Late  in  the  disease 
dilata'tion  occurs  with  its  usual  symptoms,  dyspncea, 
oedema  of  the  lower  extremities,  palpitation,  and  perhaps 
systolic  murmurs,  and  acromegalic  eases  die  most  fre- 
quently from  sudden  cardiac  failure. 

Physical  examination  <loes  nut  discover  much  change 
in  the  size  of  the  liver  and  spleen,  though  they  may  be 
found  enlarged. 

The  kidneys,  as  interpreted  by  the  examination  of  the 
urine,  are  generally  normal,  although  albuminuria  <ir 
peptonuria  may  be  lu'csent,  while  polyuria  is  a  frequent 
symptom.  Glycosuria  has  been  so  many  times  present 
as  to  suggest  some  metabolic  connection  between  pitui- 
tary disease  and  the  disturbances  of  the  sugar  mechanism, 
and  several  cases  of  acromegaly  have  died  of  diabetes. 

Siff/it. — The  eyes  may  be  normal,  but  are  frequently 
affected,  in  all  degrees  from  occasional  flashes  of  light  or 
eye  blurs  to  narrowing  of  the  fields  of  vision  and  atroiihy 
of  the  optic  nerves,  even  to  absolute  blindness.  Exoph- 
thalmos is  often  present,  due  bolh  to  actual  enlargement 
of  the  eyeballs  and  to  boiu'  growth  in  the  orbital  cavities, 
or  perhaps  to  associated  thyroid  disease.  The  pupils  are 
generally  normal  in  size,  but  may  be  dilated,  and  the  re- 
action is  generally  as  usual,  though  it  may  be  slow  to 
light  but  normal  to  accominodation.  Nystagmus,  both 
rotary  and  vertical,  has  been  present,  and  divergent 
strabismus  has  been  noted  in  at  least  two  cases.  Nar- 
rowing of  the  visual  fields  has  been  found  in  all  degrees, 
even  to  bitemporal  hemianopsia,  and  signs  of  optic  neu- 
ritis dm;  to  iiressure  may  be  found  even  before  the  vision 
is  much  imiiaired.  Optic  atrophy.  )iarti;il  or  complete. 
<if  one  or  both  eyes,  is  of  freiiueiit  occurrence.     The  ret- 


ime may  show  venous  congestion,  and  the  arteries  may 
be  small  or  they  may  appear  pale,  or  a  congestion  as  of 
a  neuroretiuitis  may  be  present. 

l/(iiriii;/. — The  hearing  is  not  generally  affected,  but 
occasionally  there  has  been  decided  deafness,  and  in  sev- 
eral i-ases  there  has  l.ieen  continuous  and  unceasing  tin- 
nitus aurium,  variously  described  as  singing,  ringing, 
rumbling,  or  swashing  sounds.  This  ringing  is  often 
increased  on  lying  down,  so  that  the  patient  cannot  sleep 
excejit  in  the  sitting  position,  and  an^'thing  that  increases 
the  blood  jiressure  even  momentaiily  will  increase  the 
tinnitus,  and  often  give  it  a  pulsating  character.  The 
drum  membrane  may  be  hardened  and  thickened,  and  so 
stiffened  as  to  be  immovable. 

Siiir/l  mid  Tanlr. — Tliesc  are  but  rarely  affected. 

JVerroxs  Plienoiiuiiii. — A  most  constant  symptom  is 
pain  in  the  head,  which  may  be  referred  to  an}-  region, 
but  is  generally  frontal  or  vertical,  and  in  one  of  the 
writer's  cases  was  locjitcd  in  a  small  circumscribed  spot, 
tender  to  pressure,  over  the  region  of  the  anterior  fonta- 
nelle.  This  pain  may  be  so  mild  that  it  is  hardly  com- 
jilained  of.  or  so  severe,  \-iolent,  and  excruciating  as  to 
almost  render  the  patient  insane.  The  headache  is  often, 
like  the  tinnitus  aurium,  increased  on  lying  down  or  by 
anything  that  increases  the  cerebral  blood  pressure. 
Pain  is  often  present  in  the  joints,  especially  the  knees, 
and  is  often  severe  in  the  fingers.  Pain  is  frequently 
complained  of  in  the  chest  or  abdomen,  shooting  around 
the  body  or  confined  to  one  side,  or  it  may  be  lumbar  or 
sacral.  Almost  every  case  of  acromegaly  has  pain,  more 
or  less  constant  and  severe,  in  some  part  of  the  body, 
often  without  any  local  cause.  Crepitations  may  be 
found  in  some  of  the  joints,  which,  of  course,  would  ac- 
count for  the  i>aiu  tliere.  though  there  is  no  swelling 
or  any  evidence  of  acute  inflammation.  Pain  sometimes 
seems  to  centre  at  one  of  the  small  fibromata  which  oc- 
casionally develop  in  the  skin. 

Sometimes  a  pec-uliar  nervous  sensation  is  complained 
of.  a  sensivtion  as  of  a  nervous  discharge,  or  electric 
shower,  starting  from  the  top  of  the  head  and  passing 
quickly  over  the  body  to  the  feet.  This  is  sometimes 
described  as  giving  the  sensation  of  the  rolling  of  shot; 
hence  it  has  been  termed  the  "  shot  feel.  " 

There  arc  no  marked  or  constant  parjcsthcsia?  in  acro- 
megaly, though  slight  numbness  or  prickling  of  the 
affected  parts  is  often  complained  of,  most  frequently  in 
the  fingers.  The  tactile  sense  of  the  fingers  may  be  im- 
paired, so  that  small  objects  cannot  be  readily  handled, 
and  sewing,  knitting,  or  even  dressing  becomes  difficult. 
When  this"  condition  is  present  it  may  become  much  im- 
proved, though  the  growth  of  the  bod}'  and  the  advance 
of  fhe  disease  may  continue;  but  of  course  there  is 
ahvays  clumsiness  in  the  use  of  the  fingers  from  the  size 
alone.  Sometimes  an  intermittent  vasomotor  spasm  in 
the  fingers  has  been  noted,  causing  localized  anaemia  witli 
severe  pain,  while  formication  or  hypencsthesia  of  tlie 
hvpertrophied  ])arts  may  occur.  More  or  less  general 
numbness,  aiueslhesia,  analgesia,  or  impaired  perception 
of  heat  or  cold,  are  rare  conditions  in  this  disease. 

The  electrical  responses  of  the  muscles  and  nerves  are 
rarely  found  abnormal,  and  the  reflexes.' both  deep  and 
superficial,  are  generally  unimpaired.  Occasionally  the 
patellar  reflex  is  diminished,  and  rarely  it  is  absent  on 
one  or  both  siiles. 

The  mental  faculties  in  the  majority  of  cases  are  not 
affected,  liiit  the  loss  of  memory,  dulness  or  sluggishness 
of  the  mind,  apathy  or  depression  have  all  been  recorded. 
^Mariesiiysfhal  there  may  be  a  state  of  great  good  humor, 
but.  on  ihc  contrary,  melancholia  is  more  frequent. 

There  may  be  great  irritability,  while  there  may  be  de- 
lusions, andtlie  |ialieiit  may  be  refractory  and  suspicions: 
be  mav  develop  deeiiled  insiuiity,  and  may  even  show 
suicidal  and  homicidal  tendencies.  This  condition  may 
be  persisleiit  or  intermittent,  or  may  last  for  a  short  time 
and  not  recur. 

Another  interesting  condition  which  seems  quite  fre 
quently  to  occur  in  acromegaly  is  a  persistent  drowsiness 
I'veu  to  somnoleucv.     This  somnolencv  may  b(<come  a 
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profound  stiilior  llial  lusts  for  scvi'ial  wrcUs.  dues  iml 
seem  to  end  in  dcilli.  and  may  recur. 

\"crlijf()  may  occasionally  occur  and  he  severe  eno\i.nli 
to  cause  the  jiutient  to  ffrasp  sometliiiijf  for  sujiport.  At- 
tacks of  syncope  are  sometimes  a  freiiuent  symptom. 

Pitiu'liin/  h'liltii-r/eiiii'iit. — I  believe  tliat  tlie  pituitary 
gland  is  cnlarncd  iu  every  case  of  true  acromegaly,  but 
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Fig.  ^.— Seolion  of  Parcnchyiiui  of  Thyroid  fJIand.    Wliole  glanrt 
weighett  let  gin.     (.^^ltl^nr's  case.) 

it  may  not  sll0^v  evident  sinns  of  ils  nfowlli.  A  positive 
.sign  of  the  enlargement  of  this  body  is  the  im])nirmeiil 
of  vision  associated  with  a  hypertropliy  of  the  bones. 

More  than  half  of  all  cases  of  acromegaly  .show  de- 
ranged vision  or  optic  signs  during  some  stage  of  the  dis- 
ease. The  pliysieal  raus(!  of  the  ocular  disorder  is  largely 
the  pressure  of  the  growth  on  the  optic  chiasma.  Where 
tinnitus  aurium  is  constantly  present  there  is  either  ]>res 
suri!  on  the  cavernous  sinusi-s  by  tlKM'nlarii'cd  ]iiluit;irv 
or  an  actual  growth  into  them  of  the  |iituitary  tumor. 
It  also  seems  ju-obablc  that  tli(^  c<inditioiis  showing  sud- 
den and  .serious  brain  trouble,  all  of  which  point  to  cere- 
bral tumor,  are  <lue  to  the;  tirst  sharp  ]u-cssure  which  tlie 
enlarged  ]iitidtary  body  e.verts  upon  the  brain,  having 
perliaps  sinldenly  burst  from  its  bony  moorings. 

Tliat  in  .soiik^  cases  one  eye,  iu  others  Ixith,  and  iu  still 
others  llie  cars  alone  are  alfected  can  be  e.xiilained  by 
the  condition  of  the  bony  environments  (jf  th<'  sella 
turcica  in  the  individual  skull,  the  ctilarging  jiituitary 
l)0(ly  tending  to  cscai)e  in  the  direction  of  the  least  resist- 
ance. If  the  middle  clinoid  processes  are  small,  the 
pres.sure  will  be  exerted  correspondingly  earlier  on  th<' 
optic  commissure!;  or  if  one  of  these  proces.ses  is  smaller 
tliaii  the  other,  the  pressures  ^vill  tirst  be  exerted  on  that 
side,  and  but  one  eye  may  be  nITected. 

P.\Tiioi,o(iirAi,  An.\tomv.  —  I'ilfiitiirj/  Badii. — In  au- 
topsies on  cases  of  acromegaly  tlie  iiituitary  body  has 
been  found  normal  so  few  times  that  T  (piestion  the  diag- 
nosis in  tho.se  cases.  I  believe  that  an  enlarged  or  dis- 
eased pituitary  body  is  always  present  in  cases  of  true 
acromegaly.  The  enlarged  hypophysis  may  be  a  nor 
inal  hypertrophy,  an  ailenonia,  a  glioma,  or  a  small  celled 
growth  resembling  s;ircoma,  and  there  may  be  cysti<-,  col- 
loid, or  granular  ill-general  inn.  Freipiently  this  enlarge 
ment  or  ttimor  growth  has  been  eoutinc'd  to  the  anterior 
lobe  of  the  hypophysis,  the  ]jrehy]iophysis. 

Thiiroid. — The  thyroid  gland  is  jjroliably  generally  ab 
normal  in  acrome,galy.  It  may  be  hypertrophied  and 
give  a  liypcrsecretion  and  all  of  the  symptoms  of  cxoiih 
thaltnie  goiti'<',  or  it  may  be  alropbieil  and  cause  some 
myx<i'demalous  symptoms,  or,  wliich  is  jirobablv  tnost 
fretpieiitly  the  case,  the  gland  is  tirst  liypertro]>liied  and 
tlien  coimectivetissiK!  growth  displaces  the  glandular 
parenchyma,  and  though  the  glaiul  is  actually  enlarged, 
it  is  ])roducing  a  diminished  secretion,  and  a  partial  my\ 
cedema  occurs.  This  accords  with  the  symiitoms  ol  a 
long-continued  acromegalic  case,  and  with  the  frecpieiit 
antopsical  linding  of  an  erdarged  an<l  heavy  thyroifl 
gland  wliich,  in  my  case  at  least,  contained  a  greatly  di 


mini.shed  amount  of  iodine.  This  gland  may  also  show- 
cystic  degeneiatit>n.  In  the  writer's  Case  a  liirge  super- 
numerary thyroid  gland  was  found  in  the  upper  pari  of 
the  thoracic  cavity,  which  contained  a  large  anxainl  of 
iodine. 

Tlii/iiDis, — The  thymus  gland  has  not  lieen  often  men- 
tioned, but  several  times  it  has  been  found  enlargeil,  and 
in  one  instance  a  fatty  growth  in  the  region  of  the 
thymus  has  been  reported.  In  these  cases  instead  of 
thymus  glands  they  may  have  been  supernumerary 
thyroids.      A  thymus  gland  contains  no  iodine  (Mendel)! 

Another  interesting  disturbance  of  the  metabolism  of 
the  body  in  this  disease  is  shown  by  the  luimber  of  times 
that  sugar  has  been  discovered  in  the  urine. 

Brain. — The  bnun  has  freiiuent  Iy  been  found  enlarged, 
but  may  not  be.  even  in  cases  which  .show  ahiiost  every 
other  organ  of  (he  body  to  be  enlarged,  'i'his  enlarge- 
ment of  the  brain  seems  I o  be  due  to  a  general  growth. 
An  increase  of  the  neuroglia  cells  has  been  founib  but  in 
direct  pro|iortion  to  the  general  enlargement  of  the  brain 
substance. 

Tlie  growth  of  the  jiiluitary  body  not  only  causes  eii- 
largemcjit  of  the  sella  turcica,  but  may  cause  .symjitoms 
of  pressure  -with  referred  jjains,  ])aralysis.  cerebral  irrita- 
tion, insanity,  or  even  coma.  If  the  bony  formation  of 
the  sella  turcica  allows  tlie  enlarged  ])ituitary  body  to 
jire.ss  upon  the  o|itie  cianmissure,  we  tind  pressure  atro- 
phy of  the  optic  nerve;  or  !i  tumor  growing  in  the  sella 
turcica  may  press  laterally  and  interfere  with  the  blood 
How  in  the  cavernous  sinuses,  or  even  in  the  internal 
carotids,  or  may  e\  en  grow  into  the  walls  of  the  sinuses, 
causing  impaired  blood  How  in  them  and  a  constant  tin- 
nitus in  the  I'ars. 

The  pineal  gland  has  been  found  double  its  ordinary 
size,  and  little  tumor  growths  have  been  found  attached 
to  the  base  of  the  brain. 

Caleitied  and  even  os.silied  plates  have  been  found  in 
the  dura  mater,  and  its  attachments  to  the  skull  have 
been  found  ossilied.  The  arteries  at  the  ba.se  of  the  brain 
lia\e  been  fmuid  enlarged  and  thickened,  often  especially 
marked  in  some  one  artery  iu  the  circle  of  Willis,  while 
another  artery  or  another  part  of  the  same  artery  may  be 
distinctly  narroweil.  The  arteries  may  be< ome  di.storted 
and  toriuous.  and  the  jiosterior  cerebral  has  been  found 
knotted  and  im])erforate.  The  cranial  nerves  have  been 
found  both  normal  and  enlarged.  The  nerve  changes  in 
the  brain  and  ceird,  if  there  are  any,  are  i)robably  sec- 


Fic.  3.'). —Section  of  Tlionieic  Thyroid  (ilaiid.    Wlinle  gland  weiglied 
;ili.5  gm.  and  contained  a  large  ainomtt  of  iodine.     i.Vuthor's  ea.se.) 

ondary  to  the  vascular  changes.  .Vs  in  this  di.sea.se  we 
tind  the  blnod-vessels  almost  consl.antly  changed,  either 
narrowed,  due  to  a  thickening  of  the  intima.  or  dilated, 
due  to  a  thinning  of  the  other  <-oats.  we  may  expect  (o 
tind  all  kinds  of  ch;ingcs  due  to  a  greatly  modified  blood 
suiildy,  he  it  in  tin  organ  or  in  nervous  tissue. 

S/ii'iifil  ('„r(l  tmil  .\<//v.v.— The  medulla  ami  spinal  cord 
are  generally  normal,  but  the  [lia  of  the  cord  has  been 
found  thickened,  and  .some  of  the  coluiiins  of  the  coni 
have  been  found  deirenerated      Probablv,  liowever,  as 
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above  Stat  I'd,  all  nerve  dcji'i'iu'ral  inns  of  the  brain  orsjiinal 
cord  are  ilue  to  foregoing  \ascnlar  changes. 

The  nerves  of  thebody.  and  esjieeially  of  the  extremi- 
ties, may  be  enlarged  generally,  this  change  being  due 
to  an  increase  in  the  interstitial  connective  tissue.  They 
ntay  show  sclerosis  in  some  idaccs  and  fatty  changes  in 
others,  auil    the  vessels  of  the  nerves  and   spinal  cord 


]?IG. 


-Section  of  Arteries  of  tlie  Leg  Near  ttie  Posterior  Tibial, 
Showing  Thiclieiied  Intima.     (Author's  o.ise.) 


may  show  hyaline  degeneration.  The  ganglia  of  the 
posterior  roots  are  often  enlarged  from  an  increase  in 
the  counecti-s-e-tissue  elements. 

The  ganglia  and  nerves  of  the  sympathetic  system 
show  no  special  changes,  thougli  they  niaj'  be  enlarged, 
and  from  the  same  cause  as  in  the  case  of  the  spinal 
nerves,  viz.,  from  connective-tissue  growth. 

Heart. — The  heart  is  probably  always  enlarged  in  acro- 
megah',  by  reason  of  an  actual  hypertrophy,  especially 
of  tlie  left  ventricle ;  this  being  due  to  the  increased  work 
which  it  must  perform  in  overcoming  the  resistance 
offered  by  the  thickeni'd  blood-iessels.  The  heart  may 
become  enormous,  and  in  my  case  it  weighed  fortj'-one 
ounces.  Also  the  pericardium  and  endocardium  may 
be  increased  in.thickness,  and  there  may  be  an  increase 
of  fibrous  connective  tissue  between  the  muscle  Jibres. 
Later  the  heart,  though  hypei'trophied,  becomes  weak- 
ened by  the  impaired  action  of  its  muscle  fibres  due  to 
this  connective-tissue  formation  or  perhaps  to  the  presence 
of  fat  globules,  or  else  to  the  impaired  blood  supply  of 
its  walls,  which  in  tui'n  is  dui^  to  thickening  of  the  in- 
tima of  Its  own  nutrient  blood-vessels. 

Bliiiiil-Vinxdn. — I  believe  the  vascular  changes  to  be  a 
constant  feature  of  acromegaly,  tlie  intensity  of  these 
changes  or  the  localization  of  the  most  marked  changes 
in  the  blood-vessels  causing  the  many  variations  of 
sj'mptoms  or  conditions  seen  in  different  cases  of  acro- 
megaly. 

-  More  or  less  generally  all  over  the  body  the  coats  of  the 
arterioles  are  thickened,  and  generality  it  is  the  intima 
which  is  the  most  affected.  This  may  also  be  true  of  the 
veins,  although  in  many  places  the  vein  wails  seem  to  be 
thinned,  allowing  varicose  conditions  to  take  jilace.  This 
may  occvir  in  tlie  lower  extremities,  or  as  hemorrhoids, 
or  in  the  large  veins  of  the  arms  and  neck.  The  epi- 
staxis  noticed  in  some  cases  is  probablj-  due  to  this  weak- 
ening of  the  blood-vessels. 

The  blood  is  normal,  or  late  in  the  disease  it  may  show 
simple  anteniia. 

Lungs. — The  lungs  are  probably  not  often  affected, 
but  many  times,  both  in  autop.sical  reports  and  in  clinical 
accounts  of  cases  of  acromegaly.  "  phthi.sis  "  has  been 
mentioned,  or  tuberculous  consolidation  has  been  found. 
Chronic  bronchitis,  ffdeina.  or  passive  congestion  can 
develo|)  from  a  weak  heai't  action  in  the  later  stages. 

7'lie  Diycsti'rr  Si/.^ti'iii. — The  stomach  and  intestines  pre- 
sent no  specific  ahiiorinalities.  The  pancreas  often  shows 
changes,  especially  in  tho.sc  cases  in  which  glycosuria  has 
been  present. 

The  liver  is  probabl\'  generally  enlarged,  sometimes 
very  greatly,  and  may  shoiv  a  great  increase  in  coniicc- 


tive-ti.ssue  growth;  in  other  words,  it  is  an  hypertrophic 
cirrhosis.  There  may  be  a  passive  congestion  or  fatty 
degeneration  of  the  liver. 

The  spleen  may  be  enlargi'd  by  passive  congestion  and 
an  increase  in  its  connective  tissue. 

Gcititii-  rn'iiiin/  Si/stiiii. — The  kidnej's  are  often  found 
diseased  (chronic  nephritis),  or  they  may  be  cystic.  The 
kidneys  and  suprarenal  capsules  are  often  found  in- 
creased in  size. 

Jlicroscopical  examination  of  the  genitals  shows  an 
increase  in  connective-tissue  growth  and  even  at  times 
the  formation  of  fibrous  tissue;  these  changes  being  ac- 
companied bv  a  gradual  diminution  of  all  functional  ac- 
tivity. 

S/li'ii. — The  skin  is  hypertrophied  over  the  affected  por- 
tions of  the  body,  sometimes  in  a  marked  degree.  This 
is  especially  true  of  tlie  scalp,  hands,  and  feet,  all  of  the 
layers  of  the  skin  taking  part  in  this  thickening.  The 
sweat  glands  may  have  a  double  layer  of  epithelium. 
Fibromata,  neuromata,  and  elephantiasis  of  the  skin 
have  been  observed,  and  molluscous  growths  are  of  fre- 
quent occurrence. 

The  subcutaneous  fat  may  be  increased  or  decreased  in 
thickness,  but  in  the  later  stages  it  is  probably  nearly 
always  decreased. 

3fuscles. — Many  of  the  muscles  at  the  time  of  death, 
unless  the  patient  dies  earlj'  in  the  disease  from  some 
intercurrent  affection,  are  found  atrophied,  and  3'ct 
there  may  be  many  local  hypertrophies.  Certain  mus- 
cles, especially  the  deltoid  or  the  supraspinatus,  may  be- 
come greatly  hypertrophied,  forming  veritable  muscle 
tumors. 

One  side  of  the  body,  most  frequently  the  right,  may 
be  largei  than  the  other,  both  in  the  size  of  the  bones 
and  in  the  bulk  of  the  soft  parts,  more  especially  the 
latter. 

l^kehton. — A  considerable  number  of  acromegalic  skel- 
etons have  now  been  carefully  studied,  and  it  is  found 
that  in  well-marked  cases  nearly  all  of  the  bones  of  the 
body  are  enlarged,  although  a  few  individual  bones  may 
not  take  part  in  this  increased  growth.  Of  course  the 
bones  of  the  extremities  are  the  ones  most  evidently  en- 
larged, still  I  cannot  believe  that  these  are  more  apt  to 
be  enlarged  in  true  acromegaly  than  are  the  bones  of  the 
body.  The  long  bones  undoubtedly  .show  the  great- 
est enlargement  and  growth  at  their  extremities,  which 
fact  seems  to  me  to  be  due  to  the  tendency  of  articular 
cartilages  to  ossify  and  to  become  co-ossified  with  the 
articular  surfaces  of  the  bones;  still  in  many  instances 
the  shafts  of  the  bones  are  also  decidedly  enlarged.  The 
spongy  bones  of  the  skeleton  are  all  more  or  less 
thickened,  and  all  articular  surfaces,  whether  of  long 
or  spongy  bones,  show  a  tendency  to  spread  out,  widen, 
and  grow  more  prominent.  The  flat,  thin  bones,  while 
increasing  in  extent  .show  a  tendency  to  become  thinner 
in  their  plates.  This  is  not  true  of  the  cranial  bones, 
becau.so  the  spongy  tissue  in  the  diploO  increases  in 
thickness.  We  sometimes  find  at  the  ends  of  the  long 
bones,  just  back  of  the  articular  surfaces,  a  thinning  of 
the  bone,  while  they  are  at  the  same  time  extencling 
their  articular  surfaces.  This  growth  of  bone  is  a 
hypertrophy,  the  new  bone  growing  from  the  periosteum 
and  also  within  the  medullary  spongy  tissue  at  the 
ends  of  the  long  bones.  In  the  early  ]iai-t  of  the  disease 
this  growth  seems  to  be  more  especially  confined  to  the 
periosteum;  later  the  apophyses  and  epiphyses  become 
affected. 

The  crests,  tuberosities,  and  eminences  are  enlarged 
and  grow  in  the  direction  of  the  muscular  action.  This 
seems  to  me  to  be  due  to  the  fad  that  a  portion  of  the 
tendons  of  the  muscles  become  ossified  and  co-ossified 
with  the  bone.  This  condition  is  so  prouiineut  at  the 
articular  surfaces  that  I  think  the  same  thing  must  be 
true  of  the  ridges  and  tuberosities  to  which  the  muscles 
are  attached.  The  tendons  of  the  muscles  are  often  found 
in  deeji  grooves  or  bony  canals,  and  the  foramina  for 
the  nutrient  arteries,  and  especially  for  the  articular 
arteries,  are  often  enlarged. 
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ACROMEGALIC    SKELETON  -osborne's  case) 

[EXPLANATION    OF    PLATE) 
1,— N<iriiml  skcloion.  Fi<i.  :i. 


-AT  THE  YALE   MEDICAL  SCHOOL 


Fu; 

Fic:.  :,>.— SkPlfii.n  i)t  AiTomepalv  .shiminir  Kvpliosis,  fnonimus 
amiru-pdsicrinr  ilmjnHU'r  of  ttmrax.  great  oliliquitv  of  thi-  ribs.  Inrii.' 
amis  reai-hiiiB  almost  to  tlie  kiiei-s.  large  feet,  p'real  iirojeetliii;  i.s 
'•alcis.eU'.  (author's  case). 


I'lni-  of  Fitr.  ~;  shows  e.v-ossilleation  of  iM.diesrtf  dorsjil 
\i'i'telira'  and  innny  Ixuiy  unions  of  spliions  and  (ninsverse  pnx-ejises. 
Fk;.  4.-  Skull  of  Viv.  'J.  showinff  enormous  ntft-rior  nia.xilla.  ppitr- 
natllism.  projecting,'  supraorhital  ridpes.  larve  and  prominent  molar 
bones,  etc. 
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Osteophytes  iimy  lie  found  in  tliL-  joints,  cspeciaily 
over  the  wi-jst  and  anlile  joints,  or  pieces  of  calcareous 
material  may  be  found  loose  in  a  joint.  The  sponj^y  ends 
of  the  long  bones  may  become  more  compact,  throuirb 
eburuation  and  a  clian.sc  in  the  architecture  of  the 
part.  The  cuds  of  the  ])ones  in  some  cases  have  shown 
condensing  osteitis.  This  laying  on  of  bone  at  the  ex- 
tremities, the  arlicnlar  surfaces,  may  lengthen  a  loiig 
bone  without  the  shaft  being  at  all  all'<'Cted. 

Before  crilieally  surveying  the  individual  bones  in  any 
particvdar  patient  dying  with  this  diseasi',  the  dunilion  lif 
the  cas<'  nnist  be  considered,  as  the  longer  tlie  patient  lias 
lived  with  this  disease  the  moie  decided  will  be  the 
growth  of  a  bone  and  the  irregularities  which  it  mani- 
fests. 

Head. — The  bones  of  the  cranium  are  always  more  <ir 
less  thickened,  this  change  being  due  largely  to'an  increase 
of  the  diploe,  w'hile  t  he  external  and  internal  plates  ma  v  be 
thicker  than  normal,  or  even  thinner  and  softer  than 
usual.  The  ridges  and  crests  for  the  attachment  of  tin- 
muselesand  fasciiv  are  more  prominent,  while  the  occi|iiiiil 
protidierance  has  been  found  as  a  spicida  like  out 
growth,  an  exostosis.  The  parietal  eminences  are  soim 
limes  abnormally  prominent,  as  arc.  always  the  super 
ciliary  ridges,  the  latter  condition  being  due  not  only  to 
dilatation  of  the  frontal  sinu.ses,  but  also  tothe  thicki'iiiug 
of  the  plates  of  the  frontal  bone  in  this  region.  The 
sphenoidal  sinuses  luay  be  enlarged  and  pushed  forward 
l)y  the  growth  of  other  parts  of  the  sphenoid,  and  the 
antrum  of  Highmore  is  probably  alwavs  enlaru'ed. 
Thompson  found  the  margin  of  the  foramen  mauainm 
surrounded  by  irregular  ])rotnberances  of  .spongy  lione. 
The  sella  ttireica  is  always  enlarged  and  (ieepened. 
probably  because  the  eidargement  of  the  i)iluitary  body 
causes  the  svirroimding  bone  to  undergo  absoriition. 

The  lengthening  of  the  face  is  largely  due  to  the  in 
crease  in  the  vertical  diameters  of  the  superior  and  infe- 
rior niaxilla\  The  maxillary  bones  and  the  sphenoid 
bones  contribute  the  jiriticipal  part  of  the  total  enlarge 
meat  of  the  bones  of  the  skull. 

Many  of  the  sutures  of  the  cranium  and  of  the  face  are 
obliterated  by  complete  eo-ossilicalion.  Tlie  eidarging 
malar  processes,  orbital  ]irocesses.  and  nasal  processes  of 
the  sui)crior  maxillary  bones  cause  the  iiushing  outward 
of  the  malar  bones,  the  lateral  wideinng  of  the  orbital 
cavities,  and  the  pushing  upward  of  the  nasid  bones  re 
spectively;  thus  causing  the  prominence  of  the  malar 
bones,  the  quadrilateral  appearance  of  the  orbital  cavi 
ties,  and  the  wide  nasjil  openings  seen  in  skulls  of  aero 
inegaly. 

The  external  auditory  canals  may  be  increased  in 
lenglli,  and  are  often  encroaelu-d  upon  by  bony  growths 
which  sjiring  from  their  walls.  The  styloid  processes  mav 
be  greatly  elongated  by  ossification  of  their  tendons.  The 
glenoid  cavities  are  increased  in  size,  iirobablydue  to  the 
large  size  of  the  condyles  of  the  lower  jaw. 

The  lower  jaw  is  massive,  the  chief  growth  being  in 
the  body,  which  is  found  lengthened  and  widened,  csiie 
cially  at  the  symphysis,  while  tlie  mental  jmoccss  stands 
out  with  imdue  promiiu'iice.  The  alveoliu-  process  is 
widened  and  thick(aied,  and  the  rami  also  may  take  [lart 
in  the  growtli,  while  the  angles  formed  by  the 'j miction  of 
the  body  and  the  rami  lieconics  more  obtuse,  often  to  a 
marked  degree.  The  coronoid  ])rocessesare  often  greatly 
enlarged.  The  growth  of  the  alveolar  process  is farely 
participated  in  by  the  teeth,  they  remaining  normal  in 
size,  so  that  while  the  alveolar  cavities  undergo  enlarge- 
ment w-e  frequently  liave  spontaneous  falling dut  of  the 
teeth. 

The  liyoid  bone  naiy  be  enlarged  with  all  of  its  ridscs 
very  prominent,  and  the  laryngeal  cartilag<'S  may  also' be 
enlarged. 

Though  the  projecting  lower  jaw  (prognathism)  may 
not  have  been  oiiserved  in  a  few  undoulited  cases  of  acro- 
megaly, still  the  presence  of  this  characteristic  feature. 
in  combination  with  actual  bone  enlargement  of  the 
hands  and  feet,  is  clinically,  1  believe,  pathognomonic 
of  this  disease. 


Spitii'. — Marked  changesare  alwavsfonnil  in  the  spine, 
the  degree  being  due  to  the  age  of  tiie  disease.  Thr-  bo.l'- 
ies  of  th('  vertebra'  are  enlarged,  espeeiallv  from  the 
laying  on  of  bone  on  the  anterior  part  in  the  cervical  anil 
dor.s;d  regions.  The  increase  of  bone  is  often  restricted 
to  the  up[)i'r  part  of  the  intci-articular  carlila^'cs,  while 
in  the  lumbar  region  the  increase  of  the  lione  is  more 
general. 

The  irregular  thickening  of  thi>  intervertebnil  carti- 
lages, witli  tin,'  irregular  growth  of  the  liodies  of  the 
vertebra',  sooner  or  later  causes  deformilies  of  the  spine, 
namely,  kyphosis,  lordo.sis,  or  scoliosis,  or  more  than  one 
deformity.  An  absorption  of  the  inlervertebnd  discs, 
especially  on  the  anterior  borders,  with  co-o.ssiticalion  of 
the  anterior  i>arls  of  the  bodies,  and  ossification  of  the 
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anterior  ligaments,  which  often  occurs,  may  cause  an 
enormous  ky  pilosis,  the  anterior  part  of  the  s|iine  appear- 
ing, under  tliese  circumstances,  as  if  formed  of  a  single 
bone. 

The  transverse  ])roeesses  probably  always  ar<'  enlarged, 
and  maybe  joined  logetlicr  by  the  ossilication  of  their 
connecting  liL'aments.  This  ossification  may  lake  jilace 
along  till' iuterspiiKais  ligaments,  or  we  may  lind  ossifica- 
tion of  the  posterior  interv<'rtebral  ligaments.  Tin' 
biinbar  vertebra'  are  sonietinies  of  gre;ii  size,  and  the 
siicriim  may  have  its  latenil  masses  much  eiilarired. 

'rii'>riij\ — The  sti'rnum  is  enlarged  and  thickened,  and 
the  cusifonn  caitilage  is  os.sitied  and  generally  projects 
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outward.  Larjri'  transverse  ridges  are  often  found  on 
the  sternum;  also  a  liotlow  or  (le|)ression  may  be  seen  at 
the  upper  part,  due  to  the  manul)iium  not  enlarging  rela- 
tively as  mueh  as  the  liody  of  the  slenuun. 

The  eostal  eartilajjcs  are  lar.ne  aM<l  more  or  less  ossified, 
and  often  show  proniineiil  eartilauinous  or  bony  nodes  at 
their  points  of  junetion  with  the  ribs,  thus  .simulating 
the  raehitie  rosjiry.  The  ribs  are  wide  and  thiek,  and  by 
the  faster  growth  of  the  costal  eartilages  they  become 
abnormally  obliipie,  while  the  slernum  it.self  is  pushed 
forwaril.  giving  an  enormous  autero-posterior  diameter 
to  the  che.st. 

Upjier  E-rtniintji. — The  clavicles  are  always  found 
eidarged,  often  enormously  so,  most  marked  at  their 
extremities,  and  esiieeially  at  their  sternal  ends.  Their 
ridges  and  tubercles  are  very  promiueut. 

The  scapula'  are  geiierall)'  found  enlarged,  especially 
in  their  transverse  diameters,  and  the  spines  may  be  enor- 
mous in  si/.e.  Tlie  glenoid  articular  surfaces  are  often  en- 
larged, through  the  ossification  of  the  .glenoid  ligaments. 

The  articular  surfaces  of  all  of  the  long  bones  are  en- 
larged, due  to  ossification  of  the  articular  cartilages  or 
ligaments,  and  they  are  often  roughened.  There  may 
be  exostoses,  spongy  growths,  osteophytes,  or  calcareous 
deposits  in  and  around  the  .ioints. 

The  humcnis  is  freiiuently  not  enlarged,  though  its 
extremities,  especially  the  head,  may  be. 

The  radius  and  ulna,  if  the  case  is  of  long  standing, 
are  found  enlarged,  especially  at  their  articular  sui-faces, 
and  more  especially  at  their  lower  extremities.  As  pre- 
viously stated,  the  ridges  and  protuberances  of  all  the 
bones  are  enlarged  and  prominent. 

The  carpal  bones  are  probably  always  more  or  less 
enlarged,  and  may  all  be  very  markedly  so.  The  meta- 
carpal bones  and  jihalanges  are  widened  and  thickened; 
the  former  especially  at  their  heads,  and  the  latter  at  each 
extremitv,  thus  rendering  the  joints  prominent.  The 
distal  phalanges  are  generally  the  most  affected,  and  may 
show  an  increase  of  spongy  tissue  at  their  ungual  ends. 

Pelrk. — The  pelvis  is  always  enlarged,  with  the  sym- 
physis of  the  pubic  bones  often  wide  and  deep,  while  the 
crests  of  the  ilia  are  wide  ajiart,  by  I'easou  of  a  spreading 
out  of  the  ilia.  Though  I  he  jmbie  bones  and  the  iliac  bones 
ma}'  be  enlarged,  with  their  ridges  and  eminences  in- 
creased in  size,  and  with  the  obturator  foiamina  enlarged, 
the  substance  of  the  bones  themselves  may  be  considei'- 
abl)'  thinner  than  normal.  The  acetabular  cavities  are 
often  enlai'ged  and  roughened  hy  partial  ossification  of 
the  cotyloid  ligaments. 

Loirer  E.ttrcnuti/. — The  femurs  ma}'  be  enlarged  at 
both  extremities,  as  may  also  be  the  heads  of  the  tibi;e 
and  fibuUe. 

The  patella'  are  often  enlarged  and  may  present  ab- 
normal spinous  processes. 

The  malleoli  are  freipiently  found  enlarged.  All  of 
the  tarsal  bones  may  be  enlarged ;  especially  is  the  os  cal- 
cis  often  enormous  in  size,  on  account  of  the  laying  on 
of  bone  at  the  attachment  of  the  tendo  Achillis. 

The  metatarsal  bones  and  the  jihalanges  of  the  toes  are 
all  enlarged  similarly  to  the  hands.  Thompson  found 
several  of  the  phalanges  of  the  toes  ossified  together. 
The  distal  phalanges  may  show  spongy  enlargements  at 
both  extremities,  and  there  may  be  spongy  spiculas  of 
bone  which  reach  around  from  one  extremity  to  the  other, 
forming  foramina  or  incomplete  notches  on  the  sides  of 
the  bones. 

ExioLofiY. — The  i(ue.stiou  as  to  the  cause  of  this  disease 
is  a  very  imjiortant  and  interesting  one,  and  various  the- 
ories have  been  advanced. 

Freund  suggested  the  probability  that  acromegaly  was 
a  disease  of  puberty,  i.e..  a  disease  of  developmenl.  a 
possible  returning  to  type,  the  large  hands  and  feet, 
projecting  jaw,  and  retreating  forehead  being  certainly 
very  .suggestive.  He  said  tluU  this  anomaly  of  develop- 
ment had  some  ri'lalion  to  the  conilition  of  the  de- 
velopmental organs,  to  sexual  develoi)nient,  and  that 
the  early  ees.sation  of  menstruation  or  early  loss  of  sexual 
power  caused  acromegaly. 


This  theory  is  not  supported  by  facts.  In  the  first 
place,  two-thirds  of  all  cases  develop  after  the  age  of 
twenty;  and  while  the  cessation  of  menstruati(m  is  un- 
questionabl}-  an  early  and  a  very  frequent  symiJtoni,  it  is 
not  con.stant,  and  is  only  a  symptom,  and  the  loss  of  sex- 
ual power  in  the  male  is  a  gradual  loss,  diminishing  with 
the  progress  of  the  disease.  I  believe  these  phenomena 
are  only  .symptoms,  and  I  cannot  attribute  to  them,  as 
does  Freiuid,  a  causative  relation  to  this  disea.se. 

Sex  does  not  seem  to  bear  any  special  relation  to  the 
disease,  though  the  records  show  a  few  more  men  to  have 
been  attacked  than  women.  Nativity  plays  no  important 
jiart  in  the  causation  of  acromegaly,  and  probably  no 
race  is  exempt.  Heredity  does  not  seem  to  be  a  tangible 
factor,  and  no  foregoing  disease  or  condition  is  known  to 
predisi.iose  or  to  cause  acromegaly. 

The  Klebs  theory  that  the  disease  is  due  to  angioma- 
tosis, and  that  its  seat  is  in  the  vascular  system,  though 
having  its  svqiporters.  I  believe  not  to  be  founded  on 
fact.  That  there  is  thickening  of  the  walls  of  most  of 
the  blood-vessels  and  that  there  is  a  thinning  of  the  walls 
of  some  blooil-vessels,  giving  ri.se  to  hemorrhages  and 
varicose  veins,  there  is  no  question.  Also  that  there  is  a 
vasomotor  ataxia  is  unquestionable.  It  is  a  fact,  further- 
more, that  Ave  have  enlargement  of  some  of  the  blood- 
vessels supplying  hypertrophied  tissue:  but  that  there 
is  an  actual  nev  growth  of  blood-vessels  in  this  disease 
is,  I  believe,  not  true. 

The  theory  of  Von  Recklinghausen,  that  this  disease  is 
of  neurotic  origin,  is,  I  believe,  incorrect.  Lancereaux 
believes  it  to  be  a  trophoneurosis.  That  we  have  nearly 
all  kinds  of  neuroses  and  vasomotor  and  trophic  dis- 
turbances is  true,  but  that  the  origin  is  not  in  the  ner- 
\'ous  ,s\'stem  but  in  the  ductless  gland  system,  I  am  firmly 
convinced. 

The  thyroid  and  thymus  glands  have  come  in  for  their 
share  of  interest  as  being  the  supposed  cause  of  this  dis- 
ease. 

AVhile  I  do  not  believe  that  puberty  or  disturbed  con- 
ditions of  the  genital  system  have  anything  to  do  with 
causing  this  disease,  still  I  believe  tliat  Freund  struck 
the  keynote  when  he  claimed  that  acromegaly  was  a  dis- 
ease of  development.  The  majority  of  cases  can  be 
traced  as  beginning  in  the  decade  of  life  between  twenty 
and  thirty  years. 

In  the  l.)eginning  this  disease  is  closely  allied  to  gigant- 
ism, and  I  believe  a  disturbed  condition  of  the  pituitary 
body  to  be  the  cause  of  both  conditions.  I  believe  that 
gigantism  in  its  perfect  development  to  be  due  to  anormal 
h}q3ertro]ihy  of  the  pituitary  gland,  ?.«■..  a  hypersecretion 
occurring  at  the  age  of  puberty  or  age  of  general  and 
symmetrical  liody  growth  and  development.  I  believe 
that  in  its  incipiency  the  disease  of  acromegaly  is  pri- 
marily a  h\pertrophy  of  the  pituitary  body,  causing  a 
condition  of  beginning  gigantism.  Earlier  in  some  cases, 
later  in  others,  this  normal  In'pertropliy  of  this  gland 
becomes  a  pathological  condition — either  a  new-growth 
formation,  or  a  C}'st  formation,  or  both.  At  this  time  the 
symjitoms  of  acromegaly  due  to  disordered  secretion  from 
the  i>ituilary  will  begin  to  appear  and  will  grow  more 
t}i)ieal  tlie  longer  tlie  patient  lives. 

I  believe  that  gigantism  will  remain  such  as  long  as  the 
pituitar}'  body  is  in  normal  hypertrophy,  but  that  these 
eases  of  gigantism  will  assume  later  an  acromegalic  t}'pe, 
if,  as  is  often  the  case,  the  jiituitary  body  begins  to  take  on 
pathological  c<indilions.  In  other  words.  I  believe  that 
an  excess  of  norma!  secretion  from  the  pituitary  gland  is 
the  cause  of  gigantism,  while  perverted  secretion  from  it 
is  the  cause  of  acromegaly. 

When  the  pituitary  body  becomes  diseased  in  these  acro- 
megalic cases  it  seems  that  very  frequently,  perhaps  almost 
invariably,  the  thyroid  gland  becomes  enlarged  and  at- 
tempts to  do  some  of  the  work  which  the  pitintary  is  now 
unable  to  do.  If  the  thyroid  is  much  enlarged  we  have 
added  to  the  condition  of  true  acromegaly  the  conditions 
present  in  exophthalmic  goitre,  namely,  exophthalmos, 
ii'regular  n<-rviius  heart,  profuse  sweating,  etc.  If  the 
I  thyroid— and  it  is  this  gland  which  most  frequently  at- 
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tempts  to  assist  the  pituitary  body  in  its  lost  function — 
becomes  atrophied  or  (U'.i^ciicratcd  ami  does  not  furnish 
its  normal  secretion,  we  liave  a  greater  amount  of  hy- 
pertrophy of  the  soft  tissues,  that  is  a  myx(edematous 
condition  added  to  the  condition  of  true  aeroniegaly. 
Just  what  relation  a  persistent  thynuis  n'laud  (if  the  eases 
of  reported  ))ersistent  thyuuis  glands  be  thynuis  glands 
and  not  thoracic  thxroids)  bears  to  the  thyroid  gland  we 
are  not  yet  able  to  state. 

My  own  case  proves  that  an  au.xiliary  tlioracie  thyroid 
contaiidug  a  large  amount  of  physiological  iodine  can 
develop  sufliciently  to  assist  an  incomix-tenl  thyroid 
gland. 

To  sum  up  my  interpretation  of  the  causes  of  the  con 
ditions  present  iti  acromegaly: 

1.  I  believe  the  primary  cause  of  acromegaly  to  be 
due  entirely  and  alone  to  a  disordered  seeiclion  of  the 
pituitary,  "this  disorderc<l  secretion  eitlier  allowing  or 
promoting  a  geiicml  connective-tissue  increase  all  o\er 
the  body,  and  an  irregular  normal  liypertrophy  and  IhkIv 
growth;  in  other  words,  this  gland  normally  has  a  sceie 
tion  or  clabor;tt ion  which  has  soniething  to  dowjthtlie 
growth  of  the  body. 

2.  Xe.xt,  we  lind  the  thyroi<l  ullemiiting  to  furnish 
some  new  secretion,  and  at  the  same  lime  a  large  auKuinl 
of  its  own,  to  assist  the  pituitary  Ixidy.  Its  hypertrophy, 
however,  soon  becomes  pathological  by  connective-tissue 
formation,  and  the  gland  does  not  furnish  pro])er  thyroid 
.secretion.  We  now  liave. symptoms  of  partial  my  \(  edema 
with  enormous  hy|)ertrophy  of  the  soft  Jiarts.  especially 
over  certain  portions  of  the  extremities,  and  from  an 
eidarged  thyroid  we  may  have  i)re.sstu'e  syni|>toms  and 
exophthalmos. 

3.  All  of  the  other  symptomsof  acromegaly  are  due  to 
the  pressure  of  the  enlarged  pituitary,  or  to  connective- 
tissue  growths  in  the  organs  of  the  body,  or  to  growth 
of  th(^  l)ones. 

DiA(i.\osis. — Thiidisease  nuist  be  diagnosed  from  niyx 
o'denia,  gigantism,  erythromelalgia.  ele|iliantiasis.  Icon 
tiasis  ossr'a.  ehroiuc  rheiunalism.  syringomyelia,  rachitis, 
osteitis  deformans,  arthi'itis  deformaiis.  ]inlinnnaiy  by 
pertro])liie  osteo-arllu'opathy.  local  hypertropliies.  and 
adiposis  dolon>sa. 

More  than  one  case  of  acromegaly  has  been  described 
under  the  name  of  my-ra'di mn.  .Myxcedema  is  an  alfec 
tion  associated  with  an  increase  of  the  subcutanc<ius  fat 
and  connective  tissue,  and  is  characterized  by  a  mucoid 
deposit  in  the  skin.  There  is  swelling  of  all  parts  of  the 
face,  tongue.  thn)at.  and  liUTnx,  Imt  generally  there  is 
no  pitting.  The  bauds  become  large  and  clumsy,  and 
there  may  be  jiain  in  the  joints  and  head.  There  may  be 
loss  of  hearing,  choked  di.sc,  and  impaired  mental  facul 
lies,  even  to  dementia  in  the  last  stages. 

The  princi]ial  clinical  dilTerences  between  these  two 
diseases  are  as  follows: 


.t/y.ra-f/'  j/ai. 

1.  .Alioiit  eigla.v  per  cent,  of  all 
cases  are  wonren. 

2.  Oi-cuiN    most  frtKiuentt.v  tic- 
tween  tlie  ages  of  forty  and  Ufty. 

3.  Bones  are  never  enlarged. 

4.  Face  is  round  antl  fult. 

').  'the  ends  of  ili<-  tliigers  are 
swollen  and  clutjbeil. 


t).  Ttic    sliin    is    pale, 
puffy,  bogsy,  and  shiny. 


\va.\y. 


Afrimmtjiiltt, 

1.  I?otli  se.xes  are  atHjut  equallv 
atTected. 

2.  Begins  ni<'st  frei|ucnlly  he- 
Iwi'Pn  tlie  ages  of  nventv  and 
forty. 

:i.  IJones  are  always  enlarged. 

4.  Face  is  (jval  or  *-lllpt,icaI. 

'».  The  ends  of  Iho  llnL'ci-s  are 
of  the  same  size  as  tho  i)as(*s.  i.<:.. 
thev  are  "sausage-shaped." 

11.'  The  sl;in  Ls  yollowish, 
wrinkled,  and  hairy. 


Gif/dhtixm.  or  giant  growth,  is  distinguished  from 
acromegaly  by  the  fact  that  iu  the  former  there  is  sym- 
nietiiciil  and  general  growth  all  over  the  body:  the  cra- 
nium grows  as  much  as  the  facial  liones.  anfl  the  face 
does  not  look  too  large  for  the  head,  nor  the  head  too 
large  for  the  body,  as  is  the  ease  in  acromegaly. 

In  gigantism  the  endsof  the  bonesarc  not  enlarged  out 
of  proportion  to  the  size  of  the  shaft,  and  the  hands  and 
feet  are  not  enlarged  oiit  of  proportion  to  the  arms  and 
legs.     The  boues  increase  in  length  as  well  as  in  width 


and  thickness,  and  that  symnietrieally.  and  the  whole 
giowtli  of  the  body  is  in  jn'oportion.  as  in  a  nunnal  indi- 
vidual, all  of  which  is  (piite  the  eonli-ary  of  what  is  ob- 
served in  acromegaly. 

In  gigantism  tln're  is  no  l>rojcelioii  of  the  hjwer  jaw, 
there  are  no  nervous  i>lienomena.  there  are  no  eve  and 
ear  sympt(ans.  The  nose,  ears.  lips,  and  tongue  are  not 
increased  in  size  out  of  proportiiai  to  the  size  of  llieliead, 
lace,  and  mouth. 

In  I riillirniiniiiliiid.  a  vasomiii(a' neurosis  of  the  extrcm 
ities.  tla-re  niiiy  be  .some  increase  in  the  size  of  the  hands 
iiiid  feet  with  severe  pain,  and  there  is  always  an  im 
|iaired  blood  How,  giving  burning  scnsjilions,"  local  red- 
ih'SS,  and  even  cyanosis,  often  in  patches  or  spots, 
Cenas'  ca.se,  with  its  peculiar  ]iigmentation,  is  the  only 
ease  of  acromegaly  that  has  markedly  sinnilaled  erythro- 
melalgia. In  the  latter  disease,  however,  thereis  no 
enlargement  of  the  bones  or  soft  (larts  of  the  face,  no  eye 
symptoms,  no  marked  change  in  the  speech,  and  the  haiid 
itself  is  unlike  (he  acromegalic  hand;  the  tingers  are 
not  sau.siige-shajied,  but  smaller  at  the  tip  than  at  the 
base. 

h'hji/iii/it/dxis  Anihinii  is  a  hyjiertrophic  disea.se  of  the 
skin  and  sidicutaneous  tissue,  located  generally  in  one, 
occasionally  in  two  extremities  of  the  body.  There  is 
geneially  a  history  of  several  attacks  of  local  inllamma- 
tion  of  the  part  all'ected,  followed  by  a  continuous  growth 
and  hyiiertro])hy  of  the  skin,  until  an  enormous  size  is 
icached.  The  by  pert  rophied  skin  falls  in  gi'eat  folds, 
llssuii's  form.  an<l  the  pari  iiecomes  one  immense,  homo- 
geneous mass,  without  form  oi' sliai)e.  and  sections  show 
a  lilirous  tissue  without  nerves  or  blood  v<'ssels. 

How  dilVerent  is  this  picfui'e  from  that  of  acromegaly, 
whireall  of  the  cxtreniities  arc  enlarged,  or  at  least  one 
after  th<'  other,  and  the  parts  never  lose  the  normal 
cur\cs.  pronunences.  and  hollows,  and.  though  large, 
pi'eserve  their  normal  contours. 

Again,  in  elephantiasis  the  bones  are  not  enlarged,  the 
skeleton  is  not  alfected.and  the  nerveais.  faciiil.  and  cert- 
bial  phenomena  of  acromegaly  are  not  lU'e.sent. 

I.i"i,li',isis  OS/ml  is  the  name  given  by  Virchow  to  the 
condition  in  whieii  osteophytes,  or  bony  tumors,  are 
formed  on  the  face  and  ci-anium.  These  bony  tumors  are 
of  irregular  distribution,  and  pioilncc  giral  deformity 
and  asymmetry.  There  is  no  liyperlropliy  of  the  limbs. 
Tbiiugh  this  disease  has  heen  sevei-al  limes  men- 
tioned in  the  diagnosis  of  acromegaly,  I  fail  to  see 
how  it  conlil  l)e  confounded  with  the  gcnend  con- 
stitntion.'il  (lisea.se  of  acrome.galy  with  its  manifold  .signs 
and  symptoms. 

During  the  tirst  stages  of  acronx-galy  one  of  the  fre- 
quent symptoms,  and  often  a  inonuneiit  one.  is  joint 
pain.  wbi(  h  at  this  stage  might  lead  one  to  mistake  the 
dis<'ase  tor  r/im/iir  r/ioii/iiili/iiii.  The  joints  al  this  time 
are  teniler  to  the  touch,  but  are  not  reddened  or  swollen. 
The  |iain  is  not  i)ermanent  in  any  one  or  two  joints,  and 
ankvlosis  diH's  not  take  place,  allhough  later  crepitations 
are  often  prisent.  and  some  conti':ictures  of  the  tingers 
may  be  found,  as  in  Cenas'  case,  due  to  the  llexor  ten- 
dons not  growing  as  mjiidly  as  the  bones.  As  soon  as 
the  hands!  feet,  or  face  begin  to  enlarge,  the  diagnosis 
from  chii'iiic  rheumatism  becomes  jilain. 

>'(//•/",'/""///'//"  is  a  disease  of  the  nervous  system  which 
geiicRiliv  begins  before  twenty,  or  iu  early  adult  life, 
and  in  its  slow  devilopment  an<l  long  duration  simulates 
aci'omegaly.  .\ftcr  tin'  complete  development  of  either 
disease,  however.  "  1  he  amyotrophic  jiaralysis.  with  relen 
tion  of  tactile  and  loss  of  thermic  and  painful  sensjilion" 
(Osier)  in  the  case  of  the  .syringomyelia,  and  tin-  en- 
larged exii-emities.  the  formation  of  the  fa<e  and  chest, 
to  s;iv  nolhing  of  the  signs  of  pituitary  enlargement,  in 
the  case  of  the  acromegaly,  reiuler  the  diagnosis  easy. 
Several  cases  of  airomegaly  have  shown  coincident  symp- 
toms of  syringomyelia,  and  autojisjcal  examinations  have 
revealed  gliomata  in  the  .spinal  cord. 

/i'.(c/////.v  is  ii  disease  of  childhond.  or  nithei-  babyhood, 
occurring  most  freipienlly  in  ihiidren  luidi  r  three  years 
of  age.     This  alone  would  exclude  the  jiossibilily  of  eou- 
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fusion  with  ficromosaly,  cxrcpt  in  confrenital  cases. 
Rickets  is  ]ire-emiiiciitly"  a  (liswisc  of  impaired  bone  for- 
mation, as  manifested  liy  tlie  slow  eruption  or  entire  ab- 
sence of  tlie  teeth  and  by  the  imjiaired  growtli  or  soften- 
ing of  tlie  bones:  wliile  acromegaly,  on  the  other  hand,  is 
preeminently  a  disease  of  increased  bone  formation. 

The  ends  of  the  bones,  especially  the  epiphyses  of  the 
wrist,  unipiestionably  are  enlarged  in  rickets,  while  the 
hands  and  feel  may  be  tlattened  and  aiijiarenlly  widened, 
but  there  is  no  increase  in  the  thickness  of  the  hands  or 
feet.  The  bones  of  the  liead  show  no  malformation,  ex- 
cept tlrtttening  and  lengthening  of  the  cranium  with  pro- 
jection of  the  occiput  and  the  softened  spots.  This 
causes  the  cranium  in  rickets  to  appear  too  large  for  the 
face,  while  in  acromegaly  the  face  appears  too  large  for 
the  cranium. 

Also  in  rickets  wc  find  deformities  of  the  pelvis,  and  if 
the  child  creeps.  d<'forniities  of  the  arm  bones,  and  if  he 
walks,  bending  of  the  leg  bones.  This  is  quite  different 
from  acromegaly,  in  whieli  we  have  widening,  hardening, 
and  general  growth  of  the  bones.  Softening  of  the  ribs 
causes  a  .sinking  in  just  before  the  junction  with  the 
cartilages,  giving  the  formation  of  the  rachitic  rosary, 
which  from  anotlier  cause  we  also  find  in  acromegaly.  Ky- 
phosis, when  it  occurs  in  rachitis,  is  in  the  dorsal  region, 
while  in  acromegaly  it  is  almost  invariably  in  the  cervico- 
dorsal  region.  It  is  thus  seen  that  it  is  hardly  possible  to 
confound  tlie  one  ilisease  with  the  other. 

The  diagnosis  between  the  csfcitis  rlcformans  of  Paget 
and  acromegaly  is  generally  not  ditlicult. 

The  following  schedule  shows  some  of  the  marked 
differences: 


Osteitis  Deformans. 

1.  Rarely  occure  before  firty, 
never  before  forty  years  of  age. 

3.  The  long  ttories  are  tbe  ones 
primarily  atlVcffd  :  rarely  are  tbe 
bands  or  fet-t  :ilTerto<I. 

3.  Tbe  IniiL'  boiip.s  are  often 
ctirveii,  givin<;'  great  deformity. 

i.  Often  one  limb  or  one  bone 
is  atferted  long  before  another 
limb  or  bone. 

5.  Tbe  cranial  bones  are  af- 
fected, rarely  the  facial. 

6.  Tbe  lower  part  of  the  face  is 
narrow,  giying  it  a  triangular 
appearance. 


Acromegaly. 

1.  Very  generally  begins  before 
f(trty  veal's  of  age,  almost  never 
afw'r  fifty. 

2.  The  hands  and  feet  are 
enormous ;  long  bones  are  gener- 
ally nut  tiiucli  alTccted. 

3.  Tbe  long  hune.s  are  normal  in 
shape,  possibly  thickened  at  tbe 
e-xtremities,  but  aie  never  curved. 

4.  Tbe  bands,  feet,  arms,  and 
legs  are  generally  nearly  sym- 
metrical. 

5.  Tbe  facial  Vtones  are  affected, 
rarely  the  cranial. 

6.  Tbe  lower  part  of  the  face  is 
broad,  giving  it  an  elliptical  ap- 
pearance. 


The  above  gross  differences,  to  say  nothing  of  the  more 
minute  ones,  will  geuei-iiUy  render  easy  the  diagnosis  of 
osteitis  deformans  from  acromegaly. 

Art/irtl/.f  lii fan/Ill  nil,  iierhaps.  approaches  more  nearly 
than  any  other  lione  di.sease  to  the  external  conditions 
found  in  acromegaly.  In  arthritis  deformans  decided 
changes  take  place  in  the  .articular  tissues,  and  are  accom- 
panied by  pain,  with  sooner  or  later  great  deformity  and 
ankylosis  of  the  joints.  Tender  nodules  may  appear  in  the 
muscles,  wliile  the  muscles  themselves  become  atrophied. 
The  disease  is  apt  to  attack  the  .same  joints  on  both  sides 
of  the  body  symmetrically,  but  soon  spreads  to  all  of  the 
joints.  The  hands  are  thin  from  the  wasting  of  the  fat 
and  muscles,  but  the  ends  of  the  phalanges  and  nieta- 
carjjal  bones  may  be  enUirged  and  nodulaiC  The  fingers 
are  more  or  less  fiexed  tind  turned  toward  the  ulnar  side 
of  the  arm,  while  the  joints  of  the  hand  are  all  stiff  tind 
more  or  less  comiiletely  aukylosed.  How  different  is  tliis 
condition  from  the  acromegalic  hand ! 

AVithin  the  joints  bony  or  cartilaginous  protuberances 
are  found  on  the  outer  surface  of  the  epiphyses  in  arthritis 
deformans,  while  in  acromegaly  we  may  fiiid  osteophytes 
at  the  ends  of  the  liones,  or  bony  growths  in  the  joints. 
Aside  from  this  similarity  in  the  joint  lesions  these  two 
diseases  show  no  agreement  of  symptoms  or  ap])ea ranees. 
The  hypertrophy  of  the  soft  ]ia'rts  of  the  hands  and  face, 
with_  the  enlargement  of  the  Ixnies  of  the  face,  with  the 
cervico-dorsal  kyiihosis,  enlarged  tongue,  clianged  voice, 
and  signs  of  pituitary  enlargement,'  will  all  or  any  of 
them  render  the  diagnosis  from  tirthritis  deformans  easy. 


Schulz  has  reported  a  case  of  acromegaly  associated  with 
arthritis  deformans. 

The  condition  known  as /*?(/»(";(rt;7/  hypertmphic  osteo- 
iifthriij)<ithij\nns\  be  carefully  separated  from  acromegaly, 
as  it  simulates  the  latter  disease  by  causing  an  enlarge- 
ment of  the  hands  and  feet.  This  osteo-arthropathy  is 
subsequent  to,  or  consequent  on,  some  affection  of  "the 
lungs,  which  may  be  a  bronchitis,  an  empyema,  or  per- 
haps most  fretpiently  some  new  growth  loctiled  jn-imaiily 
or  secondarily  somewhere  in  tlie  respiratory  tract. 

The  hands  are  enlarged,  but  principally  in  the  joints 
and  the  ends  of  the  fingers,  the  middle  of  tlie  hand  not 
being  attacked.  Tlie  elbow,  shoulder,  and  knee  joints 
are  all  affected,  and  there  is  always  more  or  less  impaired 
motion.  The  wrist  joint  is  large,  the  hand  proper  not 
much  enlarged,  while  the  fingers  are  increased  in  size, 
especially  the  last  phalanx,  but  the  soft  parts  are  not 
liypertropliicd.  The  appearance  of  the  finger  nails  is 
aiso  quite  characteristic  of  this  disease.  They  appear  too 
large  for  the  fingers,  spreading  out  at  the  sides,  and  even 
curving  over  the  ends  of  the  fingers,  often  giving  the 
aiipearance  of  the  beak  of  a  bird,  while  the  enlarged  ends 
of  the  fingers  have  caused  them  to  be  likened  to"  drum- 
sticks. "  Turning  to  the  acromegalic  hand,  with  its 
immense  thickening  of  the  hand  proper,  hypertropln- 
of  the  soft  parts,  equally  enlarged  phalanges,  sausage- 
shaped  fingers,  small  nails  much  too  small  for  the  lin- 
gers, one  might  make  the  diagnosis  liy  the  hand  alone. 
The  bones  in  pulmonary  hypertrophic  osteo-arthropa- 
thy  are  enlarged,  but  not  the  soft  jiarts,  wliile  in  acro- 
megaly both  are  enlarged.  In  the  former  di.sease  dor.so- 
lumliar  kyphosis  may  be  present,  wliile  in  acromegaly 
the  kyphosis  is  cervico-dtn'.sal. 

Tlie  feet  and  toes  in  this  disease  are  affected  similarly 
to  the  hands.  The  face  presents  a  different  apjiearance 
from  that  of  acromegaly:  it  is  more  rounded,  the  lower 
jaw  is  very  rarely  enlarged,  in-ogualhism  does  not  occur, 
tlie  face  appears  small," the  soff  pa»ts  are  not  hypertro- 
phied,  and  the  lips  and  tongue  are  normal  in  size. 

Local  hypertrnphies  are  not  instances  of  partial  acro- 
megaly. These  local  enlargements  of  one  extremity,  or 
one  finger,  or  one  toe  are  generally  congenital,  thoueli 
the}'  may  increase  in  size  at  the  time  of  ]niberty.  One 
side  of  tiie  face  may  be  affected,  involving  the  bones  and 
soft  parts,  including  the  tongue,  tonsil,  and  palate  on 
that  side,  but  whatever  the  enlargement  there  is  no  sym- 
metry. 

One  more  disease  remains  to  be  diagnosed  from  acro- 
megaly, viz.,  adiposis  dolorosa.  This  disease  is  charac- 
terized b\-  an  enormous  deposit  of  fat.  first  in  the  fcmn 
of  nodules,  either  in  one  location  or  in  corresponding 
places  on  the  upper  en-  lower  extremities.  These  de^ 
posits  soon  cause  pain,  diminished  sensibility,  anil  mus- 
cular weakness,  and  the  muscles  may  show  the  reaction 
of  degeneration.  The  absence  of  any  marked  enlarge- 
ment of  the  hands,  feet,  and  face,  as  well  as  the  absence 
of  increased  bone  growth,  excludes  confusitni  with  acro- 
megaly. 

Prognosis. — The  duration  of  acromegaly  is  variously 
estimated  from  ten  to  twenty  years.  The  patient  may 
die  of  some  intercurrent  disease,  or  may  live  for  years 
with  but  a  slow  progression  of  the  disease,  but  no' case 
of  complete  recovery  has  yet  been  reported. 

This  disease  is  one  of  continuous  progression,  esjjecially 
in  the  growth  of  the  bones.  Under  treatment,  or  with- 
out treatment,  periods  of  apiiarent  quiescence  or  periods 
of  cessation  of  symptoms  occur,  and  the  soft  parts  of  the 
liypertrophied  portions  of  the  body  not  inily  may  not 
enlarge,  but  may  actually  a|ipear  to  be  diminished  in 
size.  Yet  even  in  such  cases  the  bones  apiiarently  con- 
tinue to  grow. 

These  periods,  when  the  patient  may  say  that  lie 
feels  well,  are  sooner  <n'  later  followed  by  marked  ex- 
acerbations of  all  the  symptoms,  often  coming  on  sud- 
denly. These  symptoms,  all  of  which  may  be  amelio- 
rated by  treatment,  are  severe  headjiche,  often  dizziness, 
obstinate  constipation,  trouVilesonie  dyspepsia,  a.s.sravat- 
ed  eye  or  ear  syniiitonis,  great  temiiorary  loss  of  strength. 
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and  melancholia,  witli  more  or  less  pain  referred  to  vari- 
ous parts  of  the  body.  At  this  time  the  soft  parts  on  tlie 
hyperlniphicd  portions  of  the  body  appear  larger,  al- 
though n'deuia  may  not  be  fouud. 

A  more  or  less  complete  recovery  from  these  exacerba- 
tions, or  severe  symptoms,  generally  occurs,  but  the 
patient  is  not  quite  as  well  in  all  resi)ects  as  he  was  be- 
fore. Thus  the  disease  proceeds,  with  some  symptoms 
more  or  less  constant,  until  there  is  hardly  a  ti.ssue  or 
organ  of  the  body  that  is  not  alfectcd  iu  greater  or  less 
degree. 

Finally,  little  by  little  the  patient  falls  into  a  conilitiou 
of  progressive  cachexia,  with  partial  or  nearly  complete 
loss  of  muscular  i)OWer,  due  to  atrophy  of  the  muscles, 
so  that  he  may  be  coni])elied  to  remain  in  bed.  This  nm- 
ditiou  may  last  for  several  years,  and  then  ileal  h  o(.-curs 
unexpectedly  and  suddenly  from  syncope. 

It  is  po.ssible  that  an  enlarged  pituitary  body  may  cause 
coma  and  death.  Most  cases  of  acromegaly,  however, 
die  of  some  intercurrent  affection,  the  mi jsI  fre(|Ueut  of 
which  are  cardiac  disea.se,  nephritis,  or  diabites,  all  of 
which  are  the  results  of  the  eounective-tissue  hy]>erplasia 
of  the  involved  organs,  viz.,  heart,  kidney,  and  pancreas 
respectively. 

The  headache  and  cerebral  disturbances  may  become 
so  severe  as  to  cause  sincidal  tendencies,  and  temporary 
insitnity  may  occur,  probably  caused  by  pressuii-  fmni 
an  enlarged  pituitary  body. 

Tre.\tmknt. — This  disease  is  incuralile,  liut  iu  any 
given  case  we  can  safely  expect  to  amelioiate  many  of 
the  ner\'ous  symptoms.  AVheu  there  is  an  exaceriialion 
of  symiitoms,  of  all  treatment  rest  is  the  most  important, 
under  which  all  the  iihenomena,  except  those  produced 
by  actual  lesions,  will  improve.  Pain,  the  most  frequent 
cause  of  complaint,  has  been  variously  treated  by  all  of 
the  analgesics,  fmt  with  only  tetniioiary  and  varied  sue 
ces.s.  The  bromides  are  often  of  service  in  relieving  the 
headache  and  the  feeling  of  pressure  in  the  head. 

The  constipation  should  be  treated,  while  dyspepsia, 
when  iiresenl,  can  be  best  helped  by  a  diet  that  requires 
but  little  ma.stication,  as  prognathism,  which  is  so  fre- 
quently present,  is  one  constant  cause  of  the  dyspepsia. 

Positive  impairment  of  sight  or  hearing  cannot  be  im- 
proved, and  if  the  sight  is  atTected  at  all  the  loss  of  vi- 
sion will  probalily  increase.  Tinnittis  aurium,  if  due  to 
this  disease,  can  probably  be  but  little,  if  at  all.  lieljK'd. 

Any  tonic  or  bracing  treatment,  combined  with  rest, 
will  often  cause  a  cessirtion  of  the  acute  symptoms  and 
an  apparent  pause  in  the  disease,  except  in  tlie  last  stages. 

If  there  is  atrojihy  of  the  muscles  and  great  loss  of 
muscular  power,  strychnine,  given  by  the  month  or  hypo- 
derinically,  is  of  value,  especially  when  combined  with 
faradism. 

Cardiac  insufliciency  and  renal  insufiiciency  should  be 
treated  as  though  they  were  ])riniarv  diseases,  without 
regard  to  the  acromegalic  condition. 

The  treatment  of  glycosuria  should  be  cautious,  i.e.. 
the  true  diabetic  diet  should  be  assumed  with  care,  if 
at  all.  If  diabetes  is  present,  the  patient  might  be  fed 
on  pancreas,  as  in  acromegaly  diabetes  seems  to  be 
generally,  if  not  always,  of  pancreatic  origin. 

The  specitic  treatment  of  acromegaly  undoubtedly  must 
bear  some  relation  to  the  secretion  of  the  ])ituitary  gland. 
I  believe  that,  like  exophthalmic  goitre,  we  may  have  an 
increased  pituitary  secretion,  or  a  dimiiushed  secretion. 
or  a  perverted  secretion.  In  some  cases,  or  at  certain 
stages,  of  exophthalmic  goitre  we  have  a  set  of  symp- 
toms, such  as  gri'at  nervousness  and  cerebral  irritation, 
exophthalmos,  palpitation,  and  loss  of  weight.  In  these 
cases  or  at  these  times  thyroid  feeding  will  aggravate 
every  symptom.  In  other  cases  we  have  dulling  of  the 
intellect,  mild  exo))hthalmos,  canliac  weakness  without 
much  pal]iitation.  muscidar  debility,  and  a  putting  on  of 
weight — in  other  worils.  some  of  the  sym|)toms  of  niyx- 
«>dema.  due  to  a  diminished  thyroid  secretion,  all  of 
■which  symptoms  ameliorate  with  thyroid  feeding. 

During  the  stage  of  almost  imperceiifiblc,  gradual,  and 
perhaps  symmetrical  growth  of  the  bones,  pituitary  feed- 
Voi,.   I.— 7 


ing  woidd  probably  bo  of  no  benefit,  and  miglit  even 
aggravate  or  precipitate  unpleasant  symptoms,  such  as 
headache.  Hut  when  a  case  of  acromegaly  comes  into 
our  hands  for  treatment  the  liyjiopliy.sis  disease  has  jiro- 
gressed  far  enough  to  give  mrvous  symptoms  and  selec- 
tive eidargements  so  tyjiical  of  the  disease.  At  this  lime 
we  are  probably  having  a  dimiiushed  amount  of  normal 
secretion  ora  wholly  or  partially  perverted  secretion  fron. 
the  hypophysis,  causing  terrible  headaches,  irregulai 
nerve  and  mu,scle  i)iuns,  vasomotor  disturbances,  miis 
cular  Weakness,  cardiac  weakness,  and  ]ierhaps  severe 
cerebral  irritati(m.  For  this  condition  anil  at  this  lime 
l)ituitary  substance  will.  I  believe,  often,  if  not  alwavs, 
be  foimd  of  marked  benetit. 

In  a  case  of  acromegaly  that  I  am  now  treating  I  have 
obtained  good  results  froiii  i)itiutary  tablets,  t  he  do.se  vary- 
ing from  six  to  twelve  grainsa  day,"  In  thiscasethe  heail- 
ache,  which  had  been  coiUinuous  for  two  years,  is  now  but 
rarely  present.  While  under  the  treatnient  the  appetite 
improves,  the  muscular  weakness  disai>pears,  the  nervinis 
restlessness  is  gone,  and  tlie  patiiMil  is  able  to  do  her  usual 
work,  which  sli<>  was  not  able  to  do  liefore  the  use  of  th(! 
pituitary  substance.  Also,  the  hypertrophy  of  the  soft 
jiarts  of  the  face,  hands,  and  feet  gr<-atly  diminishes.  On 
stopping  the  treatment,  the  headaches  ami  muscular 
weakness  again  develop,  and  the  face  an<l  hands  very 
notiieably  again  increase  in  si/e. 

It  is  prol)able  that  in  the  cases  in  which  the  thyroid 
gland  is  ]iatliologieaIly  so  changed  that  it  caiuKit  furnish 
its  normal  secretion,  as  denoted  by  mild  myxirdeinatous 
symptoms,  the  feeding  of  thyroid  extract  might  be  of 
some  benetit. 

I  do  not  believe  that  any  treatment  other  than  the  above, 
and  general  tonic  anil  hygienic  treatment,  is  of  any  avail 
in  this  disease.  Olinr  'J'.  Oxltuvne. 

ACTINOMYCOSIS.— This  disease  is  a  combination  of 

.■ibscess  fcirmatii)ii  and  new  growth  of  connective  tissue. 
In  most  cases  the  disease  has  the  character  of  a  suliacute 
or  chronic  suppurative  ]irocess,  but  iu  some  cases  the 
new  growth  of  connective'  ti.ssue  may  be  so  marked  a  IVa- 
tiue  of  the  ])roeess  that  it  may  present  the  character  of  a 
tumor  or  neoplasm.  The  disease  affects  man  and  certain 
domestic  atumals,  particularly  cattle,  in  which  it  is  i)rob 
ably  best  known.  It  has  a  wide  geographical  distribu- 
tion. 

In  cattle  it  most  connnonly  affects  the  jaw  tiones,  where 
it  may  take  origin  in  the  medulla  or  the  i)erio,steuin.  and 
may  lead  to  the  tumor-like  conditions  which  have  been 
long  known  as  medullary  sarcoma  or  osteosarcoma  of 
the  jaw,  or  as  "  lump  jaw,  "  etc.  The  external  soft  i>;irts 
about  the  jaws  and  face,  the  tongue,  the  peripharyngeal 
tissue,  the  stomach,  the  skin,  and  the  subcutaneous  tis 
sues  in  various  places,  may  also  be  the  seat  of  the  disease. 
Anatoiuically.  the  lesions  consist  in  general  of  an  over 
growth  of  granulation  and  coimeclive  ti.ssues,  throughout 
which  are  distributed,  more  or  less  ninnerously,  small, 
yellowi.sh,  soft  supintrative  areas  or  ab.scesses.  If  the 
seat  of  the  lesions  be  the  jaw,  there  is  usually  more  or  less 
new  growth  of  bone  as  well. 

In  swine  the  manun.-e,  the  peripharyngeal  tissues,  the 
vertebne,  and  the  sideen  have  been  observed  to  be  the 
seat  of  the  disease.  In  horses  the  disease  may  occur  in 
the  s|ierinatic  cord  after  castration,  as  well  as  in  the  jaw 
bones  and  in  the  bones  of  the  extremities.  A  few  c-i.ses 
of  the  disease  have  been  observed  in  dogs. 

In  man  the  disease  is  probably  more  common  than  is 
generally  supi)osed.  It  most  frequently  affects  the  tis 
sues  in  and  about  the  oral  cavity,  the  piiarynx,  and  the 
neck.  It  also  frequently  affects  the  luiiirs,  the  bones  of 
the  thorax,  and  the  intestinal  tract.  Almost  any  organ 
or  part  of  the  body  may  become  the  seal  of  the  disease. 
Analoniically,  the  disease  in  man  is  es,sentially  a  destrue 
live  suppurative  process  accompanied  by  a  new  gr.iwth 
of  connective  tissue  which  in  general  is  not  asabundantly 
developed  as  in  the  disi'ase  in  cattle,  so  that  in  man  the 
tumor  like  lesions  are  less  frequent. 

The  disease  is  due  to  the  action  of  a  vegetable  parasite 
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upon  tissiKS  wliich  arc  siiiliibly  susceptible.  Tlsis  para- 
site is  an  organism  closely  allied  to  the  bacteria,  but 
belonging  to  a  higher  class.  It  occurs  in  the  lesions,  and 
in  the  discharges  from  thorn,  as  small  aggregations  or 


Flii.  is.  — I'<iru.iii  ..f  111,'  .M.UL'iu  ..[  ,ui  .Mui.iii,,,  ..11,  i 
peared  under  a  moderately  liigh  magnifying  power, 
are  sbown. 


colonies,  of  variable  size,  which  in  most  cases  are  visible 
to  the  naked  eye  as  grayish  or  yellowish  granules  or  lob- 
ular eil  bixlies.  less  flian  1  mm.  in  diameter.  The  pres- 
ence of  the  peculiar  granules  in  the  lesion  or  in  the  pus 
is  characteristic  and  diagnostic  of  the  disease.  As  a  rule 
they  are  soft,  and  when  placed  on  a 
slide  and  covered  with  a  cover  glass, 
they  are  flattened  or  crushed  by  the 
weight  of  the  latter.  In  some  instances, 
especially  in  cases  in  cattle,  they  may 
be  more  or  less  calcified.  Under  a  low 
magnifying  power  a  granule  crushed 
beneath  a  cover  glass  will  appear  as 
an  aggregation  of  lobulated  hyaline 
masses,  with  rounded,  iiuely  serrated 
borders  which  may  have  a  slightly 
brownish  tint.  In  .some  instances  a 
fine  radial  striation  may  be  made  out 
at  the  margins.  As  a  rule  masses  of 
pus  cells  will  be  found  suiTounding 
the  hyaline  masses  and  making  u]i  a 
portion  of  the  bulk  of  the  granules. 
Under  a  higher  magnifying  power  the 
hyaline  material  in  ])iaces  will  ha\e 
the  ajipearances  of  being  made  up  of 
a  dense  feltwork  of  delicate  fila- 
ments having  the  diameter  of  bacilli 
of  moderate  size  and  closely  packed 
together.  At  the  margins  these  fila- 
ments usually  liave  a  radial  jirrange- 
ment,  and  some  of  them  project  be- 
yond the  limits  of  the  hyaline  mass. 
In  the  case  of  some  granules,  the  mar- 
gin of  the  hyaline  mass  may  lie  formed 
of  a  row  of  closely  set,  elongated,  fin- 
ger-shap<-<l.  or  club-shaped,  or  bulb- 
shaped  bodies,  composed  of  !i,  hyaline 
substance  and  arranged  radiallv  (Figs. 
28  and  29) .  These  bodies  constitute  the 
so-called  "clubs "or  "ra.ys"  on  account 
of  which  the  name  "ray  fungus"  has 
been  applied  to  the  parasite.  They 
are  of  variable  size  and  width,  often  being  three  or  four 
times  the  width  of  the  filaments.  In  stained  prepara- 
tions a  stained  filament  may  often  be  seen  in  the  median 
portions  of  the  "clubs"  or  " rays, "  which   for  this  and 


other  reasons  are  regarded  as  modifieations  of  the  mar- 
ginal filaments  (Fig.  29).     In  fact,  it  seems  very  probable 
that  these  bodies  are  nothing   more  than  the"  results  of 
degeneration   of    the   marginal    filaments,  as   has   been 
pointed  out  by  Bostriira  ("  Beit- 
rage  zur  path.   Anat.    u.    all- 
gem.  Path.."  Ziegler,  bd.  i.\., 
'      1890) .     The  "  clubs  "  are  much 
more  frequently  found  in  the 
granules  from    lesions  in   ani- 
mals than  in  those  from  man. 
If    one    of    the     granules    be 
broken    up  on  a  cover  glass 
and  suitably  stained  there  will 
be   seen  on   microscopical   ex- 
amination,   besides    long    fila- 
ments   which     Ijranch,     short 
rod-like  or  bacillus-like  or  coc- 
cus-like forms   (Fig.  30).     At 
the  present  time  it  is  considered 
that  the  bacillus-  and  coccus- 
like  forms  are  the  result  of  de- 
generation and  of  breaking  up 
of  the  filaments.    Some  writers 
seem  to  think  that  the  presence 
of  the  "clubs"  or  "rays"  is  a 
constant  and  necessary  feature 
of  the  gi-anules  of  genuine  ac- 
tinomycosis, and  so  they  call 
those  cases    pseudo-actinomy- 
cosis    in   which    granules    are 
found  which  have  little  more 
to  distinguish  them  from  true  actinomycosis  than  the  ab- 
sence of  these  bodies.     In  view  of  the  fact  that  in  one  and 
the  same  case  granules,  both  with  and  without  "clubs." 
may  be  found,  it  seems  probable  that  the  so  called  pseudo- 
ai-tinomvcosis  is  reallv  not  distinct  fiom  the  true  disease. 


,j„i,,i„  . ,  ;...<.:  .1  under  a  cover  glass, as  It  ap- 
V  arious  forms  and  appearances  of  tbe  "  clubs ' 
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Fig.  29.— a  Granule  or  Colony  of  ,\otinoiny(vs.  inasectictn  al)ouM\vo  inicRimilliuietivs  thick, 
showing  the  "  clutis  "  with  central  fllaiiients  at  the  margin.  The  general  structure  of  the 
colony  is  shown  also.    From  an  abscess  in  the  heart  in  a  human  case.      X  750. 

Microscopically,  the  lesions  consist  of  largei-  or  smaller 
abscesses,  each  containing  one  or  two  of  the  gmnulcs  or 
colonies,  and  bounded  by  connective  tissue,  in  all  grades 
of  development  (Fig.  31) .     In  the  latter,  giant  cells  may 
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Fig.  M.- 


A  Covei-caass  Trfparation  Made  from  a  Oraniile.    Some  rods  and  hranchlnff 
Blaments  in  association  with  |iiis  fi-Ks  are  shown.     X  l.Otm. 


be  present.     A  grauulo  in  a  sctlion  stained  liy  Gnuns 
metliofl  appeal's  as  a  mass  of  lilameiits  fiiiliedded  in  a 
hyaline  inateiial  and  sliowing  at  tlie  niufjiin  nidfe  or  less 
radially  arranged  tilaments,  or  the  "cliilis"  ,,!■■■  r:i\  ^'"  pv 
vioiislv  described  (Fiir-s. 


name  that  haselung  to  it  ever  since.  The  dis- 
ease in  man  was  first  recognized  and  identi- 
fied as  (hir  to  the  same  cause  as  that  found  in 
the  disease  in  cattle  by  I'(>n(i<k  a  short  time 
after  Bollinger's  pniilication.  The  gran 
ulc'S,  however,  had  been  seen  in  a  siippiir 
ative  process  in  the  neighborhood  of  the 
verlebne  in  man  by  I.angenbeck  in  is.).",, 
and  had  been  described  and  figured  bv  Le- 
bert  in  his  "Atlas  of  Pathological  Anat- 
omy. "  pulilished  in  IS.'iO. 

JIany  untrustworthy  observations  have 
been  publislied  concerning  the  cultural  pe- 
culiarities of  "  .Vctinomyces  bovis.  "  It  is 
conimonly  statcrl  in  text  books  that  culture 
methods  have  slirjwn  that  various  jjatlio 
genie  species  of  this  jjarasite  are  known,  but 
the  writer  considers  that  the  ob.servations 
upon  which  tlies(>  statements  are  based  are 
open  to  sei'ious  iiuestion. 

According  to  VVoKI  and  Israel  {AiT/u'r  f. 
piith.  Aunt..  Vir<'how.  l.sgi.  IJd.  lv!(i).  the 
organism  grows  on  agar  practically  only 
in  the  absence  of  oxygen.  Cultures  made 
by  lireaking  np  the  gr.mules  aiul  sjireading 
the  fragments  over  the  surface  of  the  agar 
begin  to  show  the  growth  of  colonies  after 
about  tliree  days.  Some  days  later  the  col- 
onies may  have  attained  the  diameter  of  2 
or  3  mm.  They  are  grayish  whiti'  in  color, 
rounded  in  outline,  with  wavy  margins  in 
some  instances,  iind  often  have  an  elevated 
nodule  ill  the  centre. 

In  bouillon,  growth  may  be  obtained 
without  the  exclusion  of  oxygen.  Gnin- 
ules  planted  in  this  medium  become  larger 
in  si/.e  and  break  up  into  small,  white,  irregular  masses 
in  the  course  of  a  few  days.  Tlie  growlli  then  appears  as 
a  .sediment  at  the  bottom  of  the  culture  tube,  comiwised 
"•' ■'i'''IMe    whilisb,  irregular  granules,  usually  less  than 


29  and  32) .  The  hyaline 
mat<'rial  seems  to  be 
composed  in  many  in- 
stances of  non-staining 
degenerated  filaments. 
In  other  instances  the 
nature  of  this  hyaline 
material  is  not  clear,  but 
it  is  very  probably  the 
result  of  degenerative 
processes  in  the  colon_v. 
It  is  not  uncommon  to 
see  bacillus  -  like  frag- 
ments of  the  organism 
in  oramong  the  puscells 
surrounding  the  colony. 
The  pathological  sig- 
nificance of  the  granules 
ill  the  lesions  of  the  dis- 
eiise  was  lirst  clearly 
shown  by  lioUinger  in 
1877,  altbougb  their 
presence  hail  been  noted 
l)reviously  by  si^veral 
observers  whose  work 
was  incomplete  and  did 
not  receive  general  rec- 
ognition. Bollinger  re- 
garded the  gmnules  as 
growths  of  a  fungus  and 
as  the  essential  cause  of 
llie  disease.  Ilarz,  a 
botanist,  confirmed  Bol- 
linger's ideas  of  their 
fungous  naturi;  and 
called  the  organism 
"actinomyces  bovis, "  a 


* 


^i'. 


I'.t-iife '-■'•'■< 


l^^k^ 


Fig.  31.— Secti(»n  of  a  Portion  of  an  Actinomyi'oiic  I.fsion  in  the  Ijver  of  the  Same  Ca-y*  as  That  Menttonod  in 
Fig  29.  The  abseess.  mutainint:  a  "  roNmy '"  or  '*  pninule.''*  and  the  surroundintT  eonueollve-tLvfiie  irrowth 
extending  into  the  liver  substance,  are  shown.  The  "colony  "  appears  as  a  rounded,  dark  muss  in  the  right 
upper  quadrant  of  the  Iljfure.    Low  iim»rnifyin»r  power. 
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1  mm.  ill  (liami'tiT.  Tlie  gmnules  are  often  couglomer- 
nteil  iuto  irregular  masses.  The  bouillon  is  never  clouded 
if  the  growth  is  not  eontaniinated. 

Mieroseoiiical  examination  of  the  growth  in  the  culture 
shows  longer  and  shorter  rods  and  threads,  the  last  men- 
tioned sometimes  branching.  The  organism  stains  irreg- 
ularly, and  often  shows  rounded  or  club-shaped  swelling 
or  otiier  irregularities  in  .shape,  especially  at  its  extremi- 
ties. It  does  not  altogether  preserve  its  lilanientous  char- 
acter in  the  cover-glass  preparations  from  tlie  cultures. 
This  is  probably  due  to  the  fact  that  the  li laments  are 
broken  np  in  the  manipulation.  An  additional  peculiaiity 
of  this  organism  is  the  presence  of  deeply  staining  rounded 
or  oval  bodies  in  the  rods  and  threads.  These  arc  of 
about  the  same  diameter  as  the  rod,  and  are  frequently 


33.—.^  Colony  of  Actinomyces  In  a  Section  of  the  Same  Lesion  as  in  Fig.  29.    This  is  a  colony  com- 
posed of  niaments  ami  hyaline  substance.    There  are  no  "  clubs."    X  500. 


distributed  along  the  length  of  the  rod  or  tilament  at 
variable  intervals.  Their  nature  and  function  are  not 
understood. 

Animal  inoculations  ■\vith  actinomyccs  at  the  hands  of 
various  investigators  have  not  led  to  conclusive  results. 
Max  'WollT  and  James  Israel  (loc.  cit.)  in  1891  jniblished 
the  most  interesting  work  that  has  ever  been  done  on  this 
sub.icct,  but  their  results  lack  conflrmatiou. 

The  exact  position  of  the  organism  in  the  botanical 
•world  is  still  a  matter  of  discussion,  as  is  ako  the  name 
of  the  group  of  micro-organisms  to  which  it  belongs.  On 
account  of  its  branching  it  is  to  lie  regarded  as  belonging 
to  a  more  highlj'  develojied  group  than  the  bacteria, 
■n-hile  it  is  uot.so  highly  develojied  as  to  be  classed  with 
the  mouUls  or  hyphomycetes.  The  tendency  at  the  pres- 
ent time  is  to  call  it  and  similar  branching  organisms 
"streptothrices."  Of  such  organisms  a  small  number 
have  been  more  or  less  satisfactorily  described,  some  of 
which  have  been  met  with  in  inflammatory  processes. 
The  precise  relationship  of  these  to  actinomyces  bovis  is 
not  very  clear  at  the  present  time. 

The  most  frequent  seat  of  primary  actinomycosis  in 
man  is  the  tissues  about  the  buccal  ciivity  and  the  neck. 
Primaryactinomycosisofthe.se  parts  forms  more  than  half 
of  all  the  recorded  cases.  Next  in  frequency  is  pi'imary 
actinomvcosis  of  the  digestive  tract  and  oi'  the  lungs. 


Primary  actinomycosis  of  the  outer  skin,  exclusive  of  the 
skin  of  the  face  and  neck,  is  less  frequent.  RuhrSh  (An- 
nals of  Surgery,  October,  November,  December,  1899,  vol. 
XXX.,  Nos.  4,  5,  C),  who  has  collected  all  the  reported 
cases  that  he  could  find  in  the  literature,  gives  the  fol 
lowing  figures:  Total  number  of  cases.  1,094,  including 
certain  cases  probably  counted  more  than  once.  In  these 
the  disease  aifectcd  the  head  and  neck  in  50  per  cent., 
the  digestive  tract  in  20  per  cent.,  the  lungs  in  1.5  per 
cent. ,  and  the  skin  in  3  per  cent :  6  per  cent,  are  classified 
as  doubtful.  Various  cases  have  also  been  recorded  of 
actinomycosis  of  various  organs,  including  the  brain, 
without  any  demonstrable  primary  lesion  in  the  situations 
above  mentioned. 
The  infecting  organism  is  probably  frequently  carried 
into  the  ti.ssues  along  with 
foreign  bodies,  especially 
such  as  occur  in  food  ma- 
terial in  the  case  of  cattle. 
The  not  infrequent  finding 
of  such  foreign  bodies  in  or 
near  the  lesions  of  the  dis- 
ease, and  the  observations 
of  the  increase  of  thedi.sease 
in  herds  of  cattle  when  a 
change  has  been  made  in 
their  food,  as  also  the  very 
frequent  localization  in  the 
neighborhood  of  the  mouth, 
pharyu.x,  etc..  support  this 
idea.  No  one,  however,  has 
satisfactorily  demonstrated 
the  parasite  outside  of  the 
lesions,  and  we  know  noth- 
ing definite  concerning  its 
habitat  in  the  outer  world. 
There  is  evidence  that  the 
infection  may  be  transmit- 
ted from  animals  to  man  or 
from  one  individual  to  an- 
other 

Actinomycosis  in  man  is 
distinguished  from  the  dis- 
ease in  cattle  not  only  by  a 
less  extensive  new  forma- 
tion of  connective  tissue, 
but  also  by  its  greater  ten- 
dency to  the  formation  of 
fistuhe  and  sinuses,  by 
which  the  disease  may  ex- 
tend widely  from  one  or- 
gan to  another.  Such  si- 
nuses may  extend  from  the  tissues  about  the  mouth  or 
pharyngeal  cavities  deeply  into  the  thorax  and  along  the 
.spinal  column  (prevertebral  phlegmon).  In  actinomy- 
cosis of  the  lungs  fistuke  may  iierforate  the  chest  wall  or 
go  through  the  diaphragm  into  the  abdominal  cavit}-. 
In  actinomycosis  of  the  intestines  fistula*  may  form  which 
usually  perforate  the  anterior  abdominal  wall ;  thev  may, 
however,  extend  through  the  lumbar  region  or  iiito  the 
rectum  or  bladder.  The  disease  may  also  extend  meta- 
statieally  through  invasion  of  the  blood  stream  by  the 
organism,  and  in  this  way  various  organs  at  a  distance, 
such  as  the  heart,  brain,  kidneys,  etc.,  may  become  the 
seat  of  the  disease.  Only  rarely  does  it  spread  by  the 
way  of  the  lymiihatics.  Secondary  infections  with  pyo- 
genetic  cocci  may  occur. 

The  clinical  course  and  prognosis  of  the  disease  depend 
upon  its  extent  and  localization,  and  upon  the  occurrence 
of  secondary  infections  with  the  pyogenic  cocci.  Tlie 
last  mentioned  is  an  unfavorable  complication  In  ex- 
tensive involvement  of  internal  organs  there  may  be  fever 
and  marked  disturbance  of  nutrition.  In  locali.Tations 
about  the  buccal  cavity  and  neck  there  is  good  evidence 
that  many  of  these  cases  will  heal  by  the  simplest  surgi- 
cal treatment  or  even  spontaneously.  Probably  many 
such  cases  go  unrecognized.  The  bones  of  the  "jaw  are 
rarely  aSected  in  man.     The  occurrence,  in  the  soft  parts 
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of  llie  neck  or  cheek  near  the  jaw,  of  hard  swellings  which 
have  arisen  painlessly  and  present  a  tlmluatini;  or  sup- 
piiratin-;  focus,  should  excite  suspieion  of  iiclinoniycosis. 

Actinomycosis  of  the  lunns  in  i;cneral  resembles 
eiironic  pulmonary  tuberculosis.  The  atlcction  may  last 
fur  montlis  or  years.  It  is  <haraeteri/.ed  by  coui;h,  by 
much  sputum,  which  is  ofti'U  fetid  or  bloody,  and  by 
mailo'd  pains  in  the  breast  and  back.  There  are  also  irreg- 
Uiar  fever  and  proLjressive  emaciation.  Fistula'  jierforat- 
insr  the  chest  wall  and  involving  the  sternum  or  libs  are 
nut  infreipienl.  In  this  the  disease  dilTers  radically  from 
tuberculosis  of  the  lunirs.  The  jiroyiHisis  is  jicnerally 
bad.  Kemissinns  with  appearances  of  healini;  occur. 
The  iirocess  may  be  localized  in  any  part  of  the  Innjcs. 
It  usually  appears  as  small  aliscesses  or  broncho  pn<'U. 
monie  patches,  from  which  cavities  may  be  funned 
aecompauied  by  new  growth  of  connective  tissu<'. 

Actinomycosis  of  the  intestines  is  characterized  by  e.\ 
tensive  induration  due  to  a  marked  development  of  peri- 
toneal adhesions  and  to  the  extension  of  the  process  to 
the  alidondnal  wall  and  neighboring  oryans.  As  liefore 
mentioned,  the -teudeticy  to  the  formation  of  the  tistuhe 
is  marked.  Metastatic  involvement  of  the  liver  is  not 
unusual.  The  prognosis  must  be  regarded  as  tmfavor- 
able  in  general. 

Actinomycosis  of  the  skin,  .-iccnrding  to  Leser  {Aniiir 
f.  /lIiii.  C/'ni:.  1899.  .\.\.\i.\,).  may  appear  as  a  circum- 
scribed iilcerated  lesion  or  as  a  notlular  formation  with 
central  cicatrizations.  The  subcutaneous  tissue  may  also 
be  alfected  and  a  chronic  phlegmonous  condition  be  i)ro- 
duccd. 

One  of  the  forms  of  the  <li.sease  known  as  "Madura 
foot  "  is  very  probably  actinomycosis  of  the  part.  This 
is  the  so  called  "white"  or  "ochroid"  variety,  in  which 
the  characteristic  granules  in  the  lesions  are  of  this  color. 
The  "black"  or  "nielanoid"'  vaiiety  of  "JIadnra  foot"  is 
due  to  an  altogether  ditlerent  vegetable  jiarasite.  which 
is  a  hyphomyecte  (AVright:  Transactions  of  the  Associa 
tion  (jf  .Vmerican  Physicians.  Ib9y.  Journal  of  Exjicri- 
7ii(  iitid  Midi'ri/K.  vol.  iii..  1898). 

Tlie  diagnosis  of  actinomycosis  is  made  by  finding  the 
characteristic  granules  or  colonies  of  the  organism  in  the 
lesions  or  in  the  discharges  from  the  same.  These  in 
some  instances  may  be  so  obscure  as  to  escape  observa 
tion  with  the  naked  eye.  Jlicro.scopic  e.vamination  is 
neces.siirv  to  distinguish  the  colonies  or  granules  from 
small  jiieces  of  necrotic  tissue  and  masses  of  pus  cells. 
The  pus  or  suspected  material  shoidd  be  spread  on  a 
jiiece  of  glass.  In  this  way  the  .irranules  will  be  more 
easily  seen.  In  actinomycosis  of  tlie  lun.ifs  the  organism 
may  be  found  in  the  sputa  and  in  the  discharges  from 
tistida-  in  the  wall  of  the  thorax.  In  the  siiutum  the  ])ara- 
sitc  is  to  be  distinguished  from  the  common  le|>tiitliri.\  of 
tlie  mouth  by  the  fact  that  the  filaments  of  the  latter  are 
larifer.  strai.iihter.  and  thicker  ami  do  not  branch  as  do 
the  filaments  of  actinomycosis.  The  lejitothri.x  filaments 
are  also  frequently  adherent  to  epithelial  cells. 

The  treatment  of  actinomycosis  shouUl  be  operative  if 
the  extent  of  the  disease  admits  of  it. 

In  interna!  treatment  good  results  are  said  to  have  bccH 
obtained  from  the  use  of  potassium  iodide. 

Ttie  plioto^raptis  wliirli  accompany  tliis  articlft  were  made  Ity  Mr. 
h.  S.  Brown  and  tlie  writer,  in  tlie  Cliuico-Patholojncal  I-aiioratery  of 
the  Massachusetts  General  Hospital. 

.foijifx  ir    Wni/hl. 

ACTIVE  CONSTITUENTS  OF  PLANTS.  Ci.assipi 
CATION  OK. — If  this  term  were  strictly  interpreted,  \\v 
should  omit  from  consideration  all  but  those  constituents 
which  iiroduec  positive  physiological  elfcfts,  other  than 
nutritive,  ujion  the  animal  system.  As  this  treatment 
would  exclude  somi'  substances  having  imiiortant  med- 
ical and  iihannaceutical  relatiims.  especially  the  latter,  it 
is  deemed  better  to  consider  briefly  all  plant  constituents 
which  alTeet  the  iiropcrties  or  uses  of  drn.irs  or  medicines. 

Of  the  nutn'ents  proper,  the  albuminoids  may  be  dis- 
inis,sed  as  of  neither  medicinal  nor  pharmaceutical  impor- 
tance in  the  department  of  materia  medica.     The  sugars, 


innlin,  starch,  and  cellulose,  as  well  as  the  more  important 
plant  acids,  are  considei'e<l  in  their  respective  alphabetical 
onler.  The  other  iirincijiles  of  interest  to  us  may  be  con- 
veniently divided  into  the  inorganic  and  the  "organic. 
The  inorganics  from  this  source  are  not  treated  as  of 
importance  in  the  modern  materia  medica.  The  ve,!re- 
table  coiniKUinds  of  iron,  being  readily  assimilated,  are 
probably  worthy  of  much  more  study  "and  rational  cm 
ployment  than  has  been  the  case  heretofore.  Sea  weeds 
have  long  been  a  well-known  soiUTc  of  iodine,  and  some 
vegetable  drugs  apparently  owe  their  properties  largely 
to  this  element.  For  the  rest,  the  value  of  the  inorganics 
in  drugs  depends  cliietly  u|)on  the  jn-esence.  especially 
in  sneli  fruitsas  prunesand  tamarinds,  of  the  well-knuwn 
laxative  salts,  the  properties  of  whicli  do  not  dilfer  from 
those  of  inorganic  ori.i^in.  It  is  possible  to  obtain  impor- 
tant cutaneous  stimulant  elTeets  from  the  use  of  many 
vegetable  substances  rich  in  needles  of  calcium  oxalate, 
although  the  fact  has  never  been  duly  appreciated. 

The  organic  constituents  which  hcre-reciuire  attention 
are  the  vegetidjle  acids,  gums,  fixed  oils,  resins,  vulatile 
oils,  amaroids.  glueosides.  alkaloids,  and  enzymes,  to 
gether  with  such  mixtures  as  oleoresins.  gum-resins,  and 
liidsams. 

Villi tiihlf  Ai'iih. — The  number  of  ve.iretable  acids 
which  have  been  extracted  from  ))lants  is  very  great, 
though  only  a  few  tire  fonnd  widely  distrilmted  among 
dilferent  plants.  In  the  plant  they  serve  a  variety  of 
useful  purposes.  Some  of  them,  at  least,  act  as  reserve 
foods,  being  manufactnred  during  darkness  and  consumed 
in  the  li.iiht,  while  the  reverse  is  true  of  starch  They 
combine  with  organic  and  inorganic  bases,  whicli  are 
thus  rendered  soluble  and  transportable.  They  render 
many  fruits  more  palatable,  thus  inllueucin.g  disseniiiia- 
tion.  and,  on  the  other  hand  and  in  other  ciises.  by  their 
irritating  or  antiseptic  pro]ierties  they  protect  the  jilanl 
against  its  enemies.  Those  which  are  of  a  resiiKius  na- 
ture are  thus  particularly  useful  in  preveiitin.ir  fermeii 
lation  and  deeay  (see  Resins).  Anotlier  class  form  an 
essential  element  in  the  coni]jositioii  of  fatsand  are  known 
as  fatty  aciils  (see  Fixetl  Oils).  Some  of  the  ve.iretable 
acids,  as  tannic,  citric,  benzoic,  and  hydrocyanic,  are  of 
direct  use  as  medicinal  a.iicnts,  w  Idle  others  are  of  pliar 
maceutical  interest,  as  intluenciiii;;  the  extraction  of  tin; 
associated  sulistances  It  has  been  claimed  in  imiii'.-rons 
instances  that  a  basic  organic  substance  is  more  ellicienl 
when  admini.stered  in  coiiiliinatioii  with  its  natural  acid, 
Ahui.V  of  the  natural  compounds  of  these  acids  are  with 
the  inorganic  constituents,  and  it  is  these  sjilts  which 
chicHy  render  some  fruits  and  vc.L^'t.ables  laxative.  The 
antiseptic  properties  which  ren<ier  niany  acids  of  value 
to  the  plant  are  made  to  render  a  similar  service  to  man. 

The  acid  jiropertics  id'  the  vegetable  acids  are  mncli 
weaker  than  those  of  the  inorganic  acids,  so  that  they 
yield  up  their  bases  to  the  latter.  They  are  also  h-ss  cor- 
rosive and  irritating  than  the  latter,  and  they  cannot  ])er- 
form  the  same  service  in  digestion.  Taken  continuously 
or  in  excess,  they  can  impair  di.iicstion  or  cause  .irastriti.s. 
and  they  are  suppo.sed  to  favor  a  rheum.-itic  diathesis. 
Their  Siilts  are  commonly  more  soluble  than  llio.se  of  the 
inorganic  aci<ls..  Their  incompatibilities  are  in  general 
the  same  as  those  of  tlie  latter, 

(linim  are  supposed  to  <xist  as  wa.ste  substances  in  the 
plant.  They  usually  form  in  successive  layers  upon  the 
inside  of  the  cell  wall — the  proc<'ss  known  to  botanists  as 
"  mucilaginous  degeneration.''  While  these  statements 
are  true  of  those  gums  which  are  collected  as  such  for 
medical  and  pharmaeeutical  nsi's,  another  clas.s,  occurring 
in  such  drugs  as  altha'a.  apparently  act  as  reserve  foods. 
These  arc  of  interest  as  atfecting  pliarmaceutically  the 
lirciiaralions  of  clru.srs.  The  gums  are  insipid,  insoluble 
in  alcohol  or  ether,  but  soluble  in  water  to  form  a  niuci- 
la.iic  (M-  an  adhesive  ii'lly.  They  dilfer  in  their  precipi- 
tation tests,  but  are  mostly  precipitated  by  lead  acetate 
and  by  alcohol.  Their  presence  in  an  alkaloidal  solution 
will  very  often  prevent  the  precipitation  of  the  lattiT  by 
tannin  and  by  weak  solutions  of  metallic  Siills.  Chemi- 
cally,  the   gums  are  compounds  of  siiecial  acids  with 
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potassium,  calcium,  and  masuosiiun.  Medicinally  the 
gums  are  inert,  but  they  serve  to  forma  protective  cov 
orinjr  iu  many  cases,  thus  nuardiiis  against  irritation,  as 
in  corrosive  'poisoning.  When  used  externally  for  lliis 
purpose,  some  antiseiilic  substance  should  be  added. 
Jlucilaginous  substances  are  highly  prized  in  the  inaking 
of  poultices,  because  of  their  marked  jiowcr  to  retain  heat 
and  moisture.  Here,  also,  it  is  desirable  to  add  an  anti- 
septic. 

Pectose.  the  mucilage-like  or  gelatinous  constituent  of 
such  fruits  as  apples  and  pears,  and  of  such  vegetables 
as  turnips  and  beets,  acts  pharmaceutically  like  mucilage, 
being  soluble  in  aqueous  extracts,  but  precipitated  upon 
the  addition  of  alcoliol. 

The  gelatinous  jirinciple  of  sea  -weeds  .shares  the  prop- 
erties of  gum  and  pectose,  and  exists  in  very  large  per- 
centage. 

Fixed  oilf!.  ovfiil.i,  as  those  oils  are  called  which  are  solid 
at  ordinary  teniperatures,  are  compounds  of  special  acids, 
known  as"  fatty  acids,  with  glycerin.  From  the  names 
of  these  coin|iounds  those  of  the  acids  are  derived,  as 
oleic  acid  from  "olein,"  stearic  acid  from  "stearin,"  pal- 
mitic acid  from  "pabnitin."  jMany  fats  are  mixtures  of 
such  compounds.  In  the  plant,  fats  are  stored  in  paren- 
chymatic  tissue  in  the  cell  cavity.  As  they  are  reserve 
foods,  of  special  use  in  the  developing  embryo,  we  tind 
them  specially  characteristic  of  seeds,  stored  in  both  en<lo 
sperm  and  "embryo.  They  have  a  characteristically 
smooth  feeling  to  t"lie  touch,  are  not  volatile  or  intlamma- 
ble.  but  combustible,  insoluble  in  water,  rarely  soluble  in 
alcohol,  and  then  but  partly  so  (see  Castor  and  ('rulnu 
Oih) ,  but  are  soluble  in  volatile  oils,  ether,  and  chloro- 
form. Heated  with  or  kept  mixed  with  alkalies,  they 
are  decomposed  into  their  glj'cerin,  which  is  left  free,  and 
their  acid,  which  imitcs  with  the  alkali  to  form  soap,  the 
process  being  known  as  "sapouitication."  On  exposure 
to  the  atmosphere,  they  undergo  a  peculiar  decomposi- 
tion known  as  rancidity,  giving  them  a  very  disagreeable 
odor  and  taste.  Physiologically,  they  are  important 
nutrients,  of  exceptional  value  because  of  their  ready 
absorbability  through  the  skin,  especially  when  rnbbed 
upon  it.  They  are  not  dialyzable.  but  by  the  aid  of  an 
albuminous  substance  and  of  gum  they  are  resolved  into 
an  extremely  finely  divided  state  of  suspension  known  as 
an  "emulsion."  and,  more  or  less  of  this  change  taking 
place  in  the  intestine,  they  can  then  become  absorbed. 
They  act  as  protectives,  and,  by  tlieir  lubricating  and 
softening  power,  as  laxatives,  whether  taken  internally 
or  per  rectum.  It  iias  been  suggested  that  if  taken  in 
large  quantities,  the  glycerin  set  free  by  their  saponifica- 
tion in  the  duodenvun  acts  as  a  la.xative  also. 

They  readily  dissolve  a  great  number  of  substances, 
and  become  thus  of  the  greatest  use  pharmaceutically.  as 
vehicles.  This  use  is  the  more  im]">ortant  becaiise  of  tlieir 
great  absorbaliility.  which  favors  tlie  absorption  of  many 
dissolved  medicinal  sub.stanci's  used  externally  and  inter 
nally.  This  i)roperty  has  to  be  considered  in  jioisoning.  as 
some  poisonous  substances  not  naturally  absorbable  from 
the  intestine  may  be  so  under  their  intluence.  Fats  are  nat- 
urally destructive  to  insect  life,  apparently  by  clogging 
up  their  breathing  apparatus.  They  therefore  exert  an 
important  action  as  parasiticides  and  increase  the  activity 
of  other  agent.s  of  this  class.  For  similar  reasons,  they 
arc  efficacious  in  destroying  ascarides.  The  medi(nna! 
effect  pro|ier  of  fixed  oils  is  very  slight,  if  we  except  a 
few  like  castor  and  crotou  oils,  which  are  apjiarently 
complex  sulistances  and  contain  an  irritating  element. 
The  same  is  jiroliably  true  of  toxicodeudrol,  the  jjoison 
ous  fat  of  poison  ivy  and  its  relatives. 

Resins. — These  are  iu  some  respects  like  the  fats,  in 
others  like  the  volatile  oils.  They  are  solid,  non-volatile 
and  non-inflanunable.  but  Visible  and  combustible.  They 
are  insoluble  in  water,  but  most  readily  soluble  in  volatile 
oils;  freqiiently  also  in  alcohol,  Hxed  oils,  ether,  and 
chloroform.  They  are  acid  in  natui'e  and  are  sii|ionitied 
by  alkalies,  giving  us  a  series  of  resin  soaps.  Nitric  acid 
converts  them  into  a  pecidiar  substance  resembling  tan- 
nin.    They  are  apparently,  at  least  for  the  most  part, 


waste  substances  in  the  plant,  which  transports  them 
through  its  tissues  dissolved  in  volatile  oils,  as  Uqiiiil  oleo- 
resins.  in  which  form  they  are  stored  in  special  lacunue, 
ducts,  or  tubes.  The.}'  are  of  use  to  the  plant  by  render- 
ing its  food  storage  parts  antiseptic  and  disagreeable, 
or  even  dangerous,  to  animals  eating  them.  Pharma- 
ceutically, the  resins  are  very  troublesome,  as  they  are 
dissolved  in  the  alcohol  in  the  extraction  of  many  drugs, 
and  are  then  most  easily  precipitated  upon  the  addition 
of  watei',  and  often  of  acid  substances.  As  to  tlieir 
medicinal  properties  and  uses,  the  resins,  by  warming, 
become  adhesive  and  have  numerous  and  important  uses 
depending  upon  this  property.  Those  which  are  little 
irritating  can  be  used  as  protectives,  upon  the  evapora- 
tion of  their  solutions  painted  upon  the  surface.  They 
are  more  or  less  antiseptic ;  less  so  than  volatile  oils.  They 
are  usually  more  or  less  irritant,  many  being  thus  avail- 
able as  counter  irritants.  One  class  of  them  exhibit  this 
irritating  propert_y  especially  in  the  intestine,  and  become 
purgative,  some  very  powerfully  so.  Among  these  may 
be  mentioned  those  of  jalap,  scammony,  podophyllum, 
leptandra.  iiis,  and  euouymus.  Preparations  of  such 
drugs  slunild  be  thoroughly  subdivided  through  an  ex- 
cipient.  so  that  no  large  particle  shall  lodge  in  a  pocket 
of  intestine  and  produce  undue  irritation. 

Gm/i-irsiiis  are  merely  mixtures  of  gum  with  resin, 
which  adapts  them  veiy  well  to  being  used  in  the  form 
of  emulsions.  Not  only  do  the  relative  percentages  of 
gum  and  resin  vary  widel}'  iu  different  gum-resins,  but 
the  percentage  is  quite  variable  in  different  lots  of  the 
same.  The  activity  is.  of  course,  proportional  to  the 
percentage  of  resin.  Important  gum  resins  are  myrrh, 
asafoetida,  ammoniac,  elemi,  galbanum,  and  gamboge. 
The}'  occuralso  in  many  drugs,  such  as  sumbul,  angelica, 
parsley,  and  lovage.  Volatile  oil  is  a  very  common  con- 
stituent of  gum-resins. 

V(Aniih  Oils. — For  the  sake  of  long  custom  and  con- 
venience, these  are  treated  as  a  class  of  active  constituents, 
although  the  idea  is  not  a  scientitic  one.  They  are  in 
realit}'  mixtures  which  are  very  indefinite  in  kind,  as 
well  as  in  degree.  The  name  ma}'  without  impropriety 
be  extended  to  all  volatile  and  aromatic  constituents  of 
plants.  They  consist  mostly  of  one  or  more  oxygenated 
compounds  mixed  with  one  or  more  hydrocarbons,  usu- 
ally terpenes.  Of  these,  the  former  is  commonly  the 
active  one.  Since  volatile  oils  are  rather  irregular  in 
the  relative  amounts  of  the  active  and  the  inactive  por- 
tions, and  also  highly  subject  to  adulteration,  which  is 
very  dilticnlt  of  detection,  the  use  of  the  active  constitu- 
ents, the  purity  of  which  is  readil}'  ascertained,  is  much 
preferable  to  that  of  the  oil.  Doubtless  such'  use  will 
extend  as  these  facts  become  more  generally  appreciated, 
and  this  result  will  be  hastened  by  a  more  common  cus- 
tom of  regarding  and  speaking  of  these  oils  as  indefinite 
and  irregular  mixtures,  a  custom  which  is  carefully  fol- 
lowed in  this  work.  Tlieir  chief  use  to  the  plant  is  per- 
haps as  solvents  of  other  constituents.  Their  nutritive  rela- 
tions are  not  well  known,  and  if  they  were,  they  could  not 
be  easily  defined,  owing  to  their  varialile  chemical  natui'e. 
Their  fragrant  properties  are  undoubtedly  of  value  in 
indirect  ways,  such  as  attracting  insects.  Their  antise])- 
tic  properties  and  the  olmoxious  character  of  many  of 
them  to  some  animals  undoubtedly  serve  a  protective 
purpose.  They  may  be  finmd  in  any  part  of  the  plant, 
perhaps  most  frecpiently  in  the  seed.  They  may  often 
be  seen  in  the  leaf,  in  the  form  of  pellucid  dots,  when 
viewed  against  the  light.  Owing  to  tlieir  volatile  nature, 
drugs  which  depend  upon  their  presence  are  very  liable 
to  deteriorate  on  being  kcjit,  and  unusual  care  has  to  be 
exercised  in  their  preijaration  and  preservation.  On 
this  account  they  are  usually  dried  in  the  shade. 

These  substances  leave  no  greasy  stain  on  paper.  They 
are  light,  volatile,  anmiatic.  and  inllainmable.  They  dis- 
solve in  water  sufficiently  to  render  the  latter  aromatic 
and  somewhat  medicinal.  Thi\  are  readily  soluble  iu 
alcohol,  fixed  oils,  and  glycerin,  and  act  as  solvents  of 
resins,  fats,  and  many  medicinal  substances.  Aside  from 
their  medicinal  properties,  they  have  a  wide  use  within 
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as  well  as  outside  the  hoiindaries  of  pliarmucy,  in  odoriz- 
iug  and  fiavorinjr.  In  their  jjliysioliiijical  and  nu-dicinal 
properties,  volatile  oils ai;ree  in  some  characters  and  vary 
greatly  in  others,  so  that  tliey  fall  naturally  into  dilTerent 
therapeutical  classes.  Their  local  stimulant  properliesare 
very  general.  'Phis  makes  them  counler  irrilaiit ;  some 
of  them,  like  oil  of  turpentine,  very  ijowerfully  .so.  espe 
ciall}'  when  conlined  under  anair-tijrlit  eovcrinjj;.  Others 
which  are  strongly  co\inter-irrilam  are  those  of  mus- 
tard, amber,  erigeron,  cinnamon,  cloves,  and  camjihor. 
The  irritating  elTect  of  .some  volatile  oils  is  followed  hy 
a  local  ana'st  iiesia.  occasionally  quite  strong,  as  in  the  case 
of  menthol  and  oil  of  cloves.  In  line  with  their  counter- 
irritant  action  may  be  considered  their  stomachic  and 
Ciirminativc  propei'ties,  which  are  perhaps  more  general 
than  any  others  Here  again  certain  oils,  especially  those 
of  the  flinnlie-i  rnd)ellifera;  (anise,  femiel.  caraway,  etc.) 
and  Labiata'  (mint,  thyme,  pennyroyal,  etc.),  excel 
others.  As  to  their  gastric  effects,  it  is  to  be  noted  (hat 
their  presence  with  the  digesting  food  mass  tends  to 
inhibit  the  jirocess.  This  action  also  is  greater  in  the  case 
of  certain  oils,  and  js  said  to  be  tjuite  wanting  in  that  of 
oil  of  pep])eniiinl.  which  is  thus  an  exceptionally  valu- 
able carminative.  Aside  from  their  intestinal  elTeets  in 
stimidating  secretion  and  peristalsis,  they  exert  a  strong 
action  in  stimulating  the  sympathetic  nerves,  thus  over- 
coming the  excessive  relaxation  upon  which  various 
forms  of  serous  diarrhiea  depend  in  whole  or  in  jiart. 
This  action  effects  a  final  result  similar  to  that  of  the  true 
astringents,  and  makes  a  combination  of  volatile  oils  and 
astringents  highly  effective.  Their  carminative  jn-oiier- 
ties  render  them  of  great  use  in  condiining  with  griping 
purgatives.  Their  antiseptic  jiroperties  are  c|uite  general 
and  strong,  though  they  vary  greatly  in  degree  in  (be 
different  oils.  They  act  not  only  as  direct  germicides, 
but  they  stimulate  the  cells  themselves  in  their  fight 
against  the  foreign  organisms.  In  general,  the  oils  of 
the  family  >Iyrtaee;e  and  many  of  those  of  the  Lauracea; 
are  thus  antiseptic,  as  are  those  of  birch,  wintergreen, 
sandal,  copail>a,  and  thyme.  Oil  of  cinnamon  is  probably 
the  most  powerfully  antiseiitie  of  any,  eucalyptol,  if 
pure,  perlia])s  standing  next.  Volatile  oils  agree  in  their 
strongly  diJTusive  properties,  on  account  of  which  their 
systemic  effects  come  on  quickly.  If  the  vajior  is  ccju- 
tined.  they  are  quickly  aKsorbed,  even  througii  the  skin, 
as  they  are  by  inhalation.  They  then  become  systemic 
stimulants,  though  overdoses  may  act  as  depn'ssing 
poison.s.  This  stimulation  makes  them  antis]iasmodic  in 
many  cases.  Elimination  begins  as  promptly  asabsoi-p- 
tion,  and  their  local  eft'cets  are  again  seen  at  the  point  of 
excretion.  They  vary  in  their  .selection  of  the  channel 
of  excretion.  Some,  like  eucalyptus,  copailia,  aiul  cu- 
beba,  have  a  tendency  toward  the  respiratory  mucous 
membrane  anil  become  important  stimulating  and  anti- 
septic expectorants.  Others,  like  s!Uidal,  copaiba,  cu- 
beba,  birch,  wintergreen,  turpentine,  jiuiiijer,  Siivin, 
tansy,  and  buchu,  have  an  alliiiity  for  the  kidney,  and 
become  stimulating  (to  irritating)  and  antisi-ptic  diuret 
ics,  some  imiiortant  antiblennorrhagies,  A  few,  liki'  oil 
of  cbenopodium.  are  ]>owerfully  anlhelniintie.  Tho.se 
especially  adapted  to  perfuming  and  llavoring  may  be 
named  as  orange,  lemon,  bergamot,  rose,  bay,  bitter 
almond,  citronella.  lavender.  luitmeg,  and  cinnamon. 

Olei/reniiis.  being  resins  dissolved  in  volatile  oils,  natu- 
rally combine  their  proper!  ies.  They  very  often,  however, 
contain  a  third  substance  in  addition,  and  this  may  give 
to  them  s])ecitie  properties  dislinct  from  those  of  i-ilher 
the  oil  or  the  resin,  and  in  .some  cases  exceedingly  jjow- 
erful.  The  most  important  oleoresins  in  use  are  those  of 
the  male  fern,  capsicum,  ginger,  copaiba,  black  pepi)er, 
ciibeb.  turpentine,  and  hops.  Other  im])ortant  oleoresins 
contained  in  drugs  but  not  commordy  isolated  for  use  are 
those  of  calamus,  iiis.  inul.a.  jiriekly  ash,  mezen'Uiu.  and 
stillingia 

/?rt/.v(r)».v  lire  li(|uid  or  solid  oleoresins  <lcpending  in  part 
for  their  properties  upon  the  containecl  bi'ii/uic  or  ein 
namic  acid,  or  both  Their  projierties  ari'  ii'adily  deduced 
from  this  composition.     The  principal  ones  are  benzoin, 


dragons'  blood,  tola,  and  peru.  Copaiba,  though  com- 
monly so  CiiUed,  is  in  no  sense  a  balsam. 

AmariiiilK  (their  Latin  names  ending  in  "imun,"  their 
English  in  "iit"). — This  term  has  been  proposed  fortlio.se 
bitter  extractives  of  i)lants  which,  having  a  definite 
chemical  composition,  ilo  not  belong  to  any  of  the  recog- 
nized classes  of  proximate  principles.  While  not  highly 
sclent ilie,  the  term  is  often  very  convenient. 

(J/iirttxi</(.s  (their  Latin  names  ending  in  "iuum." 
their  English  in  "  (//") . — These  are  compounds  of  glucose 
with  some  other  substance,  the  latter  class  covering  a 
wide  range  nnd  occasionally  containing  nitrogen.  Tlii.-y 
are  esjiecially  numerous  in  the  Liliaccje,  the  Apocynaeea-, 
and  some  oilier  families,  but  are  very  widely  dislritiuted 
elsewhere.  They  act  as  reserve:  foods  to  the  plant,  and 
are  therefore  more  abundant  in  those  parts  which  act  as 
storage  reservoirs,  and  at  the  close  of  the  grovviu,g  period. 
The  bodies  associated  with  the  glucose  are  very  fre- 
(juently  ])oisonous  or  obnoxious,  subserving  thus  a  pro- 
tective fiuictiou,  w  bile  the  glucoside  in  this  way  also  acts 
as  a  protective  of  other  parts  or  constituents.  Owing 
to  the  readiness  willi  wdiich  they  are  decomposed  (in 
Ibe  plant  by  special  enzymes),  their  mitritious  portion 
is  very  rea<lily  availabh'  and  at  once  assimilable.  For 
the  same  reason  they  eonslilute  very  unstable  medicinal 
agents  and,-  like  drugs  containing  them,  recpiire  to  be 
treated  with  very  great  care  in  pbarmaceulical  oi)erations. 
They  are  mostly  soluble  in  both  water  and  alcohol. 
Some,  like  amygdalin.  are  inactive  tmlil  .such  decom po- 
sition occurs,  while  others  may  be  thus  rendered  inactive. 
Such  de(H)mposition  is  elTc'Cted  by  the  action  of  dilute 
acids,  esjiecially  if  healed,  by  hot  water,  and  by  thi'  jiro- 
longed  aclioii  of  alkalies.  They  are  mostly  preiipilated 
by  tannin  and  lead  acetate,  and  very  frequently  by  mer- 
curic chloride.  They  are  usually  very  energetic  physio- 
logical agents,  but  their  actions  are  too  diversi^  for  gene- 
ralization. It  may  be  .said,  however,  that  they  are  as  a 
class  more  disposed  to  act  upon  the  circulation  than  in 
any  other  one  direction.  Several  of  the  glucosides  are 
widely  dislributed  among  different  plants,  and,  exhibit- 
ing variations  among  themselves,  may  be  regarded  as 
forming  sub  classes.  Tannin  or  tannic  acid  (el.sewhere 
considered)  is  teebnically  a  glucoside.  but  differs  so  much 
from  the  others  that  it  is  dillicult  to  regard  it  as  sucli. 
The  Mi/iriii/ii  group  (.see  Snjuinin)  have  also  distinct  and 
important  properties.  The  chief  interest  in  glucosides  as 
a  grou]i  centres  in  their  incompatibilities,  as  indicated 
above.     Tiie  principal  gluco.sidal  drugs  are  as  follows: 

Bitter  alnuiiids.  i 

IVarh  weds. 

Wild  clii-rry.  I-  AinjRdalln. 

Cherrv  liiiirel. 

Pearh,  pliMii,  and  elierry  leaves,  cXc.,    I 

Biic'kUiorn,  ca.scara  sagnida,  and  otherspocles  ] 

<>r  Rliaiiinus, 
Aloes, 
Rhiiliarb. 
Senna, 

Apocvnum— apocynin  and  apopynein. 
Coiivallaria— ciinvallamarln  and  amvallarin. 
Iiijrilalis    ilif-'italin  and  otliers. 
Duleaiiiara— diileaiiiarin. 
Phyt^ilaeea— pliytulacein. 
Piper-  piiMTin. 
Soap  bark,  ] 

Soap  root. 
EiKinvniiis. 
Senepa. 

Caulophylluni  and  otliers. 
Squill  -seilliil  and  oUiere. 
Blaek  iiiusUii'd— sinitrnii. 
Wliite  iiiii.stard-sinalliin. 
Stropliantliiis    stroplianthln  and  strophantliidin. 

Alh'Milx  (iheirEnglish  names  ending  in  i/ie.  their  Latin 
in  ?';/".  although  it  is  now  propo.sed  to  abolish  this  most 
convenient  distinction  and  to  spell  them  with  a  linal  ('«. 
a  practice  actually  now  in  use  to  a  gi'eat  extent  in  ("-r 
nianv). — These  are  nitrogenized  oi-ganic  bases,  occurring 
in  iilants  (also  in  animals)  usually,  if  not  always,  as  waste 
products,  and  inconibinalion  with  aciils.  .\lihough  com 
inoiily  waste  pividucts  from  a  nutritive  standpoint,  lliey 
perform  the  most  useful  purposes  in  the  plant  economy. 
I'suallv  poi.sonousand  intensely  bitter,  they  often  serve  to 


Emodln 
or  relatiVM 


Saponin  or  a  similar  hniy. 
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protect  those  parts  of  the  plant  wliich  are  used  for  food 
stdmjre  from  cDiisuinption  by  animals.  Tliey  may  occur 
in  any  part  of  tlic  |)lant.  Init  arc  most  often  found  in  the 
seeds,  leaves,  and  bark  of  both  stem  and  rool.  Tliey  are 
characteristieally  connnon  in  sonu'  familii's,  like  the  Uubia- 
cea,  while  from  others,  like  the  Coniposita',  the  larijest  of 
all  families,  tliey  are  nearly  or  quite  absent.  Alkaloids  arc 
usually  erystalli/.able.  Many  were  formerly  known  onlj' 
ill  a  liquiii  or  amorplious  state,  but  many  of  these,  when 
Ihoroujilily  purified,  have  since  been  found  crystallizable. 
Those  w  hieli  are  not  so,  yet  usually  yield  salts  •which  are. 
Some  alkaloids  are  volatile.  Many  alkaloids,  while  act- 
inj;-  :is  proximate  ]irinciplcs  themselves,  readily  separate, 
either  in  the  plant  liy  natural  processes  or  under  labora- 
tory treatment,  into  other  alkaloids  and  some  associated 
substance,  so  that  series  of  them  are  formed.  These  are 
lu'cessiirily  of  unstable  chemical  composition.  In  some 
cases,  an  "alkaloid  will  result  from  the  decomposition  of 
a  glucoside,  as  solanidiue  from  solanin.  Alkaloids  differ 
jrreatly  in  solubility,  Init  the  strong  tendency  is  toward 
solubility  in  alcohol  and  insolubility  in  water,  while  of 
their  stdt's  the  leverse  is  true.  A  few  which  vary  markedly 
from  this  rule  are  enumerated  below.  These  bodies  show 
their  basic  nature  by  turuiug-  red  litmus  paper  blue,  but 
more  especially  by  uniting  with  acids  to  form  salts.  They 
do  this  without  displacing  the  hydrogen  of  the  acid,  as 
metals  do.  They  vary  greatly  in  the  intensity  of  this 
aflinity  for  acids,  some,  like  caffeine,  being  very  feebly 
liasic.  In  some  cases  we  are  even  uncertain  whether  they 
can  properly  be  classed  as  alkaloids.  Alkaloids  are  as  a 
class  probably  the  most  active  physiological  constitui'nts 
of  jdants.  Their  actions  are  so  dissimilar  that  they  can- 
not be  at  all  generalized,  except  to  say  that  by  their 
almost  invariably  bitter  taste  they  act,  in  the  absence  of 
other  antagonistic  properties,  as  bitter  stomachics  and 
tonics.  In  many  cases  two  alkaloids,  the  one  a  derivative 
of  the  other,  occur  in  the  Siime  plant,  with  antagonistic 
properties.  Alkaloids  converted  into  ineiliyl  compounds 
are  thus  usually  antagonistic  to  those  so  j'ielding  them. 

It  is  of  the  utmost  imjiortance  that  the  prescriber 
should  keep  in  mind  the  incompatibilities  of  alkaloids. 
Some  of  these  incompatibilities  are  innocent,  or  can  even 
be  utilized  in  important  ways.  Thus  the  addition  of 
acids  converts  alkaloids  into  salts,  which  may  then  be 
dissolved  in  water,  the  phvsiological  jiroperties  being 
usually  unaltered.  These  salts  differ  greatly  in  solubil- 
ity, in  most  cases  acetates  are  the  most  soluble,  hydro- 
chlorides next,  and  sulphates  the  least.  In  other  cases,  a 
physical  incompatibility  exists,  so  that  the  alkaloid  is 
preeipitated.  Owing  to  their  energetic  action  such  a 
lesult  is  exceedingly  dangerous,  the  first  portions  of  the 
medicine  being  ineffective,  the  last  portions  poisonous. 
In  this  connection  it  may  be  stated  that  all  salts  which 
will  turn  red  litmus  paper  blue  will  precipitate  aqueous 
or  weak  alcoholic  solutions  of  alkaloidal  salts.  Such 
solutions  are  almost  always  preei]iitated  by  alkali  hy- 
drates, soluble  salicylates,  benzoates.  iodides,  and  bro- 
mides, tannic  acid,  chlorides  of  mercurvandof  gold.  The 
presence  of  mucilage  or  hydrated  starch  will  sometimes 
prevent  this  jirecipitation.  especially  that  by  tannic  acid. 
In  other  cases  incompatibility  involves  the  destruction  of 
the  alkaloid.  Oxidizing  agents  will  usuall_v  accomplish 
this  result,  except  when  they  enter  into  a  saline  combi- 
nation. This  fact  is  utilized  in  some  cases  of  antidotal 
treatment,  as  of  moi'phine  by  jiotassium  ]iermanganatc. 
Chloral  hydrate  is  incomiiatible  with  many  alkaloids, 
fornnng  a  soft  or  liquiil  mass.  The  solanaceous  alkaloids, 
of  which  atropiue  is  the  type,  as  well  as  aconitine  and 
coniine,  are  decomposed  by  alkalies.  The  strength  of 
many  drugs  can  be  readily  stanrlardizcd  by  determining 
the  average  percentage  of  alkaloid  contained. 

The  jirincipal  drugs  which  dejicnd  upon  alkaloids  for 
their  activity  are  the  following- 

Aconite  (aconitine) . 

Aspidosperma  (aspidosperniine,  a  mixture  of  six). 

Belladonna  (atropine) . 

Berberis  (berberine). 

Coffee  (caffeine). 


Cannabis  indica  (?). 

Chelidonium  (chelerj-fhrine  and  chelidonine) . 

Cinchona  (quinine,  ciuehonine,  and  cinchonidine, 
chiefly) . 

Coca  (cocaine) . 

Colchicum  (colchicine) . 

Conium  (coniine). 

Ergot  (?). 

Gelsemium  (gelsemine  and  gelseminiuc) , 

Granatum  (pelletierine) . 

Guarana  (caffeine). 

Ilumulus  (trimethylamine,  partly). 

Hydrastis  (berberine,  hydrastine,  and  [artificial]  hy- 
drastininc) . 

Hyoscyamus  (hyoscyamine  and  hyoscine) . 

Ipecac  (emetine  and  cepbaeline) . 

Lobelia  (lobeline). 

ilenispernium  (berberine  and  menispine) . 

Nux  vomica  (strychnine  and  brucine) . 

Opium  (many,  the  principal  being  morphine,  codeine, 
narcotine,  narcciue,  and  the  artificial  derivatives  apo- 
morphine.  apocodeine,  and  heroine). 

Physostigma  (physostigmine  or  eserine) . 

Pilocarpus  (pilocarpine  and  pilocarpidine) . 

Piper  (piperidine,  partly). 

Sanguinaria  (sanguinariue,  chiefly) . 

Scoparius  (sparteine,  partly). 

Spigelia  (spigeline). 

Staphisagria"'(four  alkaloids,  the  properties  not  well 
differentiated) . 

Stramonium  (daturine,  a  mixture). 

Tobacco  (nicotine). 

Veratrum  (veratrine,  a  mixture). 

Important  alkaloids  which  are  soluble  in  water  are 
coniine,  codeine,  caffeine,  nicotine,  atropine  (nearly  four 
grains  to  the  ounce),  pelletierine,  lobeliue  (considerably). 

Alkaloids  which,  with  their  Sirlts.  are  little  soluble  in 
ordinaiy  alkaloidal  solvents  a'"e  strychnine  and  sparteine. 

Enzymes. — These  are  vegetable  fermeuts.  acting  like 
(he  animal  ferments,  pepsin,  trypsin,  etc..  in  decompos- 
ing or  digesting  nutrients  for  the  use  of  the  plant.  There 
are  different  classes  of  them,  each  acting  upon  a  certain 
class  of  nutrients.  The  diastases  acting  on  starch  have 
become  extensively  utilized  in  medicine,  but  most  en- 
zymes have  not.  One  class  has  for  its  function  the 
decomposition  of  glucosides,  another  the  digestion  of 
amaroid.^;.  another  acts  upon  certain  gums.  Unlike  pep- 
.sin  and  others  of  its  class,  the  vegetable  enzymes  can  be 
extracted  in  a  pure  condition  and  their  composition 
determined.  //.  H.  Ru»by. 

ACUPRESSURE.— A  procedure  devised  by  Sir  J.  Y 

Sim])s(in,  of  Eiliiiburgh,  in  1S59,  for  arresting  hemor- 
rhage from  a  vessel  by  means  of  pressure  made  by  a 
needle  transfixed  through  the  neighboring  tissues.     The 

flow  of  blood  through 
an  artery  ma.v  be  iirrest- 
ed  in  any  one  of  three 
ways.  The  vessel  may 
be  simply  corainessed 
between  the  needle  and 
some  firm  tissue,  as  a 
bone  or  the  integument, 
as  represented  in  Figs. 
33  and  34.  When  fhe 
artery  lies  embedded  in 
a  soft  tissue,  as  in  a 
divided  muscle,  its  oc- 
clusion may  be  accom- 
This  is  done  by  introducing  the  needle 
on  one  side  <if  the  vessel,  and,  when  it  has  passed  through 
a  portion  of  the  tissue,  twisting  it  around  the  artery,  and 
fixing  its  point  in  the  tissue  in  a  direction  opposite  to 
that  in  which  it  was  first  entered ;  or  the  artery  need 
not  be  included  in  the  bight  of  the  needle,  but  the  lat- 
ter may  be  turned  before  reaching  the  vessel,  the  latter 
then  being  compressed  by  the  elastic  force  of  the  twisted 
tissues  acting  upon  the  needle.     A  third  methofl.  appli- 


FIG.  33. 


plished  by  torsion. 
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FIG.  aj. 


aiblc  also  iu  cn-scs  in  which  the  vessel  lies  in  a  yieldinir 
tissue,  consists  in  pressure  between  the  needle  anil  a  slij)- 
knot.  Tlie  needle  is  passed  beneath  the  artery,  and  a 
loop  of  liue  w  ire  is  slipped  over  its  |)oint.  the  ends  of 

the  loop  passinj;  over  the 
artery,  and  bein^-  fastenc'd 
Ijy  two  or  three  turns  over 
the  shaft  of  the  needle  (see 
Fi;:.  3")).  In  the  ease  of 
small  vessels,  the  needles 
may  be  withdrawn  at  the 
expiration  of  twenty-fcjur 
hours;  but  whi'n  larji-e  ar 
terial  trunks  are  ocelud<-d, 
the  pressure  should  be  main- 
taiui'd  for  forty-eisht  Iiours  at  least. 

The  advantaires  elainied  for  this  method  are:  the  ease 
and  rapidity  with  which  the  n<'edles  may  !«■  applied,  no 
delay  lieini:  caused  in  the  operaticju;  the  absence  of 
dan.irer  from  suppuration  of  the  ends  of  the  diviiled 
vessels;   an  d 

l\' 


non  interference' 
with  rapid  dos 
u  re  of  t  h  e 
wcjund.  no  iu- 
tliiiuniation  be- 
injc  excited  by 
the  presence  of 
the  needles  in  the  tissues  for  so  short  a  period  of  lime. 
These  advantages,  however,  are  less  manifest  at  the 
present  time,  since  the  introduction  and  general  employ- 
ment of  antiseptic  ligatures,  and  it  is  not  likely  that  the 
Iirocedure  will  ever  again  enjoy  the  popularity  which  it 
at  one  time  iiossessed. 

ACUPUNCTURE.— An  operation  which  consists  in  the 
introduction  of  needles  into  the  body,  eitiier  as  a  means 
of  giving  exit  to  the  fluid  in  O'dematous  tissues  or  lor 
tlie  relief  of  pain  in  neuralgia  and  mu.seulur  rhetunalism. 
It  is  a  method  in  great  vogue  iu  Cliina.  and  is  used  liy 
the  i)hysicians  of  that  country  not  only  to  assuage  paiil. 
but  to  promote  reparative  action  in  ulcers  and  in  the 
treatment  of  various  other  afl'ections.  It  is  S;iid  to  have 
been  introduced  into  Europe  from  China  by  the  nussion- 
aries  in  the  seventeenth  centurv.  The  instnnnent  em 
ployed  is  a  round  polished  needle,  having  a  cylindrical 
liandle  of  .suliicient  size  to  permit  of  its  being  readily 
manipulated  by  the  fingers.  It  is  introduced  into  the 
tissues  by  a  quick  rotatory  movement,  anti  is  then  left 
ill  x/tii  for  a  luimber  of  minutes,  or  even  for  an  lunir. 
Sometimes  the  in.sertion  of  a  single  needle  is  sutlicient  to 
relieve  the  pain,  but  ordinarily  half  a  dozen  or  more  are 
employed.  This  little  procedure  may  be  jiraeli.sed  almost 
painlessly,  and  is  .sometimes  wonderfully  elfective  in 
controlling  neuralgic  and  rheumatic  muscular  jiains.  It 
often  fails,  indeed,  and  it  seems  impossible  to  delerniine 
beforehand  in  what  cases  it  will  jirove  serviceable,  but 
certainly  no  case  of  lumbago  or  sciatica  should  be  aban 
doned  until  acupiuicture,  as  well  as  the  more  ordinary 
remedies,  has  been  tried.  In  anasarca,  when  the  scrotum 
and  lower  extrcnuties  are  distended  with  tluid.  the  pa 
tient  may  exiierience  comfort  from  a  few  punctures  with 
a  three-cornered  surgical  needle.  The  operation  should 
be  practised  with  caution,  however,  as  it  is  apt  to  excite 
an  erysipelatous  intlammation  of  the  integiunent.  In  the 
treatment  of  paralysis  insulated  needles  are  .sometimes 
used  as  a  means  of  introducing  the  electric  current  into 
the  (U'cper  tissues.  This  procedure  has  received  the 
name  of  (lectropiiuHure. 

There  is  another  form  of  acupuncture,  called  llnni- 
sduiillininiin,  which  at  one  time  enjoyed  a  .irreat  popular 
reputation,  and  which  even  now  is  not  very  infrequently 
employed.  It  was  devised  by  a  German  named  Bauil- 
scheidt.  who  is  siud  to  have  conceived  the  idea  from  ob- 
serving that  the  irritation  caused  by  the  bites  of  insects 
afforded  him  considerable  relief  from  the  pain  of  an 
articular  atfection  from  which  he  was  sulTeiing.  The 
instrument  employed  consists  of  a  cylinder  enclosing  a 


button  into  which  are  inserted  from  twenty  to  thirty 
short  needles.  The  oi)en  end  of  the  cylinder  is  placed  ou 
the  integument,  and  then  by  means  of  a  hanille  tin-  but- 
ton with  needles  attached  isilrawnup  into  the  cylinder 
compressing  a  spiial  si)ring:  when  the  handle  is  released 
the  force  of  the  spring  inq)els  the  needlis  suddeulv  and 
sharply  into  the  skin.  The  operation  may  rest  heVe.  or 
an  irritating  lluid,  such  as  nnistard  water  or  cajepul  oil, 
may  be  ap])lied  to  the  iiunclures.  This  is  emp'loved  for 
the  relief  of  neuralgia  and  muscular  pain.s.  and  often 
jiroves  of  very  great  service. 

There  is  still  anolhei-  form  of  aciqninctiue.  if  such  it 
can  be  called,  though  it  is  moie  nearly  related  to  hvpo- 
derniii;  niedi(;ation.  It  consists  in  the  hypodermic  injec- 
tion of  pure  water,  and  has  received  tile  name  of  ./lyva- 
liiiiictiiir.  Many  supertieial  pains,  even  thouirh  (piite 
severe,  may  be  relieved  by  this  simple  procedui-e.  That 
the  relief  thus  obtained  is  not  merely  the  etfect  of  im- 
agination, is  evidenced  by  the  fact  ihat  neiu-alsiias  of 
distant  liartsarenot  bc-nelited  by  aqueous  injectii>ns,  but 
in  order  to  be  elfectual  the  operation  must  be  practised 
at  a  point  as  near  as  i)ossil)le  to  the  seat  of  pain.  Aqua- 
puncture  is  employed  in  vaiicnis  forms  of  neuraliria.  in 
lumbago,  and  in  iiainful  finictional  affections  of  the  ab- 
dominal viscera.  IJartholow  states  that  he  has  obtained 
excellent  results  from  the  injection  of  water  into  the 
substance  of  paralyzed  and  atrophied  muscles.  From 
•i  to  4  gm.  (one-half  to  one  drachm)  of  fluid  may  be 
u.sed  for  each  injection,  and  the  ojH'ratiou  may  be 
repeated  if  no  relief  is  experienced  at  the  expiration  of 
two  or  three  mimites. 

ADAMS     COUNTY     MINERAL     SPRINGS.  — Adams 

Coiiiily.  Ohio. 

Post-OkI'Ick. — Mineral  Springs. 

Accioss. — Via  Cincinnati.  Portsmouth  and  Virginia 
Kailroad  to  Mineriil  .Springs  station,  thence  four  miles 
by  carria.ne  to  Spring  hotel  and  cottages. 

These  springs  arc  two  in  number  and  tlow  about  sixty 
gallons  of  water  hourly,  having  a  tempcrattu'c  of  .jti'  F. 
They  issue  from  the  base  of  a  high  hill  and  are  sur- 
rounded by  pi<'tures(|ue  and  charming  scenery.  Accord- 
ing to  a  partial  analysis  by  I'rof.  Iv  S.  Wayne,  the  water 
is  highly  charged  with  gas  and  contains  2(1").;).")  grains  of 
solid  matter  per  I'liitcd  States  gallon,  composed  as  fol- 
lows: .Magnesium  chloride,  calciiun  chloridi-.  calciinn  sul- 
jihate.  calcium  carbonate,  scidium  chloride,  iron  oxide,  and 
iodine.  The  water  may  be  classitied  as  a  s;iline  calcic 
with  ferruginous  properties.  The  accommodations  for 
visitors  are  now  ipiite  .s:itisfactory,  the  hotel  having  been 
enlarged  and  a  luunber  of  cottages  added.  The  location 
affords  a  pleasant  retreat  for  those  who  seek  respite  from 
the  cares  of  business  or  need  the  refreshing  influences  of 
ruial  scenery  and  air.  The  water  has  long  bi'cn  nsorted 
to  by  jiersons  sufTeiing  from  affections  involving  the 
stomach,  bowels,  and  liver.  Janim  K.  Vnink. 

ADAMS  SPRINGS.— Lake  County.  California. 
l.ocATio.N.  —  Kight  ndles  south  of  Clear  Creek  and  two 
miles  from  Cook's  Valley. 

Acci-.ss. — From  San  Francisco  by  rail  via  Oakland  Pier. 
Vallcjo.  and  Calistoga.  thence  by  stage.  Commodious 
ipiarters  have  lieen  prei)ared  for  guests. 

This  resort  lies  among  rolling  hills  which  are  thickly 
shrouded  with  verdant  loveliness  most  of  the  year.  The 
sta.ire  drive  from  Calistoga  lies  along  a  picturesque 
moimtain  road  hedged  in  on  either  .side  by  manzanita 
copses,  scrub  oaks,  and,  higlaT  up.  fragrant  redwood 
trees.  The  elevation  is  :!.:!0II  feet  above  the  se,-i  level. 
The  following  analysis  by  Dr.  Winslow  Ander,<on  was 
made  in  1S.H8.     OneUniled  .Stales  gallon  contains: 

Si>li<ls.  liralns. 

ScHiiiim  clilDridc l-"t 

St^Iiinii  t)i('iirlKm]il** ^s.ur 

Sixjiuiii  <'arl>on!ite .V».70 

1'otji.s.slurn  .sall.s Tr.i^'ps. 

Mairiiestiun  i-jjrl'onatw It'. ltd 

.Matriiesiinn  siilphal« Tnu't.f?. 

('ulcllim  cartHtnate :?7.1>"> 

C'aleiiiin  sulpliate l.'*> 
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Solids.  Grains. 

FeiTous  carbonate O.K 

Silica 7.42 

Aluminn Traces. 

Organic  iiuitU'r -.60 

Total 201.19 

Fr«e  carbonic  acid  pis 2tx).Tti 

In  tlio  writer's  treatise  on  the  "  Mineral  Waters  of  the 
United  Stales"  (Is'iD)  tliis  water  is  classified  as  an  allia- 
line  carlionale.  It  is  root  and  sparkling  and  very  grate- 
ful to  the  palate.  The  resort  offers  numerous  advantages 
to  the  seeker  at'ler  health  and  recreation.  Fogs  are  rare 
in  Lake  Count  v,  and  the  air  is  uniformly  dry  and  pure, 
resembling  that  of  Nice  iu  the  south  of  France.  The 
water  is  stated  to  be  highly  recuperative  to  persons  suf- 
fering from  portal  congestion  and  eliroiiie  dysentery.  It 
is  further  reconuncnded  iu  rheumatism,  chronic  Blight's 
disease,  ami  chronic  inflaminatory  states  of  the  female 
generative  organs.  Facilities  for  bathing  have  been 
provided.         "  Jiimes  K.  Crook. 

ADDISON  MINERAL  SPRINGS— Washington  County, 
MaiiNv 

Post-Ufkr-k. — Addison. 

Access. — Via  steamer  from  Portland.  Hotel  and  pri- 
vate families  accommodate  visitors. 

This  spring  is  located  in  a  charming  hilly  section 
within  one-quarter  of  a  mile  from  an  inlet  of  the  Atlantic 
and  about  one  hundred  feet  above  the  ocean  level.  It 
is  about  five  feet  in  diameter  and  four  feet  in  depth,  and 
has  a  steady  and  rapid  flow.  The  following  analysis 
furnished  to"  the  writer  by  Jlr.  AV.  H.  Nash,  one  of  the 
owners,  was  made  by  Professor  Hayes.  The  figures  pre- 
sumably have  reference  to  grains  per  United  States  gallon : 
Solids.  Grains- 
Potassium  salpliate 0-JO 

Sodium  sulpliatt U.-' 

Iron  hiiii rl i"ii;it !• I.«> 

Calcium  .siiliiliatc ^m 

Silica  and  aluuiiua '^"'"fSf- 

Calcium  hiiarbcnate ^.o5 

MaKUf'sium  bicarbonate 1.1" 

Sodiuiu  chloride 0.89 

Sodium  bicarbonate "•*' 

Total 8.U 

According  to  the  classification  adopted  by  the  author, 
this  water  is  properly  tei'med  a  light  alkaline  chalybeate. 
It  has  been  used  with  ajiiiarcnt  benefit  in  acid  dyspepsia, 
renal  congestion,  and  other  conditions  in  which  a  mild 
antacid  di'uretic  is  le.iiiiicil,  Jumes  K.  Crook. 

ADDISON    SULPHUR    SPRINGS.— Webster  County, 

West  Virginia. 

Post-Offrk. — Addison. 

Access. — Via  West  Virginia  and  Pittsburg  Railroad  to 
Cow-en :  thence  by  stage  twelve  or  fifteen  miles  to  springs. 
A  railroad  now  "being  constructed  from  a  point  on  the 
former  line  will  soon  extend  directly  to  the  springs. 
Hotels  and  lioarding-houses. 

The  springs  hei'e  include  two  natural  fountains  and 
one  bored  well.  Dr.  George  B.  Simpson,  of  the  Webster 
Springs  Sanitarium,  in  the  neighliorhood,  supplies  us 
with  the  following  partial  analysis.  One  United  States 
gallon  contains; 

Solids.  Grains. 

Calcium  carbonate       I  .    13 17 

Magnesium  ('arlmnate  i 

Calcium  sulpli:dc  f  19  36 

Magnesium  sulphate     1 

Sodium  c-ld(  .ride 377.32 

Iron  oxide ■; Traces. 

Volatile  and  organic  matter 57.45 

Total 4B7.30 

We  have  classified  this  water  as  a  inuriated  saline  calcic 
(i-itJr  ":Miiieral  Walersof  Ihe  United  States").  Mr.  R. 
H.  Towusenil,  of  .Xddiscin,  informs  us  that  it  is  also 
heavily  impregnated  willi  sulphuietled  hydrogen.  It 
has  a  temperattne  of  '>~"  V  It  has  a  strong  salty  flavor, 
but  most  persons  find  it  quite  palatable. 


■  The  town  of  Addison  is  picturesquely  located  on  the 
banks  of  the  IClk  River.  The  situation  is  about  fourteen 
hundred  feel  above  the  sea  level,  and  the  surrounding 
countr}'  is  of  a  mountainous  character  with  a  variety  of 
lUeasing  scenery.  The  place  has  nine  small  hotels,  but 
the  accommodations  are  not  sufficient  to  provide  for  the 
increasing  tide  of  summer  visitors.  Statements  appear 
to  agice  that  the  waters  here  possess  value  in  disorilers 
of  the  alimentary  tract  and  liver.  They  are  of  undoubted 
benefit  in  cases  of  chronic  constipation  and  abdominal 
venosity.  James  K.  Crook. 

ADDISON'S  DISEASE  (Bhonzed  Skin  Disease:  Me- 
i..\s.\i.v  Si  i'n.\KE.NAi.E). — Of  the  above  terms  the  first  is 
to  be  preferred,  for  while  the  peculiar  discoloration  of 
the  skin  is  not  an  invariable  characteristic  of  the  affection, 
the  credit  of  Addison  to  the  discovery  of  the  disease  called 
by  his  name  has  never  been  called  in  question. 

Definition. — A  disease  characterized  by  progressive 
asthenia,  digestive  disorders,  pain  and  tenderness  chiefly 
seated  in  the  epigastric,  hj'pochondriac.  and  lumbar 
regions ;  and  an  abnormal  pigmentation  of  the  skin  and 
mucous  membranes. 

HisTORic.vi.  Notice. — The  first  case  of  Addison's  dis- 
ease on  record  is  to  be  found  in  Lobstein's  treatise.  "  De 
nervi  sympathici  huniani  fabiica  et  morbis,"  Paris,  l'i'2'i, 
from  the  English  translation  of  which,  by  the  late  Prof. 
Joseph  Panel last,  I  take  the  following  extract;  "I  have 
myself  ol)ser\cd  the  nerves  forming  the  suprarenal  plexus 
much  thicker  in  disease,  where  the  capsular  renales, 
which  were  more  than  twice  as  large  as  usual,  had  de- 
generated into  tuberculous  substance."  The  patient  was 
an  unmarried  woman,  twenty-five  yearsof  age,  who  died 
in  "convulsive  spasms  analogous  to  the  epileptic.  .  .  . 
Nothing  unusual  was  discovered  in  the  body  of  this 
woman  but  the  aforesaid  change  in  the  suprarenal  glands, 
and  the  enlargement  of  the  nerves." 

Notwithstanding  the  fact  that  there  is  no  record  of  any 
darkening  of  the  complexion,  the  above  was  tuidoubtedly 
a  typical  case  of  Addison's  disease,  in  which,  moreover, 
death  by  convulsions  is  not  uncommon.  The  observa- 
tion regarding  the  thickening  of  the  nerves  in  this,  the 
first  recorded  instance  of  the  disease,  is  of  remarkable  in- 
terest. The  second  case  was  recorded  in  the  "  Halle 
Hospital  Reports "  by  Dr.  Schotte,  iu  October,  1823,  and 
is  published  in  vol.  vii.  of  the  Detit-schcs  Archil'  fur 
klin.  Med.,  by  Risel,  in  the  course  of  his  article  "Zur 
Pathologic  des  jNIorbus  Addisonii."  The  third  case  came 
under  tlie  observation  of  Dr.  Richard  Bright,  at  Guy's 
Hospital,  in  .July,  1829.  It  is  contained  in  Dr.  Bright's 
classical  "  Reports  of  Jledical  Cases,"  and  also  figures  as 
Case  V.  iu  Addison's  original  memoir.  The  lesions  of  the 
capsules  were  characteristic ;  there  w-as  no  other  affection 
of  any  conseciuence,  and  for  the  first  time  in  the  history 
of  this  disease  it  was  noted  that  the  "  complexion  was 
very  dark."  A  few  other  cases  were  reported  before  the 
year  18.5.5,  when  Addison  published  his  work  "  On  the 
"Constitutional  and  Local  Effects  of  Disease  of  the  Supra- 
renal Capsules,"  but  it  was  reserved  for  his  .sagacity  to 
detect  the  relation  between  the  well-marked  constitutional 
symptoms  of  tlie  atfection.  the  peculiar  pigmentation  of 
the  skin,  and  the  structural  changes  in  the  suprarenal 
capsules. 

It  is  no  disparagement  to  the  memory  of  Addison  to 
say  that  the  general  acknowledgment  of' his  discovery 
was  retarded  by  his  including  in  his  treatise  cases  which, 
at  the  iiresent  day.  would  be  rejected  from  the  cate- 
gory of  .\ddisiins  disease.  Of  his  11  cases  there  are  but 
4  uncomplicated  with  other  affections.  2  complicated: 
while  of  the  remaining  5.  1  was  a  case  of  softening 
of  the  brain  with  advanced  kidnej"  disease  and  tuber- 
culous deiiosits  in  various  organs,  among  others  in  one 
suprarenal  cajisule.  and  the  other  4  were  cases  of  wide- 
sjiread  carcinomalous  de|iosit.  the  suprarenal  capsules 
being  more  or  less  involved  in  each.  Addison  was  evi- 
dently under  the  impression  that  the  symptoms  of  the 
disease  were  due  lo  the  sujipression  of  Ihe  unknown 
function  of  the  adrenals,  and  that,  therefore,  any  destruc- 
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live  lesion  of  thrsc;  bodies  was  caimlili'  nf  caiisiiiif  llic-in. 
Tliis  view  of  the  pathoi^eiiesis  of  tlie  ulVccI ion  lias  licen 
called  in  question  by  distinjinislied  pallidloirisls.  wlio 
have  insisted  on  restriclinj^  the  term  A<ldison's  disease  to 
a  tnbereiilons  intiainniation  of  the  adrenals.  The  oriu^iniil 
view  of  Addison,  however,  is  resuininjr  its  sway  and  bids 
fair  ere  long  to  be  generally  ;ido]iled.  As  will  l)e  si-en 
later  on.  the  nio.st  reasonable  theory  of  the  pathogenesis 
of  the  disease  is  that  of  adrenal  inadeqnaey. 

ETi()r.o(iY. — Age,  se.x.  and  oeenpation  are  prominent 
factors  ill  Ihe  etiology  of  this  disease.  The  h'sion  of  the 
adrenals  being,  in  the  great  majority  of  cases,  tuberculous, 
it  billows  that  the  affection  is  most  common  during  those 
decai-les  in  which  tuberculous  processes  prevail — i.e.,  lie- 
tween  twenty  and  forty  years  of  age.  E.xeeptionally, 
the  disease  may  manifest  itself  both  in  adolescence  and 
in  old  age,  and  it  may  even  be  congenital.  For  e.\anipl(\ 
UelyayetT  has  reported  the  case  of  an  infant  born  with  a 
dingy  yellnwish-gray  skin  who  dii'd  at  tliea.geof  eight 
weeks.  At  the  autopsy  both  adrenals  were  biund  in  a  state 
of  cystic  degeneration.  The  disease  is  much  more  prevalent 
in  males  thiUi  iii  females,  and  especially  so  among  the  labor- 
ing classes.  Of  183  undoubted  cases  tabulateil  by  (Jreeii- 
Iiow,  119  were  males  and  64  females,  and  more  than  nine 
tenths  of  the  wdiole  number  were  engaged  in  laborious 
manual  work.  Several  cases  have  been  associated  with 
psoas  or  lumbar  abscess,  the  adrenals  becoming  involved 
by  extension  of  the  intlamniat<irv  lirocess.  In  others  di'- 
void  of  such  spinal  complication,  the  origin  of  the  disease 
has  been  attributed  by  the  patient  to  overexertion  of  the 
sjiiual  muscles.  Such  was  the  fact  in  one  of  my  own 
cases,  the  patient's  first  symjitonis  having  been  weakness 
and  pain  in  the  back  immediately  following  the  occupa- 
tion of  weeding  her  garden.  In  cases  like  those  last  re 
ferred  to,  it  is  probable  that  the  lesion  was  well  advanced 
at  the  time  of  the  overexertion  or  traumatism,  the  latter 
merely  sei-ving  to  aw-aken  dormant  sym]it(ims. 

Sv.Mi'TO.\t.\Toi.o(;v. — To  quote  the  words  of  Addison; 
"The  lending  and  characteristic  features  of  the  morbid 
state  to  which  I  would  direct  attention  are — ana'inia. 
general  languor  and  debility,  remarkable  feebleness  <if  the 
heart's  action,  irrital.iility  of  the  stomach,  and  a  peculiar 
change  of  color  in  the  skin,  occurring  in  connection  with 
a  diseased  condition  of  the  suprarenal  caiisules. " 

Taking  these  in  order,  theanieniia  first  claimsattcntion. 
As  is  well  known,  it  was  while  studying  the  disease  which 
he  termed  idiopathic  an*mia.  now  more  generally  known 
as  pernicious  an;vniia,  that  Addison,  as  he  exjiressed  it, 
"stumbled  upon"  the  discovery  of  the  disease  which 
bears  his  name.  With  his  mind  intent  upon  the  disease 
which  ])resents  the  profoun'dest  grade  of  ana'inia,  it  was 
natunil  that  Addison  should  attribute  the  languor  and 
(ieliility  of  the  bronzed  skin  di.sease  tn  a  similar  state  of 
the  Ijlood.  The  ana'mia  of  that  alfcction  is,  however, 
more  a]iparent  than  real.  In  one  of  the  most  tyjiical 
cases  on  record,  described  and  pictured  by  Hyrom 
Brannvell  in  his  atlas  of  clinical  medicine,  the  red 
corpuscles  numbered  3,3o0.00(),  while  the  ha'moglobin 
was  present  "in  at  least  the  normal  amount."  Iiianolher 
case  of  the  same  distinguished  clinician  the  red  corpuscles 
numbereil  ?>.."i()0.()()()  per  cubic  millimetre,  i.e..  TO  per 
cent,  of  the  normal.  These  figures  certainly  do  not  reji- 
resent  a  high  grade  of  an:pniia.  According  to  Dr. 
Wilkes,  to  whose  vigorous  and  loyal  efforts  the  general 
recognition  of  Addison's  disease  is  perhaps  chiefly  due 
(Holiest  on),  ana-mia  is  not  a  feature  of  the  disease.  Under 
the  microscope  the  red  corpuscles  are  seen  to  be  of  nornial 
size  and  shape,  and  to  form  rouleaux  as  in  health,  while 
the  white  cells  may  or  may  not  be  slightly  in  excess. 
In  one  or  two  cases  free  pigmi'iit  granules  are  said  to 
liave  been  present,  but  the  observation  stands  in  urgent 
neeil  of  confirmation.  Ana'inia  not  lieiiig  present  in  suf- 
ficient degree  to  account  for  the  profound  asthenia  of  Ad- 
dison's disease,  to  what  then  is  it  dueV  As  will  be  seen 
under  the  head  of  pathogenesis,  it  is  most  reasonably  to 
be  attributed  to  an  irregular  di.stribution  of  the  blood,  to 
its  accuinulation  in  the  enormous  district  of  tlieabdoiiiinal 
vessels. 


The  languor  and  debility  or,  in  one  word,  the  asthenia 
which,  according  to  Addison  and  all  subsequent  ob.serv- 
ers.  is  a  cardinal  symptom  uf  ilie  <li.sease.  is  also  one  of 
the  earliest.  In  all  historiesof  Ihe  disea.seihe  patient  has 
been  compelled  to  abandon  his  usual  occu|iatioii  by  reasdii 
of  muscular  weakness,  and  when  there  is  no  complicalinn 
with  other  wasting  disease  this  prostration  is  unattended, 
at  least  in  the  early  stage,  with  any  marked  diminution 
in  the  volume  of  the  muscular  anil  adipo.se  tissues.  The 
power  of  resistance  lo  depressing  agents  is  greatly  re- 
duced. Mental  and  bodily  exertion  which  would  be  re- 
garded liy  the  healthy  as  trivial,  is  followed  by  exhaus- 
tion, and  the  use  of  purgatives  is  positively  dangerous. 
As  remarked  by  Bramwell.  in  more  than  one  of  the  re- 
corded cases  death  has  resulted  from  an  ordinary  dose 
of  a  purgative  drug. 

With  this  asthenia  there  is  enfeebled  action  of  tin;  heart, 
of  which  the  ajiex  beat  is  faint  or  imperceptible  and  the 
sounds  weak  and  distant.  The  iiulse  iiresents  varying 
features,  but  is  always  weak  and  comiiressible.  It  "may 
be  fre(|iient  or  infrequent,  full  or  small.  Patients  are 
liable  to  attacks  of  collapse  induced  by  vomiting,  pur- 
gation, or  other  depressing  causi',  or  without  apparent 
cause,  which  may  bi^  so  severe  as  to  resemble  the  collapse 
of  cholera.  Contmrv  to  the  usual  freipiency  of  tlii'  pulse 
in  collap.se,  a  remarkable  diminution  in  i\m  number  of 
the  heart  beats  has  been  observed  in  several  cases  (Kisel 
mentions  si^veii).  anil  this  without  any  disea.se  of  the  brain 
or  important  cardiac  disease.  In  a  case  reported  by  Choi- 
meley  (Midinil  Timtx  ami  Gazctti',  l)s()!),  vol.  ii.,  p.  219) 
in  which  death  was  [ireceded  by  profound  collapse,  dysp- 
noea, and  convulsions,  the  pulse  fell  to  iifi  per  minute". 

Symiitoms  referable  to  disordered  digestion  are  always 
more  or  less  prominent  and  are  of  early  appearance. 
Among  them  ari'  marked  anorexia,  nausea  and  vomiting, 
constipation  alternatin.g  with  diarrhiea,  and  epi.i.'astiic 
tenderness.  Sometimes  the  nausea  and  vomiting  occur 
in  paroxysms  without  any  apparent  (exciting  cause,  and 
on  this  account,  as  well  as  becau.se  of  their  severity,  tliey 
have  been  compared  to  the  gastric  crises  of  locomotor 
ataxia.  Epigastric  teii(h'rness  was  a  prominent  feature 
of  two  cases  that  came  iiiidi  r  my  care  at  the  I^iiscopaJ 
Hospital  of  ]'liiladel|iliia.  In  the  rejiort  of  the  first  I 
noted  that  "at  times  t  lure  was  great  tenderness  about  the 
umbilical  region,  and  mi  one  occasion,  after  paljtating  the 
alidomcn.  the  patient  uttered  loud  cries  for  ten  or  fifteen 
minutes  and  .seemed  in  great  agony"  (Trans.  Path.  Soc. 
I'liila.,  vol.  v.).  Ill  the  othercase,  "the  pain  was  latterly 
most  severely  felt  in  the  left  lumbar  region,  in  wliich 
situation  there  was  also  a  great  degree  of  tenderness  on 
pressure"  (Tran.s.  Path.  Soc.  Phila.,  vol.  x.).  In  the 
first  of  these  cases  nothing  was  found  at  the  necro|isy  to 
account  for  this  remarkable  tenderness;  in  the  si'cund.  it 
might  liave  been  iliie  to  the  great  tumefaction  of  the 
lumbar  glands. 

Tlu!  date  of  the  appearance  of  the  palhognomonic  dis- 
coloration of  the  skill  from  which  the  disea.se  derives  one 
of  its  names  is  very  variable.  It  may  either  precede  or 
follow  the  constitutional  symptoms,  or  the  disease  may 
lerminate  fatally  without  its  manifestation,  (ireenhow 
has  collected  a  number  of  cases  illustniting  tin-  erratic 
apiiearance  of  this,  the  only  pathognomonic  feature  of 
Addi.son's  disease.  In  one  of  his  cases  the  pigmental ina 
of  the  skin  is  said  to  have  lieen  the  sole  symptom  for 
eight  years,  at  the  end  of  which  period  the  pignientatina 
deepened  and  the  other  well  known  syniptoins  nf  .\ddi- 
son's  di.sease  were  superadded.  This  ca.se  is  the  most 
remarkable  on  record  in  so  far  as  the  early  appearance  of 
bronzing  is  concerned,  but  it  has  been  criticisi-d  by  Bram- 
well. who  has  shown  that  the  original  pigmentation, 
limited  to  the  forehead  and  parts  adjacent,  was  |irobal)ly 
due  lo  a  chronic  ])eritonilis.  of  wliich  the  signs  wi'ie 
found  at  the  autopsy,  and  that  the  genuine  iiiela,sma 
suprarenale  dated  from  the  period  when  the  pigmeiitJition 
was  observed  to  deepen  and  become  more  general,  and 
the  constitutional  symptoms  to  develop. 

In  connection  with  the  statement  above  madi'.  that 
the  disease  may  terminate  without  cutaneous  change,  it 
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is  iin))(>rtanl  to  (ibst-rvc  tliiit  tlic  piirmcututioii  may  be 
vcTV  limiU'd  in  area,  and  so  .siluutcd  as  to  cscaiie  obscr- 
valicin  unless  the  entii'e  surface  cif  llie  body  is  minutely 
inspected.  The  most  remarUable  illustration  of  this 
important  point  is  furnished  by  Branuvell.  11<'  had  ex 
liibitedat  liiselinique  in  the  Edinburgh  Koyal  Intirinaiy, 
a  patient  whose  I'liief  symptoms  were  moderate  anitmia 
(3,500,000  red  eorjinscles  jier  cubic  millimetre),  emacia- 
tion and  extreme  ]nostration,  and  had  confessed  his  in- 
ability lo  make  a  positixc  diagnosis.  As  the  patient  was 
walking  away  to  put  on  liis  clothes,  "anil  when  a  good 
light  fell  full  on  his  back,  I  noticed,"  says  Bramwell, 
"t\Vo  or  three  brown  disi'olorations  over  the  spines  of 
some  of  the  dorsal  xcrtebne.  It  immediately  flashed 
.•icross luy  mind  that  the  ease  was  one  of  Addison's  disease. 
I  at  once  called  the  [jatient  back  and  earefnlly  examined 
the  uuicoiis  membrane  of  the  mouth.  A  small  brown 
discoloration  was  seen  to  be  present  on  the  inner  side  of 
the  left  cheek,  justojiposite  the  angle  of  the  mouth.  The 
discoloration  was  quite  characteristic,  and  I  immediately 
committed  myself  to  a  positive  opinion  that  the  case  was 
one  of  Addison's  disease." 

The  abnormal  surface  pigmentation  has  its  seat  in  the 
skin  and  in  the  mucous  membrane  of  the  buccal  cavity,  in- 
cluding that  of  the  tongue;  it  lias  been  s;iid  also  to  occur 
in  the  vagina  and  the  conjunctiva.  The  pigment  is  de- 
posited in  the  youngest  layers  of  the  rete  ilalpigbii.  in 
contact  with  the  papilla'.  It  appears  both  as  a  diffuse 
coloration  of  the  cells  and  also  in  tlie  form  of  distinct  gran- 
ules in  the  cells,  or  free ;  in  the  latter  case  it  is  supposed 
to  be  left  after  the  dissolution  of  the  cells.  It  rarelj' 
appears  in  the  corium,  although  sometimes  branched 
pigmented  connective-tissue  cells  are  found.  The  parts 
of  the  external  surface  most  deeply  pigmented  are  those 
which,  under  normal  circumstances,  are  the  seat  of  oft- 
recurring  liypeiu'mia,  either  from  atmosplieric  influences 
or  friction,  sucli  as  the  cheeks,  neck,  and  backs  of  the 
hands.  There  is  also  a  siiecial  tendency  lo  the  deposit 
of  pigment  in  those  parts  where  it  is  foimd  normally 
in  greater  amount  than  elsewhere,  such  as  the  nipples, 
genital  organs,  and  axilla?.  In  well-marked  cases,  it  per- 
vades the  entire  cutaneous  surface,  being  deeper  in  the 
parts  above  mentioned,  and  maj'  be  deposited  in  the 
Innuke  of  the  nails  and  even  in  the  teeth.  The  hair  and 
the  iris  have  been  observed  to  grow  ilarker  with  the  prog- 
ress of  the  disease.  The  lint  of  the  di.scoloratiou  varies 
in  different  cases,  depending  to  some  extent  upon  the 
normal  coiuplexion  of  the  patient.  It  is  most  striking, 
because  of  its  incongruity,  wlien  the  ])atient  is  naturally 
fair,  with  light  hair  and  blue  eyes.  The  color  of  the  most 
typical  cases  of  the  disease  may  be  best  imitated  liy  stain- 
ing the  healthy  skin  with  walnut  juice.  In  chronic  cases, 
the  complexion  may  come  to  resemble  that  of  a  nmlatto, 
as  in  the  portrait  illustrating  Brannvell's  classical  mono- 
graph ("Atlas  of  Clinical  Medicine,"  vol.  i.)  which 
lias  been  copied  far  and  wide.  When  the  pigmentation 
is  partial,  as  it  is  apt  to  he  in  its  early  stage,  its  outline  is 
not  sharply  circumscribed,  as  in  otlier  pigmentary  affec- 
tions, but  gradually  fades  into  the  surrounding  integu- 
ment. Upon  the  darker  patches  also  are  frequently  seen 
black  specks  resemliling  moles  or  freckles.  As  above 
stated,  the  pigmentation  is  most  ]ironounced  in  parts  tliat 
have  been  subjected  to  any  species  of  irritation,  such  as 
that  of  a  blister,  or  that  produced  by  the  jiressure  of 
garters,  waist-bands,  or  suspenders.  A  well-known  illns- 
tration  of  this  effect  of  cutaneous  irritation  is  aft'orded  bj- 
the  case  of  a  baker's  boy  whose  shoulders  were  marked 
with  dark  stripes  corres]ionding  to  the  lines  of  pressure 
of  straps  from  which  his  basket  was  susjiended. 

Pigmentation  of  the  mucons  membranes  is  at  least 
equal  in  diagnostic  value  to  tliat  of  the  skin,  although  it 
is  believed  liy  most  authorities  to  bo  rarer  and  to  occur 
at  a  more  advanced  stage  of  the  disease.  It  is  most  fro- 
(luently  observed  in  the  line  of  closure  of  the  lip.  and 
upon  the  tongue,  cheeks,  and  gums,  and  is  accented  by 
any  cause  of  irritation,  sncli  as  that  of  a  carious,  jagged 
tooth.  When  seated  in  the  gums  llie  discoloration  has 
been  mistaken  for  that  of  lead  poisoning.     It  ma)'  be  of 


a  dingy  brown  hue  or  darker,  as  if  caused  by  ink  stains. 
It  has  also  been  compared  to  the  stains  produced  by 
whortleberries  and  blackberries.  In  one  of  Rramwell's. 
eases  the  jiigment  was  accumulated  in  round,  ball  like 
masses  t)n  the  under  surface  of  the  tongue  parallel  with 
and  apparently  adherent  to  the  lingual  arteries. 

The  urine  presents  no  characteristic  changes.  The 
most  careful  study  of  the  urine  in  any  single  case  was- 
made  by  Dr.  Thudicum.  for  sixty-five  "con.sec'Utive  days, 
in  a  patient  of  Dr.  Ihirdon  Sanderson.  Without  compli- 
cating fever  or  diarrliiea.  there  was  a  great  diminution  in 
the  daily  amount  of  urine,  it  being  reduced  more  tliau 
one-half;  the  specific  gravity  was  1^020  and  njiwarii.  and 
the  reaction  acid.  The  most  important  result  of  these 
researches  was  the  determination  of  the  fact  that  the 
urinary  pigments  were  much  diminished.  Thudicum's 
analyses,  so  far  as  the  estimate  of  the  urinary  pigments  is 
concerned,  have  been  since  confirmed  by  Drs,  A'.  E.  Gar- 
rod  and  Dixon  Jlaiin.  Tlnidicum  -was  apparently  of  the 
opinion  that  the  diminution  in  the  amount  of  theurinary 
pigments  might  bear  a  relation  to  the  excess  of  pigment 
in  the  skin;  but  it  is  more  reasonable  to  suppose  that  if 
disease  of  the  adrenals  caused  an  accumulation  of  soluble 
pigments  in  the  blood,  the  coloring  matters  of  the  urine, 
supposing  the  kidneys  to  be  healthy,  would  be  present 
in  exce.ss. 

The  remaining  symptoms  of  Addison's  disease  are 
either  inconstant  or  negative,  and,  therefore,  of  secondary 
importance.  iMost  of  Ihem  are  referable  to  the  nervou's 
system  and  are  dependent  upon  a  defective  or  irregular 
supply  of  blood.  Among  them  may  be  mentioned  in- 
somnia and  somnolence,  headache,  vertigo,  tinnitus 
aurium,  neui-algic  pains  which  may  be  seated  in  the 
joints,  muscular  twitchings,  and  epileptiform  convul- 
sions. The  latter,  associated  witli  delirium  and  coma, 
may  be  the  hnmediate  precursors  of  death. 

The  temiierature  throughout  the  disease  ]u-esents 
nothing  characteristic,  being,  in  the  absence  of  complica- 
tions, normal  or  subnormal.  The  nutrition  in  the  earlier 
stages  may  be  well  maintained,  and  in  uncomiilicated  cases 
there  may  be  little  loss  of  fat  throughout  the  entire  course 
of  the  disease.  Wlien  associated  with  phthisis,  however, 
or  other  wasting  disease,  and  even  sometimes  without 
such  association,  emaciation  may  become  extreme. 

Pathogenesis. — There  are  two  principal  theories  of  the 
pathogenesis  or  "pathological  physiology  "  of  Addison's 
disease:  1.  The  nervous  theory;  2,  the  theorj'  of  adrenal 
inadeciuac)'. 

1.  yfiroim  Thciirii. — According  to  this  theory,  "the 
symptoms  of  Addison's  disease  are  not  directly  due 
to  the  destruction  of  the  suprarenal  bodies,  but  re- 
sult from  the  derangements  in  the  abdominal  sym- 
pathetic (and  perhaps  other  nervous  structures)  which 
the  lesion  of  the  suprarenal  capsules  produces."  This 
theory  has,  to  support  it,  facts  derived  both  from  anat- 
omy and  from  physiology.  In  the  great  majority  of  cases 
the  nerves  and  ganglia  of  the  abdominal  sympathetic  are 
extensively  involved  in  the  tubeiculous  inflammation 
which  destroys  the  adrenals,  and  it  is  only  ivasonable  to 
suppo.se  that  such  involvement  must  give  rise  to  serious 
symptoms.  In  addition,  it  has  been  demonstrated  by 
Alezais  and  Arnaud  that  upon,  and  in  the  substance  of, 
the  capsule  of  the  adrenals  there  are  numerous  sympa 
thetic  ganglia.  These  they  term  the  pericnpitiihir  ner- 
roiis  fffinr/liii.  and  they  hold  that  the  jH-cviliar  and  special 
lesion  of  Addison's  disease  "  is  their  degeneration. "  They 
explain  the  well-known  absence  of  symptoms  of  Addi- 
son's disease  in  many  cases  of  cancerous  disease  of  the 
adrenals  by  the  fact  that  the  malignant  growth  advances 
from  within  outward  and  is  limited  by  the  fibrous  cov- 
ering of  the  glands,  \xhereas  tubercles  invade  both  gland 
and  fibrous  covering  alike.  Semmola,  of  Naples,  pushes 
the  nervous  theory  to  the  extreme  of  holding  that  the 
abdominal  nerves  and  ganglia  are  primarily  involveil,  and 
that  the  lesion  of  the  adrenals  is  a  trophic  result  of  their 
functional  disturliance. 

Granting,  as  every  one  does,  the  common  involvement 
of  the  abdominal  nerves  and  ganglia,  and  especially  that 
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of  the  iterkapsular  ganglia,  it  remains  In  l)c  ((insiclcii'il 
wlietlier  the  results  of  experimeuts  ujioii  the  Mljdomiiuil 
s_viii|)iilhetie  throw  any  light  uiicui  the  pathogenesis  of 
Addison's  disease. 

Irritation  of  a  sensory  nerve  produees  vasomotor 
paralysis  in  the  irritated  region,  antl  the  well-known  e.\- 
perimeuts  of  Goltz  ("  KlopfeiTiiuch'^)  have  shown  that 
irritation  of  the  intestines  produees  eomplete  vasomotor 
paralysis  of  their  blood  vessels,  eausiiig  thereby  so  great 
an  aeeuniulationof  blond  tiiat  the  animal  shows sym|itonis 
of  syncope,  the  same  as  if  it  liad  been  bled  copiously. 

The  irritation  of  the  numerous  nerves  and  ganglia  of 
the  adrenals  jn'odueed  by  intlanunalion  with  new  forma- 
tion of  I  issue  and  subsequent  softening,  sueli  as  exists  in 
Addison's  disease,  is  transmitted  to  the  semilunar  gan- 
glion and  solar  ple.vus  from  the  beginiu'ng  of  the  deposit 
in  the  adrenals,  and,  later.' by  extension  of  the  inllamma- 
tory  jiroeess  to  these  nerve  centres.  By  this  means  a 
vason\otor  paralysis  of  the  intestinal  vessels  is  prmluced, 
as  in  the  experiments  of  Goltz,  except  that,  luilikc  in  the 
latter  case,  it  is  constant.  This  continual  hyiienenna  of 
the  intestinal  Vessels  leads  to  enlargement  of  the  solitary 
glands  and  Peyer's  patches,  so  constantly  foiaid  in  A(i- 
dison's  disease,  and'  occasionally  to  catarrh  and  ulcenilion 
of  the  stomach  and  intestinal  inticous  menilirane.  It  ae 
couiUs  for  the  dark  c<ilor  of  the  liver,  spleen,  pancreas, 
and  kidneys  so  often  observed,  as  well  as  for  the  brown 
ish  hue  of  the  peritonciuu  noticed  in  a  few  iiisl;nices 
Indirei'tly,  it  explains  the  antemie  and  dry  condition  of 
other  parts  of  the  body,  and  directly  accounts  for  the 
great  muscular  weakness,  syncope,  ,a;astro  intestinal  dis- 
turbance, dyspna'a  on  sli,ght  exertion,  and  small  ra<lial 
ptdse.  These  symptoms  have  been  attributc'd  to  a  high 
grade  of  ana-mia,  such  as  exists  in  pernicious  aiia'iuia; 
and  this  is  due  to  the  fact  that  many  of  the  symjiloms  in 
the  two  atl'eetions  are  identical.  Hepcatcd  examinations 
of  tlie  blood  have,  however,  demonstralcd  that  the  re- 
duction in  the  number  of  the  rcil  cor()uscles  in  Addison's 
disease  is  trivial  compared  with  that  found  in  pernicious 
ana'inia.  The  symptoms  resembling  those  of  pernicious 
an;eniia — such  as  d_vspna'a  on  slight  exertion,  syncope  on 
assuming  the  upright  posture.  rai)id,  small,  and  feebh; 
puls< — are  attributable  toan  insullieicnt  supply  of  blood, 
albeit  of  fair  quality,  to  the  supradiaphragmatic  portion 
of  the  trunk. 

From  the  foregoing,  it  is  manifest  that  there  are  well 
estalilished  facts,  both  anatomical  and  iihysiologieal,  in 
suiiport  of  the  nervous  theory  of  Acldison's  disease. 
This  is  the  theory  adopted  by"  Bramwell,  although  he 
qualities  his  adherence  to  it  by  the  statement  that  it  is 
"  perhaps  possible  that  some  of  the  symi)toins  of  Addi- 
son's disease  may  lie  the  direct  residt  of  abnlition  of  the 
[glandular]  function  of  the  suprarenal  ca|isules." 

liiilleston  (Briti-fh  MaUod  Joi/rwil,  \\n\\  (i,  ISO,"))  dis- 
cards the  nervous  theory  rather  summarily,  and  ehietlj-,  as 
it  seems  to  the  writer,  on  the  ground  that  the  "sympa- 
thetic in  the  neighborhood  of  the  suprarenal  bodies  is  not 
coiistaiuly  altered."  It  must  be  recalleil.  however,  that 
Alezais  and  Arnaud  di.scuss  this  contingency,  an<l  claim 
that  Addison's  disease  is  "accompanied  with  alterations 
in  the  perica])sular  s.vm])atlietic  nervous  system  and  with 
coni|ilele  integrity  of  the  rest  of  the  solar  ple.xus  and  its 
ganglja." 

i.  Thcury  rif  Adretxd  IiiaderiJiaeji. — The  arguments  in 
support  of  this  theory  are  derived  from  analogy,  anatomy, 
therapeutics,  and  experimental  pathology. 

The  structure  of  the  adrenals  is  distinctly  glanilular. 
In  the  vast  majority  of  cases,  the  .synqitomsof  Addison's 
disease  are  a.ssociated  with  destruction  of  these  glands. 
In  the  rare  cases  in  which  they  are  destroyed  by  disease 
without  concomitant  symptoms  of  morbus  Addisonii.  the 
absence  of  the  latter  may  be  due  to  accessory  suprarenal 
bodies  or  to  suprarenal  "rests."  The  former,  according 
to  Rolleston.  are  "vcr.y  commonly  present  in  the  connec- 
tive tissue  in  the  immediate  neigliborhuod  of  the  two 
organs";  the  latter,  the  so  called  "suprarenal  rests,"  are 
found  "embedded  in  the  kidney  or  liver."  The  analogy 
with  niyxo'dcma  is  thus  seen  to  be  very  close,  and.  to 


make  it  complete,  it  need  only  be  added  that  the  life  of 
an  animal  whose  adrenals  ha've  been  removeil  may  be 
prolonged  by  einlieddirii;  beneath  its  skin  a  healtliy  ad- 
renal or  administering  subcutaneously  an  adrenal  extract. 

The  experiments  upon  the  function  of  the  adrenals 
which  seem  to  the  writer  to  be  the  most  free  from  criti- 
cism are  tho.se  of  Abelous  and  Langlois  (Archircn  <le 
p/ii/xinlogie.  tomeiv.,  l.S!)2).  These  ob.servers  found :  (1) 
that  the  total  destruction  of  both  adrenals  in  frogs  was 
invarialily  followed,  sooner  or  later,  by  death,  the  time 
of  which  depended  upon  various  factors.  Frogs  in  a 
.state  of  hibernation  survived  the  operation  for  twelve  or 
thirteen  days,  while  in  the  smnmer  the  animals  never 
lived  longer  than  forty-eight  hours.  If  the  animal  wa.s 
irritated  so  as  to  excite  active  muscular  movements,  it 
perished  sooner  than  if  it  were  allowed  to  remain  quies- 
cent. In  other  words,  the  more  active  the  nutritive 
changes,  the  sooner  thi-aiiimal  clied — a  fact  in  accordance 
with  the  longer  survival  of  hibernating  animals  as  com- 
pared with  those  operated  on  during  the  sunnncr. 

C-i)  The  destruction  of  oneadrenal  did  not  cause  death 
or  any  abnormal  manifestation  (six  animals  operated  on). 

(;{)  If  one  adrenal  is  destroyed  and  a  large  portion  of 
llic  other,  the  annual  may  or  may  not  die.  A  consider- 
able portion  (mi  Jhir/mint  mthihlt)  of  one  adrenal  must 
be  left  in  order  to  insure  the  survival  of  the  animal. 

(4)  The  insertion  lienealh  the  skin  (in  the  dorsid  lymph 
s;ic)  of  theadrenals  lakc?i  troni  a  sound  frog  prolongs  the 
life  of  a  fnjg  from  which  bcjlh  adrenals  have  been  re- 
moved. 

(."))  The  injection  (subcutaneous)  of  adrenal  extract 
into  frogs  from  which  llu'  ailri'iials  have  been  removed 
jirolongs  their  lives  but  a  short  time — not  more  than 
twenty-four  Iniurs. 

(Ci)  The  injection  (intravenous  or  subcutaneous)  of 
lilood  from  a  fi<ig  about  to  die  from  the  elfects  of  loss  of 
adrenals  into  a  irog  from  which  the  adrenals  have  just 
been  remcjved.  causes  rapid  paralysis  and  death.  The 
same  inje<'lion  into  a  normal  frog  [jroduees  very  slight 
and  transitory  disturbances. 

In  none  of  their  e\]>eriments  did  Abelous  and  Langlois 
observe  any  anomalous  pigmentation. 

They  conclude  frotn  their  experiments,  of  which  the 
above  is  l}ut  an  abstract :  (</)  that  the  death  of  frogs  after 
removal  of  tin  ir  adrenals  is  due  to  the  accunnilallon  in 
tlie  blood  of  oni- or  more  Ioxi<'  substances;  (li)  that  this 
substance,  or  these  substances,  produces  an  effect  rc- 
setubling  that  of  curare,  acting  chielly  uiion  the  termina- 
tions of  the  motor  nerves  and  slightly  also  upon  the 
muscles.  The  role  of  the  adrenals,  in  their  opinion,  is  to 
destroy  this  |ioison  by  an  internal  secretion  which  they 
elaborate. 

So  nuicb  for  the  theory  of  adrenal  inadequacy,  which  is 
the  oneado]ited  by  Kolleston,  whoeoneluiles  his  <4a borate 
and  masterly  discussion  of  the  palhogein'sis  of  Addison's 
disease  ((lendstoinan  Icetiu'cs,  llritisli  yhdinil  .Jniiiniil, 
18!)."))  with  the  statement  that  the  atfcclion  "is  due  to  an 
iuadecpiale  supply  of  suprarenal  .secretion.  Whether  the 
deticiency  in  tills  internal  secretion  leads  to  a  toxic  con- 
dition of  the  lihiod.  or  to  a  general  atony  and  apathy,  is 
a  (|Uestion  which  must  remain  open." 

More  careful  observation  is  needed  to  determine 
whether  the  symiitoms  of  Iliose  cases  of  Addi.sun's  dis- 
ease in  which  the  sympatln'tie  nerves  and  ganirlia  are 
implicated,  are  dill'erent  from  those  in  which  llicy  are 
not.  Judging  from  the  well  known  results  of  i>hysio- 
logical  experiment,  it  would  seem  reasonable  to  exjtect  a 
greater  degrees  of  asthenia  and  a  greater  tendency  to  syn- 
cope in  cases  of  sympathetic  involvement,  and.  on  the 
other  hand,  to  expect  a  predominance  of  more  jnirely 
toxic  sym|)toms  in  those  cases  (the  tyjic  of  which  is 
simple  atrophy  of  the  adrenals)  in  which  the  lesion  is 
limited  to  the  capsules.  The  supreme  judge  of  this 
question,  as  of  all  questions  of  pathogemsis.  is  the  clin- 
ician, and  with  greater  o[)portiuiities  for  observation,  the 
expectation  of  its  solution  is  not  unreasonable. 

I)i.\(iN0Sis. — When  the  disease  is  primary,  the  eonsti- 
tutional  symptoms  well  marked,  and  the  discoloration  of 
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skin  and  murous  nipmhranes  present,  the  diagnosis  pre- 
s<'iit,<  little  (ir  no  dilliculty  to  one  who  has  previously 
sHidied  a  single  ease  of  the  disease.  On  the  other  hand, 
when  the  eonstitwiioiial  symptoms  are  well  prououueed  in 
a  primary  ease,  and  the  l)ron/.iiig  of  skin  is  not  yet  devel- 
ojied,  the  diagnosis  is  lo  be  made  only,  if  at  all.  by'  the 
exelusiou  of  other  wasting  diseases,  especially  cancer  of 
abdominal  organs  and  progressive  pernicious  antemia. 
JIany  years  ago  there  came  under  my  care  at  the  Epis- 
copal Hospital  of  I'hiladeliihia  a  case  of  lumbar  abscess 
with  several  open  sinuses  leading  to  carious  vertebrie. 
The  general  surface  of  theliody  was  of  a  dark  dingy  hue, 
and  the  oritice  of  each  sinus  was  surrounded  by  a  broad, 
deeply  pigmented  ring.  The  [iatieut  had  been  previously 
at  another  institution,  where  secondary  disease  of  the 
adrenals  had  been  suspected.  The  autopsy  showed  these 
bodies  to  be  iierfecfly  healthy  and  the  kidneys  to  be 
involved  in  extensive  amyloid"  degeneration.  A  dingy 
discoloration  of  the  skin  is  not  imcommon  in  amyloid 
disease  of  the  kidney,  as  first  pointed  out  by  Grainger 
Stewart. 

The  discoloration  of  skin,  although  not  the  most  essen- 
tial characteristic  of  the  disease,  is  justly  regarded  as  its 
most  important  diagnostic  feature.  It  is  to  be  distin- 
guished irom  melasma  gravidarum,  pityriasis  versicolor, 
lichen,  and  pigmentarv  syphilides,  and  this  is  readily- 
done  by'  any  one  familiar  with  these  affections.  The 
melanoderma  of  phthisical  jiatieuts  presents  more  serious 
ditliculty.  Although  the  latter  is  often  contiued  to  the 
face  and  does  not  invade  the  mucous  membrane  of  the 
buccal  cavity,  the  difficulty  is  a  real  one,  and  is  augmented 
by  the  fact  that  pulniouary  tuberculosis  is  the  most  fre- 
quent complication  of  Addison's  disease.  The  seat  of 
the  melasma  suprarenale,  or  its  greater  intensity,  upon 
the  face  and  neck,  the  dorsum  of  the  hands,  areola  of  the 
nipple  and  about  the  umbilicus,  in  the  a.xilla,  groin,  and 
upon  the  genitals,  is  characteri.stie.  Other  diagnostic 
features  of  the  pigmentation  have  been  described  above 
under  the  head  of  Symptoins.  A  discoloration  of  the 
skin  liable  to  be  confounded  by  tlie  inexperienced  with 
that  of  Addison's  disease  is  sometimes  seen  in  badly 
nourished  paupers  of  dirty  habits,  whose  skin  is  the 
abode  of  vermin.  This  pigmentation  shows  itself  in  the 
form  of  patches  separated  by  healthy  skin;  the  epidermis 
is  often  roughened,  and  the  discoloration  more  marked 
upon  the  trunk  than  on  the  face  antl  liands.  The  skin  is 
also  often  marked  with  scratches,  the  result  of  the  intense 
itching.  Under  the  microscope,  the  particles  of  pigment 
in  this  affection  are  found  in  all  the  layers  of  the  epider- 
mis, instead  of  being  limited,  as  in  Addison's  disease,  to 
the  deeper  layers  of  the  rete  Malpighii.  The  pigmenta- 
tion of  chronic  malarial  jioisoning  is  distinguished  from 
that  of  Addison's  disease  not  only  by  its  distribution, 
but  by  the  history  of  the  case  and  the  frequent  presence 
of  splenic  enlargement;  chronic  icterus,  with  which  Ad- 
dison's disease  was  formerly  confounded,  is  di.stingui.shed 
by  the  presence  of  pigment  in  the  ocular  conjunctiva  and 
in  the  urine. 

Other  discolorations  of  the  skin  simtilating  closely  the 
pigmentation  of  Addison's  disease  are  mentioneil  by 
systematic  writers,  but  arc  so  rare  as  to  be  in  themselves 
pathological  curiosities.  Among  them  may  be  mentioned 
a  diffuse  pigmentation  associated  with  chronic  scurvy 
(Bramwell) ,  and  a  few  other  cases  of  melasma  occurring 
without  obvious  cause.  According  to  the  author  just 
cited,  there  are  certain  forms  of  pigmentation  of  the  skin 
associated  with  chronic  peritonitis,  or  malignant  disease 
of  the  abdomen  or  pelvis,  which  it  is  impossible  to  dis- 
tinguish from  Addison's  disease.  This  fact,  though  dis- 
eomtiting  to  the  clinician,  is  of  great  interest  to  the  path- 
ologist, as  tending  to  prove  that  the  most  characteristic 
symptom  of  the  affection,  the  melasma  suprarenale,  is  to 
be  attributed  rather  to  the  implication  of  the  abdominal 
sympathetic  than  to  that  of  the  adrenals. 

Prognosis. — The  jirognosis  is  in  the  highest  degree 
unfavorable,  although  recoveries  of  cases  presenting 
every  sign  and  symptom  of  the  affection  have  been  re- 
ported by  the  most  competent  observers.     Among  these 


may  be  mentioned  Sir  William  Gull  and  Dr.  Finney.  In 
making  jiredictions  as  to  the  duration  of  life,  the  remit- 
tent character  of  the  disease  should  be  borne  in  mind.  A 
case  seen  during  a  period  of  exacerbation  may  lead  to  the 
prognosis  of  a  speedily  fatal  result,  but  the  worst  symp- 
toms may  disappear  and  be  followed  by  a  prolonged 
period  of  remission.  The  average  duration  of  the  life  of 
hospital  i)atients  who.  as  a  rule,  do  not  apply  for  treat- 
ment until  forced  to  acknowledge  the  fact  of  their  illness, 
has  been  estimated  at  two  years.  Sudden  death  without 
preceding  exacerbation  is  sometimes  observed,  the  fatal 
result  being  apparently  due  to  syncope. 

Tre.\t.ment. — At  the  present  time,  there  may  be  said 
to  be  a  specific  treatment  of  Addison's  disease — that  with 
adrenal  extract.  Tills  fact,  however,  in  no  way  dimin- 
islies  the  importance  of  general  therapeutic  measures,  of 
which  the  most  important  are  the  following:  The  cessa- 
tion of  work  is  the  first  thing  to  be  insisted  upon  in  the 
way  of  treatment,  and  tluriug  the  exacerbations  strict 
confinement  to  bed.  An  immediate  mitigation  of  the 
symptoms  has  often  followed  the  admission  to  hospital 
of  a  patient  who.  uji  to  that  time,  had  been  endeavoring 
to  resist  the  gradually  increasing  asthenia.  A  moderate 
amount  of  stimulants  is  generally  well  borne,  but  cod- 
liver  oil.  which  might  seem  appropriate  on  account  of  the 
tuberculous  nature  of  most  cases  of  the  disease,  is,  as  a 
rule,  not  tolerated.  Remedies  to  allav  irritability  of  the 
stomach  are  frequently  indicated,  such  as  ice.  lime  water, 
carbonic  acid  water  with  brandy,  bismuth,  creosote, 
hydrocyanic  acid,  and  small  doses  of  opium.  ^Massage 
and  faradization  are  well  worthy  of  a  trial  in  order  to 
derive  the  blood  from  the  abdominal  vessels.  Iron  and 
arsenic  should  be  employed  tentatively  and  will  be  gen- 
erally" found  useful,  and  the  same  is  true  of  nux  vomica 
and  its  derivatives.  Cathartics  are  to  be  avoided,  as  pro- 
found depression  has  often  followed  their  employment  in 
this  disease.  When  constipation  is  troublesome  it  should 
be  relieved  by  enemata  and  suppositories.  The  diet  should 
be  simple  but  nourishing,  consisting  of  soups,  milk,  eggs, 
meat  jellies,  koumyss,  and  the  like. 

Treatment  with  Adrenal  Extract. — The  success  that  has 
attended  the  use  of  adrenal  extract  is  such  as  to  make  it 
imperative  in  all  cases  of  Addison's  disease.  This  is  not 
a  mere  obiter  dietnm,  but  is  the  result  of  a  careful  study 
of  many  of  the  reports  upon  the  subject.  A  few  ex- 
amples will  suffice  to  show  the  kind  of  evidence  on  which 
the  administration  of  the  adrenal  extract  is  based. 

Osier  (Internatiomd  }feiliral  Mar/azine.  February,  1896) 
reports  a  case  in  which  there  was  marked  improvement 
under  the  use  of  the  extract,  attended  with  considerable 
gain  in  weight  and  restoration  of  general  vigor.  The 
pignu'utation,  however,  which  was  of  advanced  grade, 
had  not  diminished  except  on  the  palate.  A  case  is  re- 
ported liy  Suckling  (British  Medieed  Journal,  May  28, 
1898)  in  which  the  symptoms  and  signs  were  well  pro- 
nounced exce])t  pigmentation  of  mucous  membranes,  of 
which  there  is  no  mention.  Tablets  of  suprarenal  ex- 
tract (ilii  gr.  V.)  were  given  to  the  extent  of  from  twenty 
to  thirty-five  daily.  In  the  course  of  a  year  recovery  was 
complete  with  disappearance  of  raelauoderraic  and  leuco- 
dermic  patches.  Kinnicutt  has  tabulated  48  cases 
{Ameriraii  Journal  of  the  Medical  Sciences,  July,  1897) 
treated  with  adrenal  preparations.  "Six  patients  are  re- 
ported as  cured  or  practically  well,  23  improved,  18  un- 
improved, and  in  2  instances  an  aggravation  of  the 
symptoms  is  stated  to  have  occurred  during  treatment. " 
In  the  second  class  of  cases,  those  in  which  improvement 
took  place,  the  improvement  was  but  temporary  ;  but  tins 
was  as  much  as  could  be  expected,  since  in  many  the 
disease  of  the  adrenals  was  associated  with  grave  tuber- 
culous lesions  in  other  parts  of  the  body. 

(In  the  theory  that  Addison's  disease  is  chiefly  due  to 
suiijiressed  function  of  the  adrenals,  the  use  of  adrenal 
extract  would  find  its  most  successful  employment  in 
tho.se  cases  in  which  the  lesion  consists  of  simple  atrophy 
or  fibroid  degeneration.  Frederick  P.  Henry. 

ADENITIS.     See  Lymphatic  Glands,  Diseases  of. 
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EXPLANATION  OF  PLATE  VL* 

Fig.  1. — Shows  the  Discoloration  of  the  Tongue  in  a  Case  of  Addison's  Disease,  a.  Dark  ink- 
like  stains  near  the  free  border  of  the  tongue ;  h,  fungiform  papillfe  on  the  dorsum  of  the 
tongue,  discolored  by  deposit  of  pigment ;  the  papill*  circumvallata;  remaining  uucolored. 

Fig.  2. — Section  of  Pigmented  Patch  on  the  Tongue,  Viewed  with  a  One-Inch  Objective.  The 
lower,  plumper  cells  clothing  the  papillae  are  seen  loaded  with  pigment;  the  subepithelial 
connective  tissue  remaining  quite  uncolored. 

Fig.  3. — Section  of  Bronzed  Skin,  a,  Rough  scarf  skin  free  from  pigment;  b,  plumper  cells  of 
the  rete  mucosum,  the  deepest  layer  loaded  with  pigment ;  c,  subepithelial  connective  tis- 
sue free  from  pigment. 

Fig.  4. — Section  of  Discolored  Patch  of  Skin.  Site  of  a  Recent  Blister,  a.  Brown  pigment  de- 
posited in  the  deeper  layers  of  the  epidermis ;  b,  scattered  masses  of  pigment  situated  in 
the  cutis  vera. 
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PIGMENTATION  OF  THE  SKIN  AND  OF  THE  MUCOUS  MEMBRANE  OF  THE  TONGUE  OBSERVED  IN 
ADDISON'S   DISEASE.— ''Cop/W /com  the  Jreatise  of  Edujard  H.  tireenhow,  MM.  F.R.S.) 
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ADENO-CARCINOMA.     See  Ourinoina. 

ADENO-CYSTOMA.     See  Ci/xUmn. 

ADENOID  VEGETATIONS.     See  TonKih.  P/,„n/nf/,'<il. 

ADENOMA. — Ailciiniiiii  is  tlic  lerni  iip])liiMl  to  a  new 
gniwili  (in'i;iii;Uiii^'  in  ,i;laiKlul;ir  epillirliiini  ami  eorre- 
spoiidiiij;  ill  liist(ili>ij;ical  .stniclure  uitli  tlie  jceiieral  type 
of  ;rlaml  tissue. 

Every  new  formation  of  glandular  tissue,  every  glandu- 
lar hyperplasia,  eaiinot  be  regarded  as  an  adenoma,  and 
sometinies  it  is  impo.ssible  to  s;iy  whether  an  apparent 
growth  is  a  simple  hyperplasia  or  a  tumor.  A  gland 
which  is  inereased  in  size  in  eonseipienee  of  exei'ssive 
nutrition  and  fuiietiou  cannot  be  ealkil  au  adeiiouia,  but 
must  be  coiisidered  a  hyperplasia. 

In  the  same  way  must  be  considered  those  formations 
in  mucous  membnuies  whicli  frei[ueiitly  develop  in  con- 
sequence  of  chronic  inllamniation  and  take  the  form  of 
tumors.  These  are  local  new  formations  which  project 
above  the  suifaox'  in  the  form  of  polyjii  or  pa]iiliary 
masses.  The  new  growth  eommeiiees  in  the  coiineeti\-e 
tissue,  and  the  epithelium  also  takes  jjart  in  that,  by  the 
increase  of  the  surface,  the  covering  epitheliuiu  also  must 
increase.  If  there  are  glands  present  tlicir  duels  are 
usually  obstructed,  and  cysts  are  formed  with  papillarv 
projections  within  them.  This  must  lie  considered  .-ini- 
jily  as  a  growth  due  to  chronic  irritation,  and  as  enlirdv 
di.stinct  from  the  true  glandular  polyp  of  the  mucous 
nienibranes  in  which  a  formation  of  new  glands  uctuallv 
occurs.  Clinically,  these  can  usually  be  distinguished, 
for  the  simple  polyp  disappears  when  its  cause,  chronic 
irrital  ion,  disappears. 

Ivnoi.oov. — The  causation  of  adenomata  is  obscuri', 
though  [irobably  no  more  so  than  that  of  new  growths  in 
gcneriil. 

In  some  forms  congenital  misplacement  of  tissue  elc-- 
ments  appears  to  play  an  important  pan.  Thus  in  the 
kidney,  adenomata  sometimes  are  found  which  correspond 
in  structure  to  the  adrenal.  These,  as  pointed  out  bv 
Grawitz.  develop  from  aberrant  remnants  of  the  adrenal 
enibediled  in  the  kidney  suixstance.  This  is  also  true  of 
adenomata  corresponiling  to  the  structure  of  the  niamnia 
occasionally  seen  in  the  axilla,  and  of  the  rather  unusual 
substernal  tumors  in  which  a  tissue  similar  to  that  of  the 
thyroid  body  is  found.  Here  it  is  probalile  that  the  the- 
ory of  embryonic  remains  of  Cohnheini  gives  the  true 
e.\planation;  tlie  tumor  in  each  of  these  instances  devel- 
ojis  from  embryonic  fragments  which  become  sejiaraled 
from  the  gland  in  its  development.  .Mthoiigh  in  certain 
locations,  as  the  stomach  and  reclinii.  tlu'  adenomata 
appear  to  bear  out  Vircliow's  irritation  theory,  in  other 
locations  they  olfer  it  no  support  at  all. 

The  parasitic  theory  receives  absolutely  no  support 
from  the  adenomata,  for  it  is  imiiossible  to  conceive  of  a 
vegetable  or  an  animal  parasite  causing  the  rcproduclion 
of  delinite  gland  tubules. 

V.viill'-.Tllcs  .\ND  STiU(Ti-i!F.. — The  a|)pearaiice  of 
adenomata  varies  greatly  with  their  location.  Naturally, 
any'  particular  cell  or  arrangement  of  cells  cannot  iie 
described  as  peculiar  to  this  tumor,  any  more  than  any 
typit  of  cell  can  be  regarded  as  charaeterislie  of  all 
physiological  glandular  structures.  The  ailenomata  dif 
fer  from  one  another  in  structure  as  much  as  the  structure 
of  the  liver  differs  from  that  of  the  lachrymal  gland. 

In  the  stomach,  intestine,  and  uterus,  in  a  general  way. 
the  epithelial  cells  are  arranged  as  tubular  acini  with  a 
ci'iilral  lumen,  the  cells  generally  occurring  in  one  layer, 
though  there  may  be  more.  The  acini  arc  separated  from 
one  another  by  connective  tissue  in  which  the  blood  ves 
sels  and  lymphatics  are  borne.  Why  the  cells  in  their 
growth  should  grow  as  tubules  instead  of  breaking 
through  the  ba.sement  membrane  and  forming  atypical 
groups  of  epithelial  cells,  as  is  .seen  in  the  form  known  as 
adeiio  carcinoma,  isdillieult  of  exjilanation.  It  is  probable 
that  the  inherent  tendency  thus  to  develop  is  not  early 
influenced  by  their  altered  environment.     That  Ihev  do 


not  break  tlirougli  and  grow  as  carcinoma  is  frequently 
seen  in  some  largiiand  rapidly  growing  adenomata.  The 
cells  lining  the  tubules  may  be  columnar  or  cuboidal, 
a<rordiiig  to  the  gland  from  which  the  tumor  develop.s. 
In  addition  to  the  tubular  form  there  is  an  uneonunon 
variety,  the  raeemo.se  adenomata,  in  which  the  appear- 
ance is  that  of  a  complicated  gland  strueturi-  with  closely 
aggregated  acini  of  circular  outline  containing  columnar, 
cuboidal,  or  jiolyhcdral  cells. 

Then,  again,  in  the  liver,  kidney,  and  adrenal  occur 
adenomata  rescnibling  more  or  less  clo.sely  the  normal 
siructure  of  those  organs. 

As  in  any  other  e|>ithelial  tumor,  the  relation  between 
the  e|iithelial  cells  and  the  conneelivc  tissue  varies. 
When  the  dcvelojiiuent  of  tlii'  connective  tissue  is  ex- 
cessive, far  beyond  that  of  the  normal  gland,  it  must 
receive  some  recognition  in  naming  the  innior.  for  it  is  as 
truly  new  formed  ;is  is  the  epithelial  portion;  in  such 
cases  it  ise.illcd  an  adeiio  tibroma.  When  thisconiicelive 
ti.ssiie  is  especi;illy  abundant  in  ci'lls  and  reiire.seiils  an 
embryonic  tissue,  the  term  adeno-sircoma  is  used.  In 
the  ovary  occurs  an  adenoma  in  which  the  jicini  line  cyst 
cavities.     This  is  termed  an  adeno-cysloma. 

.Vileiiomata.  as  far  as  known,  do  not  contribute  to  the 
body  metabolism.  That  there  is  a  partial  )iri'servation  of 
function  is  occasionally  seen.  In  theadeiiomaof  the  liver 
sometiiiicsa  biliary  pigmentation  occurs;  in  the  adenoma 
of  the  breast  there  may  be  a  .secretion  of  milk  like  llnid; 
in  the  adenoma  of  the  intestine  the  tubules  may  cont.ain 
mucus;  in  the  adenoma  of  the  thyroid  colloid  material 
may  collect.  But  these  substances  remain  in  the  tubules 
in  which  they  are  formed,  and  take  no  part  in  the  general 
metabolism. 

SKcoMi.MiY  Cii.v.Ndics. — .Vll  forms  of  (Icgc-neralion  are 
common  in  adenomata.  Hyaline  transformation  may 
give  the  tumoran  apjiearance  justifying  the  term  "cyliii- 
dronia."  This,  however,  is  rare.  Jlyxomatoiis  and  cal- 
I'areous  degenerations  occasionally  oecnr.  Cystic  change 
may  result  from  gradual  dilataiion  of  the  glandular  acini. 
Hemorrhages  are  common,  and  on  free  .suifaces  ulcera- 
tion is  freipieiil. 

The  most  important  change,  however,  is  a  c'lrcino- 
inalous  transformation.  This  is  especially  common  in 
the  sloniach.  inlesliiic.  and  uterus.  The  prolil'i-ration  of 
the  epithelial  cells  becomes  excessive:  the  acini  become 
more  abundant  and  irregular;  the  cells  depart  liom  their 
tubular  arrangement  and  grow  as  .solid  epithelial  masses 
outside  the  acini,  forming  an  adeno-carcinoma.  or.  asZieg- 
lernamcd  it.  m/t  ii"iii"  'I'xfnK/ia,  The growth  may  event- 
ually become  purely  carcinomalous.  but  it  usually  retains 
more  or  less  its  adcnomatons  type. 

(Jionkh.m,  ('ii.\it.\iTi':i!. — The  rapi(jily  of  growth  of  an 
adenoma  dilTcrs  in  various  parts  of  the  liody  in  whicli  it 
has  its  scat,  anrl  the  .s;inie  lioUls  true  for  its  malignancy. 
There  are  U-w  which  can  be  considered  as  strictly  benign 
tumors.  The  jmre  adenoma  .seen  in  the  liver  may  fonn 
metastases  in  the  s]ile(n  and  less  freipienlly  elsewliere. 
Fatal  metastases  from  adeiiomalti  of  the  tliyroiil  liave 
been  reported.  In  the  sweat,  sebaceous,  and  lachrymal 
glaiidsthetumor  usually  grows  slowly,  rcm.-iins local,  and 
may  be  considered  benign.  In  .some  local  ions,  although 
adcnomala  never  produce  metastasi's.  they  may  endanger 
life  by  their  size,  as  in  the  ovary:  or  may  obstruct  im- 
portant canals,  as  in  the  intesline;  or  may  <anse  gri-al 
distigurcmeiil.  as  displacement  of  the  eye  in  adenoma  of 
the  lachrymal  gland.  The  general  health  may  also  be 
iiilluenceil  by  interference  with  the  normal  function  of 
the  organ  in  which  they  are  located,  or  in  consei|Uence 
of  ulceralion  and  hemorrhage.  There  are  few  tuiiKas 
more  malignant  than  llieadeiioiiiata  of  I  he  intestinal  tnicl. 
Thi'V  exlcnil  rapidly,  intiltrating  all  coals  of  the  intesline. 
and  fre(|Uenlly  prodmc  metasiases  in  Ihe  liviT.  Their 
malignancy  does  not  always  depend  on  carcinomatous 
transformation,  for  some  of  the  most  dislniclive  tumors 
of  this  canal  are  pure  adenomata. 

As  regards  the  terms  Malignant  .\denoma  and  Adeno 
carcinoma,  it  seems  besi  to  use  the  former  in  designating 
tlio.se  growths  in  which,  although  there  is  extensive  iiifil- 
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tration  of  siiiTouiuliii!;  tissue  ami  even  the  formation  of 
metastases,  tlie  luin<ir  still  retains  its  glandular  type  ;  and 
to  use  the  term  Aili'no careinoma  for  those  forms  in  which 


Fig.  36.— Benlsra  .\denoma  of  Small  Intestine.     X  10  diameters. 

the  cells  depart  from  the  tubular  aiTangemeut  with  tlie 
foiTnation  of  distinct  cancerous  areas. 

The  principal  locations  in  wliicli  adenomata  ma.y  occur 
and  brief  descriptions  of  their  characteristics  dependent 
on  location  and  origin  are  given 
below : 

Skin. 

Adenomata  of  the  skin  are  rare. 
They  may  develop  from  the  seba- 
ceous or  from  the  coil  glands. 
They  grow  slowly  and  are  practi- 
cally alwa^'s  benign.  Adenomata 
of  sweat  glands  are  found  in  vari- 
ous parts  of  the  body,  Imt  ]iriu- 
cipally  on  the  face,  where  they 
are  of  a  dirty  grayish-white  color 
with  nodular  surface.  Histologi- 
calh',  coils  of  dilated  ducts  are 
seen,  from  which  degenerated  epi- 
thelium can  be  squeezed.  Cam- 
piniri  (llSft.))  describes  cystic  and 
carcinomatous  changes  in  such 
tumors.  Adenomata  of  sebaceous 
glands  appear  principally  on  the 
face  and  are  usually  of  con- 
genital origin.  They  appear  as 
small,  roundish,  convex  pajiuli  s.  of 
bright  color,  and  in  old  i)e"iile  are 
often  associated  with  fibromata. 

"Whitney  has  described  an  ade- 
noma of  sebaceous-gland  origin 
which  was  the  size  of  an  orange 

and  contained  large  cavities  filled  with  a  material  resem- 
bling butter  in  its  color,  consistence,  and  general  appear 
ance.  (Consult  also  the  special  article  on  Adcnvniu  of  the 
Skin.) 

Mucous  Me.MI5R.VNES. 

JfoKlJi. — Adenoma  of  the  mucous  glands  of  the  mouth 
is  verv  rare.     It  occurs  as  isolated  nodes  and  in  sonic 


cases  gives  rise  to  macrocheilia.     Adenomata  of  the  sali- 
vary glands  have  beiu  reported. 

Liiri/iiJ-  (fill!  Uriiitflii. — A  few  ca.ses  have  been  reported 
of  benign  adenomata  arising  from  the  mucous 
glands  of  tliese  organs.  Eber(1896)  has  reported 
several  cases  in  the  bronchi  of  sheep.  They 
occur  as  irregular  nodular  growths. 

Stomnrh  (mil  Iiitcntinc. — Small,  apparently  be- 
nign adenomata  are  sometimes  seen.  The  ma- 
lignant adenomata  and  the  adeno-carciuoiuata  are 
the  most  im]iiirtant  forms.  They  start  as  soft 
nodular  growths  which  break  down  readily  and 
ulcerate.  They  infiltrate  all  coats  and  may  cause 
perforation,  jletastases  in  the  liver  may  occur, 
and  there  is  sometimes  a  direct  extension  to  ad- 
jacent organs,  as  from  stomach  to  pancreas.  In 
the  large  intestine,  of  all  forms  of  new  growth, 
this  tumor  is  the  most  common  cause  of  chronic 
intestinal  obstruction.  Histologically,  they  may 
be  made  up  of  dilated,  irregularly  branching 
tubules  presenting  a  single  layer  of  cylindrical 
epithelium — in  the  stomach  originating  from  the 
gastric  tubules,  in  the  intestine  from  the  glands 
of  Lieberkiihn;  or  in  addition  to  this  structure 
there  may  be  irregular  solid  masses  of  epithe- 
lium, the  result  of  great  proliferation  of  epithelial 
cells  and  destruction  of  the  basement  membrane. 
In  the  large  intestine  the  locations,  in  order  of 
frequency,  are  the  rectum,  the  sigmoid,  splenic 
and  hepatic  flexures  of  the  colon,  and  the  c«cum. 
In  the  small  intestine  adenoma  is  occasionally 
found  in  the  duodenum  at  the  papilla  marking 
the  orifice  of  the  bile  duct. 

Vxlra. — Benign   adenomata  arising  from  the 

glands  of  Bartholiui  have  been  reported.     Kelly 

describes  an  adeno-carcinoma,    as  largo  as   an 

orange,  of  the  vulvo-vaginal  glands. 

L'rinarti  Bladiki: — Adenomata  of  this  organ  are  rare. 

They  may  be  sessile  or  pedunculated,  smooth  or  lobular, 

benign  or  malignant.    It  is  not  easy  to  explain  their  origin. 

UfervK. — Adenoma  originates  eenerally  in  the  body  of 


FIG.  37.— Mallynant  .\denoma  of  Rfotinii 


10  diameters. 


the  uterus,  but  occasionally  in  the  cervix.  It  may 
rapidly  infiltrate  the  myometrium  and  may  produce 
nodules  on  the  peritoneal  surface.  It  has  the  usual 
glandular  structure  and  a  small  amount  of  fibrous  stroma. 
Carcinomatous  areas  may  develop. 

Occasionally  a  benign  polypoid  adenoma  may  be  seen. 
but  it  is  often  ditlicult"  to  distinguish  this  from  a  hyper- 
plastic glandular  endometritis. 
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Ailt'iioiiia. 
Adt-llollia. 


Fli;.  38.— Malignant  Atifnoiua  of  Rectum,    lirrallv  niaL'iiillcd  in  urdi-r  to  sbow  cliaractKr  and 
an-mgement  uf  the  newly  furinid  glands. 
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portion  of  tlio  adrenal.  The  cells  are 
tilled  Willi  fat  j.'raindes.  Active  pro- 
lil'eialioii  may  occur  with  tendency 
to  niali;rnancy.  The  observations  of 
AsUanazy  aiid  Liibarsli  indicate  lliat 
nialii^iiant  tumors  rescndilins  carci- 
nomata  may  develop  from  these 
gi-owths. 

Adenomata  arising  from  retial  tu- 
bules are  lare.  Tliey  originale  in  the 
convoluted  tnbides,  and  appear  as 
vei-y  small  nodular  masses,  Ihotifrli 
they  Romeliines  may  reach  a  diameter 
of  ;i  to  4  cm.  'riicy  ai'c  distinctly 
ineapsulaled.  The  cells  may  be  cil- 
"  iidal  or  may  liec'ime  cylindrical,  and 
ire  ari-an;;cd  in  tbe  form  ot  single- 
tubules;  the  {rlomcridi  and  dilferent 
Ivpcs  of  tubtdes  are  never  repro- 
.fiiced. 

A  jirijiillifiri'im  ri/xlir.  (uJcnoma,  a 
small  lumorwilli  fibrous  capstde  in 
which  tlu;  lining  <-iiilhelium  is  ele- 
v,-iled  in  a  paiiillomatous  manner,  i.s 
occasionally  seen. 

Ailniiiil. — Aifiiwma  of  ndirnnl.  or 
sirnina  lljtoinitiimt  an ])r(irf  Italia  of  Vir- 
cliotc,  generally  develops  from  the  cor- 
tex as  an  irregular  nodular  growth, 
yellowish  or  pale  brown  in  color.  It 
may  I'emain  small  or  may  completely 
liestroy  the  organ,  sometimes  attaiii- 
ing  a  vci-y  large  size.  The  cells  re- 
semble those  of  the  nonnal  gland  in 
stru(-iurc,  but  arc  large,  pale,  ami 
gi-amdar.  as  though  lllled  w  iih  (ine 
fat.  granules. 

Jii-iiist. — .^[a^y  tumors  of  the  breast 

combined  with  the  formation  of  cysts 

described  nndi.T  the  name  of  adenoma."  In 

the  tumor  is  generally  a  tibroma  or  a  sar- 
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ADf;xoM.v  IX  Solid  Viscek.v. 

Lirir. — Aden(jmata  of  this  organ 
are  rare.  They  may  occur  in  the 
nonnal  or  in  the  cinhotic  liver,  and 
appear  as  small,  grayish-white,  red- 
dish, or  brown  miliary  solitary  or 
multiple  ai'cas.  They  are  made  up  of 
tortuous,  blanching.  gland-liUe  tu- 
bules of  newly  formed  trabccul;T!  f)f 
liver  cells,  not  arranged  as  tyjiical 
liver  lobules.  The  cells  are  large. 
pale,  and  finely  granular.  Tiiey 
arise  from  prolifei-ation  cither  of 
liver  cells  or  of  the  cells  of  the  bile 
capillaries.  The  larger  ones  have  a 
distinct  capside.  Some  writers  be- 
lieve that  they  may  become  careino 
matous. 

Another  and  rare  form  is  the  adeno- 
cystoma, which  is  made  up  of  cysts 
containing  a  colorless  fluid,  the  walls 
of  the  cysts  being  covered  by  gland- 
ular epithelium.  This  form  probably 
originates  from  the  bile  duets. 

Kiiliifi/. — Coiif/i'nitiil nilciioma,  stru- 
ma ohfrnitn  anprnrcnnUx. — .\s  .shown 
by  Grawitz,  this  tumor  develops  fiom 
fragments  of  the  adrenal  body  which 
in  the  development  of  the  kidney  be- 
come incorporated  in  its  substance. 
The  tumor  is  small,  grayish,  and 
generally  just  biMieath  the  capsule. 
Histologically,  it  consists  of  large 
pale  c[iitliclial  cells  arranged  in  tu- 
bules similar  to  those  of  the  cortical 
Vol..   I.— 8 
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Fig.  40.— Papillary  Adeno-Cystoma  of  Ovary.    X  10  diameters. 

coma,   and  has  grown  into  the  ducts  of  the  gland  as 
papillary  projoctions.     These  are  covered  by  the  lining 
epitheliiiin,  which   they  push  ahead  of  them   in   their 
growth,  and  which  increases  in  consequence;  but   this 
is    only  secondary,  and   these 
tumoi's   should   be   considered 
as    connective  -  tissue     forma- 
tions. 

A  diffuse  enlargement  of  the 
breast  due  to  uniform  increase 
in  the  glandular  elements  has 
occasionally  been  described 
under  the  name  of  diifuse  ade- 
noma. This  condition  is  bilat- 
eral, usually  occurs  about  the 
time  of  puberty,  and,  strictly 
speaking,  is  a  hyperplasia  and 
not  a  new  growth. 

The  tnte  mlenoma  is  unilat- 
eral, definitely  circumscribed, 
and  encapsulated.  It  usually 
occurs  in  young  women,  start- 
ing as  small  nodes  in  the  up- 
per or  outer  quadrant  of  the 
gland.  It  liecomes  nnmd  or 
oval  in  shape  and  sometinics 
grows  to  consi(leral)le  size, 
though  usually  small.  On  sec- 
tion it  is  uuiforml}'  smooth, 
grayish  white,  and  cpiite  firm, 
though  occasionally  it  is  soft 
and  slightly  nodular. 

Histologically,  it  may  be 
compcsed  of  acini  or  of  ducts 
lined  by  cylindrical  e])illicli- 
um.  The  stroma  is  fibrous 
and  varies  greatlv  in  character 
and  amount,  but  is  looser  and 
more  cellular  than  that  of  the 
normal  gland.  According  to 
the  character  of  the  intergland- 
ular  tissue,  it  may  be  an  ade- 
no  -  fibroma,  adeno  -  myxoma, 
adeno-sarcoma,  etc. 

Adeno  -carcinoma  is  generally 
considered   to  be  an  "unusual 


form  of  breast  tumor.  Hal- 
sted  (1898),  however,  re- 
ports five  occurring  in  a 
series  of  one  hundred  and 
fifty  breast  cancers.  Accord- 
ing to  Halsted's  observa- 
tions, these  growths  differ 
from  ordinary  cancer  of  the 
breast  in  that  they  are  softer, 
more  pedunculated,  and  dis- 
charge a  peculiar  serous  fluid 
when  ulcerated.  Histologi- 
cally, they  are  composed  of 
\  cry  large  tubes  lined  by  epi- 
tlieiiimi  many  laj'ers  deep. 
In  three  of  Halsted's  cases 
the  growth  was  pure  adeno- 
ma (malignant  adenoma)  ;  in 
the  others  carcinomatous 
areas  were  present.  Meta- 
stases in  the  axillary  l3-mph 
nodes  were  found  in  none. 

Oriin/. — The    multilocular 
cystailenonia  is  the  common- 
est tumor  of  the  ovarv.  and 
the  one  usually  attaining  the 
greatest     size.      It    may    be 
small  or  it  may  weigh  a  hun- 
dred pounds  or  more.     It  is 
a  benign   tumor  and  never 
produces     metasta,ses.      The 
surface  may  have  no  epithe- 
lium, or  it  may  have  a  single  layer  of  Hut  epithelial  cells.  , 
The  numerovis  cysts  of  varying  size  which  make  up  the 
mass  are  lined  on  their  inner  surface  by  a  single  layer  of 
cylindrical  cells,  often  ciliated.     The  nuclei  are  oval  and 
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Fig.  41.— Papillarv  Ailenn-Cvst<iraa  of  Ovary.  More  strongly  masnifled  than  FiR.  40,  in  order  to  show 
evst  wall:  papillary  ini-Townis  of  ronnectivi'  tissue;  opitlielium  liuinff  papillary  projections.  As 
seen  iu  oioss  section  this  eplUielial  sti'ucture  gives  the  apix-arauce  of  a  glandular  growth. 
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placi-il  near  the  basement  membrane.  Some  of  llie  eclls 
may  be  swollen  ami  lilleil  with  clear  eoiitenls,  jrivinij 
them  lheai)pcarance  of  irol)Iet  cells.  'rhe( ontaineci  tliiicl 
i.s  thick,  viscid,  somclimes  jellv  like,  and  may  be  color- 
less, or,  if  there  has  been  hemorrhairc,  yellowish  or  red- 
dish brown.  This  lliiid  is  formed  by  seen'tion  from  the 
epithelial  eclls,  by  the  transiuUition  of  ,sernm  from  the 
blood- ves.sels,  an(i  by  the  degeneration  of  (lie  epilhelial 
{■ells.  The  most  important  ehemieal  substance  in  the 
fluid  is  pseudonuicin.  a  true  secretion  of  the  newly  formed 
epithelial  cells.  It  does  not  occur  in  the  normal  ovar\-, 
in  dropsical  (iraafiaii  follicles,  or  in  the  parovarium. 

Caleihcation  or  necrosis  of  the  cyst  wall  may  occur  as 
secondary  ehanires.     Both  are  unusual. 

The  pdjiitlifi  rriiis  (idi  /lorj/xtiii/iii  is  characterized  by  an 
ingrowth  into  the  cyst  of  a  papilliferous  comieclive  tissue 
covered  with  e|)itlieliiun.  On  cross  section  the  ai)pear- 
auce  is  that  of  gland  tubules.  The  papillary  growths 
may  be  prominent,  or  they  may  apiiear  sinii>ly  as  Hat 
exere.seenees  on  the  surface  of  the  cysts.  The  eiiilhcliuiTi 
is  similar  in  character  to  that  in  the  multiloeular  adcno 
C3'stomata.  .•This' tuntor  is  not  malignant  in  the  ordinarx' 
sense;  but  after  rupture  of  the  cysts  a  local  growth  on 
the  neighboring  peritoneum  may  occur. 

These  growths  are  supjioseil  to  originate  from  the 
epithelium  of  mature  or  residual  embry<inic  follicles  or 
from  the  germinal  cpilhcliinn  of  the  ovary.  I'lluger  has 
pointed  out  the  glandular  structure  of  llie  inary,  and 
Spiegelberg  and  Langhans  have  shown  in  the  ovary, 
even  after  birth,  residues  of  its  embryonic  glandular 
structure,  J)oran,  as  a  residt  of  his  investigations,  be- 
lieved that  the  tumor  might  originate  in  childhood  <ir 
even  in  the  intrauterine  iieriod.  Williams  stales  that 
the  pa]iillarv  adeno-cystomata  originate  from  the  epithe- 
lium on  the  surface  of  the  ovary  fir  from  that  of  the 
Graafian  follicles,  or  from  both, 

Adeno-earcinoina  of  the  ovary  may  originati'  in  the 
ovary,  may  develop  in  a  ])aiiilliferous  adeno-eysloma,  or 
may  be  secondary  to  a  similar  growth  in  the  uterus. 

Tln/r'n'il. — Aside  from  the  liyper])lastie  changes  asso- 
ciated with  the  condition  known  as  goitre,  circumscrilicd 
adenomatous  tumors  of  the  thyroid  occur.  Theseappear 
as  soft  nodular  growths  eompo.sed  of  glandular  tubules 
lined  by  tall  cylindrical  e|iithelinm.  \Vilhin  these  tnliuli'S 
papillary  growths  sometimes  appear  (adenoma  pa|iillif 
erum) .  ^Vithin  the  tubules  is  seen  the  colloid  material 
characteristic  of  the  normal  thyroid.  Although  this 
tumor  is  one  of  the  purest  types  of  adenoma,  it  may  pro- 
duce metasta.ses.  It  may  also  by  direct  extension  invade 
the  structtiri^  of  the  laryn.x. 

Tiiitir/t. — The  form  of  tumor  as  it  occurs  in  the  testicle 
is  generally  known  as  eystadenoma.  It  may  occur  in 
theehild  or  in  thi^adult.  It  is  attrihuted  by  .some  wiiters 
to  error  in  develo])ment.  Two  formsare  recognized.  In 
one  the  tnbides  are  lined  by  cylindrical  cells  which  soinr 
times  have  cilia,  their  contents  being  a  clear  or  lilnod- 
tinged  slimy  fluid;  in  the  other  the  epithelium  is  strati- 
fied and  the  contents  a  greasy  substance  with  many  fatly 
eiiilhi-lial  cells.  The  grouth  usually  slarls  in  the  testi- 
cle and  may  atttiin  a  large  size.  Instances  of  careino- 
matous  changes  have  been  reported. 

Priixtdtf. — The  tiunor  usually  occurs  in  this  organ  as 
an  adeno  carcinoma  and  is  rare.  It  apjiearsas  soft,  noilu 
lar  masses  which  ]irojeet  into  the  urethra  or  neck  of  the- 
bladder  and  invade  surrounding  tissues.  I'leeration  is 
fre(iuent.  and  when  it  occurs  is  accompanied  by  copious 
hemorrhage. 

I'itiiitiii-ji  IIihIi/. — Adenomata  of  this  structure  are  nire, 
lint  are  occasionally  reported  in  connection  with  cases  of 
aerimiegaly.  They  may  be  as  large  as  a  jiigeon's  or  lien's 
egg;  may  protrude  from  the  sella  turcica,  press  on  the 
brain,  and  extend  even  into  the  ventricles.  Histologi 
CJilly,  they  are  made  up  of  large,  tortuous,  sometimes 
branching  tubes  lined  by  epithelial  cells. 

Pii/icnax. — .\denomata  of  this  gland  are  not  common. 
They  are  generally  of  the  raeeinosr  type.  Cesaris  Dcmel 
(IS!)."))  re])ortsa  distinctly  encapsulated  adenoma  thi'  size 
of  a  dove's  egg  iu  an  atrophied  pancreas.     The  cells  were 


irregular  and  primitive,  occurring  in  one  and  sometimes 
in  several  layers,  generally  arranged  in  alveoli. 

J.iir/i n/miil  (JIiiidI. — Adenomata  of  this  gland  are  not 
very  connnon.  They  genenilly  occur  in  persons  of  ad- 
vanced age.  By  |iressiue  they  may  interfere  seriously 
with  the  movements  of  the  eye.  They  do  not  lend  to 
become  malignant  and  are  ordy  troublesome  on  account 
of  their  size.  Adeuo-carc  inoma  has  been  reported,  but  is 
very  rare. 

J'imiil  Ohiiitl. — The  oceiuTence  of  sidenomata  of  this 
body  is  occasionally  referred  to  in  the  literature. 

llicliiirtl  Milh  Peiiri-r. 

ADENOMA  OF  THE  SKIN.  — Adeimniatons  jirolif- 
eration  of  the  cutaneous  Ldaiids  is  an  e.Mremelv  rare 
occurrence,  and  it  is  only  within  a  coin parativelv "recent 
liiriod  that  the  condition  has  been  recognized.  Hvper- 
trophy  of  the  skin  glands,  on  the  other  hand,  is  a"  con- 
comitant of  many  chronic  local  distin-baneesof  nutrition, 
and  doubtless  in  some  of  the  eases  recorded  as  adenoma 
there  has  been  confusion  l)etwe<-n  this  condition  and  liv- 
liirtropliy.  The  considerations  involved  in  the  dilfereii- 
tialion  of  hy|)ertro])liy  and  adenoma  have  been  discn.ssed 
in  the  preceding  article. 

Adenomata  of  the  skin  naturally  fall  into  two  clas.ses: 
ailenoma  of  fiu'  sebaceous  glands  (ndi hoiiki  Ktlmceiim), 
and  adenoma  of  the  sudoriparous  glands  (iidciioniii  Kudo- 
n'liiiriiiii). 

.•\i)i''.NOM.\  Si;iuci:iM. — (Synonyms:  Vt;/<'l<itii,n  taxoi- 
hiire  [Bayer] ;  Xirci  ntKnilnirixit  //njiilluin-i  |\'iilal]:  Ade- 
noma of  the  sehaeeous  glands;  Sleafadenoma;  German, 
'J'dhjdrn.'^i  iituh  noin  ;  Ki'ench,  Aflein'itu  t</'fttt<'t'.) 

The  earliest  recorded  cases  of  the  disease  are  foinid  in 
th(?  wrilings  of  Bayer  and  of  Addison  and  Gull,  who, 
however,  failed  to  interpret  correctly  the  anatomical  con- 
dition, which  Balzer  was  the  first  to  recognize,  though 
Balzer's  case,  euiiiMLsly  enough,  has  be<'n  shown  by  later 
investigators  to  be  one  of  acanthomaadcnoides  cysticutn. 
Cases  have  since  been  described  by  Hallopeau  and  Vidal 
in  France,  Mackenzie,  I'ringle,  .lamieson.  and  Crocker  in 
Kngland,  and  Cas|iary  and  15oeck  in  Germany.  The  only 
c;ise  recorded  in  America  has  been  described  by  the  pres- 
ent writer. 

The  disease  manifests  itself  in  the  form  of  small  mul- 
tijilc  benign  tumors,  which  may  be  distributed  generally 
on  the  face,  but  occur  most  fre(|uenlly  at  the  sides  of  the 
nose.  Their  distribution  is  usually  fairly  .symmetrical. 
bvU.  in  .lamieson's  iuicl  one  of  Crocker's  cases  Ihey  were 
limited  to  one  side  of  the  face,  and  in  my  own  case  the 
lesion  was  in  the  form  of  a  linear  patch  on  the  forehead. 
The  lesions  in  some  cases  were  ])resent  at  birth  or  ap- 
peared in  inf.ancy  ;  but  a  more  active  growth,  as  to  nuin- 
Ijcr  and  size  of  the  tumors,  has  been  noted  at  the  time  of 
pubertv'.  In  Caspary  s  ease  and  in  my  own  they  did  not 
appciirunfil  the  seventeenth  and  the  nim-tecntli  year  rc- 
siiectively.  Th<'  individual  growths  seldom  luidergo 
any  change  after  they  have  attaini'd  their  development, 
though  involution  of  a  few  of  the  nodules  with  rcsulling 
faint  eicatriees  has  been  noted. 

The  little  tumors  vary  in  size  from  1  to  .'i  nun., 
are  usually  round  and  convex  in  shape,  and  the 
epidermis  over  them  may  be  smooth  or  have  ti  rough  and 
somewhat  warty  appearance.  Their  color  m;iy  be  that 
of  the  normal  skin,  orlhey  may  have  a  brownish  or  evi-n 
bright  red  hue.  The  coli'ir  depi'iids  gr<;itly  on  the  Jires- 
(■nee  or  absence  of  telangie<taM-s.  which  often  appe.-ir  as 
line  lines  r;imifying  over  theii  surface,  and  in  some  cases 
may  form  so  slriking  a  part  of  the  tumor  as  to  give  the 
whole  the  appe;iiani-e  of  a  Viiscular  n.ivus.  In  Vidal's 
case  and  in  mine  there  was  cystic  degi'neriition  of  a  jvart 
of  the  tumors,  giving  the  appearance  of  small  yellow 
nodules  from  which  on  iiicisjun  a  drop  of  inspissated 
sei>ac<'ons  matter  eonlil  be  S(|ucezed.  Some  importance 
has  been  altaclii'd  to  the  fact  that  in  many  of  the  eases 
there  were  other  striking  abnormalities  of  the  skin: 
warts,  piixmi-nted  and  hairy  na'vi,  and  small  pendulous 
fibromata  indiiatinga  congiiiital  tendency  to  malforma- 
tions of  the  skin.     It  is  probably  only  a  eoiucidenee  that 
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many  of  the  eases  liave  oeciucd  in  poisons  of  d(!ticient 
intelligence,  some  of  them  epilepties. 

A/iiit(iiii)/. — I'luier  the  niicniscope  llie  entire  tumor  is 
seen  to  be  composed  of  larner  and  smaller  masses,  which 
bear  tlie  clo.sest  resemblance  to  the  acini  of  normal  seba- 
ceous glands.  It  is  indeed  only  in  the  great  number,  ex- 
tent, and  c()m]dex  arrangement  of  the  lobidesthal  an  ab- 
normal condition  becomes  apparent.  In  some  cases  solid 
epithelial  buds  are  given  oft'  from  existing  sebaceous 
gland  acini,  and  the  cells  of  these  buds  later  undergo  the 
pecidiar  fatty  changes  indicative  of  the  glands  from 
whieli  tliey  take  their  origin.  Unna,  who  draws  a  very 
sharp  distinction  between  hypertroiiliy  and  adenoma 
of  the  sebaceous  glands,  regards  all  the  jniblished  cases 
with  one  exception  as  examples  of  hypertrophy. 

The  treatment  of  the  condition  is  indicated  only  for 
cosmetic  purposes.  A\'heu  the  lesions  are  few  in  number 
they  may  be  removed  by  excision,  by  scarification,  or  by 
electrolysis.  "When  they  are  ver_y  numerous,  an}'  form  of 
operative  interference  is  inadvisalile. 

Adenom.v  SuD0iiii".\RrM. — (Sjnonyms:  Adenoma  of 
the  sweat  glands;  Spiradenoma;  Syringadenoma;  Ger- 
man, SchweissdrUseiuidenom ;  French,  Adenmne  siidori- 
pare.) 

The  disease  which  has  been  described  under  the  various 
names  of  hydradenomes  eruptifs,  sj'ringocystadenoma, 
epithelioma  or  acanthoma  adenoides  cysticum,  etc.,  and 
which  Avas  formerly  regarded  as  an  adenoma  of  the  sweat 
glands,  is  now  known  to  have  no  connection  with  these 
structures.  The  reader  is  referred  to  the  article  on 
EpitheUfima  of  the  Skin  for  an  account  of  this  con- 
dition. 

In  view  of  tljc  fact  that  the  sweat  gland  is  an  approxi- 
mately uniform  cylindrical  tube,  the  distinctidU  between 
hypertrophy  and  adenoma  of  these  glands  can  rea<lily  be 
made.  Any  deviation  from  the  typical  structure  in  tlie 
form  of  lateral  budding  or  outgrowth  sulHees  to  consti- 
tute adenoma,  providing,  of  course,  that  the  new  forma- 
tion does  not  break  through  the  membrana  propria  of  the 
glaiid.  From  this  point  of  view  a<lenoma  of  the  sweat 
glands  is  by  no  means  a  rare  occurrence.  It  is  frequently 
found  in  coimectiou  with  other  diseases  of  the  sUin, 
especially  in  association  with  tumors  and  malformations 
of  the  blood-vessels  of  the  cutis  and  hypoderm.  and 
with  cancers  of  the  skin.  Under  these  circumstances, 
however,  the  adenoma  contitutes  merely  an  interest- 
ing nii(.Toscopical  condition  without  gix'ing  rise  to  any 
clinical  symptoms.  In  these  cases  the  adenomatous 
formation  affects  only  the  coileil  portion  of  the  gland, 
and  it  is  a  noteworthy  fact  that  in  all  the  observations 
hitherto  recorded  there  has  been  a  sharp  distinction  be- 
tween adenoma  of  the  coil  and  adenoma  of  the  duct. 
This  distinction  has  given  rise  to  the  terms  spiradenoma 
and  syringadenoma.  Adenomata  of  the  sweat  glands 
occurring  independent  ly  are  of  extremely  rare  occurrence. 

Unna  in  his  "  Histopathology  "  was  able  to  cull  only  six 
cases  of  iipimdeHoiitd  from  the  literature,  to  wdiich  he 
added  a  seventh.  The  tumors  varied  in  size  in  the  dif- 
ferent eases  from  a  small  chestnut  to  a  hen's  egg:  were 
found  on  the  head,  neck,  or  extremities  in  middleaged 
or  elderly  people  (one  case  in  a  child)  :  and  jiresenteil  no 
characteristic  clinical  features.  The  diagnosis  can  be 
made  only  with  the  micro.scope.  The  jiroliferalion 
occurs  in  the  form  of  solid  epithelial  Inids,  which  usually 
show  a  tendency  to  grow  in  curved  lines  as  thi'y  increase 
in  length,  and  to  become  canalled  like  the  structiu'es  from 
which  they  took  their  origin. 

Of  ihe  si/riii(/"(/i'iiom<(tii  there  is  but  a  single  imiloiditcd 
case  on  record,  that  of  Petersen.  It  was  in  the  form  of 
a  papillary  iitrriix  iniinx  lutrris  on  the  neck,  trunk,  and 
thigh  of  a  girl  of  twenty.  The  adenomatous  iirolifera- 
tion  was  contineil  strictly  to  the  ducts  of  the  glands, 
which  apjieared  considerably  widened  shortly  above  the 
coil,  the  cubical  epithelium  became  cylindrical,  and  out- 
growths develoiK'd  which  were  sometimes  solid  and 
sometimes  canalled.  These  outgrowths  divi<lcd  repeat- 
edly like  the  branches  of  a  tree,  and  produced  thus  the 
semispherical  or  mushroom   form  of  the  tumors.     The 


new-formed  tubes  were  lined  witli  a  distinct  membrane 
and  showed  no  signs  of  colloid  degeneration. 

•Sigmuiid  PollUzer. 

ADIPOCERE.— (.4rf<?p.«,  fat,  and  cfi-a,  wax,      French, 

(iilipiu-en.  iji-iis  des  cadam'es;  German,  Fettwachs,  Adi- 
pocire.)  As  the  name  suggests,  adipocere  is  a  material 
resembling  in  its  gross  appearances  fat  and  wax.  It  is  a 
semitranslucent,  white,  or  slightly  yellowish  substance 
of  about  the  consistency'  of  cheese  at  ordinary  tempera- 
tures: has  a  greasy  feel,  and  yields  slightly  when  pressed 
between  the  fingers.  If  a  iiiece  be  rolleil  between  the 
fingers  for  a  few  minutes  it  becomes  much  softer.  When 
rubbed  with  water  it  forms  a  lather.  Its  composition  is 
that  of  a  soap,  being  made  up  of  the  calcium  soaps  of 
palmitic  and  stearic  acids  and  also  of  acid  ammonium 
soaps.  Examined  under  the  microscope  it  shows,  occa- 
sionally, very  numerous  scales  haA'ing  a  crystalline  form; 
more  commonly  uolhiug  but  fat  globules  are  to  be  seen. 
If  it  be  melted  and  again  allowed  to  cool,  it  is  found, 
often,  to  have  crystallized  in  round  masses  made  up  of 
needle-shaped  crystals,  radially  arranged ;  hence  like 
stearin. 

Most  of  the  specimens  of  adipocere  with  which  one  is 
familiar  come  from  the  macerating  troughs  of  anatomical 
departiiients  and  from  museum  jars  which  have  long 
contained  specimens  immersed  in  dilute  alcohol.  It  thus 
represents  the  results  of  a  metamorjihosis  of  dead  animal 
tissues  placed  under  peculiar  circumstances. 

The  only  special  jioint  of  interest  in  connection  with 
adipocere  lies  in  the  fact  that  it  is  occasionally  found  in 
dead  bodies  which  have  been  buried  a  considerable  time. 
In  fact,  nearly  all  the  structures  of  the  body,  except  the 
bones,  have  been  found  converted  into  this  material. 
For  centuries  its  presence  had  been  noted  in  disinterred 
corpses,  but  no  opportunity  was  atforded  for  studying  it 
on  a  large  scale  until  \><'i(i.  when,  upon  the  removal  of 
the  bodies  from  one  of  the  cemeteries  in  Paris,  a  consid- 
erable proportion  of  those  buried  in  the  common  grave 
were  found  by  Foucroy  to  have  been  converted,  to  a 
greater  or  less  degree,  into  this  peculiar,  fatty,  wax-like 
material,  and  to  it  he  gave  the  name  by  wliich  it  has 
since  been  known. 

The  conditions  favoring  its  formation  in  buried  corpses 
are  still  unknown.  Doubtless  moisture  is  alwav's  neces- 
•sary;  but  why,  of  six  or  eight  bodies  buried  in  close 
])roximify,  and  hence  presumalily  under  like  conditions 
of  soil  and  moisture,  one  shoidd  undergo  almost  complete 
change  into  adipocere.  while  the  others un<lergo  ordinary 
putrefaction,  as  has  been  observeil,  is  at  present  inex 
plicable. 

At  one  time  it  was  thought  that  adipocere  might  be 
of  medico  legal  imporlan<'e  in  helping  to  determine  the 
length  of  time  a  corpse  had  been  buried.  Foucroy  be- 
lieved that  thirty  years  was  required  for  its  formation. 
Later,  this  was  reduced  to  one  year:  and  Caspar  mentions 
finding  adipocere  ii\  the  body  of  a  new-born  child  which 
had  lain  for  three  months  in  a  house  cesspool.  It  is 
therefore  impossible  to  establish  an  idea,  from  the  pres- 
ence of  adipocere  in  a  corpse,  as  to  the  length  of  time 
it  has  been  buried. 

.\rlilieially.  adipocere  can  readily  be  produced,  either 
by  soaking  mu.sele  in  dilute  nitric  acid  for  two  or  three 
days  and  then  washing  it  thoroughly  in  warm  water,  or 
by  allowing  the  muscle  to  soak  for  months  in  a  trough 
supplied  with  rumnng  water. 

Adijiocereis  probably  eloselv  allied  to  cholcsterin. 

II'.   ir.  Gannett. 

ADIPOSIS  DOLOROSA.— .\t  a  meeting  of  the  Ameri 
can  Xcurologieal  Association,  held  in  New  York  in  June. 
181I0,  the  writer  presented  the  histories  and  photogra]ihs 
of  three  cases  of  an  affection  which  nji  to  that  time  had 
not  been  recognized.  The  first  of  these  cases  had  been 
under  the  writer's  care  since  1887.  and  recently  she  has 
died.  Tlu'  second  an<l  third  were  discoveri'd  in  the  wards 
of  the  I'hiladelphia  Hospital  in  1891.  These  cases  also 
died,  and,  including  the  lirst.  came  to  autopsy. 
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.tdlpoc'cro. 
AdlpoHlk  Doloroha. 


Tlio  histories  of  these  cases  iin;  bi-ielly  ;is  follows: 

Case  I. — 31.  G- ,  aged  lUty-onc.   fi-inalc,  widow,  a 

native  of  Ireland,  and  a  domestic.     Her  father  had  dieii 
at  forty-five  of  erysipelas.     Her  mother,   who  had   liad 


!«iJ,^*ifct"*?w.iyj*<M!r,v: 


eiirhteen  children,  died  at  forty  of  .someafTection  iiieidi'iit 
to  the  menopau.se.  Of  her  lirothers  and  sisters,  seven 
died  ill  eliiidhood,  one  in  adult  life  of  ideurisy.  one  sister 
in  cliildliirth.  a  brother  and  two  .sisters  of  i)hthisis.  wliile 
the  remaining  five  are  livin.ij;  and  apparently  in  jrooil 
health.  None  of  the  patient's  relatives  have  ever  suf- 
fered, so  far  as  she  knew,  from  symptoms  similar  to  lier 
own.  nor  had  any  of  them  ever  had  any  nervous  or 
mental  alTeetion. 

As  a  child  she  had  had  measli's,  whooping-couirh.  and 
scarlet  fever.  Jlenstrualion  began  normally  at;  lifteeii. 
At  ei.irhteen  she  married.  Some  years  later  she  had  an 
a,ttaclv  of  pneumonia,  but  made  a  good  recovery.     She 


iiotliing  worthy  of  mention  could  be  elicited.  Sypiiih's 
was  denied,  as  was  also  alcoholic  excess.  However,  the 
condition  of  the  ]iatiint,  on  several  occasiotis.  upon  her 
relurtL  to  the  hospital  after  fin-|ough.  was  such  as  I o  throw 
more  than  doubt  upon  her  denial  of  alcoholic 
abuse. 

When  forty-eight  or  forty  nine  years  of  age 
she  noticed  that  her  arms  were  becoiniiiir  very 
large.  The  upper  arms  and  shoulders  ap- 
peared swollen.  The  swelling  coniinued 
steadily  to  increa.se.  and  was  for  about  a  year 
luiattended  liy  any  other  symptom. 

In  November.  IsSCi.  she  was  admitted  lo 
till'  surgical  wards  of  lla;  Philadelphia  Hos- 
pital fi)r  the  ru]ilure  of  a  varicose  vein  of 
the  leg.  Ill  the  following  Feliniary  she  was 
transferred  to  tlu^  me<lieal  wards  foi"  a  severe 
attack  of  bronchitis.  Later  slxthad  anattack 
of  severe  pain  and  sweiliiig  in  the  right  knee, 
attended  by  chill  and  fever.  She  was  tiealeil 
for  rheumali.sm  and  obtained  jironipt  relief. 
Two  weeks  after  this  she  complained  of  a 
sharp  darling  pain  in  the  right  arm.  It  be- 
gan on  till;  outer  aspect  above  the  elbow  and 
gradually  increased  in  severity  and  extent, 
spreading  upward  to  (he  shoulder  and  neck, 
and  downward  to  the  forearm  and  hand.  It 
was  shooting  and  burning  in  character.  She  felt  at 
times  as  though  hot  water  w<'r('  being  poured  upon  the 
arm,  and  a.iraiii  as  though  the  hands  and  fingers  were 
being  torn  ajiart.  Xo  rise  in  temiierature  was  noted. 
The  pain  was  often  paro.\ysmal,  but  it  was  never  ab- 
sent. On  .Iiinc  -t,  IN.ST,  she  was  transferred  to  the  ner- 
vous wards  of  the  hospital  and  came  under  the  <^ire  of 
tlu!  writer. 

Her  appearance  at  this  time  was  striking.  She  was  a 
tail,  larv'i-  framed  woman  who  looked  as  though  she  had 
at  one  time  presented  a  fine  physical  development,  but 
she  seemed  unnaturally  broad  acro.ss  the  back  and 
shoulders.     On  removing  the  clothini;  an  enormous  en- 
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had  in  all  seven  children  and  one  niiscarriatre.  Five 
children  died  in  early  childhood:  one  from  cholera  in- 
fantum, two  from  measles,  one  from  "congestion  of  the 
brain,"  and  the  fifth  from  spasms.  The  menopause  set 
in  abruptly  at  thirty-five.  From  this  time  up  to  within 
two  or  three  years  her  health  had  continued  good.  She 
had  undergone  some  iucreuso  iu  w-eijfht,  but  beyond  this 


larirenient  of  these  jiarts  was  disclosed.  The  enlarge- 
nient  alTected  both  shoulders,  the  arms,  the  back,  and  Ihc 
sides  of  the  chest.  It  was  most  marked  in  the  upper 
arms  and  back,  forminu:  here  huge  and  somewhat  pendu- 
lous mas.ses.  It  was  ilaslic  and  yet  comparatively  firm 
to  the  touch,  and  it  was  impossiiile  to  proiluee  pitting 
In  some  situations  it  lell  as  though  finely  lobulated,  and 
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ill  otluTs.  fsiK'ciiilly  on  the  iiisidos  of  the  arms,  as  though 
the  flesh  were  tilled  with  Imiuiles  of  worms.  The  skin 
was  not  thieUeiieil :  it  did  not  take  part  in  the  swelling, 
and  it  was  not  ndliereiit  to  the  snbjacent  tissues. 

In  addition  the  swelling  was  very  painfnl  to  pi'essiire. 
Pronounced  pressure  ai>p<'ared  to  be  absolutely  unbear- 
able. The  nerve  truid<s  also  were  e.\quisitely  sensitive, 
but  this  jiainfid  condition  was  not  by  an\-  means  liiuited 
to  them,  but  perm<'aled  the  swollen  tissue  as  a  whole. 

The  mn.seles  were  not  involvetl  in  the  swelling.  The 
affected  parts  were,  however,  quite  weak.  Examined 
electrically  the  muscles  of  the  shoulders  and  anus  yielded 
a  negative  result,  partly  because  of  the  great  resistance 
caused  by  the  intervening  tissue.  Slight  qualitative  and 
quantitative  changes  were  noted  in  the  muscles  of  the 
forearms,  while  in"  the  hands  distinct  reaction  of  degen- 
eration was  noted  in  the  thenar  anti  hypotheuar  groups, 
more  evident  on  the  right  side. 

Cutaneous  sensibility  was  much  diminished.  On  the 
right  arm  various  areas  existed  in  which  no  response 
whatever  was  given  to  the  a'Sthesiometer.  They  were 
large  and  irregular  iu  shape,  and  very  sharply-  defined, 
and  were  ijresent  on  both  the  inner  and  outer  aspects. 
In  the  finger  tips  the  points  could  not  be  at  all  separated. 
In  the  left  arm,  some  impairment  of  sensation  was  de- 
tected on  the  outer  aspect  of  the  forearm,  and  in  the 
finger  tips  sens;ition  was  decidedly  below  normal.  Sen- 
sibility to  heat  and  cold  appeared  also  to  have  been  les- 
sened. 

An  examination  of  the  legs  showed  that  cutaneous  sen- 
sibility was  distinctly  lessened  on  the  right,  while  little 
or  no"  impairment  was  discoverable  on  the  left.  There 
was  no  alteration  of  the  gait,  but  both  knee-jerks  were 
lost.  She  complained  of  a  "  velvety  feel  "  in  the  soles  of 
both  feet  and  also  in  the  tips  of  the  fingers. 

No  enlargement  w-as  noted  at  this  time  in  any  part  of 
the  body  save  in  the  arms  and  shoulders.  The  face  was 
pale,  as  were  also  the  mucous  membranes.  There  was, 
however,  a  little  color  in  the  cheeks,  more  noticeable  at 
times.  Her  features  were  well  formed  and  intelligent. 
Her  hair  was  dark  and  fine.  Her  mind  was  unimpaired, 
except  that  at  times  she  was  much  abstracted.  Some- 
times she  gave  conflicting  answers  to  cjuestions,  so  that 
the  latter  had  often  to  be  rejieated. 

Ten  days  after  her  admission  to  the  nervous  wards  she 
had  a  chill,  followed  by  lexer  and  a  painful  herpetic 
eruption  over  the  upper  portion  of  the  left  ariu  and  an- 
terior portion  of  the  left  side  of  the  chest.  Some  five  or 
six  days  later  another  crop  of  vesicles  made  its  appear- 
ance on  the  back  and  on  the  front  of  the  chest. 

Nothing  further  worthy  of  note  occurred  until  October 
13th.  when  the  patient  had  another  severe  attack  of  bron- 
chitis, which  was  acconqianied  liy  much  dyspntea. 

In  the  latter  part  of  the  following  December  it  was 
noted  that  during  one  of  her  paroxysms  of  pain  the 
swelling  of  the  right  arm  became  more  decidedly  lobu- 
lated.  The  arm  became  more  sensitive  thi^n  ever,  and  on 
examination  hard,  cake  like  masses  were  felt,  resembling. 
as  the  resident  physician  expressed  it,  the  caking  of  milk 
in  a  breast.  This  caking  or  more  luonounced  lobulation 
was  afterward  repeatedly  noticed  during  paroxysms  of 
pain.  At  this  time  also  she  sulTered  from  an  attack  of 
pain  iu  the  right  knee,  and  in  the  popliteal  space  a  dif- 
fuse swelling  was  felt  which  exhibited  the  same  nodu- 
lated feel  as  did  the  swelling  elsewhere.  It  was  also 
very  painful. 

At  various  times  subsequently  paroxysms  recurred, 
during  one  of  which  swelling  was  noticed  in  the  posterior 
triangles  of  the  neck.  The  latter  seeiued  later  to  be  per- 
manently fuller  than  normal.  Biiinchitis  also  recurred, 
accompanied  by  dyspniea.  and  at  one  time  by  free  expec- 
toration of  bli.iody  mucus. 

In  the  following  April  she  experienced  an  attack  of 
pain  of  unu,sual  severity.  The  latter,  which  involved 
the  right  arm  and  shoulder,  right  side  of  trunk  and  back 
of  neck,  now  for  the  first  tinu^  spread  to  the  face  and 
head.  The  right  side  of  the  face  became  distinctly 
swollen,  and  presented  to  the  touch  the  same  nodulated 


feel  so  characteristic  of  the  swelling  in  other  portions. 
At  the  same  time  the  tongue  and  pharj-ngeal  tissues 
appeared  to  become  swollen.  Her  tongue,  she  said,  felt 
imicli  too  large  for  her  mouth.  In  addition  her  voice 
was  very  hoarse,  and  she  spoke  w-ith  great  difficulty. 
This  condition  persisted  for  upward  of  a  week,  and  then 
slowly  subsided.  For  some  time  subsequently,  she  S]iat 
blood,  the  source  of  which  was  not  determined,  though 
it  appeared  to  come  froiu  the  throat.  The  reddish  color 
in  the  cheeks  also  became  more  pronounced,  imtil  it 
covered  the  entire  forehead  like  an  intense  blush.  This 
blush  «  as  afterward  observed  to  occur  with  other  par- 
oxj'sms  of  pain. 

During  the  summer  of  1888  the  patient's  condition  un- 
derwent some  change.  The  paroxysms  became  less  fre- 
quent and  less  severe.  Hand-in-hand  with  this  improve- 
ment, sweating  became  much  more  marked.  However, 
paroxysms  occurred  from  time  to  time,  and  uixin  one 
occasion  a  thick  welt  like  swelling,  exquisitely  iiainful, 
was  observed  extending  from  the  upper  and  inner  angle 
of  the  scapula,  perpendicularly  down  the  back  to  very 
nearly  the  lumbar  region.  Upon  another  occasion  swell- 
ing again  made  its  appearance  in  the  right  popliteal 
space,  as  well  as  on  the  inner  aspect  of  the  knee.  In  the 
latter  locality  the  swelling  became  permanent,  and  the 
tissues  presented  the  same  peculiarities  as  noted  else- 
where. Pain  also  occasionally  appeared  in  the  left  arm. 
Prolonged  attacks  of  cardiac  dyspncea  occurred  every 
week  or  two.  and  apparentl_y  independently  of  bronchitis. 

An  examination  of  the  eyes  by  Dr.  de  Schweinitz  re- 
vealed contraction  of  the  fields  of  vision  for  form  and 
colors,  most  marked  in  the  left  eye.  The  other  special 
senses,  hearing,  taste,  and  smell,  appeared  to  be  some- 
what obtunded.  An  analysis  of  the  urine  yielded  a 
negative  result.  A  blood  count  failed  to  reveal  an  in- 
crease of  white  blood  corpuscles. 

Upon  a  number  of  occasions  the  patient  during  par- 
oxysms of  pain  vomited  blood ;  upon  several  occasions 
this  was  observed  by  the  writer  himself.  The  quantity 
could  not  be  accurately  estimated,  but  while  it  was  never 
large  at  a  single  emesis  it  was  constantly  brought  up  in 
repeated  vomiting  during  an  entire  night  or  day. 

Measurements  were  made  of  this  patient  at  various 
times,  and  these  have  shown  a  steady  increase  in  the 
bulk  of  the  enlarged  parts. 

Of  late  the  patient  has  not  suffered  as  intense  pain  as 
formerly.  Cardiac  dyspncea,  however,  is  a  frequent  and 
distressiug  symptom.  The  face  is  still  flushed.  Re- 
cently, shooting  pains  have  appeared  in  the  abdominal 
region,  and  examination  discloses  in  this  region  an  exten- 
.sive  deposit  of  tissue  to  which  the  pain  is  referred?  A 
large  longitudinal  wheal,  especially  sensitive,  is  found 
in  the  left  lumbar  region. 

Swelling  has  also  made  its  appearance  over  the  left 
hip,  and  to  some  extent  over  the  right.  The  thighs  and 
buttocks  do  not  seem  enlarged  in  proportion,  but  soft 
masses  are  now  found  on  the  inner  sides  of  both  knees, 
the  right  being  larger  than  the  left  and  more  painful  to 
pressure.  A  small  nodule  to  the  right  of  the  scrobiculus 
is  especially  painful.* 

C.\SE  II.— E.  W .  female,  aged  sixty-four,  married, 

a  native  of  England.  Her  father  had  died  of  alcoholism 
at  middle  life ;  her  mother  of  o'dema  of  the  brain  (verified 
post  mortem').  An  elder  brother  and  sister  and  one 
younger  brother  are  still  living.  The  younger  brother, 
when  a  child,  was  peculiar;  he  would  run  to  peojile  in  a 
fright  and  s;iy  that  he  was  drowning,  and  the  like.  He  is 
now  in  average  health,  but  drinks  heavily.  He  has  a  con- 
tracture of  the  ring  finger;  has  nine  children,  all  of  whom 


*  While  tills  article 
autopsy  and  a  inin-nsi 
results" can  be  bricliy  : 
the  piistenMiiPdian  i-e 
tioli  of  the  coiinectnt' 
aliiKirnialttii's  in  tin'  I 
below  norma!  in  size 
of  them  iri-enlly  <iisii 
sitnatiiins  tlieie  \\ ere 
of  eells.  Ilu'  aiipeai'aiii 
sue.    The  results  \\  ill 


was  passinir  throucrh  the  press.  Case  I.  oanip  to 
■opieal  examination  of  the  tis,sues  wa.s  made.  The 
^uiiiniaii/ed  as  f'lllows  :  Marked  detreilenttitai  of 
lumns  of  ilie  ecird.  depenenition  with  prolifera- 
tissue  of  the  perii>her.d  nerves,  and  also  stiiklnij 
liyroiil  L'laiul.  The  srlaiid.  whieh  was  sianewhat 
.  piesented  arilii  very  in-i'^iilar  in  siiape.  niail.v 
■nded  wilh  ivtjiined  "eolloid  material.  In  other 
minierons  small  aeiiii  with  marked  proliferatiou 
i-i'  tieins  that  of  a  hypertrophy  of  glandular  tis- 
shoiily  1h'  published  in  detail. 
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A<li|i<>.i<.  Itoloro-a. 


Fig.  W.— Aiithcir's  St-rnnd  Case. 

appear  to  be  well.  Tli<'  oliler  bn.ther  siilTi-rs  jieiiodieally 
frnm  violent  lieadaclie:  also,  sinee  a  yoiiiii;  man.  lie  lias 
suffered  from  eoustantly  col<l  feet,  tlii.s  being  so  severe  as 
to  disturb  sleep  and  cause  great  distress.  J  hi  lias  had  live 
sons  and  two  daughters.  Ouu  son  died  of  tetanus  (trau- 
matic) :  the  others  are  well.  One  daughter  lias  a  eon- 
traeleil  middle  linger  of  the  right,  hand;  has  never 
suffered  pain  in  the  finger.  Patient's  sister  is  living, 
si.xt y  live  years  old  :  she  has  no  children. 

The  patient  lier.self  does  uot  reiueniber  haviiiir  had  the 
ordinary  diseases  of  child- 
hood. In  early  infancy 
she  had  con  v  u  Isio  ns. 
whicli  recurred  with  great 
frei|uency  for  a  time.  On 
her  being  relieved  of  luni- 
bricoid  worms,  however, 
the  convulsions  ceased. 

At  si^venteen  she  was 
married.  She  had  two 
sons.  th('  older  of  whom  is 
now  forty,  and  who  has 
seven  healthy  cliildren. 
The  younger  son  died,  at 
two  years  of  age,  of  hem- 
orrhagic diarrliiea.  Tlie 
patient  hail  no  miscar- 
riages and  no  still-birlhs. 
She  left  her  hiisbanrl  be- 
cause of  venereal  flisease 
which  he  had  contracted. 
She  was  told  by  a  doctor 
that  she  had  escaped  in- 
fection, A  year  later, 
however,  she  had  sore 
throat,  with  white 
patches.     For  many  years 


sIm-   was  an    inimodenilc   drinker.      For   weeks   at   a 
time  she  was  iiilo,\icated  every  nighl. 

Menstruation  liegaii  at  eleven  and  ci-:ised  abrni.llv 
al  thirty-live.  She  lost  habitually  an  unusual  (piaii- 
tity  of  blood,  but  never  suffered  any  discomfort. 

ller  present  malady  began  about  lifleen  years  ago, 
when  sill' was  forty-nin(M'ears  olil.  Al  thai  lime  she 
was  li\  iiig  in  California.  The  liisl  thing  noticed  was 
a  constant  feeling  of  coldness  about  ijie  kn<'i-s,  fol- 
lowed by  swelling,  which  gradually  incieaseil,  Al. 
first  she  thought  that  the  swelling  was  due  to  her 
growing  fat,  but  later  she  was  a.st<]nislie(l  to  see  that 
there  was  a  localized  ma.ss  on  the  inner  aspect  of  each 
knee.  At  the  tiim^  then;  was  dull  aching  pain  in  tiie 
affected  l)arts,  J.aler.  the  right  arm  becatiie  involved, 
a  mass  making  its  api)carance  ou  lh(!  outer  aspect. 
Her  body,  as  she  then  observed,  had  also  become 
larger,  as  her  slays  were  too  small  for  her.  During 
this  lime,  whili'  still  in  California,  inability  to  jiersjiire 
freely,  except  at  the  Turkish  bath,  was  marked,  anil 
was  part  of  her  reason  for  coming  Fast.  Since  she 
lia.s  been  in  ]'liiladel])liia  the  lack  of  persiiiralion  has 
not  been  as  marked  as  before.  Various  plans  of 
Ireatment  were  tried,  but  did  not  intluence  tlic  prog- 
ress of  the  discitse,  i.e..  the  growth  of  the  swelling. 
Five  or  six  years  a.go,  injections  of  chloroform  were 
maili!  into  the  swellings  on  the  inner  sides  of  the 
knees,  but  no  good  was  accomiilished,  Painlul  ulcer- 
ations were  the  result,  and  scars  of  considerable  size 
mark  their  location. 

About  live  j'ears  ago  a  slight  swelling  appeared  in 
the  epiiraslrium.  This  gradually  increased  in  size 
until  it  resembled  the  breasts  in  shape,  and  afterward 
spread  .so  as  to  involve  nearly  tlu;  whole  abdomen. 

]'"ioni  the  knees  the  process  extended  to  the  thighs, 
and  gave  rise  to  large  ma.sses  on  their  outer  .side  and 
about  the  hips, 

Al  various  limes  she  had  suffered  with  pains  ap- 
parently situated  in  the  enlarged  tissues,  or  running 
down  the  linil)s.     Sometimes  these  attacks  were  fairly 
well  localized  in  one  limb,  in  one  side,  or  about  a  joint. 
Five  J'ears  ago   her  attention  was  called  to  a  peculiar 
condition  of  the  right  hand.     The   last   phalan.x   of  the 
secniid   linger   began    to   be  ti.xed    in   a   Hexed   jiosilion, 
while  the  end   oi'   the   linger   appeared    to  be   growing 
somewiiat  smaller.     J.ater.  the  remaining  lingers  of  this 
hand   became  involved,  iind  ail  the  iihalanges  deformed. 
The  deformity,  .as  seen  now,  consists  of  fle.xion  of  the  first 
])halan.x.  of  marked  overexlen.sion  of  the  second,  and  of 
lialf-He.xion  of  the  third,     'I'he  thumb  is  also  stiff,  but 
all  of  its  joints  are  Hexed.     For  some  time  past   she  has 
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noticed  that  the  thumb  of  the  loft  hand  was  growing  to 
be  like  that  of  ihe  right. 

A  year  ago  the  iiatieni  luul  a  iiuiisi-rlu-umatic  attack 
alleot'ing  the  ilcfornicil  hand  and  tlie  ami.  Tlie  pains 
scorned  to  run  up  and  down  in  tlic  arm  rather  than  about 
the  joiMt^;.  Some  months  ago  slie  liad  pneumonia  of  the 
right  lung,  and  made  a  gooil  recovery. 

For  .several  months  past  shi-  has  had  slight  uterine 
licmorrhagcs  at  times,  associated  with  which  were  dull, 
aching  pains,  rescnd)ling  those  formerly  felt  before  men- 
struation. 

In  adilition.  slie  slated  that  tlie  swelling  had  spread  lip 
from  the  kiii'cs  over  the  tliighs  unequally:  that  the  left 
tliigh  and  laitlock  had  lieen  earlier  and  more  conspicu- 
ously enlarged  than  the  corresponding  parts  on  the  right 
side.  Gradually,  liowever.  the;  latter  became  enlarged  to 
an  almost  equal  degree.  Eater,  swelling  appeared  over 
the  left  arm,  and  later  still  on  the  back  and  sides  of  the 
trunk,  and,  wherever  appearing,  it  gradually  became 
diffuse  and  finally  reached  very  great  proportions.  The 
patient  further  volunteered  the  statement  that  she  had 
formerly  been  very  slight  in  build. 

To  ordinary  observation  she  merely  presented  the  ap- 
pearance of  au  excessively  obese  person.  However,  ex- 
amination soon  revealed  that  the  enlarged  tissue  was  very 
unevenly  distributed.  In  the  region  of  the  knees,  where 
it  had  tii'st  made  its  appearance,  it  "was  excessively 
irregular  and  lumpy.  To  the  touch  it  resembled  in  a  re- 
markable degree  the  swollen  tissues  of  Case  I.  It  gave 
the  same  nodular  feel,  and  could  not  be  made  to  pit  on 
pressure.  At  the  time  of  the  examination  no  tenderness 
existed  in  the  swellings,  but  shooting  jiainswere  referred 
to  them  in  various  situations.  This  was  particularly  tlie 
case  in  tlie  mass  over  the  right  hypochondrium.  In  ad- 
dition, she  complained  of  scalding  sensations  on  the  in.side 
of  the  right  cheek  and  on  the  light  side  of  the  tongue. 
Nothing  abnormal  could  be  discovered  in  the  mucous 
membrane  of  these  parts.  No  tenderness  could  be  dis- 
covered in  any  of  the  nerve  trunks  at  the  time  of  the 
examination.  The  initient  was  excessively  weak,  and 
could  move  about  her  bed  or  .sit  up  only  with  great  diffi- 
cult}'. Her  grip  was  almost  nil.  No  tendon  jerks  could 
be  elicited,  probably  because  of  purely  mechanical  diffi- 
culties. For  the  same  reason  an  electrical  examination 
could  not  be  made. 

Slight  diminution  of  tactile  sensibility  and  of  the  tem- 
perature sense,  and  also  some  analgesia,  were  present. 
An  area  of  absciluteana'sthesia  existed  on  the  back  of  the 
left  arm,  extending  thence  over  the  posterior  aspect  of 
the  left  shoulder.  A  marked  increase  in  the  swelling 
had  taken  place  during  the  last  year,  measurements 
showing,  for  instance,  tliat  the  left  forearm  had  increased 
one  inch  and  se\'en-eig!iths,  and  the  right  forearm  one 
inch  and  three-eighths;  the  left  arm  one  and  a  half,  and 
the  right  arm  two  inches.  This  increase  appeared  to  be 
maintained  throughout. 

Subjectively  the  patient  coniiilained  much  of  head- 
ache. Her  face  was  very  much  flushed,  and  she  suffered 
greatly  from  cardiac  dysjina^a.  It  was  a  persistent  and 
distressing  symptom.  Examination  of  the  eyes  proved 
negative,  as  did  also  that  of  the  urine.  Perspiration,  ac- 
cording to  the  patient's  statement,  was  scant.  Face  was 
not  involved  in  the  enlargement;  no  subnormal  tempera- 
ture: hair  thin,  but  not  excessively  so;  no  difficulty  in 
speech  ;  no  nientai  impairment. 

The  patient  remained  very  mucli  in  the  same  condition 
for  some  two  weeks  following  her  admission  to  the  ner- 
vous wards,  when  her  dysjinoea  greatly  increased.  Her 
pulse,  already  soft  and  compressible,  became  irregular 
and  intermittent.  This  condition,  tliough  relieved  from 
time  to  time,  persisted  until  hands  and  feet  became  puffy, 
the  face  cyanotic,  and  the  lungs  a'dematous  and  con- 
gested.    Death  occurred  on  December  22,  1891. 

Antnpsy.  December  23t}. — Body  that  of  a  very  large 
■woman.  Weight  estimated  at  about  three  hundred 
pounds.  Face  dark  from  venous  congestion.  Some 
discoloration  on  under  surface  of  body  and  thighs.  A 
number  of  large  white  scars  on  either  side  over  the  knees. 


Legs  and  feet  (Edematous.  •   Body  distorted  and  flattened. 

as  though  by  its  own  weight. 

Scalp  and  calvarium  revealed  nothing  abnormal. 
Veins  of  dura  and  longitudinal  sinus  full.  Venous  eoii- 
Sestioii  of  the  ]iia.  Cortex  a  little  darker  than  normal. 
Puneta  vasculiis;i  prcimineut.  Brain  otherwi.se  normal. 
Spinal  cord  ajipearcd  normal.  Skin  of  thorax  appeared 
normal.     The  subcutaneous  tissue  was  fatty  and  moist. 

Thyroid  gland  .small,  indurated,  and  infiltrated  by  cal- 
careous matter  in  both  lobes. 

Right  lung  n'dematous  and  tightly  adherent  to  chest 
wall.  Left  lung  ledematous.  with  hypostatic  congestion 
posteriorly.  Hotli  ])leural  cavities  contained  a  large  ex- 
cess of  lluid. 

Pericardium  contained  some  six  or  eight  ounces  of 
fluid,  in  which  was  suspended  some  Ifocculent  lymph. 
Weight  of  heai't,  twenty-seven  ounces;  the  right  side 
dilated,  the  moderator  liand  much  thickened :  walls  of 
left  side  also  much  thickened:  marked  hypertrophy  of 
the  colunina>  carne*  and  jiapillary  muscles;  ,sonie  fatty 
change,  especially  in  the  walls  of  the  right  ventricle. 

Over  the  abdomen  the  subcutaneous  fatty  tissue  was 
three  inches  thick.  Aliout  a  pint  of  ascitic  fluid  in  ab- 
domen. Stomach  much  dilated.  Intestines  normal. 
Liver  showed  some  fatty  infiltration;  otherwise  normal. 
Spleen  apparently  normal,  though  somewhat  dark.  Kid- 
nejs  both  revealed,  aside  from  slight  adhesions  of  tlie 
capsules,  nothing  specially  abnormal. 

In  the  pelvis  an  ovarian  cyst,  coutaiuing  some  .six 
ounces,  and  a  hydrosaljiinx  were  found  on  the  left  side. 
I'terus  seemed  a  tiifle  larger  than  normal.  Bladder 
normal. 

Brain,  cord,  some  of  the  nerve  trunks,  pieces  of  skin 
and  subcutaneous  tis.sue.  pieces  of  the  liver,  kidneys  and 
spleen,  a  fragment  of  muscle,  and  the  wJiole  of  tlie  thy- 
roid gland,  wei'e  removed  for  microscopic  examination. 
The  specimens  were  left  in  the  care  of  Dr.  H.  W.  Cattell. 
assistant  to  the  pathologist  of  the  hospital.  Unfortn- 
natel.y,  Dr.  Cattell  fell  ill  with  .scarlet  fever,  and  during 
his  absence  the  specimens,  together  with  tliose  of  Case 
III.,  were  thrown  away  by  an  attendant. 

Case  III. — M.    51 .   aged  sixty  years,   widow,   a 

tailoress  by  occupation,  and  a  native  of  Germany,  but  a 
resident  of  America  for  twenty-six  years,  was  admitted 
to  the  nervou.s  wards  of  the  Philadelphia  Hospital.  (Oc- 
tober 7,  1891.  >Iemor_y  very  poor.  History  obtained  in 
part  from  relatives. 

Her  father  and  mother  healthy,  though  her  mother 
died  of  heart  disease.  She  had  seven  brothers  and  sistere. 
all  apparently  well.  She  had  no  children;  had  never 
been  pregnant. 

JIany  years  ago  a  lump  ajipeared  at  the  back  of  the 
neck,  for  which  she  consulted  Dr.  Gross  at  the  Jefferson 
Medical  College,  but  for  some  reason  no  operation  was 
performed.  At  various  times  thereafter  swellings  made 
their  appearance  in  various  situations.  Further,  .she  lost 
more  blood  at  her  menstrual  periods  than  normal.  Oc- 
casionally she  suffered  from  luvnialeniesis  and  epistaxis. 
The  climacteric  occurred  at  forty-six.  No  history  of  any 
intercurrent  affections.  jMental  impairment  had  been 
noticed  for  about  two  years. 

On  exaniiuafion  the  patient  was  found  to  be  excessively 
feeble.  For  some  two  weeks  she  had  been  unable  to 
walk.  She  lay,  for  the  most  ]iart,  in  a  <piiet,  apathetic 
state,  though  wlien  aroused  she  answered  questions 
slowly,  but  intelligently.     She  was  also  somewhat  deaf. 

Examination  further  revealed  soft,  fat-like  masses  or 
swellings  in  various  situations.  Thus,  a  large,  soft  mass 
was  found  over  either  biceps,  and  others,  somewhat 
smaller,  over  the  outer  and  posterior  aspect  of  either 
upper  arm.  Two  large  masses  were  foinid  over  the 
belly,  sepamted  above  the  umbilicus  by  a  deep,  trans- 
verse crease.  Another  gave  cxces.sive  promiiieiiec  to  the 
mons  Veneris.  From  the  back  of  the  neck,  at  its  lower 
part,  sprang  a  big  mass  like  a  liumii.  wliiU'  a  ditTuse 
swelling  gave  a  cushion-like  coating  to  either  half  of  the 
back,  and  extensive  dejiosits  gave  unnatuiul  prominence 
to  either  hip.      In   marked   contrast,    the   d(>posit   was 
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aljsfiit  from  the  I'liiparms  and  Imiuls.  from  the  face,  from 
tlie  thighs  iiiiil  le.iis,  and  from  llic  liiittooks.  Tlio  j^lutcal 
regions,  in  fact,  seemed  llalteued  and  slopin;;'. 

The  deposit  over  tlie   biiek  seemed   tolerably  lirni  and 
resistant;  over  other  portions  it  was  quite  soft,  thonuli 


Fir,.  46.— Author's  Tliird  Case. 

elastic,  and  e.\hihiteil  tlie  same  nodular  feel  noted  in  the 
previous  cases.  Further,  it  was  discovered  at.  onccUhalr 
these  masses  were  painful  to  the  toucli.  the  jiatient  com- 
plaining very  much  when  only  moderate  iiressure  was 
exercised.  This  was  especially  true  of  the  deposits  over 
the  arms  and  back  of  the  ueck.  In  addition,  the  patient, 
complained  of  stabbin.a;  pains  in  the  deposits,  more 
marked  in  the  regions  just  mentioned.  Tliere  was  no 
tenderness  over  the  nerve  trunks.  She  comjdained  also 
of  lieadaclie. 

"When  the  examination  was  made  it  was  also  further 
noted  that  th(!  left  radius  was  rough  and  nodular  for  about 
two  antl  a  half  inches  in 
its  middle  third;  also, 
that  tlK're  was  a  large 
discolored  area  on  the 
outer  aspect  of  the  left 
forearm  resembling  a 
syphilitic  .sear.  Both 
tibi;e  were  somewliat 
nodular,  though  no  scars 
were  discovered  on  thi- 
legs.  A  few  white  scars 
were  seen  on  the  fore- 
head. Finally,  quite  a 
number  of  puri>urie 
spots  were  observed  on 
the  forearms,  thighs, 
legs,  and  back. 

The  skhi  of  the  fore 
arms  and  hands,  as  well 
as  that  of  tlu-  legs  and 
feet  to  a  less  extent,  was 
dry,  dark,  and  much 
roughened. 

Cutani'ous    s<'nsibility 
was  found  to  be  geiu'r- 

ally  diminishi-d,  while  a  few  patches  of  ana'sthesia  were 
noted.  One  of  these  was  an  area  dilfused  over  the  rlL'ht 
side  of  tlie  trunk  and  the  right  should('r.  These  areas 
of  ana'sthesia  appeared  to  be  constant,  and  were  con- 
tinued at  various  examinations. 

Owing  to  tlie  extreme  weakness  of  tlu'  jiaticnt,  the 
study  of  the  eves  could  not  be  made  sjilisfactorily,  but. 
so  far  as  it  went,  it  was  negative.  The  urine  conlaiiie<l 
albumin,  though  no  casts  were  foun<l. 

In  answer  to  questions  the  patient  said  that  she  liad 


not  been  sweating  freely  for  years,  but  owinL'  to  lier 
menial  condition  no  importance'was  given  to  this  stalc- 
nieiit.  She  at  no  time  pre.sent<'d  any  chanire  in  tem- 
ix'ialure.      I ler  hair  was  well  iiicserved. 

Tlii^  patient  seiimd  to  fail  slowly  and  steadily,  al 
though  liberal  diet  and  stimii- 
liiiits  were  freely  u.sed.  ller 
I'lnentia  gradually  deepeneil. 
:uid  for  someilays  before  death 
sill'  voided  urine  and  fa^ees  in 
M'luntarily.  Slat  linally  died 
in  a  comaio.-ic  slate  on  Novem 
!.er  .").  1.^1)1. 

Antupuji,  yoriiiiliii-  lAh. — 
Body  that  of  a  large  woman 
with  irreixulaily  distributed 
fat-like  masses.  Souk;  discol- 
cirations  on  the  back.  Small 
lied  sores  beginning  on  the 
liuttocks. 
Scalp  and  calvarium  nomial. 
■J.  Dura    normal.      I'ia  very  O'de- 

Miatous.  Brain  very  soft  and 
'i'dematoiis.  ford  revealed 
liotliing  abnormal. 

On  incising  the   skin  of   the 
I      I  best     and     abdomen     ii     was 
-  -    — — '—^ J      found  to  be  normal  in  appear- 
ance,    bill    the     subcutaneous 
tissue,  which  looked  like  very 
white     fat,     was    excessively 
thick,  attaining  below   the  umbilicus  a  depth  of  seven 
inches. 

The  thyroid  gland  was  larger  than  normal,  harder  to 
th('  feel,  and  much  calcilied.  especially  the  right  lobe. 

The  heart  weighed  eight  and  a  half  ounces.  Boili 
aortic  and  mitral  valves  were  slightly  thickened.  Heart 
substance  evidently  fattN'.     laiiigs  emphysematous. 

The  mucous  incmlirane  of  the  stomach  revealed  a 
chronic  gastritis.  The  liver  weighed  forty-four  ounces, 
and.  beyond  some  fatty  intilt ration,  was  practically 
normal.  Spleen  normal.  The  kiilneys.  however,  showed 
<iecideit  shrinking  and  less  of  cortical   substance,   with 
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Xolhiiur  noteworthy  was 


somewhat  a<lheieut  capsule 
seen  in  I  he  pelvic  organ.s. 

As  in  Case  11.  brain,  cord,  nerve  trunks,  skin  and 
subcutaneous  tissue,  thyroid  gland,  and  jiorlions  of  other 
viscera  were  renioved  for  inieroscopic  examination,  but, 
as  already  mentioned,  the  specimens  were  subseijuently 
lost. 

It  was  not  without  some  hesitation  that  these  ca.se.s 
were  presented  logelli<r.  The  writer  was  Well  aware 
that  without  a  microscopic  examination  to  supplement 


121 


A(lii>0!<itn!!i. 


REFERENCE  HANDBOOK   OP  THE  MEDICAL   SCIENCES. 


the  autopsies  their  study  was  incomplete,  and  yet  tlie 
cases  are  in  themselves  so  interesting',  and  appear  to  he 
so  unusual,  that  their  publication  in  a  group,  with  such 
data  as  are  at  hand,  seemed  to  him  to  be  mure  than  war- 
ninted.  Case  I,  had  originally  lieen  publislied  in  the  i'lii- 
Tcrxiti/  Miflirii/  }fiii/ci-i/ii  for  December,  isss,  under  the 
title.  "A  fSubeulaiicous  t'oMncctivc-'rissue  Dystrophy  of 
the  Arms  and  Back.  As.s()ciated  with  Symptoms  Resem- 
bling My.xanlema."  C'a.se  II.  hud  been  discovered  in  the 
medical  wards  of  the  Philadelphia  Hospital  by  Dr.  Fred- 
erick P.  Henry,  in  ItSUU.  and  was  published  by  him  in  the 
Journal  ef  A<7v»«,v  and  Mi  iiliil  Diaiitses  for  ilarch.  1801,  as 
a  "  Case  of  ^lyxo'deniatoid  Dystioi)hy. "  Dr.  Henry  fidly 
recognized  the  relation  existing  between  this  case  and 
that  previously  described  by  the  writer,  and  lie  adopted 
the  term  dystrophy  in  order  to  bring  the  cases  "into 
the  same  category."  In  November,  1891,  this  case  (Ca.se 
II.)  having  been  transferred  to  the  nervous  wards  of  the 
Philadelphia  Hospital,  came  under  the  care  of  the  writer 
and  was  studied  again.  The  account  here  given  is  ab- 
stracted partly  from  the  notes  of  Dr.  Henrj',  and  partly 
from  those  of  the  writer. 

Case  III.  was  discovered  in  the  nervous  wards  in 
October,  1,891. 

Certainly  these  cases  differ  radically  from  ordinary 
cases  of  lipomatosis,  and  certainly  the  nervous  symptoms 
present  must  have  a  special  significance.  To  begin,  the 
enlarged  tissue  makes  its  apjiearance  in  a  very  irregular 
way.  Nodules  of  soft  tissue  are  at  first  deposited  in 
some  one  situation,  or  jierhaps  in  corresponding  places 
in  both  arms  or  in  both  legs.  For  a  time  the  deposit  is 
limited  to  these  original  areas,  but  subsequently  it  makes 
its  appearance  elsewhere,  and  may  become  very  exten- 
sive. Regions,  however,  may  exist  which  remain  per- 
manently uninvaded.  In  Case  I.  the  enlargement  was 
first  noticed  in  both  upper  arms,  and  later  lu  the  back. 
Subsequently  a  swelling  made  its  appearance  on  the 
inner  aspect  of  the  right  knee,  to  be  followed  months 
after  by  a  similar  swelling  in  a  corresponding  position 
over  the  left  knee.  Later  still,  swellings  made  their  ap- 
pearance in  various  other  situations.  However,  the  legs, 
with  the  exception  of  the  knees,  have  remained  free  from 
involvement,  while  the  thighs  and  buttocks  have  only 
recentl)^  shown  a  doubtful  cliange.  In  Case  II,  the  en- 
largement began  on  the  inner  asjiect  of  either  knee,  and 
then  gradually  spread  une(|ually  over  the  thighs  and 
buttocks.  Later,  the  left  arm  became  involved;  next, 
the  sides  and  back,  and,  finally,  the  entire  trunk.  In 
Case  III.  the  enlargement  began  in  the  back  of  the  neck, 
and  then  at  various  times  appeared  in  other  situation.?. 
It  remained  absent  from  the  face,  tlie  forearms,  the  legs. 
the  thighs,  and  the  buttocks.  It  is  a  pecidiarity  of  this 
case,  also,  that  the  enlargement  tended  to  produce  dis- 
tinct segregated  masses. 

Not  only  is  the  development  of  the  enlargement  ir- 
regular and  even  capricious  in  these  cases,  but  there  is. 
in  addition,  another  important  fact  to  be  remembered, 
and  that  is:  that  at  .some  time  or  other  the  enlargement 
is  accompanied  by  pain  or  other  nervous  symptom. 
Thus  in  Case  11.  pain,  shooting  in  character,  and  a  sen- 
sation of  coldness  preceded  the  appearance  of  the  nodules 
on  the  iusides  of  the  knees.  In  Case  I.  shooting  and 
burning  pains  made  their  appearance  about  a  year  after 
the  swelling  had  appean'cl  in  the  arms,  while  similar 
pains,  very  great  in  intensity,  preceded  the  appear- 
ance of  the  swelling  on  the  inner  aspect  of  the  right 
knee  and  in  other  situations.  Case  I.,  it  should  be 
remembered,  was  obscM-xed  liy  the  writer  for  a  ninuber 
of  years,  and  was  therefore  studied  in  great  detail, 
and  pain  was  noted  as  a  marked  feature  of  the  case, 
especially  in  tlie  early  couise  of  the  disease.  Occa- 
sionally it  was  oliserved  in  old  areas  of  enlargement. 
and  again  in  regions  free  from  the  swelling,  but  in 
wdiicli  the  latter  subsecpieiitly  appeared.  In  Ca.se  III. 
stabbing  pains  were  complained  of  and  were  referred 
to  the  deposits,  and  the  latter  were  very  painful  to 
examination. 

We  may  say,  therefore,  that  pain.s,  shooting,  burning, 


or  stabbing  in  character,   were  present  in  all  cases  at 
various  times  in  their  history. 

Some  of  the  paroxysms  observed  in  Case  I,  were  par- 
ticularly suggestive.  Sometimes  a  welt-like  swelling 
suddenly  made  its  appearance,  evidently  following  the 
course  of  a  cutaneous  nerve  trunk  and  at  the  sametime 
being  ex([uisitely  jniinful.  After  a  time  the  swelling 
would  become  slightly  less,  but  would  never  wholly 
disappear.  Several  such  "welts"  are  still  demonstrable 
in  Case  I.  If  the  paioxysm  of  pain  made  its  appearance 
in  an  area  of  old  enlargement,  that  is.  reappeared  or 
recurred,  a  decided  and  sudden  increase  would  take  part 
in  the  swelling,  and  it  would  become  for  the  tiiue  being 
firmer  and  more  resistant  and  occasionally  more  nodulated 
than  before,  anti  generally  a  permanent  increase  in  the 
swelling  could  be  demonstrated.  Further,  it  should  be 
remembered  that  at  one  time  some  of  the  nerve  trunks  of 
the  right  arm  were  very  sensiti\e  to  i-)res.sure,  that  some 
of  the  muscles,  those"  of  the  thenar  and  hypothenar 
groups  of  either  hand,  revealed  reaction  of  degeneration, 
and  finally  that  the  patient  suflfered  on  two  occasions 
from  herpes  zoster. 

In  Cases  II.  and  III.  tenderness  over  the  nerve  trunks 
was  not  present  at  the  time  of  the  examination.  In  Case 
I.,  however,  this  symptom  is  also  no  longer  present,  its 
absence  having  been  noted  for  some  time  past.  This  and 
other  circumstances  justify  the  assumption  that  Cases 
II.  and  III.  were  further  advanced  than  Case  I.,  and  that 
the  latter  was  really  observed  during  a  developmental 
period  and  while  moie  active  changes  were  going  on. 

Among  the  nervous  symptoms  must  also  be  placed  the 
diminished  cutaneous  sensibility  and  the  patches  of  an- 
testliesia  as  well  as  perhaps  the  excessive  weakness.  It 
is  probable  also  that  the  absence  and  the  diminution  of 
sweating  belong  to  this  category.  It  will  be  remem- 
bered that  this  symptom  was  undoubtedly  present  in 
Cases  I.  and  II.  and  doubtfully  in  Case  III.  Lastly, 
headache  was  noted  in  all  the  cases. 

Among  other  symptoms  present  in  these  cases  should 
be  noted  ha'iiiatemesis  in  Case  I.,  hiematemesis  and  epi- 
staxis  in  Case  III.,  and  a  recurrence  of  uterine  flow  many 
years  after  the  cessiition  of  menstruation  in  Case  II.  In 
Cases  I.  and  II.  the  menopause  occurred  unusually 
early,  namely,  at  thirty-five,  and  in  Case  II.  menstrua- 
tion was  unusually  free.  In  Case  III.  the  menopause 
occurred  at  forty -six,  and  menstruation  was  likewise 
said  to  have  been  excessive.  Finally,  Case  III.  presented 
a  well-marked  purpura.  What  significance  these  symp- 
toms may  have,  it  is  impossible  to  say.  It  may  not, 
however,  be  out  of  place  to  recall  the  not  infrequent 
occurrence  of  uterine  hemorrhages  in  womeu  who  sub- 
setiuently  sulTer  from  myxuedema. 

Bronchitis  was  a  most  freciuent  and  persistent  symptom 
in  Case  I.,  while  both  Case  I  and  Case.  II.  sultered 
markedly  from  cardiac  dyspnoea.  But  these  symptoms 
were  absent  in  Case  III. 

The  fact  that  in  both  cases  the  thyroid  gland  was  found 
indurated  and  much  infiltrated  by  calcareous  deposit  is 
not  only  very  interesting  but  exceedingly  suggestive. 
Without  microscopic  studies,  however,  and  without  a 
more  extended  series  of  cases  it  is  impossible  to  draw  a 
conclusion.  The  part,  if  any,  played  by  the  thyroid  in 
this  curious  alTection  can  be  determined  only  by  future 
autopsies.  It  goes  without  saying,  also,  that  the  thyroid 
should  be  studied  in  every  case  of  obesity,  whether 
typical  or  otherwise,  that  reaches  the  post-mortem  table. 

With  the  above  data  before  us,  it  is  impossible  to 
classify  these  cases  under  any  well-establi.slu-d  disea,se. 
EviiU'utly  the  alTection  is  not  simple  obesity.  If  so,  how- 
are  we  to  dispose  of  the  nervous  elements  present?  It  is 
equally  certain  that  we  have  not  niyxa-dema  to  deal  with. 
All  of  these  cases  lack  the  peculiar  physiognomy,  the 
spade-like  hands,  the  infiltrated  skin,  the  peculiar  slow- 
ing of  speech,  and  the  host  of  other  symptxmis  found  in 
myxo'dema.  It  would  seem,  then,  that  we  have  here  to 
deal  with  a  connective  tissue  dystro]ihy,  a  fatty  meta- 
morjihosis  of  various  stages  of  completeness,  occurring 
in  separate  regions,  or  at  best  unevenly  distributed  and 
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associated  with  symiitoms  susfgcstive  of  an  irreiriilar  and 
fugilive  irritation  of  1I113  nervo  tninlis — possibly  a  neu- 
ritis. This,  liowuver,  does  not  embrace  tlie  wlioie  trutli. 
and  it  remains  for  futuie  researeli  to  determine  to  what 
tliis  neuritis  is  due.  wliether  it  is  a  cause  of  Ihe  fatly 
metamoriihosis  or  only  eoneomitani,  and  wliether  the 
thyroid  gland  does  not  pUiy  some  mysterious  part  in  its 
causation. 

Inasmuch  as  fatty  swelling  and  pain  aic  the  two  mosi 
prominent  features  of  the  disease,  the  writer  lias  pro 
posed  for  it  the  name,  adiposis"  di/loroxit. 

Since  tlie  al)ove  was  written,  three  cases  of  adiposis 
dolorosa  agreeing  iu  all  essential  details  witli  the  cases 
described  l)y  the  writer  have  been  reported  by  Spiller.f 
Two  cases  have  been  i)laced  on  record  by  Eshner.j:  An- 
other has  been  reported  by  Guidieeaudrea:  ^  and  the 
case  described  by  Kwald.  in  discussing  llie  treatment  of 
my. \ (edema,  cretinism,  oliesity,  etc.,  by  thyroid  extract, 
of  a  man  who  presented  thick  masses  of  fat  altout  the 
nipples,  the  iimliilicus,  and  the  neck,  with  jiaiiis  resem- 
bling those  of  neuritis,  was  doulitless  an  instance  of  this 
affection.  ColliQS,||  Peterson,  and  Loveland  have  also 
studied  cases.  '  Francis  X.  JJi  rniin. 

ADIPOSITAS.— (Synonyms:   ('m-puteni;\  Ohxili).  P,,!,/- 
Sftn-iii.     t'lelius  Aurelianus  and  other  of  the  older  writ 
ers  reserved  tlie  term  polysarcia  for  e.\treme  cases  of  the 
disea.se,  but  the  terms  are  now  used  indiflerently.) 

Definition. — Adipo.sitas  is  a  disorder  of  nutrition 
characterized  liy  the  depo.sition  of  an  excessive  amount 
of  fat  in  many  parts  of  tlie  body. 

The  close  relation  winch  certain  forms  of  adijiositas 
bear  to  con.stitutional  diseases,  such  as  gout,  arterio-scli'- 
rosis,  and  lipogenous  diabetes,  leads  Krelil  to  jilace  them 
iu  the  Siime  group. 

It  is  frequently  difficult  to  decidi'  when  the  liniiis  of 
normal  stoutness  are  passed  and  the  condition  liecomes 
pathological. 

The  amount  of  fat  in  a  healthy  adult  is  about  one- 
twentieth  of  the  body  weight  in  the  male  and  about  one- 
sixteenth  in  the  female  (d'lleilly). 

When  the  amount  of  fat  is  productive  of  symptoms, 
such  as  palpitation  or  breathle.ssness  on  slight  exertion, 
ditliculty  in  walking,  or  disinclination  to  take  exercise, 
the  diagnosis  of  obesity  is  justified,  even  if  ati  equal 
amoiuit  of  fat  is  borne  without  discomfort  by  anotlier 
person.  The  possession  of  a  considerable  amount  of 
adipose  tissue  is  of  value  in  health.  .\s  it  is  a  jioor 
conductor  it  iliminishes  the  amount  of  heat  lost:  and  it 
represents  a  reserve  cajiital  to  be  drawn  on  in  time  of 
need,  thus  diminishing  the  drain  on  the  ti.ssue  proteids. 

The  increase  of  bulk  in  oliesity  renders  all  liodily  move- 
ments more  and  mori'  dillicult.  and  the  increase  in  weight 
calls  for  the  exjienditure  of  more  muscular  energv.  The 
muscles  tire  sooner,  and  there  is  a  tendency  to  refrain 
from  all  avoidable  movements.  Disuse  of  the  niu.scles  is 
followed  by  atrophy;  the  disproportion  between  body 
weight  and  muscular  power  increases,  and  thus  a  vicious 
circle  is  established. 

It  is  not  rare  to  tind  corpulent  subjects  weighing  three 
hundred  pounds.  Cases  weighing  four  hundri'd  and  fifty 
pounds  are  frecpient  in  the  lileratiiri'.  These  examples 
of  monstrous  obesity  are  more  common  among  the  Eng- 
lish, Dutch,  and  Cermans  than  among  the  French.  The 
famous  Daniel  Lambert  weigheil  seven  hundred  and 
thirty-niiu!  pounds  at  the  age  of  thirty-nine.  There  was 
a  colored  woman  living  near  Baltimore  who  weighed 
eight  hundred  and  fifty  pounds.     According  to  the  ^fl(/- 


*  .Adipnsis.  as  is  wt-ll  known,  would  tio  ctymolopirnltv  riiorf*  ror- 
rect  if  it  were  written  adipositiis.  lint  aiiijiosis  lias  lieen  so  lonu'  in 
use  tliat  it.  must  tie  reffarded  a.s  estatilisiied.  .\diposis  dolorosa  has 
also  perliaps  a  less  fornii<Jalde  sound  tlian  ha.s  its  Greeli  equivalt'iit 
"lipomatosis  alffcra. " 

tSpillcr;  Med.  News,  Feliruary  2B,  1»!).h.  p  ais. 

t  Esliner:  .lourn.  .\mer.  Med.  .\ssn.,  NovoiiiImt  12.  isos,  p.  II.V*. 

§  r;uiflic(>andrea  :  Soo.  Lancisianadefflidspedali  di  Honia  le  Juillet, 
ISytt ;  also  Itevue  Neiirolo{?i(iue.  IJecemlier  1 'i,  l.siKI,  p.  ,s77. 

I  Nervous  Diseases  by  American  Authors,  Dercuiii,  I'hlladelphla, 
189.5,  p.  s<js. 


ii-iil  liiroril,  there  wasa  man  in  Xorlli  Carolina  of  gigantic 
frame  who  weighed  over  one  thousjind  jiounds. 

At  the  Boston  City  Hospital  there  havit  been  seven 
cases  of  marke<l  obesity  among  Ihe  last  thousand  autop 
sies,  one  subject  weighing  over  four  hundre<l  pmrnds. 

Krioi.oov. — y/<7v'///v.— There  is  a  hereditary  tendency 
to  obesity  in  about  tifly  per  cent,  of  the  cases.  It  is 
more  frecpiently  [irescnt  in  women  than  in  men.  but  the 
disease  may  attack  every  member  of  a  family.  It  usually 
does  not  appear  till  after  the  age  of  t  u  eiityor  even  later. 

Similarly  among  domestic  animals,  particularly  swine, 
there  are  certain  breeds  which  are  especially  adapted  for 
fattening.  In  all  tliesi'  cases  tiiere  must  be  a  spe<'ial  pre 
dispo.sition  which  leads  to  the  deposition  of  fat  under  cir 
cuinstances  in  which  in  a  normal  organism  no  fat  would 
be  formed. 

Cohnlieim  believes  that  the  oxidation  of  fat  is  abnor- 
mally low  in  these  individuals,  {|ue  to  a  reduction  in  the 
functional  power  of  the  tissue  cells. 

Ar/i\ — Corpulence  is  not  uncommon  in  childhood,  esjie 
cially  in  America.  It  may  occur  even  in  infancy.  Bark- 
hauseii  reports  the  case  of  a  male  child,  aged  sixteen 
months,  who  weighed  lifty-three  pounds.  Williams 
cited,  many  years  ago,  the  c^jisc  of  a  child  who  weighed 
one  hundred  pounds  when  one  year  old.  Hegnelle  ob- 
served a  child  of  eleven  years  who  weighed  fcair  hundred 
and  tifly  pounds.  Sometimes  tlu^  abnornial  stoutness  is 
lost  during  adolescence.  The  least  production  of  fat 
occurs  between  tifleen  and  twenty  years  of  age.  Obesity 
most  commonly  develops  in  the  fourth  and  fifth  decade. 
The  fat  is  lost  in  old  age.  It  is  very  rare  among  octo- 
genarians and  never  is  present  in  nonogenarians  (Thomp 
.son) . 

The  distribution  of  fat  varies  with  the  age.  In  the  new- 
born the  omentum  and  mesentery  contain  no  fat  even 
when  there  is  a  large  formation  elsewhere.  So  long  a.s 
the  growth  in  height  continues  tliese  structures  remain 
nearly  free  from  fat.  During  middle  life  a  large  amount 
is  deposited  in  the  internal  org.'tns.  and  in  old  age  it  per 
sists  there  aflc-r  it  has  largely  disjippeared  from  the  sub- 
cutaneous tissues  (Oerlel). 

Six.  —  Adipositas  is  more  common  in  women  than  in 
men.  Of  oiu;  hundred  and  eleven  cases  collected  by 
Bouchard  seventy  live  were  in  females.  The  hereditary 
form  frequently  manilests  itself  after  the  first  pregnancy. 

Ocer  fmliii<i  and  la-crdriiil-ittt]  anr  the  m<ist  potent  fac- 
tors in  the  production  of  obesity.  As  Osh'r  well  sjiys, 
"the  majoiity  of  penjile  over  forty  years  of  age  habitually 
eat  t<io  much,"  and,  w(^  might  add,  exercisi'  too  little. 

Ah'iihiil  plays  an  important  etiological  role.  In  those 
countries  in  which  the  consumption  of  beer  is  greatest 
obesity  is  most  c<imnion.  Apart  from  the  alcohol  in  the 
lieer,  the  great  quantity  of  fluid  consumed,  and  the  large 
auKiunt  of  carbohydrates,  more  than  five  per  cent.,  tend 
to  fat  production,  .\lcohol  is  rea<lily  oxiflized.  and  thus 
wives  the  body  fat  from  combustion;  and  it  iirohably  ex 
erts  a  direct  injury  upon  the  cells,  tliereliy  diniiuishiiig 
their  melabolic  power. 

Castralini,  or  sexual  inactivity  favors  the  deposit  of 
fat.  After  the  menopause  there  is  a  tendency  for  women 
to  grow  stout.  Tilt  found  th.it  of  two  hundred  and 
eighty-two  women  examined,  over  forty  percent.  liec;ime 
obese"  within  live  years  after  cessation  of  miMislruation. 

,l«(/■»//(^— After  hemorrhage,  and  in  chlorosis  and  other 
an.Tinias.  there  is  often  a  rapid  increase  of  fal.  This  is 
explained  by  the  diminished  oxidizing  power  of  the 
blood,  brought  about  by  the  loss  of  h.enioglobin.  which 
is  the  oxv.gen  earlier. 

There  are  cirlain  riieial  peculiarities  worthy  of  note. 
Among  the  Hottentots  there  is  a  great  accumulation  of 
fat  in  the  gluteal  region.  This  is  esteemed  a  mark  of 
beauty.  The  Hebrews  are  especially  prone  to  obesity. 
Climate  and  season  exert  little,  if  any,  intluence  exceiit 
as  may  be  exiilained  by  habits  and  diet. 

Patiioi  oi.v. — Fat  can  be  formed  from  proteids  and  car- 
bohvdrales,  or  it  can  be  directly  stored  up  from  the  fat 
contained  in  the  ingested  food.  The  proteids  are  split 
into  a  nitrogenous  and  a  non-nitrogenous  portion.     The 
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latter  is  rich  in  rarbon  jiiul  fan  lie  dc'iiosito'd  as  fat  or  uii- 
derj^o  oxidation  and  disappi'iir.  Increase  of  proteid  food 
anii'inents  not  only  pmlrid  metaliolisni.  but  also  that  of 
carboliydralc'sand  far.  Hmce  an  cxci-ss  of  proteid  in  the 
iliet  can  actually  lessen  the  fat  of  the  body. 

PettenUofer  and  Voit  fattened  dogs  by  feeding  only 
lean  meat.  The  greatest  amount  of  milk  rich  in  fat  was 
obtained  by  keepinji-  a  laclaling  bitch  on  a  pure  tlesh  diet 
(Sul)bolin.'  Kennneiich) .  I'roteidsean  be  changed  into  fat 
by  the  action  of  bacteria.  This  occurs  in  the  ripening  of 
cheese  and  in  the  formation  of  adipocere  in  dead  bodies, 
l.indemann  has  demonstrated  recently  a  formation  of  fat 
from  proteid  in  skin  ]in'served  anlisei)tically.  Under  cer- 
tain itathological  conditions  tlie  aiijiearance  of  fat  in  the 
cell  has  been  explained,  following  Virchow's  teaching, 
as  a  fatty  degeneration  of  the  cell  proteids. 

Pllueger  and  his  pupils  have  always  maintained  that 
the  formation  of  fat  from  proteids  has  not  been  proved. 
Atluuiasiu  and  Tajdor,  working  independently,  concluded 
thai  pliospluirus  poisoning  has  no  etlect  upon  the  total 
(piantity  of  fat.  This  leads  them  to  believe  that  the  fatty 
degenerations  arc  really  fatty  iutiltrations.  Rosenfeld 
starved  dogs  ami  then  fed  them  on  mutton  suet.  It  was 
deposited  as  such  in  the  tissues.  These  animals  were 
again  starved  and  poisoned  with  phosphorus.  The  livers 
were  fatty,  but  the  fat  was  mutton  fat  that  had  lieen  car- 
ried from  other  tissues  and  di'pusited  tliere.  The  liver 
had  lost  but  little  of  its  nitrogen. 

Toldt  maintains  that  tlie  clepositiou  of  fat  occurs  in  a 
specific  preformed  tissue — adipose  tissue.  But  according 
to  the  view  of  Virchow  and  Flemming  there  is  no  pri- 
mary distinction  between  adipose  tissue  and  ordinary 
loose  connective  tissue,  and  the  fat  cells  are  simj.ilv  regu- 
lar connective-tissue  cells  in  which  fat  has  been  stored  u]). 
It  is  only  where  there  is  a  rich  blood  supply  that  a  depo- 
sition of  fat  occurs.  Unna  asserts  there  are  three  situa- 
tions in  which  fat  is  formed — skin,  muscles,  and  intes- 
tines. 

P.vTnoi.ooiCAL  Anato.my. — The  excessive  accumula- 
tion of  fat  occurs  first  in  situations  in  which  fat  is 
normally  present,  namely,  the  subcutaneous  tissues,  the 
tissue  imderlying  the  serous  membranes,  the  li\er,  and 
the  bone  marrow.  Later  it  apjiears  in  situations  where 
it  is  not  normally  found,  as  in  the  interstitial  connective 
tissue  of  mu.s(le,  in  the  intermuscular  tissue  of  the  heart, 
and  beneath  the  endocardium. 

The  arcus  senilis  usually  develops  prematurely. 

The  layei'of  subcutaneous  fat  over  the  abdomen  is  fre- 
quently 4  to  a  cm.  thick.  In  one  of  our  cases  it  measured 
9  cm.  Virchow  records  one  with  a  layer  15  cm.  thick. 
The  fat  is  firmer  in  the  plethoric  than  in  the  anamiietyjie 
of  the  di.sease.  In  yoimg  brandy  diinkers  it  is  .said  to 
have  a  peculiar  tallow-like  hardness  (Rokitansky).  The 
omentiim  and  mesentery  are  loaded  with  fat. 

The  heart  is  sometimes  entirely  covered  with  a  sheath 
of  fat,  and  theie  is  a  fatty  ingrowth  into  the  myoeardivun. 
Usually  the  fat  is  present  in  greatest  quantity  over  the 
right  ventricle.  Fatty  di'generation  of  the  lieart  muscli- 
is  common ;  this,  however,  is  often  due  to  a  terminal  in- 
feetio\is  process. 

The  masses  of  fat  upon  the  ch.est  wall,  in  the  mediasti- 
ninu.  and  about  the  diaiihnigm  hamper  respiration. 
Enqiliysema  of  the  lungs  and  chronic  bronchitis  are  found 
in  nearly  every  case.  The  liver  is  greatly  enlarged  and 
infiltrated  witli  fat.  In  f)ne  of  our  cases  it  weighed  4..5.^5 
gm.  The  surface  is  smooth  and  yellow.  On  section  it 
lias  a  greasy  feel;  the  consistence  is  often  soft. 

The  fatty  capsules  of  the  kidneys  apjjear  as  great  masses 
of  fat,  and  there  is  a  large  dejiosit  of  fat  about  the  renal 
pelves,  and  occasionally  there  is  fatty  infiltration  of  the 
renal  tissue  (Wagner). 

Fatty  metamorphosis  of  the  i>ancreas  has  been  recorded. 

Arterio-sclerosisand  fatty  degeneration  of  the  aorta  and 
coronary  arteries  ai'e  conniiou. 

Blond. — In  the  plethoric  type  the  ha'moglobin  is  fre- 
quently above  one  hundred  per  cent.  Kisch  found  that 
.seventy -nine  out  of  one  hundred  obese  patients  had  over 
one   hundred  per   cent. ;    in  one  case  one  luuidred   and 


twenty  per  cent.  In  the  ana'mic  form  the  blood  has  the 
characteristics  of  a  secondary  ana'mia. 

Free  fat  is  sometimes  demonstrable.  According  to 
Kitter  the  blood  contains  from  four  to  five  times  the  nor- 
mal amount  of  fat.  Achard  and  Clerc  foimd  the  fat- 
splitting  ferment  s(jmetimes  incieased  in  obesity. 

Siirtuil  Orrjiuts. — The  sexual  desire  in  man  diminishes. 
The  seminal  tluul  contains  few  spermatozoa,  and  sterility 
is  common.  The  large  size  of  the  abdonren  may  render 
coitus  impftssible. 

■S'///(. — There  is  increased  secretion  of  the  coil  and 
sebaceous  glands.  JIaccration  of  the  epidermis  and  ex- 
coriation of  contiguous  surfaces  are  common,  as  are  inter- 
trigo and  eczema. 

Dilatation  of  the  stomach  is  common.  The  intestine 
becomes  distended :  peristalsis  is  impeded  and  con.stipa- 
tion  supervenes.  Weakening  of  the  abdominal  wall  may 
give  rise  to  fat  hernias,  most  frequently  in  the  linea  alba 
between  the  umbilicus  and  the  xyphoid  cartilage. 

Symptoms. — Jlost  authorities  follow  Traulie  and  Im- 
mermann  in  distinguishing  two  forms  of  obesity,  the 
plethoric  and  the  ana'mic.  Oertel  adds  a  final  class,  the 
hydr;?mic.  into  which  all  cases  may  pass  if  the  disease  is 
not  checked. 

In  the  plethoric  form  the  skin  is  ruddy,  the  muscles 
well  developed,  the  lilood  rich  in  haemoglobin.  The  ap- 
petite is  keen,  the  digestion  good.  There  is  frequently 
great  thirst.  The  blood  tension  is  high,  the  pvdse  slow, 
the  heart  hypertrophied.  Palpitation  and  dysjnKca  de- 
velop on  exertion.  The  patient  is  frequently  troubled 
by  vertigo  and  tinnitus  aurium.  Cardiac  asthma  is  not 
uncommon  and  anginal  attacks  may  occur.  Later,  dila- 
tation of  the  heart  takes  place  and  the  symptoms  of 
broken  compensation  supervene. 

An;T?niic  corpidence  is  more  frequently  hereditary  than 
the  plethoric  form,  and  it  is  more  common  in  women, 
while  the  latter  chiefiy  affects  men.  Faulty  assimilation 
and  deficient  oxidation  rather  than  over-nutrition  is  the 
cause.  The  muscular  system  is  poorly  develoiied.  The 
heart  does  not  hypertrophy:  the  pulse  is  feeble.  The 
masses  of  fat  are  flabby.  The  appetite  is  small  and  ca- 
pricious; frequently  there  is  an  inoi'dinate  desire  for  food 
rich  in  carbohydrates.  The  symptoms  due  to  ana'mia 
are  also  present.     Drojjsy  is  common. 

Di.\CiNosis. — The  plethoric  and  ansemic  forms  are  easily 
distinguished.  A  blood  examination  is  of  value  in  diag- 
nosticating the  final  stage  of  hydra'mia.  The  urine 
should  be  carefully  examined  for  sugar,  so  that  lipoge- 
nous  diabetes  may  not  pass  unrecognized. 

Adiposis  dolorosa  is  the  term  applied  by  Dercum.  in 
1892,  to  a  symptom  complex  which  should  probably  be 
classed  as  a  separate  disease.  Since  then  cases  have  lieen 
reported  by  Collins.  Spiller,  AVhite,  and  others.  In  two 
fatal  ones  the  thyroid  was  diseased.  All  the  cases  have 
been  in  women.  The  onset  usually  occurs  between  forty 
and  sixty  years  of  age.  Some  liave  been  drunkards, 
others  syphilitic.  Fatty  masses  appear  on  the  trunk  and 
limbs.  The  patient  becomes  generally  obese,  but  fresh 
lumps  continue  to  appear.  Pain  is  a  marked  s\'mi>tora; 
it  may  be  present  elsewhere  tlian  in  the  fatty  deposits. 

Complications. — Cardiac  disorders  are  conunon.  In 
six  of  our  seven  cases  heart  lesions  were  found  at  autopsy. 
The  fatty  overgrowth  and  infiltration  also  diminish  the 
working  power  of  the  heart  and  the  resistance  of  its 
walls.  "Sclerosis  of  the  coronary  arteries  frequently  le:ids 
to  chronic  myocar(iitis. 

The  relationship  between  obesity  and  sterility  in  the 
female  was  recognized  by  Hippocrates.  Kisch  has  col- 
lected over  two  luniilred  cases  associated  with  amenor- 
rhiva  and  sterility.  Plnlbert  has  described  five  cases  in 
which  pregnancy  occurred  after  the  corp>denc<'  was  re- 
duced. Abortion  is  conunon.  Goubert  records  the  case 
of  a  very  obese  woman  who  had  eight  consecutive  abor- 
tions which  he  could  attribute  to  no  other  cause. 

The  frequency  with  which  corpulent  persons  are  at- 
tacked w-ith  diabetes  was  pointed  out  by  Trousseau  and 
Seegen.  Kisch  asserts  that  more  than  half  of  the  cases 
of  extensive  hereditary  obesitv  become  affected  willuiia- 


12-i 


REFERENCE  IIAXDROOK    oK    riir,    Mi:i»i(  aI.   S(  IKNCES. 


AilipckKlfaK. 

A4ll|»OMltUH. 


beli'S  incllitus.  Generally  the  diabetes  does  not  lievelop 
for  years  aller  the  obesity  has  beeoine  iiiarkeil.  In  these 
cases  the  jiro^ress  of  the  disease  is  slow,  jilyeosiiria  is 
almost  the  otdy  syiiiptoin,  and  the  proaiiosis  is  tavoralile. 
In  another  group  of  eases  obesity  appears  in  younj;-  indi 
viduals,  develops  rapidly,  and  diabetes  in  its  .severe  form 
supcrvene.s. 

Gout  is  a  frequent  eomjilieation  of  oliesily. 

PliociNosis. — The  outlook  is  more  favorable  in  Ihe 
plethorie  than  in  the  anaemic  forms,  and  in  the  aecpiired 
than  in  the  hereditary  eases. 

Acute  infectious  diseases  are  badly  borne  by  the  oliese. 
This  was  known  to  the  ancients.  The  internal  tempera- 
ture rises  more  (|uickly  and  is  less  readily  reduced  by 
cold  baths  (Liebermeister) .  Antipyretic  diu^s  should 
be  avoided. 

Surgical  operations  are  attended  with  unive  rianyer. 
The  resistance  of  the  ti.ssues  to  bacterial  invasion  is  di 
minislied.  One  of  our  eases,  a  very  stout  woman,  was 
admitted  with  Ihe  diagnosis  of  strangulated  undiilical 
liernia.  At  operation  the  siic  was  found  to  contain 
omentum  only.-  'Sotne  omental  and  subcutaneous  fat  was 
removed  and  the  wound  closed.  The  temperature  re- 
mained normal  for  seven  days;  then  fever  dexcloped. 
Two  days  before  death  signs  of  thrombosis  of  tin- ri;;lit 
femoral  artery  appeared.  At  autopsy,  below  the  ojiera 
lion  wound  wliich  had  healed  by  first  intentii>n.  a  cavity 
was  foiMid  in  the  srd)eutaneous  fat  of  the  abdomen  tin- 
size  of  an  orange,  lined  with  necrotic  material  and  con 
taining  dark  colored  fluid.  From  this,  and  from  the 
thrombi  in  the  right  iliac  and  femoral  arteries  and  veins, 
pure  cidtures  of  the  Staphylocoec\is  pyogi-nes  aureus 
were  obt^uned. 

This  illustrates  the  truth  of  Sir  .lames  Paget 's  words: 
"The  over-fat  are  certainly  a  bad  class.  ...  1  know  no 
operations  in  which  I  more  nearly  despair  of  doing  good 
than  in  those  for  umbilical  hernia  or  for  com])ound  frac- 
ture in  jicople  that  are  over-fat." 

Tui-;atmi-;nt. — All  curative  methods  aim  to  check  the 
formation  of  fat  and  to  rid  the  Ijody  of  the  accunudate<l 
fat.  This  is  attained  usually  by  restricting  the  diet  and 
by  increasing'  the  oxidation  jirocesses.  Systematic  e.\ci'- 
cise  is  all-important. 

In  treating  a  ease  of  obesity  the  general  (lieteii<-  priii 
ciplesare:  (!)  to  increase  the  animal  food  :  C.'l  to  djuiiii 
isli  the  fatsand  carbohydrates;  (8)  todiminish  the  supply 
of  fluids. 

The  ll<ti-ri  ii-Hiinthi'i  iiiillinil  was  the  first  of  the  ilii-telie 
systems  for  the  ciu'c  of  obesity.  It  was  devised  by  Mr. 
Ilarvey.  of  London,  and  used  with  great  success  in  the 
case  of  William  Banting  in  18(!2,  Aidmal  food  is  ii-eely 
allowed,  the  carbohydrates  greatly  reduced,  and  tin' 
amount  of  fat  cut  down  to  the  lowest  limit.  Thcsupjily 
of  wat<'r  is  not  restricted. 

In  the  Klixtdn  iiiithnil  \hv  fats  are  increased,  the  car 
bohydrates  greatly  reduced,  the  proteids  )iraetically  un 
changed.  A  person  whose  diet  is  rich  in  fat  reipnrcs 
less  to  cat  and  suffers  less  from  hunger  than  one  who. 
following  Banting's  treatment,  has  almost  no  fat  in  his 
food.  Hence  Ebsteiu  inclu<les  butter  and  cream  in  Ids 
dietary. 

The  Oertel  mrthorl,  consisting  of  a  condiinid  dieteti<' 
and  mechanical  treatment,  was  first  used  in  treating 
circulatory  disturbances  dependent  upon  heart  disease. 
The  loss  of  weight  was  .so  .stea<ly.  and  so  pronounced, 
that  he  employed  it  in  obesity.  The  fluids  as  well  as  the 
fats  and  carbohydrates  are  restricted.  Ili>  believes  tliat 
diminishing  the  water  in  the  body  aids  in  the  reduction 
of  fat,  and  that  it  also  lessens  the  weakeinng  of  the  heart 
muscle,  which  is  the  starting-point  of  most  of  the  dangers 
of  obesity. 

The  second  part  of  the  treatment  consists  of  system 
atizcd  e.vercise  in  the  sliape  of  walks  and  hill  climbing. 
This  produces  combustion  of  the  body  fat.  jireserves  the 
tissue  albumin,  and  strengthens  the  heart. 

The  following  is  the  diet  recommendcfl  by  Oertel: 

"  .Morning  meal :  foffce-fij  ounces,  milk  1  oinice,  sugar 
77  grains,  wbcaten  bread  1^  ounces. 


".Midday  meal:  Soup  !{  ounces;  roast  or  boiled  beef, 
or  veal,  or  game,  or  lean  poultry,  7  to  H  ounces:  fresh 
sidad  1  ounce,  liread  1  ounce,  never  lo  exceed  H  ounces: 
fruit  ;!  to  (>  ounces:  a  little  lish  if  desired.  Light  wine, 
(i  to  S  ounces,  if  no  fruit,  or  if  very  h(jt  weather:  other- 
wise no  fluid  with  this  mi-al, 

"Atternoon  meal:  {'ollce  ;U  ounces,  milk  1  ounce, 
sugar  77  grains,  water  'i  ounces,  never  more  than  (i 
ounces:  bread  1  ounce  (exceptionally), 

"Evening  meal:  Wine  7  ounces,  water  2  ounces,  rme 
or  two  eggs,  roast  meat  ,)  ounces,  salad  1  oun<-e" 
I  Whit  la). 

The  Srhirt'iiitiiii r  inithiiil  is  .S(anewhat  sin\ilar  to  Oer- 
tel's.  No  water  is  allowed  at  meals,  and  Ihe  amount  for 
the  whole  day  is  restricted  to  less  than  a  lunt.  Hot 
baths  anil  mas.siige  are  important  factors  in  the  treatment. 
The  passive  excrci.ses  as  (lescribed  by  Romme  are  severe, 
almost  brutal. 

In  the  Banting  diet  there  is  not  sullicienf  fat  to  insuiv 
nornud  metabolism,  and  while  this  method  is  etlii  iiiit  in 
reducing  fat.  it  is  apt  to  produce  exhaustion  except  in 
till'  very  robust,  and  has  been  followed  by  sleeplessness, 
various  nervous  disorders,  and  even  |)remature  death.  It 
is  claimed  that  Oertel's  method  ,sometinies  exerts  similar 
injurious  effects  and,  aceording  to  Rosenfcld,  the  reduc- 
tion of  fluid  is  fre(|Ucntly  followed  by  kidney  disease 
which  leads  to  a  fatal  issue,  l{obin  states  that  in  cases 
in  whicli  the  excretion  of  urea  is  diminished  water  should 
be  freely  allowed.  In  these  ca.ses  restriction  of  Ihe  water 
supply  would  be  injurious. 

An  adult  maleof  average  , size  doing  a  moderate  amount 
of  work  requires  about  lis  gni,  of  aibunnn,  oO  gm,  of 
fat,  and  oiK)  gm,  of  carbohydrates.  This  eipials  H.!!.")! 
calories.  It  is  interesting  to  compare  this  with  the  diet 
arv  of  the  chief  obesitv  cures  in  the  table  given  liv 
Pfeiffer: 
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P.ouchard  has  obtained  excellent  results  on  a  diet  of 
milk  and  eggs.  .No  other  food  is  allowed  for  a  period  of 
twenty  days.  Tiie  patients  are  usually  greatly  consti- 
liaied. 

Sir  Dyee  Duckworth  recommends  a  dietary  more  lili- 
eral  and  less  irksome  than  that  of  Ebsli-in  or  Oerlel — \i 
to  II  ounces  of  meat.  <i  to  S  ounces  of  bread,  4  to. T  ounces 
of  green  vegetable,  1  to  1^  oimces  of  butter  and  fat,  and 
:il)  to  I!.")  oiuices  of  fluid. 

'I'liiliDi'il  'I'ldiliiii  III. — The  use  of  thyroid  extract  in  adi- 
jiositas  was  advocated  first  by  Vorke  Davies  and  soon 
after  employed  by  Lcielitenstcrn  in  (Jermany,  'I'his 
agent  has  been  successful  in  some  cases,  especially  those 
of  the  ana-mic  type.  The  do.sjige  is  one  to  five  gniins 
given  thrice  daily.  If  the  dose  is  increa.sed  to  ten  grains 
svmptoms  of  thyroidism  usually  siiiiervi-nc — marked 
lieadaehe.  tachycardia,  syncope,  etc.  Love  slates  that 
strychnini-  is  a  valuable  adjuvant   to  Ihe  thyroid  treat- 

lUI'llt. 

The  loss  of  weight  is  not  constant 
does  not  occur.  Achard  and  Clerc 
weight  in  one  case.  Kbstein  in  a  recent  article  brings 
some  weighty  objer-tions  ag.-iinst  this  mefhoiL  He  sjiys 
that  Ihe  gland  loses  itsctVeel  after  a  lime;  Ihc' storing  up 
of  fat  bcginsagain  when  Ihe  treatment  is  stopped:  finally 
the  loss  of  weight  depends  more  on  increa.'icd  (iroleid 
metaliolism  than  on  the  disapiiearancc  of  fat.  Dietetic 
measures  are  less  dangerous,  as  von  Xoorden  has  shown 
that  a  redueiion  of  fat  can  be  elfictcd  by  a  ilieletic  me 
chanical  treatment  without  the  loss  of  albumin. 

\im  Hocsslin  conducts  his  tiealnient  along  four  lines: 
First,  iiroteid-l'at  illi-l  resembling  Kb.steiirs:  second, 
hydrotherapy;  third,  thyroid  cxtmel;  fourth,  regular 
exercise. 


Ill  some  cases  it 
record    a    i:ain  if 
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Afiiiinil  ira/i'iv  have  loiij;  been  regarded  of  value  in 
the  trealinent  o(  obi'sily. 

Catliell  reeomiiieiids  a  cDursc  of  Vicliy  and  Kissiug'en 
waters.  'I'liey  ai'e  used  alternately,  eaeh  for  a  day,  a  large 
gla.ss  a  half  liour  after  each  meal. 

These  alkaline  and  saline  waters  are  effective  only  in  so 
far  as  they  remove  fat-forming  substances  of  the  food 
from  the  intestine  by  increased  iieristalsis  before  absorp- 
tion can  take  plaei'. 

/iiit/i.i  are  of  \alue  in  increasing  metabolism.  Hot  baths 
and  vapor  ballis  are  especially  recommended. 

i^/iij/  should  lie  resliicted  to  seven  or  eight  hours. 

Joseph  U.  Pratt. 
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ADIRONDACK  MINERAL  SPRING. —AVashington 
Couniv.  N(«'  York. 

Post-Of  FUE. —Whitehall. 

The  water  of  this  spring  is  found  in  the  markets  un- 
der the  name  of  the  Adirondack  Medicinal  Water.  An 
analysis  by  Professor  Collier,  of  the  University  of  Ver- 
mont, shows  the  following  results: 

One  U.mted  States  fi.iLLO.N  CO-Ntai.\s: 
Solids.  Grains. 

Sodium  carbonate 5.14 

Potassium  carbonate ,5.33 

Calcium  carlKinute 18.54 

Magnesinui  carbonate 16.63 

Litbiiiiii  carlinnate 0.03 

Mani;:tiiese  carboiiat.e Trace. 

Iron  carbi5nate 6.04 

Calcium  sulpbate ll.i:j 

Sodium  chloride 14.34 

Alumina , Trace. 

Silica 0.74 

Total 76.89 

This  analysis  shows  an  excellent  chalybeate  Avater. 
Experience  has  shown  its  eflicacy  in  cases  of  anfemia  and 
general  debility,  in  subacute  and  chronic  articular  rheu- 
matism, in  muscular  I'hciuuatism,  and  in  some  of  the  scaly 
skin  affections.  James  K.  Crook. 

ADIRONDACKS.  — This  extensive  forest  and  lake 
region  is  a  ]ilaUau  studded  with  mountains  and  lakes  and 
situated  in  Northern  New  York,  between  lat.  43"  30  and 
44°  30',  long.  74"  to  7.5'  30'  W.,  being,  roughly  estimated, 
12.5  miles  square. 

The  average  elevation  is  1,600  feet,  the  mountain  peaks 
varying  from  2,000  to  ,5,000  feet,  trending  in  general  tow- 
ard the  siiutliwest  in  several  irregular  ranges. 

The  northern  and  southern  boundaries  are  gradual 
slopes  to  the  St.  Lawrence  and  IMohawk  valleys  respect- 
ively, while  the  eastern  is  more  abrupt  to  Lakes  George 
and  Champlain,  and  the  western  less  so  to  Lake  Ontario. 

Geologically,  this  region  is  related  to  the  Archean  or 
earliest  formation,  witli  glacial  drift  and  luoraines  much 
in  evidence. 

Tlie  soil  is  chiefly  light  .sand,  which  forms  a  feature  of 
importance  in  determining  the  climate  and  character  of 
the  forest  growth. 

The  lake  shores,  lowlands,  and  valleys  are  wooded 
chiefly  with  flr,  pine,  white  cedar,  tamarack,  red  spruce, 
and  balsam.  The  lesser  elevations  and  foothills  have  de- 
ciduous trees  in  greater  ]iroportion,  such  as  sugar  maple, 
birch,  beech,  poplar,  mingled  with  a  few  evergreens, 
while  the  in;ijoiiiy  of  the  peaks  are  wooded  to  the  top 
with  lirs  and  spruces. 

The  combination  of  dark-green-clad  mountains  and 
numerous  i.sland-dotled  lakes  gives  at  all  seasons  a  land- 
scape of  great  beauty. 

Large  tracts  of  foi'est  are  owned  by  the  State  and  indi- 
viduals for  permanent  ])reserves,  insuring  protection  for 


tish  and  game  and  conserving  the  water  supply.  Tem- 
porary camps  are  permitted  on  State  land,  and  during 
till'  trout  and  deer  seasons  great  numbers  of  sportsmen 
lind  delight  in  these  haunts.  Modern  camp  life  for  the 
invalid  or  convalescent  in  the  Adirondacks  is  a  pleasure 
hardly  surpa.ssed,  when  all  the  luxuries  are  available. 

The  climate  has  long  been  noted  for  its  invigorating 
qualities.  The  winters  are  usually  cold  and  diy,  the 
summers  cool  but  moist,  though  relatively  dryer  than 
coast  climates  or  lowlands. 

The  porous  soil,  elevation,  and  coolness  render  the 
moisture  less  apparent,  though  the  rains  are  very  fre- 
quent in  summer.  Meteorological  data  for  the  past  six 
years  are  now  available  for  tlie  comparison  of  dilferent 
sections  of  the  plateau.  The  mean  annual  temperature 
for  the  whole  region  is  42.8°  F. :  average  total  precipita- 
tion, forty-two  inches. 

The  prevailing  winds  are  west  and  southwest,  being 
much  varied  and  retarded  by  the  mountains  and  im- 
mense areas  of  forest.  The 'coast  winds  do  not  reach 
inland  far  enough  to  affect  the  climate,  but  Lake  Ontario 
luodifies  the  westei'n  slope,  while  the  northern  jiart  is 
influenced  moi-e  by  the  St.  Lawrence  valley  winds, 
which,  especially  in  winter,  sweep  across  the  level  plains 
of  Canada  from  the  west. 

The  precipitation  is  greater  on  the  southern  and  west- 
ern slopes  than  in  the  interior  and  northern  portion  of  the 
Adironilack  plateau,  though  local  conditions  appear  to 
influence  the  amount  greatly.  Thus  at  Saranac  Lake,  in 
the  northern  centre,  the  average  annual  iirecii)itation  for 
six  years  was  thirty-four  inches,  yet  in  the  forest,  within 
a  few  miles,  it  is  manifestly  mucli  greater.  At  the  same 
place  the  annual  mean  temperature  was  4L7°  F.,  and  for 
the  four  winter  luonths  19..5°  F.,  with  an  average  of  ten 
rainy  days  for  the  \vinter.  The  mean  summer  tempera- 
ture was  63°  F. 

Quoting  from  the  Annual  Report  of  the  New  York 
Weather  liureau,  1896:  "The  Adirondack  plateau  is 
subject  mainly  to  the  same  influences  which  determine 
the  climate  of  the  St.  Lawrence  valley,  excepting  that 
the  central  and  eastern  portions  of  the  highlands  ai'C  not 
reached  by  the  lake  winds.  A  very  broken  and  heavily 
timbered  surface  oilers  great  ob.structions  to  the  circula- 
tion of  air  currents,  and  hence  the  summer  temperature, 
although  the  lowest  in  the  State,  is  somewhat  higher 
than  would  otherwise  be.  due  to  the  elevation  of  the 
region.   .   .   . 

"So  far.  then,  as  present  records  show,  the  whole  of 
Northern  New  York  has  substantially  the  s;ime  average 
winter  tempei'ature,  excejit  as  certain  deep  valleys  afe 
subiect  to  a  local  cooling  through  an  accuiuulation Of  the 
colder  and  denser  air.  In  summer  the  waiinth  of  the 
liighlands  decreases  at  about  0.3  degree  per  luuidred  feet 
of  elevation  above  sea  level,  and  the  average  temperature 
of  the  Adirondack  region  at  that  season  is  thus  reduced 
to  nearly  the  .same  level  as  that  which  prevails  on  the 
seacoast  of  Northern  JIaine;  the  days,  however,  being 
warmer  and  the  nights  cooler  than  iu  the  coast  region." 

There  is  an  excess  of  cloudy  weather  in  November, 
December.  April,  May,  and  frequently  at  other  seasons; 
the  virtues  of  the  climate  being  attributable  to  coolness, 
altitude,  aseptic  atmosphere,  freedom  from  dust,  rather 
than  to  the  amount  of  sunshine. 

The  suitability  of  the  climate  for  the  cure  of  early  tu- 
berctilosis  has  been  amjilv  demonstrated,  and  arrest  or 
amelioration  of  advanced  cases  is  secured  by  a  prolonged 
residence,  when  the  powers  of  resistance  can  be  stimu- 
lated. It  has  been  found  beneticial,  jiartievilarly  in  sum- 
mer, for  chronic  bronchitis  and  asthma  dependent  upon 
it,  also  for  hay  fever.  The  winter  is  equally  gooil,  if  not 
better,  for  early  tuberculosis.  It  is  unsuited  for  rheu- 
matics, renal  cases,  and  patients  beyond  middle  life. 

The  princijial  resort.  Saranac  Lake,  is  generally  known 
because  of  the  Adirondack  Cottage  Sanitarium,  fountled 
by  Dr.  E.  L.  Trudeau.  for  tuberculous  patients  of  mod- 
erate means.  This  establishment  has  one  hundred  rooms, 
and  was  the  tii-.st  people's  s;»natorium  of  its  kind  in  Amer- 
ica.    Twenty-flve  jier  cent,  of  all  cases  and  from  sixty  to 
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seventy-five  per  cent,  of  the  incipient  fl!is.sare  cli.scluirj;i'(i 
apparently  cured.  One  otlier  inslilntion  is  at  present 
available  in  this  region — the  Sanitarlnni  (labriels.  located 
at  Paul  Smith's  Slutiou,  and  aceonnnodating  si.xty  pa- 
tients. 

A  list  of  the  various  resorts  in  the  .Vdhondack  re.yion. 
with  their  respeclive  elevations,  is  appiiidid.  Furlhi-r 
information  can  be  found  in  Solly's  ■■.Medical  (linia- 
tology."  in  Knopf's  "  Pulmonary  'ruherculosis,"  in  giiidr- 
books,  etc. 

Ilfsort.  Eli-viition. 

SaniiKic  !.iike I..'»;>'»  ft-cx. 

Lake  IMaciU  l.fMi    " 

TupiiM'  Lake I  .'M    " 

Kecne l.lMI    " 

Klizalietlitown T.ii)    " 

Olil  Foi-iri- l.fiW    " 

Fuliiin  (luiin l,;nt    " 

I'aui  snitiirs i.nat   " 

Sar-.mac  luD 1  ..'>ti(i  " 

North  Ellia I.iks.-)  ■■ 

t'liazv  Lake L'iKi  " 

Blue  Mountain  Lake l.Sim  " 

Sehnjon  Lake  .  .^. . .  .* j>()0  " 

■■     '       '  E.    /,',    n,:hl,rin. 

ADONIDIN  L\il"iiiii).~\  glucosiile  ..htained  from 
several  species  of  .{(Iimis.  chiefly  from  the  r(jot  of  A.  nr- 
iKi/is  fj.  It  is  a  light-yellow  powder,  whliout  odor,  but 
intensely  bitter,  very  hygroscopic,  soluble  in  both  water 
an<l  alcohol.  Moisture  nuist  be  carefull\'  excluded  from 
the  containers.  As  it  exists  in  connnc-rce,  it  is  a  mixture 
of  variable  degree  of  purity.  Its  action  is  <lescrilied  un- 
der .'l(7«)(i',s.  The  do.se  is  0.004  to  O.dHi  gm.  {"v  -.K 
to  i). 

Picradonidiu  is  merclv  the  v<'rv  )nnT  form  of  relonidin. 

//.  //.  /.'«.%■//,//. 

ADONIS.  — /'wAvc  ir,//,/,„iv  (family  /,;fi,iui,'N/,f,;.i) . 
The  herb  of  Adfinis  TernnUs  L.,  one  of  some  sixteen  s])c- 
cies  in  the  genus. 

It  is  a  small  plant,  growing  wihl  in  Southern  Europe. 
and  somewhat  cultivated  as  an  ornamental  flower.  Ow- 
ing to  the  instability  of  its  active  constiiuent,  adonidin, 
it  should  be  carefully  preserved  in  a  cool  and  dry  jilace 
and  should  not  be  kept  on  hand  loo  long.  Tin-  plant  is 
poisonous. 

Besides  the  active  constituent  described  above,  it  con- 
tains aconitic  acid  to  the  extent  of  ten  per  ci'Ut.  The 
action  of  adonis  is  apparently  due  altogether  to  the  adou 
idin,  which  exists  to  the  extent  of  ().(l-2  of  one  per  cent. 
Its  effects  are  for  the  most  jiart  exerted  ujion  tlie  circu- 
lation, lis  first  and  chief  action  is  to  stimulate  the  vaso 
motor  centres  and  thus  greatly  increase  blood  pressure. 
N(^xt  it  stimulates  the  heart  directly,  inci-easing  both  its 
rate  and  force,  and  thus  still  fnrllK'r  increases  the  blood 
pressure.  This  pressure  then  reads  against  the  heiirl 
and  may  slow  it.  If  the  dose  is  larger,  the  inhiliitorv 
centres  are  stinuilated,  and  this  markeilly  slows  the  heart. 
The  same  causes  render  it  a  powerful  indirect  diuretic. 
The  vasomotor  stimulation  is  not  long  continued,  and  is 
succeeded  by  depres.sion,  as  is  to  a  less  extent  Ihe  direct 
cardiac  stimulation,  the  two  together  causing  a  sudden 
fall  in  blood  pressure.  If  the"  dose  is  a  jioisonous  one. 
death  will  occur  with  the  heart  in  diastole.  Large  poi- 
sonous doses  cause  vomiting  and  imrgiiii:.  The  treat 
ment  of  poisoning  is  entirely  jilivsioloirical  and  .■^vmplo 
inatic. 

Adoin's  is  used  in  exactly  the  Sivme  wav  as  diiritalis.  as 
a  cardiac  and  arterial  stinnilant,  and  is  liable  to' the  same 
contraindications.  The  greatest  dilVcnTice  (d'  opinion 
exists  as  to  which  is  preferable,  but  it  appears  estab- 
lished that  adonis,  at  least  in  the  form  of  adonidin.  acts 
inore  (piickly,  though  Ihe  action  is  not  so  prolonged,  and 
is  more  apt  to  he  followed  by  reaction.  Xo  attempts 
have  been  made  to  ascertain  whether  the  tissue  of  llu' 
heart  muscle  is  permanently  cliangeil  in  quality  or 
quantity  by  adonis,  as  ajipears  to  be  the  case  'with 
digitalis. 

Adonis  is  best  given  in  the  form  of  tincture  or  fluid 
extract,  which  arc  miscible  with  water,  or  as  adonidin. 


The  dose  of  adonis  shoidd  reprcsi^nt  O.O.")  to  O.-J.")  gm. 
(gr.  i.  to  iv.).  It  is  best  to  begin  with  a  small  dose  and 
increase  gradually.  //.  J/,  Ji„yl,y. 

ADRENAL      GLANDS. —  A.\.\tom  v.  —  The      adrenal 

glands,  lornicrly  known  as  rtiji:<nUi-  iitrnliiliiiriii-.  from  Ihe 
<lark  brown  color  somelimes  seen   in   Ihe  mednllarv  por- 
tion after  death,  or  nucn  mice( iiliin'nti.  also  called   supni- 
ien:d    hollies,    or    capsules,    are    classified    as 
"ductless  glands,"  together  with  the  spleen, 
thyroid,    and     thymus,     since 
they  have    no  excretory  duct. 
They   are   situated   in  the  epi- 
gastric   region,  one   on   cither 
side  of  the  verte- 
bral   column,     in 
the  jiosterior  part 
of  Ihe   idxlonunal 
cavity,  behind  the 
peritoneum,      and 
they      surtnount 
t  h  e  i  r    res]iectivc 
kidneys  to  which 
they  are  attached 
bv  connective  tis- 
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Fiii.  4.s.-The  Kidney  anrj  tlie  Adrenal  (itand 
of  tlie  fiiirlu  Side  Ariiericirvlew.  (Kreiiu 
Te.siut:  Traill-  d'anatoniie  hunialne.  vol. 
iii.)  1,  External  Ixirder;  :.',  internal  ttonier 
with  2'  liiluin  ;  :!,  upix-r  extreniltv  ;  4.  lower 
e.\ireinity :  a.  adrenal  j,'land ;  U.  renal  artery 
witti  it.s  braiH'lies ;  ?.  renal  vein  :  s,  j)elvls 
with  .--'  neck  of  pelvis;  !i.  la-eler ;  10,  Inferior 
adrenal  artery:  II.  middle  adrenal  artery; 
I-,  superior  adrenal  arten- ;  la,  larL'e  ad- 
renal vein. 


They  are  Mat, 
yellowish,  gland- 
ular bodies,  dill'er- 
i  n  g  fro  111  o  lie 
another  in  Iheir 
shape  and  rela- 
t  i  on  s.  I  11  I  h  f. 
fieluslhcse  glands 
are  larger  than  the 
kidneys,  but  later, 
a  1 1  ho  It  g  li  lliey 
continue  to  uiow 
till  adult  life, 
llicy  increase  in 
si/i'  more  slowly 
than  the  kidneys, 
and  coii.se(pieiilly 
llie  dilTercncc'  in 
Ihe  relative  size 
of  the  I  wo  firgans 
in  llie  belns  and 
in     tlio    ailiilt     is 

\eiy  striking.  Thomjisfjn  tli<niglit  that  this  preponder- 
ance of  the  adrenal  in  the  betus  was  ji  pecailiar  charac- 
leiislic  of  Ihe  human  gland  not  shared  by  that  of  tuiv 
other  mammal.  In  childhood  these  glands  are  linn  ami 
]iarlly  transbiceiit  al  the  eilges,  and  they  do  not  con- 
lain  much  fat.  whereas  this  element  appilirs  to  increase 
in  amount  w  ith  the  age  of  the  inilividual.  Tlii'  healtiiv 
adult  organ  is  never  translucent  and  is  less  firm  than  in 
early  a.^'c. 

The  right  ailnnal  is  friangtilar  and  tljillened  and  has 
been  likened  to  a  cocked  hat.  It  preseiils  two  surfaces, 
anterior  and  posterior.  The  anterior  surface  li:is  Ihree 
angles,  supcricd',  inferior,  and  exlernal.  Il  is  ilividi-d  inio 
two  parts  by  :i  groove  called  tin/  hiluin.  This  groove 
runs  horizontally  from  the  upper  outer  margin  inward, 
a  little  below  the  upper  border,  Iheii  curving  dowii- 
wtird  at  the  emergence  of  the  capsular  vein  it  runs  ver- 
lically  a  little  internal  lo  Ihe  median  iHailcr.  The  upper 
and  inner  pari  of  lliis  surface  is  .somewhat  depressed, 
and  comprises  ;d)oiil  one  tliiril  the  whole  area.  Its  supe- 
rior jiarl  is  in  direcl  coiilaci  with  the  liver,  while  the 
median  part  lies  behind  the  inferior  vena  t^ava.  The  ex- 
lernal Iwo  thirds  of  the  anterior  surface  of  Ihe  cajisille  i.s 
separated  from  Ihe  liver  by  its  covering  of  peritoneum, 
exci'pt  a  sniiill  area  about  the  inferior  angle,  which  is  in 
conlact  w  ith  Iheiluodeiium.  The  posterii>r surface  isalso 
divided  by  a  furrow  into  the  upper  larger  part  lyinj^ 
against  Ihe  diaphiairm  and  the  lower  smaller  ]>arl  which 
lies  in  contacl  with  the  kidney. 

Tiie  left  adreiiid  is  a  little  larger  llian  tin-  right  and  is 
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not  so  prominent  jibovr  its  respect ivo  kidney,  but  it  ex- 
tends downward  nlonj;  the  upper  Imlf  of  its  niediiin  niur 
gin.  It  has  twomisrles.  sujierior  ;uid  inferinr.  Frcitn  tlii' 
anterior  view,  its  oul  line  is  nulicr  seniilunur  or  ereseentie. 
its  eoneave  surfaee  looliiugdowinvanl  and  outwaiil  tow- 
ard  the  kidne\-.  It  also  presents  two  surfaces,  anterior 
and  posterioi'.  Tlie  anterior  surface  is  traversed  by  a 
furrow  whieli  pas.ses  downward  anil  forwartl.  and  from 
its  lower  end  emerges  the  suprarenal  \'ein.  The  sujieiior 
part  of  the  anterior  surfaee  lies  in  contact  with  the  spleen 
and  the  cardiac  end  of  the  stomach,  while  the  lower  ]iart 
is  covered  by  the  pancreas  and  splenic  vessels.  Tlie  pos- 
terior surface  is  divided  by  a  vertebral  elevation  so  that 
the  inner  part  is  directed  inward  and  backward  and  is  in 
contact  with  the  left  crus  of  the  diaphragm,  while  the 
external  part  looks  outward  and  backward  and  rests 
against  the  kidney. 

SxiivcTriiE.— The  gland  on  periicndicidar  section  is  seen 
macroscopically  to  consist  of  tw  o  parts,  corte.x  and  me- 
dulla. It  is  surrounded  by  areolar  tissue  in  which  there 
is  much  fat.  Besides  this  covering,  it  is  invested  with  a 
fibrous  envelope  consisting  of  two  parts,  the  outer  of 
which  is  looser  and  the  inner  of  closer,  fiinier  structure. 
Flint  has  shown  by  chemical  manipulation  that  the  peri- 
glandidar  connective  tissue  and  a  large  part  of  the  ex- 
ternal layer  of  the  capside  consist  of  white  fibrous  tissue. 
This  fibrous  envelope  has  connective-tissue  cells,  smooth 
muscle  fibres,  nerves,  and  ganglionic  cells  which  are  de- 

r  i  v  e  d  fro  m  t  h  e 
neighboring  ]>lexus 
coeliacus.  Stilling 
first  described  the 
superficial  plexus 
of  lymphatics  of 
the  adrenal,  in  ad- 
dition to  which 
there  are  the  arterial 
and  venous  plex 
uses. 

Ciirtcr. — The  cor- 
tical ]iart  is  deep 
yello\\'  in  color  and 
comjiact  in  consist 
ence.  It  forms  the 
larger  part  of  the 
organ.  t)n  exami- 
nation three  zones 
are  discernible:  the 
external,  zoiw,  yhi- 
menilosa  ;  the  mid- 
dle, avia  fascicii- 
l  a t a  ;  and  the 
intci'nal,  zona  retic- 
uliitii — these  names 
indicating  the  gen- 
eral appearance  of 
the  individual  lay- 
ers. The  frame- 
work of  the  gland 
cimsists  of  retieu- 
Imn.  This  sub- 
stance is  not  yellow 
elastic  lissjic,  since 
it  resists  jiancreatic 
digestion,  as  shown 
b  y  E  w  aid  a  n  d 
Kiihnc.  Meither  is 
it  white  fibrous  tis- 
s  u  e.  31  a  1 1  h  a  s 
shown  its  difference 
in  chemical  nature  and  reaction  from  the  latter,  as  well 
as  from  the  elastic  tilires.  He  has  also  jirovcd  tliat  the 
interstitial  tissue  of  many  glands  and  organs  has  no  con 
neetion  with  the  conne<-tivetissue  cells,  but  consists  of 
an  interlacement  of  branching  tibrils.  This  substance  he 
calls  reticulum.  It  is  very  abundant  in  the  splanchnic 
area.  As  the  result  of  chemical  manipulation  it  yields  a 
residue  called  reticulin.     From  the  inner  part  of  the  cap 
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FIG.  49.— Vertical  Section  of  .Adrenal  Body : 
Human.  Wagnilled.  (Eberlh.)  1,  Cortical 
substance :  2,  medullary  substance ;  a,  cap- 
sule ;  />,  zonaplomerulosa:  c,  zona  fascib- 
ulata;  rl,  zoiia  reticularis;  c,  groups  of 
medullary  cells ;  /,  section  of  a  large  vein. 


Side  particularly,  two  kinds  of  processes  extend  into  the 
gland.  These  are  the  large  septa,  which  reach  nearly,  if 
not  completely,  to  the  zona  reticulata,  and  the  smaller 
septa,  which  divide  the  outer  part  (jf  the  cortex  into  irreg- 
ular oblong  spaces  iu  which  are  found  the  coiled  columns 
of  cells  that  form  the  zona  glomerulosa.  These  spaces 
are  still  further  divided  by  reticular  processes  which  .sep- 
arate the  cell  columns.  The  cellsof  the  zona  glomerulosa 
are  irregularly  coluiniutr  or  cyliiidiical  in  shape,  having 
small  oval  nuclei  nearly  central  in  ])osition.  Flint,  in  de- 
•scribing  the  zona  fasciculata  of  the  dog,  .says  that  the 
reticulum  takes  oi'igin  from  the  lai'ger  septa  which  spring 
from  the  capsule  and  from  those  at  the  inner  border  of 
the  zona  glomerulosa.  These  filaments  reach  toward  the 
medulla,  twining  in  and  out  between  the  cells.  The 
anastomosing  cell  columns  of  the  zona  fasiculata  lie  at 
right  angles  to  the  capsule  and  are  comjiosed  of  poly- 
hedral cells.  Capillaries  and  fil)iils  of  reticidum  coming 
from  the  capsule  and  septa  of  the  zona  glomerulosa  give 
to  this  layer  its  cohimnar  aiTangemeut  of  cells.  The  cell 
colunms  of  the  zona  fasciculata  of  the  human  adrenal  are 
distinctl}'  outlined,  the  capillary  endothelial  nuclei  assist- 
ing in  great  measure  to  make  tliem  clear.  The  filaments 
of  the  zona  reticularis  are  derived  from  the  layer  above, 
and  their  structiiie  is  so  complicated  that  Arnold  has 
declared  that  practically  each  cell  has  its  individual  space. 
Many  of  these  fibrils  run  parallel  to  the  cajisule.  a  direc- 
tion at  right  angles  to  their  course  iu  the  zona  fasciculata, 
although  the  meshwork  is  so  dense  that  the  separate 
fibrils  can  be  followed  for  only  a  short  distance.  This 
zone  separates  the  rest  of  the  cortex  fi-om  the  medulla, 
and  in  some  animals  is  very  irregulai'.  The  cells  of  the 
zona  reticularis  in  the  human  adrenal  are  large,  contain- 
ing, as  well  as  alluuninoid  and  fat  granules,  bi'own  pig- 
ment, which  is  more  abundant  in  ailults  than  in  infants 
and  children. 

Mediilhi. — The  medullary  pait  of  the  adrenal  in  the 
adult  is  soft  and  pulpy  and  of  a  dark  brownish-black  hue. 
After  death  it  iiuickly  changes,  becoming  rapidly  almost 
diffluent.  Its  first  appearance  in  the  embryo  is  indicated 
by  small  groups  of  cells  iuider  the  capsule  after  the  cor- 
tex has  been  fonned.  These  cells  giadually  migrate 
toward  the  centre  of  the  gland,  and  in  doing  so  they  in- 
crease in  size  and  intricacy,  Vint  it  is  not  till  just  before 
birth  that  a  hint  of  the  arrangement  of  the  cell  groups 
appears.  The  shape  of  the  cells  is  polygonal ;  tliey  are 
larger  than  the  cortical  cells;  they  are  dcsiiiute  of  oil 
globules,  and  are  arranged  in  round,  oval,  or  irregularly 
ereseentie  groups,  enclosed  by  the  reticidar  septa.  The 
reticulum  of  the  medulla  is  derived  from  that  of  the 
zona  reticularis,  and  its  ai^pearancc  is  quite  like  that  of 
the  zona  glomcrulosii,  although  far  more  delicate.  The 
differentiation  of  cortex  from  medulla  is  very  distinct, 
not  only  by  the  gross  ajipearance,  the  cortical  franie- 
Avork  being  very  dense  in  contrast  to  the  looser  medullary 
septa,  but  also  by  the  characteristic  reactions.  This 
is  particularly  shown  in  the  different  effect  of  the 
salts  of  chromium  on  the  cells  of  the  two  parts,  the  cor- 
tical cells  giving  no  reaction,,  and  the  medullary  cells 
staining  a  dark  brown.  This  is  generally  known  as 
Hcnles  reaction.  The  protoplasm  of  the  cortical  cells 
stains  more  deeply  with  ordinaiy  stains  than  the  cyto- 
plasm of  the  medullar}'  cells. 

Flint  h;is  described  several  curious  anomalies  in  posi- 
tion of  the  cortical  and  medulhuy  cells  which  are  not  in- 
frequently seen,  all  of  which  point  to  the  end)ryoU>gy  of 
the  gland.  These  appeai'ances  have  caused  much  coufu 
sion  in  the  literature.  The  centrally  migrat  ing  medullary 
cells  sometimes  cut  off  islands  of  cortical  cells,  which  on 
this  account  remain  in  the  medidla  even  in  adidt  life. 
Islands  of  medidl:iry  cells  are  found  in  the  cortex.  A 
nu'dull:iry  cell  group  may  lutt  be  closed  over  by  cortex, 
and  so  ;it  this  point  medulla  may  extend  from  the  per- 
iphei-y  of  the  gland  to  the  central  vein.  The  medullary 
cell  groiips  may  not  joint  laterally,  and  so  a  cortical 
column  will  extend  fioni  tlu'  centre  to  the  peri|ihery. 
Flint  notes  one  cmious  ca.se  in  which  at  a  certain  point  in 
the  gland  the  mcdullarv  cells  failed  to  grow  inward,  and 
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SO  the  cortex  was  found  in  its  embryonic  situiilidn  ulxjiit 
tlie  cena  centnili's,  while  the  medullary  cells  remained 
beneath  the  cortex. 

llli'iid-  Vessels. — The  arteries  of  the  adrenal  arc  derived 
from  three  sources,  viz..  from  the  aorta,  the  ])lircnic,  and 
the  renal  arteries.  Flint  observes  the  variations  of 
pressure  and  velocity  in  the  ditVerent  regions  from  whicli 
the  adrenal  arteries  oiiuinate.  and  points  out  the  fact  that 
the  eircidation  of  the  adrenal  irland  must  dcpen<l  to  a 
certain  e.\tent  on  that  i-xisting'  in  these  various  ret;ion.s. 
lie  Siiys  "that  the  arterial  system  of  the  body  is  a  reeonl, 
to  a  considerable  dci^ree,  of  the  onloseny  of  its  parts. 
For  example,  the  coiu'.sc  of  the  spermatic  artery  is  a  jier- 
inanent  record  of  the  path  followed  by  tin;  testicle  in  its 
descent."  From  his  work  on  the  adrenal  he  has  .shown 
that  what  is  true  of  the  general  circulation  is  al.so 
true  of  the  circulation  of  individual  orjjans.  "Thus 
the  course  of  the  arleri;e  niedulUe  through  the  cortex 
of  the  suprarenal  boil^-  ilefines  the  |iath  followed  by 
the  medidlary  substance  from  its  embryonic  to  its  adult 
position."  In  describing  the  adrenal  circulation  in  the 
dog.  this  author  speaks  of  the  capsular  plexus  formed  by 
the  arteries,  from  which  originate  the  three  channels 
which  nourish  the  three  different  parts  of  the  gland  and 
through  which  the  flood  flows  into  the  veins.  This  bl<iod 
from  the  arterial  plexus  pa.s.ses  through  two  sets  of  clian 
nels:  ('/)  the  arteria"  capsulfe  and  (h)  the  arteria'  corticis. 
The  first  of  these,  the  artcriai  cap.sida',  subdivide  into 
capillaries  throughout  the  capsule,  and  tinally  enijity 
into  the  capsular  venous  plexus.  Tiiis  lies  just  tinder 
neath  the  arterial  plexus.  From  the  former.  l)y  means 
of  the  vena;  comites  of  the  adrenal  arteries  and  l)y  other 
independent  veins  emptying  into  the  ri:iiii  OiiiilinUs,  the 
venous  blood  is  carried  from  the  capside.  The  second 
set.  the  arteria'  corticis,  pour  their  blood  into  the  caj)- 
illaries  of  the  zona  glomerulosa,  from  which  channels  it 
passes  into  the  capillary  system  of  the  zona  faseiculata. 
and  still  on  into  the  capillaries  of  the  zona  reticularis, 
whence  it  finally  reaches  the  medullary  Ixmndary.  where 
the  smaller  venules  anastomose,  forming  branches  which 
empty  into  the  I'eiin  centmUs.  The  arteries  of  thi^  medulla 
spring  from  the  cortex  and  reach  the  medull.a  without 
anastomosis.  There  I  hey  form  a  plexus.  From  this  the 
blood  fiows  away  by  two  routes:  (1)  dir<'ctly  into  tlie 
venous  tree;  ('i)  indirectly,  by  means  of  veins  which 
empty  into  the  central  vein  itself  or  its  large  branches. 
The  venous  tree  is  a  tributary  of  the  linnbar  vein,  tlie 
junction  of  the  two  being  at  the  hilum  of  the  gland.  Tin' 
venous  tree,  whose  finer  twigs  are  seen  at  the  peri|)hery 
of  the  medulla,  is  made  up  of  true  terminal  veins.  exce|)t- 
ing  the  very  tini'st  br.-mehes.  Thosi;  veins  of  the  capsular 
plexus  whicli  em])ty  into  the  renn  liiiiihulis  mx'  piovi<led 
with  valves,  while  none  are  found  in  the  truid<s  of  the 
venous  tree.  Thus  in  this  locality  the  medullaiy  circii. 
lation  depends  to  a  degree  on  that  of  the  liindiar  vein. 
According  to  Testut,  independently  of  the  central  vein, 
the  surface  of  the  capsule  gives  rise  to  other  veins  which 
follow  more  or  less  the  course  of  the  arteries,  some  of 
them  emptying  into  the  diaphragmatic  veins,  others  into 
the  renal  vein.s.  Testut  also  .states  that  the  adrenal  veins 
are  remarkable  for  the  development  of  their  muscular 
coat. 

A'ej'ffCT.— As  to  the  nerve  supply  of  the  adren.-d.  Quairi 
says  tliat  it  is  particularly  rich  and  is  derived  from  the 
soiar  and  renal  plexuses."  Bergmann  tliiidvs  that  it  is 
also  supplied  by  the  phrenic  and  piieumogastrie  nerves. 
The  nerve  twigs  are  especially  numerous  in  tlu'  cortex. 
where  they  penetrate  between  the  cells,  particularly  in 
the  zona  glomerulosji.  In  the  medulla,  munerous  gangli- 
onic cells  are  found.  Before'  entering  thi'  cortex  there 
an?  many  ganglionic  cells  on  the  nerves,  and  the  tibres 
are  chiefiy  mcdullated.  Flint  thinks  that  these  cells  and 
fibres  have  no  organic  connection  with  the  gland,  but 
have  been  drawn  in  by  the  medullary  cells,  although  he 
adds  that  there  may  W;  sufficient  nerve  supjily  to  govern 
the  medullary  secretion. 

fjiniphiitics. — According  to  some  authorities  the  lym- 
phatics take  their  origin  between  the  cell  group.-;  and  form 
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a  rich  network  both  in  the  cortex  and  in  the  medulla. 
They  form  a  parlictdarly  dense  plexus  about  the  central 
vein,  and  run  in  the  general  direction  of  the  vessels. 
They  are  connected  with  efferent  valved  lymphatics  both 
in  the  fibrous  capsule  and  in  the  medulla,  and  on  the  ex- 
ternal surface  of  the  gland  some  of  them  blend  with  the 
su|)erfieial  lymphatic  network,  while  the  others  empty 
into  ganglia  a  little  above  the  renal  vein.  These  ganglia 
into  which  the  adrenal  lymphatics  em|)ty  are  disiin- 
giushed  from  their  neighbors  by  their  rich  jiigment. 
Flint  has  discovered  lymph  nodules  in  the  medullary 
substance  of  the  gland,  and  irregidar  groups  of  lym- 
phatic cells  in  the  cortex  of  the  human  adrenal.  "lie. 
however,  declares  that  our  knowledge  of  the  adrenal 
lymphatics  is  still  most  unsatisfactory,  and  he  beli('ve* 
that  the  lymphatic  channels  have  never  as  yet  been  defi- 
nitely traced  out  as  a  system,  nor  have  their  relations  to- 
ting cells  and  blood-vessels  been  yet  di.scovered. 

The  average  size  of  the  adrenals  is  from  IJ  to  24- 
inches  (:J0  to  (iO  mm.)  in  length  by  about  1^  inches  (.3(> 
mm.)  in  breadth.  The  thickness  varies  from  \  to  i  inch 
(■t  to  (>  mm).  The  weight  is  about  1  drachm  (4  gm.), 
the  left  being  slightly  heavier  than  the  right, 

Anomai.iks  ov  Di-;vi;i,oi>mi;.nt. — One  or  both  of  the 
glands  may  be  absent,  although  this  condition  is  very 
ran',  and  the  <lefcct  is  probaiily  Kuppli(<l  by  accessory 
.illands.  which,  as  Stilling  has  shown,  can  undergo  com- 
pens;itory  hypertr()phy.  Zieglersiiysthat  hypoplasia  and 
agenesis  of  the  adrenals  are  usually  found  in  anencepha- 
lous  and  hemice])halous  fietuses.  Dyce  Duckworth  says: 
"  In  cases  of  congenital  absence  of  one  kidney  it  is  usual 
to  find  a  suprarenal  body  in  its  proper  situation.  This 
fact  ]ilaiidy  indicates  that  there  is  no  embryologieal  con- 
nection between  the  kidney  and  the  adrenal  body,  and 
they  are  thus  i]hysiologically  distinct." 

Ai'i-exsoni  Adreiiiils. — These  additional  glands  are  not 
unusual;  they  vary  in  size  from  a  jiin's  head  to  a  cherry 
— .\llbutt  having  seen  one  of  the  latter  size.  These  tiny 
bodies  are  found  generally  on  or  near  the  capsule  itself 
and  arc  joined  to  it  by  coimective  tissue,  or  they  may  be 
partly  emlndded  in  tlic  liver  or  kidney,  and  in  this  situa- 
tion they  are  called  "rests."  They  have  been  seen  on  the 
spermatic  vessels  near  the  inguinal  canal,  and  in  the 
liidad  ligament.  Rolleston  speaks  of  tiny  elevations  on 
the  surface  of  tlu'  adrenal  which  he  calls  adenomata  and 
which  are  com|)osed  of  adrenal  cells  in  an  extrcm<' state 
of  fatty  inliltrati(Mi.  They  arc-  not  accessory  glands,  dif- 
fering from  them  in  that  the  latter  i)os.sess  a  ca])sule  of 
their  own  and  ar('  inad(>  up  of  cells  which  show  little 
fatty  infiltration.  Swale  Vincent  s;iys:  "The  supra- 
rcn;ds  are  very  intimate  ly  related  to  the  bloorl  vascidar 
system.  This  relationship  is  most  striking  in  elasnio- 
branclis,  but  is  still  evident  in  mammals  from  the  very 
lar.u'e  blo<iil  supply  to  the  organ  and  its  close  anatonucal 
connection  with  tlie  great  veins."  Various  and  interest- 
ing have  been  the  theories  concerning  the  origin  of  the 
adrenal  elements.  By  some  the  cortex  was  thought  to  Ite 
derived  from  the  mcsoblast.  while  the  medulla  took  its 
origin  from  the  symiiathctic  nervous  .system.  Others 
thought  that  the  medulla  was  dciived  from  the  cortex. 
The  latest  work  seems  to  show  that  this  ipieslion  is  nut 
yet  definitely  .settlid.  although  it  seems  certain  (hat  the 
medulla  is  not  derived  from  the  cortex. 

PiiYsroi.oov. — I'liysiologists  clas.sify  the  secretions  of 
the  body  under  two  general  lii'ads.  internal  and  external 
secretions.  Tli<'  idea  of  internal  secretion  took  its  origin 
with  ('l;iude  Bernard.  It  is  dclincd.  according  to  Osier. 
as  consisting  of  ccrt:iin  products  (labunitcd  by  gland  c'l'lls 
from  materials  tiiinishcil  by  the  blood,  which  are  later 
)ia.ssed  back  to  the  bluod  or  lymph  to  subserve  some 
function  in  general  or  special  nutrition.  Ext<'rnal  si.-civ- 
lion  is  poured  out  on  a  free  epitlieli;d  surface  commnni- 
caliiig  with  the  external  world.  Internal  .secretion  is 
discharged  on  the  closed  endothelial  surfaces  of  the  blood 
and  lymph  vessels. 

Among  the  ghinds  which  have  an  internal  secretion  are 
tin;  adrenals,  and  many  investigators  h;ivi-  contrilmted 
their  work  to  the  very  intricate   problem  of  the  elucida- 
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tion  of  tliL'  exact  fuiiclions  of  lliis  gland.  Sfliiifcr  says 
lliat  as  (.'ally  as  1S.").">  .Vildisoii  showed  the  great  iiniior- 
tanoe  of  tliese  glanils  ill  ivlation  to  iiutritinii,  siiiec  tlieir 
lialliologieul  alleriitioiis  were  lliought  to  be  eomiected 
with  asthenia  and  the  lii'ou/iiig  in  jiatches  of  the  skin  and 
mucous  inembraues.  In  18ot),  and  subsequently,  Bi'own- 
Sequard  showed  that  their  i-einoval  was  always  rapidly 
followed  by  death  in  all  animals.  It  is  interesting  to  note 
that  removal  of  one  gland  has  apjiarently  no  untoward 
effect.  But  wlu'ii  the  second  is  taken  away,  even  though 
the  interval  between  the  two  operations  may  be  a  long 
one,  the  fatal  symptoms  quickly  supervene.  They  are 
practically  those  of  Addison's  disease,  though  more  acute 
than  the  latter — asthenia,  loss  of  vascular  tone,  anorexia, 
and  general  prostration.  The  peculiar  pigment  charac- 
teristics of  this  disease  are  not  always  noticed,  probably 
due  to  the  fact,  as  Browu-Sequard  suggested,  that  there 
is  no  time  for  its  development  l)et\vecn  the  ablation  of 
the  capsules  and  the  death  of  the  animal.  Tizzoni  has 
experimented  on  animals  w'hicli  have  lived  a  certain  time 
after  either  complete  or  partial  removal  of  the  glands,  and 
lias  in  these  cases  observed  the  pigmentary  changes. 
The  cause  of  death  seems  due  generally  to  jiaralysis  of 
the  respiratory  muscles.  Experiments  by  Brown-Se- 
quard,  Abelous  and  Langlois  tend  to  show  that  blood 
taken  from  an  animal  which  is  dying  from  the  effects  of 
"  decapsulation"  has  no  etTect  on  normal  animals,  although 
it  is  toxic  for  animals  more  recently  deprived  of  their 
adrenal  glands.  On  the  other  hau],  normal  l)lood  trans- 
fused into  animals  deprived  of  their  capsules  seems  to 
prolong  life.  Since  muscular  weakness  is  the  most  prom- 
inent symptom  after  removal  of  the  glands,  the  conclu- 
sions of  Abelous  and  Langlois  are  that  the  capsules  when 
in  situ  remove  or  destroy  some  toxic  substance  which  is 
the  result  of  muscular  metabolism.  Observations  of  tliese 
experiments  has  suggested  the  "  auto-intoxication"  theory 
of  the  adrenal  glands.  This  theory,  like  all  others  of  its 
kind,  is  weak  in  that  the  blood  of  any  dying  animal  would 
probably  be  toxic  to  a  certain  extent,  and  also  in  that  llie 
animal  on  which  its  effect  is  observed  is,  on  account  of 
its  recent  operation,  in  a  state  of  lessened  resistance  to 
any  toxin.  Nevertheless,  it  must  be  admitted  that  the 
adrenal  glands  elaborate  some  material  wliich  is  very 
difTerent  from  any  found  in  the  blood  of  animals  deprived 
of  their  capsules.  The  intravenous  injection  of  the  ad- 
renal extract  is  most  active  in  its  physiological  working. 
Scluifer  sums  up  these  effects  as  follows:  First,  as  to  its 
action  on  skeletal  muscle.  After  one  excitation  of  its 
nerve,  the  muscle  contracts  as  quickly  as  the  normal,  but 
this  contraction  is  extremely  prolonged.  The  effect  is 
like  that  of  a  small  dose  of  veratrine,  but  not  of  curare,  for 
the  muscles  continue  to  be  as  capable  of  excitation  as  they 
were  previous  to  the  injection.  It  can  thus  be  clearly 
seen  that  these  phenomena  ai'e  very  different  from  the 
"so-called  auto-intoxication  paralysis  which  is  stated  to 
result  after  removal  of  the  suprarenal  capsules  in  ani- 
mals." Consequently  the  material  which  has  been  ex- 
tracted from  the  adrenals  by  water  is  not  the  same  which 
is  said  to  collect  in  the  blood  after  ablation  of  these 
glands.  The  effect  on  the  circulatory  system  is  shown 
in  two  ways — on  the  arteries  and  on  the  heart.  As  to 
the  latter,  the  effect  depends  upon  the  condition  of  the 
vagi.  When  these  nerve  trunks  are  uncut  and  the  con- 
nection, therefore,  between  the  heart  and  tlie  cardio  inhib- 
itory centre  in  the  medulla  is  still  intact,  the  contractions 
of  the  auricle  are  slowed,  or  they  entirel}'  cease  after  the 
injection  of  the  extract.  The  ventricle  continues  to  beat 
slow'ly.  The  pulse  is  necessarily  very  slow.  But  if  the 
vagi  are  cut  or  their  cardiac  ends  paralyzed  by  atropine, 
the  effect  of  the  extract  is  exactly  tlie  reverse.  The 
auricle  is  more  energetic  in  its  contractions,  both  their 
strength  and  frequency  being  much  increased,  while  thi' 
functions  of  the  ventricle  are  likewise  augmented.  All 
of  these  phenomena  cause  a  great  increase  in  blood  pres- 
sure by  sending  a  much  larger  quantity  of  blood  into  the 
arteries.  But  besides  this,  the  extract  has  a  direct  effect 
on  the  arteries  themselves,  for  if  the  blood  pressure  be 
taken  in  a  dog  and  then  a  small  injection  of  the  exlraet 


be  made,  the  vagi  being  uncut  and  therefore  the  heart 
action  being  slowed,  the  blood  pressure  increases  to  quite 
an  t'Xtent;  but  if  the  vagi  are  cut  or  paralyzed  by  atro- 
pine, the  rise  is  extreme  If  a  certain  member  "of  the 
bod.y  be  enclosed  in  a  plethysmograph,  the  effect  of  the 
extract  is  clearly  shown  in  the  decrease  of  the  member  in 
.size,  due  to  the  contraction  of  the  arterioles.  This  effect 
is  exerted  directly  on  the  musculature  of  the  vessels, 
since  it  appears  as  markedly  when  the  spinal  cord  is  cut 
or  the  bulb  extirpated.  Schiifer  does  not  believe  in  the 
view  of  Cybulski  and  Szymonovvicz,  that  the  rise  in  blood 
pressure  and  the  contraction  of  the  arteries  are  due  to  the 
excitati(m  of  the  vasomotor  centre;  for,  as  his  experi- 
ments show,  this  effect  is  peripheral.  In  the  bulb  he 
states  that  especially-  the  cardio-inhibitory  and  respiratory 
centres  are  atTccted.  In  certain  ex]ieriments  on  dogs  the 
first  effect  of  the  extract  has  been  excitement,  this  being 
followed  by  paralysis,  wiiile  great  thirst  was  experienced 
by  these  animals.  In  cats,  rapidity  of  the  respiratory 
movements  was  noticed,  as  well  as  thirst  and  loss  of  ap- 
petite. Recently  strong  astringent  properties  have  been 
observed.  As  a  local  styptic  it  has  given  potent  effects. 
Sleyers,  in  experiments  with  various  organs,  discovered 
that  the  adrenal  body  is  alone  found  capable  of  neutraliz- 
ing cobra  poison.  Guinea-pigs  and  sheep  give  the  same 
results.  The  medulla  is  found  inactive,  the  cortex  and 
the  entire  gland  active.  Oliver  has  demonstrated  that  the 
extract  when  applied  directly  to  the  mesenteric  vessels, 
either  in  the  living  or  in  the  "surviving  "  animals,  causes 
rise  of  blood  pressure.  Von  Cyon,  in  reviewing  the  dif- 
ferent theories  of  various  workers,  states  that  they  all 
agree  as  to  the  increase  of  blood  pressure  caused  by  the 
intravenous  injection  of  the  adrenal  extract,  but  not  "as  to 
the  influence  which  it  exerts  on  the  Iieart  action.  Oliver 
and  Schafer  think  tliis  latter  due  to  the  excitation  of  the 
musculature  of  the  small  arteries,  as  well  as  of  the  heart 
vagi.  Cj'bulski  and  Szymonowicz  think  that  the  extract 
has  a  special  influence  on  the  \asoniotor  centre  of  the  ves- 
sels. Gottlieb  believes  the  motor  heart  ganglia  to  be 
chiefly  affected.  Von  Cyon  himself  believes  that  the  ex- 
tract of  the  adrenal  gland  acts  in  a  high  degree  as  a  stim- 
ulant to  the  s.ymiiathetic  nervous  system  of  the  heart  and 
the  vessels  (accelerantes  and  vaso-constrictor.s)  and  also 
as  a  paralyzer  to  the  regulatory  (motor)  nerves  of  these 
organs  (vagus  and  depressors).  So  this  extract  is  a 
jiowerful  antagonist  of  iodothyrin  and  hypoiihysin. 
Schafer  describes  the  effect  of  tlie  injection  of  the  extract 
as  quite  transitory,  even  if  the  dose  be  large.  This  fact 
presents  the  interesting  problem  of  the  disposal  of  this 
extract — where  is  it  eliminated  ?  The  kidneys  are  not  its 
route  of  exit,  for  when  the  renal  arteries  are  clamped, 
the  effects  are  just  as  fleeting.  Just  so  with  the  supra- 
renals.  If  the  circulation  in  the  abdominal  organs  is 
entirely  stopjicd  by  tying  the  aorta  and  vena  cava  in  the 
upper  abdomen,  the  eflects  are  nearly  as  short  in  dura- 
tion. The  blood  does  not  oxidize  or  destroy  the  active 
principle  of  the  extract,  for  after  twenty-four  hours'  con- 
tact with  this  fluid  the  power  of  the  extract  is  as  great 
as  normal.  It  seems  logical  to  conclude  that  the  active 
principle  is  stored  away  some^vhere  in  the  body  and 
there  rendered  harmless,  and,  since  the  effects  endure 
much  longer  in  the  skeletal  muscles  than  in  the  lieart  and 
arteries,  that  the  muscles  are  the  great  storage  house. 

Now  as  to  the  effect  of  the  extract  when  administered 
hyjiodermically  or  by  mouth,  results  by  the  former 
method  vary  exceedingly,  depending  on  the  animal  ex- 
perimented on  and  the  do.se  injected.  Oliver  says  that  in 
man  the  extract,  when  given  by  the  mouth,  has  the  effect 
of  reducing  the  calibre  of  the  arteries,  as  measured  by 
the  arteriometer. 

As  in  every  other  line  of  research  in  relation  to  these 
organs,  so  have  there  been  varied  and  contradictory 
results  concerning  the  cbemical  nature  of  their  active 
principle.  Abel  has  shown  llmt  the  " specific  blood- 
pressure-raising  constituent"  exists  in  the  embryonic 
gland.  At  just  what  stage  it  tirst  appears  has  not  lieen 
determined.  Oliver  believes  (hat  the  pi'culiar  jiroperties 
of  this  prineiiile  are  due  to  an  alkaloidal  body  and  not  to 
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tlio  piotcid  flciiH'iits.  Tlic  substance  is  not  dialyzuble. 
consequcnlly  its  in(ilcc\ili'  is  i)riil)al)ly  very  lar,!;('.  Cy- 
biiiski,  Oliver.  Scliiifer,  and  Swale  Vincent"  believe  froni 
their  work  that  the  aelivu  prineijile  is  lound  only  in  llie 
medulla,  and  that  the  cortex  yields  no  apiireeiable 
amount.  SchiU'er  and  Oliver  believe  in  the  internal  .se- 
cretion theory  which  pi-onudgates  the  idea  that  a  certain 
Rubstauce  is  formed  by  these  glands  and  passed  out  into 
the  blood,  which  has  a  beneficial  efl'ect  cm  the  muscular 
contraction  and  tone  of  tlie  cardiac  and  vascular  walls 
and  on  the  ski-lelal  muscles. 

AUbutt  calls  I  hi'.se  t  wo  theories  that  we  have  mentioned, 
one  as  the  auto  iiito.vication  theory,  the  other  as  the  in- 
ternal secretion  theory:  (1)  The  excretory  or  katabolic. 
which  su|)])oses  that  the  adrenals  disposeof  waste  mate- 
rials in  the  blood;  ('-')  tlie  secretory  or  analiolic.  which 
supposes  that  they  elaborate  some  .substance  necessarv  to 
tlie  animal  economy  and  pass  it  into  the  circulation. 
Other  authors,  Byrom  Hramwell  and  Koinct.  Jiave  re- 
cently combiiicil  llic  nervous  and  the  ".-idrenal  inade- 
<)uacy  "  theories  l)y'  suggestini;-  that  in  Addison's  disease 
the  symptoms  are  caused  by  irritation  and  ncuriiisol'  Ihe 
sympathetic  as  well  as  by  the  palhological  suppression 
of  the  extract. 

Dreyer.  in  his  work  in  isiif),  lias  shown  again  what 
Cybulski  tirst  jiroved,  that  the  active  principle  i>f  the 
adrenal  extract  can  be  obtained  from  the  blood  of  the  a<l- 
renal  vein;  conse(|uenlly  it  is  a  true  internal  secretion. 
He  has  further  proved  the  influence  of  nervous  control 
over  the  secretion,  for  if  the  splanchnic  nerve  below  Ihe 
diaphragm  be  stinudated  by  an  electrical  current,  the 
amount  of  this  active  i)rinciple  in  the  secretion  is  aug- 
mented, judging  from  the  increase  in  the  phv.siological 
effects  caused  hy  the  extract.  This  increase  lias  no  con- 
nection with  the  blood  vascular  changes  which  take 
place  at  the  same  time.  The  objection  was  formerlv 
raised  that  the  act  ive  principle  was  found  oul  v  in  the  deail 
gland,  but  the  proof  that  blood  collected  from  the  adrenal 
vein,  and  from  no  other,  has  the  same  effect  as  the  ex- 
tract itself,  establishes  Ihe  signiticance  of  the  reactions  of 
the  gland.  Dreyer  has  also  demonstrated  that  intravenous 
injection  of  the  extract  in  a  normal  animal  causes  slowing 
of  the  heart  and  an  increase  of  blood  pressure,  while  aftcT 
the  vagi  are  cut  oratrojiinized  the  heart  beat  is  quickened 
and  the  blood  pressuri'  increases  to  a  still  greater  degree. 
From  the  experiments  of  Oliver  and  ,Sch;ifcr.  Swale 
Vincent,  and  l)rcyi-r.  it  would  seem  that  the  adrenal  .se 
cretion  is  under  nervous  control.  As  to  the  relative  im- 
portance of  the  two  parts  of  the  gland.  Swale  Vincent 
sjiys  that  •' the  cortex  from  a  morphological  standpoint 
would  seem  to  he  the  more  important  or  essential  eleuK'iit 
of  the  suprarenal  gland,  for  it  is  always  more  abundant, 
in  amount  than  the  medulla,  and  is  imiversallv  present 
in  all  animals  above  the  very  lowest  vertebrates!  whereas 
the  medulla  ajipears  to  bealisent  in  some  orders  of  fishes. 
In  tlie  jiresent  state  of  our  knowledge  the  medulla  mu.st 
undoubtedly  lie  considered  as  the  more  im]iortant  from  a 
])hysiological  stand]ioint." 

The  writer  wishes  to  express  grateful  acknowledg- 
ment for  the  invaluable  assistance  derived  from  the  pe- 
rusal of  the  manuscriiit  of  Mr.  Flint's  very  scholarlv 
contribution  to  this  subject.  Emma  E.   W<ilka:  ' 
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ADRENALS  (PATH.i.     ^vo  Aihliiion's  Dixeom 

A  DRUE.     S,'c  Ct/jiinis. 

/EGLE  MARMELOS.     ^cc  Hud  Fruit. 

AEROTHERAPEUTICS,  or  PNEUWATOTHERAPEU- 

TICS. — These  terms  refer  to  the  emi)loymcnt  of  ;nr  as  a 

lheraj)eutic  agenl.     They  are  generally  restricted  lo  the 

use  of  !iir  that  has  been  altered  in  density,  by  which  it  is 

jiossible  to  simulate  the  advantages  derived  from  residence 

ill   high   or   low    levels, 

and   increase    the   func- 

lional     power     of      the 

lungs.     The    term    is 

.sonielimes  broadened   to 

include     medicated     air 

and    air    that   has  been 

:iller<'d     chemically     by 

increasing  the  proporlion 

of  oxygen,  nitrogen,  or 

c:trbonic    acid    gas. 

These    latter,    however. 

will  be  treated  in  sep;i 

r:ite   articles  and   under 

JllllllllttillllX. 

T  w  o  m  e  f  )i  od  s  of 
adiipting  the  air  for  use 
are  in  vogue.  In  one 
Ihe  jiatient  is  idaced  in 
;i  specially  prepared 
cli;iml)er  in  which  Ihe 
ilcnsily  of  the  air  may 
lie  increased  or  dimin- 
ished ;  in  the  other  the 
p:ilient  remains  under 
ord  i  nary  atmospheiic 
conditions,  and  inhales 
Ihrongh  a  tube  air  that 
has  been  altered  in  den- 
sity. 

'l"he  pneumatic  cham- 
ber, as  used  in  tlu^  Eu- 
ropean sanitaria,  is  an 
ekiborate  and  cosily  a])- 
paralus.  It  consists  of 
a  l;irge  melal.  air-tight 
ch;unber.  capable  of  seiit- 
ing  three  or  four  per- 
.sniis.  in  which  the  jiiitient  remains  for  a  definite  time. 
Tlic>  arr:ingi'nicnls  are  such  tli:it  Ihe  air  may  be  slowlv 
or  rajiidly  increased  or  lessened  in  densilv."  There  are 
lirovi.sions  for  healing  and  ventilating,  winilows  through 
which  the  patient  may  be  observeci"  during  treatment,, 
;ind  electri-:  bells  for  the  convenience  of  the  patient.' 
These  chiimbers  are  numerous  in  Europe,  and  one  has 
been  erected  at  the  iirompton  Hospital  for  Consump- 
tives, in  r.ondon,  England. 

When  the  patient  is  jilaced  in  the  pneumatic  cabinet, 
the  elTeet  of  Ihe  ;iltcred  density  is  directed  exiernallv  to 
the  surface^  of  Ihe  body  and  intcrtuilly  u])oii  the  luiigs. 
The  result  is  nuieh  Ihe  s;ime  as  when  the  iiatient  aseeirds 
to  a  high  cleviition  or  descends  into  a  deep  mine  or  in 
a  diving-bell.  To  iirevent  the  ill  effects  of  a  sudilen 
change  in  pressure,  the  trealment  is  commenced  under 
ordinary  atmospheric  conditions,  then  the  alteration  in 
density  is  made  gr:idu:illy,  and  the  return  to  a  norni;d 
pressure  is  c(|ually  slow.  The  importance  of  this  has 
been  noted  by  those  in  charge  of  men  working  in  c;iissons 
during  the  constfuclion  of  large  bridges,  where  ;iH  Ihe 
most  distressing  symiiloms  were  traced  to  the  workmen 
who  too  hastily  emerged  from  the  compressed  air. 
Air  in  which  the  density  is  increased  is  the  form  cen- 


Fic.  .W.— Waldenhiirg's  ApparaUis  for 
Coinpressing  Air.  .Natural  height 
is  one  metre. 
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Fig.  51.— Btedert's  Apparatus. 


erally  employed  for  therapeutic  purposes.     The  increase 
is  never  very  great,  ranging  from  onctifth  to  oue-lialf 

of  au  atmosphere. 
This  degree  of 
c  o  m  p  r  ession  is 
free  from  any 
danger.  In  the 
construction  of 
the  St.  Louis 
bridge  workmen 
continued  tlicir 
employment  for 
hour  s  under  a 
pressure  of  fifty 
pounds,  an  d 
otliers  during  tlie 
construction  of 
t  li  e  Brooklyn 
bridge  were  ex- 
posed to  tlnrty- 
eight  pounds', 
e(iual  to  about 
two  and  a  half 
atmospheres. 

The  duration  of 
the  compressed 
air  bath  varies 
from  half  au  hour 
to  two  hours,  the  first  exposures  always  being  of  short 
duration.  About  one-toiu'tli  of  the  time  is  occupied  in  in- 
creasing the  density  and  the  same  period  in  its  reduction. 
The  tirst  effect  of  the  increased  pressure  is  to  drive  the 
blood  from  the  surface  of  the  body,  and  from  the  lungs, 
to  the  deeper  organs  and  tissues.  Later,  the  cquilibriimi 
is  re-established,  the  peripheral  circulation  being  in- 
creased and  the  congestion  of  the  deep  organs  reduced. 
The  respirations  become  fewer,  but  are  increased  in 
depth,  and  the  chest  walls  become  more  mobile.  The 
quantity  of  oxygen  conveyed  to  the  lungs  is  increased, 
as  is  also  the  amount  absorbed  by  the  blood;  tissue 
change  becomes 
more  active,  and 
at  the  same  time 
the  kidneys  and 
other  organs  in- 
crease in  activity. 
Although  the  pa- 
tient exposed  to 
compressed  a  i  r 
derives  a  certain 
benefit  from  the 
dilatation  of  the 
lung  tissue  and 
other  mechanical 
effects,  its  chief 
value  depends 
upon  the  i  n- 
creased  functional 
activity  of  the 
lungs  and  the  im- 
proved  tissue 
change  that  fol- 
lows. All  forms 
of  congestion  are 
improved,  and  ex- 
udates and  other 
products  of  in- 
flammation are 
removed.  It  is 
said  to  be  of 
benefit  in  early 
lung  congestion, 
bronchitis,  pleu- 
ritic effusion, 
liver  disease,  and 
d  i  s  t  u  rbances  of 
other  organs  ac- 
c  o  m  p  a  u  i  e  d  by 


Fig.  52.— Ttie  Same,  Reversed. 


Fio.  53.— Soils-Cohen's  .Apparatus  for  Inballng  Compressed  Air  and  Exhaling  into  Rarefied  Air. 


hyperemia.      In   anaimia  and  chlorosis  it  is  of  equal 
benetit. 

Raretied  air  in  the  pneumatic  cabinet  is  employed  to  a 
much  more  limited  extent  as  a  therapeutic  agent.  It 
does  not  in  any  way  supply  the  benefits  of  residence  in 
high  situations.  Jluscular  action  of  the  respirator}^  mus- 
cles, it  is  true,  is  increased  during  respiration,  and  the 
patient  derives  whatever  benefit  is  to  be  gained  from  this 
form  of  exercise,  but  the  air  respiretl  has  not  the  purity 
or  the  chemical  properties  of  mountain  air,  nor  does  the 

patient  gain  the  general 
beneficial  etfect  of  living 
in  mountainous  regions. 

In  this  country  the 
pneumatic  chamber  has 
not  received  the  attention 
that  its  iinporlance  would 
appear  to  warrant.  This 
in  a  great  measure  is  due 
to  the  expense  necessary 
to  equip  and  maintain  one 
in  proper  order,  but  what 
■will  always 
hinder  its 
adoption  is  the 
success  which 
has  attended 
the  employ- 
ment of  the 
smaller  appa- 
ratus for  in- 
haling com- 
pressed or 
rarefied  air. 
This  method,  which  has  been  termed  "pneumatic  dif- 
ferentiation," is  now  adojjted  very  extensive!}'  and  pos- 
sesses many  advantages  over  the  large  chamber.  The 
chief  of  these  is  the  much  greater  expansive  power  of 
compressed  air  taken  into  the  lung  when  the  external 
pressure  is  that  of  the  ordinary  atmosphere.     Equally 

advantageous  are 
the  n  u  ni  e  r  o  u  s 
changes  that  may 
be  made  with  the 
c  o  in  p  r  e  ssed  air 
and  the  rarefied 
air.  The  patient 
may  inspire  com- 
pressed air  and 
expire  into  the 
compressed  air,  or 
into  ordinary  at- 
mosiihere.  or  into 
a  second  vessel  in 
which  the  air  is 
rarefied.  He  may 
also  reverse  the 
order  and  inspire 
raretied  air  and 
expire  into  any 
media. 

A  great  number 
of  appliances  for 
carrying  out  this 
method  of  inhala- 
tion have  been 
m a d e.  some  of 
them  being  ex- 
tremely compli- 
cated. Two  prin- 
ciples prevail  in 
their  construc- 
tion. In  one  the 
ordinary  gasome- 
ter is  the  guide,  in 
the  other  it  is  a 
bellows  or  an  ac- 
cordion.  The  best 
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examples  of  these  two  systems  are 
the  instniments  known  as  Walden- 
burg's  auil  Hiedert's. 

In  Walih'iibmg's  aiijianitiis  the 
alteration  in  tlie  density  of  tlie  air 
is  controlled  by  a  system  of  weights 
and  pulleys.  There  is  also  attached 
a  gauge  to  indicate  the  degree  of 
compression.  IMedert's  apparatus 
iseonstruelcd  like  an  accordion  and 
is  suspended  liy  a  bar  at  its  ccm- 
tre  uimn  which  it  may  bo  rot^ited. 
The  tube  for  inhalation  is  attached 
at  one  end  and  the  weights  at  the 
other.  When  the  weight  is  upper- 
most the  air  in  the  ai.)|iaratus  is 
compressed ;  when  the  instrument 
is  reversed  and  the  weights  are  be- 
low, the  chamber  is  expanded  and 
the  air  liccomes  rarefied. 

Prof.  Solomon  Soli.s-Cohen.  who 
lias  done  much  to  make  known 
in  this  country  the  value  of  com- 
l)res.sed  air,  has  devised  an  instru- 
ment that  is  much  superior  in  every 
respect  ("Hare's  Therapeutics." 
bSHl.  vol.  i.,  79(3).  It  is  a  modified 
Walilenburg  gasometer,  with  a  bel- 
lows attached,  which  is  worked  by 
the  foot  of  the  phy.sician.  The  bel- 
lows maintains  a  constant  supply 
of  fresh  air,  and  the  combination  of 
llie  two  systems  allows  a  reduction 
to  be  made  in  the  size  of  the  cylin- 
der. The  instrument  is  small  and 
compact,  and  may  be  conve\'ed  to 
the  house  of  the  patient  without 
any  iuconvenience.  He  has  also  ar- 
ranged twin  cylinders  (Fig.  54).  in 
one  of  wliich  the  air  is  compressed 
and  in  the  other  rarefied;  to  this 
is  attached  an  ingenious  inhaler  by 
means  of  which  the  patient  may  in- 
spire from  one  cylinder  and  e.xinre 
into  the  other  without  removing 
the  mask  from  the  face.  For  hos- 
pitals and  large  institutions  a  s.ys- 
tem  of  cylinders  may  be  arranged 
for  a  inimber  of  patients  to  receive 
treatment  at  the  same  time,  the 
l)ressure  being  derived  from  the 
ordiniuy  wafer  sujiply  I>ipe. 

A  small  sized  pneumatic  cabinet  has  been  used  by  Drs. 
Martin  and  Johnson  (New  York  Medinil ,liiiini<(l.  ]\Ia}'  15, 
1880).  In  tliis  the  patient  is  placed,  and  while  the  [ucs- 
sure  in  the  cabinet  is  changed,  lie  inhales,  through  a 
tube,  air  of  a  dilferent  density.  The  pressure  in  the 
cabinet  is  very  easily  conlrollcd.  and  by  means  of  a  le\'er 
it  may  be  increased  or  diminished  with  the  respirations 
of  tlic  patient,  aiding  llie  expansion  of  the  che.st  walls 
duri[ig  inspiration,  and  compre.s.sing  tliem  during  ex- 
piration. 

The  inspiration  of  compressed  air  is  performed  with 
ease,  and  the  chest  walls  are  c.xininded  in  a  marked  dc 
gree.  Tlic  <pian1ity  of  air  in  the  lungs  is  greatly  in 
creased,  and  during  expansion  of  tlie  chest  the  alveoli 
and  air  cells  are  distended.  The  expiration  is  c(|U!illy 
free,  the  rebinind  of  the  elastic  structures  forcing  out  a 
large  proportion  of  air.  If  the  exiiiratibn  is  into  rarefied 
air,  that  reniainiiig  in  the  lungs  is  much  less  than  the 
normal;  and  if  the  breathing  is  continued,  it  iucrcascs 
the  flow  of  tidal  and  complemcntal  air.  and  lessens  the 
pro])ortion  of  residual  air.  The  disteiilion  of  lung  tissue 
extends  to  cells  that  have  been  rendered  weak  by  dis- 
use and  to  others  that  have  been  disabled  by  disease.  On 
the  former  the  effect  is  always  beneficial,  but  upon  the 
latter  the  advantage  is  not  .so  certain.  In  many  ca.ses  it 
restores  to  functional  activity  cells  that  havi^  been  blocked 


Fig.  54.— Section  of  tlie  Same.    Figures  and  arrows  indlrat^  the  course  of  tbe  current  of  air. 


by  secretions,  but  in  others  it  may  render  active  disease 
that  is  quiescent  and  improving.  Upon  the  circulation, 
the  effect  is  to  incri'ase  the  blood  iire.ssure  and  to  render 
llie  flow  of  blood  through  the  organs  more  rapid.  The 
increased  supply  of  oxygen  also  improves  the  quality  of 
the  blood.  The  ph_ysieal  elTecls  are  more  or  less  modi- 
fled  ))}•  the  media  info  which  the  patient  expires.  If  the 
air  is  returned  against  the  coni|iressed  air,  an  expira- 
tory effort  is  required,  during  which  many  muscles  are 
brouglit  info  action,  and  the  elasti<-ily  of  tlie  lung  tissue 
is  exercised.  If  the  medium  info  which  the  luiigscmpty 
lliemselves  is  otiier  than  the  eonipressed  air,  the  muscular 
effort  is  less,  but  the  contraction  of  the  lung  tissue  is 
much  greater  than  under  ordinary  conditions.  The  value 
of  these  changes  as  a  gymnasfic  exercise  is  very  evident, 
as  it  adds  to  the  vital  capacity  and  increases  the  func- 
tional activity  of  the  lung. 

In  ])neumafic  differentiation  as  in  the  pneumatic  cabi- 
net, compressed  air  is  the  form  genei'ally  employed,  the 
object  being  to  increase  flie  amoiiiif  of  air  carried  to 
the  lungs.  Rarefied  air  is  of  greater  service  as  a  gym- 
nastic agent.  During  its  use  the  lungs  are  tilled  only  by 
a  niu.scuiar  effort;  if  the  patient  has  sufficient  muscular 
power  to  .secure  tlie  larger  amount  of  air  required,  the 
effect  is  beneficial;  if  not,  the  supply  of  oxygen  is  defi- 
cient and  the  evil  resfdts  that  follow  arc  quickly  manifest. 
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Acrothcrapy  is  cliiefly  of  value  in  all  forms  of  liypcr- 
seiiiia  and  congestion  of  organs,  and  in  aua'uiias  and 
cachexias. 

In  phthisis  the  earlier  it  is  emiiloyed  tlio  greater  will 
be  the  advantages  derived  from  its  use.  Its  proper  role 
is  that  of  a  propiiylartie,  and  in  the  trealnieiU.  of  the 
earliest  stages,  as  during  these  periods  tlie  action  of  the 
lung  is  diminished  and  the  areas  of  congestion  are  only 
beginning.  It  should  not  he  employed  during  acute  in- 
flammation, nor  when  the  morbid  process  is  approaching 
the  stage  of  softening.  If  there  is  any  tendency  to 
hemorrhage  it  should  not  be  used.  The  contraindica- 
tion to  its  use  in  these  conditions  arises  from  the  disturb- 
ance to  which  the  affected  areas  are  subjected,  at  a  time 
when  natiu'e  calls  for  rest,  with  a  hope  of  cure.  In 
pleurisy  with  elfusion.  absorption  may  be  accelerated : 
and  at  the  termination  of  empyema,  when  the  chest 
■wall  is  contracting,  it  is  a  most  rational  treatment  to 
overcome  or  prevent  the  consequent  deformity. 

In  all  conditions  in  which  the  blood  is  auaonic  and  the 
various  organs  are  deticient  in  action,  it  forms  a  valuable 
adjunct  to  mas.sage,  baths,  and  other  hygienic  measures. 
It  rapidly  imjiroves  the  character  of  the  blood  and  pro- 
motes tissue  change,  which  with  proper  medicinal  treat- 
ment will  lead  to  the  most  satisfactory  results. 

The  increased  blood  pressure  that  follows  its  use  re- 
quires it  to  be  employed  with  much  caution  in  all  forms 
of  cardiac  and  renal  disease,  in  which  there  are  any  de- 
generative changes  in  the  vessels. 

The  density  of  the  air  reiiinred  in  this  form  of  aero- 
therapy  is  very  much  less  than  that  to  which  tlic  patient 
is  subn'iitted  in  the  pneumatic  chamber.  Instead  of  rang- 
ing from  one-fifth  to  one-half  of  an  atmosphere,  it  should 
vary  from  one-ei,ghtieth  to  one-thirtieth  of  an  atmosphere. 
This  difference  is  determined  by  the  greater  expansive 
force  of  the  compressed  air,  when  the  external  jiressure 
on  the  thoracic  walls  is  not  increased.  The  inhalations 
should  be  taUen  regularly  twice  and  even  three  times  a 
day,  and  should  continue  for  from  half  an  hour  to  one 
hour.  Solis-Cohcn  reconmiends  the  patient  to  inhale  for 
ten  minutes  and  then  to  rest  for  the  same  space  of  time. 
The  inspirations  should  be  made  standing,  if  possible; 
they  shovdd  be  slow  and  deliberate,  and  everything  shouUl 
be  done  to  facilitate  the  expansion  of  the  lung. 

Beaumont  Siniill. 

AEROTONOMETER.     See  lienpimiion. 

AEROZOL.  — •  A  proprietary  remedy  representing 
twenty-live  volumes  of  ozone  dissolved  in  certain  vola- 
tile oils.  W.  A.  Bastedo. 

/ESTHESIOMETER.— The  word  a>sthesiometer  is  de- 
rived from  the  (ii'eeU  iiiafkii'o/:at,  I  perceive,  niaSr/aii-,  per- 
ception, sensation,  and  uirpnv,  a  measure;  tims  meaning 
literally  a  measure  of  sensation;  and  it  is  used  to  denote 
an  instrument  which  measures  that  form  of  sensation 
known  as  tactile  sensibility  {'J'n.stsiiui  in  German). 

Tactile  sen.sibility  or  the  sensations  of  tactile  impres- 
sions may  be  considered  as  comprising  the  sensations  of 
touch,  of  locality  or  position  (Raumsiiu),  Ortsiiin.  in 
German),  and  of  temperatiu'c.  The  sense  of  touch  is  in 
this  sense  nothing  more  tlian  a  sense  of  pressure  aiiplied 
to  the  skin.  These  sensations  differ  in  certain  important 
respects  from  the  (jeneritl  or  rimuiii/n  senxntiiuiK.  which 
include  pain,  sensual  pleasure,  anil  perhaps  hunger  and 
thirst. 

xEsthesiometers,  properly  so  called,  are  instruments 
for  testing  the  sense  of  locality.  The  lirst  one  used,  one 
which  under  slight  modifications  still  retains  its  place,  is 
that  of  E.  H.  Weber,  who,  in  1829,  appears  to  ha\'e  pub- 
lished his  tir.st  account  of  his  investigations  in  regard 
to  the  sense  of  locality.  The  instrument  had  )n'obably, 
however,  lieen  for  some  time  in  use  at  that  dale,  for  in 
1840  he  refers  to  its  use  twenty  years  ago.  It  consisted 
simply  of  a  pair  of  compasses  with  cylindrical  arms,  the 
points  of  which  were  so  ground  down  that  tlieir  ends 
had  a  diameter  of  one-third  line,  so  that  they  should 


produce  sim])ly  a  sensation  of  touch  and  should  avoid 
any  sensation  of  pain.  To  use  this  instrument  it  was 
only  necessary  to  place  the  two  points  upon  the  skin  of  the 
person  to  be  examined,  care  being  taken  at  the  same  time 
that  he  should  not  see  whether  both  points  or  only  one 
touched  his  skhi,  and  by  examination  to  hnil  out  at  what 
distance  from  each  other  it  was  necessary  that  the  points 
should  be  in  order  that  they  should  be  distinctly  felt  as 
separate.  For  in  any  portion  of  the  skin  two  distinct 
points,  if  placed  near  enough  together,  will  be  felt  as  only 
one. 

Weber  found  that  the  sense  of  localit}'.  that  is.  the 
distance  at  which  the  points  coidd  be  distinguished  as 
two,  varied  much  in  healthy  individuals  in  different 
l)arts  of  the  body,  and  vai'ied  also  somewhat,  esi.iecially 
on  the  limbs,  according  to  the  direction  in  which  the 
points  were  placed,  wliethcr  longitudinally,  obliquely, 
or  transversely.  His  figures  and  those  of  Valentin  for 
the  normal  distance  between  two  points,  which  can  be 
distinguished  as  such  in  the  various  parts  of  the  body, 
are  as  follows; 

Table  of  Variation's  of  the  Sense  of  Locality  is  Differe.nt 

PORTIO.NS  OF  THE  SKIN    (WEBER   AND  VaLENTI.NO. 

[The  subjoined  t^ible  gives  the  mean  minimum  distances  (in  Paris 
line.-.)  for  different  parts  of  the  body  lieiwee-n  the  points  of  the  lesthe- 
sionii-tt-r  at  wliieh  two  impressions  ran  I'edistinjjiiished  when  the  points 
are  applied  siiniiltam-ously.  The  flrM  e'llniiin  gives  the  results  of  the 
expeiiraents  of  Weber,  the  second  of  those  i>f  X'alentin,  while  the  third 
column  (also  from  Valetittnt  trives  the  relative  oblusenessof  eacli  por- 
tion of  the  body,  tlie  most  ileliiate  part,  the  tip  of  the  tongue,  being 
taken  as  the  uuit  of  mejisureiuent.] 


Part  of  Surface. 


Tip  of  tongue 

Palmar  surface,  third  phalanx  of  forefinger 

Palmar  surface,  third  phalanx  of  middle  finger 
Palmar  surface,  third  phalanx  of  ring  finger — 

Palmar  surface,  third  phalanx  of  thumb 

Palmar  surface,  third  phalanx  of  little  finger .. , 

lied  sill  face  of  under  lip 

Red  surface  of  upper  lip  ..     ■- 

Palmar  surface,  second  phalanges  of  fingers  — 

Palmar  surface,  ili-st  plialaiiL^^s  "f  fiiiirci's 

Dorsum  of  tongue  o.u<'  inch  from  tip.  Weber)  .. 

Dorsal  surface,  third  phalanges  of  fingers 

Portion  of  lips  not  red 

Tip  of  nose  

Edge  of  tongue,  one  inch  from  tip 

Palmar   surface    of     the    metacarpus     (capitula 

ossium") 

Lateral  surface  of  doi-sum  of  tongue 

End  of  i,'reat  toe  (plantar  siile  of  last  joint,  Weber) 

Metacai  i'al  joint  of  thumb 

External  surface  of  eyelids 

Palm  of  hand 

Dorsal  surface  of  second  phalanx  of  thumb 

Dorsal  surface  of  second  phalanx  of  forefinger. . . 
Dorsal  surface  of  second  phalanx  of  middle  finger 
Dorsal  surface  of  second  phalanx  of  little  finger  . 
Dorsal  surface  of  second  phalanx  of  ring  finger . . 

Centre  of  hard  palate    

Mucous  membrane  of  lips  near  gums 

Skin  of  cheek  c»ver  buccinator 

Skin  of  cheek  over  antermr  part  of  malar  bone... 

Doi-sal  surface,  fli-st  phalanges  of  fingers 

Prepuce 

Dorsal  surface  of  heads  of  metacarpal  bones 

Cheek,  over  posterior  part  of  malar  bone 

Plantar  surface  of  first  metatarsal 

Lower  irart  of  forehead 

Back  of  hand 

Lower  part  of  hairy  scalp  in  occipital  region 

Surface  of  thitiat  lieneatb  lower  jaw 

Back  of  heel 

Pnbes 

Crown  of  head 

Patella  and  surrounding  parts 

Aifola  around  nipple 

Dorsum  of  foot,  near  toes 

Axilla 

Skin  of  foreann  (upper  and  lower  extremities  of 

forearm,  Wt'ber) 

Back  of  neck  (over  spinal  column.  WelKT) 

Upiier  and  lower  extremities  of  lower  leg 

Penis 


^ 


0.50 
l.OO 
1.00 
1.00 
1.00 
1.00 
2.00 
2.00 
3.00 


4.00 
S.tXl 
4.(11 
3  CO 


3.00 


.5.00 

4.00 
5.00 
5.00 
5.00 
5.00 
5  Wli 
5.(KI 
5.(«l 

e.w 

9.  (XI 
5.00 
7.0O 
7.0(1 


8  00 
10.  (XI 

7. (XI 
10,  (Ki 
14. (XI 
13.  (Xi 
15.0(1 
10. OO 


15.00 
16.00 


18.00 


1,S,(X1 
3t.(Kl| 
18.(XI 
18.001 


Valentin. 


0.483 
0.13(13 
0.7(Xi 
0.723 
0.735 
0.733 
1.5(X1 
1.530 
1.5.iS 
1.650 
1.916 
2.135 
3.30S, 

2.  aw 

2.478 
2.635 

2  5ai 

3.250 
3.333 
3.833 
3.833 
3.893 
3.S93 
3.9(XI 
3. 943! 
3.971 
4.042! 
4.13".| 
4. 541 
4.62(lj 
4.917 
5.11X1 
5.3.511 
5.3.sii 
S.ST-i 
6.  (XXV 
6  Ikili 

s  293! 

8.293! 

g.ixxij 

9.3(Xll 
9. 58:31 
10.3IVS 

13.535 

vi.m\ 


1.000 
1.348 
1.463 
1.497 
1.501 
1.518 
3.106 
3.147 
3.336 
3.416 
3.967 
4.400 
4.573 
4.658 
5.130 

5.434 
5.179 
6.729 
6.901 
7.938 
7.938 
8.680 
8.060 
8.075 
8.163 
8.231 
S.369 
8.540 
9.402 
9.365 
10.180 
I0,.>59 
10.869 
10.944 
13. 164 
13.433 
14.433 
17.168 
17.168 
18.634 
19.048 
19. 8W 
31.1:55 
34.983 
35.933 
36  915 


13.3!-3  37..530 
I ;i. 393  37.. 520 
13.708,38.381 
13.850128.675 
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.\<roi<)ii<>iinl<'r. 
^-EKliicsioinetcr* 


Part  of  Surface. 


Acromion  and  upper  pan  of  arm 

Sacral  reijriun 

Stcrnmn  '■     

(i luteal  rc}zion 

Miildli'  (if  arm 

.Miildle  of  tliit'li 

Spliie  near  middle  of  cervical  vertebrie 

Spine  near  Ilftti  doi-sai  vertelir.i    

Ixtwer  part  of  tiiomx.  and  over  lumbar  vertebrjB. . 
Middlei>t  dorsal  vertelira> ..     .   .- 


1S.(KI'   l:(  SMI  iH.T(I.H 

ls.iKi:lil.',risi:«i.%!i 


18.oi)|'it;.K: 
;i<i.iKii:ir.iis:! 
:i(i.(K)!!]T  li-'i:) 
:«).(Ki  iiH..>i;; 

24. (K)  jl'.I.IKKI 

■MM)  jiii.iia' 

31). 00   24.;20>f 


:  12.8117 
:i4   1211 

:)r).:i(W 
:i(i.."iii7 
:i.s ,  :i«i 
:)'.!  :i:ir 
11.22.'. 
."ill.  120 


Foster  skives  tlic^  followiiiir  ti,<riiri'S  in  iiiillinictrcs  ob- 
taiueil  by  tho  use  of  a  pair  of  eonipasscs  (u  I'uris  line 
equals  2.236  nun.)  : 

Tip  of  tonj^ue.. 11    imu. 

Palnuir  surface  of  terminal  phalanx  of  linger 2.2 

Palmar  surface  of  sec-^ind  pbalaux  of  linger 4.4     " 

Tip  of  nose '.'.■ il.ti 

White  part  of  lips H.s     ■• 

Back  of  second  phalanx  of  finger 11.1 

Skin  over  malar  boue Io.4 

Back  of  hand 2ii.S     •' 

Forearm :i!t.ti 

Stemuiu 44.0 

Back tili.o     " 

Weber's  ipsthesiometer  is  .still  in  eonstuiit  nsc.  und 
serves  its  jiiirpo.se  well,  but  certain  other  fnnns  or  modi 
fications  have  been  introduced.  lu  IW.W  Sievekinir  pub- 
lislied  the  account  of  his  irstliesiometer  in  the  ISritinli  und 
Fiireiiin  3Iedico-(I/nriirf/iml  Rerieif.  The  ])rineiple  is  tho 
same  as  that  of  Weber's,  but  the  form  is  somewhat 
altered.  Instead  of  using  the  common  compasses  Sieve- 
king  has  made  his  instrument  in  the  form  of  the  beam- 
compass  used  by  mechanics;  that  is  to  say,  of  a  solid 
graduated  bar  of  metal,  which  terminates  at  one  end  in  a 
point  running  at  right  angles  to  the  bar,  while  on  the 
bar  slides  another  point  of  horn  or  ivory,  which  can  be 
fi.\ed  at  any  desired  distance  from  the  first  by  means  ol 
a  .screw  on  top.  A  modification  of  Sievekiug's  a-stbesi 
ometcr  has  been  made  liy  Biowu-Sequard,  who  !ias  ap- 
parently made  both  the  bar  itself  and  the  points  lighter, 
and  has  done  away  with  the  .screw  at  the  top  of  the  mov 
able  point.  In  his  instrument  the  jjoints  are  of  steel,  and 
there  is  a  roughened  prominence  on  the  side  of  the  ,second 
point  to  enable  it  to  be  readily  moveil  by  the  tinger  or 
thumb   (sec  Fig.  .w).     Nearly" all  the  lesthesiometers  at 


Brown-Sequard's  .Ksthesimrieter  'reduced  in  <izei. 


present  u.sed  are  modifications  of  lhe.se  luo  forms. 
Hanunond'sconvenii'Ut  little  instrument  is  a  luodilicalion 
of  Weber's,  consisting  essentially  in  allowing  the  inihw 
bar  to  swing  on  a  rivet  fastened  to  one  arm  of  the  com- 
pass, the  bar,  while  in  u.se.  bein.g  held  by  a  catch  on  the 
other  arm.  in  which  it  slides  freely.  When  not  in  use. 
it  can  be  lifled  from  the  catch  ami  swings  into  apiiroxi- 
mation  with  the  arm  to  which  it  is  fastened,  so  that  the 
whole  instrument,  when  dosed,  occupies  but  little  space 
andean  readily  be  carried  in  the  ])ocket.  Carroll  s  in 
strument  is  simply  a  compass,  each  arm  of  which  ends  in 
two  points,  one  blunt  and  one  sliai'p.  either  of  which  can 
be  used  as  desired;  while  Vance's  is  an  arrangement  of 
compass  with  llattentrd  arm,s,  which  shuts  up  in  a  c;ise 
like  a  ])enknife. 

Tlie  delicacy  of  the  sensation  of  space  in  varii>us  paits 
of  the  skin  may  be  tested  by  the  sesthcsiomeler  in  two 


ways.  In  the  first  place,  as  mentioned  al)ove,  by  de- 
termining how  fai'  apart  the  points  must  be  jdacecl  in 
orih'r  to  be  felt  distinctly  as  two  scpaiate  points  in  any 
pai't  of  the  skin;  and,  secondly,  l)y  fixing  tlie  points  (if 
the  ieslhesiometer  a1  a  ecrt,-iin  dislance  apart  and  moxing 
the  instrument  fi'om  one  ]ioi'ti(in  of  the  body  to  anotlier. 
Thus  it  is  found  tluit  the  dislance  of  the  two  poinls  ap- 
jieai's  to  inci'case  when  the  .esthesiometcr  is  drawn  from 
the  cheek  horizoulally  over  the  mouth,  one  point  resting 
on  each  lip,  to  the  median  line,  and  that  if  eontimied 
across  tliat  line  to  the  other  cheek,  the  distance  apjiears 
proportionately  to  diminish.  This  method  of  testing 
with  llie  a-slhesiometer  is,  however,  of  no  practical  use, 
as  we  have  no  means  of  measuring  the  strength  of  our 
sensations. 

From  the  iiumcidus  e.xperinicnts  made  in  regard  to  the 
normal  tactile  sensibility  tlie  following  results  have  b(.'eu 
deduced ;  1.  The  jiointsof  the  a'sthesiometer  always  seem 
to  be  farther  apart  when  one  point  is  placed  on  one  side 
of  a  nattn';il  opening  and  one  on  the  other.  Thus,  when 
one  point  is  placed  on  the  u|iper  lipandone  on  the  lower, 
they  appear  farther  ,separated  than  if  both  points  are 
placed  in  a  corresjionding  jxisitiou  on  either  lip.  This 
in  part  aeecuiuts  b.r  the  increase  apparent  when  tho 
a'sthesiometer  is  moved  from  the  cheek  to  the  mc'dian 
line  in  Weber's  e.vperiment.  3.  Other  things  bein.g 
e(pial,  the  jiointsof  the  .•esthesiometer  seem  farther  apart 
when  they  rest  ujiou  ditl'erent  ti,ssues.  Thus,  for  ex- 
ample, when  one  point  is  placed  upon  the  mucous  mem- 
brane  of  the  lip  an<l  one  jioint  upon  the  skin,  the}-  seem 
farther  apart  than  when  both  points  are  upon  either  liie 
skin  or  the  mucous  membrane.  3.  As  a  rule  the  jKiints 
seem  fartlu-f  aiiarl  when  they  are  on  different  sides  of 
the  median  line  than  they  do  in  corresponding  pcisitions 
when  both  ai'e  on  the  same  side.  This  law  does  not. 
however,  always  hold  good.  4.  Tho  direction  in  wliich 
the  points  are  placed  in  relation  to  each  other  is  of  eon- 
sideralile  importance  in  certain  parts  of  the  body,  espe- 
cially on  tlic  limbs.  When  placed  transversely  they  ap- 
pear to  be  at  a  greater  distance  from  each  other  than 
when  placed  longiludinally.  On  the  body  proper  there 
seems  to  be  but  little  diU'crence,  while  it  is  more  marked 
on  the  face,  and  nioi-e  so  still  on  the  limbs,  especially  the 
lower  arms  and  legs.  The  cause  of  this  is  as  yet  un- 
known, but  it  may  be  that  the  .skin  overdiiferent  muscles 
responds  more  readily  to  two  stimulations  than  the  skin 
over  the  same  nui.scle  when  touclied  at  two  equallv  dis- 
tant jioints.  (According  to  Vierordt  tlie  relative  delicacy 
of  the  sense  of  locality  at  any  point  on  the  skin  of  "a 
special  portion  of  the  body,  as  compared  to  that  of  the 
other  poinls  of  tlw  same  portion,  is  a  funclion  of  its 
mobility,  and  increa.ses  i)ro])ortionately  to  its  distance 
from  the  a.xis  on  which  tliat  part  moves,  since  it  depends 
on  the  relative  greatness  of  the  excursions  which  it 
ell'ccis  about  its  axis  thiiuigh  the  movements  of  the  part 
concerned. ) 

In  applying  the  a'sthesiometer  certain  precautions 
should  always  be  oliscrxcd.  In  tlic  first  place,  the  oper- 
ator should  take  especial  care  that  both  points  are  ap- 
plied as  nearly  as  jiossible  .iiiiiiiltint<r»i.sl//,  as  the  clement 
of  lime  enters  distiia  tly  into  our  tactile  impressions,  and 
the  greater  the  time  wiiich  ela|).scs  between  any  two  im- 
pressions of  a  similar  kind,  the  more  readily  are  sucli  im- 
pressions recognized  as  distinct.  For  tliis  reason,  also, 
the  points,  when  once  ajqilied,  should  not  be  moved,  for 
11  they  be  moved,  a  new  sensiition.  or  a  series  of  sensa- 
tions, u  ill  be  pi-iduced.  which  will  enable  us  to  inter].)ret 
Ihe  impressions  more  easily.  It  is  a  curious  fact  that,  if 
two  jioinls  be  placed  .so  near  together  that  they  are  felt 
as  only  one.  and  a  third  jioiiit  be  drawn  across  the  skin 
between  the  two.  the  sensation  of  a  moving  object  can 
be  felt,  although  its  jiosition  cannot  be  localized.  The 
impression  produced  by  the  p..ints,  niorcover,  becomes 
clearer  the  longer  they  remain  in  contact  with  the  skin. 
Hence,  in  making  comparative  observations,  the  points 
should  be  held  (jii  each  place  for  the  same  amount  of 
time.  In  addition  to  the  simullaneousness  of  the  touch 
the  pressur<'  at  the  two  poinls  should  be  as  nearly  equal 
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as  possible  iind  as  slight  as  possible.  As  we  shall  here- 
after sec.  the  ratio  of  the  sense  of  pressure  in  dilfercut 
parts  of  the  body  varies  considerably  from  that  of  loeal- 
ity,  and  the  two  different  sensations  should  be  carefully 
distinguished.  For  iiractical  purposes,  however,  the 
amount  of  ]U'ess\ire  exercised  in  ordinary  (ases  when 
due  care  is  taken  is  not  sutlieieut  to  affect  iu  any  way 
the  result.  It  is  otherwise,  however,  when  a  dilfercut 
amount  of  pressure  is  e.xerted  on  the  two  points.  The 
force  of  the  stinndus  produced  at  one  point  is  liable  so 
to  aet  that  the  stimulus  produced  at  the  other  is  per- 
ceived but  indistinctly  or  not  at  all.  A  third  and  obvi- 
ous lu'ccautiou  1o  be  observed  in  using  the  a'.sthcsiometcr, 
when  testing  corresponding  portions  of  the  body,  is  that 
the  points  should  in  each  case  lie  jilaced  in  the  same 
direction,  that  is,  longitudinally,  olilicpiely,  or  trans- 
versely, as  may  be,  and  that  they  should  be  on  exactly 
corresponding  jtarts  and  at  an  equal  distance  from  the 
median  Hue.  This  is  of  especial  imiiortaucc  in  patho- 
logical cases,  where  the  »sthesiometer  is  used  for  the 
purpose  of  diagnosis. 

In  an  examination  for  physiological  purposes  we  must 
also  take  into  consideration  the  mental  condition  of  the 
subject.  AVhencver  the  attention  is  strongly  fi.xed  upon 
any  point  in  the  body,  sensations  produced  there  by  ex- 
ternal objects  are  more  readily  and  more  qvnckly  per- 
ceived than  when  the  mind  is  occupied  by  other  thoughts. 
Hence,  when  the  attention  is  fixed  upon  the  action  of 
the  a-sthesiometer,  the  points  will  be  perceived  more 
readily  and  more  distinctly  than  would  otherwise  be  the 
case.  The  readiness  with  which  the  points  are  perceived 
and  their  position  deterndnt'd  varies  also  greatly  with 
practice.  Cold  dimini.shes  the  tactile  sen.sibility,  as  does 
also  extreme  heat.  Hypertemia,  as  well  as  ansemia, 
probably  likewise  diminishes  it. 

Bar^sthesiometer. 

The  term  barwsthesiometer,  from  ftdpor,  weiglit,  and 
sesthesiometer,  has  been  applied  to  instruments  which  are 
used  to  deternnue  the  delicacy  of  the  cutaneous  sense  of 
pressure. 

The  first  attemjits  to  measure  the  cutaneous  sense  of 
pressure  were  made  by  E.  II.  Weber,  who  for  this  pur- 
pose tiscd  weights  laid  directly  ujion  the  parts  to  be 
tested,  the  muscular  sense  being  excluded  by  firndy  suji- 


FlO.  .56.  —  Eulenhurg's 
Bara?sthes  i  o  m  e  t  e  r . 
Front  view. 


Fio.  57.— Bac^k  View 
of  the  Same  Instru- 
ment. 


porting  the  jiart  to  be  examined  upon  some  solid  body. 
Various  weights,  as  nearly  as  possible  of  the  same  size 
and  same  temperature,  were  applied  in  succession  to  the 
part,  and  the  smallest  difference  which  could  be  thus 
detected  was  carefully  determined  for  each  jiart.  AVcber 
himself  made  use  for  this  pur])ose  of  coins  (thalcrs) 
which  he  laid  upon  the  forehead,  the  head  being  sujv 
ported,  and  thus  he  obtained  some  important  results.     Ac- 


cording to  his  researches,  the  sense  of  pressure  varies 
much  less  in  the  diflerent  parts  of  the  body  than  the  sense 
of  locality,  and  does  not  vary  in  the  same  projiortion  in 
the  diffeient  parts.  In  the  place  of  coins  Kanunler  and 
Aidiert  made  use  of  small  discs  of  cork  or  elder-pith,  on 
which  weights  could  he  plaeeil.  while  Dohrn  estimated 
the  sense  of  jircssure  by  means  of  a  blunt  point  attached 
to  the  arm  of  a  pair  of  scales.  In  1863  Goltz  pidilished 
the  account  of  his  apparatus,  by  means  of  which  he 
sought  to  detei'raine  the  .smallest  rhythmical  pressure 
which  can  be  perceived  on  any  given  part.  For  this 
purpose  Jie  made  use  of  an  india-rubber  tube.  l)Oth  ends 
of  which  were  closed  and  \\  hich  was  rendered  tense  liy 
lieing  filled  with  water.  The  judsations  produced  by  the 
experimenter  at  <ine  end  of  the  tube  weic  trau.smitted  to 
the  other  end,  which  was  laid  iipon  the  jiart  to  be  tested. 
Goltz 's results  corresponded  with  tliose  of  Weber  for  the 
nense  of  localiti/.  except  that  the  tip  of  the  tongue  was 
found  to  be  iiro])ortionatcly  much  less  sensitive  to  pres- 
sure. 

To  deterndne  the  delicacy  of  the  sense  of  ruriation  of 
pressure,  Eidenburg  used  the  bara?sthesiometer  which 
bears  his  name  (Fig.  .56).  It  consists  simply  of  a  hard- 
r\iblier  iilatc,  on  to  which  is  screwed  a  spiral  spring 
through  whose  greater  or  less  tension  a  stronger  or 
weaker  pressure  can  be  exerted  on  the  plate.  ^  This 
spring  is  placed  inside  a  case,  and  can  be  more  or  less 
compressed  iit  will  by  means  of  a  guiding  rod.  Through 
a  toothed  wheel,  which  is  jilaced  iu  connection  with  this 
rod.  an  index  is  set  in  motion,  which  marks  on  a  dial 
plate  the  amount  of  tension  of  the  spring,  thus  showing 
the  strength  of  the  pressure  exerted.  Each  figure 
fin  the  dial  cories)ionds  to  a  pressure  of  1  gm.  Eulen- 
burg  found  that  the  sensibility  to  variations  of  iiressure 
was  most  delicate  on  the  face,  esiiecially  the  forehead, 
then  on  the  li|is,  the  back  of  the  tongiie,  cheeks  and 
temples.  Here  it  is  ^'j,  often  -^.  On  the  upper  ex- 
tremities it  is  4^  to  -f^.  and  does  not  vary  much  in  the 
different  parts.  In  the  lower  extremities  the  anterior 
portions  of  the  lower  leg  and  thigh  seem  to  possess  the 
greatest  seusibilitv  ;  next  follow  the  back  of  the  foot  and 
dorsal  surface  of  the  toes,  while  on  the  plantar  surface 
of  the  toes,  the  sole  of  the  foot,  and  the  posterior  por- 
tions of  the  lower  leg  and  tliigh  the  sensibility  is  much 
weaker.  Lowitt  and  Biedermann  fovmd  that  by  the 
finger  tips  the  differences  between  weights  which  bear 
to  each  other  the  proportion  of  39  to  30,  could  be  ap- 
preciated, provided  the  weights  were  not  too  light  nor 
too  heavy.  The  power  of  determining  variations  of 
])ressure  varies  in  accordance  with  the  amount  of  the 
pressure.  Except  perhaps  for  nunimal  luessures.  the 
greater  the  initial  pressure  the  greater  must  be  the  in- 
crease of  pressure  in  order  that  a  variation  may  be  felt. 

Therm.esthesiometer. 

For  measuring  the  sensibility  to  differences  of  tem- 
perature, Web<-r  used  two  long  glass  phials  filled  with 
oil,  into  each  of  which  he  introduced  a  thermometer, 
passing  it  through  the  stopper.  By  means  of  this  ap- 
paratus he  found  that  the  skin  of  the  face  was  the  most 
sensitive,  especially  that  of  the  eyelids  and  cheeks.  The 
lips,  on  the  contrary,  which  are  more  sensitive  to  sensa- 
tions of  place,  are  less  so  to  those  of  temperature.  !More- 
over.  the  sense  of  temperatmv,  as  teste<l  in  this  way, 
instead  of  being  greatest  in  the  middle  of  the  lips,  is 
greater  on  the  lateral  jiortions  of  the  ujiper  lip.  greatest 
on  the  checks,  and  less  as  we  a|i|iroach  the  nu-dian  line. 
In  1866,  Eulenburg  described  his  therma>sthesiometer. 
The  in.strumcnt  consisted  .simply  of  a  "  frame  "  and  two 
thermometers  thereto  attached.  For  "frame"  he  made 
use  of  Sieveking"s  a'sthesiometer,  to  the  bar  of  which  he 
fastened  two  exactly  similar  Ihermometers  which  corre- 
sponded accurately  to  each  other.  Their  lower  (>nds 
were  drawn  into  broad  glass  bulbs,  and  llattened  at  the 
bottom  so  as  to  rest  readily  u|ion  the  skin.  These  ther- 
mometers worked  like  the  points  of  the  a'sthesiometer, 
one  of  them  being  fixed  at   the  end  of  the  bar,  whiU'  the 
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Other  could  be  moved  along  it  us  desired,  and  Ije  listened 
at  any  di.slaiice  by  means  of  a  screw.  Tims  the  distance 
between  the  thermometers  was  determinable  at  will,  and 
could  l)e  estiinaled  by  a  .scale  marked  on  the  bar.  In 
using  this  ajiparatus,  one  therniometer  was  healed  or 
cooled  as  desired,  while  the  other  was  left  at  the  tem- 
jierature  of  the  room.  In  the  followinir  year.  ISCT, 
Nothnagel  luiblished  a  series  of  very  eareful  invesliga- 
tions  inio  the  cutaneous  sensibility  of  the  temperature, 
in  makinn'  which  he  used  a  special  instrument.  iN'otli- 
nagel's  Iherm:esllie.siometer  consists  of  two  exactly 
similar  cylindrical  vessels,  two  and  a  half  inches  high 
and  one  and  a  half  inches  in  diameter.  Their  walls  are 
made  of  wood  and  are  double,  some  (loorly  conducliiig 
sulistance.  as  ashes,  being  jilaecd  between  the  two  parts. 
The  bottom  is  formed  of  copper,  a  good  lieat  conductor. 
On  the  top  of  the  vessel  is  a  tightly  closing  woo(l<'n  cover 
which  moves  on  a  binge,  and  which  has  an  opening  on 
one  side,  ('orresponding  to  this  opening  there  rises  per- 
pendicularly from  the  edge  of  the  vessel  a  jiiece  of  wood 
to  which  are  fastened  two  rings.  Through  these  rings 
and  through  the 'opening  in  the  cover  a  thermometer  is 
thrust  into  each  vessel,  which  is  partially  tilled  with 
water,  whose  temperature  may  readily  be  rendertd  dif- 
ferent in  the  two  vessels  by  phmging  into  it  some  good 
conductor,  which  has  been  previously  heated  or  cooled. 
The  vessels  shoidd  be  placed  rapidly  one  after  the  other 
on  the  ])art  to  be  examined,  and  the  time  of  contact  sliouUl 
last  until  the  subject  has  formed  a  judgment  in  regard  to 
the  temiierature.  Care  must  be  taken  that  the  whole  sur- 
face of  the  bottom  of  both  vessels  shotdd  rest  against  the 
skin,  since,  as  is  well  known,  the  strength  of  the  im- 
pression and  the  delicacy  of  the  .sensibility  to  temiierature 
grow  with  the  increase  in  the  numlier  of  nei-ve  ends 
affected.  By  this  means  Nothnagel  determined  that  the 
greatest  capacity  for  distinguishing  diflferences  of  tem- 
perature exists  when  the  temperature  is  between  27"  and 
33°  C. ;  up  to  39'  C.  it  is  but  slightly  diminished,  but 
from  thence  to  49°  C.  it  diminishes  rapidly,  and  at  the 
latter  point  pain  occur.s.  From  27°  to  14°  C.  the  capac- 
ity diminishes  in  much  the  same  ratio  as  from  33°  to  39' 
C,  but  between  14'  and  7°  ('.  it  falls  oil  rapidly.  He 
found  that  in  different  parts  of  the  body  the  following 
differences  in  temperature  could  be  distinguished: 

(Vntiijradf'. 

Sternum (i.(i° 

t'liest,  iipiH-r  and  outer  portion 11.4° 

Kplpa^trium 0..5** 

AlKiornen.  upper  lat^ml  portion 0.4° 

Mi.lille  jiart  of  back l.^"» 

Lateral  iioitlons  of  l)ack IHP 

I'aliii  of  Iheband II..')'' -0.4° 

Ila.k  of  liand 0.:i° 

Forearm -extensors 0.2^ 

toT'earrn— flexors O.^"* 

t'ppef  arm  -extensors  and  flexors 0.:^" 

Dorsal  surfaee  of  foot 0..')">-0.4'' 

I,ower  Iff;- exr^^nsoi-s. 0.7° 

Lower  lejf—flexoi-s  (ealti 0.(1° 

Tlii^'li  extensors  and  flexors o.ri° 

Cheeks Il.4°-(l.:.>° 

Temples   n.4''-n.:t° 

The  sensibility  to  variations  of  tenipcraltire  seems 
duller  as  we  apjiroach  the  median  line.  The  hand  and 
lingers  are  generally  alike,  the  lower  arm  more  sensitive 
than  the  hand,  and  the  u|)per  arm  more  so  than  the  lower 
arm.  15y  exti-emcs  of  heal  or  cold  a  therman.'esthesia  is 
produced.  .\n:emia  increases  sensibility  to  tcmiicralurc, 
liypeneniia  is  said  to  dinnnisli  it. 

Kronccker's  therma'Sthesioineter  resembles  Eulen- 
biirg's,  but  tlie  latter's  thermometers  are  replaced  by 
metal  tubes,  each  divided  nearly  to  the  end  by  a  jiarti 
tion,  as  in  a  double-irrigating  catheter.  Through  these 
water  of  a  fixed  temperature  can  be  caused  to  llow. 

Goldscheider  studied  thc>  topography  of  the  temiicra 
ttirc  sense  by  means  of  waim  and  colil  metal  cyliiulcrs 
with  a  lound  contact  surface  1  cm.  in  diameter.     lie  also 
used   in  other  ex])eriments  a   metal  globe  which  could 
be  heated  or  cooled. 

William  iV.  BulUtrd. 
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Foster's  Text-Hook  of  I'hvsiolotry,  1SS8, 
Sewall  in  the  American  Text-Iiook  of  Physiology,  1806. 

y€TIOLOGY.      See  JnfirUdnn  iJisi'ii.ti-.i. 

/ETN^  SPRINGS.— Xajia  (Viunty,  California. 

LocATio.N, — At  till' up]ier  end  of  Pape  Valley,  si.xteen 
miles  northeast  <if  .St.  Helena. 

Access. — By  rail  via  Na|)a  to  St.  Helena,  and  tlienceby 
stage  over  a  well-graded,  picturesque  road.  Hotels  and 
cottages. 

This  resort  is  delightfully  situated  at  an  elevation  of 
1,0(10  feet  above  the  Pacific,  in  the  midst  of  wild  moun- 
tain surroundings.  The  mountains  are  well  stocked  with 
game,  and  the  streams  afford  good  fishing.  There  are  a 
number  of  excellent  springs  in  the  neighborliood,  those 
used  for  drinking  purposes  having  a  temiierature  of  98° 
F. ,  while  those  employed  for  bathing  show  a  tempera- 
ture of  106°  F.  The  following  analysis  was  made  by  Dr. 
Winslow  Anderson  in  1888: 

One  Uxitkii  Statks  (jai.i.on  Coxtains: 
Solids.  Grains. 

Sodium  cliliiride 38.75 

Sodium  carbonate 73.06 

Sodiillrl  sulphate 8.93 

Potaasium  sulphate 0.56 

Potassium  carlnjuate  13.23 

Magnesium  sulphate 0.45 

Calcium  carbonate 8.94 

Ferrous  carbonate 0.05 

Silica 0.09 

Organic  matter Trace. 

Total 134.05 

C'arh<:iniL'  add  gas,  63  cubic  inches. 

The  water  is  sparkling  and  invigorating,  and  pos- 
sesses a  decided  tonic  infiucnce  as  well  as  slight  aperient 
properties.  It  is  a  good  type  of  alkaline  saline-carbonate 
water  and,  as  will  be  observed,  resembles  the  waters  of 
Ems  to  quite  a  marked  extent.  This  watei'  is  increasing  in 
favor  on  the  coast,  and  has  already  iuxiuired  considerable 
icputation  in  renal  diseases.  Good  results  have  also  been 
i-eported  in  cases  of  rheumatism  iind  neuralgia  as  well  as 
in  those  of  dyspepsia,  toriiidity  of  the  bowels,  hepatic 
ilisorders,  and  uterine  di.sease. 

Several  otlicrs])riiigs  whose  waters  have  not  been  fully 
analyzed  are  found  close  liy.  They  contain  moi'e  iron 
Ibau  those  above  mentioned,  and  ai'c  known  as  the  "Iron 
Soda"  Sjirings.  They  are  much  resorted  to  for  ana-mia 
and  wasting  affecticjiis.  .lajiits  l\.  Criuil:. 

AGAR-AGAR. — The  name  of  a  large  number  of  East 
IniliaM  sea  wiids  which  ai'C  used  in  the  manufactui'e  of 
■■  vcgctalilc  gelatin":  also  the  name  of  this  gelatin.  The 
general  natui'i'  of  these  sulisfanccs  is  similar  to  that  of 
chondrus,  or  Irish  moss.  It  is  one  of  these  species  which 
yields  the  material  for  the  Chinese  "  bii'rrs-ncst  pud- 
ding." Agar-agar  is  nuinubu-lui'ed  chielly  in  China,  the 
sea  weeds  being  sent  there  from  other  counlries  for  this 
p>iri)ose.  It  is,  however,  moi'e  or  less  manufactured  in 
other  countri(?s  also,  especially  in  Japan,  and  it  is  the 
latter  varict)' which  is  chietly  used  for  bacterial  culUires. 
In  the  cotmlry  of  its  ])i-oduction.  a,gar-agar  is  very 
lai'gely  used  for  food,  botli  .alone  and  as  an  ingi'cdient  of 
jellies.  It  is  also  very  lai'gely  emi)loyed  as  a  sizing  in 
silk  manufacturing.  It  occurs  in  thin,  transparent, 
coloi'less  sheets,  a  gi'eat  many  bound  together,  or  as 
bundles  of  long  shreds,  or  in"  the  form   of  irregularly 
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square  sticks,  uoarly  a  foot  loujr.  'I'lic  latter  foi'tn  is 
that  generally  ii.sed  in  baeleriolo.nieal  work.  It  is  less 
transparent  than  either  of  the  others,  and  is  not  so 
white. 

Agar-agar  consists  almost  wholly  of  gelose.  a  substance 
the  solution  of  which  cools  to  a, iell)-,  which  is  much  moie 
stable  than  that  of  gelatin,  requiring  a  higher  teni]iera 
ture  for  melting.  It  is  sitid  that  a  solution  of  1 :  500  of 
water  will  yield  a  stiff  jelly.  Gelose  is  precipitated  by 
alcohol,  but  not  by  tannin. 

Gelasine  is  merely  a  variety  of  agar-agar. 

Agar-agar  has  no  medicinal  properties,  its  u.ses  being 
■wholly  nutritive  and  mechanical. 

//.  IL  Rusby. 

AGARIC.  PURGING.— {  U7«7«  afjini,- :  Touchwood. 
Spank,  Tinder.)  The  decorticated  liymenium  of  Poly- 
porus  officimiiis  Fries  (Boletus  Lari'cis  Linn.)  ;  order, 
Biisidioini/eites,  Ilynn  nomi/cetcs ;  a  large  fungus  growing 
upon  the  stems  of  the  European  larch  and  of  one  or  two 
other  conifers.  It  forms  large  hoof-shapeil  masses  upon 
the  sides  of  the  trunks,  and  penetrati-s  with  its  mycelium 
deep  into  the  wood.  ^Vhen  young  they  are  soft  and 
juicy,  but  when  fully  grown  hard,  and  of  a  consistence 
between  spongj-  and  corky.  The  masses  are  collected  in 
Europe,  Asia  Minor,  etc.,  and  usually  pi-ejiared  by  dry- 
ing and  peeling.  Agai'ic  is  in  yellowish-white,  friable, 
light,  and  spongy  irregular  balls  and  lumps,  from  the 
size  of  an  orange  to  that  of  a  cocoanut  and  larger.  It 
has  evidently  been  peeled,  and  the  surface  is  finely  rough 
and  dusty  with  minute  separated  particles.  The" texture 
is  rather  tirm.  but  soft;  it  can  easily  be  reduced  to  a 
coarsish  powder  by  friction  or  by  rubbing  on  a  sieve, 
but  is  difficult  to  pulverize  finely  ;  its  microscopic  struc- 
ture— a  tissue  made  up  of  interlacing,  thread-like  cells- 
explains  its  peculiar  consistence. 

Agaric  has  a  heavy  fungous  odor,  and  a  slowlj'  de- 
veloping, bitter,  nauseous  taste,  which  is  at  first  sweet- 
ish. Its  powder  is  very  irritating  to  the  eyes  and  nose, 
and  produces  violent  sneezing.  As  it  is  also  light  and 
dusty,  persons  employed  in  beating  it  in  mortars  are 
obliged  to  resort  to  devices  to  prevent  its  rising. 

It  contains  nearly  one-third  of  its  weight  of  resinous 
matters,  extractible  l)y  strong  alcohol,  and  these  can  be 
separated  further  into  three  or  four  simple  resins.  The 
active  principle  is  af/aric  or  (ir/nricii'  arid.  Commercial 
agaricin  is  a  concentrated  extract  of  agaric,  and  consti- 
tutes an  impure  and  indetinite  form  of  agaricic  acid. 

Agaric,  as  its  name  indicates,  was  originally  used 
chietlj'  as  a  eatliartic,  but  such  use  is  rare  at  present.  It 
is  cow  ratlier  considered  that  purgation  is  indicative  of 
over-do.sing.  It  is,  in  fact,  but  little  employed  in  its  own 
form,  while  agaricin  and  agaricic  acid  are  growing  in 
favor  as  remedies  for  the  control  of  sweating,  especially 
in  phthisis.  The  dose  of  agaric  is  0.t)3  to  0^06  gm.  (gr. 
iij.  to  X.).  More  than  this  acts  as  a  puraative.  (See 
also  , I V" '■'■'■'■'■  -I'-'V/  "i  //  //.  Uushy. 

AGARICIC  (..r  AGARICINICi  ACID  — (C,,Jl3„Oo+ 
HnO. )  Tlic  active  ((insliliiciit  of  agaricin.  It  occurs  as 
a  white,  almost  tasteless  powder,  soluble  in  alcohol  and 
with  some  difticulty  in  water,  and  may  be  given  in  doses 
of  .02-. 08  gni.  (gr.  ^^  to  >t),  for  the  same  purposes  as 
those  for  which  agaricin  is  u,sed.      (See  Ayaiic.) 

II.  II.  U. 

AGATHIN.  — C'osmin-salicvl-alpha  niethvl-phenvl-  hv- 
dra/.one.  C,dl6CH3N..CH.CH,OH.  This  "compound  I'e- 
sults  from  the  reaction  between  the  basic  alphametliyl- 
phenylhydrazin  and  salicylic  aldehyde.  It  occurs  in 
colorless  crystals,  or  in  greenish- white  crystalline  flakes: 
is  odorless,  tasteless,  insoluble  in  water,  and  soluble  in 
alcohol  and  ether.  It  was  introduced  by  Roos  as  a 
remedy  for  rheumatism,  and  if  has  been  found  effective 
in  this  disease  and  in  neuralgia.  It  has  been  known  at 
times  to  produce  iieadache.'but  not  any  of  the  other 
symptoms  of  salicyHsni.     This  is  one  of  ihe  rheumatism 


remedies   which   do  not  depress  the  heart.      Dose:   gr. 
iij.  to  X.  from  three  to  six  times  a  day. 

W.  A.  Biistedo. 

AGE. — The  age  of  a  human  being  does  not.  as  usually 
reckoned,  correspond  to  the  lengthof  time  it  has  existed, 
because  the  ordinai-y  calculation  starts  from  the  date  of 
birth,  and  excludes  the  preceding  period  of  uterine  exist- 
ence. If  w-e  are  to  be  strictly  acciu-ate,  the  age  of  any 
animal  ought  to  be  reckonetl  from  the  time  of  impregna- 
tion, especially  if  we  are  to  compare  different  species 
one  with  another,  in  regard  to  the  changes  which  corre- 
spond to  successive  ages.  The  act  of  impregnation 
creates  a  new  individual,  which  alters  as  time  elapses, 
and  the  liberation  from  the  womb  is  only  one  of  tlie 
alterations,  one  event,  occurring  in  the  Ii"fe  history  of 
the  individual;  it  is  therefore 'artificial  arbitrarilv  to 
select  the  date  of  delivery  as  the  zero  point  from  w'hich 
to  start  the  reckoning  of  the  age,  the  more  so  as  we 
know  that  the  period  of  gestation  varies  very  consider- 
ably in  length,  and  that  consequently  the  age  of  the 
child  at  birth  is  not  by  any  means  uniform.  In  the  case 
of  man  it  is  the  most  convenient  plan  to  adopt  popular 
custom,  because  the  ages  as  reckoned  from  birth  are  gen- 
erally known  with  exactitude,  but  the  age  of  the  foetus 
at  birth  is  almost  never  known  for  a  given  individual. 
Indeed,  we  have  at  present  no  means  of  determining 
satisfactorily  the  age  of  a  human  embryo  or  f(Vtus,  be- 
cause we  have  no  sutlicient  available  data  for  ascertain- 
ing when  impregnaticm  takes  place.  As  is  shown  in  the 
articles  Fa-tus  and  Iinpregnaiion,  there  is  always  a  pos- 
sible error  of  several  days  in  any  estimate  of  the  age  of  a 
ftetus,  even  when  the  history  of  the  case  is  fully  and  ac- 
curately known,  and  there  are  decided  reasons  for  think- 
ing that  there  may  be  sometimes  an  error  of  a  month  or 
whole  menstrual  period.  Obviously  it  is  not  practical)!e 
to  calculate  the  age  of  man  from  an  event  the  time  of 
which  we  cannot  know  correctly,  and  it  is  the  only  prac- 
ticable course  for  us  to  follow"  custom,  and  assume  the 
commencement  of  life's  journey  to  be  some  way  along 
the  route,  namely,  at  birth;  at  least,  whenever  \ve  have 
occasion  to  measure  age. 

From  impregnation  to  death,  at  the  natural  tenu  of 
life,  the  organism  undergoes  a  detjuile  series  of  changes 
which  are  termed  the  phenomena  of  senescence;  in  plain 
words,  the  organism  grows  old.  The  most  impoi'tant,  if, 
indeed,  not  all  the  changes,  may  be  grouped  under  three 
heads:  First,  the  increase  in  the  number  of  cells;  second, 
the  weight  of  the  cells:  and  third,  the  differentiation  of 
the  tissues.  The  first  and  second  are  the  essential  factors 
of  growth,  and  inuler  Ororth  they  are  more  fullv  dis- 
cussed. Unfortunately,  we  have  no  knowledge  as  to  the 
number  of  cells  in  the  body  at  different  ages,  nor  is  it 
possible  to  make  even  a  valid  estimate.  "  It  appears 
entirely  practicable  for  some  patient  investigator  to 
make  an  approximate  determination  of  the  number  of 
cells  in  the  body;  a  trustworthy  result  would  be  ex- 
tremely valuable.  But  though  we  cannot  speak  of  actual 
nvuubers.  we  are  able  to  say  that  the  I'ate  of  multiplica- 
tion of  cells  diminishes  gradually  with  one  or  two  possi- 
ble interruptions  in  man.  The  demonstration  of  this  law 
is  given  in  the  article  on  Grotrih.  As  regards  the  size  of 
the  cells,  we  know  that  at  first  the  size  is  reduced;  dur- 
ing the  segmentation  of  the  ovum,  the  amount  of  ma- 
terial remains  nearly  constant,  while  the  segments  (cells) 
multiply:  hence  they  necessarily  become  smaller.  Dur- 
ing fietal  life  they  remain  small,  even  after  their  differ- 
entiation into  distinct  tissues,  but  it  is  .still  uncertain  how 
nuicli  of  fhe  growth  of  children  is  due  to  the  mere  in- 
crease in  size  of  the  histological  elements  and  how  much 
to  the  increase  in  their  number.  The  difTcn-nce  between 
the  fatal  and  adult  cells  is  readily  seen ;  unfortunately. 
it  is  impossible  to  give  a  table  of  comparative  measure- 
ments, for  the  micrometric  data,  even  of  the  best  author- 
ities, are,  with  very  rare  exceptions,  utterly  worthless, 
from  their  extreme  inaccuracy.  The  structure  of  the 
ti.ssues  varies  according  to  the  age;  for  each  age  there  is 
a  <  liaracteristic  phase  of  development  of  fhe  histological 


138 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


Agario. 
AK<?uc'8ia. 


elements,  both  in  structure  iuid  arranjrfniciit ;  Iiciicc  the 
general  anatomy  and,  thcrelore.  also  ilie  t'unetions  alter 
in  correspondence  with  the  age.  Thus,  in  a  i>hilosn|)hl(aI 
view  of  the  career  of  any  organism,  we  are  eoni|iellr(l  to 
regard  it  as  a  function  of  the  time  elapsed  sinci'  liic  pio- 
creatiouof  the  individual.  It  is  imporiani  to  insist  upon 
this  conception,  because  the  student  of  human  anatomy 
derives  his  notions  almost  exclusively  from  the  study  of 
the  adult,  and  consequently  fails  to  seize  the  idea  that 
much  of  what  he  conceives  to  be  essential  anil  typical  is 
only  temporary. 

There  is  another  general  consideration  to  be  urged 
upon  the  attention  of  the  reader:  the  older  the  organism 
the  longer  it  recpdres  to  change.  An  infant  alters  more 
rapidly  than  a  child,  an  adult  m<ir<>  rapidly  than  an  old 
person.  This  fact  has  a  more  in'ofovuid  signilieance  than 
at  first  appears,  becau.se  it  not  oidy  suggests  the  oidy 
theory  of  the  origin  and  nature  of  natural  death  having 
any  serious  value,  but  also  is  the  clew  to  the  distribution 
of  variations  in  age.  For  the  theory  of  death,  see  tlu' 
concluding  portion  of  the  article  on  drmrtli.  The  law 
of  variations  to  which  we  refer  demands  brief  elucidation. 
Varieties  occtir  in  all  degrees;  with  living  organisms 
there  is  in  each  case  a  certain  variety  which  occurs  m<isl. 
frequently,  and  on  either  side  of  this  most  frequent  tyjie 
(geometrical  mean)  occur  other  varieties  which  are  found 
to  be  less  frequent  the  more  they  depart  from  the  central 
type.  On  the  doctrine  of  chances  the  distribution  should 
be  alike  above  and  below  the  mean,  provided  always 
there  is  no  predominating  factor  or  factors  of  varialinn  to 
distiu'b  the  synnnetry.  In  the  development  <jf  living 
organisms  there  is  such  a  disturbance  through  the  elh'Cis 
of  age:  a  concrete  example  shows  the  iihenomcnon 
plainly.  The  following  table,  after  Ileinrieins,"  gives 
the  ages  and  number  of  persons  observed  in  :-!,.')0()  re- 
corded cases  of  first  menstruation  in  Finland.  Below  the 
table  is  given  the  graphic  representation  of  the  .same  dala. 

Table    op    3,.500   Cases    of   First   Mexstrcatio.n    (observt'd   by 
HEi.XRicirs  in  Finland). 

Age,s  (years)....n02  13  14  15  16  17  IS  19  3)  21  *"  23  2.'>  -id 
Nil  of  Cases.... 9    33  13.5  440  785  846  560  347  198  110  41    13    7     4     1 
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The  curve  shows  that  the  year  in  whicli  the  first  men- 
struation occurs  most  frequently  is  the  sixteenth,  and 
the  further  we  follow  the  <  urve  from  the  maximum, 
either  forward  or  back,  the  lower  it  sinks.  Moreover, 
from  the  maximum  to  the  mininnim  is  (probably)  oidy 
seven  years  on  the  young  side,  but  ten  yeai's  on'tlie  old 
side.  Here,  then,  we  .see  that  an  equal  range  of  varia- 
tion covers  a  mucli  shorter  period  of  childhood  than  of 

*  Centralblatt  fiir  Gynilkologic,  1883,  vii.,  72  to  73. 


later  life.  When  a  larger  series  of  statistics  ai'e  compiled, 
the  dilfei-enc<'  in  the  jireniaximal  and  the  postmaxinial 
period  is  found  to  be  considenilily  greater.  This  plie- 
nomeiion  occurs  not  only  with  menstruation,  but,  with 
many,  and  jirobably  all.  or  nearly  all,  [ihases  of  the  de- 
velopment of  the  body  :  the  time  :tt  whic-li  a  given  change 
takes  jilace  varies  in  dilferent  individuals,  and,  as  far  as 
at  pi'csent  known,  always  accoi'ding  lo  the  law  just  in- 
dicated. In  Iheai'ticle  on  (Iroirtli  another  set  of  facts 
aie  bi'oughl  forwai'd.  deinonslraling  the  same  i)rinciple, 
which  we  may  now  formulate  as  follows:  Tlw  time  re- 
ijitind  til  (iiTuiiijdish.  a  cluiiKje  vf  (i  (jicen  t.ft(  lit  incmiMS 
irith  the  iif/c  iif  the  oiyiiiiiniii. 

It  is  evident  that  this  generalization  needs  lo  be  tested 
with  gi'eat  tliorouglmess.  especially  to  ascertain  whether 
il  is  rigidly  appliealile  in  details,  or  oidy  in  regard  to  the 
wdiole  course  of  development  broadly  considered.  As  no 
researches  have  heretofore  been  made  to  settle  the  alter- 
native stated,  it  is  very  desirable  that  they  should  be 
undertaken.  It  may  be  discovered  that  diseases  and  re- 
covery from  diseases  vary  in  rapidity  in  accordance  with 
age,  the  rale  of  change  decreasing  with  the  age.  This 
can  be  decided  only  by  extensive  statistics  in  regard 
to  organic  diseases.  A  large  numlu'r  of  observations  of 
the  progress  of  fatal  new  formaticjus — of  cancer,  for  ex- 
ample— would  b(!  of  high  value.  It  is  not  to  be  an 
ticipated  that  the  diseases  of  a  parasitic  or  zymotic 
character  would  exhibit  necessarily  any  such  correlation 
with  age,  becau.se  their  course  is  flcpeiulent  primarily  on 
oilier  cau.ses  than  the  condition  of,the  organism  in  which 
they  appeal'.  If  the  rate  of  ilisea.se  does  vary  with  age. 
the  desirability  of  knowing  tlu^  fact  is  too  obvious  to 
require  further  emphasis;  we  can,  therefore,  ordy  express 
the  hope  that  some  one  having  a  proper  opportunity  will 
soon  make  an  adequate  investigation. 

It  is  a  common  custom  to  divide  the  period  of  life  into 
a  succe.ssion  of  ages,  but  all  such  divisions  are  more  or 
less  arbitraiy;  and  though  extremely  convenient,  are 
quite  without  scientific  signilieance.  The  ages  com- 
monly adopted  arc:  (1)  Iiifnnrii.  from  birth  totheappear- 
anee  of  the  temporary  teeth;  CJ)  rliililhiaut.  from  the  cut- 
ting of  the  first  permaiient  te(  th  to  puberty;  ('A)i/atith. 
from  puberty  to  the  attainment  of  the  full  .stature,  fiiat 
is,  eighteen  or  nineteen  for  girls,  twenty-one  to  twenlv 
two  for  boys;  (4)  iniitiin'ti/,  covers  the  interval  from 
youth  to  the  climacteric,  after  which  follows  (.■))  thi'  period 
of  decline  or  vld  luje.  Another  very  common  distinction 
is  made  between  tin'  period  of  develo])nient.  sav  up  to 
twenty-five  or  thirty  years,  and  the  jieriod  of  decline; 
but,  as  is  explained  under  (iroirlh,  there  is  a  steadv  de- 
cline going  on  during  the  tii'st  jieriod  also.  It  would, 
lierhaps,  be  more  .scientilic  to  designate  the  earlier  phase 
as  I  he  period  of  histogenesis,  during  which  the  tissues 
are  being  evolved,  and  the  latter  as  the  iieiiod  of  histo- 
lysis, in  which  the  tissues  are  breaking  down — degenerat- 
ing. Rut.  after  all,  though  a  ,great  deal  has  been  writ- 
ten and  said,  veiy  .seriously  too.  upon  the  divi.sion  of  life 
into  ages,  tlie  discussions  have  never,  and  can  never, 
lead  to  much  result  bi'yond  lixing  upon  a  set  of  arbitrary 
terms,  which  will  always  be  convenient,  provided  they 
ar("  left  sullieiently  vague. 

The  other  matters  which  might  bo  put  under  Age  are 
to  he  found  elsewhere,  such  as  the  deterinination  of  the 
age  of  a  skeleton,  the  ag(!  at  which  the  teeth  are  cut,  elc 
For  the  characteristics  of  infancy  and  childhood,  ana 
tomical  and  lihysiological,  see  flie  articles  on  these 
topics.     For  the  changes  in  old  age,  see  S  ni/ili/. 

Chiirfen  ,'^cili/)n'e/,-  Miimt. 

AGENESIA,  AGENESIS.— (Oerman,  Af/iinxir  :  French, 
Af/eiKvie.)  Without  generalion  ;  without  formation  ;  with- 
out parents:  unborn;  undeveloped:  po.ssessing  no  sex. 
From  the  latter  meaning  arose  the  eoneejition  of  steril- 
ity or  inqiotence,  and  th<'  early  use  of  the  term  in  medi- 
cine was  restricled  lo  this  meaning.  Late)-,  the  idea  of 
lack  of  .sexual  ajipelite  became  includi'd  in  this,  and  the 
word  was  used  by  French  writers  especially  with  the 
meaning  of  auaphrodisia  rathi'r  than  with  that  of  impo- 
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tence.  The  word  has  now  entirely  lost  its  earl\'  signifi- 
cance and  has  acquiied  the  technical  meaning  of  Mai 
failure  of  thnhijiiiu  iit. 

A  partial  or  imperfect  development  of  parts  whose 
embryonic  foundations  have  been  laid  is  not  to  be  in- 
cluded in  the  signilieance  of  this  term,  but  should  be 
expressed  by  the  words  aplasia,  liypoplasia. 


Fig.  59  —Partial  Agenesia  of  the  Bones  of  the  Cranium  in  Anence- 
phalla.  a.  Defect ;  b,  ocnipital  portion  of  skull ;  c,  parietal  bone ; 
(J,  frontal  bone.    (ReduceU  one-dtth.)    (Ziegler.) 

There  is,  nevertheless,  much  diversity  of  use  among 
writers  as  to  the  exact  signitieance  given  to  each  one  of 
these  terms.  Aplasia  in  its  original  sense  means  a  failure 
of  restoration  or  rebuilding,  but  is  now  used  with  two 
meanings:  that  of  a  numerical  atrophy,  and  that  of  a 
partial  failure  of  development.  By  some  writers  the 
three  words  are  used  synonymously  with  the  meaning 
of  either  jiartial  or  entire  failure  of  development.  A  few 
authors  also  use  these  terms  with  the  .signitieance  of 
atrophy.  The  jjiesent  tendencj'  is  strongly  in  the  direc- 
tion of  giving  to  each  woi'd  a  distinct  place  in  technical 
terminology  :  to  atro]iliy,  that  of  diminution  in  size  after 
development;  to  aplasia  and  hypoplasia,  that  of  imperfect 
development;  to  agenesia,  that  of  total  failure  of  growth 
or  destruction  of  the  part  after  it  has  begun  to  develop. 
Hypojjlasia  appears  to  have  acquired  the  significance  of 
a  slight  defect  of  growth ;  aplasia  is  used  to  indicate  more 
important  deficiencies. 

The  causes  leading  to  imjierfect  development  may 
operate  at  such  an  early  period  in  fietal  life  that  organs 
or  parts  may  entirely  fail  of  develoimient  (agencsiaiT,  or 
later,  before  the  completion  of  growtli,  so  thatthe  affected 
parts  are  not  of  normal  size  (aplasia,  hypoplasia).  Fietal 
agenesias  and  ajilasias  play  the  chief  role  in  tlie  forma- 
tion of  monsters.  The  extra-uterine  a]:>lasias  affecting 
the  development  after  birth  may  lead  to  a  reihiction  of 
size  of  the  entire  body  or  extremities,  and  to  an  imperfect 
development  of  the  sexual  apparatus. 

Aplasia  may  affect  the  entire  skeleton  so  that  abnor- 
mally short  individuals  result  (dwarfs),  or  tlie  bones  may 
be  unsynnnelrically  tleveloped  (partial  dwarfism).  The 
bones  of  the  head  are  very  frequently  affected,  giving 
lise  to  the  conditions  known  as  niicroeeiilialus  and 
micrencephalus.  The  central  nervous  system  may  show 
defective  development,  willi  or  without  changes  in  its 
bony  covering;  one  of  the  hemispheres  may  be  abnor- 
mally small  or  the  entire  brain  may  show  a  retaided 
growth.  Next  to  those  of  the  nervous  system,  aplasias  of 
the  genito- urinary  tract  are  most  connnon  in  occurrence. 
The  uterus  or  the  entire  set  of  female  generative  organs, 
external  and  internal,  may  remain  in  an  undeveloped 
state  at  puberty.  The  external  organs  of  the  male  are 
also  not  rarely  abnormally  small,  and  in  non-descent  of 
the  testicle  aplasia  of  the  organ  usually  takes  place. 
Parts  of  the  intestine  may  be  so  imiieifectly  formed  as 
to  consist  of  a  narrow  canal  or  a  small  tibrmis  cord ;  and 
in  the  development  of  the  lungs  the  alveoli  of  iiortions 
of  one  or  more  lobes  may  be  imperfectly  developed.     The 


kidney  and  liver  may  also  suffer'  a  greater  or  less  im- 
perfection of  growth.  Hypoplasias  of  the  heart  and 
vascular  system  have  been  thought  to  play  an  im- 
portant part  in  the  pathology  of  chlorosis  and  "lymphatic 
struma. 

Agenesia  for  the  greater  part  leads  to  the  ju-oduction 
of  monsters  or  to  the  development  of  malfoi'inafions 
which  may  be  of  so  serious  a  nature  as  to  preclude  the 
possibility  of  extra-uterine  life.  There  may  be  absence 
of  the  cranium  (aerauia)  (Fig.  m) .  or  of  the  brain 
(aueneephalus),  or  of  the  spinal  cord  (amyelia).  A 
complete  failure  of  de\elopment  of  anv  part  of  the 
skeleton  may  take  place,  or  of  any  jiart  (if  the  nervous 
system.  Agenesia  may  also  result  fi-om  the  failure  of 
developing  centres  to  "unite  or  of  clefts  to  close:  in  the 
latter  class  are  to  be  placed  a  great  variety  of  malforma- 
tions (cleft  palate,  hare  lip,  ecstrophy  o"f  the  bladder, 
etc.).  Agenesia  of  a  single  organ  may  also  arise  from 
the  imperfect  .separation  of  two  organs  which  develop 
from  a  single  focus  (cyclopia),  or  "from  the  secondary 
union  of  two  divided  organs.  Atresia  of  the  mouth, 
nose,  ear,  anus,  vagina,  or  urethra  may  also  result  from 
agenesic  development  of  portions  of"  these  structures. 
Agenesia  of  the  bones  of  the  extremities,  of  single 
muscles  or  groups  of  muscles,  of  the  auricular  septum, 
etc.,  are  among  the  more  common  malformations  which 
permit  of  extra-uterine  life. 

The  tissues  composing  aplastic  organs  may  be  normal 
in  structure,  but  there  is  very  frequently  associated  with 
abnormal  smallness  of  the  entire  organ  a  deficient  de- 
velopment of  its  elements  or  a  complete  absence  of  the 
more  highly  siiecialized  ones.  In  aplasia  of  the  central 
nervous  system  there  may  be  agenesia  of  the  ganglia 
cells  and  nerve  fibres ;  portions  of  the  brain  may  be 
represented  by  fibrous  or  membranous  masses.  The 
hypojjlastic  ovary  may  show  complete  agenesia  of  its 
ova:  and  in  the  lung  "there  may  be  entire  failure  of  de- 
velopment of  the  alveoli  (Fig.  60).  Likewise  in  the  liver 
and  kidney,  portions  of  the  secreting  structures  maj'  fail 
entirely. 

The  causes  of  aplasia  and  agenesia  may  be  either  in- 
trinsic or  extrinsic.  ' 

As  intrinsic  causes  may  be  considered  all  of  those  that 
arise  in  the  germ  either  through  inheritance  or  pathological 
germ  variation,  or  through  disturbances  of  the  copula- 
tion of  the  sexual  nuclei.  The  inheritance  of  agenesic 
malformations  may  be  direct,  atavistic,  or  coltateral. 
Certain  tyjies  of  faulty  development,  notably  those  of 
the  nervous  system  and  genitourinary  tract,  "occur  with 
a  certain  frequcjicy  in  degenerative  "inheritance.  The 
pathologiciil  germ  vai-iatiou  may  be  the  result  of  the 
union  of  two  nuclei,  one  or  both  of  which  is  abnormal, 
or  of  thetmion  of  two  normal  nuclei  which  are  not  suited 
to  each  other. 


Fig.  60.— Agenesia  of  the  Respiratory  Parenchyma  of  the  Left  Lung. 
The  lung  consists  of  dense  coimective  tissue  in  the  midst  of  which 
dilated  bronchi  are  found.  (Horizontal  section  through  the  ape.\  of 
the  upper  lobe.    Natural  size.)    (Ziegler.) 

But  by  far  the  chief  causes  of  agenesia  are  extrinsic. 
Of  these,  pressure,  jarrings,  disturbances  in  the  supply 
of  oxygen  and  nutrition,  contaminations  of  the  maternal 
blood  from  intoxications  and  infections,  fo'fal  inflamma- 
tions, abnormal  conditions  of  the  amnion,  play  the  most 
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important  part.  Tlicre  is  very  strong  evidence  that  a 
large  proixirlion  of  agenesie  nialforniatioiis  arise  from 
al>iiormai  adlii'sionsbclwecn  the  embryo  and  the  amiiioii, 
or  to  almorinal  jiressure  exerted  In'  the  amnion  upon  the 
developing  germ.  The  head  and  exirennties  stiller  most 
fre(|uently  from  these  causes.  Aplasia  of  the  bones  is 
sometimes  assoeialed  with  tlivroid  di.sease. 

'I"he  agenesias  of  the  more  important  striietiires  of  the 
body  lead  as  a  rule  to  the  jiroduclion  of  a  iion-s  iuble 
f(etus  Only  those  failun-sof  development  all'eeling  Ihe 
body  in  such  a  degree  that  life  processes  are  not  seriously 
interfered  with  admit  of  living  after  birth.  Dwarfism, 
agenesia  of  the  bones  or  muscles  of  the  extremities, 
many  of  the  cleft  malformations,  agenesia  of  the  se.xual 
organs,  etc. ,  permit  of  WU:  and  extra-uterine  growth. 
Some  of  these  may  he  compensated  for  by  hypertrophy 
of  other  organs  or  parts  of  the  same  organ,  while  others 
may  be  im]ii(ived  liy  surgical  treatment. 

Aldreci  Scatt  Wiirthiii. 

AGEUSTIA.     tSee  'Ihsle,  Dim-dn-s  of. 

AGORAPHOBIA. — A  peculiar  emotional  neurosis  in 
whicli  niuiliid  fiar  of  being  alone  in  an  open  space,  or  in 
analogous  eircumstanees,  is  accompanied  by  the  perfect 
consciousness  that  this  fear  is  absurd,  but  with  the  ab- 
solute inability  to  overcome  it. 

As  one  of  the  psychic  stigmata  this  state  of  neuras- 
thenic anxiety  or  emotive  obsession  is  the  most  frequent 
of  the ///(«A/".y  and  assumes  the  most  varied  forms.  Al- 
though occurring  in  the  blind,  an  attack  may  be  pro- 
duced by  ideas  of  space,  vastness,  height,  depth,  eternity, 
or  such  kindred  subjects.  In  certain  degenerates  these 
impulsive  and  emotional  but  groundless  ideas  show 
themselves  in  the  deadly  terror  and  anguish  of  iimi- 
phohiii,  iimiixiphiihiii,  iistrojili'ihifi,  ciu  iiiiioplinhiit,  hi/tlni 
phohiit,  thiiliixsfipli'ihiii,  and  hiphiplmtiiii,  in  all  of  which 
there  are  eontradictoriness  of  sensory  impression  and 
inability  to  form  an  accurate  conception  of  the  surinurid- 
ings. 

SvMi'To.Ms. — Sudden  weakness  and  mtiscular  trein<ir 
render  standing  dillieult.  An  attack  may,  however,  be 
gradual.  Tremor  extends  sometimes  to  the  trunk, 
thence  to  the  arm  and  lower  .jaw;  sometimes  a  wavy 
sensation  gors  from  the  heart  to  the  back  of  the  iii'ck. 
Chilly  sensations  in  the  back,  stoniaeli.  breast,  and  limbs 
are  followi'd  by  heat,  redness  of  the  face,  jirofu.se  sweat 
ing,  and  violent  i)alpitation.  At  the  sami^  time  there  is 
ojipii'ssion  and  contraction  of  the  pectoral  muscles:  Ihe 
speech,  abrupt  and  anxious,  is  sometimes  niomenlarily 
im|)Ossible:  intermitlent  jiains,  sharp,  rapid,  and  fatigir 
ing,  following  the  trunks  of  liie  nerves,  run  along  Ihe 
legs,  ascend  the  body,  and  extending  to  Ihe  arms,  seem 
to  lose  themselves  in  the  hollows  of  the  hands;  there  is 
formication,  with  numliness  in  ditVerent  i)arts  of  the 
body;  festination  is  oli.served  in  some  eases;  in  others 
emotional  diariiuea;  and  again  sudden  loss  of  motor 
power  comes  like  a  stroke  of  palsy,  and  tli<'  patient  falls 
powerless  with  his  face  downward,  in  a  slate  of  waking 
nightmare. 

Hut  these  idiysical  troidilcs  are  only  Ihe  (Uitward  and 
visible  signs  of  the  moral  trouble  thai  is  the  true  primi- 
tive ]ihenomenon  and  the  cause  of  all  IheothiM's.  That 
which  is  pathognomonic  and  constitutes  a,y'orai)hobia,  is 
trn-oi-.  up  to  its  extreme  degree,  and  consei|uent  motor 
impotence.  The  single  primitive  [ihenomenon.  as  the 
name  indicates,  '\9,  rjnmndhxx  fcdr.  Looking  down  a  deeji 
mountain  gorge,  hanging  over  the  brink  of  a  burning 
crater,  crossing  Niagar-a  on  a  tight-rope,  or  falling  from 
such  a  prceiiiitous  height  as  the  Washington  momimeiit. 
are  sensations  less  fearful  and  astonishing  than  those  of 
an  agoraphobe.  This  terror  causes  a  jialient  to  tV<'l 
diunbfounded,  thunderstruck,  exhausted,  and  at  th<' 
same  lime  isolated  from  Ihe  entire  world;  space  seems  to 
extend  to  inlinity  under  his  feet;  he  feels  iiersuaded  that 
he  will  never  accomplish  a  .uiven  ,iourney ;  walk  a  cer- 
tain distance  without,  fainting;  hold  out  for  a  certain 
time  without  food,  or  support  existence  for  a  certain 


period  without  fresli  air.  He  experiences  fear  and  want 
of  self-contidence  when  in  a  crowd,  at  theatre,  at  church, 
or  in  a  boat,  onmiliiis,  or  railway  car.  An  agoraphobe, 
unable  to  ride  on  a  railway  train  without  a  brandy  llask 
in  the  left  hand  and  it  Bible  in  the  right,  presumed  that 
one  eonnterbalanced  the  ellects  of  the  other.  Fear  to 
meet  acciuainlanees;  fear  of  sjiiders,  mice,  and  snakes; 
fear  of  apoplexy  and  of  <leath  come  over  the  patient  like 
the  fear  that  seizes  a  timid  child  in  the  dark;  sensations 
like  those  of  a  swiimner  deceived  by  false  chances,  or 
those  of  a  victim  to  tantali/ing  hopes,  cause  the  patient 
to  be  on  the  point  of  screaming  or  weeping,  and  he  is, 
liguralively  speaking,  frozen  with  terror,  motionless 
with  fear,  so  .great  is  the  anguish  that  lakes  |)lace  dur 
ing  this  psychic  collap.se. 

Agoraphobic  symptoms,  thcmgh  not  new,  are  of  recent 
introduction  into  science  (1871),  Two  forms  of  agora- 
phobia are  spoken  of,  namely,  priiiiniji  and  scniiiildrji. 
'V\u:  primitive  form  may  occur  suddenly  in  aliparent 
good  health  ami  normal  mental  conditions;  the  secondary 
form  oc<-urs  as  an  accessory  phenomenon  coniplieatiug  a 
previous  pathological  condition;  it  is  slow  and  jn'ogres- 
sive,  and  may  coexist  with  other  neuropathic  conditions. 
Priiiiitire  agoraphobia  may  come  on  suddeidy  without 
assignable  cau.se  amid  varying  circumstances:  in  a  boat, 
during  a  lecture,  or  while  skating,  at  the  ,si,ght  of  an  e.\- 
teialed  horizon,  or  while  looking  at  the  summit  of  a  hi.gh 
monument,  as  is  the  case  with  two  of  the  writers  pa- 
tients, who  cannot  look  tip  bjthe  dome  of  Ihe  Cajiitol  or 
the  summit  of  Ihe  Washington  monument  without  being 
.seized  with  agoraphobic  symptoms.  In  one  case  a  pa- 
tient could  not  look  out  u|)on  the  sea  without  syni])- 
toms.  There  was  also  the  "tormenting  fear  of  heights," 
the  rooms  on  a  second  story  being  unbearable;  and  the 
patient,  in  crossing  a  hi.irh  bridge,  always  di<l  so  in 
<liagonal  lines  to  avoid  the  sight  of  the  sjiace  between 
him  .-md  the  water  below,  .S/v/zifAov/ agoraphobia  comes 
on  slowly,  generally  in  ]iatients  whose  neurotic  antece 
dents  ari^  bad.  Xumerous  jiroilromes,  more  or  less  ])ain- 
fiil  and  |)ersisten1,  are  experienced,  and  at  a  certain  lime, 
while  alone  in  a  ])ublic  ])laee  or  highwa.v,  or  under  an- 
alogous eircumstanees.  Inlenso  emotion  and  momentary 
suspension  of  motor  ])ower  complete  the  attack.  These 
often  disajipear  spontaneously,  when  the  siilTerer,  in 
crossing  a  space,  can  tix  his  eye  on  some  limited  obji'ct. 
as  a  carriage,  a  street  lamp,  a  tree,  or  an  ojien  umbrella 
hehl  over  his  head;  and  often  the  companionship  of  a 
small  child,  or  even  tla;  sujiport  of  a  stick,  will  act  as  a 
preventive.  Among  late  cases  is  that  of  an  ofiicer  who 
escaped  agoraphobia,  brought  on  at  the  si,ght  of  carria.L^es 
and  ijcdestrians,  bj-  always  taking  an  orderly  along  and 
keeping  in  the  least  frei(iiented  streets,  lie  did  not  have 
these  symptoms  outside  of  the  city  in  a  suburban  village, 
nor  did  they  come  on  when  riding  throu.gh  a  eniw<lc(l 
street  at  Ihe  head  of  his  regiment, 

Htioloov.  —  But  little  is  known  of  the  cause  or  of  the 
precise  nature  of  agoraphobia.  Most  of  the  predisposing 
or  exciting  causes  of  ill  health  or  of  neurasthenia  may 
bring  it  about.  In  fact,  one  may  become  agoraphobic 
from  moral  weaknes.s.  The  atroph.v  of  will  thatallcjws 
imagination  full  career  and  gives  rise  to  the  superstitious 
fears,  moral  miseries,  and  morbid  impressions  that  assail 
certain  jiersons,  may  cause  violent  commotion  of  the 
organism  with  psychic  sensations  of  terror.  It  is  satis- 
factorily established  that  in  agoraphobia  there  is  a  kind 
of  moral  softening,  a  nervous  adynamia,  a  psychic  in- 
sufficiency that  may  dominate  the  faculties  of  the  indi 
vidiial  and  sterilize  his  acts.  Whether  the  condition 
arise  from  organic  insulliciencics.  such  as  non  activity  of 
the  eye  or  of  the  ear.  brain  troiibh!  resulting  from  ana-- 
niia,  fatty  heart,  hemorrhoids,  lesion  of  the  cervix  uteri, 
abscess  of  the  liver,  or  froma morbid  state  of  the  g;inglio- 
nervous  apparatus,  we  are  not  prepared  to  say  in  the 
present  state  of  our  knowlcd.ge  of  the  sub.j<cl.  But 
opinion  warrants  the  statement  that  the  pathological 
change  in  a.goraphobia  is  cerebral,  and  arises  from  func- 
tional irritation  of  the  cortical  sensoiy  centres  forming 
the  anatomical  substratum  of  ideation. 
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Diagnosis. — Outward  signs  of  agoraphobia  are  in 
general_  facial.  It  slioiiltl  not  be  coufounrled  witli 
cpiloiisy,  hypoclioiulria,  or  the  dilTiirent  forms  of  ver- 
tigo. Thougli  eloscly  allied  to  simple  melancholia, 
agoraphobia  is  said  never  to  occur  in  hypoebonilriacs. 
The  morbid  and  excessive  emotivity  of  agoraphobia  is 
var-able,  while  tlie  inllueuceof  hypochondria  is  constant. 
Seeming  impossibility  (o  give  clearer  physical  notion  of 
the  disease  is  due  to  "the  fact  of  its  purely  mental  nature. 
It  is  a  curious  fact  that  none  of  the  recorded  cases  has 
occurred  in  ignorant  persons.  Some  are  described  as 
altruistic,  others  as  suffering  from  human  egoism  with  a 
tendency  to  complain,  to  weep,  and  to  keep  in  the  back- 
ground generally.  Kor  did  any  of  the  cases  have  illu- 
sive transformation,  but  myopia  and  dyschromatoi^sia 
appear  as  associated  elements.  Suicidal  impulses  are 
reported  to  have  occurred  in  several  cases.  The  major- 
ity were  in  adult  men  of  education  and  intelligence  who 
in  nearly  every  instance  kept  the  symptoms  concealed 
from  c\'cry  one  as  long  as  po.ssible  for  fear  of  being 
thought  insane.  Cases  of  agoraphobia  seldom  or  ne\^er 
reach  asylums. 

Conditions  likely  to  be  confused  with  agoraphobia  are 
hnK«phol)ia  and  astami-abaitia.  In  basopbi)bia  the  patient 
by  a  sort  of  auto-suggestion  persuades  liiniself  that  it  is 
impossible  to  stand  upon  his  legs.  In  astasia-abasia  he 
can  neither  walk  nor  stand,  but  not  from  fear;  lie  has  no 
timidity  nor  agony.  The  basojjhile  has  no  dread  of 
space;  his  only  fear  is  inability  to  stand  without  agony. 
In  astasia-abasia  there  is  neither  fear  nor  agony ;  only  loss 
of  memory  of  coordinate  movements  of  station,  which 
affects  standing  or  walking. 

Prognosis. — As  a  rule  uncomplicated  agoraphobia  is 
not  dangerous.  No  definite  ]>eriod  may  be  assigned  for 
its  termination.  Forecast  depends  on  the  personality  of 
the  patient  and  ujion  the  removal  of  physical  conditions 
of  wliich  the  comiilaint  may  be  a  sequence. 

Trkatmext. — Drugs  in  agoraphobia  are  of  less  con- 
sei|uence  than  the  removal  of  the  cause,  which  is  to  be 
done  mainly  by  moral  treatment.  The  prindtive  form 
often  disappears  spontaneously,  but  the  secondary  form 
presents  all  possible  and  impossible  difficulties  tliat  the 
neurologist  may  e.xpect  to  meet.  Antispasmodics,  ergot, 
the  bromides,  tonics,  and  iron,  cutaneous  revulsives,  cups, 
hydrotherapeutics,  electricity,  purple  spectacles,  and  sug- 
gestion are  among  the  useful  indications.  A  case  has 
been  bettered  after  an  ojjeration  for  hemorrhoids;  in  an- 
other the  symptoms  disappeared  after  aspiration  of  the 
liver  and  draining  pus  from  an  abscess,  and  in  a  case 
with  aural  symptoms  cure  followed  dilatation  of  the 
Eustachian  tube.  Two  cases  caused  by  taenia  have  been 
cured  after  remo\ing  the  cause.  Another  ca.se  improved 
after  residence  in  the  country,  a  course  of  hydrothera- 
peutics, and  the  avoidance  of  tobacco.  In  addition  to 
combating  fiuictional  and  physical  alterations  with 
proper  medication,  there  must  be  a  radical  and  complete 
change  in  the  habits  and  surromidings.  such  as  may  be 
olilained  from  a  sea  voyage,  and  as  much  opposition  as 
possible  to  the  conditions  in  which  the  disease  has  origi- 
nated ;  above  all,  the  pliysician  should  order  and  enforce  a 
course  of  moral  gymnastics  that  shall  train  the  patient's 
imagination,  and  tame  his  terror  by  progressive  and 
regular  steps. 

Ini'/iif  C.  Bonne. 

AGRIMONIA  (Arpimmri/). — A  genus  of  about  a  dozen 
s])r(iis  (t;uii.  Ilfmtccii'),  widely  distributed  through  the 
Northern  hemisphere.  The  species  which  has  been 
chiefly  used  in  medicine  is  A.  Enpatoria  L.,  common  in 
both  Kuropeand  America.  Its  use  is  merely  of  historical 
interest,  as  the  sm.all  amounts  of  volatile  oil.  tannin,  an<l 
bitter  substance  impart  but  feeble  aromatic  and  astrin- 
gent properties,  and  it  is  now  scarcely  used. 

//.  n.  liunhji. 

AGUA  AZUFROSA  DEL  TOPO  CHICO,  or  ",«-/« 
SiriKihe.'' — Situated  in  sltite  of  Xuevo  Leon,  abotit  eight 
kilometres  north  of  the  city  of  Monterey.     Conununica- 


tion  by  way  of  the  National  Mexican  Railroad.     Chem- 
ical composition.  Dr.  J.  Gonzalez  y  Lambert; 

Solids.  per  Litre. 

Sulphurous  acid (l.(Hi;;7 

Sodiuui  clilorUie O.utIo 

(-■alciuin  eliloride tUlKiO 

Mugiiesiuui (MiUK) 

Bicarbonate  of  lime U^tKiTO 

tiioarbonate  of  soda ! . .  o  ()2r)n 

Sulpljate  of  lime d.UHO 

Silicate  of  alumina 0.0270 

Silicate  of  lime 0.0850 

Total 0.3737 

Gases.  (._c_ 

Carlwnic  acid 25 

Nitrogen  <j-;'_b 

Total 100.0 

Uses:  In  rheumatism,  in  dysnienorrhcea,  in  hepatic  and 
splenic  congestions,  in  phosphaturia,  in  certain  neui'op- 
athies.  in  diseases  of  the  skin,  and  especially  in  the  treat- 
ment of  nocturnal  incontinence  of  urine.  The  water  at 
the  spring  has  a  tempei-ature  of  41  =  C.  There  is  a  bath- 
ing establishment,  which  was  founded  by  General  Heycs. 

JV.  J.  Pii?iK  de  Leon. 

AGUA  CALIENTE.— This  term,  which  in  English  is 
equivalent  to  "bot  sjirings,"  occurs  rei)eatedly  in'the  list 
of  the  mineral  sjniugsof  Mexico  and  of  those  parts  of  the 
United  States  which  formerly  belonged  to  Spain.  Thus, 
for  example,  in  the  state  of  Michoacan,  which  lies  to  the 
south  and  west  of  that  of  Jlexico,  there  are  thi-ee  springs 
which  bear  this  name.  The  lirst  is  situated  about  IG  km. 
from  the  chief  settlement  in  the  municipality  of  Angama-- 
cutiro.  and  is  reached  by  a  rather  poor  driving  road.  It 
has  a  high  temperature  which  is  apparently  constant,  and 
the  volume  of  water  is  cpiite  large.  Among  the  laity  it 
has  considerable  reputation  as  a  remedy  for" rheumatism 
and  for  alfections  of  the  chest.  No  bathing  establish- 
ment has  yet  been  built. 

Another  spring  of  nearly  the  same  name  ("El  Agua 
Caliente  ")  is  situated  in  the  municipality  of  Peujamillo. 
According  to  Zuhiga,  the  water  of  this  sjiring  is  only 
lukewarm  and  is  potable. 

The  third  spring,  «hieh  is  known  as  the  Agua  Caliente 
de  Yin\^cuaro,  is  located  in  the  municipalit_y  of  Yurecuaro. 
The  temperatui'e  of  the  water  is  30"  C.  It  is  recom- 
mende<l  for  the  treatment  of  rheumatism  and  diseases  of 
the  skin.     No  bathing  establishment  exists. 

In  the  state  of  Jalisco  there  are  no  less  than  eight 
springs  which  bear  the  naiue  of  Agua  Caliente.  They 
are  the  following:  La  Agua  Caliente,  in  the  municipality 
of  Atnacueca;  Agua  Caliente,  in  the  municipality  of 
Chiquilistlan;  Agua  Caliente  de  la  Cofradia,  in  the 
municipality  of  Cuquio;  La  Agua  Caliente,  situated 
about  8  kin.  from  the  city  of  Ejutla:  Agua  Caliente,  in 
the  municipality  of  Teuebithin;  Agua"  Caliente  de  la 
Cuna,  in  the  municipality  of  Yahualica;  Agua  Caliente 
Chica,  in  the  municipality  of  Zapopan;  and  Agua  Cali- 
ente, in  the  municipality  of  Zajiotlanejo.  Not  a  single 
bathing  establishment  exists  at  any  of  these  springs,  and 
in  the  case  of  onlv  one  of  them  does  the  report  give  even 
an  at  tempt  at  an  analysis  of  the  water.  The  introductory 
])ortion  of  this  report  is  ipioted  here  in  full.  It  explains 
some  of  the  diftieultics  which  were  encoimtei'ed  by  the 
Institute  in  its  efforts  to  collect  reasonably  full  data  in 
regard  to  the  mineral  sjirings  of  the  rcjiublic  of  3Iexico: 

"The  National  Medical  Institute  of  Mexico  has  be- 
gun to  publish  the  data  that  it  has  been  able  to  col- 
lect regarding  the  mineral  waters  of  our  country,  not 
only  because  it  wishes  to  have  their  existence  known, 
but  because  it  hopes  to  have  these  data  completed  and 
corrected,  if  possible,  by  people  living  in  the  neigh- 
borhood of  tlie  springs,  or  by  the  physicians  of  the 
localities. 

"The  data  collected  by  the  Institute,  as  well  as  the 
waters  of  which  the  analyses  are  given  in  this  rejiort, 
have  been  forwarded  to  it  almost  exclusivelv  bv  the 
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Tilllolllu. 

iia  ll<*4lioii<1a. 


Oovcrnmcuts  of  the  different  muiiieipulilies.  Unfortu- 
nately, answers  to  the  qiieslions  sul)niitte(l  to  theni  have 
not  been  obtained  in  many  instanees.  an<l  in  others  some 
of  tlie  answers  are  !neomplet<'.  For  this  reason,  and 
from  the  fael  tliat  there  was  not  availalile  a  siillleient 
quantity  of  water  from  eaeli  sjirinj:  for  tlie  purposes  of 
a  salisl'aetory  analysis,  it  is  |)ossil)le  that  some  of  the 
statements  made  in  tliis  report  are  ineorreet.  Tliey  eer- 
tainly  are  noteomplete;  l)Ut  we  iH'lieve  that  tlie  best 
method  of  eompleling  them  is  to  publish  those  that  we 
have,  in  order  that  we  may  at  some  later  date  be  fur- 
nished with  those  that  are  wantin.i;.  It  is  desirable  that 
physicians  should  furnish  us  with  their  aelual  e.xperieiiee 
Willi  these  w;itei-s,  because,  although  one  may  infer  from 
the  composition  what  their  probable  effects  are.  only 
practical  I'xperieuee  can  teach  us  the  therapeutic  uses  of 
the  s.-uiie.'""  -V.  ./.  Piiiict  (If  Li'im. 

AGUA  DE  VIDA  SPRINGS.— Alameda  Ccnuity,  Cali- 
fornia. 

Access. — Via  Central  Pacific  Ttailniad.  a  three  hnur 
ride  from  San  Francisco,  to  Livermore,  thence  a  few 
miles  by  carriage  soUtlieast  to  Sprin,gs,  hotel,  and  cot- 
tages. 

These  springs  are  located  in  Arroyo  JIuclio,  among 
the  foothills  of  Cedar  Mountain,  at  an  elevation  of  1,7(111 
feet  above  the  sea  level.  There  are  a  number  of  mineral 
springs  at  this  jilaee.  both  carbonated  and  sulpliuretcd. 
The  lower  drinking  spring  is  of  the  former  type.  Its 
water  is  clear,  sparkling,  and  exceedingly  palatable.  An 
analysis  by  ])r.  Winslow  Anderson  resuUcd  as  follows: 

One  U.mted  States  Gallon  contains; 

Solids.  Cniins. 

S(xliiim  etitiiride 4.1):! 

Sotiiiilii  calhiinate li.tj'i 

Soiiiuin  .siitpllalf 14.73 

I'"lassniiri  i-al  hniiale (l..'>5 

Mairrn'siiini  larbnnate 7.95 

Jlatrtiesiuin  sulphate     0,41) 

Calt-iuiii  carbonate i:i.7.5 

Cakiiim  sulpliate 0.10 

Alumina 0.37 

Sllii-a 04a 

Organic  matter. .  Trac  e. 

Totiil  solids 4t;.l»l 

Carlmnio  acid  g:as 19.25  cubic  iiiclje.s. 

The  jihysiological  action  of  this  water  is  aperient, 
antacid,  diuretic,  and  tonic.  It  is  recommended  in  cases 
of  acid  dyspe|isia  and  as  a  diuretic  in  cystitisand  conges- 
tion of  the  kidneys. 

The  upper  or  larger  spring  is  mildly  suliihureted  al- 
kaline and  saline,  as  shown  by  the  following  table  of  its 
contents: 

One  United  States  Gallon  contains: 

Solids.  (trains. 

Sodium  chloride .5.07 

Sodium  ra(  hnnate , «.2.5 

Sodiiiln  sulphate 17..50 

rotasslum  I'arbouale TnU'O. 

Mafrnt'sium  carbonate 'i.Yi 

Matfnt'siiuii  sulphate 8.70 

Calrium  curbonale  11.92 

Calcium  sulphate 4.:35 

Mant'ant-sium  carbonate Traces. 

Alumina 0.40 

Silica (i.."w 

Organic  matter Trai'cs. 

Total  .solids .>!.!« 

Giises :  Snlpluireted  hydrofren.  2.74  cubic  inch<'s :  car- 
bonic acid,  9.2.i  cubic  inclies. 


*  The  facts  which  we  are  atile  to  putilish  in  the  present  edition  in 
regard  to  Mexican  minci-al  sprines  have  been  furnished  to  us  tliroUL'h 
the  courtesy.  Ilret,  of  Porflrio  Diaz,  President  of  the  republic,  and 
next,  of  Ur.  Fernando  Altaminiuo,  director  of  the  National  Medical 
Institute  in  the  city  of  Mexico.  The  documents  which  cimtain  this 
Information  are  partly  in  printed  and  partly  in  manuscript  form  ;  and 
as  llicy  are  all  written  in  Spanisli,  Dr.  I'onc'e  de  I,eiui.  of  this  city,  hius 
very  kindly  nndertjiken  to  furnish  concise  abstracts  from  them  in 
Euglish.— EuiTOK. 


Temiicrature  of  water,  .'iT.o"  F.  This  water  has  a  laxa- 
tive intlucnce.  and  as  such  is  serviceable  in  abdominal 
plethora  and  chronic  constipation. 

Important  improvcmenls  have  recently  lieen  made  on 
the  grounds  at  .\gua  dc-  \'iila  Springs.  The  naturally 
picturesijuc  location  has  been  furllicr  bcautilicd  liy  the 
construction  of  broad  driveways,  rustic  bridges,  cool 
arbors,  and  other  pleasing  ad.iuiicts.  The  visitor  will 
tind  an  excellent  hotel,  surrounded  liy  comfortable  and 
spacious  famil}'  cottages. 

Jiiiiiit!  K.  Cfovk. 

AGUA  FRIA. — Municipality  of  Tajiimarea.  Michoacan, 
.Mi'.xico.  "  .\gua  Fria  "  cmliraccs  three  mineral  springs, 
vi/..  "  li;i  Kosa."  "  I^a  I'ela."  ami  "I-a  liaguiia.  "  distant 
aliout  2K  km.  from  Ucareo.  The  watersarc  thei'inal,  those 
of  l;a  ]{osa  having  the  highest  temperature.  According 
tciZufiiga  they  contain  salts  of  sodium  with  hydrogen  sul- 
phide. There  ar<^  no  facilitii'S  for  comfortable  bathing, 
lint  the  residents  of  the  locality  resort  to  the  springs  for 
llie  treatment  of  rheumatism,  paralysis,  and  diseases  of 
the  skin. 

N.  J.  PiDire  (h<  Lrim. 

AGUA  HEDION DA.— Situation,  three  kilometres  to  the 
northeast  ot  the  (  il\  of  Cuautla.  in  Jlorelos.  state  of 
.Morelos.  Transportation,  by  way  of  the  IiUcroceanic 
liailroad  to  the  city  of  Cuantla.  and  by  carriages  thence 
to  the  springs.  These  waters  derive  their  name  from 
their  strong  odor  of  snl]ihureted  hydrogen.  They 
are  located  about  three  miles  uortlieast  of  the  city  of 
(luautla.  The  sjirings  issue  from  the  cartli  on  the 
borders  of  a  small  ravine  and  diseliarge  their  united 
stream  info  the  Kiver  Cuautla.  At  the  source  of  the 
hu'gest  spring  a  pool  of  considerable  size  is  formed, 
which  is  used  for  bathing.  The  overflow  of  this  pool 
into  the  ravine  fm-ms  a  small  cataracl,  wliicli  is  utilized 
by  the  bathers  as  a  natura!  douche  or  affusion.  Another 
siiring.  also  of  considcrabh'  size,  is  located  VM  metres  to 
the  west  of  the  first  spring.  It  also  furnishes  a  very  de- 
sinible  natural  bathing  pool.  'I'wo  more  springs  of 
smaller  size  are  located  in  the  vicinity.  The  waters  of 
these  springs  have  been  sulijected  to  a  cari'ful  examina- 
tion by  Morales  and  Eiluardo  Liccaga.  The  water  of 
spring  No.  1  is  desciibed  as  being  coloriess  and  limpid, 
;uid  forms  no  sediment.  It  has  a  bitter  taste,  and  at  the 
springs  a  sulphurous  odor.  On  evaporation  it  shows  a 
dried  residue  of  about  VH  grains  per  United  States  gallon, 
composed  chiefly  as  follows:  Sulidiate  of  calcium,  70 
grains;  sulphate  of  magnesium,  'M  gniins;  and  choridc  of 
sodium,  17  .iirains.  There  are  also  small  (|uantitics  of  iron, 
silica,  and  organic  matter,  with  carbonic  acid  and  sul- 
plinreted  hydrogen  gases.  The  water  is  not  adapted  for 
general  drinking  )iur])oses.  Spring  Xo.  2  is  somewhat 
less  strongly  mineralized  than  No.  1,  but  contains  essen- 
tially the  same  chemical  ingredients,  and  pos.sesses  simi- 
lar idiysical  characteristics.  Like  No.  1  its  water  is  not 
]iotable.  The  avi'ra.iic  daily  temperature  of  these  waters 
is  7s '  F.  In  small  doses  the  wali'i's  are  said  to  |)o.ssess 
tonic  and  stimulant  elfects.  and  to  promote  tlie  appetite 
and  the  activity  of  the  digestive  functions.  An  attempt 
was  made  many  years  ago.  in  1S.")4.  to  develop  tlie 
sjirings  as  a  health  resort,  but  the  enterprise  was  allowed 
to  languish  and  the  locality  was  almost  forgotten.  Dur- 
in,!r  the  last  few  years,  however,  the  springs  are  again 
coming  into  notice,  and  we  are  informctl  that  in  the 
course  of  the  Slc.vican  spring  I'csort  season,  from  Octolier 
to  February,  an  incrciising  ninnber  of  persons  come  an- 
nually to  avail  themselves  of  the  bciielits  of  the  baths. 
Persons  sutTciitig  from  scaly  skin  alfections,  from  certain 
forms  of  jiandysis.  from  rheumatism,  and  from  hcjiatie, 
renal,  and  .gastric  disorders,  are  said  to  derive  much 
benetit  from  a  course  at  the.sc  s]irings.  The  valuable 
character  of  the  waters  found  here,  the  ]iieturesi|Ue 
location  and  attractive  .sceneiy,  an<i  the  nearness  of  the 
waters  to  the  city  of  (Cuautla,  all  mark  this  as  a  mineral 
spring  resort  of  some  promise. 

N.  J.  Ponce  de  Lion. 
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AGUA  TIBIA. — Municipality  of  Taretan,  Miclioacan, 
AU'xico.  This  sprina:  (li.scliarscs  a  cold  siilpluirctcd 
calcic  water.  As  a  hathinjj  medium  it  lias  ucciuiicd  con- 
siderable reputation  in  the  treatment  of  sypliilis,  although 
no  bathing  establishment  has  been  erected. 

A".  /.  P«H«  de  Leon. 

AGUAS  CALIENTES.— California.  In  the  southern 
part  of  lliis  estate  are  situated  a  nuitiber  of  thermal 
spring's,  liuown  as  Ay hkk  Cii/iiiitta  (hot  waters).  Some 
of  them  have  acquired  considerable  celebrit_v.  This  is 
especially  true  of  the  springs  of  C'oahiula  or  CUibo.ios 
valley,  on  Warner's  Ranch,  some  fifty  miles  from  San 
Diego  Cit}',  in  San  Diego  County.  These  waters  vary 
in  temperature  from  58'  to  142°  F.,  and  are  believed 
by  the  native  popidation  to  be  an  infallible  remedy  in 
syphilis  and  cutaneous  affections.  Subacute' and  chronic 
rlieumatism,  renal  and  hepatic  disoi'dcrs,  and  .strimroiis 
diseases  are  also  successfully  treated  here.  Accommoda- 
tions have  been  provided  for  visitors.  The  following 
analysis  was  made  by  Prof.  Oscar  Loew : 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  carbonate 8.30 

Sodium  sulpliate Trace. 

Sodium  cbloride 3i.00 

Calcium Trace. 

Magrnesium Trace. 

Lithium Trace. 

Silica Trace. 

H  ydrosulphuric  acid Trace. 

Organic  matter Trace. 

Total 39.30 

The  e.xamination  was  evidently  not  complete.  The 
water  undoubtedly  contains  sulijhiu'eted  hydrogen  gas 
in  considerable  quantities. 

Another  Agua  Calieute  of  some  repute  is  located  in 
Keon  County,  thirty  miles  from  Caliente  station,  on  the 
Southern  Pacific  Railroad.  The  waters  are  sulphureted 
and  their  temperature  varies  from  80°  to  100°  P.,  but  no 
analysis  has  been  made.  There  is  a  small  resort  at  the 
springs.  James  K.  Crook. 

AIKEN. — South  Carolina.  This  little  village  is  situ- 
ated in  the  western  ]iortion  of  the  State,  .seventeen 
miles  from  the  Georgian  line,  between  the  Savannah  and 
Edisto  rivers,  but  at  a  considerable  distance  from  either; 
it  stands  upon  the  elevated  tableland  or  plateau  forming 
the  common  water-shed  of  both.  From  the  Atlantic 
Ocean,  Aiken  is  distant  a  little  more  than  a  hundred 
miles  in  a  "bee  line."  The  elevation  of  the  town  above 
sea  level  is  000  feet.  The  soil  is  very  sandy,  consisting, 
indeed,  of  little  else  than  such  absolutely  pure  and  un- 
mixed sand  as  is  usually  found  only  upon  the  immediate 


borders  of  the  sea.  Grass  grows  but  scantily,  and  the 
vegetation  of  the  surrounding  country  is  such  as  charac- 
terizi'S  a  region  possessing  a  drj-,  porous  soil,  and,  in 
consequence,  a  dry  atmosphere.  The  yellow  pine  of 
the  South  finds  here  its  congenial  habitat.  Several 
varieties  of  oak  are  also  to  bo  found  in  the  woods 
about  Aiken,  and  many  varieties  of  flowering  vines 
and  shrubs;  but  the  pine  is  the  characteristic  growth  of 
the  country. 

The  chief  factors  in  producing  the  healthfulness  of  this 
now  celelirated  re.sort  are  the  mildness  and  general  equa- 
bility of  its  winter  climate;  the  preponderance  of  bright 
sunny  days,  which  enable  the  invalid  to  pass  much  of 
his  time  in  the  open  air;  and  last,  but  by  no  means  the 
least  important,  the  remarkable  dryness  of  "the  air,  already 
alluded  to,  depending  upon  the  peculiar  character  of 
the  soil  and  the  distance  from  any  large  body  of  water. 
With  the  exception  of  certain  stations  l.ying  in  close  prox- 
imity to,  or  west  of.  the  Pocky  ^Mountains,  there  is  no 
place  in  the  United  States  which  possesses  a  drier  air  than 
that  which  exists  at  Aiken. 

To  demonstrate  the  small  amount  of  variability  in  the 
temperature  possessed  by  the  climate  of  Aiken,  the  fol- 
lowing figures  are  appended;  they  are  deduced  from  ob- 
servations taken  by  Dr.  C.  F.  McGahan,  and  embrace 
a  period  of  seven  years. 


Month. 

Nov. 

Dec. 

Jan. 

Feb. 

March. 

April. 

Daily  variation... 

13.14 

14.57 

10.39 

12.43 

10.25 

18.52 

Aiken  being  only  a  winter  resort.  Dr.  JIcGahan's  ob- 
servations have  been  confined  to  that  season  which  ex- 
tends from  October  to  May,  and  therefore  the  follow- 
ing figures,  quoted  from  "Smithsonian  Contributions  to 
Knowledge,"  No.  277,  are  here  inserted.  They  show 
the  mean  temperature  at  Aiken  for  each  of  the  twelve 
months,  for  each  of  the  four  seasons,  and  for  the  year. 
The  observations  upon  which  these  figures  are  based 
were  taken  at  7  a.m.,  2  p.m.,  and  9  p.m.  (by  Messrs. 
H.  W.  Ravenel,  J.  H.  Cornish,  and  Newton),"  and  ex- 
tended over  a  period  of  seventeen  years,  from  January, 
1853,  to  December,  1869. 


44.15° 
47.S3° 
.W.22° 
61.49° 
(i9.3S° 
June 7ii.08° 


January 

Februai'y .. 

March  

April 

May 


July 78.80° 

.•Vugust 77.19° 

September 72.2:?° 

October 61.80° 

November 51.84° 

December 45.4S° 


Spring 01.32° 

Sunuuer 77..36° 

Autumn 61.96° 

^Vinter 45.83° 

Year 61.61° 


The  mean  relative  humidity  from  October  to  May  1st, 
taken  from  the  following  tables,  is  5S.  75  per  cent.  "  The 
prevailing  winds  are  from  the  southwest,  and  the  num- 
ber of  clear  days  is  unusually  large. 


Meteoroi-ogical  Record  Taken  at 
United  St.4.tes  Signal  Service. - 
OF  Observation,   1888-1894. 


Aiken,  S.  C.  by  Dr.  Charles  F.  McGahan,,  Voluntary   Observer, 
•Latitude,  33°  32';   Longitude,  81°  34';   Altitude,  565  Feet;   Period 


Mean  Temperature 
FOR  Months  at  Hour  of 

o     .|. 

§2S+ 
a>  <s  ass 

Mean 

temperature  from 

maximum 

and  minimum. 

1 

£ 
.g 

d 

1 

i 

is 

it 

< 

5   i 

a 
5  . 

2| 

c'" 

7  A,M. 

2  P.M. 

9  P.M. 

a: 

48.33 
42.48 
41.28 
44.41 
49..55 
.57.2:5 

61.47 
57.0", 
.52.67 
.5ti.84 
,59.80 
71.78 

52.69 
48.03. 
44.54 
49.92 
53.36 
,T;i.26 

5:)..54 

48.89 
45.75 
50.27 
54.03 
58.88 

55.30 
50.71 
47.87 
.52.01 
53.03 
64.;«i 

20.fi'23 
39..540 
29.615 
39.633 
39.494 
29.547 

.s.  W. 

w.  &  s.  \v. 

N.  K. 

s.  w. 
s.  w. 
s.  w. 

59.6.5 
.58.58 
63.17 
60.31 
.57.90 
52.78 

26 
23 
24 
26 
39 

3 
5 
8 
4 
5 
3 

1.33 

265 

January  

4.68 

4.:« 

6  07 

,April 

333 

51.89 

53.70 

29.573 

58.73 

These  observations  wen' taken  with  United  Slates  Signal  Service  instnnnents,  and  according  to  their  regulations ;  the  thermometers  being 
exposed  on  the  north  side  of  the  house  in  the  shade,  and  protected  tiiim  reflected  sun  rays. 
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We  possess,  then,  in  tliis  climate  all  of  tlie  attributes 
of  a  health  resort  favorable  for  the  relief  of  ])ulmonary 
tubereiilusis.  exi-cpt  altitude  ami  its  a((iiin]ianhiieiits — 
viz.,  pure  ilrv  air  at  a  nioderati'  temperature,  a  drvaiid 
well-drained  soil,  an  absenee  of  hij;li  winds  with  an 
oceasional  exeeption,  and  an  abundanee  of  sunsliine. 
Experience  throu.nh  a  lon.i;  seriesof  years  in  the  Ireatnient 
of  pulmonary  tubereulosis  at  this  place  verities  this  con- 
clusion. In  the  writer's  opinion,  the  high  altitude  cli- 
mates are  superior,  as  pro\'ed  so  far  by  results,  to  those 
without  altitude;  but  it  must  nevertheless  be  borne  in 
mind  that  not  all  eases  of  ]iulmnnary  tuberculosis  are 
suitable  for  tlie  high  altitudes,  and  in  such  a  climate  as 
Aiken  we  have  a  most  valuable  resource  for  such  cases  as, 
from  limited  vitality  or  other  unfavorable  conditions,  are 
unsuitable,  at  least  for  a  while,  for  the  high  altitudes 
Here  we  can  surely  carry  out  to  jierfection  the  modern 
open-air  treatment,  wiiich  after  all  is  the  essential  part  of 
the  climatic  treatment  of  pulmonary  tuberculosis. 

Moreover,  the  climate  of  Aiken  is  suitable  for  patients 
wlio  are  sulfering  from  other  disea.ses,  sucli  as  rheumatism 
and  albuminuria;  for  convalescents  from  acute  diseases 
or  injuries;  and  for  large  numbers  of  individuals  who,  for 
one  reason  oranotlier,  possess  little  pliysical  vigor.  Here 
they  can  exist  in  comfort  with  a  minimum  expenditure 
of  vital  force. 

■' JIalaria,"  sa.ys  the  late  Dr.  Geddings,  "is  remarkable 
for  its  absence.  During  a  practice  of  fifteen  years,  I 
have  never  known  a  case  to  originate  here." 

The  water  supply  is  derived  from  an  artesian  well 
which  is  7S()  feet  deep,  the  last  200  feet  being  througli  a 
solid  bed  of  granite.  Its  purity  is  attested  li.y  an  analysis 
which  was  made  in  1898  by  Prof.  Charles  F."Chandler.  of 
Columbia  Tniversity,  New  York. 

The  system  of  sewerage  is  the  one  tliat  has  been  tested 
thoroughly  for  the  past  twelve  years  by  the  State  Board 
of  Health  of  Massachusetts  for  its  inland  towns,  and 
is  considered  by  sanitary  engineers  tlie  best  for  such 
places. 

AmnsfmeKtu. — On  account  of  the  sandy  roads,  this  is 
the  ideal  country  for  horseback  riding;  then  there  are 
fox  bunts  for  those  who  are  more  venturesome.  A  mile 
race  track  is  one  of  the  features  of  the  place,  and  some 
of  the  best  race  horses  in  the  East  winter  here,  'i'lie 
Palmetto  Golf  Club  lias  the  finest  links  iu  the  South.  For 
those  who  enjoy  the  wheel,  there  is  an  eight  mile  track, 
perfectly  level,  rumiing  through  the  woods  and  fields. 

The  Highland  Park  Hotel,  which  was  destroyed  by 
fire  in  1S!)S.  has  not  been  rebuilt,  owing  to  the  opposition 
of  the  cottagers,  but  before  another  year  has  elapsed  it  is 
confidently  exjiected  that  Aiken  will  have  as  fine  a  hotel 
as  any  resort  in  the  South. 

The  special  feature  of  the  place  is  the  cottage  life,  and 
cottages  of  all  sizes  can  be  rented,  from  lli;'  simjile 
three  room  cabin  to  the  pretentious  villa  juvivided  with 
all  the  modern  improvements.  There  is  a  modest  family 
hotel  in  the  town,  and  there  are  also  numerous  boarding- 
liouses. 

Any  account  of  Aiken  w'ould  be  incomplete  without 
mention  of  the  Aiken  Cottage  Sanitarium,  founded,  in 
18!)fi,  for  the  treatment  of  cases  of  incipient  phthisis.  It 
is  a  charity,  and  is  modelled  after  the  institution  of  Dr. 
Trudeau's,  at  Saraiuic  Lake.  The  cottages  at  iiresent 
can  accommodate  only  eleven  patients,  but  provision 
will  soon  be  made  for  the  care  of  twenty  cases.  The 
treatment  consists  inaiidy  in  ]u-oviding  good  nourishment 
and  keejiing  the  iiatienfs  in  the  open  air  from  seven  to  nine 
hoursadav.  The  institution  is  under  the  charge  of  Dr. 
C.  F.  McGahan. 

The  educational  advantages  of  .\iken  are  very  good, 
there  being  several  excellent  juidor  schools,  and  a  high 
school  which  fits  its  jiupils  for  college.  Cluirches  of  all 
denominations  are  to  be  found  here. 

In  conclusion  it  may  be  added  that  Aiken  is  situated 
upon  the  Southern  Railroad,  with  three  daily  trains  from 
New  York.  For  nuieh  of  the  above  account  the  writer 
is  indebted  to  Dr.  McGahan. 

'  Kihranl  O.  Otin. 

Vo],    I  —HI 


AILANTHUS  Dksp. — A  genus  of  some  seven  species, 
in  the  lamlly  Siniiifiibiictii'.  native  to  Kastern  Asia  aiicl 
the  East  Indies,  the  .1.  (jlaiidnhmi  Desf.  eonmion  in  tin- 
Eastern  L'nited  States.  It  is  in  this  species  that  medical 
interest  chietly  centres. 

It  has  been  observed  that  the  tree  is  odious  to  Hies, 
which,  it  is  .said,  will  not  apjjroach  even  decayed  meat 
when  placed  among  its  leaves.  ,Mil<l  poisoning  h;is  been 
recorded  from  the  iiabitual  drinking  of  water  into  which 
the  roots  of  the  tree  had  penetrated,  and  into  which  its 
leaves  had  lalleii.  The  symptoms  were  those  of  simple 
gastric  irritalidii,  similar  to  what  would  be  caused  by  the 
amaroids  contained  in  cpiassia  and  similar  drugs.  "  The 
bark  and  leaves  have  been  used  medicinally,  ami  are 
purgative  and  anthelmintic- 

The  constituents  of  the  plant  are  known  only  in  the 
most  general  wa)'.  An  amaroid.  a  volatile  oil.  and  a  resin 
are  active.  The  pure  resin  has  been  found  purgative, 
but  not  anthelmiutie.  while  the  oleore.sin  is  an  <'Hicient 
t.i'nicide.  The  ta'ni<'idal  property  is  therefore  assumed 
to  reside  in  the  dark  green  volatile  oil.  This  oil.  taken 
by  inhalation,  is  a  iiowcrful  depressant  poi.son,  producing 
vomiting,  dizziness,  and  cold  perspiration.  Taken  by 
the  stomach,  these  effects  have  not  been  observed, 
though  due  precautions  in  regard  to  dos;ige  sliDuld  be 
observed. 

The  dose  of  the  powdered  leaves,  as  a  t;t?nieide.  is  0..>- 
2.0  gm.  (gr.  viij.  to  xxx.) .  of  the  oleoresin  0.3  to  O.G  gm. 
(gr.  iij.  to  .\.) . 

In  India,  the  juice  of  the  leaves  and  bark  of  A.  i.m/sa 
Roxb.  have  been  used  from  ancient  times  as  a  tonic, 
especially  in  convalescence  after  parturition.  The  bark 
of  this  and  of  A.  nirilahiirini  D.  C.  is  also  vised  as  a 
ve,getable  bitter,  iu  forms  of  dyspepsia. 

//.  Jl  I!u«l,y. 

AINHUM. —  (Synonyms:  Ainhun;  dactylolysis  spon- 
tanea; ,l/«/(.'/(7/ (German] ;  />(c^7/'<//.«(V(  [Spanish].)  The 
etymology  of  the  word  is  usually  attributed  to  Africa. 
and  is  derived  from  a  word  meaning  to  "saw  otT." 
Matas  states  that  the  word  ainhum  is  from  the  negro 
patois  of  Brazil,  ahi/wiim,  meaning  a  "fis.snre. " 

Definition. — Ainhum  is  a  disease  of  tropical  coun- 
tries, and  is  characterized  by  the  gradual  jiainless  aminita- 
tion  of  one  or  more  j(jints  of  one  or  more  toes  b_v  a 
trophic  process  of  mixrd  atroiihy  and  hypertrophy. 

History. — While  the  first  accurate  descriptidii  of  the 
di.sea.se  was  made  by  da  Silva  Lima,  of  Baliia.  Brazil,  in 
18tl7.  as  much  earlier  as  istjo  Dr  Clark  calleil  attention 
to  ainhum  in  the  Gold  Coast  natives.  Since  1807.  a  num- 
ber of  observers  have  reported  upon  the  disease,  notably 
Duhring  and  Wile,  and  ^Matas  in  this  country.  Zambaco 
Pacha,  in  the  Tran.sactions  of  the  1897  Lepra  Conference 
iu  I'.erlin.  writes  at  length  upon  the  condition  in  its  rela- 
tion to  le])rosy. 

ETioi.oiiv. — The  cause  of  the  disease  is  not  known. 
It  has  been  founil  in  the  negro  races  in  the  cases  reported  ; 
it  occurs  in  adults,  and  is  es.sentially  a  trojiieal  disea.se, 
exotic  cases  occurring  occasionally  elsewhere.  The 
parasitic  nature  of  the  disease  is  maintained  by  some, 
but  it  has  not  been  proven.  Zambaco  Pacha  maintains 
the  identity  of  ainhum  and  trophic  lepro.sy  of  the  mu- 
tilating ty])e. 

SvM  fro  MS.— Prodromes  are  absent.  There  may  be 
some  itching,  but  usually  the  disea.se  is  evidenced  by  a 
slightly  <-onstrictiug  band,  a  furrow,  at  the  digito  plaiiliir 
foidof  the  fifth  toe.  At  timesother  toes  may  be  affected. 
For  example,  I  have  seen  the  great  toe  involved,  at  the 
New  Orleans  Charity  Hospital.  The  furrow  gradually  be- 
comes more  pronounced,  harder  in  consistency,  and  inore 
and  more  constricting,  the  confined  portion  of  the  diirit 
iiKTcasing  in  size  so  as  to  lose  the  shape  and  form  of  a 
toe.  There  is  absc-nce  of  infiammation  and  of  subjective 
symptoms.  exce])ling  occasional  pain.  As  the  constrict- 
ing hand  naiTows  the  toe  becomes  more  and  more  tume- 
fied, until  finally  only  a  small  pedicle  remains.  From  this 
the  tumor  either  sloughs  off,  is  torn  or  knocked  off.  or  is 
int('Utioually   removed.     When   ulceration   takes   place, 
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Fig.  81.— Anuuliir  Siieroileniia  mi  ih,.  i.iiii,-    I'ne  Preceding 
Spontaneous  .Amputation.    (Caseof  .\iuluiiii ;  service  of  Dr.    Fig.  62. 
R.  Matas,  t'baiity  Hospital,  New  Orleans,  La.)  of  Dr. 

there  is  a  distiuct  odor,  of  a  nauseous  character,  resem- 
bling that  of  the  neurotic  ulcer.     The  pedicle,  or  base, 


Fio.  03.— The  Same  .After  operation.    (Case  of  Dr.  0.  Peiia.) 


heals  kindly.  The 
process  lasts  niuuths — 
even  j-ears  in  some  in- 
stances. 

P.ATHOLOOY. —  Unna 
believes  the  condition 
to  be  "a  ring-formed 
scleroderma  with  cal- 
lous formation  of  the 
epidermis,  leading  to 
secondary  total  stag- 
nating necrosis,  resem- 
bling artificial  snaring 
of  tumors.  There  is 
a  primary  inflamma- 
tion with  markcil  hy- 
pertropliy  of  the  epi- 
dermis, the  papilli^ 
being  narrowed  and 
elongated.  In  the 
papillary  body  there 
is  cellular  infiltration; 
the  vessels  are  dilated. 
The  tumefaction  of  the 
toe  indicates  a  stagna- 
tion of  lymph  and  fat, 
which  gradually  causes 
degeneration  of  all  of 
the  constituents  of  the 
cutis,  a  rarefaction  of 
the  bones,  and  the  dis- 
ap  pear  a  nee  of  the 
phalanges."  In  this 
most  observers  agree, 
the  latest  coutriliution 
(see  Figs.  64.  6.5,  and 
66)  indicating  the 
above  process. 
DiFFEREXTi-\i.  Di.\GNOSis  must  be  made  esijccially 
from  Raynaud's  disease,  from  paronychia,  from  the  neu- 
rotic ulcer,  and  from  leprosy. 

Rin/iotud's  ilUcasc  is  nearly  always  painful,  occurs 
seldom  on  the  lower  extremities,  is  quite  common  on  the 
upper  e.xtremities,  and  the  trophic  change  is  evidenced 
most  often  by  the  occurrence  of  preliminary  lesions,  e.g., 
vesicles  or  ludUe. 

Paront/chin  is  inflammatory  throughout  and  occurs  on 
the  ungual  ]ihalanx  always. 

The  "la'iriitir  ulcer  liegins  as  a  callosity,  is  circumscribed 
and  deep  seated,  occurs'usnally  on  the  plantar  surface  of 


—Diseased  Foot  Before  Operation.    CCase 
C.  Pena,  COrdova,  Republic  of  Mexico.) 
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Fig.  64.— Longitudinal  Section  of  ilir  Unpiitated  Toe.  A.  Section  of 
the  pedicle;  B,  llbrous  fa.sciculi  or  bundles;  C,  collections  of 
fatty  tissue;  D,  remains  of  the  nail;  K,  epidermis.  (Case  of  Dr. 
C.  Peiia.) 

the  heel  or  great  toe,  and  is  never  located  just  at  the 
digito-plantar  fold  of  the  fifth  toe.  It  is  diaractcrized 
almost  from  the  start  by  the  loss  of  the  central  tissue 
and  liv  a  persistent  slough,  exulcerating  and  discharging 
freely". 

Lepni.iij  iif  the  m  lit  Hating  type  has  points  of  resemblance 
to  aiuhuni,  especially  when   the  latter  'disease  is  well 
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advanced.     Leprosy,  however,  has  no  preference  for  the 

ncirro.  and  it  is  not  a  tropical  disease.  The  tropliic  lesions 
of  leprosy  are  I'ouiul  cm  any  toe  or  any  tinjrcr.  Tliese  are 
almost  invariably  a.ssociated  with  other  present  or  past 
manifestations.  "  The  initial  evidence  of  mutilating  lep 


Fig.  6.5.— Section  of  the  Skin.    Moderately  enlarged.    (Cam  of  Dr.  C. 
Pefia.) 

rosy  is  a  macule,  excoriation,  or  India  on  the  site  of 
the  destruction.  The  initial  evidence  of  aiuhum  is  a 
callous  furrow,  without  intiamniatory  redness. 

Zanibaco  Pacha  (Iw.  cit.)  elaborately  argues  this  point 
of  resemblance,  arraying  a  large  number  of  observers  in 
confirmation  of  his  opinion,  but  the  btirden  of  proof  rests 
with  him. 

Tke.vt.uext. — .Vll  (jbservcrs  agree  that  perpendicular 
and  free  incision  of  the  circular  bands  may  arrest  the 
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Pifi.  »).— Section  of  a  Blood-Vessel  and  of  a  Nerve.    Moderatelj^  en- 
larged.   (Case  of  Dr.  0.  Pefia.) 

process,  but  that  usually  the  course  of  spontaneous 
amputation  is  completed,  "unless  artificially  or  siirirically 
produced.  tsndore  Dyo:  ' 
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Besnierand  Doycjn :  Translation  of  Kaposi.  l.siM.  vi.l.  li..  p.  117. 
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ciation.  vol.  .\iv..  l.si)ti. 
Zauiliai-o  Pacha:  Ainluun  and  Leprosy.    Trans,  lutemalional  l.i-on.sv 
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AIR.— To  apjiieciate  the  various  sanitary  I'elations  of 
the  almosi)hei-e,  the  subject  must  be  stuc'lied  from  tiie 
physical  as  well  as  fi-oin  the  chemical  slaudixiuil.  In  con- 
siileriiig  the  [ihysical  asiiccts  of  air.  atlcnljon  must  be 
given  to  the  subjects  of  atmospheric  piessuic,  li^hf.  heal, 
humidity,  and  electrical  condition. 

The  air  is  an  invisible  gaseous  ocean.  In  it,  as  in  all 
ga.ses,  there  is  no  cohesion  between  the  molecules.  They 
ai-e  apart  fi'om  one  another,  and  their  tendency  to  spring 
farlher  apart  and  occupy  more  space  is  so  great  that  a 
rcsl raining  foi-cc  is  needful  to  prevent  e.vpan.siou  and  at- 
leuualion.  .Vir  at  the  sea  level,  the  bottom  of  the  aeiial 
iiccan,  is  comiiresscd  by  the  weight  of  the  suiicrincum- 
bent  air.  Tliis  weight  e.\pi'esses  the  intiuence  of  gi-avity 
on  the  air  as  a  whole,  or  the  influence  which  the  earth 
exerts  on  the  molecules  of  its  atmosphere  to  keep  them 
fi-om  escaping  into  limitless  space  or  from  being  whirled 
away  by  the  centrifugal  foi-ce  of  the  diurnal 'rotation. 
The  pressure  of  the  atmosphere  at  the  sea  level  balances 
a  column  of  water  ;!4  feet  high.  It  foi'ces  water  up  the 
eylindi'r  of  a  ])ump  in  pi'oportion  as  the  air  pivssure 
within  the  cylinder  is  lessened  by  the  workinir  of  the 
piston,  but  the  raising  power  of  the  pump  is  liuiited  by 
the  height  mentioned.  Similarly  at  the  .sea  level  the 
atmospheric  pi-essui-e  balances  a  column  of  mercui'y  '29.93 
inches,  or  760  mm.,  in  height  (at  4.^°  N.  latitude),  sind  as 
thisnuiuber  of  cubic  inches  of  the  liipiid  mi'tal  wein-hs 
14.7.")  pounds,  or  1  kgm.,  to  the  squaiv  centim<'tre,  the  air 
pressure  on  every  measure  of  surface  liecomes  known. 
Generally,  however,  air  pressui'e  is  e.xpres.sed  iu  inches 
of  mei-eury  as  being  nioie  convenient  than  a  statement  of 
the  actual  weight  on  a  given  area.  The  pressure  on  a 
surface  of  one  stpiat'e  foot  amounts  to  nearly  a  ton.  The 
avei-age  man  has  a  surface  of  about  1.5  s(|'iiare  feet,  but 
the  l.j  tons  of  air  pressure  under  which  he  moves  are 
uiifelt  because  of  the  fluidity  of  the  atmosphei-e  The 
frei'diini  of  movement  iiossesse<l  by  its  molecules  trans- 
mits iheir  iiressnic  in  all  directions.  X'w  permeates  all 
|ioi'oiis  bodies,  and  the  internal  pressure  in  bodies  so  per- 
meated counteracts  the  external  pressure.  Noticeable 
efTectsof  air  pressui-e  are  seen  or  felt  only  when  tliei'e  tire 
local  disturbances,  as  when  flic  tissues  ai"e  pressed  l)y  the 
weight  of  the  atmo.sphere  into  the  I'aretied  air  of  a' cup- 
ping glass. 

The  higher  we  ascend  into  the  atmosphere  the  less  is 
the  pressure,  because  there  is  less  overlying  air  to  atTect 
us  by  its  weight.  Ileiglitsare  measuredby  the  deerease<l 
|)i-essure,  and  ballooni.sts  calculate  their'ilistanee  from 
the  earth  by  the  fall  of  the  mercurial  column  in  their 
barometers.  At  the  sea  level,  under  a  jiressure  equiva- 
lent to  that  of  '2!).9'2  inches  of  mercui-y,  a  culiie  foot  of 
ail-  weighs  h'AtS  grains.  Air  is  increased  in  bulk  as  pres- 
sui-e  is  diminishi'd.  At  the  height  of  one  mile,  the  baro- 
metiieeohunii  falls  to '34..')  inches.  et|uivalent  toa  pressure 
of  l'2.(t4  pounds  to  the  s<iiiare  inch.  Under  this  less<'ned 
l)ressure.  a  cubic  foot  of  sealevel  air  would  cxpanil. 
other  thin.irs  being  equal,  to  •2n.f»'2H-'24..").  or  l.'2'2  cubic 
feet,  and  one  cubic  foot  of  this  rai-efied  air  would  weigh 
only  4;i9  grains.  The  pi-essure  at  two  miles  being  ei|uiva- 
lent  to  only  '20  inches  of  mercury,  one  cubic  foot  of 
sea-level  air  would  expand  to  '29.92-=- '2(1,  or  1.49  cubic 
feet,  and  the  weight  of  a  cubic  foot  of  this  expanded 
air  would  be  :!(!()  grains.  With  increased  height  there 
is  diminished  den.sity,  but  as  the  elastic  force  which 
sepaiates  the  molecules  becomes  lessened  by  their  se))- 
aration,  there  may  be  a  certain  condition  of  tenuity  in 
which  this  force  is  unable  to  overcome  those  wliieh 
operate  in   restraint.       The  depth  of  the  atmospheric 
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ocean  has  been  estimated  variously  at  from  45  to  350 
miles  or  more. 

Liiilu  fnmi  the  sun  or  other  sources  passes  through  the 
air  without  illuminating  it.  Were  it  otherwiso  wo  should 
he  able  to  see  the  air.  We  see  things  by  the  light  which 
they  emit  or  reflect,  but  the  air  merely  transmits.  We 
speak  of  atmospheric  glows  and  beams  of  light,  of  the 
blue  of  the  firmament  and  the  radiance  of  morn,  but 
these  phrases  relate  to  the  visibility  of  substances  in  the 
air.  Light  is  transmitted  in  straight  lines,  with  the  ex- 
ception of  some  refraction  in  the  denser  strata  near  the 
earth's  surface;  but  as  more  or  less  of  the  light  is  refused 
a  lodgment  by  every  substance  on  which  it  falls,  and  is 
reflected  from  one  object  to  another  at  all  angles  and 
hence  in  everj'  direction,  the  whole  of  the  air  is  filled 
with  rays  which  illuminate  objects  that  are  not  exposed 
directly  to  the  source  of  the  illumination.  Jlolecules  of 
watery  vapor  and  minute  particles  of  dust  .suspended  in 
the  air  give  rise  to  tlie  ajiparcnt  diffusion  of  light  in  the 
atmosphere.  These  account  for  tlie  dawning  light  of 
morn,  and  the  twilight  after  sundown. 

Associated  with  solar  light  are  actinic  and  heat  rays. 
The  latter  are  of  the  highest  interest,  as  being  the  cause 
of  the  tides,  ciuTcnts,  and  local  movements  in  the  at- 
mosphere. Heat  rays  pass  through  the  atmosphere 
without  warming  it.  The  air  of  high  nioimtain  regions 
is  cold,  although  the  same  rays  pass  through  it  which 
may  give  a  trojiical  warmth  to  the  plains  below.  It  is 
usually  said  fliat  the  temperature  falls  1°  F.  for  every 
300  feet  of  altitude,  or  about  134  metres  for  1°  C.  This, 
although  not  accurate,  is  useful.  If  the  temperature, 
average  or  actual,  of  a  given  locality  be  stated,  an  ap- 
proxiiiiation  to  the  corresponding  temperature  of  a 
neighlioring  plateau  may  be  calculated.  Glaisher,  dur- 
ing his  balloon  ascents,  found  the  temperature  on  a 
cloudy  day  lowered  4°  F.  for  every  inch  of  a  barometric 
fall  of  11  inches;  and  the  further  ascent  was  marked  by 
a  more  rapid  refrigeration.  As  11  inches  of  mercury 
indicate  an  elevation  of  13,000  feet,  the  average  ascent 
for  the  Fahrenheit  degree  was  about  270  feet.  On  a 
clear  day  the  thermometer  fell  5'  for  each  of  the  first  4 
inches  of  barometric  fall,  4°  for  each  of  the  next  9  inches, 
and  13.5°  for  the  last  3  inches  of  his  ascent.  The  cold  is 
jiroportioned  to  the  lessened  pressure,  4°  F.  for  each 
inch ;  but  as  the  height  to  be  ascended  for  each  inch  of 
fall  increases  with  the  ascent,  the  height  for  each  degree 
of  temperature  increa.ses  correspondingly. 

Air.  in  expanding  under  lessened  pressure,  has  its  ex- 
pansion restricted  in  some  measure  by  the  loss  of  heat 
attending  the  expansion,  for  the  volume  of  a  gas  is  con- 
tracted by  cold.  Air  expands  ^-Ij,  of  its  volume  at  0°  F. 
for  each  degree  of  increased  temperature  (ji-j  in  the 
case  of  Centigrade) .  Hence  460  cubic  inches  or  feet  or. 
in  general  terms,  volumes,  at  0°  F.  expand  at  60°  to  250 
vohunes,  and  conversely  by  a  reduction  of  tem])erature 
from  60°  F.  to  0°  520  volumes  contract  to  460.  On  these 
data  is  based  that  which  in  dealing  with  air  and  gases  is 
called  the  "  correction  for  temiierature. ''  The  molecules 
of  a  cubic  foot  of  dry  air  weigh,  at  the  sea  level,  536 
grains.  Under  the  diminished  pressure,  at  16,000  feet, 
these  molecvdcs  would  occupy  a  space  of  two  cidiic  feet, 
each  foot  containing  26S  grains;  but  tlie  coincident  re- 
duction of  temperature  would  so  niotlify  this  that  the 
cubic  foot  of  air  would  weigh  303  grains.  The  rarefac- 
tion of  the  atmosphere  in  moinitain  regions  is  thus  seen 
to  be  somewhat  less  than  we  should  be  led  to  expect  by 
a  consideration  merely  of  the  barometric  pressure. 

Heat,  like  liglit.  is  absorbed  in  varying  proportions  by 
everything  on  tlie  surface  of  the  earth,  and  that  which  is 
not  absorbed  is  reflected  at  various  angles,  so  that  tlie  air 
in  its  lower  strata  is  tilled  with  refleeteil  rays  which  be- 
come manifest  only  Aviieii  they  are  absorlied  an<l  increase 
the  temperature  of  the  absorliing  substance.  Absorbed 
heat  is  radiated  to  cooler  bodies  in  the  neighborhood,  for 
the  tendency  in  nature  is  to  an  equable  distribution. 
Hence,  besides  reflected  rays,  the  air  may  be  filled  with 
rays  of  radiant  heat,  but  in  all  this  there  is  merely  trans- 
mission, with  no  appreciable  influence  on  the  air  itself. 


When,  however,  absorbed  heat  is  distributed  by  convec- 
tion the  air  assumes  an  active  part  in  the  process.  A 
warm  substance  coniinunicafes  part  of  its  heat  to  the  air 
molecules  in  immediate  contact  with  it.  The  air  thus 
heated  expands  and  is  floated  upward  by  the  inflow  of 
colder  and  heavier  air  beneath  it;  and  it  is  thus  raised 
until  by  admixture  with  the  general  mass  of  the  air  its 
rarefaction  is  lost,  or  until  untler  unusual  conditions  of 
placidity  it  reaches  a  stratum  of  equal  rarefaction.  The 
cold  air  that  replaced  it  in  contact  with  the  heated  sub- 
stance becomes  similarly  warmed  and  borne  upward; 
and  this  continued  in  an  uninterrupted  sequence  gives 
rise  to  an  upward  current  of  warm  air  with  inflowing 
currents  of  colder,  heavier  air  on  all  sides.  We  some- 
times seem  to  see  this  upward  current  by  the  side  of 
a  heated  stove,  when  its  varying  density  disturbs  the 
passage  of  the  rays  of  light  from  objects  seen  through 
it,  and  gives  a  quivering  movement  to  their  outlines. 
In  the  sandy  districts  of  southern  Arizona  and  New 
Mexico,  trees  and  other  objects  at  a  little  distance  from 
the  observer  are  often  tremulously  distorted  to  his  sight 
by  the  upward  currents  from  tlie  sun-heated  surface. 

Objects  that  absorb  much  radiate  much,  and  those 
warmed  rapidly  by  absoriition  cool  ciuiekly  by  radiation. 
Color  has  an  influence  on  these  mo^■ements,  for  black 
surfaces  absorb  and  radiate  better  than  white.  Radia- 
tion and  reflection  are  therefore  different  processes,  for 
white  is  the  better  reflector.  The  radiant  powers  of 
different  substances  \ary  much,  but  it  is  unnecessary 
here  to  do  more  than  indicate  in  general  terms  the  differ- 
ences presented  by  land  and  water  in  this  regard. 

As  compared  with  water,  land  heats  quickly  and  cools 
quickly.  The  heat  does  not  penetrate  but  accumulates 
in  and  immediately  beneath  the  surface.  Children  know 
how  cool  is  the  underlying  sand  turned  up  on  tlie  sea- 
shore in  their  holiday  play.  The  surface  is  hot  by  day 
and  cool  by  night,  but  at  a  depth  of  three  feet  there  is 
no  diurnal  increase  of  temperature,  and  even  the  heat  of 
a  prolonged  summer  penetrates  only  about  seventy  feet, 
for  well  water  at  this  depth  has  the  same  temperature 
summer  and  winter. 

Masses  of  wafer,  on  the  other  hand,  heat  slowly  and 
cool  slowly ;  the  rays  jienefrate  to  the  depths. "  The 
temperature  of  the  surface  waters  of  the  ocean  is  never 
over  80°  F.  (26.6°  C.)  in  tlie  tropics,  and  its  diurnal  range 
is  small.  In  higher  latitude^  the  temperature  is  lower, 
but  the  mass  of  the  waters  of  the  ocean,  in  both  high 
and  low  latitudes,  is  never  below  39°  F.  (3.9°  C).  Thus 
the  air  is  warmed  intermiftentl}-  liy  the  land  and  con- 
tinuously by  the  ocean,  and  its  molecules  are  kept  in 
motion  by  the  convection  which  is  in  progress. 

The  soiar  rays  are  the  only  source  from  which  the  air 
derives  its  warmth,  for.  although  animal  life  and  the 
combustion  of  fuel  develop  heat,  the  heat  thus  developed 
is  merely  the  liberation  of  energy  deri\-ed  originally  from 
the  sun.  Again,  although  the  earth  has  an  internal  heaf. 
this  heat  is  not  transmitted  through  the  crust,  for  the 
superficial  strata  to  a  depth  of  seventy  feet  are  affected 
by  the  seasonal  warmth  of  the  sun,  and  not  by  the  interior 
heat. 

The  effects  of  heat  on  the  atmos]iliere  are  multiplied 
and  varied  by  the  iilienomena  attending  its  action  on 
water.  Vapor,  invisible  as  the  atmosiiliere  itself,  rises 
from  wafer  at  all  temperatures.  The  higher  the  tem- 
]ierature  the  more  rajiid  the  evaporation.  Thus  vapor 
is  absorbed  into  the  atmosphere,  and  the  amount  that  can 
be  absorbed  increases  wit li  increase  of  temperature.  A 
cubic  foot  of  air  at  32°  F.  is  saturated  with  moisture 
when  it  contains  10  cubic  inches  or  about  two  grains  of 
vapor  of  water:  but  at  100°  F.  (37.8°  C.)  the  cubic  foot 
of  air  can  absorb  about  100  cubic  inches,  or  nearly  20 
grains.  The  molecules  of  the  vapor  find  place  for  them- 
selves in  the  intermoleeular  spaces  of  the  air.  but  not 
without  crowding  aside  the  air  molecules  to  such  an  ex- 
tent that  saturated  air  is  lighter  than  dry  air.  Air  is 
known  to  be  saturated  when  the  slightest  lowering  of  its 
temperature  causes  a  deposition  of  moisture.  We  call 
such  a  deposition  cloud  when  in   the  air  aliove  us,  fog 
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or  mist  when  in  the  air  around  us.  and  dew  when  de- 
posited at  night  on  vegetation  and  other  highly  nidialing 
surfaees.  The  ilur  iiniiit  may  be  toiUKl  liy  noliiig  ihc 
temperature  at  which  moisture  appears  ou  tlie  nutsirlc  of 
a  test  tube,  cooled  by  the  evaporation  of  ether  in  its  in 
terior.  Usually  an  approximation  to  it  is  obtained  by 
tlie  wet  bull)  thermometer,  from  which  the  actual  dew 
point  may  be  calculated  or  gathered  from  (Jlasher's 
tables.  Moisture  in  the  air  is  expressed  as  i-dtdit'i- lin- 
iiiidiiji  on  a  scale  of  which  100  is  the  point  of  saturation. 
.\l)soiute  figures  give  no  satisfaction.  With  two  grains 
of  moisture  in  a  cubic  foot  of  air  the  air.  as  we  have  sciii. 
may  lie  very  moist  or  very  dry.  If  the  temperature  is 
32'"F.,  the  air  is  saturated;  if  it  is  100'  F.,  the  air  is  so 
dry  that  it  is  ready  to  take  up  18  grains  more  before  it 
becomes  saturated. 

Evaporation  aids  radiation  and  convection  in  cooling  a 
warm,  moist  surface.  The  soldier  in  a  sunnner  camji 
moistens  the  outside  of  his  canteen  and  hangs  it  on  a 
branch  that  the  passing  breeze  may  cool  its  contained 
water.  Even  the  surface  of  the  water  of  the  tnipical 
oceans  is  cooled  slightly  at  night.  It  is,  however,  not  so 
much  by  the  prodiiction  of  a  local  coolness  as  by  the 
transference  of  heat  from  one  place  to  another  that  the 
chief  iuflueuce  of  evaporation  is  exercised.  From  the 
surface  of  the  ocean,  particularly  in  tlie  warmer  latitudes, 
evaporation  is  going  on  at  all  times.  An  U])ward  move- 
ment of  moist,  warm  air  is  continuously  in  progress. 
Partial  condens;ition  occurs  by  tlie  time  this  air  reaches 
a  stratum  of  itsown  density,  but  the  clouds  there  formed 
are  usually  hurried  by  air  currents  to  other  and  colder 
regions  of  the  globe  "before  the  particles  of  condensed 
vapor  become  aggregated  and  fall  as  rain.  The  lieat 
gathered  from  the  tropics  is  thus  distributed  to  other 
parts  of  the  earth,  the  air  of  which  is  warmed  by  con- 
densation above  as  well  as  by  couveetioii  from  below. 
Moreover,  the  clouds  absorb  heat  radiated  from  the  sur- 
face of  the  earth,  thus  preventing  its  dissipation  into  tlie 
ether  beyond.  Every  object  on  the  surface  is  thus  kc|it 
warmer  than  it  otherwise  would  be.  Clouds  act  as  a 
blanket  to  keep  the  air  and  the  earth  under  them  warm. 
Any  roof,  however  flimsy,  even  the  spreading  branches 
of  a  tree  in  foliage,  is  a  protection  against  tlie  cold  of 
radiation  into  space.  The  great  heat  of  the  dtivct  rays 
of  the  sun  at  liigli  altitudes,  where  the  surrounding  air 
is  intensely  cold,  is  attributed  to  the  freedom  of  the  air 
from  intercepting  moisture. 

Eli-ctricity  pervades  the  atmosphere.  It  is  generated 
by  the  evapofation  of  water,  the  friction  of  the  wind  on 
the  surface,  and  of  the  molecular  constituents  of  the  air 
each  on  the  other;  but  its  relations  to  these  constituents 
are  not  clearly  understood.  It  is  greatest  in  cold,  dry 
weather,  liut  the  greatest  electrical  disturbances  are  as- 
sociated with  condensation  and  rainfall. 

Our  kiKiwledge  of  the  effects  of  heat  and  moisture  en 
ables  us  with  but  little  efl"ort  to  recognize  the  causes 
of  many  meteorologic  phenomena  that  have  iiiipdrlani 
hearings  on  the  well-being  and  comfort  of  the  human 
race.  Meteorology  is  probably  the  oldest  of  the  sciences, 
for  man,  even  in  the  earliest  days  of  his  racial  existence, 
found  it  necessary  to  study  the  probabilili<'S;  and  the 
weather  wisdom  of  every  nation  is  embodied  in  pro 
verbial  expressions.  The  co-operative  work  of  moilcrn 
times,  made  possible  by  the  use  of  the  telegraph,  h.-is 
enlarged  our  knowledge  and  broadened  our  views  nf 
these  phenomena,  so  that  we  now  have  a  useful  under- 
standing of  the  general  as  well  as  the  local  mnvenicnts 
of  the  atmosphere. 

Extending  for  a  few  degrees  on  each  side  of  the 
equator  is  a  region  of  calm  and  light  variabli'  winils. 
known  to  sailors  as  the  doldrums.  Here  the  uprising  of 
the  moist,  warm  air  leads  to  coiidensal ion  in  the  higher 
strata.  Heavy  rains  fall,  and  the  heat  libi'ratcd  during 
the  condensiition  rarefies  the  relatively  dry  air  of  Ihc 
u])i)er  regions  and  develops  a  swell  on  the  surface  of  the 
atmospheric  ocean  which  divides  or  flows  over,  one-half 
to  the  north,  the  other  to  the  south,  while  an  inflow  in 
the  lower  strata  restores  the  aerial   equilibrium.     The 


inflowing  currents  do  not  come  from  the  poles;  they 
reach  only  from  the  iiOtli  parallels,  and  iheir  motion  is 
mure  or  less  obliipiely  fiom  the  east  on  account  of  the 
diunijil  revolulionof  the  earth.  A  belt  of  variaVile  winds 
is  found  about  the  :iOlh  parallels.  Here  the  upjier  cur- 
rent from  tli('  tropics  impinges  (in  the  northern  hemi- 
sphen')  on  a  northeast  ujiiicr  current  from  the  Arctic 
circle,  and  the  swell  of  their  meeting  occasions  an  in- 
creased pressure  at  this  point.  Escape  for  the  accumu- 
lated air  is  found  below,  southward  constituting  the 
tra<le  winds  and  northward  constituting  the  regular 
southwest  winds  of  Ihc  iiorlh  lenipcrale  zone.  .Vt  the 
Arctic  circle  is  anolherdoldruiu  belt  into  which  flows  the 
wind  last  mentioned  and  a  surface  current  from  the 
northeast.  These,  warm  and  cohl  intermingling,  pro- 
duce condensation  and  rainfall  and  an  expansion  or  swell 
which  overflows  into  a  northeast  upper  current  over  the 
temperate  zone,  and  a  scmthwest  upper  current  toward 
the  |iole.  The  surface  currents  alTccl  the  air  to  a  height 
of  Ui.OOO  feet,  involving  about  one-half  of  the  weight  of 
the  atmosphere,  and  their  velocit}'  averages  about  1.5 
miles  an  hour.  This  constitutes  the  general  circulation 
of  the  atmospheric  ocean,  but  there  arc  many  secoiidarv 
currents,  as  that  between  land  and  .sea.  In  fact  innii- 
nierable  causes  of  greater  healing  at  one  place  than  at 
another  give  rise  to  local  currents. 

The  resultant  of  all  the  meteorological  conditions  con- 
stitute climate;  but  temperature,  as  being  the  most 
notable  condition,  is  usually  adopted  to  give  formal  ex- 
]ire.ssion  to  the  character  of  a  climate.  Temperature  de- 
pends on  latitude,  altitude,  and  the  presence  of  large 
bodies  of  water  to  reduce  the  daily  and  seasonal  ranges. 
One  of  the  first  discoveries  by  those  who  collatedthe 
meteorological  observations  of  the  medical  officers  of 
the  United  States  Army  was  the  climatic  importance  of 
the  great  lakes.  In  New  England  the  influence  of  the 
ocean  was  found  to  modify  the  mean  temperature.  In 
the  interior  of  New  York,  the  daily  range  increased  and 
the  seasons  were  strongly  contrasted.  Farther  west, 
near  the  great  lakes,  a  climate  similar  to  that  of  the  sea- 
board was  again  found,  but  in  the  interior  beyond  them, 
extreme  changes  again  became  the  rule.  Water  tempers 
the  winds  which  blow  over  it  and  loads  them  with  vapor 
for  subsequent  cfindensation  and  warmth.  The  regular 
southwest  winds  of  the  temperate  zone  reaching  Europe 
from  the  Atlantic  and  California  from  the  Facific  Ocean 
give  these  shores  a  climate  markedly  different  from  that 
of  the  Eastern  coast  or  interior  of  the  United  .Slates. 
The  air  of  continental  interiors  is  dry  and  the  solar  rays 
beat  with  full  intensity  on  the  surface,  while  at  night 
there  is  no  protection  against  radiation  into  the  cloudless 
skies. 

That  climate  has  a  powciful  uilluencc  on  the  welfare 
of  man  is  manifest  when  we  compare  the  weakness  and 
indolence  of  tro])ical  ra<-es  witli  the  strength  and  energy, 
mental  as  well  as  physical,  of  those  of  the  temperate 
zones.  Since  the  earliest  ages  it  has  been  a  favorite 
Iheiiry  that  diseases  come  upon  mankind  through  the  air. 
The  box  of  Pandora  was  opened,  and  its  contents  scat 
tercd  to  the  winds.  A  peculiar  "epidemic  constitution 
<if  the  air"  was  formerly  atcepted  as  accounting  for  the 
unusual  prevalence  of  disease,  and  even  in  the  medical 
literature  of  the  present  day  this  epidemic  constitution 
cnijis  up  occasionally  in  instances  in  which  the  mode  of 
propagation  has  not  licen  Siitisfactorily  established. 
.More  time  and  iMlclligent  labor  have  probably  been 
given  to  meteorologic  observations,  with  the  view  of 
throwing  light  on  this  subject,  than  have  been  expended 
on  any  other  line  of  scientific  research.  For  generations 
men  have  been  observing  and  recording,  but  the  collators 
have  been  few.  Progress  has  indeed  been  made  but  it 
has  chiefly  been  by  some  of  the  sister  .sciences  invading 
the  domain  of  medical  metenrology  and  dissipating  some 
jiart of  her  clouds  .'Uid  uncertainties.  .V  few  years  ago 
cholera  was  regarded  as  "obscure  in  its  meteorological 
relations,  modified  by  such  conditions  to  a  great  extent, 
but  never  controlleil  bvtliem  "  (Lorin  Blodgett).  .Many- 
of  the  agencies  of  epidemic  diseases  have  lieen  trailed  to 
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their  haunts,  but  those  of  typhus,  yellow  fever,  small- 
pox.  scarlet  fever,  luul  measles  ediitiuue  in  their  old-time 
oliseurity  ;  anil  the  iiicttoriiloyieal  points  connected  with 
them  are,  brielly:  Typhus  <>m!inat ions  freely  diluted  with 
air  are  Imrndcss;  yeilnw  fever  disjippears  with  the  advent 
of  frost,  and  the  others  have  the  colder  months  as  their 
season  of  prevalence,  probably  because  their  contagiaare 
concentrated  and  correspondingly  pernicious  in  the  close, 
unventilated  rooms  of  that  season. 

Although  the  tendency  of  tuodern  research  is  to  ab- 
solve the  air  from  any  special  complicity  in  the  propa- 
gation of  epidemic  diseases,  the  charge  (if  influencing 
the  human  system  unfavorably  .still  holds  good  in  certain 
other  respects.  Alterations  of  atmospheric  pressure  have 
been  regarded  by  some  medical  observers  as  causing 
pidmonary  congestions,  and  both  compressed  and  rare- 
tied  airs  have  been  used  in  the  treatment  of  diseased  con- 
ditions of  these  organs.  In  hospitals  for  consumption, 
however,  where  any  general  intluenee  causing  congestion 
of  the  lungs  would"  be  manifested  bj'  an  increase  in  the 
number  of  cases  of  lupmoptysis,  careful  observation  has 
shown  that  there  is  no  such  increase  during  the  passage 
of  the  storm  centre.  One  medical  writer  of  high  repute 
insisted  on  the  influence  of  air  pressure  on  the  healing  of 
wounds,  and  urged  the  advisaliility  of  adding  a  portable 
barometer  to  the  surgeon's  eqiupment,  that  he  might  be 
enabled  to  perform  all  operations  not  of  an  emergency 
character,  with  the  mercury  at  not  less  than  29.869 
inches.  The  exacerbations  of  neuralgic  and  rheumatic 
pains  coincident  with  alterations  of  atmospheric  pressure 
have  established  a  popidar  belief  in  their  relations  as 
effect  and  cause,  which  has  received  some  support  from 
a  consitleration  of  caisson  disease. 

The  caisson  for  the  Brooklyn  tower  of  the  East  River 
Bridge  measured  KiH  x  102  feet,  its  interior  or  working 
chambers  being  14  feet  in  height.  It  was,  in  fact,  a 
huge  box  sunk  mouth  downward  by  laying  courses  of 
concrete  on  its  upper  surface.  Compressed  air  forced 
into  the  chambers  displaced  the  water;  and  relays  of  men 
excavated  the  bottom  of  the  river  bed  beneath  it  until  a 
rock  foiuidation  was  reached.  The  upper  end  of  each 
shaft  leading  to  the  chambers  was  guarded  by  an  air-lock 
to  prevent  injury  to  the  men  by  a  sudden  change  of 
pressure  on  entering  or  leaving.  Before  descending, 
compressed  air  from  beloAv  was  admitted  gradually  into 
the  lock  chamber,  and  only  when  the  density  was  ecjual 
to  that  in  the  caisson  was  the  descent  made.  Corre- 
spondingh',  before  leaving,  a  gradual  transition  from 
compressed  to  ordinary  air  was  effected.  On  exposure 
to  air  under  a  pressure  of  three  or  four  atmospheres,  the 
skin  became  pale  and  shrivelled  and  the  countenance 
shrunken,  as  the  blood  was  forced  from  the  superticial 
vessels  to  tho.se  of  the  bones  and  the  cavity  of  the  skull. 
The  heart's  action  increased  in  rapidity  to  overcome  the 
impediment  to  the  circulation;  Init  after  a  time  the 
system  accommodated  itself  to  the  altered  conditions,  and 
generally  no  bad  effect  was  manifested  luitil  the  men 
returned  to  the  colder  and  relatively  rarefied  air  of  the 
surface,  when  many  suffered  from  pains  in  the  bones, 
giddiness,  faintness,  numbness,  and  even  paralysis.  A 
longer  time  in  the  lock  chamber,  to  permit  of  accommo- 
dation to  lessening  air  jiressure,  would  no  doubt  have 
prevented  these  injiu'ious  effects. 

The  diminished  pressure  at  high  altitudes  is  described 
by  travellers  as  causing  .w/vW«,  or  mountain  sickness, 
which  is  characterized  by  restlessness,  sleeplessness, 
gasping  respiration,  anxiety,  vomiting,  and  fainting.  It 
is  experienceil  at  a  height  of  ten  or  twelve  thousand  feet 
when  the  individual  is  expending  energy  by  climbing, 
but  in  balloon  ascents  the  eft'ects  of  diminished  pressure 
are  not  felt  until  twice  this  distance  has  been  reached. 

Heat  relaxes  the  tissues  and  depresses  the  vital  energies. 
Cold  stimulates  these  energies  to  make  good  the  loss  of 
animal  heat;  but  if  excessive  it  benumbs  and  paralyzes 
and  ultimately  destroys  by  freezing.  When  local  in  its 
ajiplication  it  disurtis  the  circulation  of  the  blood,  causing 
a  congestion  of  some  internal  organ  when  the  surface  of 
the  bodv  is  chilled  and  its  vessels  are  contracted. 


Air  at  50°  F.  (10°  C)  saturated  with  moisture  is  colder 
to  the  feel  than  dry  air  at  the  same  temperature ;  it  chills 
by  contact.  Above  .")0  ,  however,  it  is  warmer,  as  it 
prevents  evaporation  from  the  body.  At  high  atmos- 
pheric lempei'atures  it  is  oppressive  and  induces  heat 
exhaustion  or  sunstroke.  As  evaporation  is  stopped,  the 
system  is  unable  to  keep  down  its  heat  to  the  normal  of 
98. -1"  F.  (36.9°  C),  and  when  the  blood  becomes  heated 
higher  than  this,  dangerous  symptoms  are  developed. 

The  progress  of  cases  of  consumption  is  so  manifestly 
affected  b)'  atmospheric  changes  that  the  disease  until 
lately  was  regarded  as  originating  in  them.  When  it  is 
fully  established,  the  duration  of  life  depends  on  the 
equability  of  the  climate.  Insular  climates  in  warm 
latitudes  are  preferred ;  and  the  moist  warm  air  of  Florida 
and  Southern  California  is  much  recommended  by  medical 
men.  On  the  other  hand,  recovery  is  now  generally 
conceded  to  be  probable,  if  in  the  stage  of  invasion  the 
patient  will  submit  to  live  in  an  equable  climate,  with 
active  exercise  in  the  open  air,  preferably  on  horseback. 
The  tablelands  of  the  west  and  the  mountains  of  New 
Mexico  and  Arizona  have  many  records  of  recovery 
from  consumption  in  its  earlier  stages. 

LiQi'EF.ACTiON  OP  AiR. — Ordinarily  we  think  of  air 
only  as  air,  bvit  it  has  been  condensed  to  the  liquid  fonu 
and  even  soliditied.  Air  becomes  liquified  at  —  1-lU'  C. 
(—220'  F. )  under  a  pressure  of  39  atmospheres;  but  if 
the  temperature  is  lowered  beyond  this,  the  pressure  re 
qiured  to  effect  the  liquefaction  will  be  less.  Faraday 
condensed  a  number  of  gases  such  as  carbonic  and  sul- 
phurous acids  under  pressure,  but  failed  in  all  his  efforts 
to  liquefy  oxygen  by  not  associating  a  sufticiently  low 
temperature  with  the  pressure  employ.ed.  Pictet  suc- 
ceeded in  liquefying  oxygen  in  1877  by  using  the  low 
temperature  produced  by  the  rapid  evaporation  of  liquid 
sulphurous  acid  to  liquefy  ethylene,  and  thereafter  em- 
plo3'ing  the  ethylene  to  reduce  the  temperature  of  the 
oxygen.  This  process  was  te<Uous  and  expen.sivc;  but 
in  1893  Charles  E.  Tripler,  of  New  York,  marked  out  a 
process  for  the  production  of  liquid  air  on  the  manu- 
facturing scale,  in  which  the  air  was  condensed  to 
liquidity  by  the  cold  produced  by  its  own  expansion 
when  liberated  from  under  pressure.  The  air  was  com- 
pressed first  under  a  pressure  of  100  pounds  per  square 
inch,  and  was  then  passed  through  pipes  surrounded 
with  water  to  remove  the  heat  liberated  by  the  conden- 
Siition.  It  was  next  subjected  to  a  pressure  of  800 
poimds  to  the  inch,  and  the  heat  developed  was  removed 
as  before.  Lastly,  it  was  subjected  to  a  pressure  of  2,000 
pounds  per  inch,  and  when  cooled  it  was  passed  into 
coils  of  copper  tubing  which  were  jacketed  with  non- 
conducting material.  The  pressure  within  the  coils  was 
equal  to  about  1.5  atmospheres,  while  that  in  the  jacket 
was  only  one  atmosphere,  so  that  when  a  minute  aperture 
in  each  coil  was  opened,  the  compressed  air  escaped  anrl 
expanded.  The  cold  resulting  from  expansion  was  such 
that  while  two-thirds  of  the  air  operated  on  e.scajied  as 
air.  the  remaining  third  becamt?  liqidd  and  collected  in 
the  lower  part  of  the  cylinder  jacket  whence  it  could  be 
drawn  off  like  water  from  a  spigot.  It  can  be  thus  pro- 
duced at  the  rate  of  two  cents,  or  one  English  penny,  per 
poimd.  So  far,  the  study  of  liquid  air  has  developed  no 
suggestion  of  usefulness  from  the  medical  or  hygienic 
standpoint,  although  it  has  proved  a  valuable  instru- 
ment in  scientific  investigations.  Mr.  Tripler  is  endeav- 
oring to  utilize  it  commercially  as  an  agent  for  the  pro- 
duction of  power,  but  according  to  Dr.  Hampson  in  the 
Scii'iitifc  American  (.Ivdy  1,  1S99),  it  cannot  supersede 
steam:  "This  pound,  or  jienny worth,  of  liquid  air,  ex- 
panding to  the  volume  of  thirteen  cubic  feet  of  air  vapor 
at  atmospheric  ]iressure,  will  do  a  certain  amount  of 
work  in  an  engine.  Half  a  jiound  of  water  will  also 
expand  to  thirteen  cvdiic  feet  of  steam  at  atmospheric 
pressure,  and  expanding  from  a  smaller  volume,  will  do 
more  work  than  one  ]>ound  of  liquid  air.  But  half  a 
pound  of  steam,  made  in  a  good  steam-raising  apparatus, 
only  costs  one  two-hundred  and  fortieth  part  of  a  penny. 
For  equal  quantities  of   power,  therefore,  liquid  air  is 
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niatheniatically  more  than  two  hundred  awl  forty  times 
as  dear  as  steam,  and  practically  the  diHieulties  of  hand- 
ling it  will  make  it  compare  more  iinlaVDralily  still." 

CllKMlc.M.  CoNSTiTlTiox. — Formerly  air  was  re- 
garded as  one  of  tlie  elements.  The  advance  of  our 
knowledge  into  the  arcana  of  nature  is  well  illustrated 
l)V  the  progress  made  in  the  investigation  of  air  during 
the  past  century.  It  is  now  known  to  he  a  comjiosile 
substance;  the  properties  of  its  constituents  have  been 
determined,  their  relations  to  animal  and  vegetable  life 
have  been  discovered,  and  traces  of  accidental  impurities 
swei)t  up  by  its  currents  fnim  the  face  of  llie  earth  have 
been  detected  and  studied  in  their  bearing  on  sanitary 
conditi<ins.  The  atmosphere,  according  to  the  cliendst, 
consists  of  a  mi.\lure  of  two  gases,  oxygen  and  nitrogen. 
The  former  is  active  in  its  properties,  comliining  witli 
many  susceptible  elements,  and  esiiecially  with  the  car- 
bon "and  hydrogen  of  devitalized  <irganie  matter,  con- 
stituting, according  to  the  rapidity  of  the  process,  either 
oxidatiim  or  combustion,  and,  with  the  siune  eleineuts  in 
the  living  tissues  of  animals,  constituting  one  of  tlie 
essentials  for  the  continuance  of  life.  A  certain  small 
percentatre  of  the  oxygen  of  the  air  exists  in  the  form  of 
(iz'iru,  a  peculiar  moditication  of  oxygen  which,  altliciugh 
much  studied  since  lirst  discovered  l)y  SchiJnbein  in 
1840,  has  yet  to  have  its  cheiuical  and  natural  history 
fully  written.  Its  nature  is  uucertain,  but  it  is  gener- 
ally" regarded  as  O2O.  The  quantity  present  in  the  air 
cannot  be  determined,  and  even  its  existence  is  at  times 
indicated  with  douljt  by  the  iodized  starch  impers. 
which  have  been  largelyused  for  its  detection,  as  they 
are  alfeeted  by  other  matters,  as  nitrous  aeitl  and  per- 
oxide of  hydrogen,  occasionally  present  in  the  atmos- 
phere, loilized"  litmus  papers  "have  been  shown  by  Dr. 
Fox  to  be  of  value  as  a  qualitative  test,  and  as  indicat- 
ing comparative  quantities  when  known  volumes  of  the 
air  are  aspirated  over  them.  It  is  certain,  however,  that 
ozone  has  stronger  affinities  than  ordinary  oxygen,  and 
that  oxidation  goes  on  more  rajiidly  in  its  iircscnce  than 
in  its  absence.  It  undoubtedly  destroys  the  volatile 
substances  which  are  evolved  during  tiie  putrefactive 
process.  AVhen  foul  organic  odors  are  present,  ozone 
is  absent.  Hence,  when  the  presence  of  ozone  is  indi- 
cated Ijy  the  test  papers,  the  air  is  regarded  as  free  fnjm 
organic  contaminations  susceptible  of  oxidation.  Ani- 
mals exi)osed  to  ozone  artificially  produced  suffer  from 
irritation  of  the  lungs.  The  diseases  of  these  m-gans 
prevalent  in  cold  weather  have  therefore  been  attributed 
to  it.  Not  many  years  ago,  medical  meteorologists  an- 
ticipated great  jiractical  good  from  the  study  of  ozone, 
partietdarly  in  respect  to  infiuenza  and  cholera,  the  one 
associated  "with  an  excess,  the  other  with  a  deficiency  of 
this  form  of  oxygen,  but  the  discovery  of  the  bacterial 
origin  of  these  diseases  has  deprived  them  of  this  incen- 
tive to  a  continuance  of  their  labors. 

The  nitrogen  is  regarded  as  negative,  or  passive,  serv- 
ing merely  to  moderate  the  activities  of  the  oxygen  by 
dilution.  "  Mention,  however,  should  be  made  of  the 
recent  discovery  of  the  elementary  sulistance  argon  by 
Lord  Rayleigh  and  Professor  Ramsey.  Argon  has  char- 
acters siinilar  to  those  of  nitrogen;  but  as  its  uses  in  the 
economy  of  nature  have  not  as  yet  been  determined,  it 
must  be  left  for  the  present  with  the  nitrogen,  with 
wliich  it  has  so  long  been  associated. 

In  the  atmosphere  the  chemist  recognizes  also  the 
presence  of  small  but  varying  (luantities  of  other  mat- 
ters such  as  carbonic  anhydride,  ammonia,  and  wateiy 
vapor.  Tlie  percentage  composition  of  dry  air  is.  by 
volume,  Ti)  of  nitrogen,  20.96  of  oxygen,  and  .04  of  car- 
bonic anhydride;  by  weight  the  relative  proportions  of 
nitrogen  and  oxygen,  are  7(5.99  and  28.01.  Nitrogen  is 
the  lightest,  carbonic  anhydride  is  the  heaviest;  yet,  on 
account  of  the  constant  motion  of  the  atmosphere  and 
the  tendency  of  gases  to  diffuse,  there  is  no  sejiaralion 
into  strata  richer  in  nitrogen  above  and  carboidc  auiiy- 
dride  below.  This  power  of  diffusion  possessed  by  gas(  s 
is  such  that,  in  places  where  there  is  a  continuous  gen- 
eration of  carbonic  anhvdride,  it  does  not  accumulate  un- 


less it  is  confined  as  in  a  room,  and  even  then  it  is  diffused 
through  the  whole  air  of  the  room  and  not  collected  by 
its  weight  near  the  Hoor.  The  intermingling  of  gases  by 
diffusion  is  shown  by  l'etteid<ofer's  examination  of  the 
air  over  certain  effervescing  sjirings.  Samples  from  the 
water  level  eontaineil70  per  cent,  of  carbonic  anhydride; 
from  40  inches  above  the  water  level,  2  per  cent.,  and 
from  55  inches  only  0.5  per  cent.  Hence  little  difference 
is  found  in  the  percentage  composition  of  the  free  air, 
whether  sjimples  be  taken  from  over  the  land  or  the 
ocean,  from  tlie  sea  level  or  from  a  high  altituile. 

The  oxygen  of  the  air  varies  but  little  from  itsaverage 
percentage,  liut  the  (|Uaiitily  of  it  taken  into  the  lungs 
varies  with  the  temiicrature  and  incssure.  .Much  of  the 
depressing  effects  of  almosjiheric  heat  is  probably  due  to 
a  want  of  oxygen  in  the  expanded  air.  A  cubic  foot  of 
sea  level  air  at  82'  F.  contains  182  .irraius  of  oxygen;  at 
100'  F.  it  contains  116  grains,  a  reduction  of  12  per  cent. 
Again,  the  distress  felt  by  mountain  climbers  (see  page 
150)  and  usually  ascrilK d  to  lessened  pressure,  is  probably 
line  in  great  pari  to  the  lessened  amount  of  oxygen  in 
haled.  A  cubic  foot  of  air.  at  f!0  F.  and  80  inches  of 
liressure,  contains  124.6  grains  of  oxygen.  The  expan- 
sion under  a  barometric'  pressure  of  twenty  inches,  cor- 
responding to  a  height  of  two  miles,  with  the  coincident 
contracliou  liy  a  fall  of  temperature  to  20  F.,  would  re- 
duce the  oxygen  in  a  cubic  foot  to  90  .irrains,  a  reduction 
of  28  per  cent. 

The  carbonic  anhydride,  or  carbon  dioxide.  COo,  famil- 
iarly known  as  carbonic  acid,  is  jirodueed  by  the  oxida- 
tion of  carbon  in  dead  and  living  tissues,  and  its  percent- 
age in  air  varies  with  the  local  causes  which  determine 
its  production.  Thus  it  is  greater  in  the  alleys  and 
streets  of  a  city  than  in  the  open  country,  and  as  this 
gas  is  soluble  to  .some  extent  in  water,  its  proportion 
varies  with  the  hygrometric  and  other  conditions,  being 
greater  in  a  damp  atmosphere  before  rain  h.-is  fallen  than 
in  the  air  of  the  same  locality  after  the  aqueous  vapor 
has  been  precipitated.  The  air  currents  and  the  diffu- 
sive power  tend  to  equalize  the  percentage,  but  as  pro- 
duction is  constant  in  some  localities,  the  air  of  these 
must  always  show  a  relatively  larger  cpiantity  of  this 
gas  than  that  of  others  remote  from  such  .sources.  The 
pmportion  in  the  external  air  seldom  exceeds  4  volumes 
in  10,000.  De  Saussure  made  many  .series  of  observa- 
tions to  determine  the  iiercenta.ire  under  various  condi- 
tions. The  present  writer,  while  investigating  the  ven- 
tilation of  soldiers'  quarters,  at  Fort  Bridger.  Wyoming, 
in  1!<T4,  found  in  the  exii-rnal  air  a  gradual  decrease,  day 
by  day.  from  4.5  to  2.6  volumes  ])er  10.000  as  the  season 
ailvanced,  and  the  surface  of  the  earth  became  covered 
with  vigorous  vegetation. 

Carbonic  aci<l  is  a  proiluct  of  combustion;  it  will 
therefore  not  supjiort  combustion.  It  is  a  product  of 
respiration,  therefore  it  will  not  support  ri'sjiiration.  In 
mines,  life  is  in  danger  when  a  candle  will  not  burn. 
Because  workmen  in  soda  water  factories  suffer  no  in- 
convenience in  breatliin.g  an  atmosphere  containing  as 
much  as  two  per  cent,  of  carbonic  acid,  many  have  sup 
posed  that  this  ,gas  is  not  poisonous,  but  that,  like  water, 
it  drowns  fire  and  life  alike  by  preventing  the  access  of 
oxviien.  Nevertheless  exiierimeiits  have  shown  it  to  be 
actively  harmful.  Animals  breathing  it  along  with  as 
much  oxygen  as  is  ])re,senl  in  the  atnios]iheric  air  have 
the  heart''s  action  weakened  even  to  fainting,  and  \\lien 
man  is  the  subject  of  the  experiment,  dnlness  of  mind 
culminates  in  unconsciousness  or  stupor.  This,  however, 
is  not  of  much  practical  importance,  for  the  sources  which 
furnish  carbonic  acid  to  the  atmosphere  generally  yield 
with  it  other  and  more  dangerous  substances. 

Ammonia  is  diffused  from  putrefactive  processes  in 
progress  on  the  surface  of  the  earth.  It  is  also  produced, 
in  traces,  from  the  nitrogen  of  the  atmosphere  by  elec- 
tric asreiicv. 

Its  quantity  is  variable,  but  0,1  mgm.  in  a  cubic  metre 
of  air  is  a  not  unusual  amount.  This  corresponds  to  a 
grain  in  about  28,000  cubic  feet.  Rain  washes  the 
ammonia  from   the  air  to  the  surface  of  the  earth  in 
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animmts  varyinj;  from  0.2  to  O..!  part  por  million  of  the 
rain  walt'r.  The  improvenu'nl  in  ticlds  which  are  per- 
mitted to  lie  fallow  has  been  attributed  to  ammonia  in 
the  niinrall.  but  thi.s  annnonia  is  manifestly  inadequate 
to  account  for  the  masses  of  vegetation  which  annually 
find  nourishment  in  the  soil.  The  ammonia  originating 
on  or  in  the  soil  during  the  decomposition  of  its  organic 
matters  is  the  source  of  the  nitrogen  which  feeds  the 
living  plants.  A  trace  only  of  this  ammonia  escapes 
into  the  air  and  is  alter«iird  washed  down  with  the 
rain.  Prior  to  its  use  by  the  vegetation  which  covers 
the  surface  of  tlie  earth,  it  is  nitrified  by  bacteria  which 
are  everj'where  present  in  the  upjier  layers  of  the  soil 
Some  of  the  lower  forms  of  vegetable  life,  such  as  certain 
algte  and  bacteria,  absorb  nitrogen  directly  from  the 
atniosphere.  Some  legun\inous  plants  also  ti.x  atmos- 
pheric nitrogen  in  their  tissues,  but  this  is  accomplished 
indirectly  through  the  medium  of  parasitic  bacteria 
founil  in  nodules  on  their  roots. 

The  annnonia  of  the  air  is  conden.sed  ou  exposed  sur- 
faces, and  R.  A.  Smith  has  suggested  that  the  quantity 
of  ammonia  deposited  on  a  given  siu'face  in  a  given  time 
may  be  taken  as  an  exponent  of  the  sanitary  condition 
of  the  atmosphere.  A  glass  or  other  surface  which  has 
been  exposed  for  some  time  in  an  unventilated  bedroom, 
when  washed  with  pure  water  will  show  in  the  washings 
the  presence  of  a  readily  determinable  (|uantity  of  am- 
monia; but  the  attempt  to  demonstrate  the  relative 
purity  of  atmospheres  bj^  the  quantit3'  deposited  on 
equal  and  similar  surfaces  in  equal  periods  of  exposure 
meets  with  failui-e  unless  the  temperature,  the  hygro- 
metric  condition,  and  the  air  movement  are  the  same  in 
both  instances.  This  concurrence  of  similar  conditions 
is  difficult,  if  not  impossible,  to  obtain  in  practice. 

Watery  vapor  is  constant  in  its  presence  in  the  atmos- 
phere, but.  as  we  have  alreadj'  seen,  in  such  varying 
quantities  that  it  is  viewed  by  many  as  an  accidental 
constittient.  Its  importance,  however,  not  only  in  the 
preservation  of  the  purity  of  the  atmosphere,  but  as  a 
preservative  of  the  vitality  of  all  the  organisms  sub- 
merged in  it,  is  so  great  that  it  must  be  regarded  physio- 
logically as  an  essential. 

The  air  constituents  which  have  been  mentioned  must 
be  regarded,  from  the  scientilnc  and  siinitaiy  point  of 
view,  as  individually  essential  to  the  constitution  of  the 
atmosphere.  The  oxygen  is  vital  to  animals,  its  quan- 
tity being  preserved  by  the  evolution  from  vegetation 
and  the  equilibrium  established  between  these  two  king- 
doms of  nature.  The  carbonic  acid  is  vital  to  vegetation, 
being  the  source  of  the  carbon  solidified  in  its  tissues;  its 
quantity  is  preservetl  by  the  evolution  from  animals 
and  the  retrogressive  metamorphosis  of  the  organic  car- 
bon of  devitalized  tissues. 

Organic  substances  are  those  developed  b_y  the  forces 
of  life.  The)'  include  all  living  bodies  and  those  that 
have  ceased  to  live,  with  many  products  of  the  life  of  the 
one  and  of  the  decay  or  decomposition  of  the  other. 
With  the  infinite  variety  of  animal  and  vegetable  life 
constantly  before  us.  it  is  needless  to  suggest  the  com- 
plex character  of  organic  matters,  but.  notwithstanding 
this  complexity,  little  more  than  the  elements  contained 
in  air  and  water  enter  into  their  composition.  Animal 
life  depends  ou  vegetable  life  for  its  sustenance  directly, 
or  in  the  case  of  carnivorous  animals  indirectly.  Ani- 
mals cannot  combine  the  elementary  bodies,  but  these 
are  taken  by  plants  and  formed  into  organic  .substances, 
which  animals  arc  Ciqialile  of  utilizing  as  food.  So  com- 
plex are  :(11  vilalized  substances  that  but  for  the  preserv- 
ative influence  of  their  vitalitj'.  their  molecules  would 
speedily  break  up  into  simpler  forms,  and,  indeed,  when 
life  ceases  to  protect  them  their  putrefactive  decomposi- 
tion begins  immediately  and  ends  in  their  resolutimi  into 
the  very  substances  from  which  they  were  originally 
constructed.  Nature  moves  in  cycles.  Day  follows  day 
and  season  season.  The  seed  germinates  and  the  grown 
plant  matures  its  seed.  Every  generation  is  a  cyi  le,  and. 
in  the  instance  before  us,  the  elements  from  Avhieh  life 
elaborated  the  highest  organic  structures  revert  to  the 


inorganic  condition  of  carbonic  acid,  amnumia  or  nitrates, 
and  water  for  use  in  some  succeeding  cycle. 

Even  in  the  living  organism  similar  changes  take 
place.  No  machine  works  without  wear.  The  tissues  of 
the  animal  body  are  worn  by  exercise.  The  nitrogen  of 
the  worn-out  tissues  is  removed  by  the  kidneys  as  urea, 
which  speedily  becomes  converteil  into  ammonia,  while 
the  carbon  is  oxidized  and  the  resulting  carbonic  acid  is 
carried  to  the  lungs  to  be  expelled. 

During  quiet  breathing  twenty-seven  cubic  inches  of 
air  enter  the  lungs  at  each  inspiration,  and  if  the  air  be 
pure  nearly  six  of  these  cubic  inches  are  oxygen  and  onlj' 
one  one-hundredth  part  of  a  cubic  inch  carbonic  acid.  The 
air  expired  has  less  oxygen,  more  watery  vapor,  a  taint 
of  organic  matter,  and  somewhat  more  than  a  cubic  inch 
of  carbon  dioxide.  Breathed  air,  therefore,  contains  a 
hundred  times  more  carbon  dioxide  than  is  contained 
in  an  equal  volume  of  the  free  atmosphere.  The  fre- 
quency and  deiith  of  the  respiratory  acts  vary  in  the  in- 
clividual  with  his  condition  as  to  health,  exercise,  or  re- 
pose; and  as  might  be  expected,  they  vary  also  in 
different  individuals  under  the  same  or  similar  conditions. 
The  average  excretion  of  carbon  dioxide  by  the  human 
lungs  can  therefore  be  stated  only  appi^oximately.  Giv- 
ing due  consideration  to  the  experimental  results  obtained 
by  various  qualified  investigators,  its  amount  may  be 
stated  to  be  at  least  0.01  cubic  foot  per  minute.  0.6  per 
hour,  or  14.4  in  the  twenty-four  hours.  The  energy  of 
the  vital  actions  concerned  in  respiration  may  be  appre- 
ciated when  we  realize  that  in  14.4  cubic  feet  of  this  in- 
visible gas  we  have  nearly  half  a  pound  of  solid  carbon. 

Although  the  inflow  into  the  lungs  is  interrupted  by 
expiration  at  comparatively  regular  intervals,  the  absorp-. 
tion  of  oxygen  and  evolution  of  carbon  dioxide  are  con- 
inuously  in  progress.  The  inspiratory  inflow  of  27 
cubic  inches  mixes  with  the  air  already  in  the  lungs  and 
freshens  it  for  the  use  of  the  system.  Deep  breathing 
wa.shes  out  the  lungs  and  permeates  them  with  an  air 
rich  in  oxygen  and  comparatively  free  from  carbonic 
acid.  No  matter  how  pure  the  surrounding  air  may  be, 
an  individual  may  suffer  from  impure  air  in  his  lungs  if 
by  sedentary  habits,  or  other  cause,  his  breathing  be- 
comes shallow  and  insufficient. 

Allowing  16  as  the  average  number  of  respirations  per 
minute,  with  an  air  movement  of  27  cubic  inches  into  and 
out  of  the  lungs,  the  air  respired  in  an  hour  would  meas- 
ure 1.)  cubic  feet  and  in  twenty-fourhoui's360  cubic  feet, 
and  with  an  output  of  0.01  cubic  foot  of  carbon  dioxide 
per  minute  thi'  respired  air  would  contain  4  per  cent,  of 
this  gas.  From  these  data  may  becalcidated  the  amount 
of  dilution  ni'cdful  to  bring  respired  air  back  to  a  condi- 
tion of  purity  approximating  that  of  the  free  atmosphere. 
If  1.5  cubic  feet  of  breathed  air  containing  0.6  of  a  cubic 
foot,  or 4  percent,  of  carbon  dioxide,  be  uniformly  mixed 
with  99  times  its  bulk  of  air  containing  no  carbon  dioxide, 
the  0.6  cubic  foot  of  this  gas  present  would  constitute 
0.04  per  cent,  of  the  mixture;  but  in  using  atmospheric  air 
for  tlie  dilution  the  percentage  of  carbon  dioxide  in  the 
resulting  1,500  cubic  feet  would  be  nearly  0.t)8,  inasmuch 
as  each  cubic  foot  of  the  diluting  air  brings  with  it  the 
0.04  per  cent,  of  this  gas  which  it  naturally  contains. 
But  as  the  organic  taint  in  respired  air  which  has  been 
diluted  to  this  extent  is  perceptible  by  its  odor  to  one 
entering  from  the  fresh  air.  it  is  evident  that  this  dilution 
is  insufficient.  Even  when  the  carbon  dioxide  is  diluted 
to  0.07  per  cent.,  sensitive  nostrils  can  detect  the  presence 
of  the  associated  organic  matter;  but  if  the  L.^iOO  cubic 
feet  containing  0.8  per  cent,  be  further  diluted  with  an 
equal  volume  of  fresh  air  containing  0.04  per  cent,  of  car- 
bonic acid,  the  mixture  is  reduced  to  0.06  or  six  volumes 
in  10,000  volumes  of  the  air.  and  with  this  dilution  of 
3,000  cuV>ic  feet  per  hour  per  person,  .sanitarians  are 
satisfied,  except  in  the  case  of  certain  hospitals. 

It  is  easier  to  pass  8,000  cubic  feet  of  air  without 
creating  coldness  or  draughts  through  a  large  cubic 
space  per  man  than  through  a  small  one.  If  a  room  give 
only  300 cubic  feet  jier  man.  its  air  has  to  be  changed  ten 
times  in  an  hour  to  supply  the  3,000  cubic  feet  of  veu- 
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tilation.  If  it  give  1,000  cubic  feet  per  man,  the  air  lias 
to  bf  changotl  only  three  times.  A  linear  iutiow  of  less 
than  two  feet  per  second  is  impereeiitlble.  With  tun 
feel  of  current  air  tiie  area  of  the  intlow  to  deliver  the 
3,000  cubic  feet  would  be  60  square  inches. 

The  amount  of  carbonic  acid  in  a  sample  of  air  is  de 
terniined  by  ailding  a  known  (plant ity  of  lime  or  baryta 
water  to  the  air  in  a  large  glass  bottle  or  jar,  and  there- 
after linding  how  much  of  the  hydro.xide  has  been  con- 
verted into  carbonate.  The  practical  details  are  as  fol- 
lows : 

iMakeau  o.xalic  acid  solution  (2.8G4  per  litre  or  10-,"„  o.\- 
alicacid  +  12  Aq.),  1  c.c.  of  whichiseciuivaleiit  to  1  nigm. 
CO».  Make  al.soacaii.stic  baryta  or  lime  solution  of  eiiniv- 
aleutstreugth.  Transferthc  alkaline  solution  for  storage 
until  required  for  use  to  small  bottles  each  holding  about 
60  c.c.  (two-ounce  vials),  each  of  which  is  corked 
securely  and  weighed,  and  the  total  weight  of  the  bottle 
and  its  contents  marked  upon  the  label.  The  air  to  be 
examined  is  collected  in  a  clean  and  perfectly  dry  glass 
bottle  or  narrow-mouthed  jar.  of  known  capacity.  Ten- 
litre  bottles  are  large  enough  to  give  accurate  results. 
A  small  bellows  with  a  rubber  tube  on  its  nozzle  is  con 
veniently  used  in  tilling  the  jar  with  the  air  to  be  e.\ 
amine<l,  but  care  must  be  taken  that  the  air  entering  by 
the  valve  of  the  bellows  is  not  contaminated  by  any 
direct  resiiiratory  streams  from  individuals  |ireseni.  .\s 
soon  as  the  change  of  air  has  been  efTected.  one  of  the 
prepared  baryta  vials  is  uncorked  and  its  contents  |ioiire(l 
into  the  jar,  which  is  then  clo.sedby  an  accurately  ground 
stopper,  or  preferably  by  a  tightly  fitting  rubber  cork. 
The  baryta  solution  is  then  shaken  in  tiie  jar,  and  made 
to  How  all  over  its  interior  to  promote  its  contact  with 
the  contained  air;  but  to  insure  thorough  ab.sori)tion  of 
the  carbonic  acid  the  jar  is  usually  permitted  to  stand 
anlil  llu^  following  day  before  determining  the  loss  of 
alkalinity.  Meanwhile  the  volume  of  the  air  o]ieratcd 
on  is  ascertained  from  observations  made  at  the  time  the 
air  was  collected.  The  height  of  the  barometer  and  of 
the  dry  and  wet  bulb  thermometers  or  the  dew  point 
must  be  known,  as  well  as  the  quantity  of  bartya  .solu- 
tion introduced  into  the  jar.  The  last  is  obtained  by 
neighing  the  now  empty  vial  in  which  it  was  stored  and 
deducting  this  weight  from  the  gross  weight  marked  on 
the  label.  The  quantity  in  grammes  of  the  baryta  solu 
tion  employed  must  be  deducted  as  cubic  ceiitiinetres 
from  the  known  capacity  of  the  jar.  But  in  order  that 
the  experimental  results  may  be  susceptible  of  comi)ari- 
son,  it  is  necessary  to  express  the  air  volume  in  the  space 
which  it  would  occujiy  when  dry  at  0°  Centigrade  and 
under  a  pressure  of  760  mm.  of  mercury.  Increased 
pressure  diminishes  the  volume  of  air.  increased  tempera- 
ture expands  it;  and  the  pressure  of  the  watery  vajior 
present  must  also  be  taken  into  account.  The  tempera- 
ture observations  furnish  the  dew  point,  and  through  it. 
from  the  observations  of  Regnault.  the  pressure  or  ten- 
sion of  the  aqueous  vapor  may  be  obtained.  If  ;/  re[)re- 
sents  this  pres.sure,  t.  the  temperature  in  Centigrade 
degrees,  /*  tlie  barometric  height  in  millimetres,  and  V 
the  capacity  of  the  jar,  minus  the  number  of  cubic  cen- 
timetres of  baryta  solution  introduced,  the  corrected 
volume  will  be  equal  to 

V  {h  -  p)  373 
(273  +  0  T60 

If  the  observations  have  been  made  on  Fahrenheit's 
scale  ami  in  barometric  inches  the  formula  is: 

y  (b-p)  491 
29.92  (491+ rf/) 

in  which  (//  is  the  number  of  degrees  Ijctweeii  32°  F.  and 
the  observed  temperature. 

When  baryta  solution  is  used  to  absorb  the  carboiii<' 
acid,  the  action  may  be  considered  completed  in  half  an 
hour;  but  with  lime  water  it  is  better  to  susjiend  further 
proceedings  until  next  day.  Then  take,  sjiy,  20  c.c.  from 
the  jar,  add  ])heiioliihtIialein,  and  drop  in  the  o.xalic  solu- 


tion from  a  burette  until  the  color  is  discharged.  The 
lo.ss  of  alkalinity  in  (•iilii(-  centimetres  —  milligrams  of 
CO...  in  the 20  c.c.  of  the  solution  tested,  from  which  ihe 
('().j  absorbed  by  the  whole  of  the  baryta  solution  may 
be  calculated  =  milligrams  of  CO.^  in  "the  air  collected. 
Convert  weight  of  CO.j  into  volume  by  multiplying  by 
0..573,  and  for  luirpo.ses  of  com])arisoii  calculate  it  into 
volumes  jjcr  Itt.tlOOof  the  corrected  air.  It  niusl  be  men 
tioiii'd,  however,  that  the  volume  of  carbonic  acid  found 
by  this  experiment  is  not  all  carbonic  ini|iurily,  liut  in- 
cludes that  which  is  naturally  present  in  the  atmos- 
phere. When  the  result  of  a  contemporaneous  experi- 
ment on  the  external  air  has  been  deducted  from  it.  the 
remainder  will  indicate  the  carbonic  impurity  or  the  car- 
bonic acid  due  to  inqierfcct  ventilation. 

Au  easily  ajiplieil  method  of  ascertaining  whether  a 
given  air  contains  more  than  a  certain  numlier  of  volumes 
of  carbonic  acid  per  ten  thous;ind  is  based  on  the  turbid- 
ity caused  in  linii'  water  by  the  ])reeipitaled  carbonate. 
If  a  half  ounce  of  this  liquid  is  shaken  up  in  an  eight- 
ounce  vial  tilled  with  the  air  to  be  examined,  the  appear- 
ance of  turbidity  indi<'ates  the  presence  (jf  eight  or  more 
volumes  of  carbonic  acid  in  ten  thousjind  volumes  of  the 
air,  and  that  the  arrangements  for  ventilation  in  the 
apartments  which  furnished  the  air  are  not  as  satisfac- 
tory as  could  be  wished.  Bottles  of  various  sizes  are 
used  by  the  operator  conducting  this,  the  /io?/n,/inld 
iiiithnd  of  .SUN //(in/  (III-  iiniilj/xifi.  and  from  the  ca])acity  of 
the  bottle  in  which  a  ju.st  vi.sible  turbidity  is  produced 
the  volumes  of  carbonic  acid  per  ten  thousand  become 
known. 

In  another  method,  the  miiiuneliic,  air  is  introduced  in 
small  quantity  into  a  vial  containing  lime  or  baryta  solu- 
tion, which  is  well  shaken,  with  gradual  additions  of  the 
air,  until  the  liquid  shows  a  certain  loss  of  transparency, 
when  the  carbonic  acid  is  calculated  from  the  quantity 
of  air  needful  to  the  production  of  this  result. 

These,  although  pretty  cxiierimeiits,  and  described  in 
full  by  most  sanitary  writers,  have  not  come  into  general 
use,  because  they  are  not  re(iuired.  As  they  yield  results 
which  are  only  approximative,  they  cannot  take  the  place 
of  the  accurate  determination  needful  in  a  scientific  in- 
(pnry,  while,  as  rougli-and  ready  methods,  their  results 
convey  no  more  information  of  jiraclical  value  than 
may  be  gathered  unpretentiously  by  the  sense  of  smell. 
A  well-ventilated  room  should  not  have  more  than  one 
or  two  volumes  per  ten  tliousiind  inexce.ssof  llieexternal 
air.  eipialling  a  total  of  five  or  six  volumes.  When  the 
carbonic  acid  amounts  to  seven  volumes,  a  want  of  fresh- 
ness is  recognized  on  entering.  When  nine,  ten,  or  more 
volumes  are  ]jresent,  the  organic  otlor  becomes  manifest. 

Although  the  carbonic  acid,  as  has  been  stated,  is  gen- 
erally accepted  as  a  measure  of  the  res|piialoiv  impurity, 
it  is  not  an  accurate  one,  for  it  is  more  readily  diH'used 
and  carried  off  by  ventilating  current  than  the  organic 
exhalations  which  accompany  it  from  the  human  sy.stem. 
Whence  it  comes  that  the  continued  occupancy  of  an 
apartment  may  give  rise  to  organic  odors  in  its  atmos- 
pher(^  although  carbonic  acid  may  not  be  present  in  large 
quantity.  The  exhalation  appears  to  adhere  to  walls  and 
other  surfaces,  and  textures,  anil  to  reiniire  time  for  its 
dissipation. 

But,  while  the  carbonic  acid  is  not  an  accurate  meas- 
ure of  the  organic  contamination  in  the  air  of  occupied 
buildings,  its  estimation  alTords  the  best  means  of  testing 
l/ii;  (Jfirii'Dri/  of  the  eeiitiliitiuii.  Sanitary  inspectors  do 
not  recognize  tliis  fact.  Sanitary  chemists  have  not 
brought  it  prominently  into  notice.  When  ipiestioiis  of 
ventilation  are  to  be  .settled,  Cassida's  air  meter  is  used, 
and  the  air  movement  is  calculated  from  its  indications 
and  the  areas  of  intlow  and  exit.  The  inspector  shows 
that  so  much  air  haseiitered  or  that  so  much  has  escaped, 
to  b(-  re]ilaced  of  necessity  by  a  corresponding  volume 
of  fresh  air  through  the  inflow  ducts.  But  this  is  not 
eiKUigh.  It  must  be  .shown  that  the  air  introduced  has 
elTccted  the  purpose  for  whi<h  it  was  introduced.  This 
may  be  done  by  a  c;ilculation  based  on  the  amount  of 
carbonic  impurity  found  by  experiment.     The  capacity 
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of  till-  room  must  be  ascertaiiu'd,  and  in  oxact  calcula- 
tions deduction  should  be  made  for  the  body  bulk  of  the 
occupants  and  for  the  furnilure.  The  time  during 
which  the  deterioration  has  l)een  going  on  is  another 
factor  entering  into  tlic  ealcnlatiou. 

The  carbonic  evolution,  0.01  cubic  foot  per  minute  or 
0.6  per  liovir  per  person,  multiplied  by  the  number  of 
minutes  or  hours,  gives  the  amount  of  the  carbonic  im- 
purity expired.  When  this  is  divided  liy  the  carbonic 
impurity  foimd  by  experiment  in  ten  thousand  volumes 
of  the  air.  the  quotient  multiplied  by  ten  thousand  will 
express,  in  cubic  feet,  the  volume  of  the  air  witli  whicli 
the  respiratory  products  have  been  diluted.  But.  as  the 
air  volume  in  the  room  has  contributed  to  the  dilution, 
its  capacity  has  to  be  deducted  from  the  total  to  obtain 
the  amount  of  the  inllow.  Thus,  if  the  data  consist  of 
20  iiersons.  3  hours  in  a  room  having  a  capacity  of 
10,000  cubic  feet,  the  air  on  analysis  showing  14.5  vol- 
umes or  a  respiratory  impurity  of  11  volumes,  as  a 
parallel  experiment  on  the  external  air  indicates  the 
presence  of  3.5  volumes. 

.6  X  20  X  3  =  36  cubic  feet  of  carbonic  acid  cxiiired. 
11  :  10.000  ::  36  ;  32,727  cubic  feet  of  air  concerned  in 

the  dilution. 
32,727  -  10,000  in  room  =  22,727  inflow. 
22,727  -f-  3  =  7,576  cubic  feet  inflow  per  hour. 
7,576  -^  20  =  379  cubic  feet  per  hour  per  person. 

In  practice  it  is  often  found  that  the  iutiow,  as  deter- 
mined by  the  anemometer,  is  much  greater  than  that  ob- 
tained from  the  chemical  results.  That  the  air  enters  is 
certain,  and  tliat  it  fails  to  be  utilized  in  diluting  the  ex- 
pired air  is  equally  so.  In  one  of  the  schools  of  Wash- 
ington. D.  C,  800  cubic  feet  per  minute  entered  the 
room,  while  but  324  cubic  feet  contributed  to  the  ven- 
tilation. The  cause  in  this  instance  was  manifest.  The 
temperature  of  the  inllow  Avas  so  great  that  the  air  rose 
immediately  to  the  ceiling,  whence  it  was  drawn  off  by 
the  lowered  windows  and  foul-air  flues. 

Impvrities  in  Air. — Carbonic  acid  in  air,  while  essen- 
tial to  vegetable  life,  must  be  regarded  as  an  accidental 
impurity  in  its  relations  to  animal  life  when  present  in 
any  locality  in  excess  of  that  found  in  the  free  atmos- 
phere. The  sources  from  which  the  carbonic  acid  is 
derived  often  yield  with  it  other  and  more  dangerous 
substances.  These  sources  are.  first,  combustion  for 
artificial  warmth  and  lighting;  second,  the  resolution  or 
dissipation  of  dead  organic  matter,  and,  third,  tlie  resolu- 
tion or  dissipation  of  the  tissues  of  living  animals  by  the 
respiratory  process. 

Products  of  imperfect  oxidation  are  associated  with 
the  carbon  dioxide  from  the  comliustion  of  fuel.  A  lamp 
or  fire  smokes  and  smells  when  its  oxygen  or  air  supply 
is  insutficient.  The  smoke  is  unoxidized  carbon  and  the 
smell  an  emanation  from  transition  jjroducts.  The 
dangerous  product  in  tlie  combustion  of  fuel  is  carbon 
monoxide.  This  colorless  and  inodorous  gas  is  highly 
poisonous,  entering  the  blood  and  rendering  the  red  cor- 
puscles incapable  of  performing  their  functions  even 
though  pure  air  be  afterward  supplied.  Death  is  the 
result  of  asphyxia.  In  rooms  heated  by  stoves  the 
headache,  languor,  and  oppression  occasionally  produced 
are  due  to  the  escape  of  this  with  other  gaseous  products 
through  the  open  stove  doors,  leaky  joints,  and  turned 
dampers.  Some  experiments  of  St.  Claire  Deville  and 
Troost  indicated  that  the  carbon  monoxide  might  even 
pass  through  the  pores  of  cast  iron  when  the  metal  be- 
came strongly  heated.  The  French  Academy,  therefore, 
•caused  an  investigation  to  be  made  of  this  subject,  and 
the  conclusion  was  reached  that  this  dangerous  gas  does 
pass  through  the  metal  when  its  temperature  reaches  a 
dark-red  heat.  Since  these  experiments,  air  heated  by 
furnaces  or  cast-iron  stoves  has  been  regarded  as  injuri- 
ous. But  doubt  lias  been  thrown  upon  the  results  of  the 
Prcncli  chemists  by  several  later  experimenters,  and 
particularly  by  Professor  Remsen.  who  has  shown  some 
possible  sources  of  error,  and  who.  having  ijuarded 
against  these,  has  concluded  that,  while  carbon monoxitle 
may  be  present  in  the  air  of  furnace-heated  rooms,  it 


must  exist  in  <iuantities  so  minute  that  it  is  questionable 
if  it  can  act  injuriously  on  the  health  of  those  who 
breathe  it. 

Tlie  deadly  nature  of  tenter  r/as  as  compared  with  coal 
gas  is  due  to  its  larger  projiortion  of  carbon  monoxide. 
Coal  gas  contains  less  than  ten  per  cent.,  while  water  gas 
contains  thirty  to  forty  per  cent.  Water  gas  is  manu- 
factured by  playing  steam  on  glowing  coke  or  charcoal, 
the  products  being  carbon  dioxide,  carbon  monoxide,  and 
h_ydrogen.  Tlie  number  of  deaths  from  leakage  of  gas 
has  been  greatly  increased  since  the  introduction  of  water 
gas.  Where  one  death  was  formerly  rejiorted  in  a  given 
time  and  population,  there  are  now  twenty-five  to  thirty 
deaths. 

In  connection  with  local  accumulations  of  these  gases 
it  should  be  remembered  that  they  are  explosive  when 
mixed  with  air.  It  is  therefore  dangerous  to  strike  a 
light  in  the  room  of  a  gas  suicide  or  to  look  for  a  gas 
leak  in  a  cellar  or  basement  until  after  some  ventilation 
has  been  effected.  A  mixture  of  one  gas  to  eight  air  is 
most  violent  in  its  explosion.  With  one  to  four  there  is 
not  enough  air  for  explosion,  and  with  one  to  twelve 
there  is  not  enough  gas. 

The  evolution  of  carbonic  acid  into  the  air  of  a  room 
during  the  combustion  of  illuminating  gas  or  oil  is  gen- 
erally underestimated  in  considering  the  carbonic  im- 
purity of  occupied  rooms.  Parkes  states  tliat  one  cubic 
foot  of  gas  consumed  in  an  hour  produces  as  much  as  the 
respiration  of  one  person.  One  oil  burner  consuming 
four  ounces  of  illuminating  oil  per  hour  is  allowed  in 
United  States  barracks  for  every  ten  soldiers.  The  oil 
consumed  pervades  the  barrack  room  with  somewhat 
more  carbonic  acid  than  is  expired  by  the  ten  men.  The 
necessity  for  increased  ventilation  must  be  considered 
with  the  presence  of  each  lamp  or  gas  jet. 

Carbureted  hydrogen  and  stdphurous  acid  are  liber- 
ated during  combustion,  but  in  such  small  quantities 
that  they  need  not  be  considered  as  affecting  health. 

Associated  with  the  carbon  dioxide  derived  from  the 
oxidation  of  the  carbon  of  dead  and  decomposing  organic 
matters  on  the  surface  of  the  earth,  sometimes  aggre- 
gated locally  into  manure  piles,  cesspools,  vaults,  drams, 
and  sewers,  are  certain  compounds  intermediate  in  com- 
position between  the  complex  organic  matter  in  jirocess 
of  putrefaction  and  the  simply  constituted  organic  sub- 
stances which  are  the  result  of  the  completed  oxidation. 
The  sulphur  present  in  certain  tissues  becomes  converted 
into  hydrogen  or  ammonium  sulphide,  while  among  the 
nitrogenous  products  are  many  foul  smelling  and  harm- 
ful gases  and  vapors  of  anammoniacal  character:  hydro- 
carbons also  are  formed.  Formerly  the  reversion  of 
organic  matter  to  the  inorganic  condition  was  suppo.sed 
to  be  due  to  the  purely  chemical  process  of  oxidation  by 
the  oxygen  of  tlie  air.  Decomposition  was  regarded  as 
a  slow  oxidation  at  a  low  tem])erature.  as  combustion 
was  a  rapid  oxidation  at  a  high  temperature;  but  when 
Pasteur  showed  that  meat  could  be  preserved  from 
putrefaction  when  exposed  to  the  air.  provided  the  air 
was  first  filtered  through  cotton  wool,  this  cliemieal 
theory  of  decomposition  had  to  be  abandoned.  Ulti- 
mately the  saprophytic  bacteria  were  discovered,  and 
now  these  are  recognized  as  so  universiilly  present  and 
so  essential  to  the  dispositl  of  organic  matter  that  they 
cannot  be  regarded  as  an  iminirity  in  the  air.  They  arc 
the  means  to  an  end.  one  of  the  great  links  in  the  endless 
chain  of  life,  and  as  imjiortant  in  the  wonderful  scheme 
of  creation  as  the  carbon  dioxide  wliicli  they  prepare  for 
the  future  growth  of  vegclation. 

The  action  of  the  suljihur  gases  on  the  animal  system 
has  been  demonstrated  experimentally  by  Barker  on 
dogs  and  other  small  animals.  Hydrogen  sulphide  pro- 
duces vomiting  and  diarrhoea,  prostration  and  coma, 
which,  like  the  effects  of  carbon  monoxide,  persist  after 
removal  from  the  contaminated  atmosphere.  The  ex- 
haustion and  coma  continue,  and  death  results  if  the  im- 
pression fixed  on  the  lilood  is  sulficiently  powerful.  But. 
while  this  occurred  in  the  subjects  of  Dr.  Barker's  ex- 
periments, it  is  well  known  that  men  may  breathe  with 
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impuiiily  for  a  time  a  sulpliureted  atmosphere  many 
timt'S  stroiiircrtlian  tlioseciiiploycd  tiy  liiiii.  Ammonium 
sulphiilc.  aiciirilinir  to  tliis  fxpc-riim-ntcr,  rauscd  von\it- 
injr  an<l  tVlirili' aclion.  quickl^v  I'ollouoil  Ijy  the  dcvclo])- 
mi'nt  iilu  lyplioiil  condition.  In  fact,  lie  considi-icd  the 
!iyihoi:i-n  sulplndc  .similar  in  il.s  action  to  tlic  jioison  of 
Ivphus.  anil  amnioninm  sulphide  to  that  of  typhoid  fever. 

Ciifonic  |>oisonins  hy  liydiotren  sidphide  mainfests 
itself,  according  to  some  observations,  by  gradual  jiros 
tration,  emaciation,  and  auamiia.  with  headache,  foul 
ti>iif;ue.  anorexia,  and  the  occasional  erujiticin'of  boils, 
Imt  it  is  not  certain  that  these  symptoms  are  due  to  this 
j;as  and  not  to  orjratiie  vapors  wliich  accompany  it. 

The  aelion  of  the  more  c(/iiiplix  (>rr/<(nir  nipiirs  jriven  off 
liming  decomposition  has  not  been  deternuiwd.  The 
dogs  subjected  by  Dr.  Barker  to  cesspool  air  were  all 
more  or  less  alTected.  the  symptoms  being  those  of  in- 
testinal derangement  with  prostration,  heat  of  surface, 
<lislaste  for  food,  and  those  general  signs  which  mark  the 
milder  forms  of  continued  fever  common  to  "the  dirty 
and  ill  veiililated  hollies  of  the  lower  classes  of  the  com- 
munity." I5ut  the  siilphur  compounds  already  men 
tioned  contributed  to  these  results. 

I'Lven  the  constitution  of  these  organic  vapors  is  not 
known  with  certainty.  Dr.  Odling  distilled  half  a  gallon 
of  the  licpiid  contents  of  a  cesspool  until  all  volatile  mat- 
ters had  come  over.  He  treated  the  fetid  ammoniacal 
<iistilhite  with  liydrochloric  acid,  and  afterward  precijii- 
tated  with  platinum.  The  platinoehlorides  of  the  or- 
ganic'alkalies  were  founil  to  crystallize  in  well  (letined, 
rtatteneil.  orange  colored  tablets,  evidently  not  the 
platinochloride  of  ammonium.  Incineration  of  this 
platinum  salt  yielded  41.30  per  cent,  of  tlie  metal,  while 
the  platinoehlorides  of  ammonium,  methylaminc.  and 
etliyiainine  gave  respectively.  44.36,  41.64,  and  39.40  per 
cent,  of  platininn.  The  salt  formed  from  the  carba- 
(iiiDiKiiiiiini/  nipors  was  analogous  in  composition  to  that 
formed  with  methylamine.  But  inasmuch  as  the  crystals 
were  more  like  thos<'  f)f  the  ethyl  salt,  and  as  a  mixture 
of  the  etliylamine  and  ammonium  salts  would  correspond 
in  percentage  composition  to  that  obtained  from  the  dis- 
tillate, lie  supposed  that  the  sewage  emanations  were 
ammoniacal  and  ethylic. 

A  .series  of  experiments  made  by  the  wiiter  has  shown 
that  the  volatile  matters  evolved  during  the  fermentative 
clianges  in  organic  substances  are  of  two  dill'ereiit  char- 
acters, the  one  vaporous  and  ethylic.  but  not  containing 
nitrogen  if  se])araleil  from  the  anunonia  with  which  it 
is  volatilized  and  condensed,  and  the  other  vulatile,  car- 
bonaceous, and  solid,  concreting  on  distillation  into 
white,  soft,  and  greasy  particles.  The  former  has  a  dull, 
mawkish,  not  positively  unpleasant,  odor,  the  latter  a 
strong  and  intensely  disagreeable  smell. 

JIarsli  gas,  a  colorless,  inodorous,  and,  fortunati'ly, 
non  poisonous  gas.  is  largely  formed  as  a  transition  jnod 
net  in  the  decomposition  of  vegetable  matter.  It  is 
evolved  in  the  gradual  transformation  of  wood  into  coal, 
constituting  in  mines  the  "  tire  damp  "  which  is  the  occa- 
sion of  so  many  disastrous  explosions.  It  explodes,  in 
the  presence  of  Hame.  when  forming  only  one-eighteenth 
of  the  air  of  the  mine.  The  restdting  gases,  carlion 
dioxide,  nitrogen,  and  vapor  of  water,  constitute  the 
"afterdamp"  or  "choke  damp"  which  sutTocates  those 
miners  who  have  not  been  killed  outright  by  the  explo- 
sion. 

Associated  with  the  carbon  dio.xide  of  respiration  are 
certain  organic  exhalations  which  differ  in  constitution, 
according  to  the  efficiency  or  imperfection  of  the  oxida- 
tion in  the  tissues.  In  diseased  conditions  of  the  body 
theseexlialationsare  thrownout  in  greater  quantity  than 
in  health  and  the  infection  of  disease  in  some  instances 
accompanies  them.  They  are  exhaled  not  only  from  the 
Inngs.  but  also  along  with  the  perspiration  from  the 
pores  of  tlu'  skin,  Tlie  quantity  of  organic  matter  thus 
eliminated  lias  not  been  determined,  but  is  known  to  be 
small.  It  does  not  dilfuse  like  a  gas  into  the  atuKisphere. 
but  floats,  when  there  are  no  currents  to  disturb  it,  like 
an  odorous  but  invisible  cloud.     If  evolved  into  the  air 


of  a  close  room  its  amount  is  proportioned  to  that  of  tlie 
carbon  dioxide  exhaled  by  the  o(-cupants,  in  the  absence, 
of  course,  of  any  other  output  of  this  gas.  As  vapor  of 
water  is  deposited  from  a  Kitiirated  iiir.  so  these  organic 
clouds  become  similarly  condensed  on  walls,  furniture, 
han.gings.  bedding,  clothing,  and  other  cxjiosed  articles. 
In  a  room  .sjit m'ated  witli  organic  exhalations  the  mere 
renewal  of  the  air  does  not  dissipate  the  taint,  for  the 
renewed  air  becomes  immediately  alTected  by  the  vola- 
tilization of  the  organic  deposits.  The  necessity  for  a 
Ihonnigli  aenition  is  obvious. 

The  evilelfects  of  breathing  respired  air  are  attributed 
to  tiie.se  organi(^  matters.  JIany  experiments  have  liceii 
made  on  fliis  subject,  the  most  striking  of  which  are 
tliose  by  Brown-Sei|Uard  and  d'Arsonval.  reported  in 
1889.  They  (?onnectcd  a  series  of  four  air-tight  cages  by 
means  of  rubber  tubing  and  asjiirated  a  steady  current 
of  air  through  them.  In  each  cage  was  a  rabiiit.  The 
animal  in  the  last  cage  of  the  series  breathed  the  air 
which  contained  the  respiratory  products  of  the  animals 
in  the  other  cages,  while  the  animal  in  the  first  cage  was 
supplied  with  pure  air.  After  a  time  the  animal  in  the 
last  cage  died  as  a  result  of  its  continement  in  the  im- 
pure air,  and  a  few  hours  later  that  in  the  cage  next  to  the 
last  also  succumbed.  The  iinnatesof  the  tirstand  second 
cages  survived.  On  placing  an  absorption  tube  between 
tlie  third  and  fourth  cages,  the  animal  in  the  last  cage 
survived  the  experiment,  while  that  in  the;  third  cage 
died.  This  seemed  to.indicate  thtit  the  toxic  sulistance 
in  the  air  was  destroyed  by  the  sulphuric  acid  and  was 
therefore  probably  organic  matter.  These  experiments 
were  repeated,  with  the  same  results,  liy  IMerkcl  in  1893. 
In  a  Smithsonian  contribution,  liowever,  by  Drs.  Billings 
and  S.  W.  Mitchell,  published  in  1895,  it  is  contended 
from  some  experiments  made  under  their  direction  that 
in  the  air  expired  by  healthy  mice,  rabbits,  etc.,  there  is 
no  peculiar  organic  matter  which  is  poisonous  to  the 
animals  mentioned,  or  wliich  tends  to  [iroduce  in  them 
any  special  form  of  disease,  and  that  it  is  very  inqirob- 
able  that  the  minute  quantity  of  organic  matter  con- 
tained in  the  air  exjiircd  from  human  lungs  has  any 
deleterious  influence  u]ion  persons  who  inhale  it  in  ordi- 
nary rooms.  They  concluded  also  that  the  discomfort 
produced  by  crowded,  ill  ventilated  rooms  in  per.sons  not 
accustomed  to  them  is  not  due  to  excess  of  carbonic 
acid,  nor  to  bacteria,  nor  in  most  cases  to  dusts  of  any 
kind,  the  two  great  cau.scs  of  such  discomfort  being  ex- 
cessive temperature  and  unpleasant  odors.  These  odors, 
it  is  said,  may  in  part  be  due  to  volatile  products  of  de- 
composition contained  in  the  exjiired  air  of  persons  having 
decayed  teeth,  foul  mouths,  or  certain  disorders  of  the 
digestive  apparatus,  and  thi'y  are  due  in  jiart  to  volatile 
fatty  acids  given  off  with,  or  iiroduced  from,  the  excre- 
tions of  the  skin,  and  from  clothing  soiled  with  such  ex- 
cretions. They  may  produce  nausea  and  other  disagree- 
able sensations  in  specially  susceptible  persons,  but 
most  men  soon  become  accustomed  to  them  and  cease 
to  notice  them,  as  they  will  do  with  regard  to  the  odor 
of  a  smoking  car  or  of  a  soap  factor}-  after  they  have 
been  for  some  time  in  the  place. 

There  are  no  microorganisms  in  the  air  in  the  lungs. 
They  are  filtered  out  of  the  inspired  air,  or  captured 
in  niucns  anil  ciliated  out  liefore  they  can  reach  the 
])ulinonary  cells.  We  know  this  to  be  the  case  be- 
cause when  there  is  no  break  in  the  skin  in  an  injury  to 
the  lung  from  a  fractured  rib.  we  may  have  emphysema 
and  pneumothorax  with  hemorrhage,  but  no  pleurisy. 
Besides  this.  Tyndall  showed  by  tiie  electric  beam  the 
freedom  of  the  expired  air  from  particulate  matter. 

But  that  evil  consequences  do  follow  overcrowding 
and  its  necessarily  vitiated  air  is  well  known.  Every 
schoolboy  knows  the  history  of  the  Black  Hole  of  Cal- 
cutta. The  tyiihus  fever  which  formerly  ravaged  the 
tenements  of  cities  and  the  jirisons.  barracks,  camps,  and 
ships  of  all  nations,  is  recognized  as  having  been  propa- 
gated by  the  noisome  exhalations  in  unventilated  and 
overcrowded  quarters.  Indeed,  it  may  be  said  that  not 
only  has  typhus  fever  been  banished  from  civilized  com 
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muuities.  but  that  the  malignancy  of  many  and  the 
prevalence  of  all  tlic  infectious  diseases  have  been  lessened 
liv  a  iveoynition  of  their  connection  with  organic  exhala- 
tions from  the  Imnum  body. 

But  evil  eoiise(|Ueneesof  a  lighter  grade  are  also  recog- 
nized as  the  legitimate  otlsijring  of  vitiated  air.  The 
breathing  of  air  that  has  already  been  breathed  gives 
rise  in  succession  to  feelings  of  languor  and  heaviness, 
headache,  dulness  of  mind,  drowsiness,  dizziness  and 
faintness.  sometimes  nausea  and,  if  continued,  feverish 
ness.  These  symptoms  indicate  a  poisoning  of  the  blood 
by  organic  matters  wliicli  would  not  be  present  in  it  with 
free  supplies  of  air  to  wash  them  away.  The  brain  is  the 
first  of  the  organs  to  feel  the  etfects  of  the  tainted  blood. 
The  mental  inaptitude  of  children  after  two  or  three 
hours  in  a  close  schoolroom  is  easily  understood.  The 
waste  organic  matters  retained  in  the  blood  are  not 
necessarily  absorbetl  from  the  contaminated  air.  They 
may  be  due  in  great  part  to  a  suppression  of  the  regular 
exhalations  and  a  consequent  retention  of  matters  which 
ought  to  have  been  exhaled.  As  with  moisture  in  air  so 
with  these  organic  exhalations.  The  air  when  saturated 
refuses  to  take  up  more.  Again,  their  retention  in  the 
blood  interferes  with  the  oxidation  which  .should  go  on 
in  the  tissues;  and  the  transition  products  that  are 
formed,  being  also  retained,  add  seriously  to  the  disor- 
dered condition.  The  individual  becomes  poisoned  by 
products  of  his  own  living  processes. 

The  human  system,  however,  appears  to  accommodate 
itself  to  a  certain  degree  of  impurity  in  the  air,  so  that, 
after  a  time,  the  breathing  of  such  air  ceases  to  occasion 
the  feelings  of  acute  discomfort  that  have  been  mentioned. 
But  in  tlieir  stead  a  depressed  condition  of  the  system 
is  developed,  manifested  by  pallor  of  countenance  and 
loss  of  ajipetite,  strength,  and  spirits.  The  vitality  of 
the  individual  is  lessened.  Every  draught  becomes  dan- 
gerous to  him,  and  even  the  chill  from  a  wall  or  closed 
window  may  cause  serious  sickness.  He  becomes  a  ready 
victim  to  consumption  if  the  germ  of  that  disease  is  pres- 
ent, as  is  so  frequently  the  case  in  the  crowded  dwellings 
of  the  poor  in  our  large  cities.  Health,  in  fact,  liecomes 
broken  and  the  nervous  system  prostrated,  a  condition 
in  which  a  resort  to  alcoholic  stimulants  often  gives 
temporary  reliefs  at  the  expense  of  a  more  rapidly  fatal 
issue. 

Besides  the  gases  and  vapors  already  mentioned  there 
are  many  particulate  bodies,  living  and  dead,  organic 
and  mineral,  floating  in  the  atmosphere.  All  are  acci- 
dental and  therefore  impurities.  A  few  years  ago,  Pro- 
fessor Tyndall  made  use  of  an  electric  beam  as  a  search- 
light for  floating  particles.  In  pure  air,  made  so  by 
specially  filtering  it.  the  track  of  tlie  ray  is  invisible,  but 
in  the  free  atmosphere  it  is  defined  with  more  or  k'ss 
brightness  by  retlectiou  from  particles  ordinarily  in  visiljle. 
If  the  electric  beam  were  passed  through  the  air  of  many 
of  our  rooms,  we  would  hesitate  to  inhale  the  aerial 
turbidity  which  it  would  reveal.  The  lower  strata  of 
the  air  are  tilled  with  such  impiu'ities,  but  air  at  a  height 
of  six  hundred  feet  is  comparatively  pure  in  this  respect. 
The  smoke  clouds,  consisting  of  particles  of  imburned  C'ar- 
l)on  which  hover  over  manufacturing  cities,  seldom  rise 
higher  than  this. 

It  is  impossible  to  do  more  than  outline  these  floating 
particles  in  the  most  general  way,  because  everything  on 
the  face  of  the  earth  is  suscejitible  of  being  ground  into 
dust  and  of  being  swept  up  by  atmosjiheric  currents. 
Matters,  indeed,  of  an  extra-terrestrial  origin  are  present 
in  the  form  of  dust  derived  from  the  destruction  of 
meteors  in  their  passage  through  the  atmosphere.  The 
inorganic  dust  consists  ehiefiy  of  carbon  particles, 
amorphous  silicates,  irregular  fragments  of  hard  mineral 
substances,  and  salts  of  lime,  potash,  soda,  and  ammonia. 
The  organic  dust  includes  the  detritus  of  decaying  vege- 
tation, starch  cells,  epidermal  hairs,  filaments  from  the 
]iappus  of  the  Composilic,  pollen  grains,  and  disintegrated 
woody  tissue.  The  animal  kingdom  also  is  represented 
in  the  dust  by  fibres  of  wool,  plumletsof  feathers,  butter- 
flv  scales,  and  other  debris  of  insect  life,  together  with 


occasionally  epidermal  and  epithelial  scales.  Sapro- 
phytic bacteria  are  present,  and  in  certain  localities 
pathogenic  bacteria,  as  the  bacilli  of  tuberculosis,  bubonic 
plague,  pneumonia,  etc.  Locality  and  season  influence 
the  quantity  and  character  of  these  impurities.  Natu- 
rally air  which  blows  over  a  long  stretch  of  land  contains 
more  than  sea  air.  Cotton  is  found  in  nearly  every  sample 
of  autumnal  air  in  the  Southern  States.  Pollen  grains, 
on  many  occasions,  have  given  a  yellow  color  to  the  rain- 
fall. Autumnal  catarrh,  sometimes  called  hay  fever, 
which  afitects  so  many  people  at  a  certain  period  of  the 
year,  is  attributed  by  most  medical  men  to  this  impuritv. 
Susceptible  iudividuals  avoid  attack  by  getting  away 
from  the  pollen  laden  air.  Crystals  of  sodium  chhiride 
are  notably  present  in  the  air  of  the  seacoast.  while  in 
that  of  cities  we  find  carbon  particles  and  crystals  of 
ammoniimi  sulphate  from  the  combustion  of  coal.  The 
air  of  houses  contains  fragments  of  the  fibres  of  clothing 
and  epidermal  scales,  while  that  of  hospitals,  workshops, 
factories,  mines,  etc.,  is  charged  with  particles  varying 
in  character  with  the  occupancy  and  work.  Sand  and 
other  mineral  substances  are  irritant  from  their  hardness 
and  angularity.  They  induce  irritation  of  the  eyes  and 
air  passages,  predisposing  to  consumption  and  pneu- 
monia. Workmen  in  the  dust-producing  trades,  such  as 
stone-cutters,  steel-grinders,  potters,  etc.,  frequently 
suffer  from  lung  diseases.  Sanitarians  have  given  ear 
nest  attention  to  this  subject  with  a  view  to  lessening 
sickness  and  mortality. 

But  in  many  instances,  according  to  the  nature  of  the 
mineral  particles,  etfects  are  produced  other  than  those 
due  to  their  physical  characters.  Lead-miners  and  paint- 
ers are  liable  to  colic,  wrist  drop,  and  serious  disease  of 
the  brain  from  the  absorption  of  the  inhaled  particles  into 
the  blood.  In  this  instance,  as  in  all  atmospheres  con- 
taminated with  absorbable  matters,  the  evil  arises  not 
alone  from  that  which  is  inhaled,  but  as  well  from  that 
taken  into  the  mouth  and  swallowed  either  directly  from 
the  air  or  by  eating  with  unwashed  hands  which  are 
tainted  with  the  dust.  Arsenical  dust  also  is  in.iurions 
w'hen  inhaled  or  swallowed,  and  not  only  do  the  workers 
in  arsenical  pigments  sulTer,  but  many  of  those  who  li\'e 
in  rooms  lined  with  arsenical  wallpaper. 

Sometimes  the  inorganic  matters  pervade  the  atmos- 
phere of  localities  in  the  form  of  vapor,  as  in  factories 
where  phosphorus  or  mercury  is  in  constant  use. 

The  earliest  observations  on  the  impurities  of  air  were 
made  on  condensations  gathered  from  the  outside  of  a 
vessel  containing  ice.  Subsequently  experiments  were 
made  on  water  which  had  been  shaken  with  successive 
volumes  of  air.  In  both  cases  a  li(}uid  was  obtained 
which  putrified  readily  and  in  which  the  presence  of  liv- 
ing organisms  could  lie  identified.  R.  A.  Smith  Avas  per- 
haps the  first  to  use  the  latter  method.  He  put  one  hun- 
dred and  fifty  drops  of  pure  water  in  a  small  vial  contain- 
ing air  from  a  cow  stable.  He  shook  the  bottle  that  the 
water  might  entangle  and  wash  out  all  particles  of  solid 
matter  from  the  air.  He  renewed  the  air;  and  this  he  did 
five  hundred  times.  When  he  examineil  the  water  under 
the  microscope,  he  was  astonished  at  the  immense  niun- 
ber  of  spores  which  were  visible,  along  with  many  other 
matters  organic  and  mineral  ;  and  afterward  many  ani- 
malcules of  various  kinds  were  developed  in  it. 

At  tlie  present  time  aerial  organic  matter  is  investigat- 
ed microscopically,  biologically,  and  chemically.  Solid 
particles  for  microscopic  study  are  caught  on  a  glass  slide 
lightly  coated  with  glycerin.  The  general  characters 
of  atmospheric  impurities  may  be  ascertained  by  an  ex- 
amination of  the  rain  or  snow,  for  all  those  impurities 
that  are  not  dissolved  or  al>sorbed  by  the  rain  are  w  aslu'd 
down  by  it.  Btit  for  evaporation,  condensation,  and  rain 
fall,  the  inhabitants  of  the  earth  wovdd  speedily  besliHeil 
in  the  dust  swept  up  by  the  atmospheric  currents.  Dis 
tant  objects,  hazy  and  indistinct  in  a  dry  siunnier  air. 
become  sharply  outlined  in  a  |nirified  rain-washed  atmos- 
phere. In  rain  water  susinnded  iinimrities  may  be  seen 
with  the  naked  eye.  and  in  the  gradual  melting  of  a  pure 
white  mantle  of  snow  the  stain  made  l)v  its  entangled 
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impurities  will  appear  before  it  has  shrunk  to  half  its 
original  thickness. 

The  biological  examination  resolves  itself  into  a  deter- 
mination of  the  number  of  bacterial  colonies  ami  other 
micro  (iri.Miii.sms  in  a  given  volume  of  the  air.  withcul 
lure  experiments  for  the  study  of  sjjecies.  Ollicial  olj 
servations  at  the  Montsouris  Observatory  near  Paris, 
Franci'.  have  shown  that  there  are  few  bacteria  in  the  air 
in  winter,  and  that  the  numbers  increase  throu.irli  s|)ring 
and  summer  to  over  one  hundred  per  cubic  metre  in  the 
autiunn.  The  air  of  city  streets  is  densely  charged  with 
bacteria.  The  atmosphere  is  purer  in  this  respect  in 
its  upper  strata:  air  collected  at  over  six  tliousand  feet 
is  practically  tree  from  bacteria  and  moidds. 

Chemistry  has  done  but  little  to  perfect  the  organic 
analysis  of  air.  With  known  methods  of  analysis  the 
results  obtained  by  the  expenditure  of  much  time  and 
<arc  are  of  small  value.  If  an  air  specimen  contains  an 
nnnsual  amount  of  the  organic  elements,  it  may  be  cor- 
rectly considered  as  impure,  but  the  nature  of  the  im- 
])nrit_v  is  not  delined.  ,  The  carbon  estimated  may  have 
been  a  harmless  liartiele  of  soot,  or  in  part  it  may  have 
be<-n  essential  to  the  spread  of  a  deadly  disease.  Never- 
theless, analyses  are  made  as  a  matter  of  ollicial  routine 
by  sanitary  officers  in  England  and  France.  The  organic 
substances  are  absorbed  by  asjiirating  large  volumes  of 
the  air  through  a  small  volume  of  distilled  water,  and 
the  licpiid  menstruum  is  then  investigated  by  the  ])roe- 
esses  of  water  analysis.  Professor  Hemsen,  of  the  Johns 
Hopkins  Univer.sity,  Baltimore.  Md.,  endeavored  to  im- 
prove on  this  process  by  tiltering  the  air  throtigb  jiow 
dered  and  moistened  ptimice  before  passing  it  in  tine  bull 
liles  lhr<uigli  the  distilled  water.  He  thus  showed  that, 
so  far  as  could  be  determined  by  chemical  means,  all 
nitrogenous  matter  was  retained  by  the  filter.  But,  as 
germs  or  miero.scopic  organisms  might  have  passed 
through  without  thus  showing  their  presence  in  the  ab 
sorbing  liquid,  owing  to  the  necessarily  minute  trace  of 
nitrogen  in  them,  the  present  writer  carried  out  a  series 
of  experiments  which  determined,  first,  that  the  nitrog 
cnous  matter  of  air,  excluding  ammonia  from  consi<lera 
tion.  is  particulate;  second,  that  it  consi.^ts  in  large  part 
■of  micro-organisms;  and  third,  that  filtration  through 
Austrian  glass  wool  effects  their  removal  from  the  pass- 
ing air.  The  experiments  were  conducted  in  a  sterilized 
api>aratiis.  The  air  was  drawn  through  a  short  glass 
tube  1  em,  in  diameter,  lightly  packed  for  two  or  three 
inches  of  its  length  with  the  glass  wool.  From  this  it 
was  ]iassed  in  tine  division  through  distilled  water. 
.\tter  this  it  was  mixed  with  steam  generated  from  a 
<libite  solution  of  alkaline  permanganate  of  potash,  the 
mixture  immediately  entering  the  tube  of  a  Liebig's  con 
<lenser,  where  the  steam  was  deposited,  carrying  down 
with  it,  after  nature's  process  of  air  purification  by  the 
rainfall,  any  micro-organisms  which  might  have  escaped 
removal  by  filtration  or  absorption.  The  dilticulties  in 
the  way  fif  sterilizing  the  various  parts  of  this  apiiaratus 
were  such  that  the  first  experiments,  which  gave  s|K'edy 
develoiiineiits  in  culture  liquiils  tainted  by  tlie  filter,  the 
absorbing  licjuid,  and  the  condensate,  were  regafded  only 
as  the  practical  expression  of  these  diflieulties.  The 
experiments  were  repeated  with  precautions  suggested 
as  neees.sary  by  the  previous  experience,  and  tdtimately 
success  attended  them. 

One  of  the  processes  of  water  analysis  to  which  these 
mutters  were  subjected  involved  the  distillation  of  the 
ammonia  which  was  jiresent  in  the  liciuid.  and  its  estima- 
tion liy  the  calorimelrie  mi'tbod  with  Nes.sler's  solution. 
Annnonia  gives,  with  this  test  solution,  a  faint  straw- 
yellow  color,  which  deepens,  in  proportion  to  the  amount 
of  annnonia  present,  to  a  dark  sherry  brown,  or  to  a  dark 
haziness  or  distinct  precipitate.  But  it  not  uiifre(pieiitly 
happened  that  in  testing  for  ammonia  in  the  distillate 
from  the  pure  water  in  which  the  glass  wool  containing 
the  organic  matter  of  the  air  was  suspemled.  as  well  as 
in  that  from  the  absorliing  licpiid  which  contained  most 
of  the  ammonia,  and  in  that  from  the  condensate  which 
contained  but  a  trace,  a  citron-green  color  was  produced 


which  masked  the  ammonia  reaction  and  rendered  its 
estimation  impossible.  Dr  Kidder,  of  the  navy,  ob- 
served this  interference  with  the  ammonia  coloration, 
and  attributi'd  it  to  the  iiresiiice  ol  substances  evolved 
in  the  putrefaction  of  organic  matter.  He  concluded 
from  the  few  exiierimcnts  he  made  that  the  amines  are 
not  neeessiiiily  concerned  in  its  ju'oduetion,  as  he  found 
that  butyric  acid  gave  a  somewhat  similar  interference 
to  that  met  with  in  the  exi)eriments  on  air  washings. 
But  the  haziness  with  which  the  presence  of  butyric  acid 
masks  the  true  ammonia  color  is  not  the  citron-green 
coloration  which  .so  frequently  occurs  in  the  analysis  of 
fold  airs.  This  is  due  to  the  presence  of  an  ethyl  com- 
pound which  is  given  off  from  the  carbohydiates  «  Idle 
undergoing  change.  It  may  be  obtained  trie  from  the 
ammonia  which  ordinarily  accompanies  it  and  obscures 
its  reaction  by  submitting  the  liquid  containing  lioth 
to  the  process  of  nitrification.  It  may  also  be  obtained 
from  ammonia  and  free  glucose,  and  from  starch,  cane 
sugar,  tannin,  salicin,  etc.,  after  treatment  with  heat  and 
acids  (see  M'ntei-  Aiinli/m'.s). 

In  some  of  the  ex]ieriments  referred  to,  an  air  volume 
of  1110  litres  was  passed  through  the  interior  of  a  glass 
globe  which  contained  liquid  sewage  and  silt,  garbage, 
or  other  foul  and  decomposing  materials,  and  then 
through  the  glass  wool  filter,  absorber,  and  condenser  to 
remove  the  matters  with  which  it  had  become  contami 
iiated.  Culture  experiments  showed  tlie  satisfactory 
removal  by  the  filter  of  all  germs  and  nitrogenous  mat- 
ters, ammonia  excepted,  and  chemical  tests  determined 
approximately  the  (piantity  of  organic  matter  thus  re- 
moved. In  some  in.stances  a  second  air  volume  of  100 
litres  was  drawn  over  the  organic  matter  in  the  globe, 
and  the  results  obtained  from  the  filter  through  which 
it  was  afterward  passed  did  not  differ  from  those  of  the 
first  experiment  on  the  .same  organic  matter.  From 
these  experiments  the  conclusion  appears  admissible  that 
the  volume  of  air  which  is  contaminated  by  a  certain 
decomposing  organic  mass  is  th<'  volume  which  comes  in 
contact  with  it.  If  no  air  is  drawn  through  the  foul 
glolie,  only  that  which  is  contained  in  it  is  rendered  im- 
pure. This  air  has  its  oxygen  in  time  replaced  by  the 
foul  smelling  gases  of  decomposition.  Evaporation  takes 
place  from  the  contained  Hcpiid  until  the  stagnant  and 
enclosed  air  becomes  saturated.  The  ascensional  force 
of  evaporation  carries  from  the  smeared  and  half-dried 
sides  of  the  globe,  and  from  the  unsubmerged  solids 
within  it,  some  of  the  innumerable  micro-organisms  with 
which  they  are  pervadeil,  and  the  air  becomes  charged 
with  organic  particle's  to  an  extent  projKirtioned  to  its 
temperature  and  hygrometric  condition.  If  a  volume  of 
air  is  drawn  through  the  globe,  it  will  be  contaminated 
by  organic  matters  carried  away  by  its  own  movement 
and  1-iy  the  increased  activity  of  evaporation  produced  liy 
it.  If  a  second  volume  is  drawn  through,  it  will  he 
contaminated  in  like  manner,  and  to  the  same  extent,  if 
the  volume,  rapidity  of  passage',  temix-rature.  and  hygro- 
tnetrie  condition  are  the  same  in  liotli  instances;  and  so 
for  a  third,  a  fourth,  or  more  vohunes,  until  the  decom- 
jiosing  mass  has  bi'come  changed  by  their  agency.  This 
is  recognized  practically  in  sanitary  work.  The  dead 
are  buried  that  their  decomposition  may  not  contaminate 
t  he  atmo.sphere.  For  the  .same  reason  .irarbage  is  collected 
and  removed.  A  receptacle  for  foul-smelling  and  fer- 
menting matters  is  less  of  a  nuisance  and  less  dangerous 
to  health  when  fitted  with  an  airtight  cover  than  when 
freely  exposed  to  the  air.  for  in  the  latter  case  every 
volume  of  air  which  comes  in  contact  with  it  is  a  volume 
of  air  polluted.  Sanitary  officials  in  growing  cities  jiro 
test  against  the  continued  existence  of  small  surface 
streams  which  of  necessity  pass  into  the  condition  of 
ojien  .sewers,  tainting  every  volume  of  air  which  comes 
in  contact  with  their  foulness.  These  are  bricked  over 
and  the  air  is  preserved  from  the  impure  contact.  But 
in  the  construction  of  regular  systems  of  seweraire  pro 
vision  is  made  for  this  contact  under  the  name  of  ventila 
tion.  The  sewers  are  tapped  at  regular  intervals  along 
the  streets  for  the  exit  of  the  contaminated  air.     From 
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the  present  poiut  of  view  this  ri'ittihition  of  tlu  seircrs  is 
(if  (Hiestioual)le  benelit.  The  volume  of  air  rendered 
impure,  and  possibly  danireroiis,  is  proportioned  to  the 
ihoroiighiH'ss  of  the"  ventilation.  Sulphuretcd  gases 
may  be  diluted,  and  the  onttlowiug  air  be  free  from  dis- 
agi'eeable  odors,  but  the  very  air  movement  whieli  effects 
this  may  raise  inrisilile  clouds  of  fermentative  and  mor- 
bific agencies  from  the  foul  interior.  Evperiments  on 
this  point  woidd  be  of  value.  Those  mentioned  above 
indicate  that  the  communication  with  the  outerair  should 
onlv  lie  such  as  is  needful  to  relieve  tension  and  prevent 
the"  forcing  of  seals,  and  that  these  air  holes  should  be 
guarded  by  some  filtering  material.  But  since  the  vol- 
inue  of  air  wliich  becomes  contaminated  is  tliat  which 
comes  in  contact  with  the  fermenting  material,  it  may  be 
reduced  as  well  by  diminisliing  the  extent  of  the  impure 
surface  as  by  cutting  off  tlic  vi'iitilation.  Hence  sewers 
of  small  size,  as  in  what  is  known  as  the  .separate  system, 
are  to  be  preferred,  on  sanitary  grounds,  to  the  large 
ramifying  tuimcls  of  the  comljiued  .system.  The  foul 
airs  which  arise  from  sewer  apertures  are  matters  of 
everyday  observation.  If  well  diluted  with  air  they 
mavnotalfect  the  sense  of  smell,  but  ihey  rise,  never- 
theless, from  the  grated  covers  on  our  streets,  and  maj' 
be  seen,  by  the  vapor  precipitated  from  them,  as  an  up- 
rising column  in  weather  which  clouds  the  air  of  respira- 
tion llhrown  out  from  the  lungs.  With  open  streets  and 
lively  breezes  it  is  probable  that  these  exhalations  are 
dissipated,  or  rather  diluted,  to  harmlessness,  but  in  en- 
closed spaces  and  stagnant  atmospheres  the  sewer  air, 
which  is  so  carefully  excluded  from  living  rooms  by  in- 
telligent plumbing,  may  enter  as  fresh  air  through  open 
windowsand  apertures  specially  devised  for  its  admission. 

Sewer  air  is  atmosplieric  air  with  its  oxygen  diminished 
and  its  carbonic  acid  increased  to  from  ten  to  tifty  vol- 
umes per  ten  thousand,  and  with  taints  or  notable  amoimts 
of  marsh  gas,  hydrogen  sulphide,  ammonium  sulphide, 
and  amines  or  compound  ammonias  in  wliich  one  or  more 
atoms  of  hydrogen  are  replaced  by  a  positive  radicle, 
methyl,  ethyl,  amyl,  etc.  Cesspool  air  has  an  excess  of 
these  foul-smelling  constituents,  for  the  contents  of  a  cess- 
pool continue  to  putrefy,  while  the  sewage  in  a  well-con- 
structed system  of  sewerage  should  be  carried  away  be- 
fore putrefaction  sets  in.  Each  of  the  impurities  in 
sewer  air  is  harmful  when  breathed  in  strength,  but  not 
specially  dangerous  when  diluted  with  atmosjiheric  air, 
for  it  is  well  known  that  men  whose  occupations  bring 
them  into  contact  with  this  contaminated  air  do  not 
suffer  specially  from  disease.  But  sewer  air.  like  re- 
spired air,  contains  organic  matter,  and  the  propagation 
of  certain  infectious  diseases,  particularly  tyjihoid  fever, 
has  been  attrilnited  to  the  presence  of  their  causative 
agencies  in  the  organic  exhalations. 

Dr.  William  Budil  insisted  on  the  harmlessness  of  hu 
man  excreta  uidess  infected  by  a  previous  case  of  typhoid 
fever,  but  Mmcliison  taught  the  doctrine  of  pythogenesis 
or  filth  origin,  irrespective  of  any  previous  case,  and  his 
doctrine  prevailed  for  many  years.  Hence  the  slightest 
flaw  in  a  system  of  sewage  removal  was  accepted  as  an 
ex|)lanation  in  full  of  the  presence  of  ty|ih<iid  fever. 
The  sanitary  order  of  the  day  thereafter  insisted  on  im- 
proved methods  of  sewage  removal,  and  much  good  was 
thereby  effected.  Cleanliness  and  dry-eartli  systems 
benefited  the  country,  and  "plumbing  regulations"  gave 
city  houses  protection  against  sewer  air.  notwithstanding 
their  intimate  connection  with  tlic  sewers.  These  hidden 
and  tiKi  (iftcn  uncared-for  con<ltiits  were  insjiected,  re- 
liairi'd.  tluslied,  and  ventilated  until  their  air  became 
purer  than  that  of  many  city  teneinents.  At  this  time 
no  one  seemed  to  ol)serve  that  the  evidence  against  sewer 
air  as  reganls  typhoid  fever  consisted  only  of  assump- 
tion and  assertion.  "Wlien  the  sewers  and  house  drains, 
the  soil  pi|iesand  the  traps  were  foimd  to  be  perfect,  the 
tyjihoid  fe\er  element  of  sewer  air  was  assumed  to  be 
so  |ienetrating  that  coming  up  from  the  sewers  it  wovdd 
saturate  tlie  water  in  a  trap  an<l  be  exhaled  into  a  closet 
from  the  upper  surface  of  the  water;  and  if  the  closet 
was  30  situated  that  its  air  could  communicate  with  that 


of  a  living  room  or  a  bedroom,  a  case  of  tyjihoid  fever 
was  considered  satisfactorily  accotmted  for.  ritimately 
the  jirojiagation  of  the  disease  by  a  contaminated  water 
supply  and  the  discovery  of  the  typhoid  bacillus  made 
the  innocence  of  sewer  air  evident  in  maiy,'  cases  in 
which  it  had  been  tried  hastily  and  condemned  unjustly. 

Sewer  air  is.  however,  ah\ays  jiutrefactive  and  some 
times  specifically  infective.  In  the  wide  streets  of  a 
well  ventilated  city,  the  bacteria  in  its  sewer  air.  when 
diffused  into  the  atmosphere  at  large  through  ventilators, 
are  carried  away,  dried  up,  and  deprived  of  their  vitality 
before  they  have  opportunity  of  doing  harm ;  but  as  we 
may  have  vitiated  air  from  the  lungs  in  an  unventilated 
room,  so  we  may  have  vitiated  air  from  the  sewers  in  un- 
ventilated streets.  The  air  of  narrow  streets  in  densely 
built  localities  where  there  is  little  air  movement,  as  is 
often  t.iie  case  in  summer,  maj'  liccome  tainted  with  the 
putrefactions  and  infections  of  the  sewers,  and  an  epi- 
demic constitution  of  the  atmosphere  may  thus  find  ark 
actual  existence,  manifesting  itself  by  an  unusual  jireva- 
lence  of  diarrhoeal  or  specific  diseases. 

The  air  of  dwellings  is  sometimes  contaminated  with 
ground  or  cellar  air  dra\\n  uji  through  a  porous  soil  by 
the  greater  warmth  of  the  li\ing  rooms.  Ground  air 
contains  more  carbon  dioxide  in  summer  than  in  winter 
on  account  of  the  influence  of  heat  in  promoting  dccom- 
jiosition  of  organic  matters  in  the  soil.  In  general  terms 
it  contains  in  summer  more  and  in  winter  less  than  one  per 
cent,  of  this  gas,  or  one  hundred  volumes  in  ten  thousand 
of  the  air.  It  may  also  be  contaminated  by  other  products 
of  decomposition,  together  with  forms  of  bacterial  life,  for 
it  remains  to  be  jiroved  that  such  particulate  nitrogenous 
substances  are  removed  by  a  filtration  through  the  loose 
jioresof  the  soil  in  which  they  are  multiplying.  Besides, 
in  this  question,  evap'iration  from  the  surface  is  involved 
as  well  as  filtration  through  the  substance.  The  jiassage 
of  air  through  and  from  the  soil  jiromotes  evaporation 
from  the  surface,  which  may  carry  with  it  microscopic 
forms  of  life.  Hence  may  be  inferred  the  inadvisaliility 
of  furnishing  cellar  air  or  air  introduced  by  tunnels  into- 
a  building  for  purposes  of  ventilation.  This  applies  in 
particular  to  buildings  erected  on  nxidf  ground.  In  fact, 
cellars,  in  default  of  an  impermeable  lining,  should  have 
a  free  circulation  of  air  sejiarate  from  the  ventilation 
system  of  the  superimjiosed  building 

Charles  Smart. 

AIR  EMBOLISM.     See  Emh-lixm. 

AIR    PASSAGES.    FOREIGN    BODIES   IN.— Nose — 

The  jux'senee  of  foreign  bodies  in  the  nose  '  is  of  common 
occiurence.  The  list  •  of  them  comprises  extraneous 
substances  introduced  either  through  accident  or  design 
by  infants  or  insane  adults ;  sequestra  of  diseased  bone ; 
and  parasites.  They  may  also  enter  the  nasal  cavities 
from  behind,  during  the  act  of  vomiting  or  of  choking, 
or  in  jiaralysis  of  the  soft  jialate.  Rarely,  as  in  gunshot 
wound,  they  may  j)ass  through  the  walls  of  the  nasal 
cavity  from  without.  The  history  of  those  of  the  first 
variety  is  usually  as  follows:  A  child  of  about  two.  old 
enough  to  creep  but  not  sufficiently  intelligent  to  know 
better,  thrusts  some  small,  rounded  object,  such  as  a 
bean  or  a  shoe-button,  which  it  has  found  ujion  the  floor, 
into  its  nostril.  If  the  child  be  not  caught  in  the  act  the 
body  may  escajie  immediate  detection.  Soon  symjiloms 
of  chronic  inflammation  are  established.  Tliese  are  con- 
fined to  the  n<istril  in  which  the  body  is.  and  continue 
until  it  is  remov<'d.  the  irritation  often  being  severe  and 
the  discharge  exceedingly  fetid.  The  mucous  membnwe 
adjacent  to  the  foreign  body  is  in  a  condition  of  sujier- 
ficial  erosion.  The  body,  if  too  firmly  imjiacted  to  be 
dislodged  by  simjily  blowing  the  nose,  remains  fixed, 
usually  in  the  inferior  meatus,  until  removed  by  the 
surgeon.  Removal  should  be  attemjited  by  means  of 
a  hooked  jirobe  or  fine  forceps,  the  sensitiveness  of  the 
nasal  cavity  being  borne  in  mind,  and  the  renio\al  of  the 
body  carefully  accomjilished  after  complete  local  anaes- 
thesia of  the  nasal  cavity  lias  been  obtained,  either  by 
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cocaine  or  by  the  extract  of  suprarenal  capsule.  Copious 
hemorrhage,  lasting  two  or  three  minutes,  often  follows. 
but  is  generally  of  lillle  moment.  The  nostril  should  be 
washed  several  times  a  day  with  a  weaU  disinfeelant. 
In  four  or  five  days  the  membrane  will  often  have  healed 
so  completely  that  no  trace  of  trouble  can  be  seen .  the 
discharge  ceases  entirely,  and  the  cvire  is  complete.  The 
possibility  of  the  presence  of  a  foreign  body  in  all  cases 
of  fetid  discharge  coutiucd  to  one  nostril  should  always 
be  rcmcmliered,  and,  the  nostril  hii\  lug  been  cleansed 
with  a  warm  douche,  examination  should  be  made  with 
probe  and  siieculum.  If  the  object  be  lodged  far  back- 
ward, care  should  be  taken  in  removiug  it  not  to  allow 
it  to  fall  into  the  larynx.  Rhinolilhs-'  are  merely  calculi 
formed  by  an  accumulation  of  the  earthy  salts  of  the 
na.siil  secretions  aromid  some  foreign  body  or  ins[)issatcd 
mucus.  Their  presence  has  given  rise  to  such  irritation 
that  they  have  been  mistaken  for  cancer.  Careful  ex- 
amination and  the  history  of  the  case  will  easily  establish 
the  diagnosis.  If  theconereti<in  be  too  large  to  be  readily 
remiivcd  it  should  first  be  crushed.  Foreign  bodies  of 
this  nature  are  rarely  met  with,  although  one  is  reijorted 
which  weighed  seven  hundred  and  twenty  grains.  Se- 
questra of  bcme,  particularly  in  tertiary  syphilis,  some 
times  remain  in  the  nasal  cavity  after  their  separation. 
thus  acting  as  foreign  bodies.  They  must  lie  thoroughly 
removed  i>reliminary  to  further  local  treatment. 

Pdi-nsilis. — In  tropical  countries,  seldom  elsewhere, 
various  kinds  of  tiies.  of  the  order  Miixn'dii'.  luay  enter 
the  nasal  cavity,  preferably  of  a  patient  suftering  from 
catarrh,  and  there  deposit  eggs.-"  These  arc  (juickly 
hatched,  causing  in  succes.siou  irritability,  tickling,  and 
sneezing;  later,  formication,  bloody  discharges,  and 
epistaxis.  with  oedema  of  the  face,  eyelids,  and  jialate; 
excruciating  pain,  generally  frontal;  insonmia,  and  if 
the  condition  be  unrelieved,  convulsions,  coma,  and 
death.  Sometimes  the  larva^  are  sneezed  out,  or  may  be 
seen  on  examination  of  the  parts.  This  will,  of  course, 
establish  the  diagnosis.  Destruction  causeil  by  th<'  larv:e 
may  extend  to  the  mucous  membrane,  the  cartilages, 
and  even  the  bones  of  the  head;  the  ethmoid,  sphenoid, 
and  palate  bones  having  been  found  carious,  \^■llere 
the  maggots  have  entered  the  frontal  sinus  or  the 
antrum  of  llighmore,  injections  of  tobacco  <ir  alum,  or 
insufflations  of  calomel.  fi)rmerly  used,  will  be  of  little 
use.  Cliloioform  or  ether.  =■  iirefcrably  the  former,  either 
inhaled  or  driven  into  the  nasal  recesses  in  the  form  of 
sjiiay.  is  the  sovereign  remedv.  as  under  it  tlie  lar\'a'  are 
not  killed,  to  remain  in  situ  and  thus  cau.se  further 
trouble,  but  escape  with  all  haste  to  the  outer  aii. 
Meanwhile,  anodynes  should  be  given  to  allay  jiain.  and 
the  patient's  strength  .shoukl  be  carefully  sustaini'd. 

Such  measures,  however,  are  only  serviceable  wln'U 
tlie  case  is  seen  early  and  the  larva'  are  still  u])on  the 
surface  of  the  mucous  membrane.  When  they  liavi' at 
fainetl  their  fvill  develoiiment.  they  burrow  into  the 
soft  tissues,  whence  it  seems  impossible  to  extract  them 
except  by  seizing  them  bodily  and  dragging  them  out. 
If  the  desperate  character  of  the  situation  in  severe 
ca.ses  of  this  kind,  and  the  impossiliilily  of  reaching 
the  seat  of  irritation  throviirh  the  natural  (lassages. 
are  taken  into  consideration,  no  surgical  iirocedure 
which  promises  relief  can  be  thought  too  severe.  It  is 
therefore  justifiable  to  open  into  the  antrum  or  the 
frontal  sinuses  from  without,  to  perform  Rouge's  oper- 
ation, in  order  to  gain  access  to  the  upjier  part  of  the 
nasal  cavities  or  to  open  freely  into  the  ethmoid  cells. 
Several  cases  in  whicli  the  patient's  life  has  thus  been 
saved  have  been  related  to  the  w  riter  in  recent  years. 

Leeches,  ascaridcs.  earwigs,  and  centiiiedes*'  have  lieen 
fotmd  in  the  nose,  causing  insonmia.  frontid  paiti.  .sanious 
discharge  from  the  nose,  laehrvniation.  vomiting,  and, 
in  some  cases,  great  cerebral  excitement.  Sternutatories 
are  generally  sutticient  for  their  cxpid.sion. 

ToxsTi.s. — Tliree  general  varieties  of  foreign  bodies 
maybe  fotmd  in  the  tonsil:  (1)  Foreign  bodies  proper,  or 
substances  which  have  become  lodged  in  the  tonsil  dur- 
ing deglutition;  (2)  tonsillary  concretions  or  calculi;  (li) 


l)arasites.  Tlie  last  two  conditions  are  not  common:  the 
first  will  be  described  under  Foreign  Bodies  in  the 
Pharynx. 

Tonsillary  calculi  are  formed  in  the  lacuniv  of  a  chron- 
ically inllamed  tonsil  by  a  |)erverted  condition  of  the  nat 
ural  secretions,  and  their  retention  in  the  recess  through 
closure  of  its  outlet.  They  vary  in  .size,  seldom  attain- 
ing a  greater  diameter  than  three  fourths  of  an  inch,  and 
consist  of  ])hosiihale  iUid  carbonate  of  lime,  some  iron, 
soda,  and  potassa.  with  varying  iiroportions  of  mucus 
and  water.  Hence  they  tuc  not  necess:irily  of  gouty 
origin. 

The  .vynyjiIymK.  generally  not  ]irominenl.  may  be  slight 
jirickitig  of  the  throat  with,  (jceasionally,  dysphagia. 
Th(^  ju'e.sence  of  the  calculus  is  ,somctimes  directly 
irritating,  and  may  give  rise  to  (piinsy,  ulceration  of  the 
cavity,  and  abscess.  Frequently,  however,  the  symp- 
toms are  retlex  in  character.  This  is  especiidly  true 
with  relation  to  the  ear.  in  which  organ  the  existence 
of  a  calcidus  may  be  associated  with  various  forms  of 
otic  congestion  and  with  tinnitus. 

J)iii;/iii/.iix.  by  ocular  examination  or  by  the  use  of  the 
judbe.  is  usuaily  easy,  and  so  also  is  the  removal  of  the 
calcidus  by  means  of  a  forceps.  Sometimes,  however, 
the  ma.ss  is  so  completely  covered  that  it  is  only  seen 
after  careful  exploration  with  the  probe  or  even  after 
the  actual  removal  of  the  tonsil.  In  most  cases  the 
latter  ojieiat ion  will  albnil  the  most  c<-rtain  cure.  Very 
rarely,  hydatids  and  triihoeephali  have  been  found  in  the 
tonsil. 

I'ii.\HVNX. — Foreign  bodies  are  very  often  arrested  in 
the  pharynx,  and  the  variety  of  these  bodies  is  very  great. 
Certain  individuals  seem  especially  liable  to  Hiis  accident, 
either  from  carelessness  in  eating,  from  in.sensibility  of 
the  parts,  or  from  some  unusual  irregularity  in  the 
liharyngeal  walls.  Foreign  bodies  of  large  size  generally 
lodge  in  the  lower  |)art  of  the  cavity,  where  the  cricoid 
aiiil  arytenoid  cartilages  project  backward,  or  lietweeu 
the  base  of  the  tongue  and  the  epiglottis.  Small  and 
sharp-pointed  bodies  may  become  fixed  at  any  part  of 
the  pharynx,  particularly  in  the  tonsils,  on  account  of 
their  exposed  position  and  the  irregularity  of  their  sur- 
face. They  may  also  be  entangled  in  the  jiillars  of  the 
velum,  or  in  the  lateral  folds  of  the  cavity.  A  large 
body  may  be  found  stretching  acro.ss  the  wlioli-  w  idth  of 
the  pharynx. 

Si/iii/if<iiii!<. — Tlie.se  are  local  pain,  dysphagia,  ami  more 
or  less  inflammation,  with  occasionally  ulceration  or 
abscess  of  the  pharynx;  but  generally  there  is  simply 
localized  intiammation  and  irritation.  If  an  abscess  be 
formed,  the  foreign  body  may  escape  through  a  fistulous 
npening  in  the  neck,  or  it  may  jierforatc  somi'  imjiorfant 
blood-vessel,  or  may  even  penetrati'  the  intc-rverleliral 
substance  and  cause  caries  of  the  verteliral  bodies. 

Intiammation  of  the  pharynx  may  give  rise  to  dysp- 
niea,  while  a  large  foreign  body  may  cause  suffocation 
by  obstructing  the  entrance  to  the  larynx. 

The  (UagnoKis  can  generally  be  established  by  the  his- 
tory of  tlie  case,  and  by  inspection  of  the  ]diarynx. 
Nervous  patients  often  insist  upon  the  presence  of  a 
foreign  body  in  the  throat,  despite  all  assurances  to  the 
contrary,  particularly  if  the  pharynx  be  sensitive,  or  if 
ill  a  certain  jioint  there  is  an  inllamed  lymph  gland,  or 
if.  as  often  hapjiens.  a  hard  substaiie<'  may  have  <-auseil 
a  slight  laceration  of  the  mucous  nieniljiane  while  being 
swallowed. 

Treafmevt. — Tlu'  pati<'nl's  tongue  should  be  well  de- 
pressed, and  the  uii)ier  parts  of  the  pharynx  <-arefully 
examined  in  a  strong  light.  If  the  foreign  body  does 
not  then  appear,  search  should  be  made  for  it.  with  the 
aid  of  the  laryngoseoiie.  in  tlw  region  of  the  base  of  the 
tongue,  the  "glosso.e]iiglottic  siiiu.ses.  and  the  upjier 
liortion  of  the  larynx.  If  [iresent.  it  will  generally  be 
f(nind  without  mu'ch  dilliculty,  and  should  be  removed 
by  the  finger  or  by  a  suitable  forceps  or  probang.  If 
dyspna-a  be  urgent,  inimediafe  surgical  interference,  of 
a"  nature  suited  to  the  special  features  of  the  case, — 
either  tracheotomy,  thyrotomy,  or,  possibly,  some  form 
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of  subhyoidoan  plmryugotomy, —  may  be  required.     The 

sensjitioiis  of  the  patient  are  often  unreliable,  and  the 
feelint;'  of  irritation  caused  by  the  presence  of  the  bod}' 
may  etmtinue  for  a  lonj;  while  after  its  removal.  This 
is  relieved  by  swallowini:  small  lumps  of  iee,  and  later, 
if  necessiiry,  by  the  applieatiou  of  astringents  and,  in 
some  cases,  by  galvanism. 

L.\RYNX. — By  reason  of  the  danger  to  life  which  at- 
tends the  lodgment  of  a  foreign  body  in  the  larvn.x,  this 
condition  becomes  one  of  the  most  important  in  surgery. 
The  variety  of  objects  found  is  infinite,  and  may  be  thus 
divided:  Alimentary  matters,  introduced  during  masti- 
cation, in  the  act  of  laughing  or  talking,  in  deglutition, 
or  in  inspiration  during  vomiting;  metallic  bodies,  such 
as  coins,  buttons,  puff  darts.'  etc. ;  teeth,  artificial  or 
natural :  necrosed  bone "  from  neighboring  regions,  as 
from  the  nose  in  tertiary  syphilis:  and  fragments  of  the 
laryngeal  cartilages  themselves,  as  thrown  off  in  the  late 
stages  of  syphilis,  tvd>ereulosis,  and  cancer  of  the  larynx. 
Foreign  bodies  in  the  trachea  may  pass  u]iward  and  be- 
come impacted  in  the  larynx  ;  and,  rareh',  they  may  gain 
access  to  the  larynx  directly  from  without,  by  forcible 
penetration  of  its  walls,  as  in  the  case  of  bullets.'  Again, 
the  epiglottis  may  become  incarcerated  in  the  larynx,'" 
or  occlusion  may  take  place  from  the  so-called  swallow- 
ing of  the  tongue." 

The  si/i/iptnms  vary  with  the  size  and  position  of  the  ob- 
ject. Thus  a  large  bod.v  fixed  in  the  rima  glottidis  may, 
unl.'ss  dislodged,  cause  almost  instant  death.  Again, 
small  bodies  lodged  in  out-of-the-way  corners  may  remain 
indefinitely,  causing  nothing  more  than  cough  and  dis- 
comfort. Dyspnoea  may  occur  days  after  the  entrance 
of  a  foreign  body,  from  inflammation  and  tumefaction  of 
the  soft  parts  of  the  larynx,  and  danger  from  the  presence 
of  a  foreign  body  ma.v  suddenly  Ix'come  imminent  from 
alteration  in  the  position  of  the  liody.  Great  ]ieril  some- 
times arises  from  violent  spasm  of  the  glottis,  due  to  irri- 
tation caused  by  the  foi'eigu  body.  ]SIental  anxictj'  and 
localized  pain  are  prominent  symptoms  in  cases  in  which 
the  accident  does  not  immediately  threaten  life,  but  is 
followed  by  inflammation  which  rajiidly  becomes  active. 

Acautious/>/'«/;»«/,«  must  be  ,given.  even  after  removal 
of  the  bod}',  as  long  as  there  are  any  symjjtoms  of  local 
inflammation.  The  diagrwsis  is  established  by  the  history 
of  the  case,  verified  or  otherwise  by  laryngoscoiiic  ex- 
amination. The  greatest  difficulties  arise  with  children 
too  young  to  express  themselves,  in  whom  pain  in  the 
throat  and  symptoms  resembling  croup  will  often  be 
the  only  indications  obtainable.  Here  the  use  of  the 
laryngosope  or  direct  inspection  of  the  larynx  as  practised 
by  Kirstein  will  be  indispensable. 

Treatment. — The  offending  body  should,  of  course,  be 
at  once  removed;  if  possible,  through  the  natural  jias- 
sages  and  by  means  of  the  laryngeal  forceps,  aided  by 
the  laryngoscope,  in  case  the  symptoms  are  not  urgent. 
Removal  maybe  facilitated  by  placing  the  patient  on  his 
back  upon  a  table,  with  the  head  hanging  over  the  edge 
of  the  table,  in  which  position  the  patient  breathes 
more  easily,  and  the  law  of  gravitation  becomes  directly 
helpful.  If  asphyxia  threaten,  tracheotomy  should  be 
done  at  once,  and  the  foreign  body  afterward  extracted 
as  described  above.  Bodies  which  at  first  are  inunovable 
ma\-  sometimes  be  loosened  by  reducing  the  local  inflam 
mation.  In  rare  cases,  when  the  object  has  become 
firmly  impacted,  thyrotomy  may  become  necessary. 
A  case  is  recorded  in  which  a  needle,  transfixed  in  the 
larynx,  was  pushed  through  the  anterior  laryngeal 
wall,  and  thus  removed. '^ 

Tn.\ciiE,v  .\Nf>  BRONcm. — Any  object  which  can  pass 
through  the  rima  glottidis  may.  of  course,  find  its  way 
into  the  trachea,  in  the  same  manner  as  was  described  in 
the  paragraph  relating  to  foreign  bodies  in  the  larynx. 
Sharp  objects  lodged  in  the  cesophagus,  and  even  diseased 
bronchial  glands,  may  work  their  w-ay  through  the  walls 
of  the  trachea,  and  into  its  cavity.  It  sometimes  hap- 
pens, through  carelessness  or  by  accident,  that  parts  of 
instruments  used  in  intralaryngeal  operations,  tracheal 
cannula-,'^  laryngeal  brushes,  and  even  bits  of  solid  ni- 


trate of  silver,  drop  into  the  trachea.  If  too  large  to  enter 
either  main  bronchus,  the  body  will  probably  remain  at 
the  bifurcation.  Otherwise  it  will  pass  into  one  bron- 
chus or  the  other,  preferably  the  right,  on  account  of 
its  anatomical  position,  in  the  piroportion  of  five  to  three, 
and  thence  tra\el  indefiuitel}'  into  one  of  the  more 
remote  bronchial  divisions.  Asphyxia  may  also  be 
caused  by  the  entrance  of  water  into  the  trachea,  as  in 
drowning,  of  blood  during  a  surgical  operation,  of  pus 
from  the  bursting  of  an  abscess,  of  vomited  matter,  or  of 
litiuid  food. 

The  .<<yiiiptoiiisv{\\\  depend  upon  the  nature  of  the  bodj' 
and  its  exact  situation  in  the  lung.  Small  objects  have 
remained  encapsulated  with  mucus  for  years  without 
causing  discomfort  or  serious  residts.  Smooth,  rounded 
bodies  irritate  less  than  irregular  ones.  Inflammation 
of  the  lungs  from  a  foreign  body  may  occur,  and  at 
the  same  time  the  presence  of  such  a  body  may  be  en- 
tirely unknown.  Large  objects  and  fluids  may  cause 
death  by  instant  suffocation,  or  death  may  result  in  the 
course  of  a  few  minutes,  the  sj'mptoms  presented  being 
urgent  dyspnrea.  and  cyanosis  from  asphyxia.  The  pa- 
tient imder  these  circumstances  makes  frantic  efforts  to 
obtain  relief.  He  thrusts  his  fingers  down  his  throat,  he 
rushes  to  the  window  to  get  fresh  air,  and  he  makes 
strong  inspiratory  etforts;  and  if  aid  lie  not  speedily 
afforded,  death,  with  all  the  signs  of  asphyxia,  soon  fol- 
lows. Severe  dysjiniea.  followed  by  relief  witliout  ex- 
trusion of  the  foreign  body,  indicates  that  the  body 
has  probably  dropped  from  the  larynx  into  the  tracheii. 
Dyspnoea  is,  of  course,  more  urgent  when  the  trachea 
is  occluded  than  when  the  foreign  body  stops  onl}-  one 
bronchus.  The  body  may  change  its  position,  passing 
from  one  bronchus  to  that  of  the  opposite  side.  A  body, 
small  when  swallowed,  may  become  more  dangerous 
through  increase  in  size,  either  by  imbibition  of  water 
or  b}'  forming  the  nucleus  of  a  concretion.  Physical 
signs  due  to  the  presence  of  a  foreign  body  in  the"  lung 
may  be  altogether  wanting,  but  they  are  generally 
more  or  less  distinct.  They  are  the  following:  whis- 
tling or  flapping  sounds  at  the  point  of  lodgment, 
decreased  fremitus,  and  absence  of  respiratory  murmur 
in  the  lung  beyond.  The  diagnosis  is  often*  very  dif- 
ficult. At  or  about  the  bifurcation  the  body  may  be 
seen  with  the  laryngoscope.  The  lodgment  of  a  foreign 
body  in  the  lung  may  result  in  ]ineumonia.  tutjcrculosis, 
abscess,  or  gangrene.  Or  it  may  become  encapsidated 
and  do  no  apparent  harm.  Rarely  a  body,  generally  an 
ear  of  barley  or  other  grain,  having  formed  an  abscess 
of  the  lung,  has  been  discharged  through  the  wall  of 
the  thorax,  with  complete  recovery.'^ 

Diiiffiiiisi.1. — The  fact  that  some  foreign  body  has  been 
inhaled  should  be  established  if  i>ossiblc.  and  the  site  of 
the  body  determined.  In  children  and  incompetents, 
and  in  cases  in  which  the  dyspna'a  is  urgent,  this  may 
not  be  easy.  While  the  laryngoscope  luay  fail  to  reveal 
the  presence  of  the  foreign  body  in  the  trachea,  it  can 
at  least  furnish  satisfactory  evidence  that  the  object  in 
question  is  not  located  in  the  larynx. 

The  pivt/it'ms  is  serious;  it  depends  upon  the  nature 
of  the  foreign  liody.  the  amount  of  dyspntea.  and  the 
organic  lesions  which  may  result.  The  danger  is  greatest 
at  the  first,  and  although  it  diminishes  in  varying  de- 
gree as  time  passes,  it  is  ne\er  entirely  absent.  Even 
after  expulsion  of  the  foreign  body  death  may  occur  from 
the  organic  disease  set  up.  The  expulsion  of  one  ob- 
ject does  not.  especially  with  children,  preclude  the  pos- 
sibility of  others  remaining  in  the  lung. 

Treiitment. — The  treatment  of  foreign  bodies  in  the 
trachea  must  be  determined  by  the  circumstances  of  the 
case  and  by  the  nature  of  the  foreign  body.  When  the 
trachea  and  bronchi  are  filled  with  fluid  the  patient  shoidd 
be  placed  upon  his  back,  the  head  and  shoulders  as  low  as 
possible,  the  mouth  shovdd  be  forced  open,  the  tongue 
drawn  far  forward,  and  the  walls  of  the  chest  compressed. 
Artificial  respiration  shoulil  be  instituted  the  moment 
the  trachea  is  suflicicntly  free  to  allow  of  the  ingress  of 
air. 
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The  treatment  of  solid  bodies  wliich  liave  gained  access 
to  the  tracliea  or  bronchi  is  one  of  the  most  dillicult 
things  in  surgery.  In  brief,  if  the  object  be  small  in 
si/e.  regnlar  in  contour,  and  of  snicioth  surface,  il  appears 
thai  belter  residts  have  been  obtained  by  wailing  for 
spontaneous  expidsion  lliau  through  operation.  "\Vhen 
the  foreign  body  is  rough,  irregular,  or  very  large,  a 
low  tracheotomy  will  generally  give  the  best  op])orl  unity 
for  its  removal.  If,  as  somi'times  happens,  the  foreign 
body  cannot  be  reached  at  the  time  of  the  operation,  the 
woimd  in  the  trachea  ma.v  be  kept  widely  open  in  the 
hope  that  thisboily  maj' bee.xtruded  on  some  future  occa- 
sion. 

The  eondilions  demandin.g  speedy  operation  are;  1. 
Urgent  and  dangerous  symptoms,  as  pro,gressive  dysp- 
na'a,  or  frequently  occurring  attacks  of  d_yspn(ea,  or 
laryngeal  spasm,  when  laryugosco])ic  examination  fails 
to  reveal  the  object  or  shows  that  its  sjieedy  removal  by 
the  natural  pas.sjiges  is  impossible,  2.  AVhen  a  sharp 
and  irregidar  body  is  impacted,  as  shown  b\'  the  laryn- 
goscope, in  such  a  way  that  inuuediate  extraction  is  im 
possible,  and  when  acute  inllammation,  and  especially 
a-dema.  are  rapidly  developing,  as  evinced  by  increasing 
dyspiKca.  3.  In  the  case  of  a  foreign  body  of  any  na- 
ture which  lies  loosely  in  the  trachea,  and  the  move- 
ments of  which  excite  laryngeal  spasm  or  coughing  of 
dangerous  violence.  4.  In  the  case  of  a  forei,gn  body 
which  is  impacted  in  either  of  the  primary  bronchi,  as 
ascertained  by  the  rational  and  physical  .signs,  particu- 
larly by  auscultation.  In  this  latter  condition  low  trach- 
eotomy and  immediate  direct  attempts  at  extraction  are 
often  successful.  Direct  examination  of  the  site,  and  de- 
monstration of  the  foreign  body  in  or  at  the  mouth  of  a 
bronchus,  b_y  means  of  the  finger  introduced  quickly  into 
the  trachea,  are  possilile,  and  this  knowledge  renders  the 
subsequent  instrumental  removal  of  the  body  more  easy. 
The  entrance  of  a  foreign  body  into  a  bronchus  to  such 
a  distance  as  to  place  it  beyon<l  reach  through  the  natural 
passages,  is  an  accident  of  the  .gravest  danger.  A  num- 
ber of  cases  have  occurred  of  late  years  in  which  surgital 
operation  has  been  attemi)ted  by  entering  the  bronchus 
through  the  chest  wall  from  without.  .\11  have  proved 
fatal.  5.  Sharp-pointed,  hard,  and  irregidar  liodies 
within  the  air  passages  will,  as  a  rule,  demand  bron- 
chotomy,  provided  they  are  not  so  located  that  they  may 
be  reached  and  removed  by  the  natural  passa.ges  at  an 
early  moment.  The  plan  of  treatment  by  inversion  (jf 
the  patient  lias  of  late  years  fallen  into  disreimte,  and 
sho\dd  sildorn  lie  practised,  unless  traeheolomy  can  be 
done  at  once  if  re<|vnrcd.  In  employing  il.  it  sjiould  be 
remembered  that  tlie  supine  position  will  favor  exit  of 
t lie  body,  jiarlieularly  if  the  glottis  be  in  the  condition 
of  deep  inspiration.  In  all  cases  the  diagnostic  im])or- 
tanee  of  a  thorough  laryn.goscopic  examination  cannot 
be  too  strongly  insisted  upon,  nor  the  great  utility  of  the 
laryngoscope  be  overestimated. 
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AIX-LES-BAINS.— This  is  a  town  of  aliout  "..iMiii  in- 
habitants, picturesquely  situated  in  a  beautiful  valley 
ini  the  east  shore  of  the  Lake  (d' IJourget,  and  surroundeil 
by  high  mountains  (the  Savoy  Alps).  It  is  about  twenty 
hours  from  London  via  Paris  and  Macon,  eight  hours 
from  Turin,  four  from  Lyons,  and  three  from  Geneva. 
Its  elevation  above  the  sea" level  is  MoO  feel,  and  100  feet 
above  Lake  Bourgct. 

The  climate  is  soft  ami  mild,  the  average  temperature 
being  of)'  F.  during  the  year,  and  the  mean  summer 
temperature  70' F.  .lune  and  September  are  delightful 
months.  "Owing  to  its  excellent  atmosjdicre,''  says 
Linn,  "people  rest  well  here." 

The  thermal  suljihurous  waters,  known  to  the  Romans, 
for  which  about  35,000  people  visit  the  town  annually, 
are  derived  from  two  copious  sjirings  which  have  a 
temperature  of  from  107°  to  112  F..  and  which  are  called 
"St.  Paul's  "and  the  "Alum."  They  yield  about  one 
million  .gallons  of  water  daily.  They  are  nearly  devoid 
of  solid  constituents  and  contain  sutVicient  sulpliurcted 
hydrogen  to  give  them  the  characteristic  odor.  "The 
waters  of  the  two  springs  are  chiefly  used  for  baths, 
but  the  'Alum,'  spring  is  likewise  used  for  drinking. 
For  internal  use,  however,  the  stronger  cold  water  of 
Challes,  near  Chambery,  and  of  Marlioz  are  chiefly  em- 
ployed. 

"  The  waters  and  the  various  methods  of  treatment 
employed  at  Aix  are  of  service  in  cases  in  which  indilTer- 
ent  thermal  waters  are  of  u.se"  ;  the  methods  of  treatment 
are  |irobably  the  most  etticacious  in  producing  the  re- 
sults. "The  diseases  which  receive  especial  benefit  from 
the  Aix  treatment  are  chronic  gouty  and  rheumatic 
alfections,  muscular  rheumatism,  ,sciatica,  neural.gia. 
neurasthenic  conditions  in  arthritic  subjects,  chronic 
cutaneous  eruptions,  and  chronic  catarrhal  affections  of 
tlie  mucous  membranes,"  "In  rheumatic  arthritis,"  ssi.vs 
A.  B.  (iarrod.  "the  value  of  the  Aix  course  far  exceeds, 
according  to  my  exjierience.  that  of  any  other  known 
spa,"  Excellent  results  are  also  obtained  in  the  slilf- 
ness  of  joints  arising  from  former  injuries  and  from 
gouty  and  rhetimatic  alfections. 

The  large  bathing  establishinent  is  the  priqierty  of  the 
state,  and  is  one  of  the  most  cflicient  of  tliese  institulions 
known.  There  are  swimming  baths  ( piftrinrs),  fifty 
douche  rooms  with  conveniences  for  administering  mas- 
sage: six  vapor  rooms  (luHiiUomt):  five  hot  dry -air  rooms 
{(tiirex):  two  general  vapor  baths  {(V//.s,vi.v);  and  four  ap- 
paratuses (Berthollet's)  for  ajiplying  vajior  loc;illy. 

There  is  a  special /;/.W//rf  for  the  I  real  nient  of  chronic 
skin  affections  by  ]irolonged  baths,  after  Ihe  inelhod  of 
LoiH-hc-lcs- Bains.  Poor  peojile  are  cared  for  as  well  as 
the  rich.  The  especial  feature  at  Aix,  for  which  it 
is  so  famous,  is  the  "douche  massage,"  consisting  of  the 
methodical  application,  by  two  skilled  attendants,  of 
massage  combined  with  douches.  This  jiroccdure,  which 
may  be  used  for  the  whole  body  or  especially  a [qilied 
to  the  desired  part,  is  to  be  carried  out  in  the  iollowiiig 
manner:  The  ])atient  is  sealed  upon  a  wooden  stool. 
and  two  attendants,  mtile  or  female  as  the  case  may  be, 
pour  the  water  upon  the  body  from  a  hose,  while  at  the 
same  lime  they  sliani|)oo,  knead,  and  rub  according  to 
the  directions  given  by  the  jdiysician.  who  accompanies 
the  patient  to  the  douche  the  first  time,  to  .give  instruc- 
tions as  to  temperature,  force,  duration,  and  pressure 
on  )iarticular  parts.  The  masseurs  have  each  a  hose 
under  their  arms  from  which  they  direct  the  w;iter  over 
the  bather.  The  "douche  massage  "  may  be  combined 
with  passive  movements  of  special  joints,  to  be  followed 
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or  proccdcd  by  a  vapor  batli  in  the  afljoiiiing  hmiilhn. 
Ill  mail}'  cases  iiaticiifs.  after  wallviiitc  to  tlie  batliiiiijes- 
tablishiiK'iit,  semi  back  to  tlieir  hiitel  tlieir  clothes,  and, 
at  thi'  close  of  the  bath  (which  lasts  about  ten  or  tifteen 
minutes),  they  are  nibbed  dry,  wrapiied  in  a  blanket,  and 
carried  in  bath  cliaiis  by  porters  back  to  their  hotel  and 
put  lo  bed  (see  Fig.  08).  "The  men  and  women  who 
perform  the  douche  massage  have  had  their  art  handed 
down  to  them  for  many  years,  as  their  fathers  and 
mothei's  were  masseurs  and  masseuses  before  them." 
The  Ai.x  waters  have  an  unctuous  quality  which  makes 
their,  particularly  adapted  to  rubbing  and  kneading  the 


the  winter  season  the  di.stant  peaks  of  Monte  Cinto, 
Rotondo,  and  d'Oro  are  cappetl  witli  snow,  and  the 
chilly  northeast  wind  over  the  gulf  of  Genoa  is  dried  and 
brolven  in  force  before  it  reaches  the  western  shore,  where 
it  is  again  arrested  near  Ajaceio  by  the  sheltering  hills 
surrounding  the  town"  (A.  Tucker  AVise:  Transactions 
of  the  American  Climatological  Association,  1S9()).  The 
visitors'  ([uarter  is  along  the  Course  Grandival  in  the 
northwestern  portion  of  the  town,  "which  is  the  section 
most  ]irotected  and  best  sheltered  from  the  winds." 
"The  soil  at  Ajaceio  is  disintegrated  granite,  and  allows 
a  rapid  disappearance  of  the  heavy  showers  which  fall 
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muscular  structures,  a  quality  that  is  not  found  in  other 
waters.  While  using  the  waters  the  patient's  diet  is 
carefully  regulated  by  the  physician. 

Some  two  thousand  douches  and  one  thousand  baths 
are  often  given  daily  during  the  season. 

The  sanitation  of  Aix  is  excellent  and  the  accommoda- 
tions are  ample  and  satisfactory.  The  season  extends 
from  April  to  November,  though  the  baths  are  open  the 
entire  year.  July  and  August  are  the  most  frequented 
months.  In  this  country  the  Hot  Springs  of  Virginia, 
and  the  siu'ings  of  Kichtield  and  Sharon  in  New  York 
State,  correspond  to  the  waters  of  Aix  as  to  the  class 
of  diseases  treated,  and  the  l.)athing  establishments  at 
these  places  are  modelled  after  those  of  the  European 
spas. 

For  much  of  the  above  description  of  Aix-les  Bains 
the  writer  is  indebted  to  AVeber's  "  Spas  ami  Alineral 
Waters  of  Europe,"  ISilG;  to  Linn's  "  Health  Resorts  of 
Europe  " ;  and  to  the  articles  in  the  previous  eilition  of  the 
Handbook.  Edward  0.  Otis. 

AJACCIO. — The  principal  town  of  the  island  of  Cor- 
sica, with  a  population  of  20,000.  It  is  situated  in  the 
centre  of  a  beautiful  and  well-protected  liay  opening  to 
the  southwest.  "Fifteen  to  twenty  miles  in  the  rear  of 
Ajaceio  is  a  semicircular  mountain  cliain  of  granitic 
formation  sloping  down  to  uudulatiiig  foipthills.  and 
presenting  a  glowing  jianoraina  at  suntlowu.     During 


during  the  autumn.  But.  unlike  the  Riviera,  this  locality 
has  only  a  small  rainfall  in  March." 

The  w  ater  supjdy  is  of  a  pure  quality,  and  is  brought 
to  the  town  from  Canizzi,  twelve  miles  distant,  "The 
drainage  of  Ajaceio  is  certainly  not  perfect,"  s.ays  AYi,se, 
"  but  zymotic  diseases  are  very  uncommon. "  "  The  town 
it.self,"  continues  the  same  authority,  "is  one  of  the 
dirtiest,  and  its  only  title  now  (1890)  to  the  fame  of  a 
health  resort  lies  in  the  climate  solely."  "Invalids, 
however,"  he .seutentiously  adds,  "cannot  live  on  climate 
alone." 

The  vegetation  is  most  luxuriant,  and  all  the  principal 
streets  are  bordei'cd  with  avenues  of  acacia,  orange,  or 
citron  trees.  Bananas,  oranges,  lemons,  a  variety  of 
cacti,  the  castor  oil  jdant,  ])rickly  pear,  aloe,  tig,  and 
olive  nourish. 

"I,  at  any  rate,"  writes  D.  W.  Freshtield  in  the  Atpinc 
Club  JoiiriKil.  quoted  by  Ball,  "know  of  no  such  com- 
bination of  sea  and  mountains,  of  the  sylvan  beauty  of 
the  North  with  tlie  rich  colors  of  the  South:  no  region 
where  within  so  small  a  sjiace  Nature  takes  so  many 
sublime  and  exquisite  as]iects  as  she  does  in  Coi-sica. 
Orange  groves,  olives,  vines  and  chestnuts,  the  most 
picturesque  beach  forests,  the  noVilest  pine  woods  in 
Europe,  granite  ]ieaks,  snows,  and  frozen  lakes — all 
these  are  bmuglit  into  the  compass  of  a  day's  journey." 

The  aeeoniniodalions  now  a|ipear  to  lie  ample  and 
satisfactory. both  from  the  standpoint  of  health  and  from 


162 


REFEREXCE   HANDBOOK   OF  THE  JHEDICAL  SCIENCES. 


Ajnocio, 
AkincKla  Altera. 


that  of  couvenifucc,  whi'tlur  oiu'  (U'.sires  liutfl,  iiciisidii, 
or  villa. 

As  to  the  meteorology  of  Ajaeeio.  the  mean  tem]K  ni- 
ture  durinj;  the  winter  is  ahoiit  .").")'  F.  with  a  small  daily 
variation  of  not  more  than  10  F.  ;  this  is  two  or  three 
degrees  higher  than  the  mean  temperature  of  the 
Kiviera. 

■"During  the  season  (November  to  April)  the  ther 
monieter  rarely  rises  above  o'J\  or  falls  below  .">il  " 
(Ball).  The  relative  humidity  is  given  by  'Wise  as  si» 
percent.,  and  by  another  authoritj-  as  varying  between 
70  and  7S  per  cent.  The  average  number  of  rainy  days 
for  the  season  is  stated  by  Wise  to  be  80,  and  by  tiie 
writer  on  Ajaeeio  in  Eulenburg's  "' Real-Eneyclo]iadie,  " 
for  the  months  from  Oetober  to  April  inclusive,  40 
to  4.'").  During  the  three  rainy  mouths,  Deceniljer, 
January,  and  February,  the  average  number  is  mil 
more  than  14,  according  to  Ball.  The  prevailing  wind 
is  the  southwest,  which  is  "a  temperate  and  soft  wind, 
with  genial  bright  weather,  ancl  prevails  as  a  higli 
current  throughout  the  greater  part  of  the  winter,  and 
m  spring  its  continuance  for  a  prolonged  period  is  almost 
a  certainty"  (Wise).  The  southeast  wind  ("sirocco'') 
is  a  very  depressing  one,  producing  loss  of  appetite  and 
sleeplessness.  "From  my  own  personal  jioint  of  view," 
says  Wise,  "  I  regard  Ajaeeio  as  the  most  comfortable 
climate  I  have  ever  visited,  with  the  exception  of  the 
winters  in  the  Bermudas,  and,  in  comparison  with 
^ladeira,  it  is  certainly  more  bracing  and  agi-eealjle  to 
the  able-bodied.''  The  climate  can  be  characterized  as  a 
moderately  moist,  mild,  marine  climate,  with  a  com- 
paratively large  number  of  sunnj-  days,  ranking  between 
Madeira  and  the  Italian  Riviei'a,  but  warmer  and  moi-e 
equable  than  the  latter.  On  account  of  the  hard  granite 
soil  there  is  no  dust,  and  winds  are  infrequent. 

"  It  has  always  been  a  matter  of  surprise  to  me,"  says 
Williams  ('•Aero-Therapeutics,"  1X94).  "that  Ajaeeio  has 
not  been  more  utilized  as  an  alternative  climate  by  the 
Riviera  meflical  men,  when  their  own  has  proved  too 
stinudating  or  too  marked  by  radiation  extremes,  for 
this  mild,  moist  atmosphere,  with  its  freedom  from 
all  1:>ut  .sea  lin-ezes,  and  its  good  hotels  and  quiet  sur- 
roundings, seems  to  sujiplj'  the  requisite  and  beneficial 
change." 

The  phthisical  patients  for  whom  this  climate  is  es])e- 
pecially  well  adai)ted  are  those  who  can  afford  but  little 
physical  effort  in  order  to  exist — cases  of  "phthisis  (rf 
advanced  life,  with  cardiac  feebleness,  where  the  powers 
of  resistance  to  cold  are  at  a  low  ebb,  or  there  is  much 
emphysema  with  cold,  livid  extremities"  (Wi.se).  It  is 
also  beneficial  for  those  in  whom  "the  breathing  powers 
are  greatly  diminished  or  when  a  stubborn  cough  is  a 
prominent  symptom."  Certain  casesof  incipient  phthisis 
which  are  unsvnted  to  the  altitude  treatment  do  well 
in  Ajaeeio;  and  the  same  remark  applies  to  those  affected 
with  nervous  irritability  who  reijuire  a  soothing  cli- 
mate. 

Ajaeeio  is  reached  by  steamer  from  Nice  and  from 
Marseilles  in  twelve  and  a  half  and  eighteen  hours,  re- 
spectively. Eihrard  0.  Otis. 

AJ0WAN.—  (.1/"TO,-  ;?(•.«%)•.?  Weed.)  The  fruit  of 
Pfi/r/,„ti.-<  ( '"i'tir,(,  D.  C.  (fain.   Uiihellifeiv). 

This  plant  is  supposed  to  be  indigenous  to  India, 
where  it  has  always  sui)iilied  an  important  cultivated 
crop.  The  fruit — one  of  the  cremo('arps  commonly 
called  "seeds" — is  prized  for  table  use,  as  well  as  for  its 
medicinal  properties  It  is  employed  in  all  cases  reiiuii-- 
ing  a  carminative,  and  itsaction  is  powerf\d.  It  has  also 
been  nuich  used  in  cholera,  combined  with  camphor,  on 
account  of  its  powerfvd  stimulation  of  the  abdominal 
nerves,  and  for  its  antisepti<'elfect.  These  usesare  fully 
explained  whei\  it  is  known  that  the  jilant  contains  four 
per  cent,  of  a  volatile  oil  rich  in  lliyiiinl.  and  that  it  is 
largely  used  asasom-ceof  that  substance.  Its  properties 
and  uses  are  therefore  those  of  that  drug.  The  do.se  is 
1  to  2  gm.  (gr.  .XV. -XXX.). 

U.  H.  liuKljy. 


AKINESIA.      See  Paralysis,. 

AKINESIA  ALGERA.—(a-Ka7/ff;f,  without  motion  ;o/.;of, 
pain.  I  .Mniliius'  lias  given  this  name  to  an  array  of 
synqitoms,  among  which  the  tiiost  characteristic  is  lo.ss 
of  ])ower  of  movement  as  the  result  of  accompanying 
pain,  while  no  sullicient  cause  for  the  latter  symptom 
has  yet  been  found. 

The  eases  which  he  reports  were  persons  of  neurotic 
iidicrilance,  so-calleil  il<'.-<,'i/ii/li/ji('.i.  m  whom  the  disease 
manifested  itself  after  mental  overexertion.  In  the  one 
case  neurasthenia,  in  the  other  hysteria,  was  present.  In 
both  cases  the  disease  was  quite  protracted.  The  first 
ease  reported  by  him  occurred  in  a  man,  a  teacher  in  the 
gymnasium,  thirty-three  years  old.  The  father  suffered 
from  paranoia.  The  patient  during  his  youth  was  very 
excitable  and  extremely  ambitious.  There  was  no  history 
of  .sexual  perversion.  In  is.s;  he  sufrere<l  from  headache 
and  insomnia.  In  the  spring  of  iss.s  lie  was  unable  to 
carry  on  his  w-ork,  and  was  sent  to  an  institute,  Sub- 
secpiently  to  this  there  occuiTed  a  loss  of  memory  for 
three  or  four  weeks.  After  every  movement  the  patient 
exiierieuced  a  heaviness  of  the  limbs  and  ]iains  in  the 
nuiscles.  Improvement  took  place  under  prolonged  rest, 
or  the  Weir  Mitchell  treatment.  Following  this  a  re- 
lapse occurred,  during  which  the  patient  abstained  from 
iill  movement  of  the  limbs.  The  skin  and  tendon  reflexes 
were  present,  the  patellar  reflex  was  quite  marked.  On 
the  right  side  the  ankle  reflex  was  weak;  on  the  left  it 
was  marked.  There  was  found  hypera-sthesia  in  the 
hands  and  forearms;  no  points  of  pain,  however,  were 
discovered.  Organs  of  special  .sense  were  normal.  Every 
vohuilaiT  movement  of  the  limbs  and  trunk  was  accorii- 
panied  by  severe  ])ain,  lasting  for  hours.  These  pains 
were  most  marked  in  the  forearms.  The  head  was  free 
from  ]iain,  and  there  was  no  difficulty  in  moving  it. 
Tlu-re  was  a  very  slight  muscular  atro])hy  of  the  left 
hand,  which  was  possibly  caused  by  the  pressiu-cof  paste- 
lioard  splints. 

In  the  way  of  treatment,  bromide  of  potassium,  given 
in  the  evening  in  doses  of  from  three  to  four  grains, 
produced  rest.  Hypnotic  suggestion  was  without  result. 
lnq>rovenient  followed  after  several  months'  rest.  Tlie 
tendon  reflexes  became  weaker  and  finally  normal,  there 
reinaiinng  a  weak  ankle  clonus  on  the  left  .side.  Sub- 
.seiiuently  to  this,  and  following  a  considerable  excite- 
ment, a  relapse  occurred,  with  sub.sequent  iiuprovement. 
The  hands,  however,  remained  quite  painful. 

The  second  case  occurretl  in  a  woman,  forty -I  hree  years 
of  age,  by  occupation  a  teacher  of  nuisic.  A  neurotic 
family  history  was  given.  From  her  twentieth  year 
onward  the  patient  had  suffered  from  tremors,  with 
.semi-unconsciousness.  The  hands  were  painful,  and 
were  hekl  in  a  Hexed  position.  She  also  suffered  from 
insomnia,  and  was  in<-apable  of  mental  work.  Tls;  feet 
were  painful,  and  walking  was  impossible.  After  suf- 
fering in  this  way  for  ten  years  improvement  set  in.  and 
the  patient  was  comiiaratively  well  for  a  subsequent 
period  of  ten  years.  In  the  summer  of  1880,  probably 
as  the  result  of  overwork  and  excitement,  a  relapse 
occurred,  from  which  she  bad  not  recovered  up  to  the 
lime  of  the  re|)orl.  There  were  found  extreme  irrita- 
liility,  a  forced  position  of  thr'  hands,  and  pain  in  the 
legs.  The  latter  coidd  be  moved,  but  they  soon  bccanu» 
tired,  and  suffered  from  quite  severe  after  pains.  Au- 
ditory and  visual  functions  were  normal.  Hypnotic 
treatment  was  without  result.  The  patient  twice  at- 
fi'inpted  suicide,  and  finally  gave  evidence  <d'  mental 
troid)le.  with  hallucinations  of  persecution.  She  subse- 
quently died  in:ui  insuie  asylum. 

In  a  subsei|Uent  judilication '■'  .Moebi\is  reports  another 
case  in  which,  in  addition  to  the  absence  of  motion  re- 
sulting from  pain,  and  really  superseding  it  in  iiniior- 
tanee,  there  was  present  an  exln^mc  degree  of  photo- 
jihobia.  We  have  here  a  condition  very  similar  to  that 
which  has  occurred  in  regard  to  motion,  a  condition  in 
which  the  patient  will  not  see  because  of  the  attending 
pain. 
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>[oebius  seeks  low  kU'u  the  term  liy  calling  it  "apraxia 
altera,"  or  abeyance  of  tlic  functidii  of  any  or  all  organs 
because  of  tlie  pain  attending  llicir  functional  activity. 

lu  tlie  last  case  this  was  veiy  well  illustrated  by  the 
very  severe  pain  in  the  head  attending  any  mental  effort 
whatever.  The  case  has  a  further  interest  in  that  the 
report  is  taken  from  the  "  Autonosography  "  of  the  dis- 
tinguished psyclio-iihysieist.  Gustav  Tlieodor  Fechncr. 

Longard^  re])ortsacase  that  occurred  iuayoung  lady, 
aged  twenty-nine.  Her  mother  had  suffered  from 
arthritis  deformans:  her  father,  in  1874,  became  atHicled 
with  paranoia.  The  patient  had  for  years  previously 
suffered  from  pelvic  troubles  (pelvic  iutlammation, 
uterine  fibroids,  metritis,  etc.).  The  symptoms  observed 
in  this  case  were  mental  excitement  and  peculiar  pains 
o\er  the  entire  body,  which  later  became  so  severe  as  to 
oomijcl  the  patient  to  abstain  from  all  motion.  The 
l).syehical  excitement  also  increased.  During  the  later 
period  of  observation,  retention  of  urine,  marked  con- 
stipation, and  very  obstinate  insomnia  showed  themsehes. 
Objectively,  an  increase  of  the  tendon  reflexes  was  found. 
The  course  of  the  disease  was  not  materially'  altered  dur- 
ing six  months'  treatment  in  the  hospital.  Improvement 
occurred  later  as  the  result  of  imj^roved  surroimdiugs. 

Longard  calls  attention  to  the  fact  that  these  cases  of 
akinesia  algera  give  the  same  clinical  jiicture  as  was 
formerly  described  nnder  tlie  name  of  si")inal  ii'ritation. 

According  to  Moeljius  the  alTeetion  is  a  functional  or 
psychic  one,  and  is  not  due  to  organic  disease.  The 
])ains  he  regards  as  hysterical,  or  pain  hallucinatit>ns- 
The  disease  itself  is  not,  however,  a  pure  hysteria,  but 
may  be  regarde<l  as  an  analogue  of  the  general  aniesthesia 
described  by  Krukenberg,  Heync.  and  von  Ziemssen. 
The  cases  reported  by  W.  Neftell  in  1883,  and  called  by 
that  author  atremia,  are  regarded  by  ^loebius  as  similar 
to  his  cases. 

The  prognosis  is  not  very  favorable.  In  the  matter  of 
treatment  the  best  thing  to  do  is  to  accede  to  the  wishes 
of  the  patient  for  rest.  S.  P.  Kramer. 

'  Deut.  Zelt.  tUr  Nerveubeilkunde,  1891,  vol.  i. 
=  lliid.,  vol.  ii..  «1. 
^  Itjid.,  vol.  11..  45.5. 

ALASSIO. — A  winter  health  resort  on  the  Italian 
Riviera,  which  is  lately  claiming  an  increased  share  of 
attention.  It  is  prettily  situated,  but  owing  to  its  com- 
parative newness  the  accommodations  for  invalids  are 
far  from  perfect.  The  only  reliable  meteorological  data 
available  are  those  of  Dr.  Schneer  ("Alassio  and  Its 
Climate,"  Turin,  1878)  and  a  synopsis  published  liy  Dr. 
M.  G.  Poster  (Bri/inJi  Medicul  Journal,  Novemtier  T, 
1891).  Dr.  Foster,  who  is  now  practising  at  San  Remo, 
informed  the  writer  that  the  authorities  of  Alassio  ap- 
peared to  lack  energy  in  eft'ecting  reforms,  more  particu- 
larly from  a  sanitary  point  of  view.  Dr.  Foster  sjient 
two  winters  at  Alassio,  and  did  not  observe  any  typhoid 
fever  there ;  but  it  is  said  to  occur  there  every  smnmer. 
There  is  no  sj'stem  of  drainage,  the  excreta  being  col- 
lected in  cessjjools.  The  drinking  water  is  hard,  but  as 
to  organic  imjiurities  reliable  data  are  not  at  hand  to 
justify  its  condemnation  or  acceptance.  Sparks  ("The 
Riviera,"  London,  1879)  claims  that  the  water  is  good 
and  potable. 

Alassio  is  on  the  north  shore  of  the  Mediterranean, 
about  equidistant  from  Nice  and  Genoa.  It  lies  at  the 
head  of  a  curving  bay.  which  is  some  five  miles  wide. 
The  town  has  about  (i..'jO()  inhabitants.  Its  latitude  is 
about  the  same  as  that  of  San  Rerao.  Dr.  Foster's  de- 
scription is  here  reproduced,  as  it  is  accurate  and  devoid 
of  local  bias : 

"  Without  the  gates  of  the  city  proper  at  either  end 
stretches  a  suburb  comiiosed  of  dwellings  of  the  Italian 
population  mingled  with  a  few  villas.  Each  of  these 
suburbs  contains  a  hotel  situated  facing  the  sea,  while  a 
third  is  placed  about  a  hundred  yards  behind  the  main 
street  of  the  town.  The  villas  of  the  English  residents 
are  dotted  over  the  lowermost  spurs  of  the  encircling 
hills.     The  hills  form  an  unbroken  semicircle  round  the 


town.  Their  greatest  elevation  is  on  the  north  (1,963 
feet).  Numerous  valleys  run  up  among  the  lower  spurs 
of  these  hills,  but  none  pierce  tliem. 

"Alassio  thus  secures  good  ])rotection  from  the  north, 
west,  and  southwest.  The  seashore  is  generally  windy, 
])Ut  in  the  valleys  running  up  among  the  hills  the  wind 
is  rarely  sevei-ely  felt,  and  on  most  days  the  air  in  these 
situations  is  almost  entirely  still." 

The  records  of  temperature  (as  given  by  Foster)  are  as 
follows : 

"October  lias  a  mean  temperature  of  61.9°  F. 


November 

December 

January 

February 

]\Iarch 

Ajiril 

Jlav 


54.3° 
49,7° 
47.3° 
48.2° 
53.3° 
56.4° 
64.3= 


"The  mean  temperature  of  the  three  winter  months  is 
therefore  48.4'  F." 

If  we  turn  now  to  the  rainfall  observations,  we  find 
that  the  records  give  the  following  results: 

"  October  shows  an  average  of  7  days  on  which  rain 
fell,  an  average  rainfall  of  93,1  mm.,  and  a  mean  relative 
humidity  of  5.5.2. 

"November  shows  an  average  of  8.6  days  on  which 
rain  fell,  an  average  rainfall  of  163.7  mm.,  and  a  mean 
relative  humidity  of  58. 

"December  shows  an  average  of  5.6  da_vs  on  which 
rain  fell,  an  average  rainfall  of  43.3  mm.,  and  a  mean 
relative  humidity  of  55.4. 

".January  shows  an  average  of  4.3  days  on  which  rain 
fell,  an  average  rainfall  of  60  mm.,  and  a  mean  relative 
humidity  of  .52.9. 

"February  shows  an  average  number  of  4.8  days  on 
which  rain  fell,  an  average  rainfall  of  70.9  mm.,  and  a 
mean  relative  humidity  of  55.7. 

"March  shows  an  average  of  6.6  days  on  which  rain 
fell,  an  average  rainfall  of  50.7  mm.,  and  a  mean  relative 
humidity  of  57.9. 

"April  shows  an  average  of  10.8  da.vs  on  which  rain 
fell,  an  average  rainfall  of  111.9  ram.,  and  a  tuean  rela- 
tive humidity  of  62.8. 

"  Jlay  shows  an  average  of  5  days  on  which  rain  fell, 
an  average  rainfall  of  46.4  mm.,  and  a  mean  relative 
humidity  of  63. 1. 

"  Fog  lias  been  recorded  on  14  days  in  the  six  winters." 

In  his  summary  of  what  class  of  cases  are  likely  to  de- 
I'ive  benefit  from  a  winter  residence  at  Alassio,  Dr.  Foster 
expresses  the  following  opinions: 

"The  climate  of  Alassio  possesses  those  advantages 
which  a  tolerably  high  and  fairly  equable  temperature, 
abundance  of  sunshine,  and  freedom  from  fog  can  give. 
Cases  of  gout  and  chronic  rheumatism  do  well  there. 
Cases  of  heart  disease  certainly  appear  to  do  well;  they 
eat  and  sleep  better,  and,  with  ordinary  precautions,  at- 
tacks of  secondary  bronchitis  can  be  prevented.  Cases 
of  bronchitis  and  emphysema,  with  care,  keej)  very  free 
from  winter  cougli.  Cases  of  jihthisis  require  very  care- 
ful selection.  Early  cases,  witli  limited  consolidation 
and  only  slight  fever,  generally  do  well.  Later  cases 
with  cavities  seem  to  show  improvement,  the  cough  and 
expectoration  diminish,  and,  since  the  patients  can  gen- 
erally pass  a  fair  amount  of  time  in  the  open  air.  the  ap- 
petite and  sleep  are  both  improved.  Cases  characterized 
by  frequent  hemorrhage,  with  only  slight  physical  signs, 
seem  generally  to  do  well.  Owing  to  the  proximity  of 
the  principal  hotels  to  the  sea.  the  effect  of  the  climate 
v.aries  in  different  cases,  some  iiatients  sleep  badly  by 
the  sea.  and  thus  lose  much  of  the  benefits;  others,  again, 
sleep  better  there  than  elsewhere.  Weakly  and  strumous 
children  certainly  show  great  improvement,  as  they  can 
pass  a  large  amount  of  time  on  the  seashore.  Finally, 
with  regard  to  that  numerous  class  of  cases  which  are 
sent  to  the  Riviera  under  the  generic  title  of  nervous 
breakdown,  some  cases  seem  to  show  great  improvement 
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and  regain  their  lost  healtli,  wliile  in  other  eases  all  the 
symptoms  appear  to  l)eeonie  aggravateil." 

Alassio  is  a  somewhat  elieaper  place  to  live  in  tlian 
many  of  tlie  other  Hiviera  stations. 

Eihiiuiid  ('.    ll'r  iidt. 

[In  a  private  letter  from  an  intelligent  gentleman  who 
resided  at.Massio  for  some  montlis.  I  cpiote  the  fullowing: 

"The  climate  in  Dee<'mber  and  January  is  somewhat 
severe  indoors  in  the  Italian  houses,  but  one  can  be  per 
fectly  warm  and  comfortable  in  the  hotels  on  the  sea- 
beach,  and  in  those  villas  wliieli  have  been  relmilt  or  re 
nKxlelled  by  tin-  English.  15ut  tlie  eliniate  out  of  doors 
is  delightfid  even  in  the.se  two  months,  when  it  does  not 
rain,  that  is.  for  more  tlian  half  the  time.  Early  in  Feb 
ruary  acres  of  violets  for  the  Paris  and  even  tlie  St.  I\'ters 
burg  market  |)erfume  the  open  air,  where  tliey  gniw 
quite  unprotected,  and  we  had  an  endless  supply  of  opiMi- 
air  roses  all  llu'ough  the  winter." 

The  reader  is  also  referred  to  "  Alassio  and  its  Flora '' 
by  Dr.  Vineenz9  Nam,  of  Alassio.  E.  O.  ().] 

ALBINISM.  —  (Synonyms:  Albinismus,  congenital 
aehroma,  leucasmus.  leueoderma,  leucopathia.  U'ueism. 
leucosis,  leucynosis,  Isakerlakisni ;  French,  Alfiiiiixinc.  A/ 
binie  ;  German,  Liitfiitliinpic.  Lcukopntliie,  AlliiiiUijiiix.) 

The  term  albinism  (Latin,  (dbni<,  white),  or  congenital 
leucopathia  (Greek,  /.ivkoc,  white,  and  -dtfor,  affection),  is 
used  to  designate  the  peculiar  condition  characterized  by 
congenital  absence  of  pigment  in  the  skin,  hair,  choroid. 
and  iris,  and  which  is  classed  under  the  atro])hi(s.  Al 
though  albinism  has  been  noted  from  the  <'arlii'st  his 
torical  period,  tlu^  Portuguese  are  the  tirst  on  rei-ord  to 
have  named  this  lusus  natiiri'',  ^vhich  they  met  now  atid 
then  among  the  negroes  on  the  western  coast  of  Africa. 
These  abnormal  individuals  they  called  albinoes.  In 
some  of  the  African  courts,  especially  in  Congo,  they  are 
venerated  and  are  known  as"dondos."  The  term  Leu 
CiEthiopcs,  i.e.,  white  negroes,  has  also  been  applied  to 
them. 

The  etiology  of  this  condition  is  absolutely  unknown. 
There  have  fieen  numerous  theories  concerning  it.  many 
of  which  have  been  thoroughly  unscientitic.  The  two 
which  seem  most  worthy  of  attention  are,  viz.,  those  of 
heredity  and  arrested  development.  Heredity,  as  the 
chief  etiological  factor  in  albinism,  has  been  as  vigorously 
upheld  as  it  has  been  sharply  attacked.  There  are  in- 
stances  on  record  of  families  of  albinoes.  These  are 
very  rare,  however,  and  have  been  said  to  be  observed 
oidy  in  the  tropics.  It  is  well  known  that  the  olVspring 
of  an  alliino  and  a  black  is  generally  the  pure  type — 
cither  universal  albino  or  black;  though  some  eases  of 
partial  albinoes  have  been  reported.  However,  thr 
children  of  a  normally  pigmented  imlividual  and  an  al 
bino  are  usually  not  lacking  in  pigment.  Also  healthy, 
normal  parents  have  had  albino  offspring.  In  several  in 
stances  families  have  been  observed  in  which  universally 
pigmented  children  have  alternated  in  birth  with  al- 
binoes. 

The  second  theory,  arrested  develoimient  of  the  jiig 
ment  layers,  would  seem  a  logical  explanation  of  this 
phy.siological  abnormality.  Knc-eland  stales  that  "there 
is  a  time  in  the  growth  of  the  embryo  when  there  is  no 
pigment,  and  albinism  would  seem  an  arrest  of  develop 
ment  in  this  direction  just  at  this  point,  the  oilier  charac- 
teristics going  on  to  development,  imlicating  thai  color 
is  rather  an  accidental  than  essential  eliaraeteiistie  of 
races.  Other  facts  pointing  to  an  arrest  of  development 
are  the  uncommonly  downy  skin  and  the  persistence  of 
the  fn^tal  pupillary  membrane  in  albinoes  lieyond  the 
ordinary  time  of  their  disa|>pearaiiee."  According  to 
Jcaffreson,  "  [liginent  tirst  makes  its  appearance  in  the 
structures  of  the  fietus  about  the  sixth  or  seventh  week 
of  conception,  where  it  is  found  in  membranes  which 
later  form  llu'  choroid  coat  of  Ihe  eye.  Later  it  is  de 
posited  in  the  rete,  but  not  fully  developed  here  till  after 
the  si.xtli  month."  There  is  still  much  to  tx;  learned  as 
to  the  embryology  of  pigment. 


Albinism  lias  been  ascrilied  to  certain  disturbances  of 
the  nervous  system. 

The  alTeetion  lias  been  said  to  be  endemic  in  some 
tropical  countries. 

.Maternal  impression  has  also  been  suggested  as  the 
causi/. 

Some  investigators  have  attempted  to  attribute  to  al- 
binism a  pathological  origin.  Indeed,  in  early  times, 
albinoes  were  considered  a  .sort  of  leper,  and  consequent Ij' 
were  avoitled  and  shunned  in  life,  while  after  death 
tlie  bodies  were  thrown  on  a  dunghill  uiiburied.  On  ac- 
count of  their  faulty  vision  by  day.  and  their  custom  of 
appearing  most  freiiuently  at  twilight,  since  their  sight 
is  most  ]ierfect  at  this  time,  they  were  contemptuously 
called  " cockroaches." 

Consanguinity  in  marriage  might  be  considered  an 
etiological  factor,  an  example  bi-iiig  noted  by  Darwin, 
in  which  "two  brothers  married  two  sisters,  their  lirst 
cousins,  none  of  the  four  nor  any  relation  being  an  al- 
bino: but  the  .seven  children  produced  from  I  his  double 
marriage  were  all  i)erfecl  albinoes." 

A  theory  has  been  advanced  eonnccling  inactivity  of 
the  sit|naiciial  bodies  with  deticiencv  in  pigment  and  so 
with  albinism. 

Also  excessive  function  of  the  carbon-eliminating  or- 
gans lias  been  suggested  asa  causative  factor,  as  well  as 
constitutional  insufticiency  of  iron. 

However,  all  theories  concerning  the  etiology  of  al 
binism  ait;  .so  feebly  supported  that  we  are  forceil  to 
conclude  w'itli  Gould  that  "the  failure  of  the  epiblast  to 
si-crete  the  usual  iiigment  cells  is  a  mystery  of  molecular 
physiology  that  the  future  must  solve." 

As  to  the  sex  in  which  albinism  most  frequently 
oc<iirs,  both  male  and  female  seem  to  lie  equally  repre- 
sented, different  authors  inclining  toward  one  or  the 
other  according  to  their  individual  observalions. 

.Mbinoes  have  been  known  in  all  climates  and  among 
all  races. 

Albinism  may  be  univer.sil  or  partial.  In  univeisal 
albinism  the  a|ipeanuu-i'  of  the  individual  is  very  strik- 
ing. The  skin  is  absolutely  lacking  in  pigment,  unless 
there  be  sometimes  a  slight  redrlish  linge  from  the  circu- 
lating blood  un:lernealli  the  translucent  sui'face.  the  char- 
acteristic complexion  having  a  dull  waxen  i)allor.  The 
skin  is  riften  roughened,  scaly,  or  scurfy,  a  condition 
wlii<'h  is  easily  ex]daiiied  by  its  extreme  delicacy  of 
structure  and  the  con.sequent  effecis  of  its  exposure.  It 
is  often  covered  with  a  soft  white  down,  though  some- 
times it  is  perfectly  smooth. 

The  whole  hairy  system  is  colorless.  This  may  be 
due  to  tin:  aljsence  of  iron  in  its  composition,  as  in  the 
ehemical  analyses  of  hair  of  various  colors,  made  by  the 
French  chemist  V'aiKiuclin.  black  hair  has  been  proved 
to  ctmtain  iron,  while  white  hair  lacks  this  element.  Tlie 
texture  is  peculiarly  fine,  glossy,  and  silky.  Although 
the  hair  is  colorless,  its  appearance  is  not  that  of  hair 
whitened  by  age,  but  rather  that  of  flax  or  corn  silk. 
There  is  one  case  on  record  of  an  albino  having  red  hair 
(Folker).  In  the  albino  of  the  black  race.  Ihe  hair, 
though  white,  is  as  woolly  and  the  features  as  character- 
istic as  those  of  their  black  brothers. 

Although  the  appearance  of  the  eye  in  this  condition 
differs  so  widely  from  the  normal,  "the  jialhological  sig- 
iiitii-ance  of  albinism  lies  solely  in  the  fact  that  tlie  iris  or 
iliaphragm  of  the  ocular  camera  is  transparent,  or  .so 
nearly  so  that  it  does  not  act  as  a  true  photographic  or 
physiological  diaphragm  "  (Oould).  This  delieiency  of 
ocular  pigment  briiiiis  in  its  train  much  ]iaiiiaiid  discom- 
fort. The  usual  coloring  matter  of  the  eye  lieiiig  absent, 
the  puinl  looks  bright  red  from  Ihe  rich  background  of 
blood-vessels,  and  the  iris  ligiit  pink  or  a  very  delicate 
blue,  the  variations  in  lint  deiiendiii!;  ujion  the  angle  of 
observation  and  the  nature  of  the  illuniinatioii.  Pholo- 
phobia  is  jiresent  in  the  highest  degree,  the  characteristic 
po-ition  of  the  albino  in  daylight  showing  liiiu  with 
one  arm  held  up  as  a  sliielil  for  the  eyes.  There  is  per- 
petual nictitation — nipid  and  repeated  motion  of  the 
transparent  ej'elids,  which  ojien  and  shut  continually  in 
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tlie  double  effort  to  see,  and  at  the  same  time  to  exclude 
the  ovei-poweriiis;-  amount  of  li.yiit  whieh  lias  free  access 
to  the  inner  jiarts  of  the  eye.  The  iris  is  constantly  ex- 
pandinsr  and  eontractinjj.  "  Nystagmus,  or  oscillation  of 
the  eyeballs,  whieh  is  i)resent.  is  due  to  the  crtbrt  to  ob- 
tain a  clearer  view  of  the  objects  of  vision.  Amblyopia 
is  a  serious  feature  in  albinism,  various  causes  cooper- 
atin;;-  to  produce  it— vi/..,  ametropia,  which  increases  with 
the  ai;e  <if  the  alliino,  and  which  is  due  to  jiressure  on 
tlie  e.feball  in  the  etlort  to  exclude  light,  retinal  exhaus- 
tion, and  nystagmus.     Myopia  is  also  common. 

It  has  been  generallv  supposed  that  albinoes  are  ^veak 
both  in  liody  and  in  niind,  but  this  has  lieen  jirovetl  to  be 
a  mistake.  "Often  the  albino  member  of  a  family  has  been 
intellectually  the  strongest,  many  of  these  mifortuuates 
being  partic-nlarly  .shrewd. 

Partial  albinism  is  observed  as  one  oi-  more  jiatches, 
colorless  or  piidiish,  generally  circumscribed  and  irregu- 
lar, of  any  size  or  form.  Instances  have  been  noted, 
however,  in  which  these  jiatches  were  symmetrically  dis- 
posed, corresponding  to  the  course  of  pei'lpheral  nei-ves. 
as  similarly  happens  iu  the  case  of  certain  pigmentary 
and  verrucose  na?^•i.  They  may  be  iu  any  part  of  the 
body,  being  most  conuiion.  however,  on  tlie  scalp,  face, 
dorsal  surface  of  the  hands,  nipples,  and  genital  region. 
The  hair  on  these  spots  is  generally  white.  The  eyes  are 
usually  normal,  showing  the  ordinary  amount  of  pigment, 
though  thev  may  be  bluish  or  pinkish.  Negroes  having 
this  alliectioh  are"called  pied  or  piebald.  The  hsir  is  tiaxcn 
or  red.  These  patches  generally  remain  permanent 
through  life,  or  they  may  gradually  extend  till  they 
include  a  large  surface;"  they  have  been  known  to 
change  to  a  normal  aiiiiearance  tlin.nigli  a  redejiosition 
of  pigment,  although  this  is  rare. 

Albinism  has  been  noted  not  only  in  man,  but  also  in 
the  lower  animals,  and  among  plants,  a  very  common  ex- 
ample among  animals  being  the  pink-eyed  white  rabbit. 
It  is  seen  iu'elephants.  otters,  horses,  cows,  hogs,  dogs, 
cats,  squirrels,  rats.  mice,  raccoons,  ferrets,  hooting  owls, 
leather-wing  bats,  doves,  ducks,  chickens,  pigeons.  ]iar- 
rots,  blackbu-ds,  robins,  martins,  swallows,  Sjiarrows,  and 
the  silver  variety  of  goldfish. 

It  has  been  suggested  that  the  etiolation  of  plants  kept 
in  the  dark  may  belong  in  the  same  category,  but  tliis  dif- 
fers from  persistent  lack  of  pigment,  since  cohir  returns 
on  exposure  to  light. 

As  to  the  therapeutics  of  albinism,  there  is  absolutely 
no  remeilv  for  the  alTectiou. 

Kiiiiiin  E.  Widkir. 

ALBURGH  SPRINGS.— Oraml  Isle  County.  Vermont. 

Post-Okfice. — Alburgli  Springs. 

Access. — Via  Vermont  Central  Railroad  to  Alburgh 
Springs  Station;  thence  one  mile  to  Springs  hotels. 

We  have  been  unable  to  obtain  recent  information  of 
this  old-time  New  England  resort,  which  has  been  in  use 
.since  the  year  1^16.  The  springs  are  located  on  the 
shores  of  j\'lissisi|uoi  Ray.  and  are  surrouniled  by  ]iictur- 
esque  lake  and  mountain  scenery.  The  situation  is  80 
feet  above  the  level  of  Lake  Champlain  and  about  1^0  rods 
from  the  water's  edge.  There  are  two  springs,  one  of 
which  was  analyzed  by  Dr.  C.  T.  Jackson,  iu  18G8,  with 
the  following  results; 

OxF.  United  States  Gallon  Coxtai.ns: 
Solids.  Grains. 

Sodium  sulphate T.ll 

Piitassliiiii  sul|ihate  with  potassium  sulphide 9..50 

Sod i mil  iiiioriiie S.Tti 

^lainit-siuin  rhloride .5.02 

rait  ill  II I  ihloiiile  witli  calcium  sulphate 4.81 

lusolulilc  matter CUSO 

Orgauio  matter,  acid,  and  loss 2.00 

Total 38.00 

The  water  gives  off  a  large  (|iiantity  of  sulphureted 
hydrogen,  and  may  be  placed  in  the  saline  sulphureted 
class  of  mineral  waters.  We  are  informed  that  an  an- 
alysis by  Professor  Chandler,  of  New  York,  shows  also 


the  bicarbonates  of  lithium  and  strontium.     The  other 

spring  in  the  neighborhood  is  of  a  ferruginouscharacter. 

Jiiiiwx  K.  Crimk. 

ALCAPTONURIA.     See  Diabetes  MelUtus. 

ALCOHOL.— A.  Ethvlic  Alcohol. — Ethyl  hydrate; 
Spirit  IIS  Villi.  The  term  alcohol,  once  used  to  signify 
ethyl  hydrate,  is  now  generally  applied,  as  a  generic 
term,  to  a  series  of  organic  comjiounds  having  in  com- 
mon certain  chemical  "characteristics,  the  representative 
of  which  class  is  ortlinary  alcohol.  It  is  produced  by  (1) 
the  fermentation  of  all  .saccharine  bodies ;  (2)  synthesis  in 
the  laboratory.  In  composition  it  is  a  hydrate,  i.e..  the 
combination  of  a  basilous  radical  with  HO,  and  possesses 
the  chemical  jiroperties  of  other  hydrates,  in  forming 
salts  with  acids,  etc. 

Preparation. — Alcohol  is  produced  by  a  particular 
ferment  (Torula  cercrisiif)  acting  ujion  siiccharine  sub- 
stances, causing  them  to  split  up  into  alcohol  and  carbon 
dioxide,  e.g.: 


Glucose 
C.Hi.O« 


Alcohol         +  Carbon  dioxide. 
2C,HsH0    +        SCO.. 


This  fermentation  is  called  the  vinous  fermentation. 
We  may  start  with  a  substance  already  containing  sugar, 
or  we  may  start  \\ith  one  containing  starch,  and.  first 
converting  the  latter  into  sugar,  add  the  fermentative 
process.  The  resulting  liquid,  containing  the  alcohol, 
contains  also  carbonic  acid  gas.  and  is  known  as  a  fer- 
mented liquor.  It  may  be  used  iu  this,  the  carbonated 
or  "sparkling  "  condition,  all  the  effects  fif  the  alcohol 
exhibiting  themselves,  or  it  mav  be  left  until  llie  COj 
has  escaped;  or  the  alcohol  may  lie  distilled  off  in  a 
more  or  less  impure  coinlitiou.  giving  us  a  distilled  alco- 
holic liquor  or  siiirit. 

Cane-sugar  and  milk-sugar  undergo  a  conversion  first 
into  glucose  and  then  into  alcohol.  Minute  quantities 
of  acetic  and  succinic  acids,  also  traces  of  aldehyde,  fusel 
oil  (amyl  alcohol),  and  glycerin  are  produced  at"  the  same 
time.  It  is  an  interesting  and  important  fact  that  the 
fermentation  gradually  ceases  as  the  alcohol  produced 
nears  eighteen  per  cent,  strength,  and  when  the  latter  is 
reachedfurlher  action  ceases.  This  is  due  to  the  action, 
on  the  ferment,  of  the  alcohol  itself:  the  strength  named 
above  being  just  able  to  precipitate  it.  In  the  grape 
juice,  when  this  strength  is  reached,  if  there  still  be 
unfermented  sugar,  a  "sweet"  wine  results:  if  none,  a 
••  dry  "  wine. 

When  any  of  the  fermented  liquors  are  distilled,  al- 
cohol mixed  with  water  passes  over  into  the  receiver. 
Repeated  distillations  free  it  from  the  greater  portion 
of  hiiiher  alcohols  and  water.  Its  degree  of  concentration 
can  then  be  determined  by  taking  its  specific  gravity  and 
comparing  the  result  with  a  tixed  and  official  table  in 
which  the  strength  for  each  specific  gravity  is  worked 
out.  The  last  amovmts  of  water  can  be  gotten  rid  of 
only  with  the  greatest  difficulty  ;  as.  for  example,  by  dis- 
tillation over  quicklime  out  of  contact  with  air  (from 
which  it  rapidly  abstracts  moisture). 

In  a  diluted  condition,  under  the  influence  of  another 
ferment,  alcohol  is  changcil  to  acetic  acid  by  a  process 
of  oxidation;  thus,  e.g..  white  wine  vinegar  is  inoduced. 


Alcohol 
CsHJlO    + 


O., 


Acetic  acid    +     Water. 
CoHiO,     +     H,0. 


Alcohol  occurs  in  commerce  and  iiharmacy  in  varyiug 
degrees  of  concentration.  When  absolute  alcohol  is  re- 
(|UU-ed,  it  should  be  freshly  ]irepared.  that  of  the  shops 
being  often  only  of  !)S  per  cent,  strength.  Absolutely 
pun"  alcohol  is  a  colorless,  limpid,  pleasantly  smelling 
liquid  having  a  sharp,  burning  taste;  boiling  at  7H.,t"  C. 
(178.3  F.).  and.  at  ',"0  ('..  having  a  specitic  gravity  of 
0.7895.  Its  affinity  for  water  is  intense,  even  abstracting 
it  from  the  air  when  the  bottle  is  not  securely  corked.  If 
it  be  mixed  directly  with  water,  heat  will  tie  |u-oduced, 
the  volume  of  the  mixture  being  less  than  the  sum  of  the 
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Alhiii- 
Alroh 


Ji  S|>riii;;*«. 
>l. 


volumes  of  the  components,  tluis  sliowiiiii  thai  coniljina- 
tion  has  resulted.  It  is  a  solvent  of  irreut  po\v<T.  ad- 
vantage of  which  is  taken  hotli  in  the  ails  ami  in  medi- 
cine, i.g..  in  the  solutions  of  the  ?;.''<(/  active  ptinciples  of 
drugs,  called  tinctures,  or  the  solutions  of  the  mUilil, 
active  princii)les,  called  spirits.  It  dissolves  the  alka- 
loids, essential  oils,  many  resins,  some  fats,  and  CO.; 
freely. 

Its"  distinguishing  chemical  jiropertiesare:  (1)  its  allin- 
ity  for  water:  (2)  its  coagulating  jiowcr  on  albuniiiinids: 
and  (:!)  its  antifermenlalive  power  when  strongrr  than 
eighteen  jicr  cent.  Advantage  is  taken  of  llie  lirsl.  in 
the  mouiilingof  microsco|iical  sections,  to  abstract  all  the 
water  before  immersing  tiiem  in  the  oils  and  balsams;  of 
the  second,  in  the  hardening  of  the  tissues  for  study  and 
section;  of  the  last,  in  the  preservation  in  bulk  of  ana- 
tomical specimens,  and  those  medicinal  agents  which 
undergo  change  in  other  media. 

Aldihiil.  U.  S.  P.,  is  defined  as  "a  liquid  composed 
of  about  'Jl  per  cent,  by  weight,  or  94  iier  cent,  by  vnl 
ume,  of  ethyl  alcohol,  and  aljotit  9  ])er  cent.,  by  weiirlil. 
of  water."'  "It  has  a  specific  gravitv  of  O.SL'Dat  (io  F. 
and  boils  at  ?«■  0.  (1^2.4   F.). 

Alcoliiil  Akvdutiiiii,  U.  S.  P.,  is  "ethyl  alcohol,  ccnitain- 
ing  not  more  than  1  percent.,  by  weight,  of  water."  Its 
specific  gravity  and  boiling  point  are  stated  above. 

Alro/ia/  Dihitum.  U.  S.  P.,  is  "a  li(iuid  comiiosed  of 
about  41  percent,  by  weight,  or  about  4W.<>  |ier  cent,  by 
volume,  of  absolute  ethyl  alcohol,  and  about  "ilt  per  ci'nl . . 
bv  wciirht,  of  water."  It  has  a  specitic  gravity  of  ().!).'!S 
at  (ill    F. 

Ah-iilml  Beodoratiim,  U.  S.  P.,  is  "a  licpiid  comjiosed 
of  about  92..5  per  cent,  by  weight,  or  9.5.1  per  cent,  by 
volume,  of  ethyl  alcohol,  and  about  IJi  per  cent.,  by 
weight,  of  water."  It  has  a  specific  gravity  of  O.SKi  at 
60'  F. 

Piivsioi,o(iiCAi.  AcTiox. — The  extraneous  ett'ects  of 
alcohol  are  of  high  importance.  By  thecreaiion  of  a 
partial  vacuum  upon  the  cooling  of  an  enclosed  siiace 
previously  heated  by  burning  it,  glasses  are  alh.xed  in 
cupping."  It  is  a  powerful  disinfectant,  especially  anti- 
zyinotic,  being  thus  one  of  the  best  and  most  generally 
used  preservatives. 

Its  local  effects  are  even  more  important.  E-\ternally, 
it  is  cooling  by  its  evaporation,  although,  if  the  solution 
have  a  strength  of  tift\'  per  cent,  or  more,  it  beeonu's  a 
rubefacient,  especially  if  ridibed  into  the  surface,  or  if 
its  vapor  be  confined.  It  is  slightly  locally  aniesthetie. 
especially  in  relieving  itching,  and,  through  the  contrac- 
tion of  the  vessels  by  its  cooling  effect,  may  locally  cheek 
pers]iiration.  Its  solvent,  combined  with  its  disinfeclani 
and  stimulant  proiiertics,  reuiler  it  a  useful  lotion  fcpr 
cleansing  diseased  surfaces.  If.  however,  the  solution  be 
•Strong,  it  acts  rather  as  an  irritant,  and,  by  the  abstrac- 
tion of  wafer,  and  the  partial  and  temporary  coagulalion 
of  the  alliumen.  as  an  astrinirent.  It  acts  very  pidinplly 
uiion  mucous  surfaces,  being,  as  U])on  dentided  lissiies. 
stimulant  to  irritant  and  more  or  less  astringent.  Its 
])resence  in  the  mouth  stimulates  the  secretions,  not  only 
of  the  mouth,  but  of  the  .stomach.  Even  a  few  drops 
applied  at  the  base  of  the  tongue  have  been  seen  to  jiro- 
duce  an  almost  inunediate  flow  of  gastric  juice.  The  in- 
tellectual functions  are  thus  retle.xly  stinnilafed  also, 
though  later,  by  direct  contact  with  the  cells.  tl)c  op- 
posile  <'irect  is  produced,  both  upon  the  salivary  glands 
and  the  brain.  If  held  in  the  inouih.  it  produces  a 
mimliiiig  effect. 

Small  ijuanfities  of  alcohol,  properly  diluled.  taken 
into  the  stomach,  produce  an  agreeable  sensation  of 
warmth.  A  tnrgescence  of  the  capillary  jde.xus  of  the 
ni\icous  membrane  occurs,  which  is  sjieedily  followed  by 
a  free  secretion  from  the  gastric  follicles,  due,  in  all 
probability,  to  (nl  the  increased  supply  of  blood,  and  (■<) 
the  sliinuiation  of  their  glandular  orifices.  The  move 
inents  of  the  stomach,  as  well  as  its  secretions,  are  in 
creased,  and  absorption  of  the  products  of  digestion  is 
greatly  hastened.  It  is  therefore  one  of  our  most  jiowi'r- 
ful  stomachics  and  digestive  stinuilauts.     These  ellects 


are  not  lost  upon  the  absor]>tion  of  the  alcohol,  but  ap 
pear,  upon  the  conlrarv,  to  be  slill  further  increased  by  its 
|)resence  in  the  circulalion.  Its  presence,  however,  in 
any  considcralile  (inantity  in  the  food  mass  inhibits  ]iro 
teolysis,  while  in  concenlraled  form  it  acts  rather  as  an 
irritant,  and  its  favorabh'  action  tijion  digestion  is  want 
ing.  The  direct  irritation  ma_v  result  even  in  vomiting. 
Continued  concentrated  doses  tend  to  produce  chronic 
gastritis  and  gastric  catarrh.  .Moreover,  the  continued 
ri-eourse  to  this  artificial  aid  to  digestion  tends  to  ncccs- 
silate  it.  and  in  increasing  degree.  Larger  and  larger 
amounts  are  reciuired.  and  llie  natural  powers  of  digcslion 
lieeoiiie  permanently  and  seriously  imjiaired.  and  at 
lenglharealinost  completely  lost.  Aside  from  theeffects 
upon  digestion  already  described,  the  action  of  alcohol  in 
the  stomach  is  one  of  rctie.\  stimulation  of  the  heart  and 
of  the  respiration,  providi'd  that  the  drug  is  not  too 
much  diluled.  In  the  intestine,  peristalsis  is  directly 
stinnilafed.  and  an  astrigeni  etfecl  produced. 

Alcohol  is  v<'ry  promptly  ab.sorbed,  and  circulates  as 
aleiihol.  in  which  form  it  comes  into  contact  with  tlie 
tissues  and  e.xiTfs  its  peculiar  activities. 

The  liver,  being  the  first  to  receive  the  blood  freshly 
charged  with  alcohol,  in  a  more  concentrated  condition 
than  after  dilution  l)y  the  general  circytlation,  is  the  tir.st 
to  feel  its  stimulating  effect,  and  the  first  to  luidergo 
pathological  changes.  The  liver  cells  are  stimulated, 
and  as  a  result  we  have  an  increased  flow  of  bile.  Later, 
tlie  cells  enlarge  and  become  inliltraled  with  fat  globules. 
The  stronger  drinks,  particularly  if  taken  tunliluted,  and 
if  the  practice  be  persisted  in  for  any  con.sidcrable  period, 
ca\ise  an  irritation  of  the  eonneclive-fi.ssue  cells  in  the 
liver  surrounding  the  portal  radicles.  A  proliferation  of 
the  same  occurs,  and,  as  a  final  effect,  contraction  of  this 
newly  formed  tissue — as  is  the  ease  with  all  new  ly  formed 
connective  ffssues — ensues,  i>rodncing  tlie  so-called  cir- 
rhotic or  hob-nailed  liver.  Willi  the  primarv  new  forma- 
tion there  is  naturally  an  increase  in  the  size  of  the  organ, 
while  the  secondary  contraction  causes  an  atrophy  of 
the  liver  cells,  (a)  by  direct  pressure,  and  (J)  by  diminish- 
ing their  normal  blood  supply.  In  those  countries  where 
the  more  dilute  alcoholic  drinks  (wines  and  beers)  are  the 
national  beverage,  the  cases  of  cirrhosis  are  unusual: 
while  the  contrary  is  true  where  the  more  concentrated 
drinks  (brandy,  whiskey,  gin.  or  rum)  are  largely  con- 
sumed. Finally,  the  (lorfal  radicles  liecorae  so  narrowed 
bv  the  contraction  of  the  connective  tissue  in  which  they 
lie  that  the  portal  cir<'iilation  is  interfercil  with,  thus 
]irodncinga  mechanical  congestion  of  the  intestinal,  per- 
itoneal, and  gastric  capillaries,  with  ascites  and  watery 
stools. 

h'ii!iiii/s. — The  alcohol  beiiiir  in  a  much  less  concen- 
trated condition  on  reaching  the  kidneys  tlian  is  the  case 
wilh  the  livi'r.  the  effects,  both  iihysiologieal  and  patho- 
logical, are  less  marked.  The  watery  ]>ortion  of  the 
urine  is  increased;  the  solid,  at  least  so  far  as  urea 
is  concerned,  is  diminished.  The  increased  amount  of 
water  excreted  is  a  natural  result  of  the  increased  blood 
pressure:  the  diminution  of  urea  is  due  to  the  lessening 
of  oxidation  of  the  nitrogenous  tissues.  In  these  organs, 
also,  the  irritaling  results  manifest  themselves  more 
slowly  than  in  file  liver,  but  in  an  exactly  similar  man- 
ner.   "Eventually  the  cirrhotic  kidney  is  ]n-oduced. 

The  effect  of  alcohol  upon  the  skin  is  moderately  to 
increase  perspiration.  This  is  a  natural  re.siUf  of  the 
cutaneous  turgescence.  but  if  is  not  known  whether  there 
is  also  a  direct  stimulation  of  .sccrelion. 

The  femperature  of  the  skin  is  temporiu-ily  raised  by 
this  turgescence,  and  llie  nerve  endings  are  thus  wanned. 
There  is  thus  a  false  imiiression  of  warinlh  created,  the 
geiieml  temperature  aelually  falling  (piickly.  and  the 
individual  lieing  especially  exposed  to  the  evils  of  cold. 
Ill  chronic  alcoholism  there  is  apt  to  be  inlerstitial  thick- 
ening of  the  inlegument. 

In  s|)ile  of  the  great  amount  of  effort  which  has  been 
concentrated  upon  the  investigation  of  the  systemic 
efrects  of  alcohol.  (Uir  coiicliisioiis  arc  doubtful  to  a 
greater  extent  llian  in  the  case  of  almost  any  other  drug. 
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There  seems  to  be  little  room  for  question  as  to  the  ulti- 
mate uet  results,  but  a  tjivat  (leal  of  it  as  to  the  modus 
opei-aiM.  Tlie  iiulicatioiis  are  those  of  a  drug  which  for 
a  very  brief  period  stimulates,  then  depresses  the  tissues 
uponwliicli  it  acts.  As  to  the  dcpressiou,  there  is  no- 
vhcrc  auv  iiucstiuii.  luit  it  is  claimed  by  high  authority 
that,  but"  for  the  rellc.x  stiiuulatiou  already  noticed,  its 
effects  upon  the  nervous  .sysleiu  are  wluiUy  depressing, 
the  apjiarcnt  stinuilation  resulting  from  depression  of 
the  inhibitory  and  controlling  functions.  Undoubtedly 
this  weakening  of  will  power,  and  of  the  higher  functions 
of  coordination,  play  a  very  important  part  in  the  ap- 
parent manifestations  of  stimulation,  and  account  for 
the  great  lack  of  luiiformity  in  them  in  diflereiit  indi 
vidiials ;  yet  it  lioes  not  seem  possible  to  account  so  well 
in  anv  otiier  way  for  tile  symiitoms  as  by  assuming  the 
existence  of  a  primary  stimulation.  In  a  practical  study 
like  the  iiresent,  it  seems  more  profitable  to  discuss  the 
cousiiicuous  uet  results,  and  to  avoid  extended  discussion 
of  the  mechanism. 

The  peculiar  interaction  between  the  effects  of  alcohol 
upon  the  circulation  and  those  upon  the  nervous  system 
renders  it  difticult  to  consider  either  without  having  first 
taken  up  the  other. 

As  a  result  of  the  systemic  effect  of  alcohol,  the  rate, 
and  to  a  greater  extent  the  force,  of  the  heart,  are  in- 
creased, aiid  this  sufficiently  to  increase  the  blood  pres- 
sure, in  spite  of  the  fact  that  there  is  marked  arterial 
dilatation.  This  period  is  followed  by  one  of  depression, 
and  the  first  stage  is  shorter,  even  almost  altogether 
wanting,  in  proportion  as  the  dose  is  increased.  How- 
far  this" result  is  due  to  depression  of  inhibition  is  one  of 
the  questions  of  greatest  dissension  among  physiologists. 

The  same  observation  of  an  increase  in  respiration,  and 
the  same  dispute  as  to  its  cause,  are  to  be  recorded.  In 
an}'  case,  it  seems  clear  that  the  result  is  not  d\ie  to  any 
direct  central  stimulation. 

The  chief  nervous  effects  of  alcohol  are  upon  the  brain, 
especially  ujion  tlie  cerebrum.  Its  action  is  delirifacieut, 
there  being  a  lu'climinary  period  of  stinuilation  running 
into  excitement.  Even  tliis  stimulation  is  a  narcotic  one, 
being  unequal,  and  resulting  from  tlic  first  in  an  inter- 
ference witli  ecpiilibrium.  It  is  because  this  increased 
activity  is  due  largely  to  inhibition  of  the  powers  of  self- 
control  and  restraint  that  the  claim  has  been  ad^■anced 
that  this  is  the  sole  cause,  and  that  alcohol  does  not 
directly  stimulate  at  all.  It  is  quite  evident,  however, 
that  siicli  a  result  would  necessarily  follow  the  increased 
cerebral  circulation  due  to  general  circulatory  stimulation, 
even  if  there  were  not,  as  there  ajipcars  to  lie,  a  direct 
primary  stimulation  of  the  cerebral  cells.  Only  at  the 
very  beginning  are  the  mental  processes  quickened,  but 
after  they  liave  become  slowed,  and  the  mental  processes 
blunted,  the  individual  still  believes  tlieni  to  be  greatly 
improved.  Despondency  and  mental  pain  are  tluis  de 
creased,  but  the  subject  loses  his  judgment  and  becomes 
talkative  and  otherwise  demonstrative  and  self-asserting. 
Intellectual,  followed  by  sciis(U-y  and  motor  paralysis 
then  comes  on,  and  the  coma  stage  follows  that  of  de- 
lirium. Paralysis  of  rcsiiiration  and  jiarticularl}-  of  cir- 
culation may  become  complete,  resulting  in  deatli.  Dur- 
ing the  stage  of  depression,  vomiting  of  central  origin 
usually  appears. 

Alcohol  is  itself  oxidized  as  a  food,  but  decreases 
tissue  o.xidatiou.  This  may  to  some  extent  account  for 
the  reduced  temperature,  though  this  is  chiefly  due  to 
the  increased  heat  radiation  resulting  from  engf)rgcment 
of  the  superficial  vessels.  It  is  more  rapidly  oxidized 
under  the  influence  of  exercise,  exposure  to  cold,  and 
in  fever.  This  is  regarded  as  the  normal  method  of  its 
elimination,  only  five  or  ten  per  cent,  of  it  being  excreted 
by  the  kidney  and  lu'ngs  as  alcohol.  It  is  believed  that 
this  nutrient  function  does  not  at  all  relieve  the  demand 
for  nitrogenous  nutriment,  but  may  to  a  great  extent 
supply  that  for  carbonaceous.  The  latter  fact  explains 
the  accumulation  of  fat  in  alcoholic  subjects,  though 
their  obesity  is  also  favored  by  the  decreased  elimination 
of  water  wliich  finally  takes  place. 


The  remote  effects  of  alcohol  may  be  good,  but  are  far 
more  likely  to  be  harmful,  due  to  excessive  use,  or  to  use 
continuetl  beyond  the  jjcriod  required.  The  general  rule 
should  be  to  use  alcohol  only  temporarily.  If  used 
only  to  the  extent  of  stimulating  the  digestion,  it  can 
result  in  grtat  improvement  of  nutrition.  But  it  may 
result  in  tlie  complete  destruction  of  digestion.  If  prop- 
erly pro|iortione(l  as  to  dosage,  it  is  an  excellent  food  in 
fever,  but  it  may  be  used  so  as  to  exhaust  the  system. 
It  can  be  used  to  benefit  the  excretory  processes  of  skin 
and  kidneys,  but  it  may  destroy  either  or  both,  resulting 
in  cutaneous  hypertroi:iliies.  or  in  nephritis.  It  is  very 
apt  to  induce  oliesity,  partly  by  interfering  with  the  elimi- 
nation of  water,  and  partly  by  checking  tlie  oxidation  of 
fat.  It  has  a  tendency  to  destroy  tine  cell  structure 
everywhere.  This  is  sjiccially  .seen  in  the  destruction  of 
the  fluer  moral  and  intellectual  functions,  in  sensory  and 
motor  paralysis,  and  in  reducing  the  parenchymafic  liver 
tissue,  with  an  increase  fif  its  fibrous  jiorfions.  A  pecul- 
iar kind  of  mania  is  induced  by  it.  luiown  as  diJiiiinii 
tremens,  chiefly  characterized  by  hallucinations  and  de- 
lusions of  snakes,  demons,  and  other  terrifying  subjects. 
This  appears  to  be  couuected  with  some  peculiar  form  of 
malnutrition,  as  it  never  appears  until  after  the  loss  of 
appetite  has  become  pronounced.  The  ability  of  the 
system  to  withstand  exposure,  fatigue,  or  disease  is 
slowly  but  most  surely  destroyed  by  alcoholism.  This 
is  especially  noticed  in  pneumonia,  which  is  almost  cer- 
tainly fatal  to  drunkards,  although  alcohol  is  one  of  the 
surest  reliances  in  supporting  pneumonic  patients  who 
have  not  lieen  adilicfed  to  its  use.  Fatalacnte  poisoning 
liy  alcohol  is  not  unknown,  the  effects  pertaining  espe- 
cially to  resiiiration  in  some  cases,  to  circulation  in  others. 

Various  accidents  are  frequently  mistaken  for  intoxica- 
tion. especiall_y  apoplexy,  coma  from  blows  uiwn  the 
head,  and  opium  poisoning,  and  many  scandals  have 
originated  from  wrong  diagnoses.  The  greatest  care 
sliould  be  taken  in  the  differential  diagnosis  of  these 
cases. 

The  fherapcutic  local  uses  of  alcohol  are  sufficiently 
indicated  by  our  account  of  its  local  effects.  Its  uses  as 
a  digcstaut  are  undoubtedly  its  most  important  ones,  if 
we  regard  the  freiiueucy  of  employment.  Here  the 
method  of  administration  is  of  the  utmost  importance. 
It  should  not  be  used  when  anv  inflammation  or  irritation 
of  the  stomach  exists.  The  smallest  possible  dose  con- 
sistent with  effectiveness  should  be  employed  A  tea- 
spoonful  to  a  tablesjioonful  of  brandy  or  wliiskey  should 
suflice.  The  strength  as  imbibed  should  not  be  greater 
than  five  to  fifteen  per  cent.  It  should  be  taken  quickly 
just  at  the  be.ginning  or  during  the  early  part  of  the 
meal.  If  taken  too  soon,  the  effect  is  lost,  and  the  liver 
may  suffer.  If  taken  too  late,  it  interferes  with  diges 
tion.  Diluted  alcohol  is  preferable  to  liquors,  if  one 
regards  the  danger  of  forming  a  habit.  The  administra- 
tion should  be  carefully  watched  and  skilfully  controlled, 
and  an  effort  made  to  decrease  the  dose  almost  from  the 
beginning,  and  aliandon  it  just  as  soon  as  possible.  This 
is  not  only  to  avoid  the  formation  of  drinking  habits, 
but  to  avoid  inducing  the  stomach  to  depend  upon  the 
artificial  stimulus. 

Its  next  most  important  use  is  as  a  food.  This  may 
be  at  such  times  as  cu'dinary  food  is  not  desired  or  not 
borne,  Init  when  food  is  iniiierafively  required  It  may 
then  be  taken  by  the  stomach  or  the  rectum.  It  will 
often  aid  in  the  digestion  and  assimilation  of  milk,  be- 
sides contributing  its  own  portion  of  nutriment.  There- 
fore a  milk  punch  is  one  of  its  most  useful  forms,  but 
one  of  the  most  dangerous  as  to  habit.  In  fever,  it  is 
useful  in  one,  injurious  in  another  class  of  cases.  In  a 
typical  case,  it  should  not  only  nourish  the  patient,  but 
calm  him.  and  reduce  the  fever.  If  tlie  opposite  effects 
are  induced,  it  sliould  not  lie  used.  Alcohol  is  a  fairly 
good  carminative,  and  brandy  is  astringent  in  many  ca.ses 
of  dianiuea ;  it  is  very  difficult  to  say  wliy  Insomnia 
may  be  relieved  by  alcohol,  though  there  is  a  tendency 
to  Vcquire  its  continued  and  increasing  use,  and  this 
should  under  no  circumstances  be  permitted.     Gin  is  an 
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excellent  diiirelie,  but   the  nlcnlinl   plays  priibably  a  sub- 
ordinate part. 

Alcoliol.  if  taki-n  in  full  dose  and  very  early,  especially 
with  an  abnndaiiee  of  water,  is  most  valuable  in  break 
ing  lip  an  iin)ieiHlinii' cold.  It  is  readily  conceivable  that 
the  iiKist  ilisastrous  results  may  be  thus  avoided,  when 
we  consider  the  couseiiuent  transfer  of  blood  from  the 
viscera  to  the  skin.  Tlie  elfect  of  the  alcohol  must  in 
such  cases  be  promptly  siii)iileniented  by  warm  external 
applications,  or  at  least  protective  coverings. 

The  various  forms  of  alcohol  can  i)rolitably  lie  here 
considered,  rather  than  to  take  them  up  in  their  re,i;idar 
al|ihabetical  order  in  the  dilferenl  parts  of  this  work. 
The  alcoholic  liquids  of  thediU'erent  classes  are  as  follows: 

C.vitiiON  ATKU. — Kuinyss  is  the  weakest  of  all  in  alcohol. 
It  is  simply  fenuentcd  milk.  Glare's  milk  was  originally 
u.sed,  but  it  is  uow  very  often  substituted  by  cow  s  milk 
variously  moditied.  It  was  originally  fermented  by  the 
action  of  a  special  ferment,  but  yeast  is  now  generally 
employed.  It  should  be  used  while  fresh,  never  more 
than  four  or  five  days  old.  It  should  contain  about  one 
and  a  half  or  two  per  cent,  of  al<-oliol,  and  be  .stiongly 
carbonated.  There'are  also  traces  of  unknown  ethers 
developed  in  the  feniieutation.  It  isestimateil  to  contain 
about  twelve  per  cent,  of  solid  nutrinient.  It  is  sooth 
ing  to  the  stomach,  without  in  any  degree  retarding  di- 
gestion. Its  primary  stimulating  eftect  is  followed  by 
a  slight  soporific  tendency. 

Beo;  StoHf.  Ale.  and  Pai-ti  r  are  nunle  from  barley,  the 
starch  being  lirst  converted  into  sugar  by  the  act  ion  of  the 
diastase,  under  the  intluence  of  heat  and  moistiin'.  In 
this  condition  it  is  Mult.  The  malt  is  subjected  to  a  vin 
ous  fermentation.  In  making  beer,  this  is  done  slowly 
at  a  low  temperature,  in  the  others  more  qnickly,  at  a 
liigh  temperature.  The  darker-colored  stout  and  porter 
are  made  so  by  a  partial  burning  of  the  materials.  The 
percentage  of  alcohol  ranges  from  two  to  nine,  ordinarily 
about  four  or  five.  These  liquors  are  abumlantly  car- 
bonated and  they  contain  more  or  less  digestible  nutri 
ineut.  They  appear  also  to  exercise  a  small  amount  of 
digestive  cllect  uiion  some  foods.  Hops  or  lupulin  are 
added  to  genuine  beer,  but  a  .irreat  variety  of  bitter  sub- 
stances are  in  use,  many  of  them  selected  without  the 
slightest  regard  to  their  injurious  elTects  upon  the 
system,  so  that  beer,  if  prescribed,  should  be  always  of 
a  brand  of  known  composition 

Various  other  seeds,  especially  rice  and  peanuts,  are 
similarly  used,  as  well  as  many  olbi'i-  stari'hy  substances. 
Some  savage  tribes  are  ahead  <jf  us.  in  that  tlii'y  use  sub- 
stances which  contain  distinct  medicinal  constituents,  to- 
gether with  the  alcohol-yielding  jMirtion. 

117/«',  <'khi\  I'lihpii:. — These  are  fermented  vegelalile 
juices,  wine  from  the  grape,  cider  from  the  apjile.  and 
pulque  from  the  century  plant.  If  used  while  still  in 
the  carbonated  state,  tlu'V  are  called  "sweet"  or  spark 
ling,  otherwise  they  are  "  hard  "  or  "dry."  In  addition 
to  the  carbotuc  acid  and  alcohol,  there  are  consiilerable 
amounts  of  sugar.  When  this  amount  is  large,  they  are 
specially  called  "sweet."  There  are  also  consideiablc 
amounts  of  tartaric  and  acetic  acids.  When  this  is  the 
ease  the  wines  are  called  "sour."  A  variable  amount 
of  tannin  is  |)resent  in  red  wines.  Wines  which  have 
had  the  percentage  of  alcohol  artificially  increa.sed  are 
called  "heavy"  or  "fortified."  as  port  and  sherry. 

Viiiinii  Kiilirnin,  or  Hid  Wiiit'.  U.  S.  P..  is  made  from  the 
entire  grapes. 

ViDiiiit  Alhiiiii.  or  Wliitr  Whir.  U.  S.  P.,  is  made  from 
.grapes  from  which  the  skins,  seeds,  and  stems  have  been 
removed.  Each  contains  from  ten  to  fourteen  ])er  n'\\\. 
of  alcohol.  A  very  large  number  of  sugary  fruits  are 
utilized  in  the  manufacture  of  special  wines. 

DisTii.i.iiii  Spiiirrfois  LKjrous. — Any  fermented  al- 
coholic liquor  may  have  its  alcohol  distilled  otT.  In  this 
process  various  other  substances  are  certain  to  come  away 
with  the  alcohol,  and  tlieirconiplete  removal  is  vervdifti- 
cult,  so  that  each  kind  of  spirit  will  juisscss  its  character- 
istic color,  odor,  and  taste.  Fo.''  the  most  part,  however, 
these  associated  matters  have  not  a  high  degree  of  jihysio 


logical  imiiortance.  Medicinally,  the  licpiors  are  used 
chiefiy  for  their  alcohol,  and  there  is  little  choice  among 
them.  The  physician's  responsibility  in  prescribing 
brandy,  whiskey,  and  other  ]ilea.sant  forms  of  alcoliol, 
and  thus  tendin.g  to  promote  alcoholic  haliits,  is  verv 
.great.  In  most  cases,  dilute  alcohol  ordiluled deodorized 
alcohol,  variously  adnn.\ed  so  as  lo  ob.scure  its  eharacler 
or  to  make  it  less  lialatable.  can  frequently  lie  emijloyed 
with  eijiial  advantage.  Because  this  is  now  so  generally 
done  by  the  more  cautious  class  of  physicians,  and  as 
there  is  so  little  genuine  prescription  (lemand  for  brandy 
and  w  liiskey.  it  is  seriously  proposed  to  drop  them  froiii 
the  Pharmacopa'ia. 

Spiritiix  Villi  GiiJIii-i.  or  Bnini/i/.  isdistilled  from  wine, 
and  contains  thirty-nine  to  forty  seven  per  cent.,  by 
weight,  of  alcohol.  There  must  lie  no  admixture  or 
modification  of  any  kind,  and  it  must  be  at  least  four 
years  old.  With  the  ordinary  properties  of  its  alcohol, 
it  combines  a  distinctly  astringent  elTcet  upon  the  bowels. 

Sj.iritii.H  Fninieiiii,  or  WlUfkij/,  U.  S.  P.,  is  similarly  dis- 
tilled from  the  fermented  product,  "mash,"  of  gi'ain, 
either  rye  or  corn  (the  latter  "Bourbon  Whiskey"),  or 
mixtures  of  them.  It  should  be  at  least  two  years  old 
and  contain  from   forty-four  to  fifty  jicr  cent,  of  alcohol. 

(rill  is  the  equivalent  of  I  he  compound  s]nrit  of  juniper, 
already  considered.  • 

I'pon  keeping  spirituous  liipiors,  various  ethers  de- 
velop in  them,  which  tend  to  make  them  pleasanter  to 
the  taste,  but  which  do  not  materially  modify  the  action 
of  the  alcohol. 

The  (irincipal  impurity  of  alcohol,  especially  of  whis- 
key, is  fusel  oil,  or  Aniylic  Alcohol,  next  considered. 

i?.  Amvi.ic  Alcohol. — (Fuxii  Uil  ;  Grain  (HI ;  Potato 
Spiiil  tin.)    (t'sH.iHO.) 

In  speaking  of  the  alcoholic  liquors,  reference  was 
made  to  fusel  oil  as  one  of  the  commonest  of  imiuirities 
It  can  be  obtained  from  all  crude  alcoholic  li(|nids.  and 
is  removed  from  them  in  purification.  It  is  chiefly  ob- 
tained during  the  later  portions  of  their  distillalion'.  and 
is  luui-li  more  abundani  in  spirits  obtained  fidin  some 
sources  than  from  others,  notably  from  polato  s|iirit.  It 
is  considerably  heavier  than  pure  ethvl  alc<ihol  (specific 
gravity  (I.Nl«)'and  ils  boiling  point  (l'i«'-i:j(l  ('.)  is  very 
much  liiglicr.  It  has  an  oily  consistency,  is  colorless, 
has  a  powerful  odor  and  a  burning,  acrid  taste,  the  in* 
halation  causing  headache.  Although  amylic  alcohol 
has  very  |)owerful  |ihysio!ogical  properties,  it  has  never 
been  much  ulilized  in  medicine,  and  it  is  used  chiefly  as 
a  solvent  in  manufacturing  operations  It  i.i  a  very 
powerful  poison,  the  symptoms  being  those  of  great 
depression. 

C.  Mktiiylic  \\.i>mu\..— (Mi  thill  Ahyihiil ;  Wuml  Al- 
ciihnl :  Wiiiiil  Spirit:  Wiiiiil  yaphtliii  ;  I'ni.niUe  Spirit. 
C'lIjOH.) 

In  the  crude  pyroligneous  acid  distilled  from  wood 
(see  Aritif.  Aciil)  there  is  about  one  percent,  of  methyl 
alcohol,  which  is  obtained  by  light  distillation,  after  the 
addition  of  lime,  and  is  then  |iuriried.  It  comes  first  in 
the  series  of  alcohols,  that  is.  it  is  the  simplest  of  them. 
It  has  been  found  somewhat  sedative,  especially  to  the 
cough  of  consumptive  jiatieuts.  in  doses  of  1  to;{  c.e.  (1.")  to 
4")  minims),  yet  it  can  scarcely  be  regarded  as  a  medicinal 
substance.  As  it  cannot  be  used  as  a  beverage,  ten  iier 
cent,  of  it  is  added  to  alcoliol  in  England,  to  allow  of  the 
u.se  of  the  latter  in  the  arts  without  danger  of  defrauding 
the  customs  laws  relating  to  s])iritnous  beverages.  This 
mixture  is  known  as  .\li  tlii/liitnl  S/iirit.  .Methyl  ah'ohol 
is  excellent  for  burning  piirjioses.  owing  to  its  largi' 
pereenta.irc  of  carbon,  and  is  relatively  very  clica]).  It 
is  one  of  the  substances  used  in  the  manufacture  of  ether, 
and.  through  its  acelone,  of  which  it  always  contains 
considerable,  of  chloroform.  Its  chief  uses  arc  for  the 
manufacture  of  formaldehyde  and  methyl  chloride. 

Ilhiri/  II.  Ilusljy. 

ALDEHYDE.— The  aldehydes  form  a  genus  of  chemical 
compounds.  Of  this  genus.  <((v7/(:  aldehyde  is  the  com- 
monest examiile.  and  accordingly  the  word    aldehyde, 
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when  used  singly,  is  understood  ahviiys  to  nienn  tliat 
substance.  Acetic  aldehyde,  t'jH,0,  is,  from  the  point 
of  view  of  chemical  com|)osition.  the  first  outcome  of  the 
oxidation  of  couunon — elliylic — alcohol.  It.  re.sendjies 
alcoliol  very  closely  in  ]ihysicaland  jihysiological  proper- 
ties, being  a  thin,  coldi'less  (luiil  »(  p\uigent  smell  and 
taste;  intliiMMnable,  miseilile  in  all  in'oportiuns  with  water, 
alcohol,  an<l  ether:  antiseiitic.  irritant,  and  narcotic.  It 
is  not  used  in  medicine.  Edirtird  Cki'Iik. 

ALDER,  ALNUS.— (Brook  alder;  tag  alder.)  Alm/s 
Toiirnef.  is  a  genus  of  a  dozen  or  more  s])ecies  in  the 
family  Putidnfiiv,  distribiiteil  through  the  norlh  temjier 
ate  zone,  and  extending  along  the  moiuitains  into  the 
tropics.  The  bark  and  leaves  are  rich  in  tannin,  and 
therefore  strong  astringents,  without  special  character. 
They  are  used  in  tanning,  and  have  numerous  iloiuestie 
medicinal  uses,  all  depending  upon  the  action  of  the 
tannin.  Finely  powdered,  they  have  been  foimd  very 
useful  by  travellers  for  apjilying  to  chafed  surfaces. 
The  wood,  deprived  of  the  bark,  makes  a  favorite  char- 
coal for  powder  manufacture  //.  //.  HiiKby. 

ALDER,  BLACK..  — (Prinos  winterberry.)  The  bark 
of  J/i.r  nrticilliila  Gray  (fam.  Arpiifuliaced').  (For  the 
properties  of  other  species  of  this  large  and  interesting 
genus,  the  reader  should  consult  Mate.  Jlully,  and  Cdn- 
Dtne.)  The  plant  imdi-r  consideration  is  a  large  shrub, 
growing  in  hedges  and  borders  of  forests  in  the  North- 
eastern United  States,  and  displaying  in  fall  and  early 
winter  slender  branches  deusel}'  covered  with  shining 
scarlet  berries. 

The  bark  is  smooth,  grayish  or  whitish  ash-colored, 
and  when  dried  for  medicinal  use  is  in  "thin,  slender 
fragments,  about  1  mm.  thick  (j',  inch),  fragile,  the  outer 
.surface  brownish  ash-colored,  with  whitish  patches,  and 
blackish  dots  and  lines,  the  corky  layer  easily  separating 
from  the  green  ti.ssue;  inner  surface  pale  greenish  or 
yellowish;  fracture  short,  tangentially  striate;  nearly  in- 
odorous, bitter,  slightly  astringent." 

It  contains  tannin,  resin,  and  an  amaroid.  No  sjjecial 
])hysiological  ]iro])erties  are  known,  but  it  has  been  used 
as  a  t<mic  and  mild  astringent  The  dose  is  2  to  4  gm. 
(  3  ss.  to  i.).  "  //.  //.  Eiidiy. 

ALEPPO  BOIL.— (Oriental  boil;  Sahara  chancre;  Kau- 
daharsore.  I'eudjet  sore;  Natal  sore ;  Fr. .  Hcnitcin  de  Bis 
kra,  Ger..  <  )rientbeule.)  Under  these  various  titles  has 
been  described  an  alfectiim  endemic  in  certain  districts  of 
tropical  and  subtropical  climates,  the  l(jcal  names  indi- 
cating many  of  the  localities,  chiefly  in  Algeria,  Egyjit, 
Syria,  and  Iliudoostan,  where  it  most  commonly  occurs. 
The  disease  is  a  local  one,  contined  chietly  to  the  uncov- 
ered parts  of  the  body,  especially  the  face;  the  cheeks, 
angles  of  the  mouth,  eyelids,  and  ala'  of  the  no.se  being 
the  favorite  seats  The  scalp  is  never  atta<-ked,  and 
while  it  may  occasionally  be  lucated  on  the  extremities, 
particularly  the  back  of  the  hand  and  foot,  it  is  rarely 
found  on  the  trunk  or  pubes.  In  the  vast  majority  of 
cases  usually  but  one  lesion  manifests  itself:  but  the 
lesions  may  be  midtijile.  As  luany  as  fifty  have  been 
counted  .scattered  over  the  face  and  body  (Crocker).  All 
who  are  brought  within  its  inrtuence  are  liable  to  the  dis 
case.  It  is  most  conunon  in  children  lietween  the  second 
and  seventh  year,  and  in  .Vlejipo  it  is  consideied  almost 
as  a  matter  of  course  that  native  children  should  have 
their  "boil,"  few,  if  any,  escaping. 

It  is  more  prevalent  in  autumn,  when  luany  insects  arc 
about,  and  Laveran  has  rather  plavisibly  considered  infec 
tion  to  be  conveyed  in  this  way.  Others  have  considered 
the  infecting  agent  to  be  contained  in  the  water  of  the 
district,  it  gaining  access  to  the  body  through  some  abra- 
sion while  washing  nr  bathing,  not  by  drinking  the  in- 
fected water.  It  has  been  definitely  ]u'oven  to  be  inooi- 
lable  in  both  men  and  ainmals.  It  has  not  been  shown, 
nor  is  there  any  reason  for  believing  it  to  be  hereditary 
One  attack  does  jjot  ])rotect  from  recurrence  or  fresh 
inoculation      Hecoverv  is  tlie  ride,  but   always  with  a 


more  or  less  disfiguring  cicatrix,  depending  upon  how 
early  treatment  is  instituted. 

The  ]iatliolcjgy  is  obscure,  and  nothing  very  definite 
has  been  (U'lnnnstraled ,  and  though  there  is  a  certain 
amount  uf  evidence  shiiwing  it  to  be  an  infective  and 
destructive  inflammation,  due  to  a  vegetable  organism, 
the  special  organism  has  not  as  j'ct  been  isolated  As 
has  been  said,  it  is  a  purely  local  disease  unaccmniianied 
by  constitutional  symptoms,  but  having  a  period  of  in- 
cid)ation  varying  from  three  or  four  days  to  several 
months;  hence  it  may  appear,  in  one  who  passes  but  a 
few  days  in  the  district,  only  after  he  has  left  it  and  is  far 
distant  from  the  |ilaee  of  contamination. 

The  first  thing  noticed  is  an  itching  in  the  part  to  be 
aflected;  then  ajipeai's  a  reddish  sjiot  like  a  mosquito 
liitc,  developing  in  the  centre  a  papule,  which  soon  be- 
comes conical,  gradually  enlarging  to  the  size  of  a  pea 
or  bean  and  remaining  of  a  terra-cotta  red,  smooth,  and 
shining  f(n'  some  weeks  or  months.  Then  is  noticed  from 
the  centre  an  oozing  of  clear  serum,  which  dries  into  a 
yellowish-brown  crust,  extremely  adherent.  This  crust, 
suri'omided  by  a  red  areola,  gradually  enlarges  as  the 
jirocess  of  tlisintegration  l)eneath  goes  on,  forming  itself 
from  the  serum  as  it  exudes  from  beneath  the  edges  of 
the  crust  already  formed. 

This  process  of  ulceration  may  go  on  until  an  area  of 
several  inches  in  diameter  is  reached,  but  usually  half  an 
inch  or  an  inch  in  diameter  is  the  average  size  attained. 
If  the  scab  l)e  removed,  a  round  ulcer  is  disclosed  with 
red  indurated  areola  and  more  or  less  irregidar,  sharp-cut 
edges,  base  une\  c'U.  showing  numerous  yellowish  points 
of  ulceration  witli  fungating  granulations  scattered  un- 
evenly o\er  the  surface.  Ulceration  may  extend  into  the 
subcutaneinis  f  i.ssues.  The  ulcer  secretes  a  thin.  sero-])ur- 
ulent,  offensive  discharge,  which,  if  allowed  to,  foj'insthe 
thick  adherent  crust.  After  a  period  of  some  weeks  or 
months  extension  ceases,  and  cicatrization  takes  place  be- 
neath the  .scab,  which  finally  drops  off,  leaving  a  more  or 
less  ]iuckered,  brown,  pigmenteil  scar,  the  process  from 
beginning  to  end  lasting  from  six  months  to  a  year,  some- 
tiiues  longer.  Lymphangitis,  erysipelas,  and neighlxniug 
glandular  enlargements  are  occasional  complications. 

The  best  thing  in  the  way  of  freatmenf  is  to  let  the 
thing  alone,  preserving  the  scab  carefully  in  sitti.  and  al- 
lowing healing  to  take  place  under  it.  If  the  scab  fall, 
the  vdcer  shoidil  be  treated  with  the  methods  usual  when 
dealing  with  a  simjile  idcer.  If  seen  in  the  early  "mos- 
(pnto  bite  stage."  which  is  seldom,  the  actual  cautery 
has  been  reconunended.  By  way  of  ]irophylaxis.  one 
.should  carefully  look  after  any  possible  excoriations  of 
the  integuiuent.  avoiding  the  infected  water  for  toilet 
pin'poses.  unless  previouslv  boileil, 

C/mrlc«  T.  Dade. 

ALETRIS. — (Unicorn  root,  star  grass,  mealy  starwort; 
colic  root       Sometimes  erroneously  called  blazing-star.) 

'VUv  rhizome  of  Alitrix  furiiiunii  L.  (fam.  IJUih-ht). 
This  plant  is  a  low.  slender,  erect,  perennial  herb,  com- 
mon in  swaiups  and  low  lands  east  of  the  Mississippi 
River.  It  has  been  much  tised  in  domestic  ]>ractice  as  an 
abdominal  stimulant.  It  cimtains  an  imknown  bitter 
])rinciple,  .soluble  in  alcohol  and  somewhat  in  water. 
The  use  of  the  drug  is  purely  ciupirical — in  colic  and 
rheumatism.  The  flui<l  extract  is  the  best  form  of  ad- 
ministration, and  is  given  in  doses  of  0.5  to  1  c.c,  (Tti  viij.- 
XV.). 

Seven  other  species  of  Aletris  are  known,  one  in  the 
Southern  States  and  six  in  Eastern  Asia,  but  their  prop- 
erties have  not  been  investigated.  //.  //.  Rukiy. 

ALGIERS. — Algiers,  the  largest  town  and  cajiifal  city 
of  the  French  colony  of  Algeria,  lies  almost  due  smith  of 
Marseilles,  upon  the  Mediterranean  coast  of  Africa  (lat. 
;«!'  47'  20"  N..  Imig.  o'  4'  32"  E.).  The  poinilation  in 
1860  was  ."i2,fil4.  As  seen  from  the  deck  of  an  ai>proach- 
ing  steamer,  the  a)ipearance  of  the  city  is  exceedingly 
]nctiires(pie  and  striking,  its  compact  mass  of  dazzlingly 
white  houses  having  the  form  of  a  triangle,  whose  ba,se 
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rests  upou  the  western  shore  of  tlie  bay.  wliile  ils  apex 
elimbs  uliiiost  to  tlie  summit  of  tin-  raii.;;e  of  hilU  shuttiiij; 
in  Ihc  bav  on  that  siilc.  ami  oubniiiates  al  tlir  Kasbab,  or 
former  jialacc  of  the  deys,  some  live  hundred  led  above 
the  level  of  the  Si-a. 

Hunninj;  alonjr  the  water  line  of  the  eity  is  a  well  built 
quay,  backed  by  a  series  of  stone  arehes  whieli  sup])ort  a 
wide  and  handsome  ])romenade  terrace,  or  boulevard. 
The  Place  du  Gouverni'UU'nt  and  the  neijiliboiiufr  streets 
constitute,  loiiether  wiih  this  (juay  and  esplanade,  the 
newer  part  of  tlie  town  liinll  by  the  Freni-h.  and  occu- 
jiied  bv  public  buildini;s.  warehouses,  and  the  residences 
of  some  of  the  forei-rn  iuhaliilants.  Mustajiha  Supciior, 
a  very  pretty  suburb  lying  on  the  hillside  east  of  the  city, 
contains  many  villas,  and  is  probably  the  most  desirable 
place  of  residence  for  invalids  intending  to  |iass  a  winter 
at  Alfriers.  Another siiburl),  lyingalso  totlie  east  of  the 
town,  is  known  as  Mustaplia  Inferior,  just  bey<aid  wlii<b. 
at  a  distance  of  two  miles  from  Algiers,  is  situated  the 
jrreat  .lardin  d'Essai,  an  e.xperiinental  garden  under  the 
inanagement  of  the  French  government,  wherein  many 
varieties  of  palms  arid  other  tropical  jilauts  are  to  be  seen 
growing  in  the  open, air.  Ste,  Eugenie,  another  suburb 
of  Algiers,  also  contains  villas,  but  of  a  residence  in  these 
Dr.  Beiuiet  ("Winter  and  Spring  on  the  Shores  of  the 
Mediterranean'")  speaks  unfavorably,  stating  that  "they 
are  decidedly  objectionable,  being  at  the  C-Xtremity  of  the 
western  promontory  that  contributes  to  form  the  bay  of 
Al.ilicrs,  and  exiiosed.  conse<iueutly.  both  to  the  north- 
west and  northeast  winds."  As  to  that  jiortion  of  the 
city  proper,  the  old  quarter,  which  climbs  the  hill  Iiack 
of  "the  French  quarter  previously  described,  it  is  not  for 
a  moment  to  be  thought  of  as  a  resich-nce  for  invalids, 
consisting,  as  it  does,  of  a  compact  mass  of  low,  tlat- 
roofed  whitewashed  houses,  intersected  by  the  narrow, 
crooked,  dark,  and  dirty  streets  characteristic  of  an 
Oriental  t<iwn.  Micturesqiie.  indeed,  this  portion  of  the 
city  may  justly  be  considered,  and  a  rainlilc  through  its 
diiigy  streets  will  well  repay  the  traveller  for  whom  the 
tvpical  scenes  of  Eastern  life  possess  a  fascination ;  but 
with  its  picturesqueness  its  attraction  for  the  visitor  cer 
tainly  ends. 

From  its  low  latitude  and  its  situation  within  the  great 
Mediterranean  basin,  as  well  as  from  its  proximity  to  the 
desert  of  Sahara,  the  climate  of  Algic'rs  is  necessarily  a 
mild  one  in  winter  and  a  hot  and  very  dry  one  in  summer, 
having  its  rainfall  confined  almost  exclusively  to  the 
colder  inonlhs  of  the  year,  as  is  the  case  with  all  idaces 
Iving  in  the  sidjtroiiical  region  of  the  Old  World.  'I"he 
greater  mildness  of  its  winter  climate,  as  compared  with 
that  of  the  Genoese  Riviera,  is  ascribed  by  I>r.  Bemiet, 
in  lar.sre  measure,  to  the  higher  temperature  of  the  hours 
l)etween  sunset  and  sunrise,  the  temperature  along  the 
Riviera  bein.g  lowered  at  night  "by  down  draughts  from 
the  mountains  that  iirotect  it  from  the  north,  the  Mali 
time  .\lps."  Another  element  in  ]iroducing  this  more 
e(|Uable  temperatiu-e  at  Algiers  is  probidily  the  fact  that 
winds  blowing  from  the  north  must  pass  over  the  warm 
waters  of  the  Mediterranean  before  thi'V  <an  reach  tlie 
African  coast,  whereas  on  the  northern  shores  of  this  sea 
all  such  winds  jiartake  of  the  character  of  continental 
winds,  and,  notably  in  the  case  of  the  much  dreaded  mix- 
tnrl  of  the  Hhone  valley  and  of  the  A'/iv?  (if  the  up]ier 
Adriatic,  they  are  accompanied  by  sudden  and  most  un 
comfortable  dc|iression  of  the  atmospheric  temiierature. 

The  following  data,  representing  the  climatic  features 
of  Algiers,  have  been  collected  frfmi  vario\is  soiirces: 
The  mean  annvial  temperature  is  m.'y  F.,  according  to 
the  writer  in  the  Encyclopiedia  Britamiica;  (IT. HO'  F., 
according  to  Martin  and  Folley,  (pioted  by  Dr.  H.  ('. 
Lombard,  in  his  "Traite  de  climatologie  medieah'"; 
(U.oS  F..  according  to  .\ngot,  quoted  by  Dr.  .lulius 
Ilann,  in  his  "  Handbuch  der  Klimalologie  "  :  ()!t.i:V  F.. 
accor<ling  to  the  author  of  the  article  on  "Cliinate,"  in 
the  "  Nouveau  Diclionnaire  de  medecine  et  de  chirurgie  " 
(Jules  IJochard);  and.  finally,  about  (iX'  F.,  according  to 
Dr.  Herman  Weber.  The  niean  of  all  these  figures  would 
give  us  67. 2i    F,  as  the  mean  annual  temperature   of 


Algier.s,     On  page  448  of  his  work  above  cited,  Dr.  Hann 

states  as  follows:  "Entirely  erroneo\is  mean  tempera- 
tures have  hitherto  [iss;!j  been  given  for  Algiers,  which 
showed  especially  a  winter  temperature  by  far  tuo  high. 
The  figures  of  our  table  are  i|Uoted  from  a  recently  pub- 
lished work  bv  Angot,  and  relate  to  the  period  between 
ISIill  and  IHT!)!"  For  the  eight  months  of  ,\ugust.  Octo- 
lier,  November,  December,  January,  February,  March, 
and  April  the  figures  of  Dr.  Hann  are  as  follows: 


Aug. 

Oft. 

Nov. 

Dec. 

54.(i8° 

Jan. 
.53.78» 

Fel). 
.54  .BS" 

Marrti. 
57,02» 

Aprit, 

61.31° 

The  mean  absolute  minimum  temperature,  he  stales  (on 
the  authority  of  Angot  i  to  be  .■?S.4s  F.  Deducing  from 
the  above  given  figures  the  mean  temperature  of  the  I  luce 
«  inter  months,  we  find  it  to  be  .')4.:!s  F..  while  that  of 
the  seven  colder  months  of  the  year  ((Jctober  to  Ajiril) 
is  r)S.4,S"  F.  The  duration  of  the  season  for  invalids 
("Kurzeif  ").  according  to  Weber,  is  from  November  un 
til  the  end  of  Ajiril;  for  this  jicriod  of  si.x  months  the 
average  temperature  of  Algiers,  calcidated  from  these 
same  figures,  is  ."ifi.ltif  F.  'I'here  api)ears  to  be  much  dif- 
ference of  opinion  res])ecting  the  degree  of  variability  of 
fi-mperat\i re  exhibited  from  day  today.  Thus,  the  writer 
in  Eulenburg's"Eiicyclo]i;idie  "  remarks  that  the  changes 
in  tem]ierature  during  the  ccnirse  of  a  single  day.  from 
one-  day  to  another,  and  from  one  month  to  another,  are 
considerable  in  their  amount,  and  fre(iuently  sudden  in 
llieir  manner  of  occurrence  (sind  sehr  bedeutend  uud 
fallen  off  sehr  pli'it/lich  ein).  AVeber  (lor.  cit.)  savs  the 
daily  variations  are  from  Ib.S  fo  14.4  F.  ((i  to  8°  C). 
Rocliard  (/w.  dt.)  states  that  the  annual  mean  of  the 
variation  from  day  to  day  does  not  exceed  ll.iU  F.  (fi.y' 
('.).  while  the  dilVerence  between  the  day  and  night  tern 
]iei:ilures  (variations  nycthemerales)  is  given  by  him  at 
from  .■>.4  toil  F.  (I!  to.!  C'.).  Lombard  remarks  that  l he 
fornu'r(  variations  (liurnes)are  not  extreme,  not  exceeding 
1.4.")  F.  in  winter.  'iAYA  F.  in  sjiring.  2.(i(i  F.  in  summer, 
and  !.('  F.  in  autumn.  The  ab.solute  minimum  temiiera- 
ture observed  at  Algiers  duiing  a  jieriod  of  twenty  years 
was  :!.■).(')    F..  accordin.ir  to  the  author  last  quoted. 

The   following  figures  for  the  relative  humidity  are 
L'iveii  bv  Dr.  Hann : 


Nov. 

Dec. 

Jan. 

Fell. 

Marcb. 

Winter  >fean. 
Dec.-Feb. 

(is 

73 

7;i 

<:. 

(i'.i 

7:) 

The  extreme  figures  representing  this  factor  of  climate 
during  the  whole  year  are  given  as  si.xteen  ]K'r  cent,  and 
eighty  jicr  cent,  (^litchell.  quoted  by  Rochard), 

Theamuial  rainfall  at  Algiers  is  about  ;i(i  inches:  Lom- 
liard  puts  it  at  from  ;!1.4!)  to  ;i;!.T  inches,  and  gives  the 
billowing  extreme  (|\iantities:  il.O  and  4:2.:!  inches.  As 
illustrating  the  seasonal  distribution  of  the  rainfall,  the 
following  tables,  ipioled  by  Dr.  liennet.  will  be  of  inter- 
est to  the  reader; 


A.— Mk.\x  n.\rxr.\i.r  .\t  Algiers.  1X.'!9-184.x 


November 
Iieceiiilier . 
January.  . 
Feliruarv . . 

Marcti 

Aiiril 

Total . . 


.')  inches. 


:}I  inches. 


May 

.lune 

July  

Autriist 

Scpieniber  . 
I  letober  — 


Total. 


1  Vi  inch. 
0 

ny    ;; 

2f4  indies. 
.'>     inclie;?. 


H.— Xcmukr  or  D.ws  .\mi  Nkuits  is  f.sts  ox  Wiuch  R.un  Fkll. 


Xovemher. . . 
December. . . 

Januar>- 

Fcbruan'  . .  ■ 

March. .' 

April 


Davs.  Niplil.s. 


Irt 


III 


Total 44 


May 

June 2 

July I) 

.\UffUSt .    ■ .  -  0 

September 2 

Oclfiber 3 


Davs.  Nif-'hts. 


Total . 


10 
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It  will  be  observed  tliiit  the  mean  raiufiiU  for  October 
given  in  Table  A  is  but  little  less  than  that  for  ilareli, 
tluis  bearing  out  the  statement  made  by  Dr.  Hann  that 
the  duration  of  tli<'  dry  season  for  jilaccs  lying  on  the 
Algerine  coast  is  but  live  months.  The  average  number 
of  fair  days  in  the  <-oursc  of  a  year  at  Algiers  is  two  hun- 
dred antl  thivty-three.  Tlu'  prevailing  wind  for  the  year 
is  the  northwest.  whi<h  freiiueiilly  blows  \\  ith  great  vio 
lence.  The  west  is  the  rain-bearing  wind,  and  is  the  one 
which  is  of  commonest  occurrence  in  the  winter  season. 
North  and  northeast  winds  are  those  which  blow  most 
frequently  dining  the  spriug  and  summer  months.  The 
sirocco,  taking  its  origin  over  the  heated  sands  of  the 
great  Sahara  desert,  is  most  ronunonly  felt  at  Algiers 
during  the  hot  season,  at  which  time  it  is  greatly  dreaded. 
This  wind,  blowing  from  the  .southeast,  occurs  somewhat 
less  fre(|uently  during  the  colder  months,  at  which  sea- 
son it  is  far  less  o]ipressi\-e,  anil  is  more  easily  borne. 
The  sirocco  at  Algiers  is  always  a  dry  wind ;  it  is  accom- 
panied by  clouds  of  dust,  a  portion  of  which,  consisting 
of  extremely  line  particles  of  sand,  it  brings  with  it  from 
the  great  desert.  Dust,  it  may  be  remembered,  is  one  of 
the  pests  of  the  Algerine  climate:  in  great  part  it  is  of 
purely  local  origin,  the  character  of  the  soil  and  the 
heat  of  the  sun.  together  with  the  almost  constant  prev 
aleuce  of  wind,  favoring  rapid  evaporation  of  the  rain- 
fall, and  tlie  rainfall  itself  occurring  chiefly  in  the  form 
of  heavy  and  uot  very  jirotraeted  showers  A  fall  of 
snow  at  the  city  of  Algiers  itself  is  an  extremely  rare 
phenomenon,  in  the  elevated  country  back  from  the 
coast,  known  as  the  Hants  Plateanx.  snow  falls  quite 
frequently,  and  at  times  to  a  cimsideralile  dejith,  Tlie 
water  supply  of  the  city  of  Algiers  is  abundant.  Con- 
cerning the  ciiaracter  of  the  water,  the  writer  has  no 
exact  information ;  but  from  the  absence  of  adverse  com- 
ments in  the  works  of  the  various  authors  consulted, 
he  deems  it  probable  that  it  possesses  no  deleterious 
qualities. 

The  mildness  of  its  winter  climate,  together  with  the 
moderate  percentage  of  relative  humidity  in  the  atmos- 
phere, and  the  great  preponderance  of  clear  skies  and  of 
l)riglit,  sunny  weather,  which  it  enjoys  at  all  ,seasons, 
combine  to  render  Algiers  a  desirable,  jjleasant,  and  ben- 
eficial place  of  residence  during  the  winter  and  early 
spring  months,  for  invalids  sutfering  from  pidmonary 
phthisis  and  from  certain  other  atlectious  of  the  respira- 
tory system.  For  such  cases  its  climate  is  recommended 
by  Lombard.  Rochard.  and  Weber.  The  last  mentioned 
writer  speaks  of  the  climate  as  exercising  also  a  beneficial 
influence  upon  chronic  diarrlneas  and  upon  the  sequehe 
of  dysentery.*  L<imbard  specifies  chronic  bronchitis, 
asthma,  and  phtliisis  as  diseases  likely  to  be  benefited  by 
a  sojourn  at  Algiers,  and  he  calls  attention  to  the  remark- 
able immunity  from  pulmonary  phthisis  enjoyed  Viy  the 
native  population,  as  well  as  by  the  ,soldiers  of  the  French 
army  stationed  in  Algeria.  This  immunity  is  greater 
ii]ion  the  seacoast  than  it  is  on  the  higher  ground  lying 
farther  inland.  The  writer  on  Algiers  in  Eulcnlnirg's 
"Encyclopadie  "  speaks,  on  the  contrary,  in  very  unflat- 
tering terms  both  of  the  climate  of  the  citv  and  of  its 
desirability  as  a  winter  residence  for  invalids,  lie  lays 
great  stress  upon  the  variability  of  the  climate  and  its 
liability  to  sudden  changes  of  weather,  and  warns  all  in- 
valids who  are  unpleasantly  affected  by  such  changes,  all 
asthmatics  and  persons  subject  to  attacks  of  diarrhtea, 
rheumatism,  an<l  intermittent  fever,  that  they  would  do 
well  to  avoiil  tlie  place.  How  far  the  unfavorable  com- 
ments of  this  wi-iter  may  be  justified,  the  writer  is  not  in 
a  position  to  know  from  personal  experience,  but,  judg- 
ing from  the  meteorological  <lata  (pioted  from  reliable 
sources  in  the  present  article,  and  from  the  favorable 
comments  made  by  Lombard  and  other  writers  of  repute, 
he  deems  it  not  improbable  that  the  contributor  of  the 

*  Clironische  Bronrhitls.  besondei-s  mit  Reizluisten.  Emphysem. 
reberreste  von  I^ueiiiiinnie  and  l*learitis  iiini  Plitliisis  im  ersten 
Anfan^;  bilden  rias  peeiRnete  Material;  aurh  i-hronische  Iiiarrliuen 
und  Folpezustiinde  von  Dysenterien  snid  gceignet  (Ziemssen's  Hand- 
bucb  der  allgemeinen  Therapie,  Bd.  11.,  S.  801. 


article  in  Eulenburg's  "  Encylopiidie  "  has  overestimated 
the  unpleasant  features  of  the  Algerine  climate, 

Ilnntiiifjtijii  Iliduinh. 

[Dr,  Charles  Theodore  'Williams,  in  "  Agro-Theraiien- 
tics,''  lSi)-l,  speaks  as  follows  from  his  personal  experi- 
ence : 

"Of  the  dozen  consumjitive  patients  of  whom  I  have 
notes  will)  have  wintered  once  or  ofteuer  at  Algiers,  the 
large  majority  improved  greatl}',  and  number  at  least 
two  cases  of  arrest:  but  I  note  that  the  greatest  improve- 
ment took  jilace  where  patients  resided  in  villas  witli 
.gardens,  and  not  in  hotels.  In  one  case,  where  a  young 
lady,  a  member  of  a  very  consumptive  family,  developed 
the  disease  and  a  considerable  cavity  liail  formed  in  one 
lung,  complete  contraction  of  the  cavity  took  place  with 
arrest  of  the  disease  in  two  winters,  and  the  lady  has 
since  inarrietl  and  has  resided  for  the  last  nineteen  "years 
in  England  without  any  signs  or  symptoms  of  relapse. 
Another  lady,  with  well-marked  tuberculosis  of  one  lung, 
spent  two  winters  in  a  villa  at  jivistapha  Superieur,  w'ith 
the  result  that  the  disease  became  arrested,  and  since  that 
date  she  has  been  able  to  pass  twelve  winters  in  Scotland 
with  inipuuity." 

Strictly  .speaking,  no  moderately  moist,  warm  marine 
climate  like  Algiers  can  be  considered  especially  curative 
for  phthisis,  except  on  Dettweiler's  general  principle  that 
phthisis  can  be  cured  in  any  climate  where  there  is  pure 
air  and  a  freedom  from  dust  and  wind.  Undoid.itedly, 
such  a  climate  has  its  value  for  certain  cases  of  phthisis  of 
low  vitality  and  nervous  irritability,  and  also  for  tliose 
patients  who  a.e  unable  to  adapt  themselves  to  the  cli- 
matic conditions  of  the  high  resorts. 

Such  a  climate  is  also  valuable  for  patients  with 
chronic  bronchitis,  and  with  emphysema,  anil  for  those 
who  are  in  the  early  days  of  convalescing  from  pneumo- 
nia. '        ■  ,  E.  0.  O.] 

ALHAMBRA  SPRINGS.— Jefferson  County,  Montana. 

I'o>i  ( >FKu  K. — .VUiambra 

AicKss. — Via  Northern  Pacific  or  Great  Northern  Rail- 
road.    Hotel. 

These  springs  are  located  fifteen  miles  from  Helena,  at 
a  level  of  8.786  feet  above  the  sea,  the  surroimding  cotm- 
try  being  broken  and  moimtainous.  A  dry  aud  salubri- 
ous climate,  with  varied  and  picturesque  scenery,  charac- 
terizes this  region.  The  hills  and  mountains  are  covered 
by  different  varieties  of  pine.  fir.  and  cypress,  while  the 
bottoms  are  dotted  with  groves  of  alder,  willow,  nioun 
tain  ash,  pojilar,  and  other  trees.  Many  varieties  of 
plants  have  been  found  in  tlie  neighborhood,  which,  it  is 
said,  have  never  yet  been  classified.  Game  is  still  abun- 
dant, consisting  of  grouse,  pheasants,  deer,  elk,  moun- 
tain lions,  and  a  few  bisons.  The  springs  are  situated  in 
an  angle  formed  by  the  junction  of  two  creeks,  in  which 
mountain  trout  ab<nmd.  They  are  twenty-two  in  num- 
ber, and  vary  in  tempera! me  from  90'  to  13-1'  F.  A 
complete  analysis  has  never  been  made,  but  Dr,  Stein, 
the  proprietor,  supplies  the  following  partial  qualitative 
analysis  made  by  himself: 


Sndinm  carbonate. 
Pi^tassium  carbonate, 
Cak'Unn  carbonate. 


Lithium  carlionate. 
Sodium  cliloride. 
Potassium  snlpbate. 


One  spring  is  said  to  be  strongly  chalybeate,  while 
another  is  heavily  impre.gnated  with  fluoride  of  cal- 
cium. We  aiv  unable  to  classify  the  waters  bv  the 
above  analysis  .t  sufiicient  ipiantity  from  some  of 
the  springs  produces  mild  purgative  ctTeets  in  most 
people, 

Dr,  Stein  states  that  the  internal  use  of  the  waters  is 
markedly  advantageous  in  cases  of  chronic  articular 
rheumatism,  and  in  other  disorders  for  which  the  Carlsbad 
waters  of  Pxihemia  have  become  famous.  Mild  attacks 
of  albuminuria  usually  disappear,  and  even  advanced 
cases  of  Bi'ight's  (liseasc  are  benetited.  Abundant  facili- 
ties for  hot  and  cold  bathing,  witlt  a  plunge  and  swim- 
ming balh,  are  pi'ovided.  Jamts  K.  Crook. 
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ALHUELICAN  SPRING.— Situation,  west  of  the  city 
of  TeliiuK-aii.  caiiital  of  till'  district  of  tlic  ssimc  name,  in 
till-  state  of  I'uelila,  two  anil  a  lialf  kilonietirs  fidni 
Teluiaean.  'riausportatioii,  by  ^^•ay  of  tlie  -Mexican 
Soutlieni  Railroad. 

Chemical  composition  (Dr.  F.  Villasefior): 

Hvdroinetric  degree .VJ" 

llydrometrie  degree  after  boUing W 

(iin. 
Solids.  per  Litre. 

Suipliate  of  liTTie iMiTTIi 

Sulphate  of  magnesia li.isT.'i 

Carbonate  of  lime (I.i.'l.'> 

Car-biinate  of  eartbv  salts (i.."i.siK) 

Chloiideof  s.Mlium O.lUTj 

Traces  of  iioii.  inorganic  matters,  siliea,  and  undeter- 

mii\ed  subslanees, differential  n.n.s.|.') 

Saline  residue  dried  at  12(1°  C (i..s;i,S) 

Total 2.3l)2U 

Gases  at  0°  and  at  0.76°  C. 
Gases.  e.o. 

Carbonic  acid -'T.T:!II 

Cxygen i V-IVM 

Nitrogen •.' :iii.i;i«j 

Totiil ■. Tij.s-ll 

UsKs. — The  composition  of  these  waters  being  similar 
to  that  of  the  Cai-lsbad  waters,  they  fiave  l)een  employed 
in  the  treatment  of  the  same  conilitions,  and  more  jiarticn- 
larly  for  the  relief  of  cholelithiasis;  and  from  time  im- 
memorial they  have  enjoyed  a  great  re|intation  in  the 
treatment  of  the  latter  condition.  Several  physicians 
recommend  them  highly,  but  perhaps  the  one  who  lias 
done  most  to  generalize  their  use  is  Dr.  D.  ]VIejia.  pro 
fessor  of  internal  medicine  in  the  Medical  School  of 
Mexico.  Dr.  Martinez  Frey,  resident  practitioner  in 
Tehuacan.  prescribes  them  in  the  following  manner; 

From  I'iO  to  160  gm.  per  dose  four  times  a  day  as  fol 
lows:  the  first,  on  an  emjity  stomach,  lukewarm:  the 
second  at  10  x.si.  :  the  third  at  5  p.m.  ;  the  fourth  at  bed 
time  .\11  thesedoses  are  to  be  taken  in  small  mouthfuls. 
the  patient  furtliermore  being  at  liberly  to  take  them  at 
meal  times  as  well,  under  certain  restrictions.  An  c.x 
cessive  use  of  the  water  is  to  be  avoided.  By  pursuing 
this  method  and  by  regulating  the  iiatient's  diet,  Di'. 
Frey  has  brought  about  many  cures  within  periods  vary 
ing  fi'om  three  to  four  months. 

Dni'ing  the  first  few  days  the  water  has  a  purgative 
ofTect,  Imt  the  system  rapidly  accjuii-es  tolerance  for  it, 
to  such  an  extent  indeed  tliat  in  s|)ite  of  its  coni])osition 
it  serves  as  the  drinking  water  of  Tehuacan.  where  ihe  in 
liabitants  generally  enjoy  good  health  and  are  long  lived. 

It  appears  that  its  prolonged  use  tends  to  ]iroduce  con 
stipation. 

.Vmong  the  iiihaliitaiils  of  Tehuacan.  <'hoIililhiasis  is 
of  rare  occurrence,  a  circumstance  wliich  may  jjcihaps 
be  attributed  to  the  fact  that  they  never  drink  any  other 
water.  .A"   ./.  I'mtre  i/e  Linn. 

ALICANTE.— Spain.  This  city  of  Sli.OOO  inhabitants 
lies  u))on  Ihe  shore  of  the  bay  bearing  the  sinie  name,  on 
the  ea.steru  or  Mediterranean  coast  of  Spain,  and  abniil 
fortv  miles  south  of  the  middle  point  of  that  coast  (hit, 
3S  20'  N..  long.  0°  30'  \\ .).  Extending  in  the  form  of 
a  crescent  along  the  northern  shore  or  head  of  llie  bay, 
and  dominated  by  a  rocky  hill,  some  four  hundreil  feet 
liigh,  the  town  is  tolerably  well  ,sheltered  from  tlie  noi-th 
and  northwest  winds,  the  bay  being  o]ien  only  to  the 
westerly  winds,  "The  landward  environs  ai'e  dreary," 
Siiys  Baedeker;  "but  the  distant  mountains,  the  casile. 
the  harbor,  and  the  sea  combine  to  form  a  memorable 
picture."  "The  view  from  the  east  mole  of  the  harbor," 
continues  the  siuiie  authority,  "witli  ilswhite,  llat-roofed 
houses,  its  palms,  and  the  bare  and  tawny  clifTs  of  the 
castle  hill,  has  probably  no  parallel  in  Etirojie," 

The  climate  is  a  mild   and   dry   one,  <lrier   than    the 
Riviera,  the  annual  rainfall  being  only  Ifi.OS  inches,  of 
which  (according  to  Lorenz  and  Rothe.  ijuoted  by   Dr. 
AVeber,  in  Zii'inssen's  "Handbook  of  General  Thenipeu 
tics")  20.7  per  cent.,  or  the  extremely  small  quantity  of 


■i.'t  inches,  falls dui"in.!r the  winter  months.  The  percent- 
aL'c  (d'  chniils  ju'evailing  in  the  sky  <d'  that  portion  of 
Spain  in  which  Alicante  is  siluateil  is  much  lower  than 
is  found  in  any  other  part  of  Europe,  Italy  and  Greece 
included.  The  relative  hnmidily  of  Alicante  the  writer 
lias  not  been  able  to  ascertain:  but  at  Valencia,  some 
eighty-tive  miles  north  of  Alicante,  the  mean  yearlv  rel- 
ative liumidity  is  (i(i  .  and  it  is  ])robably  somewhat  less 
al  Alicante,  The  mean  annual  tempeialure  is  (U,4  F, ; 
that  of  winter  being  .■>;',.")  F,  Another  authority  gives 
the  mean  winter  temperature  ;is  (iO  F.  There  isno  niis- 
ti'al  or  dust. 

The  present  condition  id'  (he  water  supply  is  not 
known  to  tiie  writer;  it  is  probably  the  same  "as  when 
Dr,  Benuet  wrote  of  it  in  187.5,  which  consisted  then  of  a 
large  spring  and  rain  water  tank.  The  accommodations 
ai'c  ,said  by  Dr,  Weber  to  be  good.  The  wine  of  Alicante 
is  famous,  and.  besides  a  large  commerce,  the  town  pos- 
sesses an  extensive  tobacco  factory,  which  employs  four 
liundred  Spanish  girls. 

Dr,  Weber  speaks  from  personal  ex])erience  of  a  few- 
cases  of  arrested  phthisis  without  pyrexia  doing  well 
here  during  a  sojourn  of  several  months,  "When  a  mild, 
dry,  and  sunny  climate  is  considered  desirable  for  early 
pulmonary  tuberculosis,  Alicante  would  .seem  admir- 
ably to  fulfil  these  conditions.  Cases  of  latent  scrofula, 
asthma,  bronchorrluea,  albuminuria,  and  rheumatism  are 
also  said  to  do  well  here,  /-Mirtird  0.  Otis. 

ALIMENT. — Food  or  aliment  is  matter  wliich.  in  con- 
jiinrtioii  with  the  air,  sujiplies  the  (dements  necessary 
for  the  maintenance,  giowth.  and  development  of  the 
organism,  and  is  thus  the  .source  of  the  power  on  which 
the  vitality  of  tlic'  organism  is  dependent — i.e.,  the  source 
of  the  heat,  niechanica!  work,  and  other  forms  of  energy 
liberated  in  the  body.  Hence,  in  the  broadest  sense,  true 
alhnent  is  a  niixtui'e  of  food  stulTs  and  drink,  together 
with  the  air.  from  which  comes  Ihe  oxygen  necessary  for 
the  oxidation  of  the  former  and  by  uhich  energy  is  lib- 
ei-aled.  A.sain,  physiologically  considered,  true  aliment, 
especially  in  the  animal  kingclom.  is  to  be  distinguished 
from  so caHed  "food  "  as  being  only  that  portion  of  the 
food  w  hicli  is  cither  dii-ectly  availalile  for  alisorjilion,  or 
convertible  by  the  digestive  juices  of  the  body  into  sol- 
iilile  and  more  or  less  dilTiisible  |iroducts,  capable  of 
being  absorbed  by  the  lilnod  anil  lymph. 

The  food  of  vegetable  organisms  is  i|uiti'  dilTerent  from 
that  of  animal  organisms.  Moreover,  the  nature  of  the 
processes  involved  islikewise  i|U  lie  dilTerent,'  The  vege- 
table organism,  by  a  synthetical  jji-occss — abnildin.gup 
of  more  complex  bodies  from  simjiler  ones — dei'ives  its 
nourishment  fi-om  the  inoi-ganic  world ;  its  cells  appi'O- 
lu'iate  such  of  the  inorganic  jirinciples  as  are  needed  for 
its  growtli,  and  convert  them  under  tlie  influence  of  the 
sun's  rays  inio  organic  compounds  which  enter  into  its 
own  structure. 

The  animal  organism,  on  the  other  hand,  docs  not  pos- 
sess this  power,  and  Ihus  we  look  to  the  creative  power 
of  the  vegetable  kingdom  as  the  source,  either  directly 
or  indirectly,  of  the  aliment  of  animals.  Moreover,  the 
vegetable  matter  wdiich  thus  serves  as  food  not  only 
furnishes  the  material  necessary  for  the  gi-owth  and  life 
of  tlie  organism,  but  it  contains,  in  addition,  stored  up 
within  its  molecules,  a  certain  amount  of  latent  force  de- 
rived from  the  solar  force  originally  used  in  its  construc- 
tion, 

.\ninial  organisms,  by  a  process  of  transformation  quite 
the  reverse  of  synthetical,  convert  the  preformed  animal 
or  vegetable  organic  matter  into  allied  or  simjiler  forms, 
which  are  absorbed  into  Iheirown  ti.ssnes.  Animal  food, 
ai>liriiximat  ing  more  closely  in  composition  with  the  body 
to  be  nourished  by  il,  is  perhaps  more  easily  aiquojiri- 
ateil,  and  probably  witli  lessexpendilure  of  energy,  tlinn 
vegetable  ])rodncts.  Animal  food,  moreover.  ]iosscsses 
stimulating  ]iroperties.  due.  willionl  doubt,  to  Ihe  crys- 
talline nitrogenous  bodies  contained  in  muscle  serum. 
Or.!ranic  matter  once  entered  as  a  part  of  an  animal  organ- 
ism and  applied  to  the  purposes  of  life  is  decomposed  or 
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brokou  apart,  and  its  ilecompositiou  products  are  ulti- 
mately recouverteil  into  inoricanic  princiiik'S.  There  is 
thus  a  eompleniental  relationship  between  vegetable  and 
animal  life  and  the  inoryanic  world.  The  plant,  by  a  se- 
lective action,  appropriates  as  an  element  of  nutrition 
certain  kinds  of  mineral  matter,  together  with  nitrogen 
in  the  form  of  anunonia  and  nitrates,  from  the  soil  in 
which  it  grows,  at  the  ssune  time  drawing  from  the  air 
carbon  in  the  shape  of  carbonic  acid,  while  liydrogeu  and 
o.xygen  are  supjilied  to  an  ludimited  extent  in  the  form 
of  water.  The  vegetable  pri'ducts  thus  formed  serve  in 
turn  as  the  food  of  animals,  while  the  latter  at  every 
breath  pour  forth  carbonic  acid  and  water,  which  ulti- 
mately tiiul  their  way  again,  more  or  less  modified,  info 
the  tissues  of  plants.  These,  together  with  the  nitroge- 
nous excreta,  products  of  the  metaboli.sm  of  life,  and  the 
post-mortem  decompositions  which  follow,  continually 
serve  in  their  variously  motlitieil  forms  as  agents  by 
which  the  conservation  and  transference  of  energy  is 
accomplished. 

Now,  since  food  is  the  source  from  which  the  various 
elements  of  the  body  are  supplied,  it  is  evident  that  to 
fulti!  its  jjurposes  food  must  contain  all  of  the  elements 
present  in  the  body.  These  are.  of  course,  not  free,  but 
in  a  state  of  combination,  for  it  is  only  in  the  latter  case 
that  they  are  of  service  as  food,  and.  as  Paw  remarks, 
"the  combination  must  have  been  formed  by  the  agency 
of  a  living  organism — the  combination  must,  in  other 
words,  constitute  an  organic  product."  Aside  from 
the  elements  which  appear  as  inorganic  salts,  there 
are  iu  the  body  at  the  most  but  six  elements,  two 
of  which  are  present  only  iu  small  quantity  and  are 
apparently  less  important.  These  .six  elements  are 
carbon,  hydrogen,  nitrogen,  oxygen,  sulidiur,  and 
phosphorus.  Any  substance  which  as  food  is  to  .sat- 
isfy the  rcciuirements  of  life,  must  contain  at  least  the 
first  four  of  these  six  elements,  in  addition  to  inor- 
ganic salts  and  water. 

The  alimentary  products  foimd  m  nature  can  be  sepa- 
rated by  chemical  analysis  into  several  well-detineil  sub- 
stances, none  of  which  are  usually  found  free  in  nature. 
These  chemically  distinct  substances  are  termed  tlie 
alimentary  principles.  Many  of  them  are  found  in  both 
animal  and  vegetable  foods,  as,  for  example,  certain  fats 
and  some  forms  of  proteid  matter,  although  in  the  case 
of  the  latter  example  there  would  appear  to  be  some  few 
minor  points  of  difference  both  in  percentage  composi 
tion  and  in  chemical  reactions  between  the  correspond- 
ing substances  of  animal  and  vegetable  origin.  Others 
are  to  be  found  only  in  one  kingdom,  as  starch  in  the 
vegetable,  or  collagen,  the  gelatin-forming  substance,  in 
the  animal. 

Various  classitications  of  food  have  been  from  time  to 
time  proposed,  based  mainly  upon  either  physiological 
or  chemical  grounds.  Popularly,  aliment  is  frequently 
divided  into  food  and  drink,  without,  however,  any  suit 
able  reasons,  since  the  mere  fact  of  a  food  being  in  solu- 
tion does  not  preclude  the  possibility  of  the  presence  of 
even  a  large  amoimt  of  solid  matter,  as,  fiu'  example,  in 
the  case  of  milk ;  while,  on  the  other  hand,  butcher's  meat 
contains  on  an  average  sixty  to  seventy-two  per  ceiil.  of 
water.  Hence  food  shoidd  be  considered  as  including 
both  liqiud  and  solid  matter.  The  luost  natural  and 
comprehensive  classification  of  foods  is  that  based  jiri- 
marily  on  chemical  compo.sition  and  origin,  viz.,  organic 
and  inorganic — that  is,  chemical  combinations  of  elements 
producible  chiefly  through  the  agency  of  living  cells ;  and 
secondly,  inorganic  compounds  absorbed  from  the  min- 
eral kingdom,  and  thus  intimately  mixed  with  the  former. 
The  inorganic  portion  of  food  consists  simply  of  water 
and  various  saline  compounds.  The  organic  portion  may 
be  advantageously  subdivided  into  two  groups,  nitroge- 
nous and  non-nitrogenous,  based  mainly  on  the  i>resence 
or  absence  of  the  element  nitrogen.  The  nitrogenous 
alimentary  principles,  represented  chiefly  by  proteid  or 
albiuninous  substances,  contain  carbon,  hydrogen,  oxy- 
gen, and  nitrogen  combineil  in  varying  jiroportions,  and 
generally  also  small  quantities  of  sulphur  and  frequently 


of  phosphorus.  The  non  nitrogenous  principles  contain 
only  the  three  elements,  carbon,  hydrogen,  and  oxygen. 
These  are  iu  turn  further  svdxlivided,  according  to  the 
relative  proportion  with  which  the  carbon  and  hydrogen 
unite  with  oxygen — viz.,  into  fats  and  carbohydrates; 
the  former  consisting  of  cai'bon  and  hydrogen  united  to 
only  a  small  amount  of  oxygen,  as  in  the  case  of 
tripalmitin,  C'i.HapOo;  the  latter  of  carbon,  with  the 
hydrogen  anil  oxygen  always  in  such  proportion  as 
to  form  water,  as  in  the  case  of  cane  sugar  or  sac- 
charose, CiiH;.jO]i;  hence  the  name  carbohydrates. 
These  two  divisions  of  the  non-nitrogenous  principles 
not  only  differ  in  pertentage  composition,  but  they 
are  likewise  widely  divergent  both  in  chemical  and  in 
physical  properties.  Following  is  a  partial  classifica- 
tion of  foods; 


zj  f  (a)  water. 


(ft)  salts. 


^  calr-iinn  stilpliate  and  phosphate, 
mat'iifsium  sulphate. 

PDtassiuin  rlili.rkie,  phosphate,  and  carbonate, 
sodium  chloride,  phosphate,  and  carbonate, 
inin  salts. 


L  silica,  fluorine. 
I 
fats. 


{«)  non-nitroge- 
nous. 


(h)  nitrogenous. 


carbohy- 
di-ates. 


\  tristearin. 
-,  tripahuitin. 
(  triolein. 

amylaceous. 


saccharine. 


gelatinous     \  ^'^'^If.f- 
principles,   j  ^'{.^i^]^'"- 

i  albumin, 
flbrin. 

albuminous  J  gi,?'"°'° 


'_ animal  and 
i"  vegetable. 

r  starches. 
J  gums. 
I  de.xtrins. 
I  cellulose. 
C  grape  sugar. 
J  cane  sugar. 
1  milk  sugar. 
I,  maltose. 


principles. 


hulin. 
nucleo-protelds. 
ca.sein. 
.  elastin.  etc. 
asparagin. 


1  animal  and 
f  yegetable. 


I  asparagi 
<  creatin. 
r  leucin,  e 


amido-acids 

^'"^         (  leucin,  etc. 
nitrogenous  »  santhin. 
bases.         "(  hypoxauthin,  etc. 


Examination  of  this  classification  leads  us  first  to  notice 
the  importance  of  water-  as  food.  According  to  Voit,' 
the  bod,v  of  a  fully  developed  man  contains  63  per 
cent,  of  water,  while  the  body  of  a  growing  child 
contains  nearly  66..')  per  cent.  Any  great  alteration  iu 
the  content  of  watei'  in  the  animal  body  is  always  attended 
with  disastrous  results;  thus,  in  diarrhiva.  cholera,  etc., 
such  large  quantities  of  water  are  lost  as  to  render  the 
blood  (luite  thick,  and  even  the  muscles  may  lose  as  much 
as  six  per  cent,  of  water.  Such  loss,  if  long  coutinuedj 
soon  results  in  loss  of  vitality  and  consequent  death.  It 
is  noticeable,  moreover,  that  a  certain  proportion  of  the 
water  contained  in  the  tissues  of  the  body  can  be  removed 
without  difticidty.  while  a  smaller,  residual  portion,  ap- 
parently more  closely  united  to  the  organic  matter,  can 
be  separated  only  with  gi'eat  difliculty  ;  this  is  well  illus- 
trated in  the  simple  drying  of  dead  muscle  tissue.  Re- 
moval of  the  water  from  low  foi-ms  of  animal  life,  bj- 
diying  them  at  the  ordinaiy  temperature,  or  at  a  tem- 
perature below  the  coagulating  point  of  their  body  pro- 
toplasm, causes  them  to  lose  all  appearance  of  life;  but 
in  such  condition  they  will  again  absoib  the  water  lost, 
and  return  to  their  former  appeai'ance  and  vitality.  In- 
crease of  water  in  the  organism  beyond  the  normal 
amount  is  usually  associated  with  an  unhealthy  condition 
of  the  body.  Various  investigators  have  likewise  dem- 
onsti-ated  that  there  is  a  close  connection  between  the 
percentage  of  water  in  the  body  and  the  diet,  irrespective 
of  the  water  taken  as  di-ink.  Thus  Voit  has  shown  that 
a  bread  diet,  continued  for  siime  time,  renders  the  body 
more  watery  than  normal.  In  one  experiment  with  a  cat, 
the  amount  of  water  in  the  brain  and  muscles  w.is  in- 
creased three  to  four  (ler  ct'nt.  Increase  of  fat  in  the 
body  is  usually  attended  with  a  diminished  percentage  of 
water.''    A  vigorous,  well-nourished  man  possesses  or- 
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gans  miicli  poorer  iu  water  than  a  htvWy  fed  person. 
Forstcr''  1ms  tij;ureil  that  under  nurinal  cdndilioiis  a  per- 
son living  on  an  average  diet  takc's  daily  from  2.21") 
to  8,."):S.S  gin.  (about  ()..")  pounds  avoirdupois)  of  water. 
It  is  easy  to  see.  however,  that  a  great  vaiiety  of  eireum- 
stanees.as  variations  of  diet,  e.\ereise.  tenijieralure,  ete., 
may  have  a  modifying  intlneneeou  the  amount  of  water 
taken  into  the  system  during  the  twenty-four  hours. 
The  figures  .just  given  do  not.  however,  rei)resent  all  of 
the  water,  sinee  a  variable  amount  is  formed  within  the 
body  by  o.xidation  of  the  hydrogen  contained  in  the 
organicalimenlary  principles.  'I'hus.  accnrdiiig  to  Voit, 
iuthe  case  of  a  hungry  man.  .i'i  gm.  nf  liytlrogeu  in 
the  form  of  organic  mailer  were  o.\idized  to  288  gm.  of 
water  during  twenty-four  hours. 

It  is  thus  plainly  evident  from  tlie  foregoing  that  water 
is  a  necessary  constituent  of  the  body,  and  as  one  of  the 
alimentary  lirineiples  is  a  decidedly  important  one;  yet 
we  need  to  understand  its  true  signilieauce.  It  does  not 
itself  undergo  any  chemical  change,  and  is  not  a  source 
of  energy.  though,it  aids  chemical  change  in  suii]dying, 
by  its  presence,  a  condition  absolutely  necessary  fen-  its 
occurrence  in  other  bodies. 

The  inorganic  salts,  as  Pavy  remarks,  "stand,  if  not  to 
the  full  e.Ktent.  nearly  so.  iu  the  same  position  as  water, 
as  regards  the  non-possession  in  itself  of  force-producing 
properties."  T!ic  mineral  mattei-s  are  moi'e  closidy  con- 
cerned in  the  structure  of  the  organism  than  in  the  liber- 
ation of  energy,  and  this  is  true  both  of  animal  and  veg- 
etable orgains"ms.  Further,  inorganic  salts  ai)pear  to 
play  an  iinjiortant  part  in  reuulating  and  controlling  in 
sonic  measure  the  various  metabolic  processes  of  the  body, 
although  they  themselves  contain  little  or  no  jiotential 
energy"  They  are  particidarly  necessary  in  the  develoji- 
ing  animal  body,  and  of  all  tl'ie  forms  of  mineral  matter 
none  is  so  important  and  so  widely  distributed  as  calcium 
plK)si)hate.  This  salt  is  seldom,  if  ever,  absent  from  any 
stnictiu-al  element  of  the  body,  and  its  intimate  union 
witli  many  of  the  nitrogenous  principles,  jiarlicularly  the 
albuminous  bodies,  is  so  decided  that  only  with  tlie  great 
est  care  can  this  salt  be  completely  removed  without 
chani;ing  the  nature  of  the  albuminous  body  ;'■  ind<'cd,  in 
many  Cases  there  would  a|ii)ear  to  be  a  chemical  combi- 
nation between  the  proteid  body  and  the  inorganic-  salt. 
.Mineral  matter  is  needed  not  only  for  the  growth  and 
nutrition  of  the  skeletal  portions  of  the  liody,  liut  it  is 
also  needed  in  the  structure  of  the  softer  tissues,  as  well 
■  as  in  the  formation  of  secretions;  thus,  the  acid  of  the 
ffastric  juice  has  its  origin  in  the  chlorine  of  sodium 
chloride,  or  conunon  salt,  while  the  alkalinity  of  the  i)an 
creatic  secretion,  as  w-ell  as  tliat  of  some  of  the  other 
Hinds  of  the  body,  is  due  mainly  to  inoriranie  salts,  as 
the  alkali  phosiiliates  and  perliajis  bicarbonates.  More 
over,  the  removal  of  carbonic  acid  by  the  lungs,  through 
the  asency  of  the  venous  blood,  could  hardly  be  accom 
plished  were  it  not  for  tlie  alkalinity  of  that  (bud.  In 
manv  juices  of  the  body,  inorganic  elements  are  held  not 
oidyin  solution,  but  (I'lnte  tirndy  vudted  with  the  more 
chaVac-tcristic  matter,  as  in  the  sodium  salts  of  the 
bile  acids,  and  in  some  instances  they  can  be  removed 
only  by  ilecomposition  of  the  compound.  The  excess 
of  salts  taken  into  the  body,  by  the  food  or  other 
means,  and  that  which  becomes  free  by  decomiiosition 
within  the  body,  is  easily  removed  through  the  urine 
and  fa-ees. 

There  is  still  other  evidence  that  the  various  inorganic 
salts  of  food  serve  definite  purjioses  in  tin-  body.  The 
tw-o  alkalies,  jiotash  and  soda,  so  widely  distriliuted  and 
so  (-losely  allied  in  their  chemical  iirojierlies.  cannot  be 
made  toVeplace  each  other  in  the  living  organism,  while 
the  same  is  likewise  true,  to  a  certain  extent .  of  t  he  alkali 
earths,  lime  and  magnesia.  Thus  a  qualitative,  and  also 
a  i|uantitative.  selection  of  inorganic  matter  is  noticeaVile 
in  the  body,  particularly  in  the  blood,  w  liere  the  corpus 
cles  contain  the  greater  portion  of  the  imtassium  salts 
and  phosphates,  while  in  the  senun,  sodium  salts  and 
chlorides  are  in  excess,  .\gain,  it  is  (pnte  noticeable 
that  potassium  s;ilts  predominate  in  the  formed  tissues 


of  the  body,  wliilo  sodium  salts  are  characteristic  of  the 
fluids. 

Forster's'  experiments  on  ])igeons  with  food  poor  in 
salts,  and  on  dogs  with  powdere<l  meat  from  whidi  the 
greater  portion  of  inorganic  matter  had  been  removed  l)y 
extrai-tion  with  hot  water,  fat  and  carbohydrates  being 
afterward  added,  showed  that  these  animals  could  not 
liear  the  lo.ss  longer  than  four  to  five  weeks  without  great 
suffering,  and.  finally,  death.  In  fact,  it  is  evident,  from 
physiological  experiment,  that  an  organism  supplied 
with  all  organic  food  stidfs  and  wafer  can  live  only  for  a 
liniiled  lime  without  mineral  matter  For  a  time  the 
body  draws  upon  the  inorganic  matter  stored  up  in  its 
own  tissue;''  but  this  failin.g.  and  that  naluially  present 
in  the  organic- foods  being  removed,  death  soon  results 
from  lack  of  inorganic  aliment.-'  In  the  ordinary  diet  of 
nu-n  and  animals,  sutficieut  salts  are  generally  contained 
in  the  non-iutrogenous  and  proteid  foods  to  furnish  the 
recpiired  amount  of  mineral  matter.  As  to  the  actual 
cpiantity  of  inorganic  matter  needed  to  counterlialance 
that  willidrawn  fi-om  the  body  in  twenty  four  hours,  wo 
can  hardly  s-iy.  Tlie  content  of  ash  contained  in  the 
smallest  amount  of  food  necessary  to  kee|i  up  the  vitality 
ot  an  orpunsm  woidd  give  an  approximate  answer  to 
this  (|uesrion.  This  liischofT  and  Voit  attempted  to  as- 
certain by  experiini-nting  with  a  dog  weighing  81  kgm. 
((j.s.:i  pcauids).  the  daily  food  in  this  case  containing  6.5 
,ijni.  (gr.  l(IO.H)  of  ash.  The  excretion  of  mineral  matter, 
however,  as  Voit  has  jminted  old,  is  ([uite  diiferent  in 
the  hunger  condition  from  what  it  is  during  a  plentiful 
diet;  for.  in  the  case  of  hunger,  the  inorgainc  matter  of 
flic  organs  is  drawn  upon,  tlie  sails  ]iasshnr  into  the  ex- 
creta, thus  ke<-ping  the  percentage  composition  cd'  these 
fluids  for  a  time  constant. 

The  imiKirlance  of  iron,  or  iron  salts,  as  aliment,  is 
hardly  second,  certainly  not  in  till!  case  of  the  lii,!::lier 
animals,  to  lime  salts.  The  positicm  which  it  occu])ies 
in  the  ha'moulobin  imdecule.  on  which  the  blood  depends 
for  its  power  of  carrying  oxygen,  would  alone  indicate 
this.  I5oussingauII  "'  has  determined  the  amount  of  iron 
in  a  sheep  (d'  ii'J  kgm.  weight  to  be  ;i.:is  gm.,  =  t).  I.")l  ])er 
cent."  It  is  to  be  borne  in  mind,  liowever.  that  much  of 
the  iron  taken  as  food  is  consumed  in  the  form  of  organic 
compounds,  as  in  luemoglobin.  fen-u.ginous  nucleo-])ro- 
teids.  nucleins,  etc.'-' 

The  following  table '^  show-s  the  amoiuit  of  inorganic 
constituents  present  in  some  foods,  the  figures  exjiressing 
parts  per  one  hundred  of  the  dry  substance: 
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(I.Kl'.i 
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II.:!,') 
i.iiii 

ii.;b 
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ii.:r) 

Cow's  uiilk 

i.«; 

1,11-1 

l..-)10 

i>M 

ll.OIK 

l.Sli 

1.1)0 

Of  the  non-nitrogenous  foods,  the  fats  which,  accord- 
ing to  the  old  time  classiflcation  of  Liebig,  come  under 
the  head  of  respiratory  or  calorifaciiMit  principles,  are 
])arli(-ularlv  applieil  to  the  production  of  heat  and  other 
forms  of  energy.  They  also  ajipc-ar  to  be  concerned,  to 
a  certain  exteni.  in  tissue  development.  The  neutral  fats 
alone  are  important  as  foods.  The  free  fatty  acids  and 
glycerin  are  seldom  present  in  sullii-ient  ipianfily  to 
have  any  signilicance.  The  more  im|)ortaiit  fats  are 
tristeariii  anil  triiialmitin  among  the  solid,  while  among 
the  more  easily  melting  fats  triolein  is  the  cliicd'  repre- 
sentative. These  are  simply  neutral  comixmnds,  formed 
liy  the  union  of  a  triatoniic  alcohol,  glyi-erin,  with 
three  molecules  of  a  monatoniic  f;itty  ai-icl.  The  liuidity 
of  a  fat  depends  o'l  the  aniount  of  oleiii  lireseiit;  thus, 
beef  fat,  which  contains  more  iialmilin  and  stearin,  melts 
at  41'  to  .")!(  ('..  while  goos(»  fat,  whii-h  contains  large 
quantities  of  olein,  melts  at  24'  to  2(i   C.     The  following 
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tabic  gives  some  idea  (if  llic  muouiit  of  fat  coutaiiied  in  a 
few  commou  foods : 

Per  cent,  of  fat. 

Fat  tissue  of  swine 92.21 

Flit  tissue  of  beef 88.88 

Fat  tissue  of  uiutton 87.88 

Butter 8.5.0to90.0 

EgKS 12.0 

Fat  meat 5.0  to  13.0 

Milk 3.0to   4.0 

Chee-se. 8.0  to  30.0 

Vegetables 0  to   S.O 

Nuts 53.0  to  ee.o 

All  auimal  fats  show  a  icmarkalile  uniformity  in  ele- 
mentary composition,  containing  on  an  average  T6.5  per 
cent.  C,  11. y  per  cent.  H.  and"  11.6  per  cent.  O.  The 
chemical  comjiosition  of  fats  indicates  the  importance 
of  these  principles  as  heat-iirodiuing  agents.  In  the 
carbohydrates  and  other  allied  principles,  the  hydrogen 
and  oxygen  are  invsent  in  such  pidiiortion  as  to  form 
■water  (starch  CdliuOs),  while  in  the  fats,  as  in  tripal- 
mitin  (CsiHa^Oo),  only  twelve  atoms  out  of  ninety-eight 
have  their  combining  eipiivalent  of  oxygen  contained  in 
the  compound,  and  hence  the  remaining  hvdrogen  atoms, 
as  well  as  all  of  the  carbon,  are  free  for  oxidation.  And 
since  the  quantity  of  heat  produced  is  dependent  upon 
the  amount  of  chemical  action  or  oxidation,  it  follows 
"that  a  given  quantity  of  fat  will  have  the  power  of  ap- 
propriating al)out  2.4  times  as  much  oxygen  as  the  same 
quantity  of  starch,  or,  in  other  words,  will  develop 
about  2.4  times  as  much  heat  in  the  process  of  oxidation, 
and  hence  has  about  2.4  times  as  nmch  value  as  a  licat- 
jjroducing  agent"  (Pavy).  But  while  the  fats  are  espe 
cially  important  for  the  production  of  heat,  and  for 
forming  the  basis  of  adijiose  tissue,  the^-  are  likewise 
essential  for  tissue  development  generally.  The  great 
importance  of  fat  in  food  and  of  that  deposited  in  the 
bodv  is  to  be  found  in  the  aid  which  it  furnishes  to  the 
hungry  organism  in  developing  its  wasted  tissue.  A 
purely  proteid  diet  fin-  a  person  poor  in  fat  necessitates  a 
large  amount  of  the  foiiner  to  sustain  the  weight  of  the 
body,  indeed  more  than  the  intestines  are  capable  of  ab 
sorbing.  But  a  mixture  of  fat  Avith  the  proteid  matter 
diminishes  both  the  amount  of  circulating  albumin  in  the 
body  and  the  proteid  metabnli^m.  The  proteid  food  is 
needed  to  sustain  the  iKidily  wants,  and  at  the  same  time 
to  prevent  the  loss  of  fat.  Still,  it  is  not  possible  to  con- 
vert a  poor  body  into  a  body  rich  in  fat  and  proteid  ma- 
terial by  a  simple  albuminous  diet ;  fats  or  carbohvdratcs 
are  needed,  admixture  of  which  diminishes  the  work  of 
the  organism.  The  energy  of  the  active  cells  of  the  body 
is  then  only  in  part  used  for  the  decomposition  of  albu- 
min, the  remaining  energy  being  applied  to  the  decom- 
position <if  fatty  matter.  This  is  well  illustrated  by  the 
increased  metabolism  of  fatty  matter  during  muscular 
exertion.  In  the  words  of  Voit,  "muscular  work  ren- 
ders the  cells  capable  of  decomjiosing  more  material, 
and,  after  the  u,se  of  the  disposable  albumin,  the  fat 
is  brought  into  requisitiim.  Thus  nothing  is  of  greater 
influence  ujjon  fat  metamorphosis  than  work."  (See 
jyiilrition.) 

The  carbohydrates,  being  especially  found  in  the  vege- 
table kingdom,  belong  essentially  to  a  vegetable  diet. 
A  few,  however,  occur  in  animal  food,  as  glycogen  and 
sugar  in  the  liver,  lactose  in  milk,  and  the  sugar  present 
in  small  ([uantities  in  muscle  tissue.  In  composition,  the 
carbohydrates  are  all  alike  in  containing  hydro,gen  and 
oxygen  in  such  projiortion  as  to  form  water.  Tliey  may 
be  divided  into  three  main  groups,  \  iz. :  monosaccharides, 
including  such  sugars  as  dextrose  or  glucose,  which  have 
the  formula  CbHi.jOu;  disaccharides,  including  such  bod- 
ies as  cane  sugar,  having  the  fornuda  C,oHo.jO,,,  which 
break  down  into  two  molecules  of  a  monosaccharide: 
and  polysaccharides,  as  starch  and  dextrins,  having  the 
formula  (CeHioOs)^.  As  a  class  they  constitute  very 
easily  decomposable  material,  readily  breaking  down 
into  carbonic  acid  and  watei-,  and  as  food  stuffs  they  are 
especially  prominent  in  calising  an  accumulation  of  gly- 
cogen in  the  liver.     They  are.  moreover,  without  doubt, 


the  source,  in  part,  of  the  fat  in  the  body.  Sugar  or 
starch  is  always  present  in  fattening  foods,  and  although 
it  is  doubtful  whether  the  fat  is  formed  directly  from  the 
carbohydrates,  still  the  association  of  fat  and  glycogen 
in  the  hepatic  cells,  and  the  fact  that  the  former  is  in- 
creased by  such  diets  as  tend  to  increase  the  latter, 
would  naturally  suggest  a  connection  between  carbohy- 
drates and  the  production  of  fat.  (For  a  discussion  of 
this  cpiestion  si-e  yntiitinn.)  Carbohydrates,  like  the 
fats,  tend  to  dimiidsh  proteid  decomposition,  and  even 
more  decidedly;  and  as  they  are  likewise  able  to  prevent 
the  withdrawal  of  fat  from  the  body  (according  to  Voit 
175  parts  of  carbohydrates  accomplish  as  much  as  100 
parts  of  fat),  it  is  evident  that  they  possess  the  power,  in 
a  high  degree,  of  taking  the  role  of  the  fats.  Moreover, 
while  the  carbohydrates  are  bein.g  oxidized,  the  fat 
formed  fromall>umin  is  spared,  and  Voit  "  considers  that 
in  both  carnivorous  and  herbivorous  animals  the  main 
action  of  carbohydrate  food  (so  far  as  its  cinmection  with 
fat  is  concerned)  is  to  jirotect  the  fat  already  formed,  and 
that  in  no  case  does  the  fat  itself  have  its  origin  in  the 
carbohydrates,  but  in  the  carbon  surplus  of  proteid  food 
(see  yiitriti(in).  Carbohydrates  differ  from  fats  in  that 
they  contain,  weight  for  weight,  less  potential  energ}- 
than  the  latter.  They  differ  likewise  in  being  more  easily 
digestible. 

Under  the  head  of  nitrogenous  principles,  those 
classified  as  proteids  or  albuminous  bodies  are  by 
far  the  most  important.  Of  less  importance  dietetic- 
ally  are  the  so  called  albuminoids  or  gelatinous  prin- 
ciples, and  of  still  less  value  are  the  various  nitrog- 
enous extractives,  so  conspicuous  in  many  foods  of 
animal  origin. 

The  proteid  or  albuminous  and  gelatinous  principles 
are  all  veiy  much  alike  in  general  composition,  showing, 
however,  some  decided  ditt'erences  in  their  content  of 
nitrogen.  jMost  of  the  proteid  bodies  occur  in  solid 
form,  in  both  the  animal  and  the  vegetable  kingdom, 
though  a  few  are  to  be  found  dissolved  in  the  fluids  of 
the  organism.  Voit  '=  has  estimated  from  analyses  by 
Bischolf  that  in  a  fully  developed  human  body  weigh- 
ing 08.0.5  kgm.  (1.51.8  pounds)  there  would  be  ctmtained, 
when  diT  (at  100'  ('.),  22.4  per  cent,  of  albuminous 
matter,  and  14.8  per  cent,  of  collagenous  tissue.  The 
excretory  products  of  animal  organisms  contain  such  a 
large  percentage  of  nitrogen,  it  is  evident  that  the  nitrog- 
enous principles  must  play  an  important  part  in  sup 
plying  the  needs  of  the  body.  Of  these  the  albuminous 
]iriuciples  are  the  most  important,  and  for  man  and  ani- 
mals albumin,  in  its  various  forms,  con.stitutes  a  vital 
food  stuff,  without  which  life  cannot  be  long  sustained. 
As  the  content  of  albununous  or  proteid  matter  in  the 
body  is  large,  and  as  all  the  active  cells  of  the  body  are 
l)rotoplasmic,  it  follows  that  albumin  must  be  supplied 
in  considerable  quantity  to  take  the  place  of  that  used 
up  in  the  orilinaiy  ])rocesses  of  life.  It  is,  however, 
widely  distributed  through  both  the  animal  and  vege 
table  "kingdoms:  notalily  in  the  casein  of  milk,  egg  albu- 
men, and  myosin  of  nuisele  in  the  auimal  kingdom,  and 
in  the  coagulableallmmin,  vegetable  casein,  le,gumin,  and 
congluteii  of  the  legumins,  and  gluten  of  wheat  and  rice, 
etc..  in  the  vegetable  kingdom.  The  albuminous  ]irin 
ciples.  moreover,  in  view  of  their  containing  all  of  the 
organic  elements  necessary  to  life,  are  capable,  when 
used  in  conjunction  with  the  inorganic  principles,  of 
supplying  alone  all  the  needs  of  the  body:  still  such  a 
diet  woidd  not  lie  an  economical  one  for  the  system, 
owing  to  tlu'  large  amount  of  proteid  matter  which  the 
system  would  be  obliged  to  work  over,  together  with  the 
subsequent  removal  of  the  nitrogen,  in  order  to  obtain 
the  requisite  amount  of  carbon.  This  is  easily  seen  from 
the  composition  of  pur<'  (.'ixt;  albumin  with  its  .52  jier  cent. 
of  carbon,  when  compared  with  a  fat,  as  tripalinitin  with 
76  per  cent,  of  i-arbon,  or  with  a  carbohydrate  as  Siiceha- 
rose  with  43  per  cent,  of  carbon  and  51  per  cent,  of  oxy- 
gen. It  is  evident,  from  these  figures,  that  a  jtidirious 
mixture  of  an  albuminous  food  stuff  with  a  carbohydrate 
or  fatty  food  stuff  would  sive  a  food  containing  the  re 
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quired  carbon  and  nitrogfii.  assiiuihiblc  with  less  oxponsc 
to  tlie  body.  Liebiir's  theory,  that  iiilroaenous  food  is 
used  wliolly  in  building  up  alliuiuinous  tissues,  as  the 
miisclo  and  otlier  forms  of  prolopiasni,  is  now  liriown  to 
beincorreet.aud  lliat  in  reality  proleid  focjd  sUiirsinay  not 
only  be  utilized  in  the  const  met  ion  and  ri' pair  of  niusetUar 
tissue,  but  may  likewise  irive  rise  to  tlic  storing;  uji  of 
fat.  In  fact,  in  the  decom]i(isitioii  of  pioteid  inatler 
within  the  body  into  tlie  ultimate  product,  una.  which 
is  excreted,  tliere  results  a  complementary  liydrocar- 
bonaeeous  residue,  which  can  be  utilized  ai)i)arently  for 
tlie  production  of  lieat  or  other  forms  of  cneray."  At 
the  .same  time,  tlie  chemicall3'  distinct  oleaiiinous  and 
saccharine  |uineiples  which  are  together  especiallv  con- 
cerned, cither  directly  oi'  indirectly,  in  the  juoduelion  of 
heat,  are  likewiseof  usi-  in  the  pioduction  of  other  forms 
of  energy,  and  thus  any  classiliealii)n  of  the  alimentary 
princijiles  based  on  the  physiological  grounds  originidly 
advanced  by  Uebig  is  wholly  untenable.  It  is  to  be 
remembered  that  according  to  the  law  of  the  conserva- 
tion of  energy,  the  sule  causeof  ain'inal  heat  isaehemieal 
process  in  which' fcv'd  substances  are  o.\idized.  The 
citcmical  energy  of  the  ingested  food  manifests  it.self 
mainly  as  heat  and  motion,  and  there  is  no  good  ground 
for  assuming  that  the  o.xidation  of  proteid  may  not  give 
rise  to  heat,  as  well  as  the  o.xidaticiu  of  fat,  etc.  Hence, 
to  a  certain  extent,  the  two  grcjujis  of  nitrogeucnis  and 
noD-nilrogenous  alimentary  iirincijilcs  are  (pialitatively 
alike,  in  that  lioth  may  be  concerned  in  the  (lev<'lopment 
of  heat  and  the  storing  tip  of  fat,  although  the  non- 
nitrogenous  are  not  distinctly  jirovocativeof  metabolism. 
Flirt lier,  there  is  no  reason  why  the  energy  of  muscular 
contraction  may  not  come,  in  some  measure  at  h'ast, 
from  the  decomposilion  of  nitrogenous  matter  as  well  as 
from  the  oxidation  of  non-nitrogenous  matter.  The 
nitrogenous  principles  arc,  however,  indispensable  to  the 
growth  of  the  tissues  of  the  body,  and  are  likewise  in- 
dispensable in  the  production  of  the  nitrogenized  en- 
zymes, on  the  jiresence  of  which  the  digestive  juices  of 
the  body  depend  for  their  special  action. 

Collagenous  ti.ssue,  comiirising  the  gelatinous  prin- 
ciples (organic  l)asis  of  bone,  cartilage,  tendons,  and  con- 
nective ti.ssue),  cannot  supjily  the  |>lac<'  of  the  albumi- 
nous principles;  still,  Voit '"  has  found  that  nitrogenous 
ei|uilibrium  is  established  at  a  lower  level  of  proteid  food 
when  gelatin  is  added,  and  Forster  "  apparent  ly  considers 
that  in  the  metaliolisui  of  g<'latin  it  rapidly  splits  n|) 
into  a  urea  and  a  fat  moiety,  but  is  tinable  to  imitate  the 
other  function  of  proteid  matter,  or  to  take  part  in  the 
formation  of  living  protoplasm.  (For  nitrogenous  mel- 
abolisin  see  yuln'tion.) 

There  are  a  number  of  crystalline  nitrogenous  sub- 
stances, amido  acids  and  nitrogenous  bases,  occurring  in 
botli  the  animal  and  vegetable  kingdoms,  which  are  pres- 
ent in  greater  or  less  quantity  in  food,  such  as  creatin 
and  other  like  proteid  decomjiosiiion  products,  contained, 
for  example  in  S(ane  quantity,  in  Liebig's  iwtrdclinn 
cwifi.i;  also  the  vegetable  idkaloids.  None  of  these, 
however,  are  of  any  great  value  as  food;  the  nia.jority 
of  thetn  pass  (piickiy  out  of  the  body,  but  little  if  any 
altered,  althou^'h  oiu'  or  two.  as  asparagin."  are  said  to 
diminish  sliLditly  iiroteid  metabolism.  The  more  highly 
complex  lecithin,  present  in  the  yolk  of  the  egg.  in  the 
brain,  etc.,  may  possibly  be  placed  among  the  true  foods, 
though  no  direct  ex]ieriments  have  been  tried  to  demon- 
strate its  acticiii.  It  is  not  iniiirobable,  however,  that 
the  various  amido  acids  and  nitrogenous  bases  which  are 
soaljundant  inanim:il  tissues  do  have  seme  indirect  value 
as  alimentary  substauces.  though  tliey  contain  little 
potential  energy,  ami  we  may  reasonably  consider  that 
these  various  nitrogenous  extractives  have  some  power, 
possilily.  in  intlm'ncing  the  rale  of  metabolism  or  in 
modifying  other  nutritional  processes.  The  main  ac- 
tion of  the  alkaloidal  substances,  as  the  caffeine  of 
coffee,  is  that  of  a  stimulant,  acting  especially  u])on  the 
fatigued  nervous  .system,  though  many  of  the  common 
aIkaloi<lal  infusions  made  from  roots,  leaves,  and  berries 
may  be  somewhat  nutritious  from  the  albuminous  and 
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fatly   matters   which   ihey   contain,  as   is  the  case  with 
cocoa. 

The  drinks  commonly  used  as  food  may  be  divided, 
aside  from  water,  into  the  alcoholic,  acidulated,  sac- 
charine, gaseous,  and  infusions  of  various  substances, 
such  as  tea.  The  alcoholic  drinks  contain  from  furlv  to 
sixty  per  cent,  of  alcohol,  as  in  rum,  brandy,  and  whis- 
key, to  from  two  to  ten  |)er  cent.,  as  in  beer  and  light 
wines.  ^lalt  licpiors  contain,  perhaps,  the  largest  num- 
ber of  constituents,  among  others  there  being  suL'ar. 
dextrin,  gluten,  and  various  substances  f?-oin  the  hojis. 
The  exact  value  of  alcohol  as  a  food,  broadly  considered, 
is  uncertain.  Recent  experiments,  carefully  made  on 
man,"  however,  clearly  show  that  when  mndemt(! 
amounts  of  alcohol  are  ingested,  tlie  alcohol  is  burned 
up  in  the  bo<ly — i.e.,  oxidized  like  any  non  nitrogenous 
food.  The  poteutialener.gy  of  the  alcohol  is  transformed 
into  kinetic  energy,  and  consequently  alcohol  is  to  be 
considered  as  havin.g  some  food  value.  It  may,  therefore, 
be  classilied  with  the  non  nitrogenous  foods.  Further, 
as  a  non-nil ro.genous  food,  alc(jhol  may  replace  an  iso- 
dynamic  amount  of  fat  or  carbohydrate  in  the  diet  with- 
out chan.ge  in  the  balance  of  income  and  outgo.  Alcohol 
serves  to  protect  body  protein  and  fat  fidm  oxidation; 
/.('..  like  a  typical  non  proteid  food  it  diminishes  theo.xi- 
datiou  of  tissue  proteid  1.13-  being  itself  oxidized.  These 
facts,  however,  do  not  imply  that  alcohol  is  necessarily 
a  desirable  food  or  that  it  is  physiologically  economi- 
cal. It  is  to  be  remembered  thai,,  prior  to  its  oxida- 
tion in  the  body,  alcohol  may  ])roduce  (h'lelerious  ef- 
fects of  various  kinds,  more  than  counterbalancing  any 
.gain  which  may  result  from  it  oxidation.  It  may  like- 
wise giv(>  ri.se  to  chaii,ges.  either  directly  or  indirectly, 
in  the  various  metabolic  processes  of  the  body,  which 
must  of  necessity  inlluence  more  or  less  its  value  as  a 
food.  Alcohol  has  a  direct  and  iin  indirect  inlluence 
upon  the  secretion  of  gastiic  Juice.-'"  In  this  dinction  it 
acts  as  a  stimulant.  It  likewise  stimulates  the  secretion 
of  saliva.-' 

Food,  as  eaten  by  man  and  animals,  is  a  natural  mix- 
ture of  the  various  alimentary  princiides  described. 
Seldom  arc  the  isolated  principles  eaten  by  themselves, 
other  than  in  the  case  of  su.yar  and  salt,  or"  pure  fat.  It 
is  the  function  of  digcslion  to  separate  the  individual 
principles  from  this  natural  mixture,  by  which  means 
they  are  .se|)arately  absorbed.  The  behavior  of  animal 
and  vegetable  food  is  quite  different  in  the  alimentary 
canal,  which  difference  is  dependent  more  upon  the 
(|uality  of  dry  substance  contained  in  the  latter  food 
than  upon  its  (piantily.  Vegetable  food  yields  a  much 
larger  percentage  of  indigestible  residue,  and  is  in  itself 
much  less  easily  digestible,  owing  to  the  fact  that  it  is 
more  or  less  enclosed  in  the  dillicultly  soluble  cellulose, 
while  animal  food  is  free.  Moreover,  vegetable  foorl,  as 
a  rule,  is  less  easily  absorbed,  and,  as  it  contains  usually 
a  less  iiercentage  of  nitrogen,  a  much  larger  (pianlKy  is 
needed  to  furnish  a  certain  amount  of  this  element  than 
in  the  case  of  animal  food.  A.sain.  the  large  quantities 
of  starch  contained  in  a  vegetable  diet  tend  to  produce 
an  acid  fermentation  in  the  small  intestines,  with  forma- 
tion of  butyric  acid,  together  with  marsh  gas  and  hydro- 
gen, which  causes  the  frequent  intestinal  excretions  of 
herbivorous  animals. 

Ill  a  determination  of  the  food  value  of  a  given  food 
stuff,  or  of  a  .given  diet  composed  of  a  mixture  of  food 
stuffs,  it  is  necessary  to  ascertain  its  chemical  com  position 
with  siiecial  reference  lo  the  confent  of  proteid,  fat.  car- 
bohydrate, ami  inorganic  salts;  its  caloric  or  heat  value; 
and  lastly  its  digestibility  or  availability.  In  an  ordi- 
nary mixed  diet,  proteid  matter  is  usually  present  in  the 
pro])ortion  of  one  jiart  to  about  tive  parts  of  non  ]u-oleid 
matter — i.e..  fatsaiul  carbohydrates.  The  ]iroporlion  of 
fat  to  carboliy<lrate  is  usually  exceedin,sly  variable,  rang- 
inganywhere  from  oik- part  of  fat  to  from  live  lo  twelve 
parts  of  carbohydrate.  While  these  slatenients  are  to  be 
accepted  as  a  .general  cx]iression  of  the  ordinary  i)ro])or- 
lion  of  the  three  ])riniarv  varieties  of  food  siuIVs  con- 
tained iu  an  average  diet,  it  is  to  be  reuiembcrctl  tliat  the 
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I'lciiU'iit  of  cost  or  till'  cHsi-  o(  prociiriuj;;  frequently  de- 
teriniiics  the  reliitive  ainomit  of  tlie  three  classes  of'food 
stuffs  hi  the  daily  diet.  Thus,  in  countries  where  meat 
is  plentiful,  as  in  iSouth  America,  jiroteid  food  is  con- 
sumed in  nnieli  larger  iiroportion  than  above,  whereas 
in  some  Asiatic  countries.  th<'  prevalence  of  rice,  cereals, 
and  fruits  leads  to  a  daily  diet  in  which  non-proteid 
foods  are  especially  conspicuous,  and  the  jiroporlion  of 
proteid  is  reduced  to  the  mininuini  necessary  for  life. 
Further,  for  similar  reasons,  the  ratio  of  fat  to  carbohy- 
drate undergoes  wide  variation  among- dilferent  races  "or 
in  different  countries.  Thus,  in  the  far  north,  fat  (ani- 
mal) constitutes  t he  greater  jiroport ion  of  the  nou-proteid 
part  of  the  diet,  while  in countiies  where  cereals  abound, 
carbohydrates,  mainly  in  tlie  form  of  starch,  make  up  the 
greater  portion  of  the  non  nitrogenous  food. 

For  the  ordinarj-  imrpo.sesof  food  analysis,  the  amount 
of  proteid  present  is  usually  ascertained  by  determining 
the  content  of  uitro.gen,  and  multiplying 'this  figure  by 
the  empirical  factor(j,2.5,  on  the  assumption  that  proteids 
contain  ou  an  average  16  per  cent,  of  nitrogen.  lu 
recognition  of  the  fact  that  the  value  so  obtained  is  not 
always  an  accurate  measure  of  the  amount  of  true  ]iro 
teid  present,  the  word  "pivtiiii"  is  employed  as  an  arbi- 
trary term  to  designate  a  group  assumed  to  include  all 
the  nitrogenous  matter  of  the  food  except  the  nitrogenous 
fats.  True  proteids  contain  l.j  to  17  per  cent,  of  nit ro 
gen  and  5U  to  54  per  cent,  of  carbon.  It  is  very  diffl 
cult,  however,  to  determine  accurately  the  amoimt  of 
true  proteid  in  a  mi.xture,  and  so  chemists  are  practically 
forced  to  rely  iijion  the  content  of  nitrogen  as  a  measure 
of  the  amount  of  proteid  jiresent.  The  above  variation 
in  the  percentage  of  nitrogen  in  different  proteids,  how- 
ever, introduces  a  possible  error  when  the  nitrogen  con- 
tent is  multiplied  by  6.25.  This  error  is  probably  less, 
however,  than  that  which  comes  from  the  fact  that  in 
some  food  stuffs,  as  in  meat  for  example,  there  is  a  cer- 
tain amount  of  nitrogen  in  the  form  of  amido-acids,  etc. 
Still,  even  here  the  error  is  iirobabij'  not  very  great. 
Thus,  beef  entirely  freed  from  fat  contains,  when  dried, 
49.6  per  cent,  of  carbon,  15.8  per  cent,  of  nitrogen,  and 
5.3  per  cent,  of  ash.'-'*  AVhile  jirotein  is  thus  seen  to  be 
not  strictly  equivalent  to  proteid,  yet  the  content  of  so- 
called  protein  gives,  as  a  rule,  a  fair  measure  of  the 
amount  of  true  proteid  present.  In  special  cases,  how- 
ever, it  is  necessary  to  make  use  of  more  elalxjrate 
methods  of  analysis,  and  to  differentiate  between  the 
nitrogen  of  proteid  and  the  nitrogen  of  amidsand  amido- 
acids,  etc. 

Under  the  head  of  fats  is  included  the  total  ether  ex- 
tract of  the  food.  This  is  ordinarily  made  u]i  of  neutral 
fats,  but  free  fatty  acids  are  sometimes  jiresent,  likewise 
such  phosphorized  fats  as  lecithin  and  prota.gon,  and  also 
bodies  like  cholesterin  and  jiigments. 

Carbohydrates  are  usually  determined  by  difference, 
after  the  ash  and  water  have  been  estimated,  although 
frequently  starch,  sugar,  and  cellulose  arc  determined 
separately  l)y  direct  analysis, 

Eijually  important  with  chemical  composition  is  the 
determination  of  the  heat  value  of  food  st\itfs.  This  is 
done  by  multiplying  the  number  of  grams  of  proteid, 
fat,  or  carbohydrate  by  a  number,  ascertained  by  direct 
experiment,  representing  the  amount  of  heat  produced 
by  the  oxidation  of  1  gm.  of  the  fat,  carbohydrate,  or  ]no- 
teid,  to  water  and  carbonic  acid  and  to  urea.  Taking  the 
calorimetric  observations  of  Kubner  as  a  standard,  it  is 
found  that  1  gm,  of  jiroteid  on  an  average,  wdien  oxidized 
to  urea,  yields  4,134  calories  or  grain  degrees  of  heat 
(small  calories),  or  4.1  kgm,  degrees  (large  calories). 
Similarly  1  gm.  of  fat,  oxidized' to  carborTic  acid  and 
water,  yields  i),821  gm,  degrees  of  heat  (,small  calories),  or 
9.3  kgm,  degrees  (large  calories),  while  1  gm,  of  carbo- 
hydrate, asstarch,  yields  4. 1 16  small  calories,  or 4, 1  kgm, 
degrees  of  heat, 

Tlie  following  table  gives  the  iiercentage  composition 
of  a  few  conuiiou  foods,  together  with  the  heat  values 
expressed  in  the  form  of  kilogram  degrees  of  heat  (large 
calories)  per  jiound. 


I-eun  beef,  fresli  tiiin 

Hfi'f.  Injn.  \erv  fut 

I  iiiiTi.-.l  l«,n«i  hccf, 

I.fMii  liiCiLst  of  veul,  ilvsh  . . 

Salmon,  fresh 

Cotlltsb,  fresh,  steaks 

( ).vsters,  solid 

Hen's  ejrgs,  uncooked 

Butter 

( 'heese,  American,  pate 

Milk 

Hominy,  uncooked 

iiKUiieal         "       

WtHMf  Hour,  eiitin*  wheat,. 

\\liilf  1  Ileal  1,  Vienna 

I^iiEia  lifatir.,  fresh 

Fresh  beets 

Putat<tes,  raw 

Sweet  pot^iiues,  raw 

Green  peas 

Apples 

Bananas,  yellow 

Oranges  .*, 

Strawberries 


.")S.3 
W.H 
.■il,S 
.W,:j 
4l),9 
72.4 
88.3 
73  7 
11.0 
31.8 
87.0 
1I..S 
7.3 
11.4 
34.3 
68..5 
87,.5 
78.3 
fi9.() 
74.8 
84.8 
7.5.3 
S«.9 
90.4 


si 

.J 

A,»?  = 

^ 

P^u 

s-Ot. 

p~K 

K 

^nh 
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11.1 

0.9 

Ki.O 

29.1 

OS 

■2r,.-i 

23..i 

1,3 

18,1 

4.3 

0.9 

1").3 

8.9 

0.9 

l/.O 

0..5 

1.0 

8.0 

1.3 

3.3 

1.1 

13.4 

M.r, 

1.0 

1.(1 

Ki.O 

3  0 

2.S.8 

:i-.,9 

3.4 

3,3 

4,0 

.5.0 

(17 

8.3 

(1,8 

79,0 

0,3 

18.1 

7.2 

87,.5 

1,9 

i:W 

1,9 

7 1.9 

1,0 

9.4 

1,2 

.M.l 

1,1 

7.1 

0,7 

22.0 

1,7 

1.8 

0,1 

9.7 

1.1 

2.2 

0,1 

18.4 

10 

1.8 

0,7 

27.4 

1  1 

7.0 

0,.") 

18.9 

1.0 

0.4 

().") 

14.2 

0.3 

1,3 

•   O.li 

22.0 

0.8 

0.8 

0.2 

11.8 

0.5 

1.0 

0.8 

7.4 

0.6 

Taken  froTii  Atwater  and  Bryant.  Bulletin  No.  28,  Revised.  United 
States  Department  of  Agriculture. 

As  to  the  amount  of  food  required  by  an  adult  during 
twenty-four  hours,  much  depends  upon  the  condition  of 
the  body,  and  especially  upon  the  amount  of  muscular 
work  being  done.  Voit,  in  Germany,  has  given  for  a 
man  of  150  pounds  body  weight,  doing  ten  hours  of 
muscular  work,  the  following  diet  as  requisite: 


105  gm.  assimilated  proteid. 

.58      "     fat 

500      "      carbohydrate 


X  4.1  =     430  large  calories. 
X  9.3  =     520     •• 
X  4.1  =  2,050     " 

3,000    " 


Atwater,-^  in  this  country,  from  a  large  number  of  ob- 
servations, considers  a  somewhat  more  liberal  allowance 
of  proteid  desirable,  and  a  little  larger  heat  value  for  a 
man  doing  severe  muscular  labor;  Siiy  125  gm.  proteid 
and  a  total  heat  value  of  3,oU0  large  calories.  Laying 
aside  minor  points  of  variation,  it  is  safe  to  a.ssume"that 
a  healthy  workingman.  of  average  body  weight,  requires 
in  his  daily  diet  at  least  lUO  gm.  of  pure  proteid,  tv)gether 
with  sufficient  fat  and  carbohydrate  to  give  a  heat  value  of 
3,000  large  calories.  No  doubt,  a  man  can  mnintain  him- 
self in  perfect  health  on  a  son]e^vhat  smaller  allowance  of 
proteid.  but  in  oi'der  to  do  this  he  must  increase  very 
greatly  the  amount  of  non-proteid  food  taken,  especially 
ciirbohydrates. 

Taking  the  above  diet  of  Yoit's.  and  assuming  (hat  in 
order  to  obtain  the  105  gm.  of  assimilable  proteid  118 
gm.  of  )iroteid  food  woidd  be  requii-ed.  we  find  that  this 
means  a  daily  consunqition  of  18,03  gm.  of  nitrogen  and 
at  least  32.'^  gm,  of  carlion.  Further,  since  the  118  gra. 
of  albumin  contain  but  63  gm.  of  cjirbon.  it  is  plain  that 
there  would  be  required  365  gm.  of  carbon,  in  the  form 
of  fats  or  carbohydrates,''^  The  following  table  gives 
the  number  of  .grams  of  se\eral  common  foods  necessary 
to  furnish  the  daily  requisite  of  carbon  and  nitrogen  : 


For  18.3  Gm.  Nitrogen. 

For  328  Gni.  Carlion. 

(im. 

Lard 

Corn 

Wheat  hour 

Itice 

F.srgs  '431 

Lean  meat 

Potatoes  

Milk 

Gm. 

450 

S'll 

824 

8.n9 

2.2:11 

2,820 

3,124 

4,852 

Kggs  (IS) 901 

Corn <.K) 

Rice 1  .S8S 

Milk 2.iK15 

Potatoes 4,575 

Lard 4,79ti 

It  is  thus  evident  that  no  one  of  these  substances  is  in 
itself  a  pro[ier  food.  Lean  meat,  foi'  example,  must  have 
added  to  it  fat  or  carbohydrate,  or  both ;  wliile  potatoes. 
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AliiiioiiC. 
Allllifiilnry  'rraot. 


as  an  example  of  a  earbonaceoiis  food,  riMniire  au  ailmix- 
tiire  of  iiitnijrenous  iiialter.  Ileiiee  a  ju(iieiinis  iiiixtiiie 
of  all  the  alliueiilarv  iiiiiui|ilcs  fnim  liolli  llie  aiiiniiil 
and  vegetable  kinjrdoiiis  const  It  ules  the  food  liesl  adiijitid 
to  the  wants  of  mankind.  Finally,  enipliasis  mnst  lie 
laid  upon  the  ureal  dilTerenee  in  heat  valiU!  between  fats 
on  the  one  hand,  and  protelds  and  carbohydrates  on  the 
other;  fats  havinsj;  per  jrrani  a  heat  value  more  than 
twice  that  of  proleids  or  carbohvdrates. 

/.'.  //.  Chitteiuhn. 

'  Wurtz :  Chimii"  l)loIoirii|iip.  rlmpters  I.,  il..  1884. 
2  Uoppe-Sevler :  I'liysinlojiisrhe  ciu'iiile,  p.  '^, 
»  Heririann"s  llaiiclluu'li  clcr  Plivsiiilogit',  vl.,  'M~. 

*  Phlliiscplmal  Trans;uUi)iis,  'i.  4il4. 
»  Zell.«(.lirirt  tin-  l!i.ili«le.  l.\..  '-V-'. 

*  .\rinistein :  Prtiiger's  .\rehiv  fiir  riiysiolotrie.  viit.,  p.  7-5.  Alex. 
Si-limiilt :  I'tliis-'ei's  .^ri-liiv.  xi..  p.  1. 

'  Zellsrbrift  fiir  l!ii>li)).'ie,  vol,  ix..  IS7;i. 

*  Weiske  :  Zeilsi-lirift  fiir  Binleirlc,  vol.  vil..  pp.  ITii  iiiiil  :>«. 
'  Forster:  Zeitsclirift  fiir  Biolofrie,  vol.  xli.,  p.  4ti4. 

'0  Coniptes  lienaiLs,  IS72,  lU.  p.  i:t>!. 

"  Compare  Itoiiitiur^er:  Zeitjichrift  fiir  plivsiolog.  Cliein.,  vol,  it., 
ifll. 

"  nun^e:  Zeit.si-lirift  plivsiol,  C'liem,,  )x,.  p.  49, 

'3  BuiiBe;  I/,'liHiiicli  cl,  |iliysii)l,  ii,  patliul.  C'heui..  1SS9,  p,  Kiu. 

'*  llennanirs  llamlliiicli  iter  I'liysiotogie,  vi.,  'Xu. 

15  Iliiil.,  vi..  ii-vs 

'«  Zcitsihrift  fiir  Hieloffie.  viii..  -"97. 

"  TexI-B.Milv  iif  I'hvsiuliiKV.  p.  4117. 

'"  Zeit.sc-liiift  fiir  liioliigie.  xv..  -'ill. 

*^  Atwater  anil  Benedict ;  Bulletin  fill,  I'nited  states  Departinent  of 
Aprieulture. 

^1  Clilttenden,  Jlendel,  and  Jackson:  Anier.  .lourri.  I'livsiol..  I,,  p 
VA. 

21  C'liittendi-n  and  Kirliards  :  Amer.  Journ.  Physiol..  I.,  p.  471. 

'2  Argutinskv:  Pfliiger's  .\rcliiv  f.  Physiol  .  Iv..  p.  :i4.'i 

^3  See  Atwater  and  \Voods:  Bulletin  No,  4(i,  t'nited  State,s  liepart- 
tiient  of  Agriculture,  p.  ivi. 

"  Volt :  Hermann's  llandliiich  der  PhysiologiR.  vi.,  497. 


ALIMENTARY 

Ineiilai  \  Ii'.irl  aiis< 


TRACT. 

s  fiom  tile 


-Dkvei.opment. — The  ali 
inner  germ  hiyer,  reinforced 
by  the  viseeial  layer 
of  th(^  middle  germ 
layer.  The  iiiiiergerm 
layer  fni'iiishi'S  theepi 
thelium  of  the  entile 
tilimentary  tnict  iind 
its  accessory  organs, 
the  lungs,  liver,  piiii- 
/(  creas.  etc.  The  vis- 
eenil  liiyer  of  the  mid 
die  gi'rm  layer,  on  the 
other  hand,  gives  oii 
gin  to  all  tile  muscles 
and  conneelive  tissue 
layers,  iind  ;ilso  to 
the  mese  n  t  c  r  y  iind 
omentum.  By  a  pioc- 
-"•'•■  ess  of  folding  tlieic 
is  gradually  formed  a 
tube  wliieli  at  tilsl,  is 
liroadlv  ill  contact,  with 
the  di'irsal  wall  of  I  lie 
embryo  along  its  en 
tire  lengtli  iiiimedi 
ately  veiitiiid  to  I  he 
nolochord.  In  this 
tube  we  can  disliii 
giiisli  thi'ce  divisions, 
which  have-  leceived 
the  names  of  foic, 
mid,  and  liliid  gut, 
Xcither  I  lie  fore  gut 
nor  tlii'  hjiid  gill  opens 
to  the  exterior  ;it  lirst  ; 
t  hey  en  d  blindly. 
During  the  earliia- 
stages  of  developmeiil 
the  mid  gut  is  con 
nected  with  the  yolU 
em;  (Fig,  60),  by  ii  wide  commuiiication,  but  as  develop- 
ment ])i-ogi-esses  this  communication  liecomes  more  and 
nioie  constricted.     This  constriction  is  brought  ubotit  by 


/,: 


V 


Flli.llS.-Iltiman  F.niliiTo.2.-'>Mni,  T.oni.'. 
y  ;i(t.  (After  Kollinan.i  The  yolk  sac 
Is  cut  jiway.  The  rudiment  of  the 
primitive  intestines  can  lie  seen  ex- 
tenfiiuuMlirtaitrli  the  embryo,  a^,  Al- 
lantois  stalk  ;  ('.epithelial  tube  within 
the  allantois  stalk  :  '((.  fore  gut;  h, 
heart;  Im.  hinilKUt;  »i(y,  mid  gut; 
ut.  neural  tnhe:  />,  month  pit;  .s,  so- 
mites ;  ;/.s,  yolk  sa<'. 


the  growth  ("ludad,  on   the  one  hand,  of  the  fold  which 

g.ave  rise  to  the  foic   gut,  and  on  the   olln-r   hand   by  the 

giowth  ccpliitlail  of  Hie  fold  which  formed  the  hind  gut. 

By  this  growth  in  both  directions  the  previously  wide 


Kio,  7(1.— Human  F:nibrvo,  4. in  Mm.  I,ong.  (After  Uls.t  n.v,  Allant«ls 
stalk;  c.  epitl'.elial  tube  wiihiu  the  allani'iis  stalk;  t\i.h>\v  gut: 
/(f/.  liiml  gut ;  /,  rudiment  (f  the  liver:  ?/m/,  mid  gut :  m/',  mouth 
pit ;  >'(((;,  post-anal  gut;  s^t,  Seessel's  jKH-kel ;  //.s',  yolk  sac, 

communication  of  the  mid  gut  with  the  yolk  s:ic  becomes 
sni;illcr  and  smaller,  until  linally  there  ri-mains  only  a 
iiitrrow  comniiinication  between  the  mid  gnt  iind  yolk 
sac — the  vitelline  duet  or  </iirtiis  oiiijilidld-tiilfririis. 

On  the  ventr;il  sidcof  the  fore gut  the  heart  issitiiiited, 
while  from  the  hind  gut  a  diverticulum  grows  out  which 


I'K!.  71. -Human  lCmbrv<i.  fi  Mm.  I.ong.  Sau'lltal  section  of  a  n-ci,n- 
structlon.  X  15.  (After  llis.i  es.  Allaiil"is  stalk  ;  /..i.  bianchial 
arches;  r.  allantois  canal ;    (((•  fore  gin  ;   )i(;.  land  gut;   /..  kiducv; 

((/.lung;  /!■,  liver;  //Miiescnicrv  ;  iM'Siiicicas:  (.n.j,  post ; I  gut, 

.s.  stomach;  Lii\  imibilical  U'sicle ;  iil;  Ui.llll;in  body. 

forms  a  thick  walled  stalk.  This  sbilk  is  known  as  the 
allantoic  stalk,  or  the  llinrhxfkl  of  His.  In  iii;in  and 
oilier  luimales  lliis  diveiticulum  always  iciii;iiiis  iiiirrow. 
but   in    the   lower    vertebrates  it    forms   ;i    free    vesicle. 
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Event\ially,  by  the  bending  ventrally  of  the  fused  outer 
germ  layer  and  purietal  layer  of  the  middle  germ  layer  on 
eacli  side,  tlie  vitelline  diict  and  allantoic  stalk  become 


md 


FIG.  73. 


FIG.  73. 


Figs.  73  and  73.— Diagrams  of  the  Development  of  tlie  Human  .Alimentary  Canal 
and  Its  Mesentery.  FIm'- 73.  i-;irliiT.  Fis.  7:!,  later  stafre.  (.\fter  Hertwig.)  on. 
Greater  omentuni,  wliicli  is  (leveli'[..-rl  frtmi  the  inesctKastrium.  The  arrow  indi- 
cates the  entrance  to  the  iiiiiriituiii  (!>iii-sli  oincntalis) ;  r/c.  greater  curvature  of  the 
st^^mach  ;  y*/.  ductus  cliniciidriuis;  ./m.  (hindmuni ;  jmc.-*,  me.senterium  :  7jic.  meso- 
colon ;  dr/,  small  inii-stinf  ;  (/<.  lartrc  int'-stiuf  (colon);  »i(/.  rectum;  dp,  vitelline 
duct;  hJd.  ciecuiii ;  u-i,  a|>pcudix  vrniiif')Mins ;  /,-.  place  where  the  loops  of  the 
intestines  cross  each  (.'ther.    The  colon  with  its  mesocolon  crosses  the  duodenum. 


appro.ximated,  and  there  is  then  formed  the  uiubilicul 
cord,  which  contains  not  only  the  above-mentioned  struc- 
tures, but  also  the  umbilical  arteries  and  vein. 

In  embryos  3  too  mm.  in  length,  the  alimmtary  tubeis 
nearly  straight,  but  in  embryns  of  about  4  mm.  length 
there  is  a  remarkable  ventral  Hexiire  (Fig.  TO). 

With  the  wheel-like  bending  of  the  body  of  the  ein^ 
bryo,  the  head  and  tiiil  approach  each  other  (Fig.  71), 
and  the  entire  alimentaiy  tract  becomes  bent  together. 
This  bending  takes  place  gradually.  The  ventral  flexure 
disappears  and  the  embryo  becomes  straiglit.  AVilh  the 
increase  in  size  of  the  embryo,  the  alimentary  lube  also 
lengthens,  and  we  can  now  dislinguisli  anteriorly  a 
pharyngeal  portion,  while  posteriurl\-  to  this,  and  ex- 
tending as  far  as  the  rudiments  of  the  liver  and  pancreas, 
is  that  part  of  the  alimentary  tube  which  gives  origin  to 
the  a?sophagus,  stomach,  and  duodenum.  Posteriorly 
to  the  rudimentary  liver  we  have  that  portion  of  the 
alimentary  tulie  which  gives  rise  to  the  jejunum,  the 
ileum,  and  the  dilTerent  subdivisions  of  the  large  intes- 
tine. At  first  this  portion  shows  only  a  slight  anterior 
convexity  near  tlie  vitelline  duct,  but  later  it  gives  rise 
to  the  very  comjile-X  arrangement  of  the  sm-ill  and  large 
intestines.  The  most  posterior  portion  of  all.  the  hind- 
gut,  gives  rise  to  the  rectum  and  ends  blindly  by  means 
of  the  transitory  (lOst-anal  gut  in  the  tail  of  the  embryo. 

Fig.  73  shows  the  digestive  tract  of  a  human  embryo 
4.3  mm.  long.  The  wide  eonununication  between  the 
mid  gut  and  yolk  sac  is  sltowu:  so  also  is  the  compara- 
tively straight  course  of  the  intestine. 

In  Fig.  73,  taken  from  an  embryo,  7  mm.  long,  the 
stomach  shows  a  slight  indical  ion  of  the  greater  and  lesser 
curvatures,  and  the  general  conformation  of  the  stom- 
ach can  be  made  out.  A  loop  of  the  intestine  jirojeets 
ventrally,  and  the  now  narrow  connection  with  the 
yolk  sac  is  shown.  The  rudiments  of  the  liver  and 
pancreas  can  lie  seen  arising  respectively  from  the  dorsal 
and  ventral  sides  of  the  duodenum. 

At  a  somewhat  later  stage  of  development  (Fig.  74.) 
the  form  of  the  stomach  is  more  clearly  shown.  The 
duodenum  caudad  to  the  pylorus  passes  backward  until 
it  comes  close  to  the  dorsal  body  wall;  it  then  bends 
around  sharply  ventrally  and  forms  a  long  loop,  t,hc  con- 
vexity of  winch  is  direcled  forward.  This  loo]i  consists 
of  two  nearly  parallel  arms  running  near  each  other. 


One  is  directed  ventrally  and  somewhat  backward,  while 
the  other,  which  is  situated  caudad  to  it,  runs  dorsally 
and  is  again  bent  near  the  vertebral  ccilunm.  From  this 
latter  bend  it  passes  caudad  toward  the  anus. 
The  convex  end  of  the  long  loop  thus  formed 
extends  beyond  the  body  into  the  umbilical 
cord,  within  which  there  is  an  excavation  for 
its  reception.  The  vitelline  duct,  which  is 
now  undergoing  degenerative  changes,  is 
connected  with  the  intestine  at  the  ventral 
end  of  the  long  looji  just  described.  A  short 
distance  from  the  vitelline  duet,  on  the  caudal 
end  of  the  loop,  a  second  evagination  can  be 
seen.  This  latter  develops  into  the  ctecum, 
and  therefore  indicates  the  boundary  between 
the  large  and  the  small  intestine.  "  In  con- 
sequence of  these  first  foldings,  four  regions 
of  the  intestine  can  be  distinguished  even 
now.  These  are  more  sharply  separated  later. 
The  short  portion  running  from  the  stomach 
to  the  backbone  and  ]irnviiled  with  a  small 
mesentery  becomes  the  duodenum  (Fig.  74, 
Dii):  the  anterior  descending  arm  (Z>),  to- 
gether with  the  bend  in  the  loop,  furnishes 
the  small  intestine.  The  posterior  ascending 
arm  is  developed  into  the  colon  (C),  and  the 
terminal  ]iart,  embracing  the  last  bend,  into 
the  sigmoid  flexui'e  and  rectum  (li).  In  em- 
bryos of  the  third  and  follow  ing  months  there 
occur,  in  connection  with  a  further  increase 
in  length,  important  changes  in  the  position 
of  the  stomiich  and  the  intestinal  loops.  The 
stomach  undergoes  a  double  twisting  about 
two  different  axes,  and  tliereby  early  acquires  a  form 
and  position  (Figs.  72  and  73),  which  correspond  approxi- 
mately to  the 
permanent  con- 
dition. First,  its 
longitudinal 
axis,  which 
unites  cardia 
and  pylorus  and 
is,  in  the  begin- 
n  i  n  g,  parallel 
wilh  the  verte- 
bral column, 
takes  an  oblique 
and  finally  an 
almost  trans- 
verse position 
in  consequence 
of  a  rotation 
around  the  dor- 
sal ventral  axis. 
By  reason  of 
this  rotation  the 


Fio.  74.— .Mimentary  r:iii:il  '1  ;i  Six-vv.cks  Human  Emhryo.  (From 
Kollnijiiin. after  Toldt. )  <f.  .Aoihi ;  c.  cu'cum.  on  the  ascending  arm 
of  ihc  iiucstinal  loop;  en,  cceiiaca ;  f/.  descending  arm  of  the  intes- 
tinal loop  which  becom(*s  the  small  inteMine;  du,  duodenum  :  im. 
mcsenterica  inferior:  j«,  mesogastrium ;  ;/iC,  mesoga.strium  com- 
mune; p.  pancreas ;  r,  rectum;  s;jj,  un^sentericu  superior;  .sp, 
spleen  ;  r(/.  vitelline  duct. 

cardia  moves  to  the  left  half  of  the  body  and  downwai-d. 
but  the  pylorus  more  to  the  right  side  and  somewhat 
higher.     Then  at  the  simie  lime  the  stomach  experiences 
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AliiiK'iilary  Tract. 


r  v.— 


\ 


a  torsion  arouiul  its  longitudiiml  axis  by  which  the  oiiu; 
inal  left  sidt'  becoiiu'S  the  front  and  tlic  ri^hl  tlic  hack. 
Consccivicntly  the  j;ri'atcr  curvatui'c  comes  to  lie  l)eiow, 
the  lesser  al")ove.     The  terminal  part  of  the  a'sophagiis 
is  also  allected   by  the  torsion.     It 
undergoes    a    spinal    twisting    by 
■vvliicli   this    left  side   becomes  the 
front.  .  .  . 

"The  intestinal  loop  with  its  tnes- 
<-iilery     ]iasses    throni;h   a    no    less 

fMndaniental     twisting   around    its  /  p   \ 

place  of  attachment  in  the  Inmliar 
region  than  the  stomach  does.  The 
descending  and  the  ascending  arms 
nt  lirst  lie  side  by  side,  then  the 
latter  (which  becomes  the  colon) 
lays  itself  obliquely  over  the  foriu- 
cr"  and  across  the  beginning  of  the 
small  intestino  transversely  (Fig. 
7-.'.  /.). 

"Both  parts,   but  especially  the 
small  intestino,  continue   from  the 
<-nd  of  the  second  month  to  increase 
rapi<lly  in  length  and  to  take  on  a 
folde(l  condition.     Meanwhile    the 
initial  part  of  the  colon,  called  the 
ca'cuin.  which  e.\hil)its  even  in  the 
third  monlh  a  curved  sickle-shaped 
vermiform    ai)penda,i;-c,    comes    to 
lie  whciUy  on  the  right  side  of  (he 
body    up'  tinder  tlie  liver  (Fig.  72, 
bid).    From  here  it  runs  in  a  trans- 
vcr.se  direction  across  the  duodeiuini 
under  the  stomach  to  the  region  of  the  spleen;  then 
it  bends  sharply  about  and  descends  to  the  left  ]iel\  ic 
region,  where  it  is  continued  into  the  sigmoid  lle.\iire 
and  n'Clum.        Therefore   there  are   distiMguishable 
in  the  colon.  ev<'n  in  the  third  month,  the  c;ecum,  the 
transverse  and  the  descending  colon.     An  aseeiiding 
colon  is  still  wantin.sr.     It  is  formed  in  the  succec(l 
ing  months  (Fig.  75, //)  by  the  gradual  siidiirig  down 
of  the  ca'cum,   which   was  at  tirst  under  tlie  liver. 
until  in  the  seventh  month  it  is  below  the  right  kid 
nev,  and   from   the  eighth  month    onward    descends 
past  the  crest  of  the  ilium. 

"Meanwhile  the  ca-cum  has  increased   in    leiiuib. 
and  toward    the  end    of   gestation   is  a  rather    lai'jc 
appendage  at  the   place   of 
transition    from    the    small  .^ 

to    the   large  intestine.     It  ,  '  "~-v^     ^_ 

early  exposes  the  want  of 
uniformitv  in  development 
(Figs.  72  and  73.  hlO).  The 
terminal  part,  which  often 
cinbiaees  iiKire  than  half  its 
len.L'lh.  does  not  kec|)  pace 
in  its  growth  with  the  mure 
rapidly  enlarging  ])roxiinal 
])ortiiin.  The  former  isdes- 
igntited  as  the  appendix 
vermiformis;  the  latter  as 
the  (vecum.  At  the  time  of 
birth  the  vermiform  ap- 
pendage is  still  not  so 
sharply  <lHrerentiated  from 
\\w.  eacum  as  it  is  a  few 
years  later,  when  it  lias 
been  converted  into  an  ap- 
pendage the  si/e  of  a  goose  quill  and  0-8  cm.  long. 

"Within  the  rei;ion  embraced  by  the  bends  of  the  large 
intestine  the  small  intestine,  which  is  derived  from  the 
descending  arm  of  the  loop,  is  disposed  in  more  iind  moie 
numerous  folds,  owiuir  to  its  extensive  growth  in  length 
(Fig.  7:!)."     (Mark.) 

The  permanent  mouth  is  developed  as  a  pit  (slomo- 
da'uni)  on  the  inider  surface  of  the  rudimentary  head 
(Fig.  (i!)).  This  pit  extends  until  it  meets  the  blind  end 
of  tlie  fore  gut,  being  separated  from  it  at  tirst  by  a  tUiu 


sheet  of  tissue  compo.scd  of  outer  and  inner  germ  layers, 
aii<l  known  as  the  i)haryn.u:<'al  membrane.  15y  th<'  rn|)- 
liire  of  this  memlirane.  communication  is  established 
with  the  exterior.     The  formation  of  the  anus  is  much 

more  comjdicated 
than  that  of  the 
nioulli,  and  is  not 
fully  understood  as 
yet.  It  arises  on 
"the  ventral  side  of 
the  body,  in  front 
iif  the  ncurenteric 
canal.  There  is 
here,  as  with  the 
mouth,  a  thiiuiing 
of  I  he  tissue  over  a 
limited  area,  at  id 
ihns  an  anal  mem- 
lirane is  formed. 
The  place  where 


.^ 
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I'lO.  75.— Kponnstrnrtinn  of  tin 
riirlit  siili' ;  li.  finiTi  Uie  l.-ft  : 
frail  Wiiililer:  ]l.\\  \w\<m\ 
where  the  tiiiiiihiiiu-uifSflilt 
lnnntH'i>  I  H  ihiln-jilf  III"*  !■■ 
which  serve  a.s  lainliiiarks 


B 

I.iver  and  Intestine  of  a  Unman  Kinlirvu  of  .\li 

l.le.     l.\ft(.r    Mall.)      ;■•»).     C,  (^eellMi;    /■'.If, 

■  \eitis;   o..l/.,l,  (iinphaUi-niesemerJe  arlerv  ; 

artery  anil  vein  ri-ds.s  the  inie.stirial   lunp 


niiK'ni-irar  intestinal  ceils,    'the  letters  a  anil  \t 
I   ciiinpai-nig  the  follt>winir  scries  of  Iltrnrcs. 


lilt  Five  Weeks.    A.  From  the 

f'li'anien  of   Winslow;  (1. 11^ 

I'.y,  [lortal   vein;  l\   place 

C.T*,  umiiilicat  vein.    The 


designate  constant  points 


this  tliinninsr  of  the  tissue  takes  jjlace  gives  rise  exter- 
nally to  ii  pit  (]U'oelodeuin),  which  litter  becomes  cou- 
necled  with  the  liinil  gut  by  the  rupture  of  the  above- 
desci-ibcd  aiiiil  membrane.  The  jirocess  is  therefore 
similar  ti)  that  by  which  the  mouth  is  established. 

I'litil  within  a  few  years  the  growth  and  arrange- 
meiii  of  the  coils  of  the  smjill  intestine  were  but  little 
undci-stood.  The  tirst  attenii>t  to  find  a  tyi)ical  ar- 
rangement of  the  coils  was  maile  by  llenke,  followed 
by  "Sernoll,  "Weinberg,  and  JSIaU.     lu  the  ensuing  de- 
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scnptiim 
of  .Mall. 

As  the  in 
cavity  into 
posit iou  iif 


W.  F. 


I    sllilll    t. 


test  1110  gr 
the  mill 
llic   iiUe 


low 

llWS 

iilic;i 
line 


till'  latest  investigations,  those 


it  iiiishe.s  itself  out  of  the  body 

1  eonl.      This  e.xtra-onihryoiiic 

hail  already  been  noticed  by 


Fig.  76.— Reconstnictton  of  the  Liver  and  Intestine  of  a  Human  Em- 
bryo, 34  Mm.  Vertex-Breech  Measurement,  (.\fter  Mall.)  y  in  di- 
ametei-s.  .\.  From  the  right  side;  B,  Irom  the  left  side.  Letters  and 
numbers  as  in  Fig.  7,5. 

Meckel  in  ISIT.  The  singli^  l(>o|i  of  which  the  inles- 
line  is  composed  at  tliis  time  is  shown  in  the  two  illus- 
trations tiirminn'  Fig.  TG,  which  arc  from  a  recoustruelion 
of  an  embryo  of  about  five  weeks.  It  will  be  noticed 
that  in  Jlall's  figure  the  relalionsof  the  two  arms,  which 
malie  up  the  intestinal  looji,  to  each  other  dilTcr  from 
that  of  Toldt,  which  is  usually  given  in  the  text-books. 
In  the  figure  of  Toldt  (Fig.  74),  there  is  a  ventral  and 
dorsal  arm  to  the  loop,  while  JIall  gives  a  right  and  left 
arm.     The  mesentery  between  the  two  lies  at  right  angles 


to  the  axis  of  the  embryo  in  Mall's  figures,  while  ia 
Toldt's  it  is  paralhd.  His  has  also  described,  in  his  "An- 
atomic men.schlicher  Embryonen,"  similar  relations  of 
th(^  intestines.  Another  point  to  which  Mall  calls  special 
attention  is  that  the  large  intestine  lies  in  the  sagittal 
plane  of  the  embryo,  and  retains  this  position  until  the 
return  of  the  intestine  into  the  peritoneal  cavity. 

The  right  arm  of  the  loop  (Fig.  7(i)  has  a  number  of 
short  bends,  which  have  an  important  relation  to  the 
future  convolutions  of  the  intestine.  The  omphalo- 
mesenteric vessels  which  lie  in  the  mesentery  of  the  loop 
in  the  mid-line  serve  as  a  landmark  for  comparison  with 
older  embryos. 

The  vascular  supply  of  the  loop  corresponds  to  that  of 
the  adult,  since  the  omphalomesenteric  artery  supplies  in 


Fio.  77.— Reeonstruetion  of  the  Liver  and  Intestine  of  a  Human  Em- 
lirviiMf  the  Same  size  as  Fie.  76.  but  Somewhat  Older.     (After  Mall.) 
le  dinnifteis.    viewed  from  the  right  side.    The  growth  of  eacb 
individual  mil  is  easily  fdllowed. 


the  emliryo  the  same  portion  of  the  intestine  that  the 

superior  mesenteric  supplies  in  the  adult.     The  same  is 

true  of  the  large  intestine.     That  p:irt  which  lies  at  right 

angles  to  the  long  axis  of   the 

J**^^§|  bod}'  is  supplied  by  the  superior 

mesenterit',  and  that  which  lies 

parallel  to  the  long  axis  by  the 

inferior  mesenteric. 

\.:\  In   a  somewhat  older  embryo 

';;.      (Fig.  78),  the  coils  of  Figs.  7(5and 

'a    77  are  more  sharjdy  defined,  and 

.»,»    in  general  it   may  be   said  that 

%      the  coils  nearest  the  cfecum  are 


c 


Fio.  7.**. — Reoonstruotion  of  Uie  stomaeh  and  Intestines  of  a  Human 
F.mbrvo,  iS  Mm.  Verte.x-Uri'ecli  Measurement.  Viewed  from  the 
right  side.     (.^ftiM- Mall.)     X  ^  diameters. 

the   strongest   developed.     The  length  of  the  loops  has 
about  doubled,  while  the  diameter  has  increased  about 
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one  third  The  large  size  of  tlio  liver  deserves  speeiul 
notice      I  shall  refer  to  this  jKiint  asraiii. 

The  next  older  eiiiliryo  wliic'h  Mall  liL'ures  had  a 
vertex  breach  incasureineiit  of  "21  nun.  'I'he  lari,'e  intes 
tine  occupies  tlie  s;inie  position;  it  has  increased  in 
leniTlh.  but  not  in  diaineler.  A  well-detined  processus 
verinirorniis  is  present  on  tiie  ca'cu?n.  A  coni|iarison  of 
FiiTS.  7(5  and  77  will  show  tlic  j;ro\vlli  of  the  coils  of  the 
intestine.  While  this  growth  is  rapid,  the  relaii.-i  I 
the  coils  to  one  an- 
other remain  prac-       r—  -  :       - 

tically  the  sanie. 
and  can  be  followed 
through  successive 
embryos. 

P\)r  example,  the       \ 
point   h,    w  h  ic  h        | 
marks    the   end   of       !       j 
loop  .5.  occupies  in        j 
all     four     embryos 
(Figs.  70and77)"the       j 
.Siime  relation  to  the       ' 
Ciecnm  and  unibili 
cal    vessels.      This 
point  seems  to  be  a 
landmark     for    de 

termining  the  loops  \  ,' 

on  the  right  .side  of 
th(^  mesentery,  just 
as  I',  in  correspond 
ing  views  of  the  left 

side,  is  for  the    in-        |  ■  V- 

testinal   loops    on        '  .  s         _, 

that    side    of    the  \     '-i 

mesentery  (Figs.  75       ,  '.        '. 

and  76).  |  ';  - 

The   occasion   of      '  i 

the  intestine  being 
forced  out  into  the 
vnnbilieal  cord  has 
l)een  previously  de- 
termined Ijy  Mall 
to  be  the  "great 
amount  of  shifting 
which  takes  place 
from  the  head  tow- 
ard the  tail  on  the 
ventral  side  of  the 
embryo  during  its 
de  velopme  n  t." 
The  liver  also 
grows  very  rajjidly 
and  occupies  nearly 
the  entire  abdomi- 
nal cavity,  tints 
forcing  the  intes- 
tine into  the  C(clom 
of  the  umbilical 
cord.  That  this 
view  is  correct. 
Dexter  has  demon- 
.stratecl  in  his  sluily 
of  the  same  ques- 
tion in  the  develoji- 

nient  of  the  cat.  and  f  have  forme<i  the  .s;une  opinion  in 
my  study  of  the  development  of  the  intestine  in  the 
turtle.  ('.  jnrfii. 

While:  tlie  forces  which  compel  the  intestine  to  leave 
the  peritoneal  cavity  and  pass  into  thecielotu  of  the  cord 
are  well  established,  it  is  (iuit(!  dillieull  to  tjndersiaiiil 
why,  at  a  later  period,  they  return  into  the  abdominal 
cavity.  At  the  tiiiie  when  they  leave  theabdimien  for  tin- 
conl,  the  cominunieation  between  the  body  cavity  and 
the  cu'lom  of  the  cord  is  wide,  but  at  the  lime  of  their 
return  into  the  abdouKMi  it  is  narrow  and  olTcrs  a  seem- 
ing impediment  to  their  ivturii. 

The  return  into  the  body  cavity  of  the  intestine  i< 
quite  rapid,  and  takes  place  when  the  embryo  is  about  40 


Fi(i.  T!).  -TIlis  Flmire  Slinws  tlie  Position  of  tlie  iTiti-stini'  iu*  Foiiml  liv  M;ill  in  21  of  the  tl 
ISoilirs  i;.\;viiijiii'(l  liv  lliiii.  Tlic'iilnlr.iiicii  Uiis  o]ii-ni-cl  Ipy  a  (Tiici:!!  iTnivioii :  tlie  grwit 
(Mm-riliiin  is  liinii'O  Imok  ami  to  the  left.  No  |iorlioii  of  Uic  lurili'  irit.-sliiio  is  vxposed 
to  view.    Tlio   IL'invs  a    ti  cii'sisflKite  the   parts  of  tlie  InlestiTlo  wliich  an;  lioniolojjous 


with  itiH 
dt-iiiiiii. 


•en  in  tlie  prH(reti!nj2 
{MU:r  Mall.) 


mm.  long.  Up  to  this  time,  the  lower  part  of  the  body 
has  not  gi-own  as  fast  as  the  ujiper,  but  now.  owing  to  its 
lapid  growth,  the  jieritoneal  <a\ity  bi'enmcs  much  lai'ger 
anil  the  intestines  !ii-ediawn  liaek  to  till  this  ]ih«'e.  Tin's 
seems  to  be  the  )irobable  explanation. 

While  these  changes  have  been  taking  place  in  the 
small  intestine,  the  l!ir,ge  intestine  from  the  left  IhvMire 
of  the  colon  to  the  rectum  has  ivmained  quite  stniight  in 
!is  couise.     From  the  ciccuin   to  this  llexnre,  however, 

the  large  intestine 
hits  gnidu.-illy  ex- 
tended itself  in  ;i 
curved  diieetion  di- 
agonally across  the 
body  cavity  fioni 
loft  to  righl,  until 
;  he  ea'cum  comes 
to  lie  in  the  light 
iliac  fossil.  It  is 
cliiriiig  this  change 
of  position  that  the 
aiipeniiix  reaches 
ils  full  stage  of  de- 
velo])metit. 

ToPO(.TiAI'TirC.\I. 
.\NATO.\lV  ()I>'  THK 
I  .\TKST  INK.  —  We 
have  now  followed 
I  lie  growth  of  the 
ntestine,  and  it  re- 
niaiiis  to  des<aibe 
the  position  which 
the  coils  occupy  in 
I  he  adult.  As  can 
lie  easily  inferi-ed, 
the  embi-yoiiie  con- 
ililion  foreshadows 
I  hat  of  the  jidnll. 

Mall  studied  the 
inangeinent  of  the 
intestinal  coils  in 
ilie  abdomen  of 
forty-one  ad  u  1  ts. 
In  twenty  one  cases 
the  coils  wei-e  ar- 
I'iinged  in  the  siinie 
niannei".  This  may 
be  taken  as  the  nor- 
nuil  anansi'ement  of 
the  intestine,  and 
the  other  cases  as 
variations. 

In  these  "  iior- 
niiil "  cases,  the.  je- 
junum forms  two 
groii  p  s  of  coils, 
which  occupy  the 
left  hypochondriac 
region.  Each  of 
these  gi'dujis  de- 
scribes mole  than  a 
comiiletc  circle,  and 
both  are  in  conl;ict 
with  the  iinleiior 
wall  of  the  abdomen  (Fiirs.  7!l  and  sii).  The  intesiine 
Iheii  cro.sses  tliidiigh  t  In- umbilical  region  to  the  right  side 
of  the  liody.  It  then  makes  a  turn  and  again  cro.ss<s  the 
nK'dian  line  caudad  to  the  lii'st  arm.  and  forms  a  loop  in 
the  left  iliac  fossa.  Fi-oin  here  it  jiasses  into  the  pelvis 
jind  the  lower  portion  of  the  iibdomen,  between  the  psoas 
muscles.  Fig.  at)  gives  the  details  of  the  loops  as  above 
described. 

L.Mioi';  IxTKsrr.NE. — The  large  intestine  is  divided  into 
\hi.'  riiriiiii,  the  iixaii</iit(/,  (nirnoerxc.  (hixa  ndiii;/.  and  fif/- 
iiiinii  raliin.  and  the  irrt li m .  The  various  divisions  of  the 
colon  form  a  hoi-seshoe  shaped  boi'der  about  the  small 
intestine  (Fig.  !Sl)). 

(,Vre«;/i.— the  c;ecum  is  situated  in  the  right  iliac  fo.ssa 


tlgiiri's     'J'lie  (ujil  i2  is  tbe  continuation  of   the  iliio 
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and  is  about  (10  niiu.  in  length  and  7")  mm.  in  brcadtli. 
It  includes  tlial  part  (if  tlio  laryc  intestine  wliieli  lie.s  be- 
low tlie  entninee  of  tlie  small  intestine,  an<l  also  its  pro 
louiration,  the  a])|)endi.\. 

The  ca'c-uni  lies  in  front  of  t  he  ilio-ii.soas  muscle,  and  its 
relations  to  the  walls  of  the  abdomen  and  the  other  divi- 
sions of  the  alimentary  tract  vary,  accordinjr  as  tliey  are 
distended  or  collapsed.  When  Ihe  c;ecnm  is  somewhat 
distended  and  the  small  intestine  nearly  empty,  it  comes 
into  direct  contact  with  the  anterior  atidominal  wall  and 
comes  at  <)nc(!  into  view,  togi'lher  with  a  portion  of  the 
ascendin,!!;  colon,  when  the  abdomen  is  o]iened  by  means 
of  a  crucial  incision  and  the  flaps  drawn  back.     In  this 


/ 


Fig.  80.— The  Relation  of  the  Colls  of  tlie  Small  Intestine  to  One  Another 
and  to  the  Large  Intestine.  The  tlcriires  designate,  as  in  the  preced- 
ing figure,  homologous  portions  of  tlie  intestine.  The  course  whlcli 
this  intestine  taties  is  Unit  of  ttie  normal  type.    (.4fter  Mall.) 

case  it  lies  above  the  outer  half  of  Poupart's  li.irament. 
On  the  other  hand,  when  the  small  intestines  are  dis- 
tended or  when  they  liave  been  pushed  to  the  right 
by  a  distended  sigmoid  colon,  the  caecum  is  covered 
by  the  coils  of  the  small  intestine,  which  are  interposed 
between  it  and  the  abdominal  wall  in  front, 

Appendi.r  Vcrmiformis. — The  appendix  arises  from  the 
inner  and  back  part  of  the  crecum.  It  varies  in  size,  the 
extremes  being  1  or  2  mm,  as  the  shortest  and  23  mm,  as 
the  longest.  Its  average  length  is  9,2  mm,  and  its 
diameter  0  mm.  The  place  where  the  appendix  unites 
with  the  c.ecnm  can  be  found  by  following  any  two  of 
the  three  longitudinal  bands  of  muscle  which  characterize 
the  large  intestine,  into  the  rigid  iliac  fossa. 

The  course  which  the  appendix  takes  varies  .greatly. 
It  may  be  drawn  out  straiglit.  It  may  be  wound  into  a 
spiral.  Its  position  also  varies,  but  it  will  generally  be 
found  passing  from  liehind  the  caecum,  either  upward  and 
to  the  left  behind  the  ileum  and  mesentery,  in  the  direc- 
tion of  the  spleen,  or  downward  and  to  the  left  so  as  to 
lie  on  the  brim  of  the  pelvis,  or  even  project  into  that 


cavity.  Sometimes  it  is  situated  entirely  behind  the 
ca>cum.  The  appendix  is  usuallj'  hollow  througliout 
its  entire  extent.  The  opening  into  the  ciecum  is  often 
described  as  being  guarded  by  a  valve.  Berry  has, 
however,  shown  that  this  valve  is  inconstant  and  with- 
out any  importance, 

AxciiKiiiir/  CiiIdk. — The  ascending  colon  extends  from 
the  ca'cum  below  to  Wiv  Jli.riii-n  culi  tlutra  above.  It 
]iasses  at  tirst  oliliquely  backward  to  the  dorsal  wall  of 
the  abdomen.  It  then  takes  nearly  a  vertical  direction, 
and  in  its  ujiper  portion  bends  frirward  toward  the  ab- 
dominal wall.  Its  posterior  circumference  borders,  on 
this  median  side,  upon  the  psoas  muscle.  After  it  has 
left  the  right  iliac  fossa,  it  lies  first  tipou  the  quadratus 
lumborum  and  then  on  the  lower  portion  of  the  right 
kidney.  Laterally,  it  touches  the  abdominal  wall;  above, 
it  is  completely  covered  by  the  coils  of  the  small  intes- 
tine. When  it  is  highly  distended,  it  may  push  the  small 
intestine  so  far  to  the  left  that  a  small  portion  is  visible 
on  opening  the  abdomen. 

The  angle  which  the  ascending  colon  makes  with  the 
transverse  colon  is  quite  distinct.  In  the  flexure  the 
large  intestine  does  not  jiass  directly  across  the  abdomen, 
but  bends  somewhat  towartl  the  anterior  wall  of  the  ab- 
domen, on  account  of  the  adjoining  organs.  From  the 
kidney  the  large  intestine  must  pass  toward  the  ventral 
side  of  the  abdomen,  in  order  that  it  may  get  in  frout  of 
the  duodenum  and  pancreas. 

The  Trunsrcrse  Colon. — In  front  tlie  flexure  is  covered 
by  the  liver,  and  below  it  rests  upon  the  coils  of  the  in- 
testine. In  the  uoi'mal  condition,  when  the  abdomen  is 
opened,  the  transverse  colon  cannot  be  seen,  being  cov- 
ered by  the  great  omentum  (Fig.  79).  If  one  cuts  off 
the  omentum  or  turns  it  up,  the  transverse  colim  is 
brought  into  view.  In  the  latter  case  it  aiipears  to  run 
directl}'  from  the  right  to  the  left.  This  is.  however,  a 
false  appearance,  due  to  the  fact  tliat  the  colon  is  drawn 
upward  out  of  its  normal  position.  In  its  normal  condi- 
tion the  ti'ausver.se  colon  runs  in  a  sli,ght  bend,  with  its 
convexity  below  and  in  front. 

The  left  end  of  this  convexity  lies  on  a  higher  plane 
than  its  right,  because  the  right  flexure  of  the  colon  is 
prevented  by  the  liver  from  rising  as  high  as  the  left 
flexure.  In  front  of  the  transverse  colon  lies  the  great 
omentum,  and,  since  this  is  a  thin  membrane,  we  can  Siiy 
that  the  transverse  colon  is  in  contact  with  the  ventral 
wall  of  the  abdomen.  The  left  portion  of  the  transverse 
colon  borders  upon  the  great  curvature  of  the  stomach 
in  such  a  manner  that  the  lower  convex  bend  of  the  in- 
testine nearly  corresponds  to  the  line  of  curvatnre  of  the 
stomach.  This  close  relation  between  the  stomach  and 
the  transverse  colon  makes  it  often  difficult  to  determine 
their  respective  boundaries  by  percussion. 

The  left  flexure  of  the  colon  forms  a  continuation  of 
the  transverse  colon.  It  lies  behind  the  fundus  of  the 
stomach,  in  front  of  the  left  kidney,  and  extends  as  far  as 
the  basal  surface  of  the  spleen.  The  angle  which  thetrans- 
verse  colon  and  the  descending  colon  form  with  each  other 
in  this  flexure  is  uuicli  more  acute  than  that  which  is  )ires- 
cnt  in  the  right  flexure.  Not  infrequently  the  adjoining 
portions  of  the  two  arms  of  the  flexure  lie  close  beside 
each  other.  The  relation  of  the  transverse  colon  to  the 
adjoining  viscera,  and  of  the  arms  of  the  flexure  to  each 
otiier,  may  be  considerably  changed  by  a  distended  or 
collapsed  condition  of  the  intestines. 

iJcweiidi'/ig  Cokm. — The  descending  colon  bears  much 
the  same  relation  to  the  body  wall  as  does  the  ascending 
colon.  Above,  it  rests  U]i<in  the  convex  border  of  the  left 
kidnev,  and  then  passes  slightly  toward  the  median  line. 
It  extends  below  t(.i  the  left  iliac  fossa,  where  it  joins  the 
sigmoid  colon.  It  is  overlaid  by  the  small  intestine,  and 
in'its  normal  condition  is  not  exposed  to  view  when  the 
abdomen  is  opened, 

,Si!/iiim(l  C'ddii. — The  sigmoid  colon  occupies  a  very 
considei-able  ]iortion  of  the  iliac  fossii.  It  is  connected 
above  with  the  descending  colon,  and  below  it  passes  over 
a  brim  of  the  pelvis  and  joins  the  rectum.  The  upper 
portion  of  the  sigmoid  colon  is  usually  firmly  fixed  in  the 
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fossii;  but  tlio  lo\v<-r  part  is  (|uitc  movaljlc,  in  <'i>ii- 
so<iucu('C'  of  wliicli  il  iiiuy  al  times  J'orm  a  loop,  wliicli 
hallos  dowu  into  tlic  true  ]n'lvis. 

Rectum. — The  rwtuiu  is  the  last  division  of  the  lars;!' 
intestine,  anil  is  situated  entirely  within  the  true  pelvis. 
It  extends  from  the  sigmoid  colou  to  al)out  the  anus. 
From  the  hrim  of  the  jn'lvis.  where  il  joins  the  sijj'inoid 
colon,  it  jia.ssi'S  downward.  Inickward,  and  to  the  ri;rhl 
in  order  t lull  it  may  reach  the  median  line.  In  j;-eneral 
it  follows  from  this  ]ioint  the  curve  of  the  sacrum  and 
coccy.x,  and  ends  in  the  aiud  canal.  The  anterior  wall 
of  the  rectum  is  longer  and  more  curveil  than  the  pos- 
terior. Ill  chililreii  the  iccluin  has  a  .strainhter  coiinsc 
than  in  adults,  and  is  of  a  relatively  larjier  size. 

\'(ii-iiiti"iix. — The  remaiuiiifj  twenty  eases  examined 
can  be  divided  into  live  groups.  The  lirst  f;roup  consists 
of  six  eases  in  which  loo])  4  (Fi.ir.  ^^tM  extended  to  the 
left  side  of  the  body.  Thi'  remainder  of  the  small  inhs 
tine  occupied   the  position  ■rivcu  above. 

The  second  i;roup  also  eonsisted  of  six  eases.  In 
the.se  cases  the  l()op  4  was  also  on  the  U'ft  side,  and  in  ad- 
dition tlie  loops  1  and  2  w('re  pushed  to  the  right  side 
of  the  abdomen ;  that  is.  all  the  upper  portion  of  the 
jejunum  formed  coils  which  were  situated  on  the  right 
side  of  the  abdomen. 

In  the  third  group  there  were  Hve  cases.  The  variation 
here  was  occasioned  by  a  supernumerary  coil  from  thai 
liortion  of  the  small  inti'stine  which  is  situated  in  the 
hypogastric  region,  extending  up  into  the  umbilical  and 
right  lumbar  regions.  Scrnolf  lias  also  descrilied  sim- 
ilar cases. 

The  fourth  group  consisted  of  two  cases  in  which 
coil  4  was  again  carried  to  the  left  side,  and  the  spaci' 
which  it  should  occupy  was  tilled  by  two  coils,  one  of 
wliieli  cauK-  from  the  upper  part  of  the  jejunum,  while 
the  other  came  from  the  lower  portion  of  the  ileum. 

The  tiflh  ainl  last  variation  was  found  but  once. 
Loop  4  was  elongated,  and  its  place  was  occupied  by  a 
lar.ge  loo])  which  came  u])  from  that  jtart  of  the  ileum 
whieh  is  sitmited  in  the  liy])ogastrie  region.  A  similar 
case  has  been  described  by  Ilenke. 

Il  is  interesting  to  not(^  that  in  four  of  these  five 
groups,  loo])  4  takes  some  ])iirt  in  the  variation. 
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ALIMENTATION.  RECTAL.— Rectal  alimentation  is 
employed  w  lirmvir  nutritinn  in  the  ordinary  way  (by 
the  mouth)  is  either  im|)ossible  or  not  desirable.  "This 
method  of  sdimentalion  was  already  used  in  the  ]\Iiil- 
dle  Ages  and  in  ancient  times.  Actius '  occasionjilly 
mentions  such  method  of  feeding.  The  value  of  this  way 
of  nourishing  a  ])atient.  however,  was  lielieved  to  lie 
very  slight,  until  extensive  experimental  researches  with 


reference  to  absor|iliiin  of  food  from  the  large  bowel 
had  been  made.  Tliese  delinilely  showed  that  digest  ion 
to  a  gretU  extent  can  ])ioceed  in  the  colon  if  llie  ingested 
food  is  suitably  ]ire]iared.  Among  the  earliest  investiga- 
tors in  this  direction  were  Hood-  iuid  Steinhauser." 
Hood  observed  that  a  ])iece  of  mutton  introduced  into 
the  rectum  and  retained,  after  some  time  showed  evident 
signs  of  digestion.  Steinhiiuser  ex])erimenled  on  a  ]iii- 
lieiil  with  a  list  Ilia  of  thetisccnding  colon,  and  found  that 
]iiecis  of  albumen  introduced  into  the  llslula  could  not 
be  discovered  in  the  feces.  Pieces  of  smoked  beef  and 
ap]iles,  on  the  other  hand,  were  found  either  slightly 
alti/red  or  entirely  unchanged  in  the  stool. 

ICichhorst^  stated  in  1M71  that  iibsor])tion  of  albumi- 
nates from  the  bowel  is  facilitated,  if  not  luiiilc  jio.ssible,  by 
the  addition  of  common  ttible  salt.  lie  exiierimentcil 
])rinci]ially  with  egg  albumen  mixed  with  the  yolk  and 
witli  milk.  Some  years  later,  Ewalil  =  observed  the  very 
interesting  fad  that  raw  eggs  were  much  better  absorbed 
from  the  large  intestine  thanartihcially  ifciitoui/.ed  foods 
(Kemtnerich's  peptone). 

Fili]i])i''  ex])eriinented  on  animals  by  resecting  jiortions 
of  the  intestinal  canal.  He  found  that  after  extir])ation 
of  seven  eighthsof  the  small  intestine  in  a  dog,  there  was 
no  ap])reciable  decrease  in  the  absori)tion  of  foods  con- 
sisting of  albuminates  and  carbohydrates,  whili-  nineteen 
]ier  cent,  of  the  ingested  fat  returned  with  tlie  f.-eces. 
This  clearly  shows  tliat  the  eolon  can  vicariously  do  the 
work  of  the  small  intestine.  It  further  demonstrates 
lliat  albuminales  can  beabsorbed  from  the  large  intestine 
and  enter  the  lacleals  without  previous  ]ieptoni/.ation. 
Tliese  remarkable  slatements  have  been  contirmed  by 
.Milor.'  This  writer  ex])erimented  iirincijially  with 
milk,  and  ji.scribed  the  coa.gulation  of  the  milk  in  the 
large  bowel  to  the  ai'tion  of  bacteria,  not  to  enzymes, 
lie  found  that  after  the  injection  of  from  ten  to  tifteen 
ounces  of  milk  into  the  bowel,  intestinal  lavage,]ierfiirmed 
one  to  one  and  a  half  hours  later,  showed  only  miiiute  jijir- 
ticles  of  milk.  The  spontiineoiis  evacuation  resulting 
thereafter  likewise  contained  but  very  small  jjortions 
of  coaguhited  milk. 

Aldor,  in  his  ])a|)er.  arrived  at  the  following  coiiclu 
sions: 

1.  A  (|uart  of  milk,  injecled  by  means  of  a  founlain 
syringe  into  the  luiwel,  jiroduces  no  ])ains  either  during 
the  injection  or  afterward.  No  irritalinii  of  the  intestine 
follows,  and  milk  is  most  suitable  for  a  nutritive  enema. 

'i.  The  coagulation  of  the  milk,  whii-b  is  due  to  the 
action  of  the  bacterium  coli  commune,  is  rather  detri- 
mental to  absorption.  This  coagulation  can  be  pre- 
vented, (if)  l)y  thorough  lava,ge  of  the  Iniwel  before  giv- 
ing the  nutritive  enema,  (h)  by  adding  1  to  1.5  gm.  (gr. 
xvi-xxiv.)  of  sodium  carbonate  lo  one  ipiart  of  milk. 

8.   No  digestion  ttikcs  ]ilace  in  the  large  bowel. 

4.  Carbohydrates  are  iibsorlied  in  tin  excellent  mtiimer, 
albuminates  in  a  gnat  measure,  and  fats  Imt  poorly. 

f).  After  iiii  inject  ion  of  ti  (|Uiirtof  milk  into  the  bowel, 
there  was  never  found  either  albumin  or  su,gar  in  the 
urine. 

In  America  the  attention  of  the  medical  ])rofe.ssion  wa.s 
first  directed  torecttd  alimeiittition  by  .\ustiii  Flint,"  who 
read  an  exiensive  and  im]iorlanl  iia]ier  on  this  subject 
liefore  the  New  York  .\cadeniy  of  .Medicine  in  Decemiicr. 
IsTT.  Flint  mentioned  a  Ciise  in  which  a  woniaii  was 
almost  wholly  nourished  ]ier  rectum  for  five  years. 
After  em]ihasizing  the  im]iortance  of  recttd  alimentation 
in  inslancesin  wliicli  llie  usiitd  mode  of  nut  ri I  ion  fails  or  is 
impossible,  he  gives  directions  as  to  the  niodcof  emjiloy- 
inent  of  thenutritive  enemata.  From  three  to  six  ounces 
of  tiuid  or  semi  liuid  foods  may  be  injected  at  intervals 
of  from  three  to  six  hours.  He  did  not  deem  it  neces- 
sary to  wash  out  the  rectum  jirior  to  each  administra- 
tion of  the  nutritive  enema.  Flint,  jis  well  as  l'easle\ , 
Fordyce  ISjirker,  A.  II.  Smith,'"  and  G.  iM.  Smith.'  who 
took  jvirt  in  the  discussion  of  the  above  ])ai)er.  had  all 
practised  this  method  of  feeding  with  besi  results.  A. 
H.Smith  mentioned  several  instances  of  gtistric  ulcer  in 
which  nutrition   had   been   successfully   maintained   by 


185 


Alkakcng 
Allaiiil<>i»i, 


REFERENCE   HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


icctal  alimentation  for  from  eleven  to  sixteen  and  twenty- 
one  (lays.  He  was  the  tirst  who  suggested  the  use  of 
detibrinated  blood  for  I  his  purpose. 

Very  shortly  afterward  W.  Bodenhanier  "  published 
an  instruelive  monograph  on  rectal  medieation.  in 
wliich  lie  also  laid  .stress  upon  the  praelieal  value  of 
recta!  alimentation  as  deserving  much  more  fretjuent  ap- 
plieaiion  than  heretofore. 

ytilhnan,'-'  in  his  pajier  on  rectal  alimentation,  says: 
"The  clinical  fact  remains  tliat  certain  foods,  digested  or 
undigested,  arc  talicu  into  the  system  when  thrown  into 
the  rectum;  that  the  power  of  absorption  tliere  may  be 
good  when  the  stomach  is  weak  and  rebellious;  that  it  is 
assimilated,  for  the  body  gains  in  tlesli  antl  power,  and 
that  there  may  be  merely  the  customary  evacuation  as  an 
excretory  resultant.  As  far  as  I  am  aware,  no  danger 
attends  feeding  by  the  rectum,  when  conducted  with 
ordinary  care  and  intelligi'nce  on  the  part  of  nurses  or 
attendants."  In  tlds  pa|ier  Stillman  calls  attention  to 
the  use  of  supplementary  rectal  feeding.  /.<"..  to  the  use 
of  nutrient  enemata  while  the  stomach  is  yet  performing 
its  functions  to  quite  a  considerable  extent,  as,  for  in- 
stance, in  chronic  gastiitis,  gastialgia,  nausea,  etc.  He 
used  principally  enemata  of  milk  according  to  the  follow- 
ing fornuda;  0  grains  of  Faircliild's  pancreatic  extract 
and  !•")  grains  of  bicarbonate  of  .soda  to  a  pint  of  milk. 

The  writer  lias  had  extensive  experience  with  rectal 
alimentation  and  is  fully  convinced  of  its  great  practical 
value.  The  indications  for  this  mode  of  alimentation 
may  be  summarized  as  follows: 

l".  In  conditions  in  which  the  passage  of  food  from  the 
mouth  to  the  stomach  or  to  the  small  intestine  is  impeded 
or  made  impossible  (strictures,  benign  or  malignant,  of 
a  high  degree  of  tlie  a'sophagns  or  cardia,  spasmodic 
or  paralytic  conditions  of  the  a>sophagus.  pyloric  or 
duodenal  stenosis). 

2.  In  ulcer  of  the  stomach  accompanied  by  consider- 
able hemorrhage,  or  when  the  usual  methods  of  treat- 
ment have  failed. 

3.  Incessant  vomiting,  no  matter  to  what  cause  it  be 
due. 

4.  In  all  conditions  in  which  absolute  rest  for  the 
stomach  seems  to  be  imperative  (intense  pains  soon  after 
ingestion  of  food;  persistent  liypcrchlorliydria  of  a  high 
degree;  intense  chronic  continuous  gastro-succorrhffa; 
pronounced  ischochymia). 

5.  In  typhoid  fever  and  other  severe  lesions  of  the 
small  intestine  necessitating  a  complete  rest  of  this  por- 
tion of  the  bowel. 

For  liow  long  a  period  rectal  alimentation  should  be 
administered  depends  upon  the  condition  necessitating  it. 
In  ulcers  and  irritating  affections  of  tlic  stomach,  rectal 
alimentation  slmidd  lie  adniiiiistercd  alone,  without  any 
additional  nourishment  through  the  mouth,  for  a  period 
varying  from  one  to  two  weeks,  when  the  natural  mode 
of  nutrition  may  be  cautiously  resumed.  In  cases  in 
which  there  is  an  organic  obstacle  within  the  oesophagus 
or  at  the  pylorus  preventing  the  passage  of  food  into  the 
intestine,  rectal  feeding  must  be  carried  on  as  long  as  the 
impediment  exists  (in  operative  cases  until  a  few  days 
after  tlie  operation  has  Vicen  performed:  in  inoperable 
cases,  indetinilely).  Here,  whenever  possible,  besides  the 
enemata,  small  ([uantities  f)f  lii(uid  foods  may  also  be 
given  by  way  of  llie  nioutli. 

Shortly  after  o|ieratioiis  on  the  O'sophagus,  stomach, 
and  small  intestine,  rectal  alimentation  must  be  admin- 
istered for  a  period  varying  from  four  days  to  a  week  or 
ten  days. 

Moiii',  OF  .\DMiNisTii.\TioN. — Before  administering  the 
feedin,g  enema,  a  cleansing  injection  (consisting  of  a  fiuart 
of  water  and  .•!  tcaspooiiful  of  salt )  sliould  be  given  early 
in  the  morning,  in  order  ihorouglily  to  evacuate  the 
bowel.  One  hour  later  the  first  rectal  alimentation  may 
be  administered.  The  feeding  enema  is  best  injected  by 
means  of  a  fountain  or  Davidson  syringe,  or  a  plain  hard- 
rubber  piston  syringe,  and  a  soft-rubber  rectal  tube. 
which  is  introduced  into  the  anus  for  a  distance  ofabout 
five  to  seven  inches.    The  injection  should  be  administered 


slowly  and  without  much  force.  After  the  withdrawal 
of  the  tube  from  the  rectum,  the  patient  is  told  to  lie 
(|uietly  and  to  endeavor  to  retain  the  enema.  The  quan- 
lity  of  the  feeding  enema  may  be  from  tive  to  ten  ounces. 
From  three  to  tive  such  enemata  may  be  given  daily. 

The  following  substances  may  be  used  as  feeding 
enemata; 

((0  The  different  kinds  of  peptones  and  pvopeptones 
in  the  market  (Rudisch's  or  Kemmerich's  peptone, 
.somatose,  sanose).  of  wliich  about  two  to  three  ounces 
dissolved  in  from  six  to  eight  ounces  of  water  are  to 
be  injected.  The  dilfcrcut  beef  juices  (Valentine's  beef 
juice,  bovinine,  iMosquera's  beef  jelly,  etc.)  may  also 
be  dissolved  in  water  and  injected  "in  corresponding 
quantities. 

(b)  The  milk  and  egg  enemata:  these  are  the  most 
commonly  used.  Their  composition  is  as  follows;  six  to 
seven  ounces  of  milk,  one  or  two  raw  eggs  well  beaten 
up  in  it.  one  teaspoonful  of  powdered  sugar,  and  one 
third  of  a  teaspoonful  of  common  table  salt. 

Pancreatin  (one  tube  of  Faircliild's  pancrcatin)  nia.y 
be  added  to  such  an  enema,  to  facilitate  its  assindla- 
tion. 

(f)  Meat  iiancreas  cneiua.  Leulie  "  emplo3'S  enemata 
consisting  of  well  chopped  meat  (live  ounces)"  fresh  pan- 
creas (two  ounces.)  one  ounce  of  fat  (butter)— all  these 
ingredients  being  thoroughly  mixed  with  about  six 
ounces  of  water. 

Instead  of  always  u.sing  one  and  the  same  nourishing 
eiieiua,  the  above  combinations  may  be  alternately  aif- 
ministered. 

In  conjunction  with  these  food  enemata,  injections  of 
water  into  the  bowel  are  made  in  order  to  increase  the 
amount  of  tluid  in  the  system.  These  injections  of  water 
for  absorption  are  of  .great  importance.  Usually  saline 
solutions  are  employed,  in  quantities  varying  from  a  pint 
to  a  quart,  which  may  be  given  twice  a  day. 

Max  Einhorn. 
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ALKAKENGI.     ■tiee  Sulanacew. 

ALKALIES.  ANTACIDS.— These  are  medicines  which 

are  adniinistcied  for  the  purpose  of  correcting  acidity. 
The  terms  are  almost  synonymous,  but  it  will  be  foiiiiil 
that  the  drugs  arrrange  themselves  into  two  .sirotips, 
according  to  their  solubility,  which  in  a  great  measure 
determines  their  therapeutic  uses.  In  (me  we  have  potash, 
soda,  and  lithia;  in  the  other  lime,  magnesia,  cerium. 
The  former  are  .generally  employed  as  alkalies,  the  latter 
as  antacids.  Ammonia  is  intermediate;  its  chanicler 
would  ]ilace  it  in  the  tirst  grou]i.  but  its  therapeutic  use 
makes  it  belong  rather  to  the  second. 

Potash,  soda,  and  lithia  salts  are  very  soluble,  and  are 
readily  absorbed  and  as  readil.v  excreted;  they  jiass  from 
the  system  in  a  very  short  time.     They  are  normal  con 
stituents  of  the  blood,  and  their  presence   in  increased 
amount  tends  to  render  the  |il,-isma  more  alkaline. 

The   second   group,  comprising    lime,  magnesia,  and 
eeriuni.  are  much  less  soluble,  and  even  their  more  ,solu 
lile  salts  (as  the  sulphates  of  magnesia,  etc.)  are  hut  slowly 
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absorbed.  In  consequence  tlieir  action  is  almost  entirely 
limited  to  the  dijrestive  tract.  Sueli  porlions  as  iln 
enter  the  eireulalion  act  uiion  llic  blood  in  the  sfiinc 
manner  as  do  the  more  soluble  alkalies,  and  are  c.xc'etc-d 
by  the  same  ehanui'ls.  Their  power  of  rendering'  llie 
blood  alkaline  is  so  inferior  to  that  oftlieinore  snluble 
alkalies  that  tlii'y  are  never  selected  for  this  pvirjiose. 
JIany  of  their  soluble  salts,  a.s  the  chlorides,  phosphates, 
and  "hypophosphiles,  are  only  ntildly  alkalhie,  and  ate 
of  value  more  for  the  acids  in  condjination  than  for  the 
alkaline  base. 

The  action  of  alkalies  uiion  the  secretions  of  the 
stomach,  as  formulated  by  Hiii.ncr.  has  been  conlinued 
bv  sidis((pienl  experience.  His  view  is  that  thecniiiael 
of  weak  alkaline  solutions  with  glands  .secreting  an  alka- 
line tUiid  causes  a  lessenin,u:  of  the  secretion,  w  hile  on 
acid-secreting  ,glands  the  etteet  is  to  cause  an  increase  of 
the  acid  secretion.  Advantage  has  been  taken  of  this  in 
o-astric  disturbances,  when  there  is  a  delicieney  of  acid 
during  digestion.  Theadministration  of  alkalii'S  just  bi- 
fore  m<'als  has  jirgved  most  serviceable  in  n-lieviiig  tliis 
dclVct.  They  lluist  be  given  well  diUiti-d  and  in  moderate 
doses.  The  bicarboiuite  of  soda  or  the  bicarbonate  of 
potash  is  generally  selected;  it  is  to  be  given  in  live- 
grain  doses.  Ammonia,  in  the  form  of  the  aromatic 
spirits,  is  often  combined  with  some  slomaclnc,  as  tinc- 
ture of  rhubaib,  tincture  of  eardamons,  capsicum,  gin- 
ger, or  |)cppermiet,  and  in  addition  a  vegetable  bitter. 
This  combination  has  been  found  to  be  valuable.  In  ad- 
dition to  the  local  clTect  thus  produced  upon  gastric  di- 
gestion, a  further  benelit  is  derived  by  the  action  of  al- 
kalies after  absorption.  They  rapidly  pass  into  and 
improve  the  blood,  and  during  excretion  they  cause  a 
general  stimulation  of  all  secreting  organs,  .\salkalizeis 
of  the  blood,  they  are  u.sed  in  gouty  and  rheumatic  con- 
ditions, in  lithiasis.  and  in  many  disorders  of  the  skin  in 
whic-h  there  is  supposed  to  be  an  excess  of  uric  acid  or 
allied  acids  in  the  blood.  Their  jnirixise  is  to  kei'p  these 
morbid  products  in  subition  luitil  they  are  carriid  out 
of  IIk'  system.  Thi'  |iotassium  salts  are  iirefcrred,  as 
their  rapid  absorption  niidcrs  the  blood  more  (piiekly 
alkaline,  while  their  e(iually  rapid  excretion  |n-<'Vents 
any  aecuniulatioii.  For  immediate  action  the  solution  of 
potash  or  the  bicarbonate  salt  is  selecteil;  but  when  a 
)n-oloiiged  use  is  required,  the  citrate,  acetate,  or  tartrate 
is  preferred,  as  these  salts  produce  less  irritating  ell'eets 
upon  the  stomach.  Sodium  .salts  are  more  slowly 
absorbed  and  are  less  powerfnl  alkalies.  The  normal 
alkalini'  state  of  the  blood  is  duo  chietly  to  sodium  salts, 
and  as  they  are  less  depressing  than  potassium  sails, 
they  otTer  many  advanta.ges  wlien  a  prolongei!  conrs(; 
of  treatnu'nt  is  necessary.  In  treatin.g  rheumatism  witli 
till"  alkalies,  they  require  to  be  given  freely  until  the 
urine  becomes  alkaline,  and  then  they  should  be  reduced, 
enough  being  given  simply  to  maintain  this  rcacti<in. 
There  may  be  given  a  drachm  and  a  half  of  bicarbonate 
of  soda  and  half  a  drachm  of  the  acetate  of  potash 
every  three  or  four  hours,  well  diluted,  for  four  or  live 
doses;  following  this,  fifteen  or  twenty  grains  will  usu- 
ally be  sidlicient.  Lithia  is  very  sinular  to  ]iolash  in 
th(!  rapidity  of  its  absorption  and  excretion.  It  has 
been  extolled  as  superior  to  the  other  alkalies,  and  is  now 
very  generally  vise<l.  Later  ohservations,  however,  lend 
to  lessen  this  estimate.  It  has  been  shown  that  its  sol- 
vent action  is  not  remarkable,  and  it  is  probable  thai  its 
value  lies  in  its  diuretic  pro]ierties.  The  actiim  of 
anunouia  is  very  evanescent ;  it  is  never  cmploveil  to  ri'- 
placc  the  other  alkalies,  as  its  effect  is  to  increase  the 
acidity  of  the  urine. 

The  alkalies  are  excreted  rapidly  by  all  the  secreting 
organs.  Their  effect  is  most  evident  on  the  kiilneys.  and 
during  excretion  they  render  the  urine  alkaline.  .\t  the 
same  time  they  au.gment  the  watery  flow  tlu-ougli  an  in- 
creased activity  of  the  renal  cells.  The  secretion  of  all 
organs  is  increased,  as  is  also  the  secretion  of  the  niucnus 
surfaces. 

The  actifui  of  alkalies  upon  the  blood  and  tissues  is 
as  yet  imperfectly  understood.     We  know  that  they  pro- 


mote tissue  change  and  favorclimiuation.  Wealso  know 
that  they  |n'evcnt  the  deposit iciii  of  uric  acid  ill  the 
tissues.  How  this  is  elVeeleil  is  uncertain,  but  their 
act  ion  depends  upon  somet  hiiig  more  than  simply  render- 
ing the  blood  alk.-dine.  Intil  the  true  cause  of  .gouty 
and  ihriimalic  alVeclions  is  discovered,  an  ex|danation 
will  be  dilllcull.  We  seem  further  from  a  solution  than 
ever,  iiiiw  that  the  existence  of  any  excess  of  uric  acid  in 
these  attacks  is  being  calleil  in  (pie.stioii. 

.Mkalicsareall  |iowerful  dejiressors.  Potash  and  lithia 
are  tin-  most  injurious,  and  soda  is  the  least.  They  re- 
duce the  blood  corpuscles  and  the  protoplasmic  tissue.  In 
large  doses  they  are  cardiac  ]iois(a!s,  and  their  I'roloiiired 
use  in  moderate  doses  causes  aiia'inia,  loss  of  body  weight, 
and  loss  of  muscular  power. 

The  alkalies  are  aNo  nf  benelil  when  aiqdied  to  the 
surface  of  the  body.  In  iheiiniatism  a  hot  loti<]ii  of  car- 
bonate id'  soda  with  opium  often  alTorcls  relief  to  the 
painful  joint.  In  all  forms  id' ciilaneons  disease  accom- 
panied iiy  a  troublesome  iteliing,  an  alkaline  wash  of 
carlioiiate  of  soda  or  potash,  half  a  drachni  to  the  pint, 
is  of  service,  and  in  ee/enia  during  the  early  stage,  w  illi 
an  alkaline  watery  discliar,i;e,  the  same  solution  is  cura- 
tive. Burns  and  scalds  may  lie  treated  in  the  same  wa.v. 
the  solution  being  constantly  iii)|died.  The  alkali  I'e 
moves  the  heat  and  jiaiii  and  allays  inllanimatory  action. 
The  bites  and  stings  of  insects  and  the  urticaria  produced 
bv  |iipi.sonous  plants  are  also  benetiled. 

The  oxides  and  carbonates  of  lime  and  magnesia  at." 
the  most  sriviceable  sails  as  antacids,  on  account  of  tlieir 
insolulHlity.  If  these  drugs  are  given  in  small  qiianli 
ties  their  action  may  be  limited  to  the  stomach;  when 
they  are  freely  administered,  their  action  is  continued 
into  the  intestines.  They  neulrali/.e  all  acids  with  which 
they  come  iu  contact,  and  by  contact  with  the  mucous 
surface  thev  exercise  a  soothing  and  sedalive  ell'ecl.  In 
addition  to  iieulrali/ir.g  the  local  acids,  they  are  of  value 
as  aiilidotes  in  poisoning  by  acids,  and  also  in  poison- 
ing by  vegetable  poisons,  the  alkali  precipitating  the  poi 
sonous  alkaloids  and  relarding  their  absoriitioii.  In 
the  inlestine  the  antacid  action  is  continued,  but  the 
ultimate  etfeets  of  lime  and  magnesia  dill'er;  the  former 
acts  as  a  mild  astringent,  while  the  latter  becomes  con- 
verted into  the  bicarbonate  and  acts  as  a  laxative. 

The  soluble  alkalies  are  not  so  \iseful  as  antacids,  and 
are  of  little  service  when  an  elTect  in  the  intestines  is  re- 
quired. Sodium  bicarbonate,  however,  is  a  well  known 
anlaeid.  Its  disadvantages  are  that  it  tends  to  gcnerale 
a  large  amount  of  carbonic  acid  gas,  and  is  stimulating 
instead  of  soothing  to  the  mucous  surface.  The  aromatic 
siiirils  of  ammonia  is  similar  in  its  action  and  more  rapid. 
Cerium  oxalate  and  bismiilli  are  both  useful  antacids, 
their  chief  value  being  due  to  the  local  soothing  action 
which  they  e.xert  ujion  the  mucous  membrane.  The  ce- 
rium salt  iias  probably  a  sedative  action  on  the  terminals 
of  the  nerves.  ISiiniiniiiit  SiimU. 

ALKANET.— (Ojvv(«<y/, .)  The  fleshy  root  of  Mhinmi 
liiir/iir/K.  (L.)  Tausch.  (fam.  Jir/nif/iiti/iviv).  a  small  jier- 
eiinial  herb  of  Enroiie  and  Asia  Minor,  largely  ciibi- 
vated  for  its  coloring  matter.  The  dried  root,  a  foot  or 
more  in  length  and  about  a  half  inch  in  thickness,  its 
bark  inirple  red  without,  dee])  red  within,  its  wood 
pinkish  white,  is  sometimes  marketed  entire,  but  more 
frequetitly  as  a  stringy,  shredded,  tough  mass.  Its  only 
value  is  for  coloring  purposes,  the  coloring  matter  be- 
ing ii>l:niiiiin  or  nlkdiiini  red. 

All.iniiiin  is  a  dark,  brownish  red,  resinous  mass,  in- 
soluble in  water,  but  soluble  in  alcohol  and  ether.  .Vcids 
intensify  the  red  color,  alkalies  convert  it  to  a  bluish 
green,  in  wdiieh  respect  it  acts  like  /uriiid/d.ri/h'n. 

H.  II.  Ihixhii. 

ALLANTOIS.— (From  N.  L..  ,illiiiit„i(l,s:  Creek.  «/>'!<: 
(//?/(irr).  a  sausage,  and  feW.  form:  sausage  sha|>ed.)  The 
allantois  is  one  of  the  fietal  membranes  peculiar  to  the 
group  of  higher  vertebrates  in  which  the  embryo  is  en- 
veloped in  an  amnion,  the  Amiiiota. 
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It  is  lioiuoloijoiis  with  the  highly  vuscular  luinury 
bliuUior  of  tile  Aiuphiliia. 

In  the  Aimiiota  the  embryo  is  fonncd  from  a  compar- 
atively small  part  of  the  l)lastoderm  (see  Area  Km- 
l/i-i/oiiiilix).  At  an  early  stage  of  developraeut  the 
mesoderm  becomes  divided  into  two  lavers  of  cells,  with 


Fig.  81.— Foetal  Memhranes  of  the  Mule.    c.  Emhryo:  am,  amnion; 
all,  allantois ;  p,  placenta;  i/,  yolk  sac.     (After  Strahl.) 

a  cavity  lietween  known  as  the  co:lvm,  a  part  of  which 
becomes  the  body  cavity.  The  outer  layer  unites  with 
the  ectoderm  to  form  the  somatoplenre,  which  gives  rise 
to  the  body  wall,  the  amnion  (see  Aihii/'dii)  and  the  false 
amnion,  or  chorion;  while  the  inner  layer  unites  with 
the  entoderm,  or  hypoblast,  to  form  the  uplanchnoplenre, 
which  gives  rise  to  the  wall  of  the  digestive  tract  and  its 
apjK-ndages  and  to  the  wall  of  the  yolk  Siic  (see  Fains). 
During  the  formation  of  the  tail  fold  of  the  embryo,  the 
splanelmopleure  folds  in  more  rapidly  than  the  somat- 
opleure,  so  that  a  cadomic  space  is  left  between  the 
two  beneath  the  newly  formed  posterior  end  of  the  in- 
testine. From  the  ventral  wall  of  this  jiart  of  the  in- 
testine a  pocket  grows  out  into  the  cadom.  This  pocket 
is  the  (lUaritnis.  It  is  made  up  of  two  layers  of  cells, 
entoderm  and  sjilanehnic  mesoderm.  It  grows  out  rap- 
idly as  a  thin  walled  sac  between  the  amnion  and  the 
yolk  sac,  and  blood-vessels  develop  in  its  mesodermal 
tissue.  In  the  placental  manunals  the  distal  portion  of 
the  allantois  fuses  with  the  chorion  and  forms  the  essential 
part  of  the  fcetal  jiortion  of  the  jilacenta  (see  Plureutn). 
while  the  pro.ximal  ]iart  becomes  dilated  to  form  the 
urinary  bladder,  and  a  ]iart  of  the  midille  portion  finally 
loses  its  lumen  and  persists  as  the  urachus,  connecting  the 
bladder  with  the  unil)ilieus. 

In  regard  to  the  details  of  its  origin,  its  structure,  and 
its  relations  to  adjacent  parts,  the  allantois  varies  greatly 
in  different  groups  of  animals.  Among  the  mammals  the 
most  diagrammatic  arrangement  is  to  be  found  in  the 
mole,  one  of  the  Insectivora,  a  grotip  that  shows  many 
primitive  characters.  According  to  Strahl,  in  a  cross 
section  of  a  gravid  uterus  of  the  mole.  Tuljui  tiii-i/jkci 
(Fig.  81),  one  may  see  the  embryo  surrounded  by  the 
amnion,  excejit  on  the  ventral  side,  where  the  yolk  sac  and 
the  allantois  are  attached.  The  allantois  has  a  large 
lumen,  which  occupies  the  greater  part  of  the  space  be- 
tween the  embryo  and  the  cliorion.  Its  outer  wall  fuses 
with  the  chorion,  and  the  greater  part  of  it  gives  rise  to 
the  thickened  placenta.  On  the  opposite  side  the  smaller 
yolk  sac  sjireaiis  out  in  a  similar  way  and  likewise  fuses 
with  the  chorion,  but  its  outer  surface  does  not  become 
vascular  like  that  of  the  allantois.  E.xeept  for  the  in- 
crease in  the  size  of  the  embryo  and  the  corresponding 


reduction  in  the  lumiua  of  the  allantois  and  y(jlk  sac.  these 
relations  |)ersist  tuitil  the  end  of  gestation. 

Going  downward  in  the  scale  from  the  Insectivora  to 
the  JIarsu]nals,  in  which  the  youngare  born  in  a  very  im- 
lierfect  condition  and  no  true  placenta  is  formed,  we  find 
the  relation  between  allantois  and  yolk  siic  reversed.  In 
this  grouj)  the  iillantois  remains  comparatively  small, 
and  in  the  opo.-^siim,  according  to  Selenka,  it  does  not 
even  touch  the  chorion;  and  it  begins  to  degenerate  be- 
fore birth.  The  yolk  sac,  on  the  other  hand,  is  large, 
tilling  most  of  the  space  between  the  embryo  and  the 
chorion.  It  fuses  with  the  latter,  becomes  highly  vascu- 
lar, and  serves  during  f(etal  life  both  as  an  organ  of 
mitrition  and  as  one  of  resi)iration. 

In  the  most  primitive  of  living  mammals,  the  Mono - 
tremes,  which  lay  eggs,  the  relation  of  the  foetal  mem- 
liranes  is  essentially  similar  to  what  obtains  in  the  Saur- 
opsida,  the  birds  and  the  reptiles. 

We  may  take  the  common  hen  as  a  type  of  the  Saurop- 
sida.  At  about  the  thirty-si.xth  hour  of  incubation  the 
rudiment  of  the  allantois  first  appears  as  a  shallow  pocket 


am 


Fig.  82.— Median  I.onfrltuilinal  SedinTi  tliroiisrli  a  Oliick  Emhryo  at 
tbe  End  of  ilie  Tliinl  Day  i>f  IiicuIkiIhiti.  X  M.  all.  .Mlautois  : 
am,  amnion  ;  Juj.  liind  put ;  n.  neumt  canal ;  n\  right  ventricle  of 
the  heart;  J*/),  sitlanchnoplenre;  ^  tail.    (After  Marehall,) 

in  the  entoderm,  at  the  extreme  posterior  end  of  the 
embryo.  As  the  formation  of  the  tail  fold  progresses, 
this  comes  to  lie  on  the  ventral  siile  of  the  hind  gut 
(Fig.  S'2).  By  the  end  of  the  fifth  day  it  has  grown  out 
between  the  yolk  sac  and  the  amnion,  as  a  vesicle  of  con- 
siderable size"     It  then  grows  rapidly  until,  uniting  with 
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the  chorion,  it  spreads  out  as  a  large,  thin  wallrd,  liiirlily 
vascular  sac,  and  completely  surrounds  the  anuiion  iind 
yolk  sac.  It  serves  as  the  organ  of  respiration  for  the 
embryo.  Finally  a  part  of  it  nearly  surrounds  the  rem- 
nant of  the  albumen  and  probably  assists  in  its  alworj)- 
tion  (Fig.  8:!).  A  short  time  befon:  hatching,  its  vessels 
are  cutoff  bv  the  closure  of  the  uniliilicus,  it,  dries  uji, 
and  is  left  beliind  wlieii  the  cliicU  emerges  from  the  shell. 

The  allantois  has  essentially  th<'  same  history  in  most 
reptiles.  In  ali/ard  (Laeerta).  accordiiig  to  Strahl,  con- 
firmed by  Corning  and  .lunosiU,  it  arises  in  a  |iecn!iar 
way  inde])endently  of  the  gut  an<l  comes  into  cunneclion 
with  it  secondaiily.  And  (iiacoinini  found  that  in  an- 
other lizard,  \vhi('-li  bi'ing.s  forth  its  young  alive.  Sji.i 
chilcUks.  it  (jrobably  has  a  nutritive  as  well  as  a  respira- 
tory function.  In  this  sjiecies  both  the  allantois  and  the 
yolk  sac  fuse  with  the  chorion,  forndngaii  alhuito-i-horion 
and  an  omphalochorion.  The  egg  is  very  small,  with 
out  envcloi>es.  and  the  allanto-chorion  becomes  folded 
info  a  series  of  ridges  and  hollows  which  fit  into  corre- 
sponding inequalities  in  the  wall  of  theoviduel,  form- 
ing a  kind  of  ]ilacenfa.  A  similar  but  less  perfect  con- 
nection is  formed  by  the  omphalo  chorion. 

Starting  again  from  the  diagranunatic  form  of  allantois 
found  in  the  mole,  and  .going  upwanl  in  the  .scale,  we 
find  in  the  Huminants  a  large  allantois  of  comparatively 
simple  structure. 

According  to  Bonnet,  the  rudiment  of  the  allantois  aji- 
pears  in  the  sheep  at  about  the  entl  of  the  fifteenth  day 
after  co]nilation.  The  tail  foM  has  not  yet  formed,  and 
the  allantois  appears  as  a  sac-like  posterior  pr(jlongati(ai 


in  the  a.xis  of  the  enfolding  gut.     AVith  the  development 
of  the  tail  fold  the  allantoic  stalk  gradually  assumes  its 


.,.-c 


Fro.  Ki.  — r)iiignim  of  tlie  Fii't;il  Mpinliranes  in  a  Hen'.s  Kec.  A, 
Itemnant  nf  ttic  aitnimen;  .1//,  allanliiis;  vl »i, amnion  ;  r.clinrion; 
S.  sliell  iiieinliranf;  I",  yolk.     (.After  II.  Virebow,  from  .stnilil.i 


Fig.  R4.-niajfmms  StioHinK  llie  Developiiieut  of  tlie  Ko-tal  Mcniliraiii's  of  tlie  Stieep.  A.  Transverse  section  on  tile  twelfth  dnv  after  copula- 
tion ;  fj.  thirteenth  day;!'.  ah.)nt  Uie  s;Line  ane ;  f>.  loni.'iliiilinal  sw-tion  alioni  the  same  a(.'e :  f;,  tran.sveise  section  of  an  older  embryo; 
F.  diairram  of  the  fii-lal  iiieml)i-anes  at  the  end  of  the  lli«t  month ;  all.  allantois:  all  r/i,  allanto-cborlou ;  ach,  umniogen  chorion ;  am, 
amnion ;  ams,  amnion  stalk ;  co,  cotyledon ;  ect,  ectoderm ;  enit,  entoderm ;  y,  yolk.    lAfter  Bonnet.) 
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iiorniiil  iiiisitioii  us  an  appoiuUiijc  of  tho  liiml  gut.  Very 
soon  Uic  yduniTjillantiiis  licj;iiis  tiis]iira(i  latterly,  so  that 
by  the  end  of  the  si.Meeiilli  day  it  has  become  a  half- 
nioon-shaped  appendage  nearly  half  as  large  as  the  <'ni- 
bryo.  From  this  time  on.  its  growth  is  rapid  until  it 
extends  the  whole  length  of  the  choj-iou.     As  it  becomes 


mm 


Fig.  85.— Transverse  Sertimi  through  the  Gravid  Uterus  of  a  Habbit  at 
the  End  of  the  Ninet^'enili  l)av  of  (iestation.  X  l->4.  ad.  Allantoic 
artery:  (((/.  allanlois;  am.  aniiiion  ;  eor/.  (;(plo[iilo  space  ;  mihi,  mts- 
ometriuiii :  ji.  plaieiita;  );.  cavity  of  yolk  sac,  which  is  continuous 
with  the  uieiine  cavity  owing  to  the  absorption  of  the  lower  wall  of 
the  yolk  sac  represented  by  the  dotted  line  j/L     (Aft^r  Mai'shall.) 

distended  with  liquid  its  mesodermal  layer  is  pressed 
closely  against  that  of  the  cliurion.  and  the  two  fuse  and 
form  the  impurtaut  jilaeental  structures.  At  the  twenty- 
first  day,  when  the  embryo  is  about  a  third  of  an  inch  in 
length,  theallant<iis  isalargesausage-shajied  bag  nieasui-- 
ing  more  than  a  foot  from  tip  to  tip.  The  embryo  en- 
veloped in  its  relatively  small  amnion  lies  in  a  depi'ession 
at  the  centre  of  the  allantois.  and  the  yolk  sac  has 
dwindled  to  a  hollow,  thi-ead-like  structui'e  lying  in  a 
groove  in  one  side  of  the  allantois  and  extending  in  both 
<lii'ections  to  the  ends  of  the  chorion  (Fig  84  t  ). 

The  Carnivdi'a  have  likewise  an  allantois  with  a  large 
lumen.  The  allantoisat  tirst  bends  dorsally  and  enlarges 
into  a  mtishi'oomshaped  sac.  Its  outer  wall  uniles  w  ilh 
the  chorion  and  forms  at  lirst  a  diseoidal  jilacenta.  But 
the  allantois  continues  to  enlarge  until  it  has  fused  with 
the  whole  inner  surface  of  the  chorion.  It  completelv 
surrounds  the  amnion,  containing  the  embryo,  and  finally 
encloses  also  the  yolk  sac.  At  the  .same  time  the  placenta 
extends  aiound  the  equator  of  the  egg  as  a  broad  band, 
and  finally  acipiii'es  its  charaeteiistic  zonary  form. 

In  the  Rodentia  the  allantois  unites  with  only  a  part  of 
the  choiion  on  the  dorsal  side  of  the  embryo,  the  rest  of 
the  chorion  being  fused  with  the  large  Hattened  .yolk  sac. 
In  this  group  there  are  two  types  of  allantois.  One  of 
these  is  it-presented  by  the  rabbit,  and  has  a  large 
persistent  lumen.  In  the  other  type,  represented  by  the 
rat  and  the  guinea qiig,  the  lumen  is  verv  small  or  may 
disappear  altogether.  According  to  Fliiscluiiann.  the 
sfpiirrel  |ireseiits  a  form  of  allantois  intermediate  be 
twecn  these  two  types.  Aside  from  these  dill'eicnces  in 
the  allantois.  the  rodents  are  geneiallv  alike  in  having  a 
large  oniphalo  eliorioir  a  suiiiller  diseeidal  placenta,  a 
small  anuiion.  and  a  large  ccelomie  cavity  filled  with 
lluid.  separating  thealluilois  from  the  yolk  sac(Fig.  8.')). 

In  man  the  tillaiitois  is  a  biudilv  specialized  structure, 
and  the  fii'st  stages  in  its  develo]iment  occur  at  a  very 
4'arl}'   period.     When   the  aniuion  is  fully  formed  and 


separated  from  the  chorion,  the  posterior  end  of  the  em- 
bryo remains  attached  to  the  chorion  by  a  thick  cord  of 
mesodermal  cells,  in  which  the  allantoic  vessels  are 
formed,  and  which  may  be  regariled  as  the  precociously 
developed  wall  of  the  allantois.  The  early  stages  are 
not  well  known,  but  <'ventually  the  lumen  "of  the  allan- 
tois is  developed  within  this  cord  as  a  naiTow  tube  lined 
Willi  etitodernial  cells,  extending  backward  from  the  end 
of  the  hind  gut  to  the  choiion.  It  is  formed,  then,  in 
the  same  position  as  in  the  sheep,  but  its  subsequent 
history  is  very  different,  for  it  persists  as  a  small  tube 
usually  imtil  the  end  of  ftetal  life:  while  the  allantoic 
vessels  spread  far  from  the  lumen  into  the  mesodermal  lin- 
ing of  the  chorion  and  supply  the  fcetal  circulation  of  the 
placenta  (Fig.  86.) 

The  allantoic  fluid  of  the  cow  has  been  shown  by 
DiVlerlein  to  differ  from  the  amniotic  finid  in  being 
poorer  in  salts  of  sodium  and  richer  in  nitrogen.  The 
latter  increases  with  the  age  of  the  fcetus,  indicating  that 
it  is  an  excretory  product ;  and  according  to  Foster  and 
Balfour  urates  arc  abundant  in  the  allantoic  fluid  of  the 
chick  by  the  sixteenth  day. 

The  circulation  in  the  allantois  takes  place  primarily 
through  two  pairs  of  blood  vessels,  the  allantoic  or  um- 
bilical arteiics.  and  the  allantoic  veins  and  their  branches. 
The  allantoic  arteries  arise  as  direct  prolongations  of  the 
primitive  fin-ks  of  the  aorta.  When  the  hind  limbs  bud 
out,  the  extenijil  iliac  arteries  arise  as  branches  of  the 
idlantoic  arteries.  In  the  chick  the  right  allantoic  artery 
does  not  grow  so  fast  as  the  left,  and  it  finally  dwindles 
anddisjippears  altogether.  In  man  the  two  arteries  per- 
sist. They  may  be  traced  from  the  posterior  end  of  the 
aorta  through  the  umbilical  cord  (see  Umlnlieal  Cord)  to 
the  placenta.  Avhci'e  they  branch  freely. 

The  two  allantoic  veins  in  the  chick  are  formed  during 
the  fourth  day.  They  unite  in  the  body  of  the  embr3'o, 
becoming  there  a  sin- 
gle allantoic  vein, 
which  passes  for- 
ward on  the  left  side 
and  joins  the  left  vi- 
telline vein.  In  man 
and  other  mammals 
the  two  allantoic 
veins  at  first  open 
into  the  sinus  ve- 
nosus,  one  on  each 
side,  in  c  o  m  p  a  n  y 
with  the  correspond- 
ing Cuvierian  and 
\'  i  t  e  1 1  i  n  e  veins. 
Later,  while  the  al- 
l.iiitoic  veins  remain 
tlistinct  within  the 
cmbr\-o,  in  the  allan- 
toic stalk  they  fuse 
to  form  a  single  ves- 
sel. During  the 
fourth  week  in  man 
the  allantoic  veins 
become  separated 
from  the  sinvis  ve- 
nosus.  The  smaller, 
light  one  soon  after 
disappears,  while 
the  left  one  unites 
with  the  portal  vein 
(formed  by  the  union 
of  the  vitelline  veins) 
and  increases  in  size, 

Creighlon  has  described  recently  (1899)  a  series  of 
lymphatic  cylinders  and  eajisules  surrounding  certain 
allantoic  vessels  in  the  chick.  They  ai'e  found  upon  the 
vessels  where  the  allantois  and  amnion  come  into  con- 
tact, and  are  snpiioscd  to  aid  in  the  absorption  of  the 
yolk  and  jdbiimeu.  (For  a  description  of  the  circulation 
in  the  ])lacental   iiortion  of  the  alhintois,  see  Place ii In  ) 

The  principal  adult  structure  developed  from  the  al- 


Fig.  86.— Human  Knibrvo  of  2.1.5  Mm.,  Re- 
constructed fixan  Sections,  All.  ,\llan- 
tois;  .-lo,  aorta:  Hf,  endothelial  heart: 
Li.  U\er;  Ont.  oinptialo. mesenteric 
vein:  i*r.  allantoii- vein  ;  I'/i,  yolk  sac, 
(From  Minot,  after  His.) 
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lantois  is  tlif  uiiimry  bladder.  Of  that  pari  (if  tlic  idlaii- 
tciis  which  lies  within  tlic  licidy  nf  tlic  cndirvo,  tlic  pnixi- 
iiial  pDi'lidii  bcniiis  t(i  cidai'gc  dufini;  tlic  sccuiul  iiKiiitli 
ti)  form  the  hUuldcr,  while  the  taijcriiij;  distal  purtinii 
finally  h)scs  its  luincii  and  bcconics  the  iiraclnis,  or  li.L'a 
lucntum  vesica!  medium.  CDiini'Ctin.ti;  the  bladder  with 
the  umbilicus.  The  portidiis  of  the  allantoic  arteries 
within  the  embryoare  called  the  hypoijastric  arteries,  and 
are  more  or  less  honiolo.!:oiis  with  arteries  of  the  .same 
uaiiie  in  lower  vertelirates.  At  birth  the  distal  |iart  of 
the  hypoiraslric  on  each  side  loses  its  lumen  aiid  becomes 
a  .solid  cord  enclosed  in  the  superior  lif;ament  of  the 
bladder,  while  the  pid.\imal  Jiart  jiersists  as  the  com- 
mon iliac,  internal  iliac  (as  far  as  the  bifurcati<.n).  and 
superior  vesical  arteries.  The  remainin.n-  allantoic,  or 
\uiibilical.  vein  loses  its  cavity  at  birth  and  becomes  the 
liijamenlnm  teres,  or  round  ligament,  connecting'  the 
liver  with  tin-  umliilieus  (.see  ?atiix). 

Jii'bcrt  I'lijlin'  Jiiyihiir. 

ALLEGHANY  SPRINGS.— Mont.iromery  County.   Vir 
ginia. 

Post-Ofkice. — Alle,i;hany  Spruigs. 

Access. — Via  Norfolk  and  Western  liailroad  toShaws 
ville  station,  thence  by  carriage  or  omnibus  three  and  a 
half  miles  to  springs.     Hotel  and  cottagi's. 

This  well  known  resort  is  located  on  tiie  eastern  slojie 
of  the  Alleglianies,  on  the  head  waters  of  the  Uoanoke 
River.  The  hotel  and  princi]ial  range  of  cottages  oc- 
cupy smooth  and  undulating  hills,  gently  sloping  to  a 
broad,  grass-covered  lawn  of  forty  acres,  extending  to 
the  banks  of  the  river.  The  accommodations  here  are 
first  class,  atl'ording  every  convenience  and  comfort  to 
the  pleasure  seeker  as  well  as  the  invalid.  The  hotel  is 
large  and  s|)acious,  anrl  is  s\ip]ilied  with  all  re(|uisite  im 
provenients.  Contiguous  to  the  hotel  are  one  hundii'd 
and  fifty  double  cabins,  arranged  with  a  view  to  the 
comfort' and  good  health  of  the  guests.  The  .scenery  in 
the  vicinity  is  not  excelled  for  i)ictures(iue  loveliness  an<l 
variety  at  any  watering  place  in  the  Old  Dominion. 
Only  "one  spring,  which  (lows  about  thirty  gallons  ]ier 
hour,  is  in  use  at  the  iiresent  time.  The  water  is  lim]iid. 
and  has  a  temperature  of  ofj"  F.  The  following  analysis 
was  made  some  years  ago  by  Dr.  F.  A.  Gentli,  of  Fhila- 
•delphia: 

ONK   I'.VITKn   ST.\TES   (i.il.l.ON   Co.MAI.NS: 

Sdllils.  (Jrains. 

faldum  ciulKiiiiite :t.r>l 

Miitrtlesiuru  riirtHHr.ilH C^W 

I.illijiiiii  cMrlicinate Trace. 

Sli-otiliurn  r:n-l)niialc (f.nti 

liariiMii  carlimiale Il.l« 

Mairiii'sliiTii  carltonale n."*» 

Id  in  carlioTiale O.lCi 

(  ulKilt  i-arlic inat<! 'rrace. 

Zinc  carlidiratB Trace. 

Copper  carlxinatfi 'trace. 

l.cail  <-arlu)na1e Trace. 

Snilium  sulptiate I.T- 

Calfiiiin  siilpliale ll.">."".( 

MatriiHsiuin  sulphate 5t'..ss 

Pi)lassinin  sulphate ; . . . .    It. 70 

Maj-'nesiiilu  liilrate  Z.^Xi 

Aliiininum  nit  rale 0..">t> 

Almniniiin  |ih(isphale fl'i't 

Alumina  in  silicate t'.-I 

S.i<liuiii  ctilnriile CI.'.M 

Calcium  tliiuride (l.'i'J 

Aiitimontiiiii  (»,\icie Trace. 

Silica o.ss 

Cl'cilic  acid 'lYace. 

Ap'MTeiiic  aciii Trace. 

Or^auic  matter ^.0(1 

Total l.S-'S.IKi 

Cub.  In. 

^.  i  Cai'ltonic  acid 0..if» 

o.iscs.     -^  sulpliiirete<l  hydrogen Trace. 

According  to  the  author's  classification,  this  water  may 
lie  denomiiiiited  a  magnesic  sulphated  .saline.  It  is  ilis- 
tinguislied  for  llie  great  variety  of  its  mineral  constilu 
cuts.  When  taken  in  large  doses  it  is  actively  diurelic 
nnd  cathartic,  operating  with  sjiecial  activity  on  the 
mucous  membrane  of  the  lower  iutesliiics.     In  smaller 


do.ses  its  action  may  be  described  as  tonic,  alterative,  and 
detergent.  'I'he  Avater  hits  bei'ii  found  particiilarly 
bi-iii-tlcial  in  the  trealmeiit  of  dyspe]isia.  for  which  it  has 
a  wjile  reputation.  Excellent  elTects  ar<' also  obsi'rved 
in  nervous  allcctions  and  in  disi/ases  of  \\w  liver  and  kid- 
neys. It  is  recommended  in  small  doses  liy  many  phy- 
siciiins  in  the-treatmeiit  of  iin.-emia  and  chlorosis,  gi'iieral 
debility,  and  other  conditions  in  which  tonic  and  recon- 
structive i-lTecIs  arc  sought.  The  water  is  used  com 
merciiilly.  .Iminx  K.   ('i-nul;. 

ALLEN  SPRINGS.— Lake  County.  California.  These 
valiiabli-  spiiiii;s  ale  situated  in  the  (.'oast  Hange  Aloun- 
tains,  three  miles  east  of  15artlett  Sjirings.  and  some  forty 
miles  west  of  the  town  of  Williiims.  The  location  is  in 
a  cation  at  the  head  of  C.-iche  Crei'k.  at  an  eli-vatioii  of 
eighteen  litmdred  fi'ct  above  the  I'acitic  Ocean.  The 
grounds  iire  delightfully  shailed  by  liugi'  o;iks  and  lower 
ing  jiiiics.'Uid  suriiiounted  by  evergreen  hills.  The  usual 
exeelli-nt  climatic  conditii^is  of  Lake  County  prevail  hi-re. 
liood  hunting  and  fishing  will  be  found  in  the  neighbor- 
hood. Thi'icare  fivi' sjiringson  the  place,  t  wocontidning 
consiileiahli'  iron,  while  three  are  of  the  alkaline  saline 
lyjie.  All  the  waters  contain  carbonic  aeitl  gas  and  tire 
cool  and  siiarkllng.  The  following  analysis  of  the  soda 
spring  was  made  by  Dr.  Wiuslow  Anderson  in  IHHS: 


O.VK    I.i.\n'Kll    ST.\TKS    (fAI.LON    CO.NTAINS : 

Solids.  Cinilns. 

Soiliuin  chloride 2:1. 10 

Seduuii  bicarbonate i*Si 

Sodiiiin  siilpiiati'  n.78 

I■o^;L^slllnl  Chloride l.iX) 

Miiirnesiiini  t>icarlxaiate 27.-10 

rota.-^sllllii  bical-lioliate 0.75 

MaiJ-nesiuui  cliloride KMIO 

(.'alciuni  bicarlioiiate 20.14 

Calciinri  phosphate 0..55 

FerivMis  carbonate 0.93 

Organic  matter — Trace. 

Total 142.86 

Ciib.  In. 
Carbonit'  a<Md  gas ;j*i.00 

According  to  Professor  Wen/ell's  analysis,  silica  is  also 
lircsent.  These  waters  arc  gently  aperient  in  action,  jind 
iiave  giiined  considerable  reputation  in  chronic  heiiatic 
and  reiiiil  iilTcc-lions,  assocliited  with  dropsy.  The  resort 
has  amiile  accommoilations  for  gin'sts,  besides  good 
bathing  facilities.  .1.  K.  V. 

ALLIGATOR    PEAR.  —  (.Lwwrf// ,•     Ahoi/.tli  ;     l',ilt„  ; 

Miil.illilninl ii'k  lilltii  r.) 

The  above  are  the  names  of  fh<'  fruit  of  I'lrxnt  t/ra- 
lisxiiiKi  (iiiertn.,  a  liU'gc  tree  of  the  Ijm nn-av,  and  they 
are  also  applied  to  the  seeds,  which  have  distinct  mi-ilici- 
nal  properties.  The  genus  is  very  clo.sely  related  to  ihiit 
yielding  cinnamon,  it  contains  about  a  ilozen  spccii's, 
which  grow  in  the  tropics  of  both  continents,  but  the 
one  iinik-r  discussion  alone  possi's.ses  the  propcrtii's  here 
described.  It  Is  native' in  many  parts  of  the  American 
tixijiics.  and  is  largely  cnlllviiteil  in  all  tropical  counlrli'S 
for  lis  fruit,  which  Is  common  in  norllnrn  iiiiirkets. 
This  Is  inequilaterally  cloiigaK.'d  iiyrifoiin,  and  as  large 
as  the  very  lar.gi'St  jiears.  The  skin  hits  a  leathery,  rusty- 
green  apiiearance.  The  solitary  ovoid  seed  tills  half  of 
the  interior,  the  remaining  sjiace  being  oecupieil  by  a 
creamy  white  pulp,  penetrated  by  numerous  gr.ay  or 
gi-eeiilsli  vcliis.  of  the  lincst  and  smoothest  fatty  texiitre. 
highly  nutritious  anil  of  jieculiar  flavor.  On  first  tiial, 
ll  Is  disguslliig  to  most  pi'i'sons,  biit  they  visually  be- 
come extfiivaganlly  f<ind  of  it  on  continuing  lo  use  it. 
The  juice  of  the  seeds  makes  indellhli-  stains  on  linen, 
atid  Is  used  for  this  purposi-.  Tin"  seeds  are  liirgely  used 
in  the  ti-o])lcs  as  a  local  a]iplicallon  In  rheumatlsni  and 
jieiiralgia.  and  some  physlcl;ins  have  thus  founil  ihe  lluld 
extract  of  service.  They  are  also  credlteil  \vltli  aiithcl- 
mintic  iiroiK't-ties,  and  doses  of  ll.  X  i.  of  the  fluid  extract 
have  been  used  to  e.xpel  tieuia.  11.  11.  U'l.-'by. 
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ALLOUEZ  MINERAL  SPRINGS.  — Biowu  Couuty, 
AVisconsiii. 

Pi)ST-()i'-KK'K. — (iroen  Bay.     llnlcls  in  CreeiiBay. 

The  AlloiU'Z  Springs  are"  bra\ilifully  locali'd  near  tlio 
base  of  an  elevation  (Astor  Heijihls)  in  I  lie  soiithern  part 
of  the  eily  of  (Jn'cn  I5ay.  This  cliainiinyeity,  which  lies 
at  the  head  of  the  bay  of  the  same  name,  is  one  of  Ihe 
oldest  settlements  of  "the  Northwest.  In  the  year  1(JU8 
Father  Allouez  established  a  military  station  here,  and 
from  that  jieriod  dates  the  first  set  I  lenient  of  the  city. 
The  springs  are  located  but  a  short  distance  from  the  site 
of  the  old  mission,  and  are  named  in  honor  of  its  intrepid 
and  worthy  founder.  The  water  bubbles  out  from  the 
hillside  at  a  uniform  rate  all  I  he  year.  It  has  a  tempera- 
ture of -Ki' F.  A  pretty  )iark  stirrotinds,  and  an  orna- 
mental pavilion  covers  thv  spring,  which  gushes  up 
through  an  octagonal  marble  basin.  An  attendant  in 
charge  siijiplies  water  to  the  visitors.  It  is  believed  that 
the  Menominee  Indians  used  tlie  spring  for  medicinal 
purposes.  The  water  was  analyzed  in  1888  toy  Prof. 
AV.  W.  Daniels,  of  the  Wisconsin  State  University,  with 
the  following  results: 

One  r.MTED  States  G.\LLO."f  Contains: 

Solids.  Grains. 

Sodium  cbloride 4.26 

Potassium  sulphate 0.]2 

Sodium  sulptiale , 3.46 

Calcium  sulpbate 0.11 

Sodium  phosphate Trace. 

Iniu  liii-arbonate O.CIO 

Calcium  bicarbonate 24.69 

M:i^ni*sium  bicarbonate ^-'^ 

AUuuina 0.17 

Silica  and  insoluble  residue 1.97 

Total 62.37 

In  his  woik  on  the  mineral  waters  of  the  United  States 
the  writer  has  classified  this  as  an  alkaline-salinc-calcic 
mineral  water.  It  contains  a  very  fortimate  combination 
of  mineral  ingredients.  The  principal  component,  the 
bicarbonate  of  magnesia,  gives  it  valuable  antacid  and 
laxative  properties.  The  latter  action  is  aided  somewhat 
by  the  piesence  of  sulphate  of  sodium.  Authorities  are 
agreed  that  the  carbonate  of  magnesia  is  an  excellent 
antilithic  in  those  cases  in  which  uric  acid  is  too  abun- 
dant. The  small  proportion  of  bicarljonate  of  iron  which 
the  water  contains  is  sufficient  to  impart  to  it  tonic  effects. 
Thtr  chloride  of  sodium,  sulphate  of  .sodium,  and  bicar- 
bonate of  magnesium,  all  contribute  to  render  the  water 
diuretic.  In  diseased  states  its  best  effects  liave  been 
observed  in  diabetes.  Bright's  disease,  disorders  of  the 
stomach  and  liver,  and  in  gout,  rheumatism,  and  vesical 
calculi.  The  water  is  soft  and  sparkling,  and,  as  it  con- 
tains no  trace  of  organic  or  vegetable  matter,  is  well 
adapted  for  general  table  use. 

Green  Bay  offers  numerous  advantages  as  a  health  re- 
sort. Its  elevated  location  renders  the  air  cool  and  re- 
freshing during  the  sunnuer  months,  and  malaria  is  un- 
known. The  magnificent  Fox  River,  which  flows  into 
the  bay  at  this  point,  is  spanned  by  five  bridges.  The 
streets  are  embowered  with  avenues  of  grand  old  trees, 
and  there  are  excellent  drives  in  all  directions  for  miles 
around.  Small  steam  and  sailing  j'achts,  with  their 
burdens  of  pleasure  seekers,  ]ily  the  placid  waters  of  the 
bay,  forming,  during  the  spring  and  summer  months,  a 
pictiu-e  of  .serene  and  restful  be:uity. 

.TditHS  K.  Croak. 

ALLSPICE  (PiMENTA). —"The  nearly  ripe  fruit  of 
PiiiKiilii.  <>Diriiuili>i  J.indley  (fam.  Miiitiicfa-)"  (U.  S.  P.). 
The  source  of  this  fruit  is  a  handsome,  evergreen,  fra- 
grant tree,  about  10  metres  (ISO  feet)  in  height,  with  oppo- 
site, dark-green,  shining  leaves  and  small  white  flowers. 
The  fruit'is  a  rather  ilry,  two-celled  and  two-seeded 
drupe,  from  0..'5  to  1  cm.  (one-fifth  to  two-fifths  inch)  in 
diameter,  nearly  sjiherical,  ;ind  crowned  with  its  four- 
parted  calyx  and  short  cylindric:d  style. 

The  allspice  tree  is  a  native  of  the  West  Indies,  South 
and  Central  America,  and  Mexico.     It  is  abundant  in  the 


Fig.  87.— Plraenta 
oflicinalis.  Fruit 
(entire). 


FiG.88.— Longitu- 


island  of  Jamaica,  both  wild  and  cultivated,  and  has  been 
introduced  into  Asia  and  other  tropical  places. 

This  spice  has  been  useil  in  Europe  for  more  than  two 
centuries,  and  is  still  in  great  demand,  both  there  and 
lu're,  as  a  domestic  condiment.  It  comes  almost  entirely 
from  .laniaica.  wlu-re  it  is  obtained  in  enormous  quanti- 
ties, from  both  wild  and  cultivated  trees.  The  fruits — 
like  those  of  pepper  and  cubebs — are  collected  just  be- 
fore they  are  ripe  and  dried  in  the  ojx'n  air.  When  fully 
ripe,  a  portion  of  the  fragrance  is  lost. 
The  ilried  fruits  are  slightly  smaller  than 
1  he  fresh ;  spherical  or  nearly  so,  finely- 
wrinkled  or  tuberculated  upon  the  sur- 
face, of  a  brown  or  grayish  brown  color, 
and  having  a  strong,  agreeable,  aromat- 
ic, clove  like  odor.  The  limb  of  the 
calyx  is  usually  rubbed  away,  leaving  a 
circular  projecting  margin,  or  crown,  at 
the  apex  of  the  fruit,  enclosing  a  shal- 
low, saucer-shaped  calyx  cup,  from  the 
middle  of  which  rises  the  style,  usually 
broken  oft'  at  the  toj).  The  seeds  are 
brown,  flattish,  exalbuminous,  the  em- 
bryo spirally  coiled.  A  section  of  the 
fruit  reveals,  just  below  the  surface,  nu- 
merous large  oil  cells,  some  of  which, 
dinal  Section  of  projecting  outward,  form  the  small  cor- 
Same (enlarged),  rugations  to  be  seen  upon  the  outside. 
These  cells  contain  most  of  the  oil;  in 
the  seeds  are  fewer  and  smaller  oil  cells. 

The  oil  of  allspice  (Ohnm  I'iincnta,  U.  S.  P.),  which  is 
its  only  valuable  constituent,  can  lie  obtained  to  the  ex- 
tent of  two  to  four  per  cent.  With  this,  occur  fixed  oil, 
resin,  tannin,  and  gum.  Allspice  is  little  used  medici- 
nally, in  doses  of  0.5  to  3  gm.  (gr.  viij.-xxx.),  as  an  ordi- 
nary aromatic,  similar  to  cloves,  but  weaker.  There  is 
no  official  preparation,  though  it  enters,  as  a  carminative 
and  flavor,  into  several  official  preparations. 

W.  P.  Bolles. 

Oil  op  AiJjSPICE  (Oil  of  Pimenta.) — "A  volatile  oil 
distilled  from  pimenta"  (U.  S.  P.).  This  is  a  I  bin,  trans- 
parent liipiid.  at  first  colorless,  becoming  yellow  or  even 
brownish,  and  thicker  with  age.  It  has  the  odor  and 
somewhat  the  taste  of  cloves.  Its  specific  gravity  is 
1  040  to  1.050.     Its  active  constituent  is  euqenol. 

II.  II.  Rnsby. 

ALLYL  TRIBROIVIIDE.— Trihromhydriu,  tribrompro- 
phenyl,  CsHsBtj,  is  obtained  by  the  action  of  bromine 
on  oil  of  garlic  (allyl  sulphide).  It  is  a  heavy,  colorless, 
or  faintlyyellowisii  liquid,  which  is  insoluble  in  water 
and  soluble  in  alcohol,  ether,  volatile  and  fixed  oils. 
Liquid  at  ordinary  temperature,  it  solidifies  at  10'  C. 
(.50'  F.).  This  remedy,  containing  as  it  does  eighty -five 
]>ercent.  of  bromine,  may  well  replace  the  alkaline  bro- 
mides as  sedative  and  antispasmodic.  In  asthma,  pertus- 
sis, laryngismus  stridulus,  nervous  irritability,  and  espe- 
ciallv  in  epilepsy  it  has  had  a  marked  effect.  In  hysteria, 
on  tiie  other  hand,  it  has  been  of  no  value.  Its  dose  is  2 
to  10  minims,  given  in  capsule  or  on  sugar,  two  or  three 
times  a  day  ;  or  it  may  bi'  given  hypodermically  dissolved 
in  Itl  or  -0  minims  of  ether  or  oil.  li'.  ^1.  Biisttdo. 

ALMONDS,    BITTER     AND     SWEET. —Amvgd.\la 

.\mai;a,  Jliltcr  Almi/iid.  "The  seed  of  Pviii  us  Amyg- 
dalKS  Diiiani  D.  C.  (fam.  7?-«<«'<«')"  (U.  S.  P.). 

Amvodala  Dulcis,  Street  Almond.  '"The  seed  of 
Pru>ui.<iAmi/f/d(iliif:  dtilci.i  D.  0.  (fam.  Rosacea)  "(U.  S.  P.). 

The  almond  tree  is  a  small  tree,  inhabiting  the 
countries  bordering  the  jMediterranean  Sea,  Greece. 
Asia  JNIinor,  Syria,"  Algeria,  as  well  as  Abyssinia  and 
other  Eastern  lands.  It  has  been  cullivaicd  also  in 
manv  of  these  places  from  time  immemorial.  It  is  very 
similar  in  size  and  ajipea ranee,  as  well  as  leaf  and  flower, 
to  its  near  ally,  the  jieach.  growing  from  5  to  10  metres 
(16  to  32  feet)  in  height,  with  graceful  branching  top. 
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Till'  leaves  are  obloiiir,  liiiiocolatc,  tiiu'ly  seriated,  siiiiple. 
and  u;ive  when  bruised  a  peachy  (ulur.  TIk'  Howeis  are 
larj;e.  jiale  rose  eiilored.  almost  exael  eouiileriiarts  of 
those  of  the  peach.  But  the  fruit,  althoii;;li  strueturally 
similar,  develops  ditTerently:  that  jiart  (llie  sarencarp) 
which  ill  the  jieacli  becomes  .juicy  anil  edililr.  in  the 
almond  dries  up.  splits,  and  falls  away,  leaviiiij  the  stom- 
(pulamen)  attaclied  tn  the  tree.  This  is  tluMi  ualbeieil 
and  maU<'S  the  almond  of  commerce,  while  the  seed,  vr 
moved  from  the  stone,  is  the  ollicial  almond. 

The  former  is  obloiiiT  ovate,  pointed,  yellow,  sdinewhal 
tlattened.  with  blunt  or  sliarjiish  borders,  and  a  ri)U,yhish 
surface,  perforated  with  numerous  pores  and  de)iressions. 
The  shell  is  variable.  usuall\'  hard  enou.^h  to  rei|iiirc'  a 
li.;;ht  hammer  to  break  it ;  in  some  vaiieliesil  is  easily 
crushi'd  lietween  the  thumb  and  foreliniier.  The  scitI  is 
sometimes,  in  some  \arieties  always,  imjidrti'd  ujthnul 
the  shell.     It  is  solitary  and  exalliuminous. 

Lonir  cultivation  has  produced  many  hdrlicultural 
varieties  of  almonds.  dependin.!j  mostly  upcjii  their  si/.e. 
shape,  and  thickness  of  shell;  but  the  most  important 
distinction  is  that  of  taste  and  compositidii,  in  respect  to 
which  these  varieties  fall  into  one  ov  another  ii(  two 
seii<-s,  namely,  those  with  bitter,  and  those  with  sweet 
or  bland  seeds.  The  lrc<'S  producin;;'  tbi-ni  do  not  dilTer 
from  each  other  much,  exceptinir  in  the  character  of  the 
seeds,  but  yet  appear  to  be  dislinct,  both  e.\istini;"  in  the 
wild  stale. 

The  chief  source  of  almond  production  is  the  Mediter 
ranitin  region,  thoujrh  it  may  becultivatcd  in  almost  any 
warm,  temperate,  or  subtropical  country.  There  are  so 
many  vari<'ties  of  bothalmonils.  and  these  dilTcr  so  ureal  ly 
in  size  and  form,  that  comparative  descri])tiiins  are  dilli 
cult.  Those  used  as  dru.n's  are  aliout  an  inch  in  Icnurlh. 
ovoid,  with  stron.uly  rounded  base  and  obtusely  pointed 
apex,  tlattened  .so  as  to  be  three  times  as  broad  as  I  hick, 
and  about  one  half  lon.s^er  than  broad.  The  surface  is  of 
some  shade  of  lirown.  more  or  less  wrinkled,  .scurfy,  with 
a  dense  coverin,;;  of  short,  thick,  microscopical  hairs,  and 
with  numerous  lines  radiatinir  from  tlii'  base.  The  ker 
nel  consists  entirely  of  two  oily  eotyleilons  of  the  same 
tiirni  as  the  seed,  in  contact  by  their  Hat  faces,  and  of  a 
nearly  while  color.  They  have  a  faint  characteristie 
odor. 

In  jreneral,  the  bitter  almond  is  of  a  darker  <-oliir.  a 
little  shorter,  broa<ler.  and  flatter,  and  a  little  less  wrinkled 
than  the  sweet.  It  has  a  cliaracteristieally  liitter  taslr. 
the  sweet  ones  beinir  entirely  bland,  sweet,  oily,  and 
nutty. 

Of  sweet  almonds,  the  important  constituent  is  tifty  per 
cent,  or  more  of  a  tixed  oil  (see  Olinm  Aniiiiiiluhr  Ki 
;/)v.v.«*;)»).  which  occurs  with  about  three  per  cent.  n(  iruin 
and  six  iiercent.  of  sugar,  and  a  large  amount  of  albunii 
noid  matter.  There  is  a  very  small  amount  of  tannin  in 
the  seed  coat.  Their  pro])erties  are  purely  demulcent 
and  nutritive.  \\\-  have  an  official  emulsion  and  a  syrup 
which  are  used  as  vehicles. 

In  composition,  bitter  almonds  liave  about  one-si\lli 
less  of  the  s:ime  ti.xed  nil,  and  contain  from  onrto  thnc  pir 
cent,  of  the  peculiar  glucoside  (see  Aiii//r/i/'i/h/  and  h'linil 
"ill)  which  yic'lds  Iiydroeyauic  acid  and  b<'n/.aldeliyile, 
IS  d<'scril)ed  under  lliidniri/iiiii''  Ariit.  The  yielil  of 
oilof  bitter  almond  is  about  one  per  cent.,  that  of  prussie 
acid  about  .0(i  to  .IS  of  one  per  cent.,  of  the  weight  of  the 
~reds. 

It  is  evident  that  the  bitteralniond  combines  the  |irop 
erties  of  sweet   almonds  and    jirussic  acid,  and   tb.-it  an 
.  ciuticeof  the  drug  is  e(|uivalenl  to  almost   one  grain  id' 
the  latter.     It  does  not    follow  that   the  effect   would  be 
the  same  as  that  dose,  inasmuch  as  the  develo])ment  of 
I  he  acid   would  lie  neither  so   sudden  nor  so  complete. 
N'everthclcss.  liitter  almonds  must  be  regarded  as  poison 
ous.     Even  a  small  number  of  iheni.  if  eaten,  are  apt  to 
produce   a   slight   gastric   irritation   as  an   after  elVeet. 
There  is  no  ollicial  preparation  of  bitter  almond,  except 
that  a  little  of  it  I'liteis  into  the  composition  of  Si/ni/ms 
Aiiii/f/(lii/(i'.     Its  chief  use  is  as  a  flavoring  a.gcnt.  though 
small  doses  are  used  for  their  sedative  eliecl. 
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I'lach  seeds  are  often  used  toadulterate  bitter  almond, 
and  their  composition  is  very  similar.  Sweet  almonds 
an-  also  used  as  an  adulterant.  //.  //.  llnnlii/. 

ALOES. — The  inspissated  juiceof  the  leavesof  various 
spei-ies  of  Al'ic.  a  genus  of  nearly  a  hundred  species,  in 
tlie  family  LUiacnv,  widely  distrihuted  thrnugh  tropical 
.\friea.  on  the  continent  and  islands,  and  at  least  two 
species  extendin.g,  throu.nh  introduction,  into  Asia,  and 
one  into  Southern  Europe  and  the  West  Indies. 

They  are  plants  of  desert  or  ariil  regions  and  .stron.gly 
succulent,  as  is  common  among  plants  of  such  localities. 
They  have  large.  Ilesliy,  bayonet  like  leaves,  densely 
arraii.acd  in  a  (lisliehous  or  tristichous  manner,  and  tall 
spikes  of  fleshy  flow ers,  often  similarly  arraiigi'd.  All 
methods  of  producing  aloes  from  them  are  hased  upon 
the  fad  that  they  contain  two  distinct  .juices,  the  one 
thin  and  llowin.g  at  once  when  the  leaves  are  cut.  the 
other  thicker  and  not  readily  flowing  exce]it  under 
pressure.  It  is  the  former  of  these  juices  which  yields 
the  drug,  and  which  is  therefore  allowed  to  flow  from 
the  cut  leaves  without  pressure. 

This  juice  is  then  inspissated,  either  siiontaneously  or 
by  boilin.;:,  and  .\iclils  a  yellow,  yellow-brown,  gray- 
brown,  griV-n-brou  11.  or  nearly  blac-k  mass,  which  may  lie 
hard  and  brittle  or  of  a  soft,  tarry  consistency,  or  of  any 
inlermeiliate  degrei'.  It  may  be  dull,  wa.xy,  or  glass}', 
and  o])ai|ue  or  translucent,  and  its  odor  varies  greatly. 
It  is  thus  seen  to  be  unlittcd  for  any  general  description. 

The  placi's  of  manufacture  give  the  names  to  the  <lif- 
b'lcnl  comniereial  sorts.  It  is  one  of  the  oldest  of  medi- 
cines; valued — ac<'ordiiig  to  tradition — long  before  the 
Chrisiian  era.  Certainly  it  was  known  to  the  (ireeks 
and  Honians  of  the  liist  century,  and  to  the  rest  of 
iMiropeduring  tlie  .Middles  Ages.  It  hasalways  been  ex- 
tensively usi'd  and  lii.ghly  prized,  as  the  fanciful  names 
given  to  man.v  of  the  older  aloes  compounds  testify. 
The  variety  earliest  known,  socotrine  aloes,  is,  sin.gulaiiy 
too,  the  same  which  is  still  considei'ed  the  best  in  Eng- 
land and  .Vmerica,  and  is  nominally  obtained  from  tlie 
same  little,  obscure,  oiit-of  the  way  islandthat  .Mexander 
is  reported  to  have  peo|deil  with  (Jreeks,  in  order  to  pro- 
tect and  improve  its  production.  of  all  the  known 
eoinmercial  varieties  of  aloes,  the  l'.  S.  V.  recognizes 
but  two.  as  follows: 

Ah>t  Ihn-hinlt  tisift  (Hiirhiiilintt  A/ot's  or  Cr/rtiroa  Ah>c.-<)  is 
\  ieldi'd  by  A/iii  rrrii  (I..)  Webb.  The  name  "  Barbadoes 
aloes"  indicates  the  foriniM'  rather  than  the  present  geo- 
graphical .source,  wliieli  latter  is  better  expressed  in  the 
term  ■•('iiracoa  aloes."  It  was  birmerly  |)riiduced  in 
bolh  islands,  the  Cuiiieoa  coming  in  large  blocks,  run 
into  boxes,  the  Barbadoes  in  gourds.  Later,  the  latt<T 
article  lar.irely  disai)peiired  from  commeree.  Still  more 
recently,  the  other  has  been  put  up  in  gourds  after  the 
liarbadoes  style.  It  would  appear,  therefore,  that  prac- 
tically all  of  our  so-called  l5arbadoes  aloes  is  now  of 
Curacoa  produi'tion.  The  dillercnce  is.  however,  chiefly 
technical,  as  the  i)arenl  plant,  the  process  of  maiui- 
biclure.  and  the  properties  are  identical  in  the  two 
articles.  This  jdant  is  the  most  widely  dislribnled  of 
the  genus,  growing  through  Northern  Africa.  Southern 
Europe,  ami  the  East  Indies,  as  well  as  in  the  West  Indies, 
where  it  is  cultivated  for  the  productiiai  of  aloes.  It 
grows  to  a  height  of  nearly  two  feet,  with  a  thick  head 
of  bluish  green,  blotched  leaves,  anil  a  dense  s])ike  of 
greenish-yellow  flowers,  each  a  little  more  than  an  inch 
in  length,  and  of  an  elongated,  contracted-eamiianulate 
form.  From  the  P/iin-i/iiin,i/i-ii/i/n\i  the  followini.'-aecount 
of  the  preparation  of  Barbadoes  aloes  is  (pioted : 

"The  cutting  takes  place  in  .March  and  .\piil.  and  is 
performed  in  the  heat  of  the  day.  The  leaves  are  cut 
olT  close  to  the  plant,  and  plaeeil  ri n/  i/i/ir/,///,  the  cut 
end  downward,  in  a  Vshapeil  wood<-n  trough,  about 
four  feet  long  and  twelve  to  eighteen  inches  dei'p.  This 
is  set  on  a  sharp  incline,  so  that  the  juice  which  trickles 
from  the  leaves  very  rapidly  Hows  down  its  sides,  and 
tinally  escapes  by  a  hole  in  its  lower  end  into  a  vessel 
|)laeed  beneath.     -No  jircssure  of  any  sort  is  applied  to 
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the  leaves.  It  takes  aliout  a  quai-ler  of  an  hour  to  cut 
leaves  enougli  to  till  a  trouirh.  Tlie  troujilLS  are  so  tlis- 
irihuted  as  to  be  easily  aece.ssible  to  the  cutters.  Their 
Muiiilier  is  generally  (ive,  and  by  the  time  the  fifth  is 
tilled,  the  eulti'rs  return  to  the  first,  and  throw  out  the 
leaves,  wliiih  they  regard  as  exhausted.  Tlie  leaves  are 
neither  inluseil  nor  boiled,  nor  is  any  use  afterward  made 
<if  them,  e.Ncejit  for  manure. 

"When  the  vessels  receiving  the  juice  become  tilled, 
ihe  latter  is  removed  to  a  cask  and  reserved  for  evapora- 
tion. This  may  be  done  at  once,  or  it  may  be  delayed 
for  weeks,  or  even  mouths,  the  juice,  it  is  said,  not 
fermenting  or  spoiling.  The  evaporation  is  generally 
condueted  in  a  copper  vessel;  at  the  bottom  of  this  is  a 
large  ladle,  into  which  the  impurities  siidv,  and  are  frotn 
time  to  time  removed  as  the  boiling  goes  on.  As  soon 
as  the  inspissation  has  reached  the  proper  point  (which 
is  deteriuined  solely  by  the  experienced  eye  of  the  work- 
man), the  thickened  juice  is  jiourcd  into  large  gourds,  or 
into  bo-xes,  and  allowed  to  harden.'' 

This  product  varies  from  an  orange  brown  (Curacoa 
aloes,  usually)  to  a  chocolate  brown.  The  latter  when 
broken  up  exhibits  the  orange-brown  color  also.  It  is 
commonly  of  a  waxy  litstre.  dry  and  brittle  or  friable, 
but  is  occasionally  hariler  and  of  a  glassy  lustre.  Its 
peciUiar  odor  constitutes  its  most  characteristic  feature. 
It  is  the  chief  source  of  Aluiii,  and  is  regarded  as  a  very 
good  article,  though  cheaper  and  less  desired  thati  the 
ne-xt.  A  large  amount  of  it  is,  however,  sold  under  the 
title  of  the  next. 

Aloe  t<(iei}tnnii.  (Socotrine  Aloes)  is  ^yielded  by  Aloe. 
Perryi  Baker.  From  Socotra  the  drug  was  formerly 
brought  into  Europe  via  the  Red  Sea  and  Alexandria. 
After  the  discovery  of  the  route  around  the  Cape  of  Good 
Hoije,  it  followed  the  course  of  commerce  in  that  direc- 
tion ;  at  present,  Socotrine  aloes  is  apt  to  go  to  India, 
and  from  there  to  England,  with  the  enormous  mass  of 
Indian  jn-oihicts. 

It  eonies  from  vari(nis  jiarts  of  Eastern  Africa.  The 
jirejiaration  of  Socotrine  aloes  is  said  to  differ  from  that 
of  I3arbadoes,  in  that  the  heat  of  the  sun  is  relied  upcm 
for  its  evajiiiration.  Although  sometimes  itnpcnted  in 
large  barrels,  it  is  usually  in  small  kegs  or  small  skins. 
The  latter  is  a  cheaper  grade,  dry  and  brittle,  the  former 
a  soft-solid,  at  least  at  the  centre,  where  it  is  frequently 
very  soft,  so  as  to  flow.  Socotrine  aloes  is  typically  of 
a  brownish  yellow  or  yellow  brow-n,  rather  than  an 
orange  brown  like  the  last,  bitt  it  is  occasionalU-  darker, 
nearly  of  a  brown  lilack.  There  should  never  be  any 
hint  of  green  in  its  color.  If  exposed  to  the  atmosphere, 
it  at  length  becomes  hard,  through  evaporation.  Its 
odor  is  much  finer  than  that  of  Barbadoes.  Although 
not,  strictly  speakin.g,  less  strong,  it  is  less  rank  and 
heavy.  It  is  its  odor  which  is  relied  upon  for  identifica- 
tion, as  well  as  for  an  indication  of  its  ijuality. 

Both  olficial  varieties  are  described  as  having  a  saffron- 
like odor.  It  is  said  that  if  the  nearly  liquid  varieties 
are  allowed  to  stand,  they  will  separate  into  a  nearly 
black  upper  stratum  and  an  orange-brown  ciystalliue 
sediment.  It  is  assumed  that  the  darker  or  lighter 
colored  varieties  depend  upon  varying  proportions  of 
these  two  comi)onent  jiarts.  Both  varieties  are  mostly 
soluble  in  alcohol  and  water,  the  Socotrine  more  slowly 
in  the  latter. 

Both,  on  being  dissolved  iti  water  or  alcohol,  yield  a 
ciystalline  sediment  of  aloin.  Both  consist  chiefly  of  a 
resin-like  substance  which  is  solulile  in  alcohol  and  hot 
water,  but  precipitated  from  the  latter  solution  by  boil- 
ing. A  small  amount  of  volatile  oil  is  found  in  both. 
Aloin  is  about  five  times  as  active  as  aloes. 

Aloe  I'lirificiiUi.  V.  S.  P.,  is  Socotritie  aloes  which 
has  been  heated,  dissolved  in  alcohol,  strained  through  a 
No.  60  sieve,  evaporated,  cooled,  and  broken  up. 

Considering  its  immeu.se  importance  as  a  drug,  the 
action  of  aloes  is  a  remarkably  sinqile  one.  Aside  from 
its  action  in  the  mouth  and  stomach  as  a  simjile  bitter, 
its  operation  is  almost  entirely  contined  to  the  lower  jiart 
of  the  large  intestine,  where,  liy  its  irritant  properties,  it 


|iowerftilIy  stimulates  jieristalsis  and  moderately  stimu- 
lates secretion.  It  is  therefore  a  very  dilatory,  but  quite 
active  cathartic.  Its  actioti  is  quite  apt  to  be  griping 
and  jiainful.  especially  to  those  affected  with  hemor- 
rhoids. Although  it  has  been  claimed  that  this  condi- 
tion can  be  ri'lieved  by  the  skilful,  continued  u.se  of  aloes, 
this  is  doiditful;  while  it  is  certainly  true  that  the  con- 
ilition  is  thus  frequently  aggravated  in  a  serious  degree. 
A  diuretic  effect  frequently  accompanies  the  purgation, 
and  is  probably  in  chief  part  due  to  a  mere  extension  of 
the  irritation.  The  satiie  is  to  be  said  of  its  emmena- 
gogue  effect,  and  it  is  to  be  remembered  that  this  may 
lead  to  abortion.  The  intensity  of  the  action  of  aloes  is 
((uite  variable,  not  only  in  different  individuals,  but  in 
the  Siime  individ\ial  at  different  times,  and  this  is  espe- 
cially true  when  aloin  is  useil  iiloue.  This  is  believed  to 
be  due  to  variations  in  the  solution  of  the  aloin.  The 
bile  is  its  natural  soh'ent.  Glycerin  acts  similarly,  and 
either  of  these  solvents,  injected  into  the  rectum  with 
aloes,  will  cause  it  to  take  effect.  Taken  internally, 
alkalies  increase  its  activity,  as  does  iron.  Aloes  can  be 
absorbed  by  the  subcutaneous  tissue,  excreted  into  the 
bowel  and  become  active.  Because  of  its  slowness,  and 
its  limited  field  of  action,  it  is  usuallv  preferred  to  com- 
bine it  with  some  differently  acting  cathartic.  Its  pecul- 
iar mode  of  action  indicates  that  aloes  is  espeeially  use- 
ful in  those  cases  of  constipation  which  result  from 
torpidity  of  the  intestinal  muscles. 

The  dose  of  aloes  is  exceedingly  variable,  according  to 
the  patient  and  the  eft'ect  desired,  being  from  0.03  to"0.6 
gm.  (gr.  ss.-x.). 

The  Pharmacoiiieia  provides  no  preparation  of  Barba- 
does aloes,  but  a  large  number  of  the  purified  Socotrine 
aloes,  as  follows: 

LiQi'iDS. — Tinctura  Aloes,  containing  10  per  cent,  of 
aloes  and  20  per  cent,  of  licorice  root,  made  with  50  per 
cent,  alcohol,  dose  1  to  4  c.c.  (fl.  3  i-i.);  Tinctura  Aloes 
et  Myrrhw,  containing  10  per  cent,  each  of  aloes,  myrrh, 
and  licorice  root,  made  with  75  per  cent,  alcohol ;  dose 
the  same  as  of  the  last. 

Solids. — Extractum  Aloes  (Aqueous),  dose  0,03  to  0.3 
.cm.  (gr.  ss.-iij.);  Extractum  Colocynthidis  Compositum, 
containin.g  aloes  50  per  cent.,  extract  of  colocynth  16  per 
cent.,  resin  of  scammonj'  and  soap,  each  14  per  cent., 
cardamom  6  per  cent.,  dose  0.06  to  1.0  gm.  (gr.  i.-xv.): 
Piluhe  Aloes,  each  containing  0,13  gm,  (gr.  ij.),  each  of 
aloes  and  soap:  PiluUe  Aloes  et  Asafotidae,  each  contain- 
ing (t.Ofi  gm,  (gr,  iss.)  each  of  aloes,  asafivtida,  and  soap; 
Piluhe  Aloes  et  Fcrri,  each  containing  O.OT  gm.  (about 
gr.  i.)  each  of  aloes,  dried  sulphate  of  iron,  and  aromatic 
powder,  with  a  little  confection  of  rose;  Pilula?  Aloes  et 
Mastiches,  each  containing  0,13  ,gm,  (gr.  ij.)  of  aloes,  0,04 
.srm.  (gr,  f)  mastic,  and  0.03  gm.  (gr.  ss.)  of  red  rose; 
PiluUc  Aloes  et  Myrrlnv.  each  containing  0.13  gm.  (gr.  ij.) 
aloes,  0,06  gm.  (gr.  i.)  myrrh,  and  0,04  gm,  (gr.  ^)  of 
aromatic  powder,  Piluhe  Rhei  Com|iosita',  each  eontain- 
ing0,13  gtn,  (gr.  ij.)rhul)arl),  0,1  gm,  (gr.  iss.)  aloes,  0,06 
gm.  (,gr.  i.)  myrrh,  and  a  little  oil  of  peppermint. 

Unofficial  YAnrETiios  ok  Aloes. — Aloe  Cdpen.iin.  or 
Cape  aloes,  is  the  hardest  and  most  brittle  variety,  with  a 
strong,  usually  .ulassy  lustre  and  a  very  conchoidal  frac- 
ture. It  is  usually  blackish  (brown  black  or  greenish 
brown  black),  occasionally  dark  reddish  brown.  It  has 
a  very  unpleasant  odor,  is  not  crystalline,  and  contains  no 
aloin,  an<l  is  mostly  used  in  veterinary  practice. 

Aloe  jyotiilenxix.  or  N.atal  aloes,  has  a  dull  surface  and 
a  grayish-yellow  l.irown  color.  It  is  crystalline  and  con- 
tains aloin,  but  is  weak  in  odor  and  taste. 

Heputic.  (dors  is  a  name  which  has  come  to  be  ajiplied 
to  anv  form  having  a  distinct  liver-brown  color. 

H.  II.  lioshy. 

ALOPECIA.— .Vlopecia  is  a  partial  or  general  loss  of 
hair,  from  any  cause  whatever,  and  that  in  suflicient 
quantity  to  be  noticeable  to  the  naked  eye. 

The  word  "alopecia  "  is  derived  from  the  Greek 'A/uT^f, 
meaning  fox.  Why  this  word  has  been  itsed  to  cx- 
ju'ess  baldness,   it   is  dillicult  to  say.     One  explanation 
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miglit  bo  that  the  fox  is  siiid  to  have,  iionnallj-,  two  bald 
spots  over  his  eyes,  and  another,  that  he  is  especially 
liable  to  the  disease. 

The  term,  as  it  is  used  to-day,  covers  a  l)roader  field 
than  it  did  formerly.  It  includes  not  oidy  all  varieties 
and  deifrces  of  dystrojihies  and  atrophies  of  the  hair  of 
the  scalp,  causins;  baldin'ss,  but  also  similar  conditinns 
of  the  hair  upon  any  other  part  of  the  body. 

In  te.xt-books  the  alopecia'  are  usually  divided  into 
two  main  classes,  congenital  and  ae<|nircd.  In  the  pres- 
ent article  this  classitication  is  not  followed,  but  we  will 
attempt  to  give  a  more  scientillc  oiK'  instead. 

Alopecia  may  be  due  to  a  local  disease  of  some  hairy 
partof  the  body,  and  in  thisca.se  it  woidd  be  limited 
throiighont  its  whole  course  to  tli<'  jiart  in  which  it 
commenced,  or  it  may  be  the  result  of  disease  elsewhere, 
and  then  the  consequent  baldness  is  tni\y  incidental  to 
the  other  allection. 

This  line  of  thought  also  evolves  two  princijial  classes: 
(1)  Alopeci;e  essentiales,  i(liopathic:p  sive  primaria': 
i'i)  Alopecia'  symptomaticie  sive  secundaria'.  The 
first  class  includes  tlie  congenital  and  senile  forms.  an<l 
those  primary  atTections  of  the  hair  that  are  premature, 
comprising  alopecia  ])re.seinlis,  alopecia  pityrodes,  alo- 
])ecia  areata,  folliculitis  decalvans,  and  dermatitis  papil- 
laris capillitii. 

(yvle. — We  are  well  aware  of  the  fact  that  strict  logic 
would  really  not  permit  alopecia  pityrodes  to  be  placed 
in  this  class,  btit  it  stands  out  so  |iromiiiently  among 
those  diseases  causing  baldness  that  for  ]iractical  pur 
po.ses  it  may  be  classed  among  the  essential  alopecia'. 
Similar  objections  could  be  made  against  the  placing  of 
alojiecia  areata  among  the  "idiopathic  premature  alo- 
pecia'," and  yet  we  find  it  there  by  tlie  consent  of 
many  good  authorities.) 
The  second  class  contains  first,  (tlnpcmK  ivxien,  which 
includes  those  instances  of  alopecia  caused  by  the  use 
of  drugs,  like  mercury  and  acetate  of  thallium  and 
also  those  caused  by  tile  to.xins  of  .systemic  infections 
such  as  syphilis,  typhoid  fever,  etc. ;  second,  abqucid 
fhpifimicii  xire  doitriirtim.  in  which  loss  of  hair  is  prin- 
cipally due  to  atrophy  caused  by  mechanic  force,  such 
as  pressure  atrophy  (lupus  erythematosus),  or  to  the  de- 
struction of  tissue  the  ri'sult  of  suppuration  (gummata, 
epitheliomata,  sycosis,  etc.).  or  to  severe  local  inflamma- 
tions (acute  eczema,  erysipelas,  etc.);  and  finally.  «/<//«r/r( 
)i,iiyiitic(i,  which  follows  tniuiuatic  or  functional  nerve 
injuries. 

The  following  represents  a  brief  schedule  of  this  classi 
fication: 

I.  AUipei'i(v,  Essentiales,  Iclt't'jxit/iiae  sire  Priinarim. 

1    Cons^enita. 
a.  Senilis. 
?>    frematui-a. 

II.  .\l"iui-iiv  Si/iiij)l<>iiiaticiv  sii'C  SecHiularia. 

I.  Toxica 

'2.   Dynamica  .sive  destructiva 

;i.   Neurotica. 

I.  Alopecise  Essentiales  Idiopathicse  Sive  Primarias. 
1.    Ai.oi'icciA    CoXGE.\iT.\,     DEPn,.\Ti(>    CoN(;i;.MT.\; 

AtKICIII.V  ;  Ol.K!OTKICIir.\. 

1.  ('(>N(;i-:xiT.M,  .\i.oi'Kci.\  is  a  rare  alfection.  Tt  may 
be  comjilete.  the  new-born  babe  being  wholly  devoid  (if 
hair,  even  of  lanugo  ones.  After  some  time  has  elapserl, 
fnim  a  few  months  to  a  few  years,  let  us  siiy,  lanugo 
hairs  may  begin  to  form,  and  later  on,  full-sizccl  normal 
hairs  may  make  their  api)earance.  It  may,  however,  be 
the  case  that  growth  of  hair  never  takes  place.  This  has 
been  frecpiently  found  to  be  true  where  there  was  only 
a  partial  aloiiecia  at  birth  In  an  instjince  like  this  the 
individual  bald  patches  may  multiply  in  number  until 
they  spread  over  the  entin'  scalp,  and  they  often  show  a 
tendency  to  increase  in  si/e. 

In  connection  with  this  malady,  anomalies  of  the  teeth 
and  nails  are  often  observed.  Crocker  reports  the  ease 
of  an  individual  who  who  had  only  four  molar  teeth, 
and  was  never  known  to  have  perspired  or  shed  tears. 


Etit'liu/;/. — Alopecia  congenita  represents  one  of  the 
evi(l<'nces  of  arrested  development;  theie  is  a  marked 
hereditary  tendency,  and  mure  than  one  member  of  the 
.same  household  ni.-iy  suffer  from  it. 

I'litluihiiitj. — Schede  is  apjiarenfly  the  only  one  who 
has  |)nblished  a  com|)lete  microscopical  examination  of 
this  disease  (AirhiDfilr  kii/i.  Vliir.,  lid.  .xiv.).  He  founil 
the  sebaceous  glands  well  developed,  in  many  places 
sending  their  o]ien  duets  through  the  somewhat  alidphic 
epi<lermis;  in  some  of  these,  rudimentary  hairs  could  lie 
observed,  in  others  the  papill.e  were  merely  iniiieated. 
The  <'utis  surriiunding  this  region  was  chaiigeil  into  a 
co.-irse  areolar  tissue  interspersed  with  irrimules  and  fat 
cells. 

The  jiiw/ii'isis  in  the  universal  congenital  alnpecia  is 
said  to  1)(!  not  as  bad  as  in  the  i>artial  atTeclion. 

'/'nd/i/iciit  can  only  be  hygienic,  and  is  limited  to  aid- 
ing the  general  nutrition  processes. 

2.  Ai.oi'Kcl.v  Sknilis;  (Mnties  Senilis.— \\"i{\\  the  ad- 
vent  of  old  age,  a  loss  of  hair  not  only  of  the  scalp,  but 
also  of  tlieeybrows,  the  genital  and  the  bearded  region 
is  oliserved.  Women  are  not  as  extensively  all'eeted  as 
men.  While  it  is  true  that  at  the  decline  of  human  lilV- 
an  increase  in  the  growth  of  hair  is  often  seen,  it  is 
equally  true  that  this  growth  never  takes  place  upon  the 
scalp. 

As  a  rule  the  hair  becomes  gray  before  there  is  any 
sign  of  senile  baldness,  which  begins  upon  the  top  of 
the  vertex,  at  its  junction  with  the  occiput.  The  coarse 
hairs  begin  to  fall  mit,  at  first  from  a  small  circular  area 
only;  this  loss  of  hair  spreads  at  the  iieriphery,  present- 
ing a  iiieture  like  the  full  moon  shining  through  the 
clouds,  and  lateron  assuming  the  form  of  the  tonsure  of 
a  friar.  The  di.sease  spreads  forward  aUmg  the  vertex, 
and  ilescends  laterallj'  upon  the  temples  and  the  region 
above  the  ears,  and  finally  also  invades  the  occiput.  As 
a  rule,  it  leaves  a  small  rim  of  normal  hair  enciicling  the 
lower  lateral  ami  jKisterior  parts  of  the  scalp.  The 
coarse  hairs  are  replaced  by  lanugo  hairs,  but  these  also 
finally  dro])  out.  The  scalp  is  then  left  as  a  smooth, 
shining  surface,  thinner  and  tenser  tlian  before,  but  still 
freely  movalile  over  the  cranium.  The  mouths  of  the 
follicles  may  still  be  seen  for  some  time,  but  they  too 
shortly  disajipear 

I'lithobxjifdl  Andtiimij. — The  whole  jirocess  is  incidental 
to  the  retrogressive  nutrition  changes  of  senililv.  The 
jirime  factor  is  an  obliterating  endarteritis,  which  here 
means  occlusion,  lack  of  blood  supply,  atrojihy,  and  death 
of  these  structures. 

Tiriitim  nt. — From  the  pathology  of  this  condition  it  is 
plain  that  treatment  is  of  no  avail  in  averting  the  lo.ss  of 
liair. 

:'<.  Ai.oi"i':ri,KPiiicM.\Ti:n.K. — {n)  Al"iiici<t  I'nseiiilis. — 
When  the  symptoms  of  th<!  last -described  malady  appear 
in  y<iunger  per.sons  who  do  not  show  any  other  evidences 
of  the  degener.ation  of  old  age,  it  is  called  "alopecia 
presenilis."  Its  course  and  pathology  are  the  same  as  in 
the  senile  form,  and  therapeutic  efforts  are  as  useless. 
The  wearing  of  stiff"  headgear,  such  as  derbys  and  silk 
hats,  is  considered  by  some  as  a  cause  of  this  alfection. 
They  argue  not  only  that  the  hard  brims  impede  the 
circulation,  by  jiressuri' upon  the  blood-vessels  encircling 
th<'  scalp,  but  that  on  account  of  their  tight  tit  the  air 
from  expiration  liecomes  so  deteriorated  as  to  be  obnox- 
ious. This  factor  may  be  remembered  when  a  case  pre- 
sents itself.  Inviniiniting  treatment,  and  the  avoidance 
of  injuriinis  diet  and  habits,  may  in  some  degree  retard 
the  progress  of  the  disease.  Active  cell  metalxilism 
should  b(,'  encouraged. 

(//)  Ali/peeiti  I'iliirinlcs  sire  Alopeeia  Fiivfiirdcfa  Ctijiil- 
litii. — Our  reasons  for  placing  this  affection  among  the 
essential  premature  diseases  of  the  hair  causing  baldness 
have  already  been  given.  Its  true  nature  is  by  no  means 
definitely  settled,  as  shown  by  the  various  di-si^'nations 
given  to  it,  rji.  silinrrluriilmriiiii,  infl/niniiiitiirt/ silmrrhmi, 
siliiierhii'id  (lenniititis,  besides  those  that  are  now  obsolete, 
as.  srborrhii'd  sirra,  and  oleosn  etrpitis,  acne  i>hosa.  and 
Others.     It  is  one  of  the  most  frequent  Ciiuses  of  bakl- 
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ncss.  It  is  not  confined  to  any  particular  age,  but  still 
is  oftencst  seen  in  persons  who  are  at  the  pnti  of  the 
second,  or  at  the  Iiejiinniiij;  of  ihe  third  decade  of  life. 
Women  sulTer  from  it  more  frequently  than  men.  El- 
liot gives  the  relative  frequency  of  thedisease  in  the  two 
sexes  to  be  as  tive  women  to  four  males.  jVIichelson 
states  that  women  are  imt  as  often  attacked  as  men. 

One  of  the  first  conditions  noticed  by  a  patient  is  an 
increased  .scaliucss  of  the  .scalp  commonly  known  as  dan- 
diutf.  Associated  with  this  is  an  obstinate  itching,  and 
a  sensation  of  burning  heat.  Tlu'  pityriasis  increases  as 
the  years  go  on.  when  the  sutfercr  c<implains  that  more 
hairs  than  usual  fall  out  when  combing.  A  woman  will 
soon  notice  that  her  braids  grow  thinner  at  the  ends,  and 
that  hairs  commence  to  project  from  tliem.  This  phe- 
nomenon is  due  to  the  fact  that  the  life  duration  of  the 
individual  hairs  (a  duration  which,  normally,  is  about 
four  years)  has  become  less  than  normal :  therefore  they 
do  not  attain  the  usual  length. 

The  liairs  taking  the  place  of  the  shorter-lived  ones 
grow,  in  the  course  of  time,  not  only  smaller,  but  also 
thinner.  They  lose  their  lustre  and  natural  curliness, 
and  finally  are  rejdaced  only  by  lanugo  hairs.  An  asso- 
ciated senile  alojiecia  may  hasten  their  disappearance. 
During  all  this  time  the  dandrutf  increases  in  quantity, 
but  at  the  appearance  of  the  lanugo  condition  it  stops 
suddenly,  as  if  the  di.sease  had  sjient  its  energy.  The 
pityriasis  con.sists  of  whitish  scales  made  up  of  epi- 
thelium, sebaceous  matter,  and  dirt.  According  to  the 
proportion  of  sebum  in  them,  they  may  feel  greasy 
or  comparatively  dry.  The  amount  of  daudrulf  is  a 
good  indication  of  the  severity  of  the  disease. 

In  addition  to  the  sensations  of  itching,  and  heat,  and 
headache,  there  is  now  e.\]iericnced  a  feeling  of  tension 
all  over  the  scalp.  jMichelson  has  observed  increased 
perspiration  in  some  cases  at  this  period. 

Although,  strictly  speaking,  the  loss  of  hair  begins 
simultaneously  over  the  whole  scalp  (  Pincus.  Jlichclson), 
there  are  certain  areas  that  are  more  rapidly  and  more 
intensely  invaded  than  others.  Asa  rule,  there  are  two 
principal  centres  of  development,  and  both  lie  in  the 
median  line  of  the  top  of  the  head:  the  anteriin'  one  tie- 
gins  about  one  half  inch  behind  the  border  of  the  hair. 
and  runs  backward;  the  other  one  starts  from  the  June 
tion  of  the  vertex  and  occiput,  and  progresses  forward, 
so  that  there  remains  a  bridge  of  hair  between,  which 
connects  both  parietal  regions,  and  still  remains  even 
when  the  disease  is  far  advanced;  but  it  also  finally 
breaks  down.  The  occiput  and  lateral  portions  of  the 
hairy  scalp  are  not  seriously  attacked.  The  small  btmch 
of  hiiir  in  front  of  the  anterior  bald  spot  is  also  ((uite 
persistent.  The  anterior  temjioral  regions,  "the  corners 
of  the  hair."  may  form  two  addiiional  starting  points. 

I'athiih>ijii-iil  Aiuitiiiiiji. — According  to   the   description 
given   by  Pinctis  the   epidermis   is   not   thickened   but 
made  rather  thiimer    than  normal.      Elliot    (Morrow's 
"System  of  Genito-Urinary  Diseases.  Syphilis  and  Der- 
matology." vol.  iii.,  1894)  has  found  processes  of  vacuo- 
lation  in  the  epidermic  cells,  and  infiltration  with  "Wan 
derzelleu."    The  granular  layer  was  seen   to  be  slightly 
increased.     The  subcntis  is  the  seat  of  marked  intlam 
matory  changes,  as  shown   in  the  dense,  small,  round 
cell  infiltration  which  is  arranged  especially  around  the 
blood-vessels,  particularly  around   those  supplying  the 
hair  follicles  and  their  papilUe.     The  hairs  in  themselvi's 
show  nothing  characteristic.     They  differ  in  no  way  from 
those  that  have  undergone  the  iirocess  of  physiological 
death,  except  that ,  in  some  instances  the  roots  are  smaller, 
atrophied,  and  have  pointed  ends,  insti'ad  of  showing  the 
hollowed-out  knot)  of  the  healthy  hair.      Increased  brittle 
ness  may  also  he    observed;    but   this  probably   occurs 
only  in  bad  cases,  and  then  oidy  in  the  advanced  stages 
of  the  disease.     Later  on.  as  evidences  of  a  chronic  in 
flammation  make  their  ai)i)carancp,  the  small  round  cell 
infiltration  is  replaced  by  a  dense   network   of  fibrous 
tissue,  which  gives  the  feeling  of  tightness  to  the  scalp, 
and   prevents  its  being  lifted  up  between   the  fingers. 
The   subcutaneous  fat   is  greatlj'  increased  in  (luantily. 


Eliolorjy. — Some  diseases,  such  as  syphilis,  diabetes, 
ty]ihoid  fever,  etc..  are  predisposing  factors.  French 
writers  consider  "arlhritisme "  as  an  important  cau.se. 
Heredity  also  plays  (luile  a  role  here.  Any  condition  w 
malady  that  leaves  the  system  in  a  weakeiied  .state  must 
naturally  be  looked  upon  as  furnishing  a  favorable 
chance  for  the  invasion  of  the  disease.  Bad  hygienic 
surroundings,  detective  cell  metabolism,  negiect  of 
proper  care  of  the  scalp,  general  malnutrition,  iiicreased 
ingestion  of  sugars,  loss  of  sleej) — all  of  these  have  to  be 
looked  upon  as  probable  predisposing  factors.  How 
really  sensitive  the  hairs  of  the  scalp  are.  is  shown  by 
the  loss  of  their  healthy  lustre  and  oiliness  after  a  single 
protracted  dissipation,  with  its  attendant  loss  of  sleep 
and  subsequent  general  depression. 

Numerous  are  the  organisms  described  by  tho.se  who 
have  attempted  to  verify  the  parasitic  natin'e  of  the  dis- 
ease. JIalasjcz  considered  his  Hask-shaped  bacillus 
(called  by  Sabouraud  "bacillus  asciformis")  as  the  cause 
of  alopecia  pityrodes.  Unna  holds  that  alopecia 
pityrodes  is  identical  with  his  eczema  seborrhoicum, 
and  is  caused  by  the  morrococeus  or  mulberry  coccus. 
Merrill,  in  connection  with  Elliot,  has  found  a  diplo- 
coccus  with  sufficient  frequency  to  be  able  to  attach  to 
it  some  etiological  importance  (  Stw  York  Mediraljour- 
luil.  1S9."),  vol.  Ixii).  Sabouraud  {Aii>i<i/es  de  rinMitiit 
Pimtenr.  ISilT.  and  Aiiim/in  tk  derm,  it  de  xyp/i.,  1897), 
after  some  painstaking  experiments,  believes  that  he 
has  established  the  identity  of  some  follicular  affections 
hitherto  regarded  as  separate  disease.s — i.e.,  comedones, 
acne,  seborrhcea.  alopecia  pityrodes,  alopecia  senilis,  and 
alopecia  areata.  He  describes  a  punctiform  bacillus  al- 
most resembling  a  coccus.  1  /<  in  length  and  0.5  ,«  iu 
diameter.  It  has  the  power  of  penetrating  deeply  into 
the  hair  follicli's  and  into  the  sebaceous  glands,  while, 
according  to  him,  the  flask-shaped  bacillus  of  Malassez 
is  confined  to  the  funnel-shaped  enlargement  of  the 
mouths  of  the  diseased  follicles.  He  sums  up  his  ex- 
planation of  the  pathogenesis  of  alopecia  pitj-rodes  by 
stating  that  the  presence  of  the  micro-organism  described 
by  him  first  causes  an  irritation,  and  thus  a  hypersecre- 
.  tion  of  the  sebaceous  glands;  then  there  follows  a  hyper- 
trophy, and  by  further  invasion,  a  progressive  papillary 
atrophy,  with  malnutrition  and  atrophy  of  the  hair-pro- 
ducing cells,  hence  death  of  the  hairs  that  are  formed, 
and  cessation  of  the  growth  of  new  ones. 

Kight  here  it  would  seem  appropriate  to  mention  the 
fact  that  the  parasitic  theory  of  alopecia  pityrodes  was 
first  advancetl  liy  Lassar  and  Bishop  { Mimats/iefte  fSr 
pniktiedic  Dcrniatologie,  vol.  i.,  1882)  after  some  experi- 
ments in  which  alopecia  followed  the  inunction  of  a  mix- 
ture of  vaseline  and  finely  cut  hairs,  taken  from  a  typical 
case  of  this  disease.  In  the  case  just  mentioned  alopecia 
appeared  in  the  third  week,  and  coidd  be  transmitted 
from  the  first  series  of  animals  to  others.  Jliehelson 
remarks  that  he  was  able  to  jiroduce  the  .same  effects 
with  rancid  olive  oil. 

Saalfeld  ( Virchow's  An-Iiir,  1S9SI,  vol.  civii.).  repeated 
the  experiments  of  Lassiir  and  the  bacteriological  studies 
of  Unna  and  Sabouraud.  He  was  able,  like  Lassar,  to 
produce  a  loss  of  hair,  but  not  a  tyjiical  alopecia  pity- 
rodes. He  also  succeeded  in  producing  the  sjime  con- 
ditions with  simple  non fanciil  oil.  and  even  with  the 
.somewhat  vigorous  strokes  of  a  brush.  Using  rancid 
oil,  he  obtained  the  same  effects  as  ^lichelson.  He  has 
found  micro-cn-ganisms  w  Inch  may  be  considered  identical 
with  those  of  L'nna  and  Sabouraud.  but  he  looks  upon 
them  as  incidental.  He  was  unsuccessful  in  proving 
that  they  produced  alopecia  pityrodes 

Diii</nii.K/x. — The  disease  may  be  readily  recognized  by 
its  occupying  iis\ially  the  median  portion  of  the  .scalp, 
the  lateral  and  posterior  parts  being  comparatively  free, 
from  the  furfuraceous  scales  always  present,  in  greater 
or  less  iiuantities,  and  from  the  sensations  of  itching  and 
heat. 

It  is  ilistinguiahed  from  senile,  and  more  especially 
from  jiresenile  alopecia,  iu  that  these  two  forms  begiu 
upon  the  vertex  of  the  head,  while  the  anterior  portions 
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arc  invaded  miicli  later.  There  is  no  pityriasis  in  tliese 
diseases,  and  tlie  loss  of  hair  is  more  raiiid.  Psoriasis 
does  not  attack  tlu'  scalp  as  a  whole.  Its  lesions  are 
nsiiallv  isolatedand  sliarplj-  limited:  its sealesare silvery 
anil  ilrv  andeomeoff  in  lamelhe;  and  it  neverattaeks  the 
sealp  alone. 

Eczema  seborrhoicuni  is  especially  noticeable  by  the 
margin  alonj;  the  front  of  the  hairs:  this  marsrin  is  more 
or  less  continuous,  and  covered  with  yellowish,  greasy 
scales.  As  a  rule,  the  chest  and  the  back  are  alfecled  at 
the  same  time-,     'rhe  diagnosis  is  sometimes  impossible. 

Alojiccia  syjihilitica.  while  it  may  be  seen  all  over  tlie 
scalp,  is.  however,  generally  siHiale(l  upon  Ihe  sidesand 
the  occiput:  often  the  external  halves  of  tin  eyebrows 
and  the  eyelashes  fall  out. 

Alopecia  areata  can  hardly  be  confounded  with  alopecia 
pityrodes.  Like  the  former  it  completely  lacks  the  fur- 
furaceous  desquamation. 

Pincus  has  called  attention  to  Ihe  disproportion  of  the 
shariily  pointed  hairs  {Sjiitzeiihiinre),  those  that  are  so 
small  that  in  cutt,ing  the  hair  they  escape  the  shears  of 
the  barber:  and'  tbo.se  which,  on  accotnit  of  their  length 
are  clipped,  and  therefore  present  to  view  a  dull  pointed 
end.  If  the  proportion  is  as  1:8  of  hairs  of  i:(  cm. 
length,  and  as  1 :  10  in  those  having  a  length  of  from  .">  to 
8cni.,  the  shedding  is  abnormal;  and  thiscircumstance.  in 
connection  with  the  other  symptoms  described,  gives  the 
diagnosis  of  alopecia  pityrodes.  The  way  in  which  it  is 
recognized  in  women  has  already  been  alluded  tn  under 
the  lieading  of  Symptomatology. 

J'nyhii.ii.i. — The  di.sease  is  curable,  but  can  only  be 
condiated  by  energetic  and  long-continued  treatment 
which  may  last  weeks,  months,  or  even  years.  As  it 
is  not  in  human  nature  to  spend  the  time  atid  energy 
necessary  f(n-  the  cure  of  an  affection  where  the  <lamage 
done  is  simply  an  offence  to  the  aesthetic,  the  disease  as  a 
rule,  is  permitted  to  run  its  regular  course  to  the  end. 
which  is  ]ierhaps  put  otT  for  a  few  years  by  intermittent 
attemiitsiit  treatmeiLt.  Heredity,  and  the  apjiearaiice  of 
this  form  of  alopecia  in  the  earlier  years  of  life,  render 
the  prognosis  less  favorable. 

TredtiiKiit. — We  will  not  enumerate  all  the  remedies 
advised  for  the  cure  of  alopecia  pityrodes.  but  simply 
lay  down  the  principles  for  its  treatineiil.  anil  cite  one  or 
two  examples.  Any  other  plansand  methods  advocated 
can  then  be  readily  a|)])reeiated  by  the  reader.  The  first 
step  must  be  to  remove  the  pityriasis.  Tins  proceilnre 
removes  at  the  same  time  a  good  many  organisms,  and 
by  the  mechanical  force  applied,  massages  the  seal]),  and 
hence  helps  to  remove  some  of  the  intiannnatory  e.\u 
dates.  The  ne.vtstep  is  toapply  some  antiseptic  niedica 
nient  which  shoidd  not  only  cover  the  scalp,  but  should 
also  penetrate,  if  possible,  into  the  hair  follicles,  so  as 
to  reach  organisms  situated  there.  Thrinigh  the  wash- 
ings, and  the  applications  of  antise|itics  which  are  usu 
ally  dissolved  in  alcohol,  the  natural  oil  of  the  scalp  will 
be  removed.  This  nnist  be  replaced,  and  t  his  replacing 
constitutes  the  third  and  last  ste])  of  the  treatment,  \n 
ointment  having  as  a  basis  vaselin  or  lanolin  is  nibbed 
into  the  scalp.  It  is  a  good  plan  to  add  to  this  some  an 
tiseptic,  so  as  to  have  the  di.seased  parts  in  constant  con 
tact  with  a  genu  destroying  agent. 

This  treatment  has  to  be  repeated  daily  for  from  one  to 
six  weeks;  then  once  every  other  day  for  a  similar  ]irriiiil 
of  time:  then  three  times  a  week:  after  thai  once  a  week. 
and  this  latter  must  be  contimted  for  a  period  of  years  for, 
as  stated  above,  if  the  scalp  is  not  treated  energetically 
and  persistently  the  disease  is  certain  to  recur.  No 
method,  however,  can  resuscitate  the  atrophied  hair  pro 
dueing  structures;  but  the  .simply  di.seased  ones  may  be 
restored  to  health,  if  treated  before  the  changes  are  loo 
far  advanced. 

Fifteen  years  a.ffo  rnnarccommeniled  a  simple  reineily. 
which,  according  to  him,  is  attended  with  good  results. 
It  consists  simply  of  an  ointmenl  of  ten  jier  cent,  pre 
cipitaled  sul])hur  in  unguentum  pomadini.  The  hair  is 
parted  first  in  a  sagittal,  then  in  a  coronal  direction.  Ihe 
parts  being  a  distance  of  about  1  cm.  away  from  each 


other,  and  the  salve  is  lightly  spread  along  the  furrows. 
This  is  done  every  night.  The  scalp  is  washed  every 
three  or  four  days  to  cleanse  it  from  the  scales  anil  the 
salve.  In  the  second  week,  or  later,  acconling  to  cir- 
cumstances, the  intervals  between  the  appliealions  be- 
come longer  and  longer,  until  fnially  treatment  is 
slopped  altogelher  after  a  cure  is  Ihonghl  to  have  been 
obtained. 

The  method  laid  down  by  Easstir  meets  all  the  indica- 
tions for  treatment.  The  scalfi  is  washed  daily  with  a 
giioil  tarsoap  for  al  least  ten  minutes,  warm  water  being 
used  at  lirsl.anil  the  lalher  then  rinsed  off  with  cool,  and 
linally  with  cold  water.  After  litis  the  hair  and  scalp 
are  thoroughly  dried — this  is  very  imporlaiil.  Now  a 
solution  of  one-half  percent,  corrosive  sublimate  in  equal 
parts  of  glycerin  and  rose  water  is  used,  being  applied 
to  the  scalp  with  some  friction.  This  is  followed  by  the 
use  of  a  solution  of  one  half  jier  cent,  of  /<  uaphthol  in 
absolute  ideiihol.  As  the  parts  are  now  completely  de- 
hydrated and  poor  in  fat.  the  latter  has  to  be  replaced, 
and  now  any  further  antise]ilic  added  is  taken  up  very 
eagerly  on  account  of  Ihe  dehydration.  I^assiir  recom- 
mends the  following:  I(  Acidi  siilicylici,  IG;  Tinctur;i; 
benzoini,  8;  ()l.  bubiili.  100.  In  severe  cases  the  cor- 
rosive sublimate  solution  may  be  used  several  times  dur- 
ing the  day.  If  there  be  a  tendency  to  great  greasiness 
of  the  scalp,  resorcin  id'  from  three  to  live  per  cent, 
strength  is  suggested,  instead  of  the  /J  nai)hlhol  or  Siil- 
licylic  acid  in  Ihe  ointment ;  or.  it  may  be  added  to  the 
same,  the  percentage  of  the  latter  being  thenofcour.se 
reduced  accordingly.  The  coinbinalion  of  resorcin  and 
salicylic  acid  is.  l)esides,  very  approiiriate  from  a  phar- 
maceutical standpoint,  for  resorcin  has  the  teiHlency. 
when  n.seil  alone,  and  especially  when  combined  with 
tilkaline  media,  to  turn  red  in  color;  a  change  which  does 
not  take  placid  when  in  union  with  acids. 

When  the  hair  is  very  dry  sulphur  acts  better  than 
resorcin.  Of  course,  when  suliiliur  is  used,  the  washing 
with  corrosive  sublimate  is  omilleil.  The  sulphur  in 
that  ca.se  is  incorporaled  into  the  i)omade  in  combination 
with  salicylic  acid  and  also  with  resorcin.  if  we  choose. 
.•\s  the  greasy  ointments  are  often  objeclionable  to 
women,  we  may  add  the  ingredients  to  a  basis  of  a  lower 
melting  point  than  lard  or  va.seline;  as.  for  instance,  ben- 
zoinol  or  liquid  alboleiie. 

This  trealmeni  of  the  seal)!  mu>l  be  repealed  daily  for 
at  least  one  week.  and.  in  mine  marked  cases,  for  as  long 
as  six  weeks;  after  this  once  every  other  day:  then  three 
limes  a  week;  and  linally  once  a  week  will  be  sulticieni, 
but  ihis  must  be  contiinied  for  months  if  necessary. 

A/i'pccid  I'iti/nitlcH  riiiirvxiilis.  —  Under  this  nameMieh- 
elson  ^Zietnssen's  "  Ilandbuch  dcr  Ilautkrankheilcn  ") 
has  described  a  variety  of  the  former  disease  affecting  all 
the  hairy  regions  of  the  body.  Kaposi  had  observed  a 
similar  condition  in  connection  with  seborrhiea.  The 
disease  may  begin  like  a  simple  aloiiecia  pityrodes 
alfecting  the  lop  of  the  head,  but,  soon  Ihe  whole  scalp 
becomes  involved,  and  simultaneously,  or  a  little  later,  all 
the  hairs  of  the  body  begin  to  fall  out;  at  the  .same  time 
there  is  an  abundant  ]n-oduction  of  pityriasis  in  the  parts 
alfecled.  Lanugo hiurs  take  the  place  of  those  that  have 
disippeared,  and  in  jdaces  the  stum])s  of  hairs  that  have 
been  l)roken  off  may  still  be  seen.  This  alfection  some 
what  resenddes  a  universal  alopecia  areata,  but  differs 
from  it  in  Ihe  pityriasis  |)resent.  and  in  the  fa<t  that  Ihe 
scalp  is  tense  and  tightly  stretched  over  the  cranium, 
while  in  alo])ecia  ;ireata  it  is  thin  and  readily  movable. 
\  greatly  debilitated  .sysletn  seems  to  lie  at  llie  bottom 
of  this  malady. 

The  prognosis  is  not  nid'avoraldc:  the  new  hairs  that 
grow  in  may  be  dilTerent  in  color  from  the  old  ones. 
The  dia.irnosis  is  readily  made,  if  it  be  remembeied  in 
what  points  it  differs  from  alopecia  areata.  The  pathol- 
oirv  is  esscntialh'  the  same  as  that  of  .-dopecia  pitvrodes 
localis. 

Michelson  has  noticed  a  peculiar  brushlike  deformity 
of  the  ends  of  the  diseased  hairs,  a  deformity  which  he 
attributes  to  the  affected  piipilUe  being  unable  to  furnish 
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enoii£:li  cement  substance  to  liold  the  individual  cells  to- 
gether. The  lower  parts  of  the  liairs  show  an  increase 
in  nuclei  an<l  pi.Linicnl. 

Besides  tlie  liiciil  treatment,  which  consists  of  invisror- 
atins;  baths,  as  for  instiiuce  those  of  salt  water,  and  that 
sjx'eial  treatment  described  under  the  local  form  of  this 
alTeetion,  particular  attention  is  to  be  directed  to  the 
general  nutrition.  Avhieh  must  be  improved. 

Alupeciii  Simplex. — Pincus  has  described  instances 
in  which  there  is  a  general  loss  of  hair  of  the  scalp;  the 
crop  of  hair  becomes  thinner  and  thinner,  just  as  it  does 
in  alopecia  pit^'rodes,  but  there  is  no  ]iil\riasis  in  con- 
nection with  the  loss  of  hair.  This  latter  fact  made  it 
seem  proper  to  give  this  special  form  of  the  disease  a 
separate  name.  The  treatment  is  similar  to  that  in  alo- 
pecia ])ityrodes,  only  the 
shampooing  to  remove 
dandruff  tiiay  be  omitted 
as  unnecessary. 

(c)  Alopecia  AreaUt. — 
(Synonyms:  Area  celsi. 
area  circumscripta,  area 
accidentalis.  tinea  decal- 
vans.  teigue  pelade,  pe- 
lade.) 

The  term  "alojiecia  are- 
ata." as  it  is  u.sed  to-day. 
is  rather  vague  and  ill 
defined.  Several  diseases 
are  probably  included 
under  it. 

The  affection  is  a  dis- 
ease of  the  hairy  parts  of 
the  body,  ijroducing  a 
loss  of  hair  in  circum- 
scribed areas,  which  com- 
mence as  small  spots  and 
gradually  increase  at  the 
periphery,  the  underlying 
skin  being  apparently  lit- 
tle or  not  at  all  affected. 
The  regions  most  fre- 
quently attacked  are  the 
scalp,  the  beard,  and  the 
eyebrows.  Tlie  disease 
may  occur  on  any  part  of 
the  body  where  hair  is 
found.  The  loss  of  hair 
may  be  partial  or  com- 
plete. The  mild  cases 
are  usually  limited  to  the 
head,  beard,  ami  eye- 
brows. 

Crocker,  in  order  to 
substantiate  his  belief  in 
a  connection  between  alo- 
pecia areata  and  ringworm,  has  pointed  out  that  it  is 
more  frequent  in  those  countries  where  the  latter  pre- 
vails (France  and  England),  while  both  affections  are  far 
less  frequent  in  Germany  and  America.  ^len  are  more 
often  attacked  than  women,  pi'rsons  between  the  ages 
of  ten  and  twenty -one  more  fre(|Ucntly  than  others; 
dark-haired  persons  suffer  more  from  the  affection  than 
blondes. 

Constitutional  or  local  prodromal  symptoms  are  absent 
as  a  rule;  there  may  be  some  malaise,  loss  of  appi'titc, 
headache,  slight  itching,  and  other  par;csthesije,  H. 
Sclniltze  (Virehow's  Ardiio,  vol.  l.\x.\.,  l!!i8(l),  who 
observed  the  disease  on  himself,  made  note  in  his  case 
of  a  unilateral  iieadache  upon  that  side,  which,  later  on, 
became  invaded  by  alojiecia  areata. 

The  parts  of  the  scalp  most  generally  affected  af(^ 
those  surrounding  the  junction  of  the  occiput  and  the 
parietal  bones.  There  is  no  symmctfy  in  the  lesions  as 
a  rule.  The  formation  of  the  individual  patches  is  about 
as  follows:  A  patient  may  notice  that  in  a  certain  sjiot 
his  hair  comes  out  very  freely.  lie  observes  a  bald 
space.     He  attempts  to  pull  out  some  hairs,  and  linds 
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that  they  can  be  removed  very  easily  and  wholly  with- 
out paiii.  Afterward  the  hairs  may  fall  out  spontane- 
ously along  the  |)eriphery  of  the  small  patch  first  seen. 
The  patch  grows  larger,  rapidly  or  slowly,  and  in  all 
directions.  The  increase  in  size  may  progress  more 
rapidly  in  one  direction  than  in  another,  thus  creating 
oval  or  iregular  patches.  There  may  be  only  one  patch, 
or  there  may  be  several,  beginning  at  the  same  time,  or, 
as  is  usually  the  case,  there  may  be  successive  crops  of 
bald  spots. 

The  areas  of  baldness  are  from  one-half  to  two  inches 
in  size,  but  by  the  coalescence  of  several  areas  very 
large  patches  are  sometimes  formed.  Individual  areas 
are  not  always  very  sharply  defined  from  the  surround- 
ing healthy  structures,  in  the  first  stages  of  the  maladv. 

The  jicriphery  is  sur- 
rounded for  a  short  dis- 
tance by  a  thinner  crop 
of  hair.  There  may  be 
some  few  healthy  hairs 
left  even  in  the  centres  of 
the  bald  areas,  hairs  which 
cling  to  their  papillse. 
Some  broken  -  off  hairs, 
projecting  from  their  fol- 
licles, are  often  noticed 
upon  close  inspection. 
The  skin  at  the  seat  of 
the  alfection  is  smooth, 
shiny,  thin,  and  can  read- 
ily be  lifted  up  between 
the  fingers.  It  looks  paler 
than  the  normal  skin,  and 
on  being  pricked  with  a 
needle  blood  oozes  less 
readily.  There  are  no  ves- 
icles, crusts,  or  scales,  no 
efflorescences  of  any  kind. 
In  some  few  cases  I  have 
observed  a  slight  scaling, 
redness,  and  some  oedema 
at  the  beginning  of  the 
disease.  The  level  of  the 
alfected  skin  is  felt  to  be 
below  that  of  the  neigh- 
bin-ing  normal  skin.  This 
is  due  to  the  fact  that  the 
skin  has  sunken  in,  on 
account  of  the  absence  of 
so  many  hairs  in  the  now 
collapsed  hair  follicles, 
and  not.  as  some  believe, 
to  an  atrophy  of  the  cutis. 
The  nervous  impressions 
are  not  impaired.  The 
tactile,  temperature,  and 
pressure  senses  may  be  slightly  increased  (Jlichelson). 
Neumann,  however,  has  observed  ana'sthesia.  When  the 
disease,  at  a  given  jiatch,  has  come  to  a  standstill,  the 
hairs  at  the  perijiliery  become  more  normal  in  number, 
and  cannot  be  as  easily  ]ihieked  out  as  before ;  the  affect- 
ed area  is  now  sharply  defined.  The  period  of  baldness 
of  such  a  patch  is,  as  a  rule,  of  several  weeks'  duration, 
and  if,  at  the  expiration  of  this  time,  there  arc  no  signs 
of  regeneration,  it  is  difficult  to  determine  when  the 
hairs  will  make  their  reappearance.  The  malady  may 
go  on  for  years  and  years.  Recovery  has  been  observed 
after  a  jieriod  of  from  ten  to  fourteen  years,  and  even 
after  a  much  longer  time;  it  may,  however,  never  take 
place. 

Reproduction  of  healthy  hair  begins  almost  always 
at  the  periphery  and  progresses  from  without  inward. 
First,  small  lanugo  hairs  begin  to  ajipear.  These,  after 
a  short  struggle  for  existence,  may  fall  out  again,  to  be 
replaced  by  stronger  and  longer  hairs.  This  replacement 
of  the  new  hairs  by  others  utay  repeat  itself  severjil  times 
before  the  normal  hairs  finally  make  their  appearjinee, 
and  these  latter  may  even  then  lack  color  for  a  long  time. 
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TIic  affected  area  may  loiip:  after  be  reoogiiizeil  us  I  lie 
site  of  a  previous  alopecia  areata. 

Al()|>ccia  areata  of  the  other  hairy  regions  i)reseiils  an 
alojrous  plienomeiia.     The  beard,  eyebrows,  a.villary  and 
pu))ie  hairs  may  fall  out.     All  the  haii's  of  the  l)oily  may 
disappear,    thus  constituting    the  alopecia   maligna   of 
INIiclielson. 

I'athohifii/. — Nothing  characteristic  of  this  alTeclion  can 
be  obtained  from  an  examination  of  the  hairs.  They 
show  the  s;uiie  simple  atrophy  as  seen  in  llie  hairs  shed 
in  the  physiological  way.  In  some  the  roots  are  not 
bull)  shaped,  but  pointed,  a  fact  to  which  we  have  already 
called  attention,  iu  comiectiou  with  the  pathology  of  alo- 
pecia pityrodes. 

I  have  given  my  observations  of  the  microscojiical 
changes  of  the  skin  before  the  Ninth  lntern;itional 
-Medical  Congress  at  Washington  (IssT).  .Muny  pieces 
of  skiu  were  taken  from  s(-vcn  dillercnt  patients.  In 
spite  of  the  clinical  appearance  of  the  disease,  tlu;  pres- 
ence of  an  iutlammatory  jiroccss  iu  every  ca.se  could  be 
observed.  S.  Giovainiiiu  (Ann.  de  ckri/i.  it  th  si/pli,, 
1891)  and  SaboufiVud  ulnil..  189G)  have  also  foiMid'p<Tl- 
vascularsmall  round  cell  infiltration,  consisting  of"  Ahist- 
zellen "  and  mononiiclear  leucocytes.  This,  accord- 
ing to  Sabouraiid,  goes  to  show  the  presence  of  an 
agent  with  decided  chemotactic  intiuenees  ujioii  these 
cells,  an  agent  prolialily  emanating  from  a  micnj  (irgan 
ism.  In  my  sections,  tlu^  sidiiutaneous  tissue  was 
normal,  the  lymphatics  were  somewhat  dilated  and  con- 
tained micrococci.  Whether  they  have  any  etiological 
relationship  to  the  ])athologieal  phenomena,  I  have  so 
far  l)een  unable  to  demonstrate. 

Some  hair  follicles  showed  replacementnf  the  iiDrmal 
liair  by  lanugo.  The  hairs  in  some  were  broken,  or 
stubbed  and  s]dit.  The  1ow<m-  parts  of  the  follicles  were 
devoid  of  pigment,  this  explaining  the  loss  of  color  of 
the  returning  hairs  during  cnnvale.scence.  In  cases  of 
permanent  alopecia  of  longstanding,  liair  follicles  ;nid 
sebaceous  glands  luul  been  destroyed.  Tlie  blood  vcsmIs 
showed  a  thickening  of  their  walls. 

Etiidiiriii. — There  is  in  dei-matology  hardly  a  single  dis- 
ease whose  nature  is  so  luuch  disputed  as  that  of  alope- 
cia areata.  Three  views  are  held  in  regard  to  it;  fiist. 
that  it  is  a  trophoneurosis;  second,  that  it  is  of  ))arasitic 
origin;  third,  that  what  we  luiderstand  luider  alojieeia 
areata  to-day  is  not  a  cliincal  entity  at  all,  but  that 
under  this  name  are  grouped  several  diseases,  som<'  of 
which  are  neurotic,  while  others  are  i)arasitic.  Truth,  I 
believe,  rests  with  those  wlio  uphold  the  last  nanu-(l 
theory. 

In  my  opinion,  every  case  of  alopecia  that  commences 
as  a  small  spot  and  gradually  increases  in  area  by  e.xten 
sion  at  the  periphery  and  shows  the  clinical  characters 
I  have  de.scriiied.  is  due  to  the  local  action  (d'  an  orgainsm. 

In  support  of  the  tirst  view  are  cited  the  nervous  |)rii 
dromal  symptoms,  such  as  neuralgia,  headache,  aixl  the 
various  para'sthesia',  and  the  fact  that  loss  of  hair  in 
patches  often  follows  nerve  injuries.  Kaposi  enumerates 
many  instances  of  this  kind.  Rest  known  ar(^  the  ex- 
periments of  Joseph  and  Mibelli,  who  ob.served  alopecia 
following  the  excision  of  the  second  cervical  ganglion. 
Moskalenko  and  Ter  (iregoryaintz  (Vracli..  lsil!l)  huve 
])roduced  typical  alopecia  areata  in  dogs,  cats,  and  rabbits 
l)y  iierfonning  the  samc^  operation,  and  also  by  cutting 
the  nerve  roots.  Injury  to  the  peripheral  nerves  Jiro- 
dueed  no  typical  alopecia  areata,  as  the  patches  that 
showed  themselves  were  not  round.  If  the  disease  were 
always  due  to  nerve  injuries,  the  triangular  form,  corre- 
sponding to  the  area  of  sujiply  of  a  given  nerve,  should 
be  more  frequent.  Besides,  there  are  undoubted  cases 
in  which  the  lesions  spread  without  regard  to  bloodvessel 
or  nerve  supply. 

According  to  my  view  of  the  subject,  the  cases  of  cir- 
cumscribed loss  of  hair  following  nerve  injuries  arc  not 
instances  of  alopecia  areata,  if  we  tmderstand  this  term 
to  mean  an  affection  in  which  the  hair  falls  out  in  round 
patches,  which  spread  at  the  perii)hery;  this  being  al- 
ways the  true  progress  of  a  parasitic  disease. 


The  fact  that  regeneration  progres.ses  from  without 
inward  has  been  brought  forward  as  an  argument  against 
the  theory;  if  justly  .so,  remains  to  he  seen.  Another 
argument  against  it  is  the  absence  of  all  inflammator}- 
symiitoms  usually  seen  upon  the  surface — i.e..  vesicles, 
scales,  crusts,  etc. :  but  as  already  mentioned,  an  inflam- 
matory pnjcess  is  always  ])resent. 

Numerous  orgaidsms  have  been  found.  As  early  as 
l.M;!,  Ciruby  had  described  his  "  Alici-ospiiron  Andouini," 
but  it  was  found  that  it  re|)resented  one  of  the  forms  of 
tile  ringworm  fungus.  Others  who  called  attention  to 
parasilx's  are  Malassez  (1875),  Thin  (1881,  bacterimn  de- 
calvans),  von  iSelden  (1884,  areacoccus),  myself  (18(S7). 
and  Vaillard,  Vincent,  Ninuer  (188!)),  etc.  In  18i)(i 
Sabouraud  (Ann.  derm,  el  fi/jili..  I8!)(i,  i.)  brought  to 
notice-  an  organism  which  he  named  "  microbacillus 
alopecia' areata', "and.  not  lieing certain  as  toitselioloirical 
iniliortanee,  "  le  microbacille  de  I'utiicle  peladi(|Ue."  lie 
admits  thul  it  may  be  identical  with  linna'sanil  Ilodam's 
organism  found  in  comedones,  anil  in  acne.  In  the  fol 
lowing  year  (IS!)7.  Ann<ile.ide  rinnlitiil  l'<iKliiir)\K  stated 
that  in  Ins  o|)inion  comedones,  acne,  seborrhn^a,  alojieeia 
I)ityrodes,  and  alopecia  areata  are  all  caused  by  the  same 
orgaiusm,  varying  only  in  intensity  aial  location. 

In  supjiort  of  the  parasitic  flieoi-y.  frei|Uent  reference 
is  made  to  the  instances  of  eimtagion  as  cited  by  Crncker, 
many  French  authorities,  and  by  Uoweti  and  Futnam  of 
(his  country  (■/oiirn.  of  (jut.  tuid  (lini'tn  I'l-iunrn Dixaixix. 
1807.)  and  again  by  Bowen  in  18!i!»,  in  the  same  j(an-nal. 
In  France  the  disease  has  been  observed  especially  in  the 
army,  and  is  believed  to  have  been  ilue  to  having  used 
the  .same  hair  cliiijiing  machines,  or  to  having  worn  the 
same  caps  and  lu'lmets.  Sabouraud  (Ice.  eit.)  has  observed 
that  many  cases  ajiplying  for  treatment  at  the  Ilopital 
St.  fjouis  came  frean  the  .same  section  of  tlie  town,  and 
that  some  had  emi)lo_yed  the  .same  hairdresser.  The 
e[iidemic  in  an  asylum,  described  by  Futnam,  is  remark- 
able Sixty-three  out  of  sixty-nine  girls  were  infected, 
and  there  was  no  trace  of  ringworm.  A  girl,  who  was 
believed  to  have  spread  the  disease,  left  tlie  institiitiiai. 
and  went  home,  where  in  a  short  lime  her  stepfather  be- 
came inl'ected.  In  the  mean  time  the  epidemic  at  the 
asylum  had  come  to  a  standstill.  A  few  years  after, 
this  same  girl  was  again  ri'ceiveil  at  the  institution,  and 
in  a  very  short  time  twenty  six  out  (d'  forty  live  children 
showed  evidi'iices  of  the  di.sease.  Ilutcliin.son  and 
Crocker  think  that  there  is  some  relationshii)  between 
ringworm  and  alopecia  areata. 

l)>(((jiii'xix. — A  ty|iical  case  can  be  readily  recognized 
liy  the  lesions  being  round  and  spreading  at  the  periidiery. 
The  thin,  smooth,  shiny  skin,  sunken  beneath  the  niveau 
(d'  the  surrounding  healthy  skin,  and  showing  no  signs 
of  an  inllamniatory  process,  makes  the  diagnosis  easy. 
Alopecia  areata  has  tube  dillVreiitiated  from  ringworm, 
favus,  sycosis,  syphilis,  folliculitis  decalvans,  and  the 
loss  of  hair  after  traumatism.  Alojii'cia  maligna  must 
be  distinguished  from  alopecia  pityrodes  universalis  (ride 
above). 

In  ringworm  we  find  dermatitis,  liroken  off  hairs,  and 
the  ringworm  fungus  under  the  microscope;  iu  favus, 
also,  the  organism  producing  it,  as  well  as  the  yellow 
eups,  sear  tissue,  and  a  grayish  di.siuiloration  of  the 
atrophied  hairs.  Folliculitis  decalvans  presents  evi 
dences  of  follicular  inflammation  and  scar-tissue  forma 
tion.  Alopecia  syphilitica  shows  irregular  patches,  not 
depressed,  especially  afTecting  the  outer  portions  of  the 
seal])  and  the  eyebrows;  besides  these,  there  are  con 
comitant  symptoms  of  the  disease. 

Cases  of  the  falling  out  <d'  hair  in  patclu'S,  in  con- 
se(iueiice  of  nerve  injuries,  have  been  ob.servi'd,  and  the 
characteristics  of  the  resulting  bald  spots  were  similar 
to  those  of  the  ordinary  cases  cd'  alopecia  areata.  Tin- 
clinical  history  of  the  manner  of  formation  of  tin-  patch 
is,  however,  different.  I  consider  those  cases  only  tn  be 
true  examples  of  alopecia  areata  in  which  the  patches 
grow  by  extcaision  at  the  periphery. 

Profi minis. — As  alo])ecia  areata  tends  to  a  spontaneous; 
recovery  in  the  majority  of  cases  the  prognosis  is  favor- 
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able.  Even  if  rpgeiioiation  does  not  show  itself  for 
years,  liopt'  slimilil  not  !><■  cntiri'ly  aliaiidoncd.  for  rpgcnrr- 
aticiii  may  iilliiiiatrly  taUr  place.  Tliis  was  tnic  in  several 
instances,  uiu'iv  new  hairs  grew  even  after  a  decade  or 
more  from  tlie  lieginning  of  Uio  malady.  It  is  my  ex- 
perience, liowever.  that  if  a  jiatch  remains  (luite  free  from 
lanugo  liairs  for  several  months,  it  sliows  that  the  f'ollic-les 
ai'e  probably  destroyed  and  that  tlicrc  will  be  a  iiermanent 
alopecia.  The  older  the  patient,  and  tlie  longer  the  area 
has  been  affected,  the  graver  becomes  the  outlook  as  to 
recovery.  The  possiliility  of  relapses  must  not  be  for 
gotten. 

Tveatmeiit. — On  accoimt  of  the  fact  tliat  recovery  is 
often  spontaneous,  it  is  exceedingly  difficult  to  appre- 
ciate the  value  of  any  therapeutic  agent  otherwise  than 
by  means  of  a  long  series  of  observations.  A  liost  of 
remedies  has  been  recommended.  Internally,  arsenic, 
cod-liver  oil,  tonics,  and  jaborandi  should  be  tried  in  con 
nection  with  dieting,  physical  and  mental  Iiygiene. 
While  sucli  a  tlierapy  may  not  have  any  direct  effect 
upon  tlie  cause  of  tlie  lesions,  it  may  help  to  render  the 
system  more  resistant  to  tlie  disease.  Tinctura  jabo- 
randi is  administered  to  produce  a  local  liypenemia  of 
the  pale  patches  whose  blood-vessels  are  abnormallj-  con- 
tracted. 

The  older  methods  of  local  treatment  were  addressed 
to  stimulate  the  nutritive  processes  of  the  part ;  to-day, 
wlien  tlie  ]iarasitic  tlieory  prevails,  parasiticides  are  used. 
Chrysaroljin,  in  my  opinion,  stands  out  far  above  any 
other  remedy.  It  is  most  etfeetual  when  incorporated 
in  vaselin  or  lanolin;  much  more  so  than  when  com- 
bined with  liquor  gutta  percha  or  traumaticin.  As  a 
rule,  a  six  to  ten  percent,  preparation  is  applied  daily 
for  one  or  two  weeks,  and  tlien  stojijied  for  a  short  time 
to  observe  if  tlie  disease  lias  stopped.  If  lanugo  liairs  do 
not  appear  soon,  or  if  the  liairs  at  the  peripliery  continue 
to  fall  out  ov  can  lie  easily  pulled  out,  the  treatment  is  con 
tinned.  Care  should  be  taken  that  the  application  does 
not  rcacli  the  eyes,  as  a  severe  conjunctivitis  might  fol- 
low. Because  of  this  possible  danger  it  cannot  be  used 
upon  the  ej'cbrows.  Jessner  (Miinntuhefie  f.  prcdt. 
Derm...  1900)  recommends  for  these  that  carbolic  acid  lie 
applied  bi-weekly.  The  slight  maliogauy  discoloration 
observed  around  the  neclv  and  in  the  face,  after  tlie  use 
of  clirysarobin,  is  tlie  first  danger  signal  of  an  approach- 
ing dermatitis.  The  remedy  should  now  either  lie 
stopped  at  once,  or  tlie  streiigtli  of  the  ointment  be  re- 
duced. The  hairs  around  the  peripliery  sliould  be  re- 
moved as  soon  as  they  become  loose.  Crotou  oil.  which 
is  a  pure  irritant,  may  lie  of  benefit  in  clironic  cases.  It 
should  be  used  w  itli  olive  oil,  equal  parts,  and  applied 
every  day  until  a  dermatitis  is  produced. 

Balzer  and  Storianowitch  (Journ.  (fcs  practicie»s.  1899; 
Monntsschiift  f.  pvitl-t.  Dcnii..  1900)  liave  obtained  good 
results  witli  a  tifty-per-ceiit.  solution  of  lactic  acid  in 
water  or  alcoliol.  The  allected  parts  are  first  freed  from 
oil  with  alcoliol  and  etlier.  and  the  remedy  is  then  ap- 
plied witli  a  swal)  of  cotton  until  sliglit  redness  appears. 
Besides  tliis  tlie  scalp  is  washed  witli  a  one-percent, 
bichloride  solution.  After  tlie  stiimdation  has  become 
well  marked,  tlie  applications  of  lactic  acid  arc  inter 
rupted  for  a  few  days.  Boric  acid  vaseline  is  spre.id 
upon  the  surface  in  tlie  intervals.  Thealcoholic  solution 
is  said  to  be  tlie  less  jiaiiiful. 

Recovery  was  obtained  fifteen  times  out  of  nineteen 
cases,  in  from  two  to  three  and  a  half  months.  Lanugo 
hairs  niad(>  their  apjiearance  at  the  end  of  tlie  second 
week,  at  the  earliest.  McGowan  (Joiirn.  of  Cut,  and 
Oenilo-UriiKirji  Diseases,  1899)  recommends  trikresol 
used  pure  upon  the  scalp,  and  upon  the  face  in  a  fifty 
per-cent.  solution.  He  was  led  to  use  this  renied.v  from 
his  experience  with  pure  carbolic  acid. 

Scarification,  with  subsequent  apiilication  of  a  solution 
of  corrosive  sublimate  1:2.00(1,  as  in  erysipelas,  seems  to 
be  a  rational  mode  of  treatment,  but  still  there  is  some 
danger  here  of  infection  witli  pus  organisms.  Injections 
of  liiehloride  1;  40.  made  at  different  points,  are  recom- 
mended by  Moty,  of  Paris. 


Lately,  Finsen,  of  Copenhagen,  wlio  obtained  such 
brilliant  results,  especially  in  lupus  vulgaris,  witli  the 
application  of  concentrated  violet  light  rays,  has  been 
successful  in  treating  alopecia  areata  by  the  same  method 
Uiiitisli  Medii-al  .Jmintat.  1899).  .lesild  {AiiKiiUscIederni. 
et  de  si/p/i..  1899).  who  has  followed  Fin.seu  in  his  treat- 
ment, states  that  it  cures  alopecia  areata  in  two  months, 
instead  of  the  three  to  six  moutlis  necessary  by  the  use  of 
older  methods. 

Brisquetuses  oil  of  cinnamon  (Chinese)  and  sulphurous 
ether  1 :  3.  He  avoids  wasliing  the  scalp  to  exclude  hu- 
midity (after  the  hairs  liave  ceased  to  tall).  The  sulphur 
preparations  are  often  of  prompt  and  ilecided  value; 
e.f/.,  an  ointment  of  one  to  two  drachms  of  precipitated 
sulphur  to  an  ounce  of  vaseline,  rubbed  well  into  the 
scalp  daily,  afti'r  a  thorough  washing  of  the  whole  scalp 
with  soap  and  water. 

In  my  opinion,  as  already  stated,  cures  can  be  olitained 
more  quickly,  and  with  greater  certainty,  from  the  use 
of  chrysiirobin  than  liy  any  otiier  method.  After  tlie 
iiairs  liave  ceased  to  fall  out.  some  stimulating  and  anti- 
parasitic application  should  be  apjdied  for  a  few  months. 

(d)  Fol/ieulitix  Dccalaiiis. — Witliin  tlic  last  decade 
French  authors  especially  have  called  attention  to  the 
hair  follicles  lieing  attacked  by  some  affection  wliose 
nature  still  remains  obscure.  Each  authority  in  turn 
lias  considered  the  individual  disease  before  liim  as  a  new 
one,  and  has  stamped  it  witli  a  new  name,  so  that  in 
wading  through  their  literature,  we  meet  with  a  formi- 
dable array  of  names.  "  the  sum  of  which  lias  brouglit  de- 
spair to  every  liumble  reader  "  ('''V/f  luy  article  in  Mor- 
row's "S_vstem  of  Genito-Urinary  Diseases.  Syphilis  and 
Dermatology,  1894).  Some  of  these  affections  are  identi- 
cal, some  represent  only  novel  aspects  of  well-known  dis- 
eases. 

Tlie  following  are  a  few  of  the  titles  given:  "Follicu- 
lites et  perifolliculites  agminees  destructives  du  follicle 
pileux "  (Brocq):  "follieulite  epilante "  (Quinquaud); 
■'  folliculites  et  perifolliculites  decalvautes  agminees 
(Brocq);  "alopecie  cicatrieiclle  innominee"  (Besnier); 
"acne  depilante  eicatricielle "  (Besnierl;  "acne  decal- 
vante  "  (Besnier.  Lailler.  Roliert);  "lupoid  sycosis"  (Mil- 
ton, Brocq);  "ulerythma  sycosifornie  "  (Unna). 

A  description  of  a  few  of  tliese  types  may  suffice. 

(<i)  '■  Pst'iidi>-Pehid( .''  Simple  Fi'lUeiiUtis  Deealeans. — 
This  affection  somewhat  resemliles  alopecia  areata,  liut  on 
close  inspection  a  mild  folliculitis  and  perifolliculitis 
may  be  noticed.  There  are  rose-colored,  infiammatory 
tumefactions,  soft  to  tlio  touch;  the  hairs  fall  out,  and 
are  easily  plucked  out;  they  are  not  broken;  tliere  is  a 
marked  atrophy  in  the  older  spots;  tlie.se  are  depressed, 
shiny,  and,  unlike  those  of  alopecia  areata,  hard  and 
irregular,  and,  as  a  rule,  smaller.  The  disease  spreads 
in  an  irregular  manner. 

(,j)  "  FiiUieidite  Kpilaiite''''  of  Qiiiin/naiid. — This  form 
corresponds  to  the  acne  decalvanteof  Lailler  and  Holiert. 
It  resembles  the  former  with  tlie  addition  of  sup- 
puration in  the  follicles.  Besides  the  sealji.  the  beard, 
axilla\  and  pubic  regions  may  be  involved.  Permanent 
alopecia  apjiears  also,  caused  by  the  cicatricial  destruc- 
tion of  the  hair-producing  areas.  The  bald  spots  are 
round  or  irregular;  along  "their  periphery  or  in  islands 
of  healthy  hair  \\  ithin  them,  small  pustules,  perforated 
with  a  hair,  are  usually  to  be  seen."  Quimiuaud  found  mi- 
erococci,  but  was  uiiaiile  to  establish  their  causative  effect. 

0)  "  Alapeeie  rieatrieieUe  innominee"  of  Besnier  is 
almost  identical  with  Quinquaud's  disease.  It  is  slightly 
more  superficial,  more  chronic,  and  more  obstinate;  the 
cicatricial  changes  are  greater;  the  margins  are  not 
sliarjily  defineil;  the  disease  spreads  by  continuity. 
Besnier  himself  considered  both  diseases  the  simie,  but 
Quinc|uaud  stated  that  they  are  not  identical. 

(e)"  Dermittilis  I'apilhins  Capillitii."  —  Under  this 
name  Kaposi  has  described  a  follicular  disease  appear- 
ing at  the  junction  of  the  nape  of  the  neck  and  the  scalp. 
invading  the  latter  often  as  far  as  the  vertex.  It  is 
doubtful  whether  this  affecticni  is  a  clinical  entity,  or 
simply  a  variety  of  some  other  disease.     According  to 
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Kaposi  it  commencps  in  tlie  form  of  an  isolated  papule 
of  tlip  size  of  a  pin's  liead.  Tliese  papules  later  on  air 
_ere,!;at<'  to  form  elevated  red  |)la(|Ues.  wliieli  are  (|uite 
liard  and  froni  wliieli  the  hairs  projeet  in  brush  like 
bundles.  The  hairs  are  not  readily  removed  ;  they  break 
and  are  atrophied:  i)Ustnles  may  be  noted  in  plaees. 
After  tlie  disease  lias  invaded  the  sealp  and  lasti'd  a  long 
time,  papillomatous  vegetations  are  formed,  ;;  to  1!  em. 
in  diameter,  cdvered  witherusts  from  which  uozesa  foul- 
smellina:  secretion.      Abscesses  may  develnp  also. 

Mieroseopieal  examination  showsan  extremely  vascular 
pa])illary  outL'i'owth,  very  much  rcsembliiii;  jjranulation 
tissue.  The  disease  finally  progresses  to  the  Inrmation 
of  connective  tissue  and  sear  tissue,  with  the  sul)se(|Uerit 
death  of  the  invaded  hair  follicles.  Nothing-  is  known 
positively  as  to  its  (linhyy.  It  occurs  at  all  ages  and  in 
both  .sexes. 

Diiiflii'isix. — The  disease  would  have  to  be  dilTerciitiatcd 
from  a  papular  sypliilide.  Coceogeuic  syce  isis  and  eczema 
do  not  show  siieli  a  tinn  induration,  and  their  clinical 
Ilistory  is  ditfereiit. 

Pnif/iiiixix. — -The  disease  has  no  tendency  to  spfnitaneous 
recovery,  but  it  is  usually  slow  in  its  progress.  The 
general  health  remains  unaffected.  The  lesions  may 
return  after  excision  of  the  affected  area. 

Trtdliiiiiit. — M<'chanical  removal  of  the  growth  is  the 
only  means  of  treatment  so  far  as  we  know.  Curetting, 
excision,  and  cauterization  with  chemical,  electric,  or 
actual  cautery  must  destroy  the  base  of  the  disease  or 
there  will  be  recurrences. 

II.  Alopecise  Symptomatiese  Sive  Secundarise. 

1.  Al,ol'I'.<  lA  ToXK  A. — In  the  course  of  some  infec- 
tious diseases  there  are  noticed  grave  di.sturbanccs  of  nu- 
trition from  the  toxins  in  the  system,  disturbances  whieli 
also  alfe<-t  the  growth  of  hair.  It  seems  as  if  the  toxins 
themselves  can  produce  baldness,  when  it  occurs  ihirini/ 
the  attack  of  the  infectious  disease,  as  in  alopecia  sy|ilii- 
litica.  The  loss  of  hair  may  be  Kubxei/ufiit  to  the  general 
grave  nutrition  disturbances,  as  when  it  appears  during 
convalescence  after  typhoid  fever.  This  form  of  alopecia 
is  also  .seen  in  the  cachexia;  that  occur  with  malignant 
disease,  chlorosis,  etc.  Some  drugs  may  jiroduce  it,  as 
mercurv  and  acetate  of  thallium.  S.  Giovannini 
(Turino)  (Dcnn.  Zfitsi-fnift.  1899),  and  others,  have  ob 
served  general  loss  of  hair  following  the  administration 
of  doses  of  (1.1  of  this  latter  remedy  given  I'cir  the  suj)- 
pression  of  tuberculous  night  sweats. 

Alujkriir  iii/jj/n7ilini  is  perhaps  of  suHieieiit  interest  to 
warrant  a  short  description,  on  account  of  its  coni])ani- 
tive  freciuency,  its  often  very  typical  course,  and  the  im- 
portance of  making  a  correct  differential  diagnosis.  We 
refer  here  only  to  that  variety  that  is  noticed  at  the  be- 
ginning of  the  secondary  period.  It  may  be  ccniiiilele, 
all  the  hairs  of  the  scalp,  the  pubic  region,  and  iheaxiihe 
disiippearing,  or  the  hair  may  fall  out  in  larger  or  smaller 
patches  which  are  usually  syuinietrieal.  It  is  highly 
characteristic  of  this  afleetion  that  it  invades  especially 
the  outer  border  of  the  scalp,  the  tempciral,  parietal,  and 
occipital  regions,  and,  unlike  alopecia  pityrodcs.  avdids 
the  top  and  front  of  the  head.  What  is  stated  by  Fournier 
to  be  almost  typical  of  syphilitic  alopecia  is  the  falling 
out  of  the  iiuter  halves  of  the  eyebrows  on  bnlli  sides. 
Any  concomitant  sypliilitic  lesions  will  aid  in  distinguish- 
ing it  from  alopecia  areata,  which  it  often  resembles. 

Its/))VY///«.v/.visgood.  even  the  complete  alopecia  yielding 
to  proper  antisyphilitic  treatment.  Alopecia  iiityrodcs, 
however,  often  follows  in  its  wake.  It  is  obvious  that 
attention  must  be  paid  to  this  according  to  the  rules  pre- 
scribed for  this  disease.  The  prognosis  in  all  the  alopeci.-e 
due  to  toxins  is  very  favorable.  ('i:tsinifr  nnisii.  i'iss)if 
efferfi/x.  The  underlying  cause  should  therefore  be  r<'- 
moved,  if  possible. 

2.  Af.oiMxiA  l)YNAMic.\  Sive  Dkstiut tiva. — T,oss  of 
hair  may  be  caused  by  toxins  in  connection  uilli  leeal 
destructive  processes.  It  is  then  purely  mechanical,  due 
to  the  loss  of  tissue  or  to  pressure  atrophy.  Tiiis  may 
occur  in  severe  or  deep  local  inflammations,  as  in  long- 


continued  sycosis,  aggravated  forms  of  acute  eczema, 
erysipelas,  impetigo  contagiosa,  or  in  intlammations  ac- 
eiimpaiiieil  by  ulceratiiin  spreading  over  the  surface,  as 
in  pustular,  tubercular,  an<l  gununatous  syphilides, 
lupus  vulgaris,  lepra,  the  kerion  of  tinea  trichophytina, 
an<l  ulcerating  neo|)lasmata,  most  frequently  epithe- 
lioma. Finally,  the  hair  follicles  may  be  choked  to 
<leath.  so  to  speak,  by  some  chronic  inflammatory  proe 
esses  which  do  not  suppurate,  but  have  a  tendency  to 
sear-tissue  fnrmation,  causing  atinphy,  due  to  tlie'me- 
ehanieal  eutting  off  of  the  bliicid  siqiply.  Lupus  ery- 
thematosus, selerodcriiia,  lichen  planus,  and  the  keratosis 
follicularis  of  iirocc]  belong  in  this  class. 

The  pnif/iiim.1  depends  upon  the  severity  of  the  local 
jirimary  disease.  In  most  of  them  the  resulting  alopecia 
is  permanent.  The  trc;itnient  is  that  of  the  und<'rlyiiig 
affection. 

3.  Ai.oi'KciA  NiuiioTicA. — Traumatism  to  an  indi- 
vidual nerve,  or  to  the  central  nervous  system,  as  a 
fractured  skull,  concussion  of  the  brain,  shock,  or  their 
cciniliinations,  may  cause  loss  of  hair — a  loss  which  may 
be  complete,  as  in  the  three  cases  cited  by  Jlicliclson, 
one  of  which  showed  not  even  a  single  lanugo  hair  after 
a  fall,  followed  bj-  a  period  of  unconsciousness  lasting 
for  a  year.  It  may  be  unilateral,  or  parti,ally  limited  to 
the  area  of  distribution  of  a  single  nerve:  in  the  latter 
case  the  resulting  bald  spot  is,  as  a  rule,  triangular. 

Fisher  observed  complete  alopecia  of  the  extremities 
following  gunshot  wounds.  These  cases  were  reniark- 
alile  from  the  fact  that  they  were  preceded  by  a  decided 
increase  in  hair  growth. 

The  so-called  functional  psychoses  and  neuroses,  such 
as  melancholia,  migraine  of  long  standing,  hemiatrophy 
of  the  face,  produce  discoloration  and  falling  out  of  the 
hair.  Per.sistent  neuralgias  do  the  same,  but  hero  the 
alopecia  is  never  complete.  There  always  remain  lanugo 
hairs  in  the  affected  area.  Some  cases  that  are  looked 
upon  as  examples  of  alopecia  areata  undoubleiUy  behmg 
ill  this  category.  ,1.  It  Rjhinsnii. 

ALPENA  MAGNETIC  SULPHUR  SPRINGS.— .\lpena 

Coiiiily.  .Michigan. 

l'(isT-()KKrcK. — Al])ena.     Hotels. 

This  celebrated  spring  or  w<'ll  is  sitiiati-d  in  the  city 
of  Alpena,  on  Lake  Huron.  It  is  re;ielied  by  vessels  on 
the  (Ireat  Lakes  and  by  numerous  lines  of  railway.  The 
vein  of  water  suiiplyiug  the  well  was  discovered  in  1S()9 
by  iirosiicctors  boring  for  s:ilt.  The  present  well  was 
not  fully  developed,  however,  until  1891.  Atatlepthof 
ll).").'2  feet  the  drill  struck  a  stiatum  of  lodestone  which 
so  lu'ofoundly  ehargeil  the  drill  with  jiositive  magneti.sm 
that  great  diiliculty  was  experienced  in  reiuovingit  from 
1li(^  iron  casing.  It  is  s;iid  that  a  iiiece  of  steel  will  at 
once  become  magnetized  if  lii'ld  in  the  flowing  water  of 
the  well.  A  sumptuous  balhing  I'slablisliment  has  been 
erected,  which  in  point  of  elegance,  comfort,  and  equip- 
nient  isiiot  easily  surpassed.  The  building  is  delight  fully 
located  on  Thunder  Bay.  at  an  elevation  of  ."iS."!  feet 
above  the  ocean  level.  It  is  abundantly  sup[ilied  with 
facilities  for  Turkish,  Russian,  vajxir.  and  electric  liath.s. 
The  surface  of  the  country  aliinit  .\lpena  is  undulating, 
and  the  soil  of  a  s;nidy  loam,  such  as  is  found  in  piiif  re- 
gions. Dr.  .\.  iM.  Miller,  of  .Mpena.  informs  us  that  the 
winter  temperature  ranges  from  .W  to  •11  F..  and  the 
summer  from  9n  tolM  F.  The  average  tortile  year  is 
41  F.  The  temperature  of  the  water  ranges  from  4I>  F.  in 
April  to(i7.()'  F.  in  .Vugust.  falling  again  to  'MSA'  F.  in 
November.  The  following  analysis  was  made  in  1892  by 
Professor  Edwards,  of  the  I'niversity  of  Michigan- 

ONK    t'.\rrKI>   STATKS   (.'AI.l.OV  CONT.l  INS  : 

Si>ll(ls.  Grains. 

Sodium  cartiiMmte !.r>7 

Roilium  i-liloriile ; 2-i:!..s!1 

Mapilcsiilin  chloriUe TS.:^ 

ScKljiiiii  .siil|)hi(li'  2S.0.T 

Calcium  sulphide ls:i..5i; 

Totii I 'MM 

Sulpliurett'd  liydrosen  giis,  7.3.S  culilc  Indies. 
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Tliis  is  a  Siilinc  suliiliurctcd  water  of  ronsidcmbk' 
potency.  It  lias  lieeii  used  with  favoi'able  results  in 
CijSL'S  of  rheumatism,  syphilis,  neunistheiiia,  dyspepsia. 
Bright's  di-soase,  and  certain  slvin  atl'eetions.  notably 
eczema,  psoriasis,  and  lichen.  The  internal  use  of  the 
water  has  been  found  advantjigeous  in  constipation, 
diabetes,  an<i  \-esieal  catarrh. 

Alp<'na  now  contjiins  a  ijopulation  of  17,000  or  bS.OOO. 
It  is  in  all  respects  a  city  of  progress,  and  contains  all 
the  advantjigcs  of  the  recent  Inventions  in  electricity,  as 
well  as  gas,  water-works,  etc.  .7.  K.  Vrook. 

ALPS. — The  extensive  and  lofty  group  of  mountains 
occupying  the  central  region  of  Europe,  in  Switzerland, 
Savoy,  Southern  13avaria,  and  Western  Austria,  and 
separating  Italy  from  the  colder  countries  which  lie  to 
the  north  of  it,  presents  to  the  invalid  a  great  variety  of 
places  of  resort,  some  chiefly  ser\iceable  during  the  sum 
mer  months,  .some  during  the  winter  season,  and  some  of 
them  available  as  sanitaria  at  all  times  of  the  year.  For 
a  discussion  of  the  jieculiar  pro]3erties  and  advantages  of 
the  more  elevated  of  these  health  stations,  see  article  on 
Allit tides.  High  ;  for  description  of  the  special  features 
of  individual  stations  of  the  more  truly  Alpine  class,  see 
Burns,  Wiesen,  ^t.  Moritz,  etc. :  for  accounts  of  indi- 
vidual resorts  lying  on  a  lower  level  than  those  just 
mentioned,  see  Vevci/,  Meran,  Mnntreu.r,  etc. 

H.  E. 

ALTERATIVES. — An  alterative  is  a  term  applied  to 
a  group  of  remedies  which  exert  a  very  decided  action 
in  removing  morbid  conditions  of  the  system,  and  improv- 
ing the  patient's  general  well-being.  The  term  was 
formerly  understood  to  mean  a  remedy  which  "would 
re-establish  the  healtli}'  functions  of  the  animal  economy, 
without  i)roduciug  any  sensible  evacuation,"  Modern 
advance  in  physiology  and  therapeutics,  and  the  recog 
nized  importance  of  excretion  as  a  factor  in  promoting 
health,  require  a  change  in  this  definition,  and  our  in- 
ter|5ret-ation  of  the  term  is  better  exjjressed  as  "agents 
which  alter  the  course  of  morbid  conditions,  and  modify 
the  nutritive  processes  while  jiromoting  waste."  By 
many  the  use  of  the  term  is  frowned  upon,  and  it  is 
described  as  a  cloak  to  hide  ignorance,  but  its  employ- 
ment will  be  continued  until  we  possess  a  much  greater 
knowledge  of  the  action  of  such  drugs. 

We  are  unable  to  explain  the  action  of  this  class  of 
remedies,  and  their  employment  is  entirely  empirical. 
Their  therapeutic  value.  ho\vever,  is  assured.  We  are 
certain  of  the  effect  of  mercury  or  of  the  iodides  in  syjih 
ilitic  alfeetions.  and  of  arsenic  in  improving  the  general 
liealth;  but  we  cannot  say  how  the  result  is  effected,  or 
why  one  is  beneficial  in  one  condition,  and  the  other  in 
another.  Until  we  know  how  tlie  disease  affects  the  sys- 
tem we  cannot  explain  the  cure.  At  present  we  must 
picture  the  tissues  as  being  constructed  of  inferior  ma- 
terial. We  must  see  them  impregnated  with  syphilitic, 
malarial,  or  other  similar  |ioisons,  or  depraved  by  retained 
excrementitious  matter;  if  we  can  do  this,  we  can  readily 
understand  how  the  alterative  remedy  counteracts  and 
removes  these  poisons,  the  result  being  jiurer  matt-rial 
and  in   consequence  a  healthier  tissue. 

The  most  important  and  best-known  alteratives  are 
mercury,  iodine,  and  arsenic.  We  have  also  sulphur, 
antimony,  gold,  calcium  chloride,  potash,  guaiacnm, 
colchicum,  and  a  host  of  others  which  are  more  or  less 
correctly  grouped  under  this  comprehensive  title. 

These  remedies  are  all  active  and  recpdre  to  be  admin- 
istered with  care.  They  are  rapidly  alisorbed  and  carric'd 
to  the  tissues,  where  they  become  intimately  connecli'd 
with  the  vital  processes.  Escaping  with  the  jiroducts  of 
metamorphosis,  they  are  excreted  by  the  various  secreting 
surfaces.  Their  jnolonged  or  excessive  use  [irmes  in- 
jurious: they  cause  depression  and  weakness  and  often 
produce  much  irritation  dfU'ing  their  pa.ssiige  from  the 
system,  as  in  salivation. 

Alteratives  are  often  of  more  service  when  combined. 
as  in  the  case  of  the  iodide  of  mercury,  or  as  in  Dono- 


van's solution — a  combination  of  mercury,  arsenic,  and 
iodine.  The  addition  of  taraxicum  and  ssirsaparilla  to 
iodides  and  mercury,  although  of  doubtful  value,  is  very 
general,  and  with  many  practitioners  the  value  of  one 
is  almost  as  great  as  that  of  the  other.  The  condiiua- 
tion  of  alteratives  with  tonics  and  luematinics  is  of  great 
importance.  Ar.senic  and  iron,  anil  iodide  of  iron,  with 
or  without   vegetable  bitters,  are  standard  remedies. 

To  augment  the  value  of  alteratives,  more  active  elinii- 
nants  are  indicated.  In  conditions  of  the  system  in  which 
the  products  of  malnutrition  lia've  accumulated,  when 
the  blood  is  anaemic,  and  the  liver,  bowels,  and  kidneys 
inactive,  a  course  of  salines  preceding  and  accom]ianying 
the  alterative  will  greatly  increase  its  value;  .so  alsowill 
the  combination  withcolocyntli,  podophyllin,  orrhuliarli. 
The  waste  material  must  be  removed  before  a  new  healthy 
growth  begins,  and  the  more  actively  this  is  carried  on 
the  more  rapid  will  the  improvement  be. 

In  addition  water  must  not  be  forgotten.  It  is  nature's 
alterative.  It  bathes  and  washes  all  the  tissues  of  the 
bod_v,  it  assists  at  tissue  growth  and  decay,  and  renders 
all  the  emunctories  active.  To  it  is  due  the  great  value 
of  specific  treatment  at  the  various  mineral  springs  and 
spas,  when  the  free  use  of  alterative  drugs,  with  abun- 
dance of  waterand  fresh  aii',  rapidly  restores  the  invalid  to 
health  and  strength.  Beaumont  Small. 

ALTITUDES.  HIGH.— This  term  is  usually  applied  to 
those  places  which  are  ,situated  not  less  than  4,300  feet 
aliove  sea  level.  While  the  effects  of  altitude  are  notice- 
able in  a  minor  but  increasing  degree  from  1,000  feet  up, 
yet  it  has  been  found  most  convenient  by  climatologists 
arbitrarily  to  place  the  lower  limiis  of  high  altitudes  at 
4,.')00  feet.  The  climates  of  the  various  resorts  at  high 
altitudes  naturally  vary  on  account  of  their  proxindly 
to  the  equator,  to  the  ocean,  and  to  mountain  ranges, 
and  moreover,  the}'  vary  by  reason  of  local  peculiari- 
ties. They  have,  however,  one  climatic  factor  peculiar 
to  themselves,  and  upon  which  depends  for  the  most 
part  their  special  therapeutic  value,  that  is,  diminished 
barometric  pressure. 

With  respi'Ct  to  temperature  the  air  is  as  a  rule  cooler 
than  at  places  of  low  le\els  in  the  same  latitude.  It  may 
be  stated  broadly  that  the  temiierature  decreases  one  de- 
gree for  every  three  to  fcnir  hundred  feet  of  elevation. 
This  applies  to  the  tempeiature  in  the  .shade  and  at  niglit ; 
file  sun  temperatures,  however,  are,  as  a  rule,  higher 
than  at  low  level  places  of  the  same  latitude,  withtlie 
exception  of  certain  desert  countries. 

The  Innuidity  of  the  air  at  high  altitudes  is  usually  less 
than  at  sea  le\el.  even  when  comparison  is  made  with 
jilaces  which  are  situated  an  equal  distance  from  the 
ocean. 

There  are,  of  course,  exceptions  during  certain  seasons 
and  in  most  valleys  and  on  movintain  slopes  upon  w-hich 
the  clouds  gather,  Theluunidity  is  mvich  less  on  the  lee 
side  than  on  the  windward  side  of  the  range,  w  hich  is 
exposed  to  the  moisture-laden  winds  from  the  nearest 
ocean. 

The  precipitation  is  generally  less  at  high  altitudes, 
especially  on  the  lee  side  of  the  mountain  ranges  and  be- 
low the  snow  line.  This  is  true  also  of  the  number  of 
lainy  and  cloudy  days. 

Tile  dew  point  is  low  and  the  evaporative  power  of 
the  air  great,  so  that  while  hea\'v  storms  are  not  infre- 
([uent,  the  air  and  ground  become  (juickly  dry.  On  ac- 
count of  this  (pudity  of  dryness,  a  greater  degree  of 
temperature  cim  be  borni'  than  at  low  levels  without 
suffering,  bccausi'  the  ex'aporation  from  the  snrface  of 
the  body  is  greater,  and,  therefore,  as  has  been  demon- 
strated by  Professor  Greely  and  others,  the  "sen.sible 
temiierature "  is  less.  Moreover,  the  cool  nights  give 
rest  after  hot  days.  It  is  probably  be(ause  of  the  cool 
nights,  cool  shade,  and  drvness  of  ihe  air  tliat  sunstroke 
is  luactieally  uid;nown  in  high  climates,  even  when  the 
solar  tempcrafiires  are  very  high. 

The  sunlight  is  more  brilliant,  and  the  sun  lieat  more 
intense. 
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Tlio  aspect,  tlic  vesrctation.  the  inUurc  of  the  soil,  ami 
tlif  ruiitisriiration  of  the  ,trroiin<l  all  mmlify  the  elituate. 
With  reiranl  to  the  eoulijruratioii  of  the  •rrouiid.  lol'ty 
|)lateau.\  are  drier  and  wanner,  and  generally  more  windy 
than  mountain  slopes  and  valleys. 

Owing  to  the  niouutaiuons  ehuracter  of  hiiih  altitudes. 
their  comparative  inaeeessibility.  and  the  scarcity  of 
water,  they  are  Init  sparsely  inhabited,  and  the  H:round  is 
but  little  cultivated;  in  consequence  of  this,  there  is  an 
abuudaneeof  pure  air;  sothatthe  cliinateof  thealtiludi's 
resembles  in  this  respect  that  of  the  ocean  and  of  the 
desert. 

The  physiolojrical  effects  of  diminished  baromctrii' 
pressure  are  very  strikinjr.  The  most  im|)ortant  is.  tirsl. 
the  change  in  the  condition  of  the  blood,  second,  the  in 
creased  respiratory  cajiacity  and  activity,  and  thinl.  the 
increa.so  in  the  size  and  strength  of  the  heart.  Nerve 
power  and  activity  in  the  healthy  are  also  increased,  while 
in  certain  elass<'Sof  invalids,  however,  tlie  nervous  energy 
is  markedly  depressed  or  unduly  excited.  The  blood 
changes  referred  to  arc  a  large  increase  in  the  number 
of  red  cells,  wlijch  fact  is  now  univer.sjdly  accepted  by 
all  observers,  though  the  cause  is  stiU  somewhat  in  liis 
pute.  Jloreover,  it  lias  lately  been  proven  that  the  size 
of  the  red  cells  is  also  increased.  The  ha'inoglobin. 
specific  gravity,  and  iron  are  all  increased.  Wliilr  it  is 
true  that  such  changes  as  described  may  be  brought 
about  in  a  greater  or  less  degree  by  certain  of  the  cli 
malic  factors  which  hi,gh  altitudes  enjoy  in  connnon 
with  other  climates,  yet  they  are  invariably  iiroducid. 
except  imder  a  few  abnormal  conditions,  in  all  animals 
and  human  beings  when  they  are  transferred  from  low 
to  high  altitudes,  and  as  a  general  ruk^  in  projiortion  to 
the  elevation  above  sea  level.  Moreover,  that  these  uni 
versal  changes  are  priniaril_v  produced  by  diminished 
barometric  pressure,  has  been  proven  by  numerous 
laboratory  experiments,  notably  those  of  Paul  Hegnanl." 

Professor  Kegnard,  in  his  laboratory  at  the  Sorbomie 
in  l^iris,  placed  a  rabbit  under  a  bell  glass  in  which  the 
air  pressure  was  kept  constantly  reduced  toan  e<iuivalent 
of  the  barometric  pressure  at  "au  altitude  of  y,.">ll((  feet, 
AVhen  cleanin,g  and  disiid'ecting  were  necessaiy,  the 
nxbbit  was  transferred  to  another  bell  glass  in  which  the 
air  pressure  was  the  same.  The  rabbit  continued  to  live 
under  these  ciaiditions  for  a  month,  and  when  removed 
was  somi-wbat  faller  and  in  a  healthy  condition.  On 
testing  its  blood  before  jilaeing  it  in  the  bell  jar,  it  was 
found  that  it  could  absorl)  oidy  IT  s.c.  of  oxy.iren.  which 
was  the  ease  with  the  blood  of  the  control  rabbits,  and 
was  normal  for  sea  level.  On  removal  of  this  rabbit  its 
blood  was  found  to  absorb  21  c.c.  of  oxygen  ;  thus  prov- 
ing that  the  increased  capacity  of  the  blood  for  the  ab 
SOI  pi  ion  (.f  oxygen  at  high  altitudes  was  (irimarily  due 
to  the  diminution  of  the  barometric  jiressure.  .Much 
work  has  been  done  by  numerous  eminent  observers  con- 
firming this  conclusion. 

AVitli  regard  to  the  question  whether  a  true,  or  <inly 
an  apparent  blood  regeneration  occurs,  this  matti-r  lias, 
in  the  writer's  opinion,  been  settled  by  the  experiments 
of  I)rs.  Ossian  8chaimiann  and  Kmil  Hosem|uist,  of 
Ilelsingfors,  Finland,}  who  conducted  their  in(]uiries 
especially  to  solve  this  question,  Pabbils,  doi;s.  and 
pigeons  Were  kept  in  bell  jars  at  reduced  barometric 
pressure  (4")(M.so  lum.  Ilg)  according  to  the  methods  <if 
Sellier,  Kegnard,  and  others,  for  |>eriods  varying  from 
nine  to  thirty  three  days. 

The  blood'  was  examined  in  each  case  at  intervals  of 
several  days.  This  examination  consisted  of  (Da  count 
of  the  red'  cells  {Thoma-Zeiss  apparatus);  ii)  the  esli- 
niation  of  lia-moglobiu  (Fleischl);  {'■',)  the  nieasuri'ment 
of  the  diameters  of  the  red  cells  (these  were  <lry  pre])ara 
tions.  and  the  average  was  based  on  :i(HI  to.'iOH  delermina 
tionsV,  (■))  microscopic  examinations  were  ma<le,  es]ie- 
(;ially  to  determine  the  numlier  of  nucleated  red  cells 
(Ehrlich's  triacid  stain;  also  eosin  and  hiematoxylin  were 

♦  "  t,H  Cure  fiWltittutP,"  Mas.son  ot  ('ie.,  I*aris,  IHDT. 
+  "  rdu'iciie  Niiliir<l.  Blntverimdenincen  I.  Hdhcnkliinii."   Ziitsclir. 
t.  klin.  Mod.,  lid.  xxxv.,  Uelt  1-4,  pp.  lai,  17U,  and  nry^U'-K  IHilK. 


used).  The  blood  was  taken  from  the  neck  in  the  pigeons 
and  from  the  ears  of  the  rabbits  and  dogs.  Hlood  from 
the  liver  and  aorta  was  also  examined  in  a  few  cases  be- 
fore the  animal  was  killed.  In  two  cases  the  gross 
changes  in  tlu'  marrow  of  the  long  bones  were  also  ob- 
served. 

In  every  ease  the  number  of  red  cells  was  increase<l 
from  L'b  to  .")0  ])er  cent.  As  the  iclative  liumidil_v  of  the 
air  in  the  bell  jars  stood  at  S7  to  100  per  cent.,  "the  tem- 
perature at  ~'l  -it)  v..  the  increase  could  not  have  been 
du(^  to  an  insi)issation  of  the  blcKjd,  as  some  observers  have 
assmned. 

The  Inenioglobin  was  also  markedly  increased,  but  not 
in  as  great  a  proportion  as  the  red  cells.  In  all  cases 
during  the  tirst  ei,ght  to  eleven  da.vs  there  was  a  l<inpo- 
rary  decrease  in  the  laemoglobiii,  and,  in  about  one  half 
of  the  cases,  a  like  temporary  decrease  in  the  number  of 
red  cells. 

To  determine  the  ellect  of  a  return  to  normal  baromet 
ric  i)ressure  (Ttil)  nun.),  after  the  animals  were  released 
from  the  bell  jiU'.s,  the  exiierimenters  continued  to  exam- 
ine the  blood  for  jjcriods  varying  from  three  to  ten 
months;  these  examinations  showed  that  there  was  an 
innnediate  decrease  in  the  niunber  of  red  cells,  followed 
by  a  marked  rise,  which,  after  a  number  of  fluctuations, 
remained  in  almost  all  cases  at  a  <lccidedly  higher  figure 
than  that  which  was  reached  by  the  blood  count  pre- 
vious to  the  experiment.  In  theojiinion  of  these  ob.serv- 
ers,  the  investigations  of  otheis  had  not  demonstrated 
these  facts  becau.se  they  were  not  extended  over  a  suf- 
ficiently lengthy  period.  Leuch,*  however,  in  his  experi- 
ments on  anannic  .school  children,  contirms  this  point. 
Children  were  sent  by  him  to  the  mountains  for  sev- 
eral weeks  after  their  blood  was  tested,  and  the  test  was 
then  repeated,  on  lla'ir  refuru,  from  time  to  time,  during 
periods  of  from  f  wo  to  four  moidhs. 

Schaumann  anil  Hosen(|uisf.  by  lixact  measurement  of 
the  red  cells,  show  that  the  average  diameter  of  the  cells 
is  always  increased,  which  is  contrary  to  the  opinion  pre 
viously  held.  Under  the  low  |u-essure  the  nucleateil  red 
cells  slightly  increased  in  nundier,  but  returned  to  the 
average  amount  after  the  normal  air  pressure  was  re- 
sumed. 

In  two  arnnials  confined  in  bell  jars,  and  from  two 
control  animals  th<'  blood  was  siuudtaneously  taken  from 
the  skin,  liver,  and  aorta;  and  in  each  locality  the  num- 
ber of  red  cells  per  cubic  millimetre  was  found  to  be  ex- 
actly flu'.sjimc. 

\Vifh  regard  to  Schamnann's  and  Kosen(|Uist's  views 
on  the  other  theories  of  the  cause  of  these  blood  changes, 
the  following  abstract  of  their  o])inions  is  valuable: 

Two  of  these  theories  assume  that  the  ini'rease  in  red 
cells  is  real.  Miescher,  Kggcr,  iuid  others  sup|iorf  the 
view  of  inia'cased  proliferation  of  blocid  cc-lls  in  the  blood- 
forming  tissues,  wddle  Fick's  theory  is  that,  there  is  a 
]U'olongation  of  the  life  of  the  in<lividual  cell  alon.s  with 
a  normal  proliferation. 

The  other  four  hypotheses  contend  that  the  increase  in 
red  cells  is  oidy  apparent.  Thus,  (irawilz  considers  it  to 
be  entirely  due  to  an  inspissation  of  the  lilood;  while 
liunge  believes  it  to  be  (he  result  of  an  exudation  of 
plasma  info  the  lymph  sjiaces  of  the  tissues. 

Winfernitz  suiiiioses  that  red  cells  become  aggregated 
in  certain  of  the  internal  organs,  and  are  forced  into  the 
!    general  circulation   by  changes  ]u-oduce<l  upon  the  latter 
'   bvaltitiule;  and  Znntz  finally  refersit  to  vasomotor  con- 
trol, which  is  influenced  by  certain  factors  of  high  altitude. 

In  th('  light  of  the  results  of  this  investigation,  the  fol- 
lowing crificisms  of  each  theory  are  made.  The  authors 
consirler  that  flieii-  results  su|iporf  fhe  theory  of  new 
formation  of  blood  cells,  but  are  forced  to  make  changes 
in  the  terms  of  ils  form. 

Vam-rnotnr  ThrorU'«.\ — 1.  Zuntz's hypothesis:  The  au- 
thors point  out  that  in  their  own  experiments  no  factors 
exist   which   could   give   rise   to   the   re(|uired   nervous 

•  r.<'uch  :  Correspimctenzlilafl  f.Setnveizer  Aerzle.  .Vo.  ;;i .  ji.  («7,  IMXS. 
t  Setiuinliurg  u.  Zuntz :  PI1iii,'e"s  .\rclitv  t.  I'hyslof.,  lid.  Ixili..  pp. 
tfil-tSM,  IS'JO. 
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in'itiitioii.  that  their  miimals  were  removed  from  the  hell 
jars  for  each  examiiialioii.  and  that,  aeeording  to  the 
theory,  the  irritation  should  (|iiiekly  disapixar. 

With  reference  to  the  theory  that  the  iiumher  of  red 
cells  is  increa.sed  in  the  capillaries  and  decreased  in  larger 
vessels,  it  is  |iiiinled  out  that  in  former  investigations 
blood  from  both  the  capillaries  and  the  lavijer  vessels  had 
been  e.vaniined,  with  the  uniform  result  of  an  increase  in 
red  cells;  that  the  simidtani'ous  increase  in  red  cells  and 
decrease  in  Inemonlobiii  (at  the  bciiiiuiini;  of  the  experi- 
ments) cannot  be  explained  by  this  tlieorj'.  That  a 
purely  vasomotor  chanije  should  produce  no  change  in 
the  siV.e  of  the  red  cells":  that  the  overstimulated  nerves 
would  eventually  relax ; 
that  a  return  to  higher 
pressure  shoidd  produce 
an  inunediate  fall  in  the 
number  of  red  cells  to 
normal,  which  is  not  the 
case. 

3.  Bun.ffe's  theory*  is 
met  with  the  sjime  objec- 
tions. 

3.  Winternitz's theory  f 
the  authors  oppose  by  ref- 
erence to  their  examina- 
tion in  two  cases  of  blood 
taken  si  m  u  1  taneously 
from  the  skin,  liver,  and 
aorta,  in  each  of  which 
localities  they  found  the 
siime  count.  (Corrobo- 
rated Ijy  Breitrustrin.) 

4.  Grawitz's  theory  of 
inspissation;  J  This  the 
ory  is  invalidated  by  the 
experiments  of  Sella  u- 
mann  and  Rosenquist  in 
which  the  respired  air 
was  almost  saturated  with 
water  vapor:  by  the  fact 
that  loss  of  water  by  tlie 
blood  is  rapidly  compen- 
sated for  liy  the  tissue 
tluids.  and  that  a  true  iu- 
spissation  of  the  blood  is 
always  aceomjianied  by  a 
p  r  o  p  o  r  t  i  o  n  a  t  e  loss  in 
weight  of  the  animal ;  and, 
furthei-,  liy  the  fact  that 
in  true  inspissation  of  the 
blood  the  diameter  of  the 
red  cells  is  always  de- 
creaseti. 

I'hi'Diics  Anniniiiiiff  a 
True  Inrreiise  in  Red  ('elh. 
—1.  Fick's theory:^  This 

theory,  which  premises  that  the  absoriilion  of  oxygen 
is  slower  than  norma!  at  high  altitudes  and  the  con- 
sumption of  haemoglobin  is  decreased,  is  diserc'dited 
because  it  has  been  conclusively  .shown  that  metabolism 
is  more  rapid  at  high  altitudes  than  at  sea  le\el,  and 
nuist,  therefore,  especially  increase  the  con.sumption  of 
lapmoglobin. 

2.  The  theory  of  regeneration  of  ^Micscher,  Egger.fand 
others  is  liased  on  the  two  premises  (1)  that  niicrocytes 
appear  during  the  period  of  increase  in  red  cells,  and  (2) 
tiiat  the  increase  in  luemoglobin  does  not  keep  pace  with 

*  BungL":  VerliarnlliniBen  tl.  13  Cong.  f.  inn.  Med.,  lS9."i. 

t  Wlnternitz  :  Ceiitrallil.  f.  kliii.  Meil.,  l!d.  .xiv..  No.  40,  pp.  11117-102.', 

tcrawltz,  E. :  "Klin.  Fadioloijip  a.  Ulutfts,"  pp.  ;»B-;W:!.  IVrlin, 
ISiW.  I.imliec-k,  K.  v. ;  "  Klin.  I'iitlKjI.  d.  liliiles."  ;.'  Anil.,  p.  air,  .leua. 
IsiHi.  Khrlicb :  "  t'ntcrsiichiiiiEi-n  ■/..  Hisli.l.  u.  Klinik  d.  Hliites." 
p.  99,  Berlin,  1891.  (Quincke:  Deut.scli.  .\rcli.  f.  kiln.  Med.,  Hd.  .n.x., 
pp.  1  :tl.  1877. 

§  Kic-k,  A.:  riliiger's  Arch.  t.  Physiol.,  lid.  Ix..  pp.  .W9-.')9n. 

i  Mie.soher:  ('iirn'sp(in(k>nzbl.  f.  Schweizer  Aerzte.  pp.  8(i;Ks:i3.  1S93. 
EgKcr :  Verhandlungeu  d.  VJ  Cong.  t.  Urn.  Med.,  pp.  aiS-STti,  189;i. 


Fig.  90.— Kurhaus  on  the  Little  Sohuldeeg.at  the  Foot  of  the  Elger.    Eleva 
tlon,  0,770  feet.     (From  Regnard's  'Ture  d'.Mtitude.") 


that  in  the  number  of  red  cells.  The  last  point  the  au- 
thors grant,  and  they  call  attention  to  the  fact  tliat  it  ha.s 
been  regarded  generally  (Otto.  Hoffmann,  and  Limbeck) 
as  an  evidence  of  regeneration.  The  first  assumiition 
is  disputed,  and  attention  is  called  to  the  fact  that  Ehrlich, 
(Quincke  and  von  Limlieck  look  upon  niicrocytes  as 
products  of  degeneration  of  red  cells,  and  also  that  one  of 
the  authors  (Si'liaumann)  has  found  in  secondary  ance- 
mias  that  niicrocytes  are  most  numerous  at  the  height  of 
the  disease,  and  that  they  disappear  as  convalescence 
sets  ill,  and  give  place  to  macrocytes.  To  dcterniine  this 
jioint  experimentally,  two  animals  (a  rabbit  and  a  dog) 
were  bled,  and  a  diiferential  count  was  made  of  red  cells 

of  various  diameters,  with 
the  result  that  niicrocytes 
were  seen  to  diminish 
markedly  in  number  im- 
mediately after  the  bleed- 
ing when  regeneration  is 
most  active.  It  was 
found,  moreover,  that  an 
increase  occurred  in  the 
number  of  macrocytes, 
and  that  this,  instead  of  an 
increase  in  niicrocytes,  is 
an  aeeompauimeut  of  re- 
generation. In  accord- 
ance with  this  finding,  it 
follows  that  the  increase 
in  macrocytes  met  with 
in  the  blood  in  the  au- 
thor's first  experiments 
indicates  a  re  .generation 
of  red  cells.  This  coii- 
chisioii  is  strengthened  by 
the  occurrence  of  nucle- 
ated red  cells  in  the  mam- 
mals, of  mitotic  figures 
in  the  red  cells  of  the 
birds  cnipioyed,  and  of 
"shell  shadows"  in  the 
blood  after  release  from 
the  bell  jar. 

Schaumann  and  Ro.sen- 
quist,  therefore,  conclude 
that  all  changes  which 
occur  in  the  blood,  due  to 
diminution  of  barometric 
pressure,  areliestand  most 
easily  explained  by  the  as- 
sumption that  there  is  an 
increased  proliferation  of 
red  cells. 

The  autliors  claim  that 
this  theory  holds  also  for 
the  explanation  of  the 
results  of  the  elinieal  ob- 
servations made  in  high  altitudes.  They  reach  this  con- 
clusion by  a  process  of  elimination,  having  shown  in 
their  ciilicism  of  the  other  theories  that  causes  other 
than  a  diminution  of  atmospheric  pressure  are  insuffi- 
cient for  the  production  of  the  ha>matic  phenomena.  As 
positive  proofs  from  clinicjil  material,  they  refer  to  the 
following:  The  lia'Uio.globin  does  not  increase  in  propor- 
tion to  the  increase  in  the  numfier  of  red  cells:  the 
increase  in  the  average  flianieter  of  red  cells,  and  the 
presence  of  normoblast  nuclei  found  free  in  the  blood. 
(The  last  two  points  are  de]iendent  on  the  findings  in 
the  blood  on  Schauniann's  journey  to  Xorwav.) 

Experiments  are  needed  to  prove  whether  or  no  the 
germicidal  pow'erof  the  blood  is  increased.  Clinical  and 
other  evidence  makes  it  most  |irobablc  that  this  is  theca.sp. 
"At  high  altitudes  the  special  elTccts  of  decreased 
pressure  are  not  directly  ])roduccd  by  the  scarcity  of 
oxygen  in  the  atmosphere,  but  by  the  diminished  oxygen 
jiressure:  for  even  at  the  greatest  heights  ever  reached 
by  man  the  amount  of  oxygen  in  each  breath  is  always 
in  excess  of  that  needed  to"  sustain  animal  life.     It  has 
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bpcii  demonstrated  liy  expcriniciit  tliiil  blood  can  absoili 
only  a  certain  percentajre  of  the  total  amount  of  oxvjicn 
present  in  the  air  to  which  it  is  exposed,  and  so.  when 
the  barometric  pres.sure  is  reduced,  the  blood  may  be 
unable  to  extract  sutbcient  oxyjren  from  the  air.  Iiecause 
theoxyifen  pressure  is  reduced  below  the  reciuiri'd  iioint. 

"  Jlountain  sickness  is  a  malady  caused  by  this  (i\yi;cii 
stiirvation.  H'  this  were  all.  it  would  follow  that  when 
the  oxy.u'en  jirc'ssvire  was  sulticiently  reduced  ainnial  life 
would  lie  impossible  from  continual  mountain  sickness; 
but  there  isdevclojx'd  a  wijuderful  compensatory  jirocess 
whereby  the  blooil's  power  of  absorbing  oxygen  is  in- 
creased, so  that  a  given  weight  of  blood  in  a  living  ani 
inal  can  absorb  more  oxy.sen  in  proportion  to  the  redue 
tion  of  the  barometric  pressure.  Tins  is  brought  about 
by  a  growth  in  the  number  of  red  corpuscles  through 
which  oxygen  is  absorbi'd. 

"  While  these  blood  changes,  which  need  some  three  or 
four  weeks  for  their  completiou,  are  |irogressing,  the 
breatliing  becomes  more  rapid,  .so  that  while  less  oxygen 
Is  taken  in  at  each  breath,  it  is  received  into  the  blood 
more  frequently ;' and  with  this  more  rapid  res])iralion 
there  is  increased  heart  action,  the  lieart  pumping  more 
blood  through  the  buigs  in  a  .given  space  of  time. 

••  This  increased  rapidity  of  lieart  beat  and  res|)iration 
is.  however,  only  temporar.X',  and  gradually  disappears. 
The  amount  of  air  taken  in  at  each  breath  in<  leases  in 
volume  as  the  chest  expands,  anil  the  air  cells,  many  of 
which,  at  lower  altitudes,  are  often  imuscd,  beconie  en 
larged.  The  heart's  cavities,  having  been  stretched,  are 
also  hyiiertrophied,  so  that  more  blood  is  propelled  at 
each  stroke.  Thus  the  blood's  capacity  for  absoibiii.i; 
oxy.gen,  the  lung's  capacity  for  taking  air,  and  the  heart's 
capacity  for  iiuini)iii,g  lili>od  are  increased  ;  llu-  rapidity  of 
res]iir:ition  and  pulse  diminishes,  but  this  rale  becomi's 
normal  again  as  .soon  as  this  process  of  compensation  has 
effected  a  balance. 

"These  changes  in  the  blood,  luu.gs,  and  lieart  continue 
during  a  residence  at  hi.gh  altitudes,  liut  disappear  a.iiain 
upon  a  return  to  low  ground.  However,  they  are  occa 
sionally  so  incompletely  carried  out  in  certain  individuals, 
owing  to  age.  feebleness  of  reaction,  ordisease,  that  an  at 
tempted  ascent  into  the  ujijier  air  is  exceedingly  dan.irer- 
oiisand  continued  residence  on  high  gioniid  ini|iossible."*'' 

There  are  striking  differences  between  the  temporary 
and  til"  permanent  physiolo.gieal  effects  of  high  altitudes. 
When  ])ersons  or  animals  are  transported  from  low  levels 
to  a  lii.gh  altitude,  the  intlucuce  is  markeil  in  iiropnrtioii 
to  the  rapidity  of  the  ascent,  as  is  shown  by  the  contrast 
in  the  elfects  produced  upon  those  who  ascend  rapidly, 
and  upon  those  who  are  slowly  carried  u])  by  mil  or  car 
riage.  In  mountain  climbing  the  cfTccts  are  increased 
by  exertion.  The  more  vigorous  and  healthy  the  inili 
vidual  submitted  to  these  experiences,  flii'  more  rapid 
and  com]ilete  is  the  acclimatization.  Speaking  broadly, 
the  acclimatizing  (-ontinues  tlirough  the  first  four  weeks, 
after  which  time  a  healthy  visitor  can  do  aViont  the  sam<' 
amcnint  of  work  on  level  ground,  and  feel  as  well,  as  he 
did  at  home;  at  least  until  he  atteni]its  to  climb  still 
lii.gher,  when  the  symptoms  of  mountain  sickness  will 
a.irain  occur,  but  in  a  moditied  form. 

In  the  various  experiments  and  observations  that  have 
been  made  upon  the  ability  of  a  healthy  man  to  under- 
take muscular  exertion  in  high  altitudes,  it  has  been 
found  that  visitors,  after  the  first  few  weeks,  can  usu- 
ally a<'eomplish  as  much  within  a  short  space  of  time  as 
on  low  ground,  but  they  are  not  cipial  to  as  jirolonged 
exertion,  and  their  pulse  rate  and  respiraUon  are  always 
increased  aliove  what  it  would  be  at  sea  level  under  like 
circumstances.  It  is,  tlierefore,  important  for  invalids 
and  even  for  healthy  visitors,  on  first  resorting  to  high 
altitudes,  tfiat  they  reduce  their  accustomed  exercise  to 
at  least  <ine  half  of  that  which  a.greed  with  them  al 
sea  level;  parlicularly  on  going  uphill. 

With   respect   to  our   knowledge   of    the   ])ermaiient 

•  s.  E.  Solly  :  "  Haudbook  of  Medical  t'UmiitoloCT,"  Lea  UrolLers, 
p.  42. 


cfTect.s  of  high  altitudes,  we  are  especially  indebted  to 
Drs.  llerrera  ami  I.ope  of  the  City  of  .Mexici.i.  who 
have,  in  their  very  valualile  Ireatiseenlilled.  "La  Vie  sur 
les  Hants  I'lateaux,"  .irivcn  us  a  vast  auKuint  of  informa- 
tion. One  of  the  results  of  Iheir  laborious  and  conscien 
tious  scientilic  im|uirii'S  is  that  ]ilants,  animals,  and  lin 
man  beings  soon  aceomniodale  Ihemselves  to  the  ]>eeuliar 
conditions  of  life  at  liigli  altitudes,  and  lliat  lie.-dlli\ 
residents  and  natives  thrive.  The  jiortion  of  their  in- 
(|uiiies  w  liicli  is  especially  iritcresling  to  tlie  therapeiilist 
is  tliat  there  is  a  marked  develo])ment  of  tin'  thorax,  and 
that  even  under  unfavorable  local  hygienic  conditions, 
the  average  raleof  morbidity  and  mortality  is  lower  than 
under  the  same  ('onditions  at  .sea  level.  In  sliort,  for 
those  who  have  aciiuiri'd  or  inherited  accommodation  to 
the  jiecnliar  conditions,  there  is  a  more  than  usual 
amount  of  health  and  jihysical  ])ros])erity. 

While,  physiologically,  all  these  chaimes  of  the  lilood. 
Inn.^s,  and  heart  are  simply  compens;itory,  yet  to  the 
properly  selected  invaliil  tliey  are  much  more,  because- 
they  give  a  stimulus  and  open  up  avenues  through 
which  health  returns,  and  the  changes  in  an  ap|nopriate 
invalid  are  even  greater  than  they  are  in  a  normal  being. 
I'or  instance,  in  an  ameniic  [lerson  the  blood  changes  are 
proportionately  in  excess,  and  this  is  true  not  only  when 
lliey  are  in  the  high  altitude,  but  also  when  they  return 
to  Iheir  home  at  sea  level. 

The  nervous  depression  and  ana'mia  aceompanyiiii.' 
most  cases  of  neurasthenia  are  markedly  and  rapidly  re 
lieved.  And  the  .ireneral  imiirovcment  in  the  phthisical 
w  ho  are  suited  to  altitude  treatment  is  especially  marked. 
It  is  oft<-n  pointed  out  that  the  food  w  liicli  is  usually 
consumed  sui)plies  snUicic^nt  iron  for  the  needs  of  the 
liunian  bod.\';  yet  we  have  abundant  clinical  experience 
to  show  that  ill  most  antemics  iron  given  artilicially  is  of 
the  greatest  necessity  and  service.  So  that  while  it  is 
undoubtedly  true  that  a  normal  man  can  extract  from 
the  air  of  his  locality  at  sea  level  all  that  he  needs  to  keep 
himself  in  health,  yet  when  a  certain  depression  of  healtli 
<iccnrs,  he  is  unable  to  do  so,  and  often  needs  to  .gain  the 
sami'  elements  in  a  somewhat  sudden  and  novel  form. 
It  is.  therefore,  no  argument  against  the  therapeutic 
value  of  lii.Ldi altitudes  as  a  tonic  andalleralive  in  certain 
conditions  of  ill  iicallh,  to  urge  that  the  jihysiological 
changes  whereby  these  Ionic  ctfeets  are  brought  about 
are  merely  coinpensatory. 

It  must,  however,  be  remembered  that  in  using  high 
altitudes  for  iheraiX'Utic  purjioses,  wc  are  taking  into  our 
hands  a  two-edged  sword,  and  if  they  fail  to  do  good, 
they  may  often  do  much  liarm.  It  is,  therefore,  of  vital 
importance  that  the  therapeutist  should  study  not  only 
till'  individual  ami  his  iudiviilual  sickness,  but  also  tlie 
properties  ami  peculiarities  of  the  climatic  remedy  he 
proposes  to  apply  to  his  diseasi'. 

Much  inlereslin.g  and  valuable  information  from  a 
jdiysiological  standiioint,  the  study  of  which  .should 
always  precede  any  therapeutic  application,  can  be  ob- 
tained from  such  works  as  the  following:  "  La  Cure 
d'AIIilude,"  by  Paul  Kegnard  ;  "  La  Vie  sur  les  Ihiuts 
Plateaux,''  by  Drs.  llerrera  and  Lope;  "  Man  in  the  High 
Alps''  (translation),  by  Prof.  Mo.sso.  of  Turin;  and  many 
books  of  travel,  such  as  "  ('limbin.ir  in  the  Himalayas." 
by  Sir  Martin  Conway,  and  "'I'ravels  in  the  (ileal  .\ndes 
of  the  K(|uator."  by  Edward  ^Vhynlller. 

Kacli  of  the  four  (juarteis  of  llie  globe  has  its  various 
high  allitude  climates.  It  is  only  necessjiry  here  to  refer 
to  those  which  are  at  present  available  for  the  civilized 
invalid.  On  the  continent,  of  Xorlli  .\nierica,  the  Ho<-ky 
^lonntains,  extending  from  I5ritish  Columbia  to  the  b<ir 
ders  of  Mexico,  have  been  extensivc-ly  used;  especiallv 
on  the  eastern  slo])es,  for  the  reason  that  it  is  drier  and 
warmer  on  the  lee  side,  rather  than  on  the  western  slopes, 
w  here  the  climate  is  inllueiiced  by  the  damp  w  iiids  from 
the  I'acilic.  'I'lie  climate  of  these  mountain  [ilaleanx 
varies  gieally,  that  of  the  Canadian  ])ortions  being  com- 
]iaratively  cold  and  harsh,  while  that  of  thenuire  south- 
erly portions,  in  N<'W  Jlexico  and  Arizona,  is  warm  and 
mikl.     lu  Mexico  we  have  lofty  plateaux  exhibiting  the 
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spcciiil  iHX'Viliaritics  of  liif;h  fliinatcs   uilli  inoic  ^ciiisil 
warmth  than  those  already  rel'iTrcd  to. 

In  South  Aiuerica  the  Andes  liave  been  extensively 
used.  Here  the  high  altitudes  and  ntediuni  elevations 
are  warm  and  pleasant,  but  the  more  extreme  heights  are 
apt  to  lie  made  eliilly  and  disagreeable  from  the  eonden- 
siilion  of  moisture  that  oeeurs  fiom  the  sea  winds.  lu 
these  mountains  fog  is  more  oominon  than  it  is  in  the 
mountains  of  North  Ameriea  at  like  altitmles. 

Ill  Knrojie  the  Alps  have  been  extensively  used.  Here 
the  snow  line  is  miieh  lower,  and  the  eold  more  pro- 
nouueed.  As  most  of  the  resorts  are  situated  in  valleys 
among  the  snow -clad  peaks,  and  not  so  far  removed 
from  the  ocean  as  in  North  America,  there  is  more  damp- 
ness in  summer,  and  more  melting  snow  and  precipitation 
in  the  spring  and  autumn.  They  have,  however,  the 
advantage  over  the  plateau  resorts  of  North  and  South 
America  in  lia\'ing  less  wind  and  dust. 

Tlie  high  altitudes  of  Australia  and  South  Africa  are 
only  just  beginning  to  be  adapted  for  rise  by  delicate 
invaliils. 

In  Asia  the  Himalayas  present  fine  climates  for  in- 
valids, but  the  best  of  them  are  on  the  northern  slopes, 
away  from  the  influence  of  the  monsoons,  and  are  at 
present  not  sufficiently  civilized  to  be  available. 

.S.  E.  SiiUij. 

ALUM,  POISONING  BY.— Cases  of  poi.soning  by  this 
drug  are  rni<'.  The  sym])toms  appear  very  soon  after 
the  poison  has  been  swallowed.  There  is  severe  pain  in 
the  a>sophagiis  and  stomach,  followed  by  vomiting, 
often  of  blood;  sanguineous  discharges  from  the  bowels, 
and  all  the  sym])toms  of  a  violent  gastroenteritis.  The 
pulse  is  small  and  freiaient;  there  is  muscular  tremor 
with  great  weakness;  thirst  is  sometimes  excessive,  and 
swallowing  is  difficult  and  painful;  the  body  tempera- 
ture is  lowered.  Death  may  occur  in  syncope.  Alkalies 
and  their  carbonates  and  calcined  magnesia  are  the  anti- 
dotes for  alum.  After  the  immediate  danger  has  passed 
away,  the  gastroenteric  inflammation  remains  to  be 
treated  on  general  [jrinciples.  Chronic  alum  poisoning 
is  manifested  by  gastric  disturbance  and  constipation. 
It  is  to  be  treated  by  first  removing  the  cau.se,  and  then 
combating  the  effects  by  means  of  laxatives  and  sto- 
machics. 

ALUM  ROCK  SPRINGS.— Santa  Clara  County,  Cali 
fornia. 

Access.  —  From  San  Jose  by  carriage  seven  miles 
northeast.     Hotel. 

These  springs  are  located  on  the  western  slope  of  the 
coast  range  in  a  romantic  canon  with  a  most  iinromantic 
name — Penitentiary  Caiion. — so-called  in  consequence  of 
the  early  Jesuits  assembling  there  to  do  penance.  The 
nearness  of  the  springs  to  San  Jose  and  the  excellent  ac 
commodations  offered  at  the  hotel,  with  the  many  natu- 
ral advantages  of  climate  and  scenery,  make  the  Alum 
Rock  Springs  a  favorite  resort  for  tourists,  summer  vis- 
itors, and  invalids.  The  summer  temperature  is  rarely 
above  00'  F.,  and  in  the  winter  it  is  never  too  low  for 
comfort.  Trout  and  mountain  ([uail  abound,  affording 
good  sport  for  rod  and  gun.  Several  springs  are  in  ac- 
tivity at  Alum  Rock.  The  jirincipal  "soda"  or  drinking 
w-ater  spring  was  found  by  Dr.  Anderson  to  contain  the 
following  ingredients: 

(INK   ITNITKn  ST.iTES  GALLON   CONTAINS: 

Solids.  (irains. 

Sodium  iiulionate  T.14 

Sodium  Ptiloride 1(1.21 

Potassium  curliunat^^ U.7(> 

Masiucsium  cjii  lioujit*^ S.iW 

Miiijuosiuiii  sulpliati^ 7.1H 

Ciili'ium  carbouate 1U,(1."» 

Manganese  carttonate Trace. 

Fen-ous  carbonate Trace. 

Alumina (1.4,5 

Silica 2..i2 

Total ffii.21 

Free  carbonic  acid  gas,  excess. 


This  water  is  of  the  alkaline-saline-carboniited  variety 
with  strongly  marked  aluminous  properties.  .V  chalyb- 
eate spring  at  Alum  Rock  was  analyzed  some  years  ago 
by  Professor  Hatch,  with  the  following  results: 

One  I'xiTEii  Statks  Gallon  co.ntai.vs : 

Solids.  Grains. 

Ferrous  oxide 0.30 

Alumina 0.15 

Manganese 0.70 

Soda 3.40 

Potassa 0.20 

Chlorine I.(i0 

Hydrosuipliuric  acid 3.30 

Total 9.65 

The  salts  and  elements  of  this  analysis  are  evidently 
reduced  to  an  anhydrous  state.  The  same  analysis  with 
the  water  of  ci-ystallizatiou  would  probably  yield  a  much 
heavier  residue. 

At  Alum  Rock  there  are  two  thermal  sulphur  springs 
which  have  a  temperature  of  85°  F.  They  are  used  for 
bathing  purposes. 

The  waters  at  this  resort  have  gained  considerable 
reputation  in  the  ti'eatment  of  ana-mia.  chlorosis,  chronic 
malaria,  nervous  prostration,  and  debility.  They  ought, 
furthernnu'e.  to  be  useful  in  the  hemorrhagii'  diathesis, 
in  menorrhagia.  etc..  on  account  of  the  iron,  alum,  and 
acids  which  the  watei'S  cont;an.  James  K.  Crook. 

ALUM  ROOT.— (//<"(•/«)•<(.)  Under  this  name  the 
rliizonie  of  Ihnrlnrit  Aiiuririiiin  L.  is  used  as  a  simple 
astringent,  by  reason  of  the  fourteen  per  cent,  of  tannin, 
which  it  cimtains.  It  is  a  crooked,  tnberculate  rhizome, 
five  or  six  inclies  limg  and  half  an  inch  thick,  of  a  pur- 
plish or  reddish  color.  witliin_and  witliout.  The  plant 
grows  abundantly  in  the  Eastern  I'nited  States  and  is 
represented  through  the  AVest  by  other  species  of  the 
genus,  with  similar  composition  and  properties.  The 
dose  is  fi'om  1  to  4  gm.  (gr.  xv.-lx.).  Either  water  or 
alcohol  will  extract  its  tannin.  H.  II.  Itvsliy. 

ALUMINUM. — 1.  General  Medicinal  Pkoperties  of 
THE  t'o.Mi'oi  NDs  OP  Alvminc.m. — As  compared  with  the 
majority  of  the  heavy  metals,  alnminum  exerts  but  an 
insignificant  constitutional  action — one  u.selcss  in  medi 
cine,  and  not  certainly  recognizable  even  in  poisoning 
by  aluminum  compounds.  AH  the  evidence  there  is  of 
constitutional  action  by  this  metal  is  that,  in  toxic  doses 
of  alum,  there  have  been  observed  along  with  the  symp- 
toms of  l(X-al  irritation,  tremors,  spasms,  fainting  flts. 
and.  in  one  case,  death,  with  dis|M'oportionately  slight 
local  lesions.  Locally,  alnminuin  compounds  are  as- 
tringent— the  freely  soluble,  such  as  alum,  liighly  so. 
but  yet  with  less  conjoint  irritation  than  is  usual  with 
astringent  metallic  salts.  The  main  therapeutic  use  of 
aluminic  preparations  is  for  a  local  astringent  effect,  for 
which  purpose  these  compounds  combine  potency  with 
freedom  from  bad  taste,  undue  irritation,  or  power  to 
stain. 

2.  The  Compounds  op  Alumincm  Used  in  Medicine. 
— Tliese  are  the  hydroxide,  sulphate,  and  potassio-sul- 
phate  (potassium  alum). 

Aluminum  /ii/(liv.nde,  Al.,(OH)o. — Aluminum  hy- 
droxide, or  hydrated  alumina,  as  it  is  commonly  called, 
is  official  in  the  U,  S.  P.  as  Ahimiiii  litidnm.  Alumi- 
num Hydi'ate.  It  is  ]irepared  by  precipitation,  a  boil- 
ing hot  acpieous  solution  of  alum  being  poured  into  a 
similarly  hot  solution  of  sodium  carbonate.  The  pre- 
cipitate of  the  hydroxide  is  then  washed  with  liot  dis- 
tilled water,  drained,  dried,  and  pulverized.  The  prod- 
uct is  "a  white,  light,  amorphous  powder,  odorless  and 
tasteless,  and  permanent  in  dry  air.  Insoluble  in  water 
or  alcohol,  but  completely  solulile  in  hydrochloric  or 
sulphuric  acid,  and  also  in  potassium  or  sodium  hydrate 
T.  S.  AVhen  lie:ited  to  redness  it  loses  about  34.0  per 
cent,  of  its  weight  (water  of  hydration)"  (U.  S.  P.). 
This  iireparation,  from  its  insolubility,  can  exert  active 
properties  only  through  chemical  conversion.     Locally 
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appliod.  it  operates  as  an  absurlient  ponder.  develoiiiiiL'. 
possibly,  a  faint  astriiiireucy.  lis  employment  is  almost 
exclusively  German,  and  consists  in  its  application  to  llie 
skin  in  inflammatorv  alTections. 

Aluminuia  ifii//j/i/'i/.,:  Al.i(S(_),)a+l(iII...().  The  salt  is 
otiicial  in  tlie  l'.  S.  P.  as  Aliiniiiii  Sii/ji/in.i.  Ahiminnni 
Sulphate.  It  occurs  as  ''a  white,  crystalline  powiler, 
without  odor,  havinjr  a  sweetish  and  afterward  astrini;- 
eut  taste,  and  permanent  in  the  air.  Sohilile  in  I.'.' 
parts  of  water  at  l.T  ('.  (.")'.»  F.  l.  and  much  more  trec-ly 
in  boilinjr  water,  hut  insoluble  in  alcohol.  Wlien  uraii- 
ually  heated  to  about  200  ('.  (:ii)2'  F. ),  it  loses  its 
water  of  crystallization  (4.5.7  per  cent,  of  its  weight). 
The  salt  has  an  acid  reaction  ujion  lit nuis  paper  "  (t'.  S. 
P.).  AlumiiHim  sulphate  is  poweifully  astrinficnl.  and 
also  antiseptic.  Its  use  is  local  only,  as  a  conjoint  as- 
tringent and  deterjrent,  or,  in  saturated  solution,  as  e\cn 
a  mild  caustic  in  simple  hyperplasia'. 

Potcmxin-  iiliiiiii/iiini  siiliili,it( .  K...Ali(SO,)i  -|-  2-lH.:(). 
This  double  ssilt  is  ollicial  in  the  I'.  S.  P.  as  Ahum  n. 
Alum.  Alum  is  in  "  large,  colorless,  octahedi-al  crystals 
sometimes  moilili'ed'by  cubes,  or  in  crystalline  fragments, 
without  odor,  but  having  a  sweetish  and  strongly  as- 
tringent taste.  On  e.\|)osure  to  the  air,  the  crystals  arc 
liable  to  absorb  ammonia,  and  acquire  a  whitish  coating. 
Soluble  in  nine  [larls  of  water  at  I.">  ('.  i.'-iW  F.),  and  in 
3.3  part  of  boilin,g  water;  it  is  also  freely  soluble  in 
warm  .fflycerin,  but  is  insoluble  in  alcohol.  When 
gi-aduaily  heated,  it  loses  water;  at  92  ('.  (IKT.G  F.)  it 
melts,  and  if  the  heat  be  gradually  increased  to  200  C. 
(392'  F. )  it  loses  all  its  water  of  crystallization  (4.5.. ")2 
per  C(^nt.  of  its  weight),  leaving  a  voluminous,  white 
residue.  The  ssilt  has  an  acid  reaction  upon  litmus 
paper"  (U.  S.  P.).  Alum  is  decomposed  by  tlw  alka- 
lies and  their  carbonates,  lime,  magnesia  and  its  car 
bonate.  potassium  tartrate,  and  leacl  acetate.  The  salt 
is  highly  astringent,  and.  internally,  in  dose  of  from  4 
to  8  gm.  or  more  (  3  i.  or  ij.),  is  promptly  and  efficiently 
emetic,  with  little  nausea  or  depression.  In  large  con. 
centrated  dosiige  it  is  an  irritiuit  poison,  but  deiilli  is 
mre.  Alum  is  principally  einployed  locally  as  an  as- 
tringent. For  limited  ai)|)licati(>n  to  an  accessible  part 
a  smooth  crystal  may  lie  swept  over  the  surface,  bnt 
more  connnordy  aqueous  solutions  are  used,  ranging  in 
strength  from  one-half  of  one  jier  cent,  to  three  or  four 
per  cent.,  according  to  the  sensitiveness  of  the  part.  A 
domestic  but  serviceable  form  of  application  is  abnn 
riird.  made  by  boiling  alum  in  milk,  one  part  to  si.xty. 
until  c()a,i:ulation  ensues,  then  straining  and  applyijig 
the  curds  like  a  jioultice.  between  layers  of  line  linen. 
Or  tlK"  curd  may  be  obtained  by  mixing  2  .gm.  (gr.  .\.\.\.i 
of  powdered  alum  with  the  white  of  an  eg,;;.  Alum  may 
be  used  almost  universally  for  astringent  iiur]Hises.  e.\ 
cept  that  as  a  gargle  it  is  objectionable  becaus<'  of  an  in 
jurious action  upon  the  teeth,  an<l  as  a  collyrium  liecausi' 
of  its  attacking  and  softening  the  tissue  <dlhe  cornea 
wherever  the  |)rotective  influence  of  the  epithelium  may 
be  wanting,  as  in  case  of  abrasion  or  ulcer.*  Internally 
alum  may  Ii<'  used  as  an  emetic  in  the  doses  stated  abov<'. 
and  has  been  held  for  a  century — otT  an<l  on — to  !)e  of 
peculiar  avail  in  ii-ad  colic,  abating  all  the  .symjitoms. 
even  to  breaking  the  tendency  to  consti]);ition.  For  in- 
ternal a.stringent  medication  alum  is  nowadays  comjiara 
tive.ly  seldom  used,  other  astringents  bein,L'  iireferred 
The  dose  i>f  alum  is  from  0.30  to  1.00  gm.  (.u'r,  v.  xv.) 
in  powder,  with  sugar  and  an  aromatic,  or  in  mixture 
with  honey  or  molasses.  Or  dhini  irlirji  may  ln'  given — 
sim])ly  the  whey  left  after  straining  out  the  curds  in  the 
preparation  described  above.  Su<-li  whey  may  be  given 
by  the  wine.irla.ssful.  These  various  dosings  may  be  re- 
peated three  or  four  times  a  day.  or,  in  lead  colic,  given 
even  hourly. 

As  has  been  already  s;nd  in  the  (luoted  descriiition  of 
alum,  the  salt  jiarts  with  water  of  crystallization  when 
heated  to  about  200'  C.  Such  heating  of  efHoresced 
alum,  continued   till   the  alum  has  been  reduced   to  ii 


*  John  Tweedy :  The  Practitioner,  November,  1883,  p.  331. 


standard  weight,  i•^  ordered  liy  the  V .  S.  P..  and  the 
product.  pulverize(l.  is  entitli'd  Aliiuiiii  K.isii-nil n in , 
hried  Alum,  more  commonly  called  hunit  iihun.  Dried 
alum  is  "a  whiti'.  granular  jiovvder.  without  oiltjr,  jios- 
sessing  a  sweetish,  astrin,yent  tuste,  and  attracting  moist- 
ure on  exposure  to  X\u-  air.  It  is  very  slowly  but  com- 
pletely soluble  in  twenty  parts  of  water  at  b")  ('.  (.■)9' 
F.).  and  (piickly  soluble  in  o.T  part  of  boiling  water" 
(I'.  S.  P.),  Dried  alum  dissolves  more  slowly  in  water 
than  the  crystalline  sidt.  but  is,  yet,  physiologically 
much  more  active,  for  it  is  )iowerfully  astringent  even 
to  causticity,  and  its  use  is,  aiijilied  dry,  to  cauterize 
exuberant  .^nuiulationsor  unhealthy  ulcers,  or  to  repress 
hemorrha,u;e  as  from  a  leeeli  l)iic  fir  tooth  socket. 

Ed  in  I  ril  ( 'ii  flis. 

ALUMNOL. — IJcta-naphthol-disulphonatcofalumimun 
— aluminum  naphthol  sulphoiiate,  Al.,[C,,.IIt,OII.(S()3).j|3. 
This  isa  white-  |,owdcr  obtained  liy  theaetion  of  sulphate 
of  aluminum  on  beta  naiilithol  liarium  disulphonate.  It  is 
freely  soluble  in  watcrand  glycerin,  the  solutions  having 
a  bluish  liuorescence  and  beconung  dark  on  exposure  to 
light  and  air;  it  is  also  slightly  soluble  in  alcohol,  and  it 
precipitates  alliumen  and  gelatin,  the  )uvci[)itate  being 
.soluble  in  excess  of  cither.  Alkalies  cause  the  formation 
of  a  llocculent  i)reci|)itate  of  aluminum  hydroxide. 

.\lunmol  combines  the  astringency  of  aJum  with  the 
antiseptic  power  of  naphthol.  Kxternally  it  may  be  ap- 
plied to  ulcers  and  wounils.  havin.^;  a  sirong  tendency 
to  check  exuberant  granulations  and  to  stinudate  heal- 
ing. Although  it  coagulates  albumen,  it  does  not  form 
a  slough  in  the  wound  if  spread  thinly,  becau.se  the 
|irecipitat(?  formed  is  soluble  in  excess  of  albumen.  For 
such  local  aiiidication  it  may  be  employed  in  from  two 
to  ten  per  cent,  strength,  diluted  wilji  starch  or  talc. 
For  abscesses  a  ten  |)er-cent.  solution  has  been  used  as  a 
dressing.  Applied  in  one-half  to  two-per-cent.  solution 
as  a  siu'ay  it  is  very  ellicticious  in  ordinary  catarrhal  eon- 
diti<ins  of  the  na.sid  and  pharyngeal  nuicovis  membnines, 
lessening  the'  congestion  and  tlie  o'dema  and  relaxation 
of  the  soft  palate  and  uvula.  For  insufflation  in  chronic 
rhinitis  or  laryn.iritis.  a  ten  to  twenty  per  cent,  smdf  with 
camphor  and  stjirch  may  be  used. 

Ill  gonorrhiea  a  solution  of  from  one  half  to  four  per- 
cent, strength  may  he  injected  into  the  urethra,  after  the 
acute  syni|itoms  have  subsided.  Alunmol  has  been 
suggestcil  asan  inti'stinal  astringent,  but  data  concerning 
its  internal  use  are  wantin.?.  U'.  .1.  ISnKltilo. 

ALVELOS. — The  milky,  resinous  juice  of  K)i iihurhia 
Ii, l(iiiili).rii  iliiller.  It  is  indigenous  to  Brazil  and  be- 
longs to  the  order  Kuiihiniiini-io-.  which  comprises  a  very 
lar,ire  number  of  plants,  all  more  or  less  acrid  and  poison- 
ous, and  coutiiining  oily  or  resinous  juices.  Croton  oil. 
curcas,  and  caoutchouc  arc  obtained  from  luembers  of 
this  order. 

Alvelos,  oralveloz.  obtained  by  expression,  is  yellow- 
ish white,  of  syrupy  consistence,  resembling  vaseline,  in- 
sohdile  in  water  and  alcohol,  soluble  in  ether,  miscible 
w  ith  fixed  oils.  It  may  he  preserved  with  salicylic  acid, 
or  the  resin  may  he  obtained  by  precipitating  with  water. 

It  po.ssesses  escharolic  properties,  and  exerts  a  solvent 
action  on  organic  tissues.  It  cond)ines  the  effects  of  a 
(  austic  with  thedigesliveaction  of  paiiaine.  It  is  recom- 
mended for  the  treatnienl  of  syphilitic  and  cancerous 
giowths.  After  the  part  has  been  washed  with  carbolic 
.icid  or  other  antiseptic  solution,  it  is  to  be  jiainted  with 
the  drug  once  a  day.  The  o]H'ration  is  repeated  until  the 
disease  is  removed.  It  is  said  tiiat  the  purify  of  the  drug 
may  he  known  by  its  imparting  a  jironounceil  color  and 
odor  to  the  urine.  This  effect,  which  is  due  to  the  ab- 
sorption of  the  drug,  must  lie  watched  for  during  its  use, 
as  when  jirolonged  it  exerts  a  decided  irritant  action  on 
the  renal  tissue.  I'lnntiiiiiiil  Smidl. 

AMARYLLIDACE/E.  —  (The  Amaryllis  family.)  A 
family  of  some  si'venty  genera,  growing  chiefly  in 
tropical  or  warm  countries,  and  very  largely  cultivated 
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for  tloral  decoration.  Many  .spccios,  especially  of  the 
narcissus  arou)).  are  known  to  be  poisonous.  They  are 
almost  unknown  to  niedieal  literature,  but  the  agave  or 
century  plant  is  an  impoitant  source  of  fenncnted  and 
distilled  licpior  in  Mexico.  The  family  may  be  e.\|)ected 
to  yield  important  additions  to  the  materia  niidiea. 

II.  U.  liu-Hby. 

AMBER. — SicciNi'M.  (I'rcparalion:  Oleum  Succini,V. 
S.  P.). 

A  fossil  resin  produced  by  J'/li/iuylmi  xiirriiiifirum  Kr. 
{Picoi  sueci/iifcni  C'ouveutz).  and  other  tertiary  and  Ions 
ago  extinct  Voiiifenv.  The  range  of  these  trees  must 
liave  been  a  considerable  one,  as  amber  has  been  foimd 
in  many  widely  separuteil  places — Siberia,  Alaska. 
Greenland,  JIarylaud.  in  the  United  States,  and  in  nearly 
all  quarters  of  Europe.  But  the  tract  now  covered  by 
the  Baltic  Sea  must  have  produced  these  trees  in  tlie 
greatest  abundance,  for  from  its  southern  bordeis  nearly 
all  the  amber  of  commerce  is,  and  for  many  centuries  has 
been,  obtained.  The  west  coast  of  Denmark,  and  nearly 
the  whole  north  coast  of  Prussia  is  included  in  this 
amberiferous  region.  It  is  continually  found  cast  upon 
the  shores  by  the  waves,  especially  after  heavy  storms, 
either  loose  or  entangled  in  the  "  roots  "  oifnci  and  other 
marine  alga?;  it  is  also  fished  up  from  the  bottom;  and 
finally,  large  quantities  are  dug  out  of  a  stratum  of 
glauconitic  sand,  "blue  earth,"  underlying  layers  of 
peat  and  marl,  and  extending  often  far  jjeneath  the 
bed  of  the  sea.  It  is  assorted  into  niunerous  grades, 
according  to  its  purity  and  size.  The  finest  pieces  arc 
cut  and  polished  for  articles  of  ornament,  the  small 
and  unsightly  ones,  with  the  chips  and  cuttings,  are 
made  into  varnishes  and  various  compositions,  or  dis- 
tilled for  the  oil. 

Amber  is  found  in  hard,  brittle  tears  and  lumps  of 
more  or  less  rounded  but  often  irregular  shape.  They 
are  usually  small,  rarely  exceed  a  few  grams  in  weight, 
and  vary  very  much  in  clearness  and  transparency. 
They  often  contain  coarse  inqnirities,  vegetable  re- 
mains, and  diit.  Occasionally  entire  insects  are  beauti- 
fully jireserved  in  them.  The  ('olor  of  amber  is  gener- 
ally yellow  or  brt)wiiish,  but  varies  from  almost  white 
to"  nearly  black;  it  is  rarely  greenish.  The  external 
or  natural  surface  is  usually  rough  or  irregular,  the 
interior  often  beautifully  transparent.  It  is  harder 
than  most  resins,  has  no  odor  or  taste,  bi'eak  with  a 
conchoidal  fracture,  and  is  cajiable  of  receiving  a  high 
polish. 

It  is  insoluble  in  water  and  cold  alcohol,  but  maybe 
dissolved  in  boiling  alcohol,  benzol,  etc.  It  softens  at  a 
moderately  high  temperature,  but  does  not  melt  vuitil 
29"  C,  when  it  begins  also  to  decompose.  Composition. 
CoHieO.  and  hydrocarbons. 

The  use  of  amber  itself  in  medicine  is  long  past.  It  is 
sometimes  an  ingredient  of  fumigating  jiowders  or  pas- 
tilles; dircctiinis  al.so  for  making  an  ethereal  tincture  are 
in  pharmaceutical  works.  The  oil  of  amber  (0/(  init  »V('- 
ritii,  U.  S.  P.)  is  an  empyreimiatic  liquid,  obtained  by 
dry  distillation  and  ]iurified  by  distillation  from  water. 
The  crude  oil  is  a  mixture  of  hydrocarbons  and  acids;  a 
thick,  dark-red,  oflFensive-smelling  liquid.  The  redistilled 
is  pale  or  white,  "a  colorless  or  ])ale  yellow,  thin  liquid, 
becoming  darker  and  thicker  by  age  and  exposure  to  air; 
having  an  enqiyreiunatir  balsaniii'  odor,  a  warm,  acrid 
taste,  and  a  neutral  or  faintly  acid  reaction.  Specific 
gravity  about  0.930.  It  is  readily  soluble  in  alc(Oiol," 
etc.  (U.S.  P.).  It  is  extensively  adidterated.  Internally 
used — dour.  2  to  .'5  dgm.  (0.3  to  0.5  gm.  =:  ^^.  iij.  ad  vii  j.  = 
gtt.  !)  to  I.')) — it  is  said  to  be  stinudant  and  antispasmodic. 
Externally  it  is  rubefacient,  and  is  oe<-asionally  used  as 
an  ingredient  of  liniments.  The  residual  )utcb,  "amber 
resin,"  left  after  the  distillation  of  tlie  oil,  is  dissolved  to 
make  a  slowly  drying,  but  very  hard  and  dundile  var- 
nish. Succinic  acid  is  also  one  of  the  proiUuts  of  the 
disintegration  of  amber. 

Allied  Pl.-\nts. — For  other  CiDiifirfrM't'  'I'lirpt iitine. 

Allied  Drugs. — Oil  of  tar  is  chemicallv  and  thera- 


peutically analogous  to  oil  of  amber.     Coi)al,  kauri,  and 
other  fossil  resins  are  strictly  analogous  products. 

\V.  P.  Bolks. 

AMBERGRIS.  — (.Iwire  grh,  Codex  Jled. ;  Aiiihi-it 
r/iitiai,  i.t.,  gray  amber.)  A  peculiar  fatty  inateilal. 
found  in  lumps,  generally  on  the  surface  of  tropical  seas; 
occasionally  in  the  intestines  of  the  spermwhale.  I'hj/ntter 
macrocc]ihahis  Shaw,  where  it  is  sujiposed  to  be  a  patho- 
logical formati(.>n.  The  balls  are  (jften  of  concentric 
structure,  and  in  aiipearance  and  position  are  analogous 
to  concretions  found  in  other  animals.  Pieces  varv  in 
size  from  small  fragments  to  great  ma-sses  of  .50  kVm. 
(100  lbs.)  or  more,  "it  is  a  waxy,  tii.stele.ss  snb.stiince. 
crumbling,  but  also  softening  in  the  hand,  having  about 
the  consistency  of  some  gall  stones,  its  color  usually 
grayish  or  brownish,  streaked  or  spotted  with  white. 
Odor  slight,  peculiar,  not  nauseous.  At  the  temperature 
of  boiling  water  it  melts,  and  at  a  higher  one  is  dis- 
sipated, leaving  but  little  residue.  Soluble  in  alcoliol. 
ether,  fixed  and  essential  oils,  etc. 

Ambergris  consists  to  the  extent  of  about  cightv-tive 
per  cent,  of  a  peculiar  non-siiponifiable.  crystallizable 
fat,  iniihrdn,  besides  small  amounts  of  extractive,  ben- 
zoic acid,  etc. 

Ambergris  has  been  used  as  an  antispasmodic  of  the 
musk  type,  but  is  probably  weaker  than  that.  Its 
medical  use  is  nowadays  not  worth  serious  thought.  '  In 
Ijcrfumery,  like  musk,  it  has  the  property  ofliolding 
and  developing  the  vegetable  odors. 

The  dose  may  be  accepted  as  from  0.35  to  1  gm.  (=  gr. 
iv.  ad  xvi.V     A  tincture  would  be  a  suitable  form. 

W.  P.  BuIUk. 

AMBLER  SPRINGS.— (Formerly  Griffin's  Springs.) 
Pickens  Coiuity.  South  Carolina. 

Post-Office. — Pickens  Coui't  House.     Hotel. 

These  .springs  aie  two  in  number,  and  are  located 
seven  miles  from  Pickens  Court  House,  at  a  level  of 
2,000  feet  above  the  sea.  They  are  used  to  some  ex- 
tent as  a  resort,  and  the  water  is  bottled  and  sold. 
The  Ambler  House  is  one  mile  from  the  springs.  It  is 
ke])t  open  for  the  reception  of  guests  during  the  sum- 
mer months.  The  water  was  analyzed  in  1895  by  M.  B. 
Hardin,  chief  chemist  of  the  Clenison  Agricultural  Col- 
lege, as  follows: 

OxE  United  States  Gallon  C'oxtaixs  : 

Solids.  Grains. 

Sodium  carbonate O.HO 

Calcium  carbonate 2.1.5 

Mafrncsunu  cai'bonate 0.65 

Potassium  Miiptiate 0.51 

Sodium  sulpliale 0.18 

Sodium  chloride 0.S7 

Iron  sesquioxide  and  alumina 0.02 

Silica 1.78 

Total 6.46 

This  water  is  of  the  light  alkaliuc-cAlcic  clas.s.  It  is 
not  lieavily  minenilized.  but  nevertheless  it  has  been  used 
with  much  apparent  advanUige  in  d.yspepsia,  and  in  skin 
disorders  of  the  eczeniatous  variety.  J.  K.  Crook. 

AMBULANCES.  CIVIL.— An  ambulance  is  a  vehicle 
specially  designeil  for  the  transportation  of  sick  or 
woiuuled.  It  owes  its  origin  and  general  characteristics 
to  the  needs  of  civilized  warfare.  The  gi'owth  of  hu- 
mane practices  in  the  wars  of  the  eighteenth  century 
produced  an  increasing  demand  for  some  method  of 
carrying  wounded  both  effective  and  merciful,  and  the 
French  wai"s  following  the  Revolution  of  ITJ^O  broiigbt 
the  ambulance  service  along  with  all  their  other  military 
innovations. 

An  organized  system  for  the  transportation  of  wounded 
was  first  introduced  by  Baron  Larrey.  the  French  mili- 
tary surgeon,  in  the  .\rmy  of  the  Rhine  in  1792.  Only 
sli.ght  improvement  upon  his  system  was  made  dui-ing 
the  wars  of  the  first  half  of  the  nineteenth  e(>ntuin  .  and 
it  was  not  until  the  latter  part  of  the  Civil  War  that  the 
ambulance  obtained  proper  recognition  and  development 
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in  the  introrluction  of  a  unifdnii  system  by  act  of  Con- 
gross  iu  March.  lS(i  I. 

The  nccfl  for  ci\il  aniliulaiii  is,  tlioii^'h  iiic?casirii;ly 
felt,  was,  of  course,  in  these  earlier  days  less  urifenl.  but, 
shortly  after  the  close  of  the  war  a  nioilitieil  sysletn 
adapted  for  use  in  cities  was  reeoiriii/.ed  to  he  an  imiior- 
tant  ri'i|iiireni''iit  of  a  well oriiani/ed  lios|iital  systi-ni ;  its 
adoption  was  re|)eatedly  discussed  in  several  (jf  the  hos- 
pitals of  Xcw  York.  City,  and  in  Deceinber,  IS(ii).  the 
first  service  was  established  ]>y  the  Coinmissioners  of 
Charities  and  Corrections  in  Rellevue  Hosjiital.  Tbouiih 
crude  and  limited  at  tirst.  the  F5ellevueserviec>  was  rapidly 
ini)>rovedaiid  e.xtenilcd.  anil  was  soon  copii'd  by  the  other 
hospitals  of  Xew  York. 

Important  moditications   in   tlie  army    typ<'   were,   of 
cour.se.  required  in  the  adapUitioii  of  the  ambulance  to 


introduced  as  fast  as  means  permitted  or  the  conditions 
of  each  case  required.  The  Xew  York  system  was,  of 
course,  the  most  extensive  and  elaborate.  In  .some  of 
the  smaller  cities,  such  for  itistaiice  as  Xcw  Haven,  where 
the  number  of  hospitals  is  small,  anibidancesare  few  and 
are  tised  chielly  for  sick  cases;  their  emi'ri;ency  use  is 
restricted  to  a  small  area  surroundinif  the  hospital.  .\c- 
ci<lent  cases  in  other  ]iarts  of  the  city  are  attended  to  by 
the  police  patrol,  which  still  iierforms  in  a  rudimc'ntary 
way  the  functions  of  an  ambulatice  service  proper.  It 
is  not  so  easy  to  uiKh'fstand  why  this  use  of  patrols 
should  survive  in  lar.ite  cities,  sucii  as  Philadelphia  and 
Cincinnati,  where  it  still  contimies.  althoU!i:h  tliere  are 
unquestionably  abuses  of  the  amb\ilance  system  iliere- 
aft<'r  touched  uiioni  which  are  avoided  when  the  duty  is 
performed  by  tile  police.     The  Kew  Y'ork  service  is  the 


Fig.  91.— Horse  .\mtMilance. 


civil  hospital  work.  The  necessary  clianL'cs  were  ap- 
parent and  were  (juiekly  made;  thecivil  could  be  lighter, 
and  therefore  faster,  than  the  army  vehi<'le  onaceoiuitof 
bitter  thin-oiiu'h fares;  it  would  not  be  required  to  carry 
so  many  pieople.  Imt  for  use  in  narrow  and  crowded 
streets  it  nuist  be  able  to  turn  in  the  arc  of  a  small 
circle,  ."^inee  the  dilTerentiation  in  the  types  of  the  two 
wa.sons  in  the  more  fnnilameiitid  ]]articulars  referred  to. 
the  evolution  of  the  civil  atubulance  has  been  alonn'  lines 
chietiy  of  mechanical  construction,  which  do  not  rei|nire 
ourattc'ntion  here.  The  oidy  radical  improvement  made 
in  the  last  fifteen  years  has  been  in  tli(!  introduction 
of  rublier  tires,  and  ambulances  wherever  established 
arc  now  practically  similar  in  point  of  const  ruction  and 
arranjiiement ;  nor  is  it  likely  that  further  ehanires  will 
be  made  except  those  commrm  to  every  kind  of  li;;bl 
transportin.ir  vehicle,  such  as  the  recent  ailo|ition  of  rub 
ber  tires  and  the  ]iendin,y  ehanires  of  mechanical  lor 
horse  jiower. 

The  advanta_ir<'s  of  an  ambulance  .system  commended 
themselves  to  the  hospital  authorities  of  every  city   of 
conseiiueiice  in  the  United  (stales,  and  ambulances  were 
Vol..   I.  — 14 


most  elaborate  and  liitcrprisinsr  and  will  probably  remain 
as  the  standard  for  this  country. 

The  ca.scrness  of  foreiyn  medii  al  autlioriti<'S  to  aece]it 
American  iimovations  elVeetin<r  inqiroM-d  conditions  of 
service,  especially  of  a  mechanical  chanieter.  has  never 
been  marked,  and.  in  the  ease  of  the  ambulanci'  system, 
aminuds  almost  to  disinclination.  For  one  thinir.  the 
foreiii-ner  does  not  fei'l  the  constantly  expressed  desire  of 
the  American  for  rapidity  of  transit  of  all  kinds.  The 
hurry  call  for  tire  and  for  accident  relief  does  not  .seem  to 
him  so  nr.ixent.  and  the  aml)ulance  is  not  to  be  found  in 
his  medical  tnnlitions.  On  the  Continent  ambnianecs  are 
so  rare  as  almost  to  be  non-existent,  and  litters,  delivery 
waj^ons  re(|nisitioned  for  the  exii;ency,  and  jioliee  patrols 
are  commoiny  ii.sed.  Xo  ambulance  system  wijrthy  of 
the  name  can  be  found.  In  London  it  is  to  be  expected 
that  they  arc  somewhat  more  commoidy  u.sed  than  on 
the  Continent,  though  the  service  seems  in  a  crnile  state 
of  development.  The  ambulances  are  few  and  far 
apart,  and.  therefore,  totiilly  inade(|nate  to  the  needs 
of  the  service.  Heliance  is  still  placeil.  to  a  larjre  ex- 
tent, especially  in    the   matter   of  accident   calls,  upon 
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those  expedieuts  wliic-li  )iave  been  in  use  from  time 
iinniiMnnrial. 

The  type  of  ambuliince  in  active  operation  ovory- 
wbero  is  at  present  tlw  liorse  iiniliuliince.  liieyele  ani- 
biilnnees  luive  lieeii  tried,  but  willi  Hi  tlesneeess.  It  can- 
not be  (|neslioiie(l.  liowever,  that  before  Uinii  automobile 
ambulances  -will  to  a  great  extent  supersede  all  other 
kiiid.s.  The  rapid  introduction  of  electric  delivery 
■wagons,  trucks,  and  cabs  is  an  indication  of  what  may 
shortly  lie  expected  in  aniluilances,  and  there  are  at  pres- 
ent in  juocess  of  construction  several  witli  electric  mo- 
tive iiower. 

All  liorse  ambulances  are  so  nearly  alike  that  one  gen- 
eral description  will  cover  all  theirsalieiit  features.  The 
enclosed  bo<ly  of  t  he  vehicle  is  from  eight  to  nine  feet  long 
and  from  three  to  three  and  one  lialf-feet  wide.  As  light- 
ness is  an  important  element,  it  is  Iniilt  of  as  liglit  ma- 
terial as  is  compatible  with  thorough  strengtli .  The  roof 
is  supi)orled  l>y  uprights,  a  liood  projecting  over  the 
driver's  seat,  and  only  a  short  distjince  is  boarded  in  on 
the  sides,  the  front  and  rear  being  open.  In  cold  or 
stormy  weather  all  but  the  rear  can  lie  closed  in  by 
leather  or  rubber  curtains.  The  patient  lies  on  a  mov- 
able bed  covered  with  ieatlier,  and  this  rmis  on  a  track, 
and  is  so  lield  by  inverted  clamjis  that  it  will  still  remain 
horizontal  when  drawn  otit  to  its  full  length.  A 
stretcher  li<;'S  on  this  lied.  The  surgeon  sits  at  the  rear 
on  a  trans\crse  seat,  just  over  the  tail-piece,  so  arranged 
tiiat  it  can  lie  raised  ]ier]ienilicularly  and  clasped  out  of 
the  way  wlien  the  tail-piece  is  let  down  for  the  entrance 
or  exit  of  the  patient.  A  step  behindassists  tlie  surgeon 
to  his  seat,  and  there  are  straps  to  which  he  may  bold. 
Under  the  driver's  seat,  in  front,  is  room  for  splints  and 
other  appliances,  and  the  longer  splints  are  suspended 
by  strajis  from  the  roof.  A  lantern  is  clamped  inside. 
and  two  red   litrhts  on  the  side  indicate  to  otlier  drivers 


the  ambulance's  right  of  way.  The  fore  wheels  can  be 
cramjied  luider  the  foi'e  jiart  of  the  vehicle,  which  can 
thus  turn  in  the  shortest  possible  space.  Usually  drawn 
by  one  horse,  it  may  of  course  be  changed  to  a  double 
rig  whenever  circumstances  or  the  conditions  of  the 
streets  reqidre.  The  average  wei.ght  of  such  a  vehicle  is 
from  twelve  hundred  to  fourteen  hundred  povmds.  The 
wheelsare  made  with  solid  rubber  tires,  which  are  assiitis- 
factory  and  far  more  durable  than  the  pneumatic  tires 
that  were  in  vogue  for  a  short  time.  A  large  foot  gong  in 
front  of  the  dashboard,  or  under  it,  can  be  operated  by  the 
driver. 

The  most  satisfactory  situation  for  the  stable  is  within 
the  limits  of  the  hos|)ital,  but  in  a  se]iarate  building. 
I!y  this  adjustment  the  inevitable  noi.se  and  odor  are 
minimized,  and  the  ambulance  is  still  within  close  call. 
The  interior  arrangement  of  the  stable  need  not  differ 
from  that  of  any  private  one.  There  should  be  one  more 
horse  than  the  number  of  ambulances  in  service,  in  case 
of  accident  or  disease  and  to  meet  any  emergency.  One 
stall  is  kept  for  the  horse  on  call,  where  he  stands  with 
his  bridle  in  place,  only  the  bit  requiring  to  be  inserted. 
The  harness  is  patterned  after  that  used  by  tire  depart- 
ments, and  hangs  suspended  over  the  shafts  read.v  to  be 
lowered ;  then  the  collar  is  clasped,  one  or  two  straps  are 
liuckled,  and  in  a  moment  or  two  the  trained  horse  is 
imder  way.  Calls  are  sent  to  the  stable  from  the  office 
by  telephone  or  gong.  There  must  be  fine  more  ambu- 
lance than  the  number  running,  in  order  that  repairs  re- 
(|uired  by  accidents  and  wear  and  tear  may  be  made 
withouta  disabling  of  the  service.  So,  also,  an  extra  man 
is  needed  to  take  care  of  the  stable,  horses,  and  ambu- 
lances, and  to  act  as  a  relief  driver  and  stable  watchman. 
His  extra  time  may  be  employed  in  the  doing  of  other 
necessary  work  around  the  institution. 

A  conventional  assortment  of  medical  and  surgical  in- 
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struiiK'nts.  appliaiHcs.  aiul  suiiplics  is  always  kept  in 
cafli  ainbulanco,  and  otla-rs  arc  carricil  In-  tin-  surgeon  in 
a  liandsiitcliel.  Anions;  llR'furmoran- llic  lontr  tliii:li  and 
Ijody  splints  that  are  suspended  nndcr  tlie  roof,  and  Hk! 
shorter  splints  that  are  kept  uniler  the  driver's  seat,  to- 
gether vitli  one  or  two  pairs  of  liandcufTs.  In  an  iron 
raek,  in  tlie  enclosed  part,  just  back  of  the  driver's  seat, 
is  kept  au  assortment  of  bandages  and  cotton,  and  in 
other  racks  variously  situated  are  found  stomach  jiump. 
antidotes  for  poisons,  bottles  of  carron  oil,  elc.  In  the 
.satchel  the  surgeon  carries  sterilized  dressings  and  band- 
ages, th<' ordinary  instruments  of  a  jiocket  surgical  set, 
cathctc'i's,  liypoderniie  syringes  and  needles,  cardiac 
stimulants,  tourni(|Uets,  andchlorofoini.  'I'liis  enumera- 
tion inchides  the  sUuidard  articles  <'arried.  .-md  hosjiitals 
differ  as  to  the  selection  only  in  minor  details. 

The  cost  of  a  horsi^  jimbulanee  complete  with  rublier 
tires,  etc,  varies  between  S.'mO  and  87(10.  'I'he  cost  of 
equipping  an  entire  service  must  include  the  stable  with 
its  furnishings,  liorses,  the  ambulances  and  harness,  and 
demands  a  large  initial  outlay.  The  e.\pense  of  mainli  - 
nance,  however,  is  less  than  would  appear  at  lirst  glance, 
and  becoini^s  proportionately  cheaper  as  the  numlicr  of 
ambulances  is  increas<'il.  Items  to  be  considered  are: 
Uuiuung  repairs  on  ambulances  (annually  about  S-Xt  to 
$100  each),  feed  and  shoeing  of  horses,  wages  of  men 
and  their  lioar<i  and  incidentals,  cost  of  medical  and  sur- 
gical eiiuipment,  etc.  In  New  York  fheannual  exiiense. 
computed  from  tlu;  tigures  of  a  number  of  dilferi'iit 
hospitals,  of  numing  an  ambulance  service  on  the  busis 
of  two  ambulances  constantly  in  use  and  one  for  e.xlreme 
emergencies,  is  between  S'-MOO  and  .?2,NO0.  In  other 
localities  the  cost  varies  with  price  of  feeil  and  of  wages. 

The  first  autoinobih'  ambidance  has  very  recently  been 
put  in  operation  at  St.  Vincent's  Hospital  in  .New  "^'ork 
City.  Although  the  lirst  of  its  kind,  and  therefore  un- 
doubtedly to  be  modifieil  in  llie  future,  it  shows  the 
fundamental  changes  from  the  liorse  vehicle.  Weight 
being  liere  not  incompatilile  with  speed,  it  is  a  far  larger, 
heavier,  and  more  elaborate  couvevauee  than  the  horse 


.•imbulan( c.     The  covered  portion  is  ten  feet   nine  inches 
long,  and   four  feet  two  inehi's  wide,  and   the  weight  is 
forty-tive  hundred  pounds.     The  sides  of  the  vehicle  are 
comiilet<'ly  covered  witli  hardwood,  except  for  t«o  slid- 
ing glass  windows  at  the  rear  on  cither  side.     The  front 
of  the  body  is  protected   Iiy  glass  windows  that   can   be 
rai.sed  or  lowered  at  jileasure,  and   the  rear  is  closi'd  liy 
two  glass  doors  that  <-an  be  readily  removed  if  desired. 
The  surgeon's  .seat  at  the  rear  is  so  arranged  as  to  let 
down  with  the  tail-iiiece.     The  interior  is  similar  to  that 
ofnliorseiimbulan.ee,  but  is  large,  and  on    the  bed  two 
patients  can  comfortably  lie  side  by  side.     Two  electric 
lights  are  on  the  sides,  and  a  glotie  light  hung  from  the  roof 
illuminates  the  interior.     The  wheelsare  shod  with  three 
ini'b    solid    rubber   tires.     The   motive    power,  which  is 
electricity,  is  furnished  by  a  chloride  liatti'iy  of  fortx  - 
four  cells,  each  cell  having  a  cajiaeity  of  two"and  thrc'e- 
teiiths  volts.     There  are  two  Westinghou.se  motors  that 
can  generate  for  exceptional  circumstances  eight  horse 
liower,  but  usually  run  four-lior.se  power.     This  ambu- 
lance can  run  fourteen  miles  per  hour  for  twenty -tive 
miles  without,  recharging,  at  an  estimate<I  cost  of  two 
(M'uts   ])er  mile.     'I'o  recharge   the   batteries  takes  from 
I  wo  and  a  half  to  three  hours.     The  volt-ampere  register, 
th<'  controller,  and  the  steering  gear  in  front  can  readily 
be  operated   by  the  driver.     As  with  other  automobile 
veliicles.  it  has  a  pivoted  steering  gear,  there   being  no 
liftli   wheel;  it  rei(iures.    therefore,   slightly   mote  room 
in  which  to  turn   than  the  horse  ambulance.      'I'hc  bat- 
teri<'S  are  ])laced   under  the  body  of  the  vehicle  lo  ullow 
of  more  room  within.     The  cost  of  this  aiubulance  wjis 
.s:'.,0()(),  and   the  repairs  are  estimated  at  soniethijig  less 
than  S.")0()  a  year;  this  relatively  large  amount   behig 
ne<-essiiiT  to  renew  the  plates  (SI.^0  to  .^'-'OO),  and  to  jiro- 
vide  new   tires  (>fii)())  re(|Uired  by  the  great  weight  of 
the  ambulanee      Estini.ales  ;.s  low  as  .?'-'. :'U0  Iiave  been 
made   on  automobile  amliulances,  but   they  do  not  con- 
template  such  a  thoroughly  equipped   vehicle.       This 
ambulanee  runs  with  remarkably   little  noise  and  with 
very  slight  inolion  over  rough  pavements,  and  can  be 
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easily  ooiitrolU'd.  The  advantages  of  sueli  a  vehicle 
over  a  horse  aiiibulaiice  are  dbvious.  It  does  not  take 
>ip  so  niucli  stiilile  room,  it  does  away  with  llie  noise  and 
odors  of  a  stable,  it  is  always  leady  when  eliarjred.  and 
no  liarnessinjr  is  necessary,  and  it  is  less  expensive  when 
in  actual  operation.  Its  disa(lvanta.n<'sare  its  great  price 
aiul  lari^c  cost  for  repairs,  that  it  needs  more  skilled  and 
therefore  more  expensive  labor  to  take  care  of  and  run  it. 
that  its  ])osition  at  present  is  rather  uncertain  owing  to 
the  rapid  im])rovement  in  these  vehicles,  and  that  on 
sliiipery  iiavements  and  in  deep  snow  it  is  unreliable. 
Thougii  at  present  no  institution  would  attempt  to  run 
aiitomobile  ambulances  exclusively,  it  is  highly  probable 
that  in  a  short  time  they  alone  will  be  irsed. 

In  New  York  City  the  hospitals  maintaining  a  regular 
ambulance  ser\-ice  are  the  following,  the  figures  indi- 
cating the  number  of  ambulances  regularly  in  ser- 
vice iu  each  case:  Hudson  Street.  2;  Goiiverncur,  3 
or  4;  New  York,  2:  Flower,  3;  Presbvterian,  2;  J. 
Hood  Wright,  2;  St.  Vincent's.  2;  Bellevue.  4;  Roose- 
velt. 2;  Harlem,  2;  Fordham,  2.  (Each  of  the  hospitals 
named  has  one  or  more  ambulances  reser\cd  for  enu'r- 
gency  use.) 

Before  the  general  introduction  of  telephones,  calls 
were  usually  scut  to  hospitals  by  the  ringing  of  a  goug, 
as  is  now  done  by  the  Fire  Department.  It  was  also 
customary  atone  time  for  an  ambidance  to  go  to  every 
fire  call.  Since  telei.ihones  have  become  so  universal 
they  alone  are  generally  used.  The  ambulance  work  is 
under  the  supervision  of  the  Police  I)e]iartment.  and 
every  call  is  theoretically  su)ipo.sed  to  be  sent  by  an  offi- 
cer. Practically,  however,  every  reasonalile  call  sent  by 
a  civilian  is  answered.  The  Fire  Dejiartraent  becomes 
an  element  in  calling  ambidances  only  when  there  is  a 
large  (ire  with  much  loss  of  life.  In  such  case,  following 
the  alarm  of  fire  which  is  rung  in  almost  all  hospitals 
having  an  ambulance  service,  a  call  of  three  fours  is 
rung  to  summon  all  available  ambulances  in  the  city; 
immediate  response  is  made  to  the  call. 

Cities  differ  considerably  in  the  way  in  which  their 
accident  service  is  done.  Sick  cases  are  everywhere 
handled  in  much  the  same  way;  patients  who  are  too  ill 
or  too  ]ioor  to  be  taken  iu  carriages  are  conveyed  l)y 
ambvdauces.  The  accident  work  in  certain  citiesis  done 
entirely  by  jiolice  patrols.  This  system  has  some  jiecul- 
iar  advantages;  it  is  not  imposed  on  ignorantly  by  civil- 
ians, or  wilfull3'  abused  by  the  police  themselves;  slight 
scalp  wounds leceived  by  "  tlrunk  and  disorderly  ''  unfor 
tuuates  do  not  so  often  occupy  the  time  of  a  hospital  staff, 
and  cases  of  jiretendi-d  illness  are  more  carefully  investi- 
gated, to  the  relief  of  the  temper  of  the  hospital  authori- 
ties, while  calls  in  outljing  sections  far  from  a  hospital 
can  lie  answered  more  readily  and  ]iromptly.  On  the 
other  hand,  the  patients  are  not  handled  so  carefully  or 
so  skilfully,  and  ignorance  does  in  exceptional  cases  "pro- 
duce very  serious  conseiiuences.  On  the  balance  of  ad- 
vantage, the  individual  benefits  by  the  hospital  service; 
the  police  system  is  iuuloubte<lly  more  econ(nnieal.  In 
some  cities  public  hospitals  do  all  tlie  accident  work,  the 
private  hospitals  only  running  amliulances  for  sick  cases. 
Sometimes  there  arc  ambulance  stables  distributed  about 
the  city  withovit  trained  surgical  attendants;  these  carry 
patients  directly  to  the  nearest  iniblic  liospital;  in  other 
cases  all  calls  are  sent  in  to  the  hospital.  The  value 
of  prompt  transportation  with(Uit  skilfvil  as.sistance  on 
the  one  hand  offsets  the  intelligent  skill  coupled  with 
delay  on  the  other. 

The  most  perfect  but  most  cxtrava.gant  method  is  the 
establishment  of  an  ambulance  .service  in  i)rivate  as  well 
as  in  imblic  hosjiitals.  and  the  assignment  to  each  hos- 
pital of  a  limited  area,  so  that  all  parts  of  a  city  can  be 
raiiidly  covered  by  intelligent  Avorkeis.  This  entails 
nuK-h  expense  on  i>rivate  institutions,  even  if  laboring 
under  financial  difficulties,  but  is  another  rclinenaait  in 
the  method  in  which  miuiy  of  lair  cities  look  after  the 
welfare  of  their  inhabitants.  This  is  the  case  in  the  <'ity 
of  New  Y'ork.  where  the  Board  of  Charities  divides  the 
city  into  districts  and  allots  to  each  district  a  certain 


number  of  police  prisons.  The  districts  are  so  divided 
as  each  to  contain  a  hos|>ital  maintaining  an  ambulance 
service,  and  the  jurisdicticai  of  each  hospital  within  the 
limits  of  its  own  district  is  complete. 

In  all  cities  cases  of  contagious  disease  are  transferred 
to  reception  and  contagious  hospibds;  this  is  generally 
done  by  sjiecial  vehicles,  old  city  ambulances  altered  into 
closed  vehicles.  There  are  iu  many  of  the  cities  ambu- 
lances operated  by  private  individuals  for  the  purpose 
of  transferring  patients  in  as  inconspicu(ais  a  way  as 
possible;  these  arc  bvult  to  represent  an  ordinary  vehicle 
externally,  with  a  stretcher  arrangement  within  like  that 
of  the  ordinary  ambidances.  The  \'ariefies  arc  numerous, 
and  that  one  is  best  which  least  attracts  attention. 

That  ambulance  services  are  imposed  ujion  there  can 
be  no  doubt;  unfortunately  there  seems  to  be  no  remedy 
for  the  evil.  The  imposition  is  sometimes  effected 
through  ignorance,  sometimes  through  design.  The 
convenient  and  efficient  practice  of  calling  ambulances 
by  telephone  increases  the  opportunity  for  mischief. 
To  the  hysterical  layman  every  attack  of  syncope  means 
apoplexy,  and  every  abrasion  of  the  scalp  a  fractured 
skull.  When  these  or  kindred  thiu.gscome  to  his  atten- 
tion, he  immediately  sends  in  a  "hurry  call"  by  the  near- 
est telephone,  often  without  the  knowli'dgc  or  desire  of 
the  patient ;  when  it  is  answered  with  all  possible  speed, 
the  surgeon  finds  that  the  patient  has  gone  home  or  re- 
fuses treatment.'  By  andaulances,  alsfi.  ready  means  is 
afforded  to  the  policeman  to  (lis|)ose  of  his  olistrepenuis 
and  slightly  battered  alcoholic  charges,  and  when  no  evi- 
dence of  injury  is  aiiparent  the  suigeon  is  solemnly  told 
that  the  jjatient  was  comatose  when  the  call  was"  .sent. 
A  hospital  that  does  not  leave  anything  to  the  discretion 
of  the  surgeon,  but  insists  on  all  cases  bcin,g  brought 
iu  unh'ss  refused,  of  course  suffers  most  in  this  way. 
No  remedy  that  will  throw  out  all  improper  calls  end 
answer  all  the  worthy  ones  can  be  devised,  and,  as  iu 
the  fire  service,  much  time  and  money  are  sacrificed  in 
order  that  no  single  case  requiring  attention  shall  be  neg- 
lected. 

The  position  of  ambulance  surgeon  is  usually  filled  by 
iuterues  or  by  physicians  specially  ajipointed  for  the 
purpose,  or  by  students  neariug  the  completion  of  their 
medical  school  course.  There  can  be  no  doubt  of  the  in- 
advisability  of  allowing  medical  students  to  occupy  so 
important  a  iiosition.  >Iost  cases  require  simple  treat- 
ment, but  exceptional  circumstances  arise,  and  one  un- 
trained to  meet  them  is  little  better  than  a  layman. 
Such  training  as  a  service  I'cquires  can  be  readily  and 
thoroughly  acquired  in  an  emergency  ward,  under  com- 
petent supervision,  and  as  either  of  the  first  two  methods 
brings  e\ery  benefit  to  the  patient,  the  choice  must  fall 
upon  the  one  which  better  meets  the  requirements  of  the 
service  without  aft'ecting  the  administration  of  the  hos- 
pital as  a  whole  A  very  active  ambulance  service  is  too 
nuK'b  of  a  drain  upon  the  strength  of  a  man  bu.sy  with 
additional  work ;  on  the  other  hand,  such  a  .service  is  but 
a  sli.ght  inducement  to  a  capable  man,  unless,  as  is  seldom 
the  case,  it  offeis  chance  of  future  advancement.  The 
q\ieslion  is  open,  and  is  decided  in  each  case  by  existing 
conditions. 

The  following  statistics  may  be  of  interest  as  showing 
the  development  of  the  ambidance  system  in  some  of  the 
leading  hospitals  of  New  Y'ork  City; 
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A  nihil  In  IKTH, 
.\  liiriiorrliu>a 


AMENORRHCEA. — Disrc^'arilinirrctiuonientsof  iiomcn- 
clatuii-.  uc  may  dcfiiic  amciiorrlKra  as  a  suspciisiDii  or 
cessation  of  the  iiu-iislnial  fuiictum  in  a  woman  wlio  is 
not,  ijrcjfnaiit  and  wlio  lias  not  readied  the  "clianire  of 
life."  or  tile  period  at  wliieh  nienstniatiou  naturally 
ceases.  The  term  shonld  not  be  employed  to  include 
cases  in  which  menstrual  blood  really  e.\udes  from  the 
uterine  mucous  inenibnine  (or  from  that  of  the  oviducts. 
If  we  accept  the  doctrine  that  the  Fallopian  tubes  take 
pai't  in  the  function),  but  is  prevented  from  making  its 
ippearance  externally  by  some  malformatiori.  such  as  au 
inipeiforate  hymen.  It  should  be  borne  in  mind  that 
amcnorrhcea  is  not  in  itself  a  disease,  but  simply  a  re- 
sult of  .somi'  niorbiil  condition  atTectini;  either  the  system 
at  larire  or  .some  ])art  of  the  irenital  ap|iar;itus. 

C.MsKs. — There  is  scarcely  any  (lerani;enient  of  the 
ileneral  health,  csjiecially  if  of  a  serious  nature  and 
<'lironic  in  its  course,  tliat  is  not  prone  to  jn'ove  at  least 
the  predisposini;'  cause  of  amenorrlKea.  I'sually.  how 
ever,  these  deviations  from  heultli  all'ect  either  tlie  fuue 
tioii  of  ha'inatosis,  the  ireneral  nutrition  of  the  body,  or 
the  normal  acfion  of  the  nervous  system,  and  any  two. 
or  all  three,  of  tliese  disturbances  may  be  comliined. 
^foreover.  it  may  lie  said  that  defective  haMiiatosis  is  it 
self  a  nutritive  disorder.  an<l  that  all  irrejjcularities  of  nu- 
trition may  take  their  orinin  in  impaired  ner\ous  action. 
All  this  is  true,  Init  the  ])ractical  utility  of  these  distinc 
tions  remains.  ne\ crtheless.  Of  the  particular  diseasi's 
that  jiive  rise  to  amenoniin-a.  the  most  noliceable  are 
pulmonary  consumption  and  chlorosis.  In  both  in 
stances,  the  suspension  of  menstruation  seems  to  be  a 
conservative  etlort-oii  the  part  of  nature  to  spare  the 
system  every  unneces.sarv  tax.  and  this  consideration 
alone  ouj;lit  to  be  enough  to  teach  us  that  it  is  not  the 
re-establlshmeut.  of  the  menstrual  flow  that  we  should 
aim  at.  but  rather  the  restoration  of  the  jreneral  health. 

It  has  been  doubted  by  good  observers  wlietliei-  il  is 
pcjssible  for  tt  woman  in  perfect  health  to  sullVi-  from 
ainenorrhiea.  and  there  is  much  to  sustain  this  |)osition  : 
but  it  is  certain,  nevertheless,  that  in  many  cases  the  im 
pairment  of  the  general  health  goes  on  for  a  long  peri<id 
w  ithout  producing anienoriinea.  tuitil.  tinally.  some  addi 
tional  factor  comes  into  play,  and  may  truly  be  looked 
upon  as  the  e.\eiling  cause  of  the  disorder,  .\mong  thi'se 
e.\eitiiig  causes  we  may  reckon  almost  all  jielvic  diseases. 
the  fun<tional  perturbation  couse(|UenI  on  exposure  to 
cold  during  a  menstrual  period,  emotional  shocks,  .-uid 
traumatic  injuries.  It  will  be  seen  that  these  factors 
must  vary  widely  in  their  mode  of  aclion. 

V.MtiKTiKs. — Doubt  has  been  cast  upon  the  doctrine 
that  till'  menstrual  functi(ju  is  dominated  liy  the  ovaries, 
but  il  cannot  be  Siiid  that  the  doctrine  has  been  over 
thrown,  and  we  have,  therefore,  to  distinguish,  for  pur 
jioses  lioth  of  iliaguosis  and  of  prognosis,  belween  amen 
orrlioa  which  is  and  that  which  is  not  due  to  failure  on 
the  ])art  of  tlu-  ovaries.  In  otlier  words.  coiK-eniiiiL'  our  ' 
selves  oidy  with  the  mechanism,  and  leaving  ultimate 
causes  out  of  account  for  the  time  being-,  we  have  to  dis 
tinguish  lietweeii  uterine  and  ovarian  amenorrluea. 
I'ractii-ally.  the  oidy  guide  we  have  to  a  failure  of  that 
ovarian  act  ion  which  shoidd  serve  to  stimulate  the  men- 
strual Mow.  is  the  absence  of  the  menstrual  "molimeu" 
— the  I  iix,  Ill/ill  it(  syinploms  usually  attendant  upon  the 
tlow.  including  a  sense  of  weight  and  pain  in  tlie  pelvis, 
anil  in  some  cases  pain,  ti'iidi'rness.  and  swellirui'  of  the 
lireasts.  with  or  wilhout  the  various  rellex  disturbunees 
that   sonii'times  attend  the  menstrual  effort. 

The  uterine  variety  is  to  be  recogni/ed  by  the  state  of 
the  uterus,  which  will  commonly  be  found  to  lie  one  of 
atrophy  (including  the  so-called  "superinvolutiou  ")  or 
of  impeded  eirculaliori  due  to  the  contraction  of  old  in- 
flammatory exudates. 

1)1  AC  N( ISIS. — .\menorrha>a.  as  it  is  here  defined,  requires 
to  be  disjignosticafed  only  from  retentifin  of  the  menses 
and  from  the  physiological  suspension  due  to  ])regnancv. 
The  diagnosis  will  necessarily  rest  upon  a  physical  exam- 
ination, and  for  the  detjiils  thi^  reader  is  rei'erred  to  the 
articles  on  I'nymiiicy  and  ou  MenM-i,  Rftenmnn  of. 


Pitixixosis. — The  (piestion  of  our  ability  to  restore  the 
menstrual  funelion  is  to  he  answered  w  hiilly  in  tlie  light 
of  the  causes  on  which  its  suspension  is  found  to  depend, 
(i rave  const itutionaldi.seases,  such  as  phthisis  jiu I inonali.s, 
render  the  treatment  in  that  direction  not  very  iiromis- 
ing.  while  the  cure  of  any  less  serious  fnndanientjil  dis- 
order may.  on  the  other  hand,  he  reasonably  expected  to 
be  followed  by  the  re-i'slalilishment  of  inenslruation. 
As  regards  the  local  conditions,  atrophy  of  the  uterus 
and  funcli<inal  inactivity  of  Ihe  ovaries  liiust  give  rise  to 
an  unfavorable  prognosis,  allhough  temporary  benelit 
may  be  produced  by  treatment  in  some  instances.  The 
prospect  is  better  in  tlu'  case  of  old  intlanimatory  disease 
within  the  |ielvis,  for  such  atfeclions  are  often  amenable 
to  treatment.  In  general,  the  causes  will  be  found  lo  be 
remediable,  and,  tiierefore,  the  proguo.sis  favorable. 

Tni;.\TMi:x-r.— In  tlie  fiist  i)lace,  ihe  practitioner  should 
avoid  laking  the  ]ijilient's  view  of  the  matter — that  .she 
would  "feel  better  if  her  courses  would  otdy  come  on." 
Women  very  commonly  express  themselves  in  some  such 
phra.se,  and  Iheyaiiply  to  a  physician  inider  Ihe  idea  that 
Ills  art  will  bring  ou  the  menstrual  flow  proniptlv.  and 
thus  restore  them  to  health.  From  what  has  been  slid  of 
the  causes  of  amciKn-rho-a.  the  reader  will  have  inferred 
that  any  such  expeclalion  on  the  jialient's  part  is  likely 
lo  bring  disapiiointment  to  her.  and.  if  he  allows  it  to  go 
on.  discredit  upon  himself,  for,  in  all  probabililv,  he  will 
not  be  able  to  meet  the  demand  made  upon  him.  It  is 
belter  to  give  the  iiatieiit  to  understand,  at  Ihe  outset, 
that  her  condilion  might  be  expressed  more  truly  by  a 
change  in  flic  phrase  alluded  to,  namely,  I  hat  her  courses 
will  come  ou  w  hen  her  health  has  been  re-established. 

Another  caiilion  needs  lobe  given.  Women  who  know 
or  suspect  themselves  lo  be  jiregnant,  frequently  consult 
a  physician  in  the  hope  that,  in  the  attemjit  to 'bring  on 
inenslrualion.  he  will  really  succeeil  in  causing  abor- 
lion.  Whoever,  under  sucli  circumstances,  prescribes 
any  measure,  no  matter  how  innocent,  with  tlii'  under- 
stood purpose  of  inducing  the  menstrual  tlow.  is  liable  lo 
have  unjileasant  charges  broughl  against  him  in  case 
abortion  actually  does  lake  ])lace.  even  as  the  result  of 
some  inlerfeicnce  with  which  he  had  no  connection. 
When  called  upon  to  undertake  the  treatment  of  a  case 
of  suppressed  mensi rual ion.  il  is  inudenl.  therefore,  for 
Ihe  praelilioner  lo  satisfy  himself  that  pregnancy  does 
not  exist,  and.  in  case  of  doubt,  to  decline  the  manage- 
ment of  the  case  unless  he  can  protect  himself  in  some 
way.  as  by  insisting  that  some  trustworthy  jierson  be 
made  aciiiiaiuted  with  the  facts  at  the  start. 

Having  underlakeu  the  management  of  a  case  in  which 
treatment  is  sought  for  on  account  of  amenorrlnea.  the 
lihysician  should  make  a  sysleinatic  inquiry  into  the  jia- 
lient's slate  of  healfli.  and  whatever  deviation  from  Ihe 
normal  standard  is  found  should  be  made  the  subject  of 
Irealnient.  For  the  details  of  such  treatment.  Ihe  reader 
is  referred  fo  Ihe  articles  devoted  to  the  various  diseases 
that  may  be  found.  I>ut.  while  insisting  upon  Ihe  gen- 
eral fulilily  of  measures  addressed  to  the  organs  con- 
cerned in  tlie  menstrual  function,  without  first  attending 
to  the  general  lieallh.  I  must  admit,  nevertheless,  that 
slimul.ation  of  those  organs  may  lie  resorted  to  with  some 
ciiance  of  success  when  no  other  indicalion  can  be  made 
oul  ;  and,  moreover,  that,  incases  in  which  there  are  other 
indiealions  at  first,  there  often  comes  a  time  when  the 
result  aimed  at  may  b:;  hastened  by  ineasiu'es  that  operate 
directly  upon  the  pelvic  organs. 

There  are  but  few  therapeulic  procedures  thai  have  a 
direct  and  unccpiivocal  influence  upon  the  function  of 
menstruation,  and.  in  so  far  as  they  tend  to  relieve 
amenorrluea.  those  few  act  as  local  sfimidanfs.  The  so- 
called  emmenagogues  are  not  much  to  be  de])ended  upon, 
although  we  may  a<lmil  that  aloelics  and  chalybc-ates 
tend  lo  ]ir<iduce  a  (lelvic  congestion  favorable  to  hi'ight- 
eiied  functional  activity  of  the  sexual  organs.  Their  use, 
however,  in  the  alisence  of  other  indications  than  the 
mere  failure  of  the  menstrual  How.  is  not  to  be  recom- 
mended, allhough.  if  emjiloycd  in  conformity  with  such 
indications,  they  undoubtecfly  exert  a  certain  influence. 
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As  a  niiiltci-  nf   I'miI.  lli.'v  mv  ol'lcn  iiulicalrd.  ami   it   is 
si.'Uiom  iiiiiii'cipcr  In  ivscni  tn  Ihriii. 

The  ])ivpnriili(iiis  (if  miiiiiiaiK'sc  liaxc  conic  into  use  of 
liitc  vciirs,  luivinj;-  been  rcconimciulcil  by  Dr.  Ringer  and 
Dr.  Murrcll.  of  I-oiulou  {l,<uint.  .lanuary  <>.  lS)s;i).  One- 
.u:rain  pills  of  potassivini  pcvman.uanate  may  be  adiiiinis- 
Icrcil,  bcjiiiiniM!;-  with  one  pill  three  times  a  ilay.  ami  in- 
creasing to  two  four  limes  a  (lay.  Tlie  use  of  the  drug 
slioidd  be  begun  three  or  four  days  before  the  time  at 
w  hich  a  meustruatiou  shotdd  take  'place,  and  be  contin- 
ued, if  the  How  docs  not  come  on.  until  the  time  for  the 
next  period.  It  .should  be  kept  \il)  also  during  the  Ho\y. 
IJoth  sodiinn  manganatc  ami  manganese  bino.xide  are  said 
to  be  (Mpially  ellcetive,  and  it  is" stated  that  manganese 
acts  as  well  with  the  plethoric  as  with  the  ana-mic. 
^Manganese  has  been  tried  extensively  in  tliis  country, 
liul  the  results  have  not,  on  tlie  w  hole,  justitied  the  ex- 
licetations  with  which  its  employment  was  be.uuu. 

There  are  several  other  drugs  that  have  more  or  less 
repute  in  the  treatment  of  amenorrlKca.  Among  them  is 
apiol.  which  is  said  to  act  best  in  cases  in  which  whatever 
flow  there  may  be  is  ill  smelling.  From  eight  to  ten 
minims  should  be  given  daily  during  the  week  preceding 
the  day  for  menstruation  to  begin,  and  tiftcen  minims  on 
the  UKirning  of  that  day.  Cimicifuga  has  been  thought 
serviceable  in  c-ases  of  delayed  or  arrested  menstruation. 
Seueeio  vulgaris  has  recently  been  reconunended  in  cases 
nnaecompanied  by  pelvic  lesions.  In  the  ovarian  variety 
of  amenorrlnea.  "  ovarine,  "  a  preparation  made  from  the 
e.xpressed  juice  of  the  fresh  ovaries  of  healthy  young  ani- 
mals, has  iieen  used  with  success.  Aloes  undoiditedly 
aids  the  action  of  the  other  so  called  enuneuagogucs,  and 
should  be  employed  if  there  is  constipation. 

Electricity  probably  acts  more  directly  asa  provocative 
of  menstruation  than  any  other  agent.  (4ood  etfects  may 
be  produced  liy  either  the  galvanic  or  the  induced  cur- 
rent, but  the  choice  should  not  be  a  matter  of  mere  ea 
price  or  convenience.  Galvanism  is  more  to  be  relied  on 
for  increasing  the  blood  supply  of  the  uterus,  while  fara- 
dization is  useful  to  intensify  and  precipitate  the  heraor- 
rliagic  elfort.  To  accomplish  the  latter  purpose,  the 
a]>plication  ought  to  be  made  at  a  time  w  hen  the  degen- 
erative changes  in  the  endometrium  liave  advanced  to 
such  a  degree  that  heighten<'d  blood  pressure,  aid(>d  by 
muscidar  action,  may  operate  at  the  greatest  advantage 
in  producin,!;  rupture  of  the  capillaries.  This  condition 
can  be  judged  to  be  present  only  when  there  are  some 
symptoms  of  ovulation,  or  when  the  ameuorrlaea  is  of 
such  recent  date  that  the  time  for  a  menstiiial  How  to 
fall  due  is  accurately  known.  In  the  use  of  galvanism, 
it  will  genci'.ally  be  prudent  to  place  both  electrodes  on 
the  external  surface,  unless  the  current  is  (piite  weak  and 
the  sitting  a  shoit  one  ;  aiming,  however,  to  ]iass  the  cur- 
rent directly  througli  the  uterus.  When  the  faradie  cur- 
rent is  employed,  on  the  other  hand,  one  electrode  .should 
be  applied  within  the  vagina,  or  even  within  the  canal 
of  the  cervix. 

iMilder  measures  than  the  use  of  electricity  will  often 
succeed,  especially  where  there  is  not  C(nn]ilete  absence 
of  the  tiow",  but  scantiness  and  lack  of  color  of  the  dis- 
charge. Among  these  measures,  refrigeration  of  that 
portion  of  the  spinal  region  corresponding  to  the  motor 
centre  of  the  uterus  is  of  great  value.  The  skin  over 
the  junction  of  the  dorsal  with  the  lumbar  vertcbrie  may 
be  sprayed  with  etliei'.  but  not  frozen,  three  or  four 
limes  a  day,  for  live  or  ten  minutes  at  a  time,  or  ice- 
water  compresses  may  be  apjilicd.  These  means  are  sup- 
posed to  exert  their  eifect  by  depressing  the  activity  of  the 
vasomotor  nerves.  They  are  to  be  u.sed  only  at  the  time 
when  a  menstrual  flow  is  due.  In  the  interim,  an  auxil- 
iary measure  of  some  value  consists  in  the  u.se  of  a  very 
brief  cold  hiji  liatli  every  night.  h'rittik  P.  /'We;'. 

AMERICAN  CARLSBAD  SPRINGS.— Washingtcm 
County,   Illinois, 

PosT-Oi''FiCE. — Nashville.     Hotel  Carlsbad. 

These  sprin,gs  are  locate(f  in  Nashville,  a  well  built 
little  city  of  three  thousand  inhabitatds,  lifly  miles  from 


St,  J.onis,  JIo,  Both  the  Louisville  and  Nashville  and 
the  Chester  and  Ccntralia  railroads  jiass  this  point.  The 
Carlsbad  is  a  modern  hotel  with  all  the  approved  com- 
forts and  conveuienC(»s,  It  was  erected  in  1  SOS,  and  is 
located  within  the  eit.v  limits,  in  a  uatuiid  park  of 
twenty-three  acres,  witli  a  lake  for  boating  and  fishing. 
It  is  well  furnished  throughout,  heated  with  steam  and 
lighted  by  electricity.  The  bath  house  has  separate  ar- 
rangements for  ladi(.'S  and  gentlemen,  with  porcelain 
batlitubsand  conveniences  for  steam,  vapor,  and  shower 
baths.  The  environs  of  Nashville  are  very  attractive, 
abounding  in  deli,ghtfnl  drives,  picturesque  walks,  etc. 

The  following  analysis  of  the  water  was  made  by  Dr. 
Ludekin.g,  of  St.  Louis; 

O.NE   f.MTED  .STATES  GAI.LO.N   CO.NTAIXS  : 

Solids.  Grains. 

.Sodium  chloride 10.00 

(iilciuiu  siiliihatB 6.5.80 

Sodiuii!  sul|jliate 5.3,00 

Magnesium  sulphate lo:t,70 

Sodium  carbonate 27.40 

Total  259.90 

The  water  is  evidently  of  the  sulphat<?d  saline  variety. 
An  analysis  by  W.  F.  Hillebrand,  actin,!j  chemist  of  the 
Interior  Department  at  Washington,  shows  the  sulphate 
of  soda  to  be  greatly  in  excess  of  the  magnesium  sulpliate. 
According  to  Ilillcbrand's  analysis,  these  watei's  arc  very 
similar  to  those  of  the  Sp^'udel  JUlhlbrunn  and  Schloss- 
brunn  S]iriugs  at  Carlsbad.  They  possess  potent  cathartic 
and  diuretic  proju'rlies  and  are  undoubtedly  valuable  for 
medicinal  purposes.  They  have  been  found  beneficial 
in  most  of  the  conditions  for  which  Americans  cross  the 
ocean  to  visit  Carlsbad,  viz.,  chronic  C(mstipation,  torpid 
states  of  the  liver,  rheumatism,  renal  and  urinary  dis- 
orders. :uid  eezeniatnus  skin  alTcctions.       ./.  A".  (Jmiik. 

AMERICANUS  MINERAL  WELL.— (Formerly  Michi- 
gan Con.;;ress  Well.)      lugraham  Comity,  Michigan, 

Post  Okfick. — Lansin.s. 

Access. — By  numerous  railroads  to  the  city  of  Lansing. 

Under  the  name  of  Jlichigan  Congi'css  Water  the  prod- 
uct of  this  well  has  been  in  use  for  many  years  past. 
The  following  analysis  was  made,  we  believe,  by  Dr. 
.Jennings,  of  i)etroit: 

One  Uxitep  States  (>ai.i.ox  Cox'tains: 
.Solids.  Grains. 

Sodium  phosphate 2.5.(U 

Sodium  cliloride 183.84 

s..duiiM  lii.aiiioimlc 93.40 

M:iLniesiinn  hicnrbonate 67.13 

Iron  hifailioiuile 3.06 

lithium  carlionate O.as 

('allium  carlmnate 8.5.90 

Potassium  sulphate l-'.45 

Silica 33.00 

.\lumina Traces. 

Sodium  iodide Traces. 

Calcium  phosphate Ti«ces. 

Total 503.90 

Carbonic  acid,  190.29  (grains  V). 

This  water  bears  considei-able  resemblance  t(i  that  of 
some  of  the  Saratoga  Sprin,gs.  It  retains  a  tiniform  tem- 
perature of  5;!'  F.  the  year  round.  The  water  is  highly 
recommended  in  cases  of  acid  dysjiepsia,  th(>  headaches 
following  alcoholic  excesses,  etc.  It  has  also  lieen  used 
with  good  results  in  lumbago,  gout,  and  various  urinary 
and  renal  disorders.     The  water  is  used  commcrciall.v. 

./.  A'.  Croo/,-. 

AMMONIA  AND  AMMONIUM   SALTS.— I.  GKXi-UAt. 

MKniCIXAI,    Pnol-KIITIKS    of    .\MMO.SEtM    COMPOI  Nns. 

Ammonium  compounds,  as  a  class,  arc  irritant,  locally, 
to  a  degree  greater  than  that  shown  by  thecorres]iouding 
compounds  of  sodium,  but  less  than  in  the  case  of  com- 
pounds of  iiota.ssium.  They  tend  to  be  of  high  dilTusion 
liowcr,  and  are  therefore,  when  sw.allowcd,  (piickly  ab- 
sorbed, and  hence  are  free  from  the  purgative  tendency 
of  the  low  dilTusion  salts  of  potassium,  sodium,  and  mag- 
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ncsium.  Constitutionally  tlii-v  tend  to  incrciisc  llic  I'ihcc 
!Ui(l  IriHiiicncy  of  llii'  licarl's  action  and  to  (Ictcrniinr  a 
rise  of  arterial  tension  ;  to  excite  the  respiratory  ecu  I  re  in 
the  medulla  oblonuala.  eausiiiii'  fuller  and  more  Ireiiueiit 
respirations,  and  to  enhance  retlex  irritability  of  the  nm 
lor  tnict  of  the  spinal  cord — an  eidiancement  leadini;'  In 
poisonous  dosau'e  in  animals  to  tetanoid  convulsions, 
(rcneral  nutrition  is  not  seriously  alVeetcd  by  llierapeulic 
doses.  In  loni;' continued  excessive  dosage  the  heiirt 
becomes  enfeebled  and  the  i|uality  cd'  the  blood  deteiio- 
rates,  with  marked  inipairnient  of  the  pciwei'  ol  the 
ha'inonlobin  to  lix  oxygen.  An  imiiortant  ditlerenee  be 
tweeii  the  alkaline  ammoidnm  eomiiounils  and  the  cniie- 
sjiondin.!;  potassium,  sodium,  and  lilhium  pre]>aialions 
is,  thai  whereas  the  latter  carry  their  alkalinity  Ihrnunh 
llie  system  generally  and  into  the  urine,  no  such  I'llVcl 
follows  the  in.ire.stion  o(  the  ammonium  compounds.  ( )n  | 
the  contrary,  the  acidity  of  the  urine  tends  rather  to  be  ': 
eidianced  under  amnionic  medication.  The  explanation  j 
of  Ihis  pectdiarity  amon,;;'  ammonium  compounds  is  an 
assumed  oxidation  of  the  elements  of  the  ammonium 
radicle,  leading  to  ti4<' formation  of  tdtric  acid  as  one  of  | 
the  prodtu'ls,  '  I!y  virtue  of  the  jiropertics  descrilicd.  am- 
monium com])ounds  furni.^h  important  medicines  fur  j 
restorin.i^  or  sustainiuii' liai;uinn' heart  or  lunuactiou  :  fur 
relievinj::  dyspmea,  and  for  ci|ipiisinL'  the  acliim  of  niiilur 
paraly/.injr  poisons. 

2.  Till-;  AMMoNit  .M  CoMfot  Nus  I'si:!)  in  .Mi;iii(  ink. — 
These  are  ammoida,  and  the  followini,'  ammonium  salts: 
acid  carbonate,  acetate,  chloride,  bromiile,  i<idide,  ben/.o- 
ate,  and  valerianate.  In  the  jiresent  article  will  be  dis 
cussed  the  first  llin'c  oidy  :  for  the  (jtlicrs  see  respectively 
Clil(*ri(h!t,  liromi'lt s,  loilidis,  Ih  i/Z'n'f  ,\ri'l,  \'ff/(  rf'itnir 
Acid.  Thcidtrate  is  also  official,  but  fnr  iiharinaceulical 
purposes  oidy. 

Aiiiiiiiiiiiji,  NII:i. — Aunnonia  is  used  in  medicine  only 
in  a(pieous  or  al<-oholic  solution,  as  affordeil  by  tlu'  fol 
lowin.i;  oflicial  preiiaralions  of  the  L'.  S.  P.:  A'lun  Am 
nioiiiif  t'liiii"!'.  Stron,i;er  Ammonia  Water.  This  is 
an  aqueous  solution  of  ammoina.  containinj;  twenty 
ei.^ht  per  cent.,  by  weisriit.  of  the  iras.  It  presents 
itself  as  a  "colorless.  Irans|iarent  liquid,  having-  an  ex- 
tes.sivcly  puni^enl  odor,  a  very  acricl  and  alkaline  taste, 
and  a  stron,!;lv  alkaline  reaction,  Specitic  .u^ravitv,  0.!)(i| 
at  1")'  {'.  (.")!)'  K.)"  {V.  S.  P.).  It  is  complelely'volatil 
ized  by  the  heat  of  a  water  bath.  On  brin.irin.i;'  a  f;lass 
rod,  dipped  iido  hydrochloric  acid,  near  theli(pnd,  dense, 
wddte  fumes  are  evohu'd.  From  the  volatility  of  its  con- 
tained ammonia  this  prciiaration  is  directed  to  b<'  kept  in 
■'strontr  glass  stoppered  bottles,  not  comiilelely  tilled,  in 
acoolidace."  .b/"./  AiininDiid-,  Ammonia  Water :  "An 
a(pieous  solution  of  anunonia.  containini;  ten  percent,, 
l)y  wei.ifhr,  of  the  ,sas.''  This  weaker  solution  has  the 
prolicrtiesof  the  stron.ner.  only  not  to  so  iiitensea  degri'c. 
Its  siieeitie  .[gravity  is O.iHiO.at  l.j°  C.  (.')',!  F.).  It  alsci 
should  be  kept  cool,  in  glass  stoppered  bottles,  but  the 
precauti<in  to  avoid  tillin.g  the  bottles  comidi'tely  i--  not 
here  lu'ccssjirv.  S/u'i'ihix  A/iiiiiniiiii'.  Spirit  of  Amnioiiia: 
"An  alcoholic  solution  <if  ammonia,  contaiintig  ten  per 
cent.,  by  weight,  of  the  .tras."  This  solutinn  is  pre])ared 
by  subjecting  stronger  water  of  anunonia.  in  a  still,  to  a 
.iientle  heat,  and  conducting  the  ammonia  gas  thereby 
volatilized  to  a  receiver  containing  freshly  distilled  alco- 
hol. The  product  is  assayed  and  brought  to  standard 
strength  by  the  addition  of  alcolir>l.  Spirit  of  ammonia 
is  a  "eolorU'Ss  licpiid.  h.aving  a  strong  odor  of  anunonia. 
and  a  specilic  gravity  (jf  about  O.silo  at  1-J  ('.  ("lit  F.)" 
(U.S.  P.).  It  should  be  kepi  in  glass  stop[)ered  bot- 
tles,   ijl    a    cool    ]llace.       Siiilililx    AlnllliHiid'    Ali'imllirils, 

Aromatic  Siiirit  of  Ammonia:  This  is  a  composite  pi<p 
anition,  containing,  in  1,001)  c.c,  ammonium  carbonate. 
34  gm. :  ammonia  water,  90  c.c,;  oil  of  lemon,  10  c,c-.  : 
oil  of  lavender  flowers  and  oil  of  nutmeg.  ea<'li.  I  <m-.  . 
alcohol,  TOO  c,c,  :  and  the  rest  distilleil  water.  It  i^  a 
"nearly  colorless  liipiid  when  freshly  prepareil.  but  giad 
uall.v  acquiring  a  siiuK'W  hat  darker  tint.  It  has  a  pun 
gent  amnion  iacal  odor  and  taste.  Specitic  irnivitv.  abnul 
0.905   at    15   C.   (59^   F.)"  (U.  S.  P.).     This  spirit,  like 


the  other  ammonia  solutions,  siiould  be  kepi  glass  stop- 
pered, ill  a  cool  place.  Hut  in  spite  of  this  i>recau1  ion, 
the  fact  olitains  .generally  willi  ammoniacal  .solutions 
thai  they  lose  strength  upon  keeping,  .so  that  a  sample  a 
year  or  more  old  may  be  almost  uhcjlly  without  am- 
moniacal odor.  .Vmmoniacal  solutions  are  incompalil)le 
wilh  acids,  aci<lulons  sails,  .-ind  many  salts  of  ihe  metals 
and  earths:  ainnionia,  iiouever,  (lo(-s  nut  decompirse  eal 
eic  sidts.  iii>r.  except  partially,  ma,i;ii<sic. 

.\ninionia  is  a  powerful  alkali,  and  in  .irasecnis  form  is 
inliilerably  pungeni,  its  fumes,  if  strong,  exciting  vigor- 
ous spasm  of  the  larynx.  In  strung  solution,  il  is  in- 
tensely irritant.  Hither  of  the  olticial  ammonia  wali'is, 
or  the  simple  siiirit  will,  if  of  standard  strength,  excite 
severe  irritation  upon  incautious  inhalation  of  the  fumes, 
and,  ifaiiplied  to  the  skill  11)1011  cloths  so  covered  as  to 
prevent  evaporation,  will  very  speedily  cause  burning 
pain  and  redness,  and,  after  a  few  minutes,  blistering. 
Prolonged  application  may  lead  to  idei'ialive  iiillamma- 
tioii  or  gaii,grene.  Internally,  in  projier  <Iilulion,  am- 
nioniacal  solutions  are  locally  alkaline  .so  far  as  the  con 
tents  of  the  stomach  and  bowels  arc'  concerned.  Also, 
because  (d'  the  pungency  and  \(ilalility  of  ainnionia,  the,- 
triid  to  allay  nausea  and  to  expel  tiatiis.  .\minonia. 
being  of  hi.^li  dilVusi(ai  power,  is  readily  absorbed, 
whelher  t;iken  by  swallowing  <jr  by  inhalation,  and  then 
(piiekly  but  evaiiescently  exerts  the  peculiar  elVects  of 
the  aiiimoniiiin  compoiiuils  upon  the  heart,  respiration, 
and  motor  tract  ol  the  cord,  as  already  set  forth.  I'ndi 
luted,  the  three  tirsi  named  |iliarmaeopa'iaI  solutions  of 
ammonia  are  so  irritant  as  praclicall.v  to  be  corrosive  to 
the  mucous  niembrane  of  the  stoniacli  and  bowels. 
Large  doses  are.  therefore,  violently  poisonous,  callable 
of  causing  speedy  <leatli,  w  ith  all  the  usual  symptoms  of 
corrosive  irritation.  In  some  cases  death  results  in  .so 
short  a  lime  as  a  very  f<'W  miniiles.  ijrobably  from  siiITo- 
eatiou  tlir<iugh  rapidly  developed  u'deina  of  the  glottis. 
So  small  a  iiuantity  as  about  a  teas])oonful  and  a  half  of 
a  strong  .solulion  of  ammonia,  swallowed  undiluted,  Ifas 
killed.  Dangerous,  and  even  fatal,  poisoning  has  also 
resulted  from  inlialati<in  of  strong  ammoniacal  fumes. 

■|"lie  Ilierapeutical  uses  of  ammoniacal  .solulions  arc 
local  and  general.  Locally,  according  to  stren.gth  of  ap- 
plication, ammonia  may  be  made  to  serve  as  a  vesicant 
or  rubefacient.  To  blister,  a  jiledget  of  lint,  steeped  in 
a  strong  solution,  is  covered  witliaw.ateh-glass  or  wooden 
pill  box  to  jireveiil  cvajioration,  and  then  directly  ap 
plied.  In  such  wav  the  stronger  water  of  the  Pharnia- 
co]iieia  has  been  used,  but  this  solution  is  uiiiiece,ss;irilv 
and,  unless  very  carefully  maiiipiilaleil,  dangerously 
slroii.g.  If  employed,  Ihe  application  should  be  held  in 
contact  with  the  skin  for  only  lliree  or  four  minutes,  or 
until  the  jiart  is  well  redilened,  and  should  then  be  re- 
moved and  !i  hot  poidlice  a]iplied  until  the  blister  rises. 
It  is  safer  to  dilute  the  stronger  water  with  one  half  its 
volume  of  additional  water,  Anunonia  is  rarely  selected 
as  a  bli^t<'ring  agent,  unless  the  need  for  the  blister  is 
urgent,  when  the  iinickneNS  with  which  ainnionia  acts 
makes  it  preferable  to  (■.■iiilharides.  For  rubefacient  ]iur 
poses  a  dash  of  the  stronger  water  is  a  very  common  ad- 
dition I0  composile  linimeiils,  and  thenr  is  official  in  the 
r.  S,  P.  l.iiiiiiK  iitinii  Ai/iiiKihiii'.  .\mmonia  Liniment, 
or.  as  it  is  commonly  called,  rotatili-  Ihiiiniiit.  This 
preparation  is  made  by  mixing  seven  volumes  of  am- 
monia water  (not  the  stroii,i;-er  water)  with  twelve  of 
cottonseed  oil  and  one  of  alcohol.  An  ammonia  soa]) 
results,  which  partly  diss<ilves  and  partly  remains  cmul 
silled  in  tlie  lliiid,  forming  a  white  visciil  mixture.  The 
preparation  is  saponaeeoiis,  yet  posse.s,ses  mildly  the  irri 
taiil  (pialiliesof  ammonia,  and  makes  a  capital  liniment 
for  rubefactioii.  Slid  a  third  local  pur])ose  of  ammonia 
is  to  ii'lieve  the  pain  or  itc'liing  of  bites  of  insects.  For 
this  ]iurpose  a  drop  or  two  of  the  weaker  water,  clear  or 
ililiiti'd,  may  be  applied  to  the  part.  Internally,  am- 
monia may  be  used,  tirsl.  to  correct  the  gastric  malaise 
tliat  attends  a  til  of  acid  indigestion,  or  to  allay  nausea 
from  any  c.-iiise.  For  such  |iurpose  the  aromatic  spirit  is 
specially  ilcvised,  to  be  given  in  doses  of  from  one  half 
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to  one  teaspoonful.  ililutctl  witli  three  or  four  voUinies 
of  water.  SeeoiuUy,  iiininoiiia  iiiav  lie  oiveii  for  the  eon- 
stitiitioiml  elTeets  of  revi\  iii.i;-  tlie  heart  in  faiiitiiess,  of 
stipportinj;'  it  in  elironie  eoTiditioiis  tlireateiiiiii;  heart 
faihire,  of  stiiiiulalin.i;'  liau'.niiiuresph-ation.  as  in  (lys|nnva 
from  Inn;;'  disease,  or  respiratory  failure  in  poisonin.!;-  liy 
paralyzinji' asieuts.  of  allayiiin'  niilil  spasni(»lie  seizures, 
and  (if  opposin,!i'  n'eiierally  the  aetion  <  f  nareoties  and 
paralyzers.  Foi'  all  internal  niedieaticai  the  stronger 
watei"  is  entirely  too  strong,  and  the  weaker  water  or  the 
spirits  are  to  be  preferred.  Of  the  water  or  of  the  sim- 
ple spirit  from  ten  to  thirty  drops  may  be  administered 
at  a  dose,  largely  diluted.  If  swallowing  bi'  impossible. 
as  in  ease  of  nneonseiousness  from  a  faint,  the  etfeets  of 
ammonia  may  be  obtained  by  inhalation,  but  great  ea>i- 
tion  is  neeessary  lest  dangerous,  or  even  fatal,  irritation 
of  the  air  passages  be  set  up  b_v  too  strong  inhalation 
during  complete  or  semi\incou.sciousness.  Jfone  of  the 
pharmacopa'ial  ammoniaeal  solutions  should  be  apjdied 
close  to  the  nostrils. 

Acid  AiiniKiiiiiini  CiirhiDidti'.  NITjIICOj. — Upon  sublim- 
ing a  nii.\ture  of  chalk  and  ammonium  chloride  or  sul- 
phate. do>d)le  di'comiiosition  ensues,  and  a  sublimate 
is  obtained  which  consists  of  acid  ammonium  carbonate 
and  ainin<aiiuni  carbamate,  represented  by  the  symbol. 
NHjHCOa.NH.NlIot'O.,.  This  composite  .salt  is'official 
"luider  the  title  Aiiniiiniii  ('itrhniinti.  Anunonium.  Carlio- 
Date.  It  occurs  as  "white,  hard,  translucent,  striated 
masses,  having  a  strongly  ammoniaeal  odor  without  em- 
pyreuma.  and  a  sharp,  saline  taste.  On  cxposuie  to  the 
air.  the  salt  loses  hotli  anunonia  and  carbonic  acid,  lie- 
coming  opa(|ue.  and  is  finally  converted  into  friable,  por- 
ous lumjis.  or  a  while  powder.  Slowly  but  com))letely 
soluble  in  about  live  parts  of  water  at  l.T  (',  (.jit°  F.); 
decomposed  by  hot  water  with  the  elimination  of  car- 
bonic acid  and  ammonia.  By  prolonged  boiling  with 
water  the  salt  is  completely  dissipated.  Alcohol  dis- 
solves the  carbamate  [NHjNII^COj],  and  leaves  the  acid 
carbonate  (ammonitim  liicarbonatet.  '\Vh<-n  heati'd.  the 
salt  is  comi>letely  volatilized,  without  charring.  The 
aqueous  solution  pos.sesses  a  strongly  alkaline  reaction, 
and  effervesces  with  acids"  (U.  S.  P.).  This  salt  must 
be  kept  in  well-stoppered  bottles  in  a  cool  place. 

Ammonium  carbonate  behaves,  physiologically,  like 
anunonia  itself,  but  is  a  little  less  rapid  and  evanescent 
in  operation.  In  concentrated  solution  it  is  locally  irri- 
tant, and  taken  internally,  dangerously  poisonous.  The 
salt  is  used  for  the  constitutional  stimulant  and  sustain- 
ing effects  of  ammonia.  an<l  is  often  for  such  ]uir|iose 
preferred  to  solutions  of  anunonia  because  of  the  sli.ghtly 
longer  duration  of  the  action.  It  is  given  internally  in 
frequently'  repeated  doses  of  from  0.80  to  0.60  gni.  "(gr. 
v.-x.)  in  aqueous  solution,  with  the  acrimony  disguised 
by  gum  arable  or  sugar,  or  some  agreeably  flavored  aro- 
matic addition.  Large  .single  doses  should  be  avoided, 
since  they  easily  over-irritate  the  stomach  and  may  excite 
vomiting.  Ammonium  carbonate  is  also  much  used  to 
get  an  ammoniaeal  effect  by  inhalation.  For  this  pur- 
pose it  is  coarsely  bruiseil,  treated  with  half  its  bulk  of 
strong  water  of  ammonia,  and  flavored  with  a  little  oil 
of  lavender  or  bergamot,  .such  mixture  constituting  what 
is  known  as  smfUinij  mlts. 

Arnmniiiiim  Airtirfc,  NHiCsIIaO™. — This  salt  is  \ised 
only  in  the  aqueous  solution  in  which  it  results  fmm  the 
procedure  of  neutralizing  with  ammonium  carbonate  the 
diluted  acetic  acid  of  the  Pharmacopceia.  Such  solution, 
commonly  called  spirit  nf  miiiili  n ms.  is  oflicial  as  Liipmr 
Ammonii  Avitiitix,  Sohiti<ni  of  Ammonium  Acetate.  It 
Is  "a  clear,  colorless  liquid,  free  from  em]iyreuma.  of  a 
mildly  saline,  acidulous  taste,  and  an  acid  reaction"  (U, 
S.  P.).  The  .solution  contains  about  seven  per  cent,  of 
the  salt.  It  should  be  made  freslily  for  use,  since  like 
other  sohitions  of  alkaline  salts  of  the  common  organic 
acids  it  li'iids  to  spontaneous  decomposition  (ii\  keeping. 
Ammonium  acetate  is  a  bland,  mawkish  salt,  which  upon 
absorption  may  prove  feebly  diaphoretic  or  diuretic,  ac- 
cording to  eireumst.inces.  and  may  to  a  slight  degree 
exert   the  eliaraeterisfic  effects  of  the  ammonium  com- 


pounds generally.  It  is  used  to  allay  headache,  espe- 
cially the  headache  of  pyrexia,  to  (|uiet  an  uneasy  stom- 
ach, or  to  ])romote  gentle  diaphoresis  or  diuresis  in  fever; 
but  it  is  at  best  a  feeble  medicine.  One  or  two  table- 
spoonfuls  may  be  given  at  a  dose,  clear  or  diluted,  sweet- 
ened anil  aromatized.  If  diluted,  carbonic  acid  water 
makes  an  excellent  addition. 

Ammouiiiiu  yUriiU.  IsIIiNOs. — The  salt  is  official  in 
the  U.  S.  P.  as  Anniii'iiii  Nitnis,  Ammonium  XitnUe. 
It  is  not  used  in  medicine,  but  inasmuch  as  one  of  its 
l>harmaceutical  uses  may  need  to  be  availed  of  by  the 
phy.sician  himself — namely,  the  making  from  it  of  ni- 
trogen monoxide  .aas — the  pharmacoixeial  description 
and  also  tests  for  jiurity  are  here  apiiended:  "Colorless 
crystals,  generally  in  the  form  of  long.  thin,  rhombic 
prisms,  or  in  fused  masses,  without  odor,  having  a  sharp, 
bitter  taste,  and  somewhat  deliquescent.  Sohdjle,  at 
b5°  C.  (59°  F.),  in  0..5  part  of  water,  and  in  20  parts  of 
alcohol;  very  soluble  in  boiling  water,  and  in  3  parts  of 
boiling  alcohol.  When  gradually  heated,  it  melts  at  165° 
to  166"  C.  {3'2i)°  to  330.S'  F.);  at"a  temperature  between 
330°  and  'iMf  C.  (446-482°  F.)  it  is  decomjiosed  into 
nitrogen  monoxiile  gas  and  water,  leaving  no  residue. 
The  a(|ueous  solution  of  the  .salt  is  neutral  to  litmus 
paper,'  and,  Avhen  gently  heated  with  pota.ssium  or  sodium 
iiydmte  T.  S.,  it  evolves  the  odor  of  ammonia.  On  heat- 
ing thi^  salt  with  sulphuric  acid,  it  emits  nitrous  vapors. 
A  ten-percent,  aqueous  solution  of  the  salt,  when  acid- 
ulated with  nitric  acid,  should  not  be  affected  by  silver 
nitrate  T.  S.  (absence  of  rhloridt),  nor  by  barium  chloride 
T.  S.  (absence  of  siilpJifite)"  (U.  S.  P.).  " 

Editard  Curtis. 

AMMONIA,  TOXICOLOGY  OF.— Ammonia  is  met 
with  in  commerce  in  a  nnmlier  of  forms. 

First,  as  anhydrous  ammonia  condensed  in  large 
steel  cylinders  for  use  in  ice  machines.  In  these  the 
ammonia  is  tuider  a  pressure  of  several  hundred  pounds 
and  is  in  a  liipiid  condition.  When  the  pressure  is  re- 
moved, the  licjuid  assumes  a  .iiascous  form  and  issues  from 
the  openin.g  as  a  colorless,  irrespii-able  gas  intensely  cor- 
rosive to  organic  tissues. 

A  number  of  fatal  accidents  have  happened  from  the 
action  of  this  .gas.  either  through  the  bursting  of  the 
c\linder  when  it  has  been  highly  heated,  or  through  im- 
perfect connection  with  the  refrigerating  machine. 

Second,  as  a  clear,  colorless  solution  containing  twenty- 
eight  jier  cent.,  by  weight,  of  the  gas  dissolved  in  water, 
the  Ai/>'fi  Aiiimiiiriii  Fartiiir  of  the  pharmacist.  This 
solution,  e.xiioscd  to  the  air,  loses  strength  rapidly 
throtigh  Volatilization  of  the  gas.  and  rapidly  deterio- 
rates, especially  in  a  warm  atmosphere.  If  kept  in  a  bot- 
tle with  an  ordinary  cork,  it  gradually  corrodes  and 
softens  the  tissues  of  the  cork,  turning  it  dark  and  so 
destroyin.g  it  that,  after  a  time,  it  falls  readily  to  pieces. 
The  .gas  arising  from  the  solution  is  pimgent  and  ir- 
res]iirable. 

Third,  a  solution  containing  ten  per  cent.,  by  weight, 
of  the  .gas  dissolved  in  water — the  Aqua  Ammnnin  oi 
the  pharmacist.  This  solution  is  made  from  the  Aqna 
Ammiiriia  Fortiar  by  diluticni  with  water.  This  is  like 
the  preceding  solution,  though  less  corrosive. 

Fo\irth,  a  solution  of  varying  strength  containing  a 
number  of  impurities  sold  under  the  name  of  Household 
Ammonia. 

Poisoning  from  gaseous  ammonia  is  always  the  result 
of  accident,  and  such  cases  occur  only  in  pl;ints  where 
the  gas  is  stored  or  where  it  is  used  in  (luantity  for  re- 
frigerating purposes.  Poisoning  by  inhalation  of  the 
gas  arising  from  its  water  solution  has  also  been  known 
as  file  result  of  accident.  Such  a  case  occurred  in  the 
writer's  laboratory,  where  a  carboy  containing  about 
ninety-fiv(>  jiounds  of  the  saturated  solution  cracked  so 
that  the  entire  contents  were  soon  sprea<l  over  the  labora- 
tory floor.  The  young  man  in  the  laboratory  at  the  time 
was  just  able  to  reach  the  door  in  a  condition  of  sulToca- 
tion.  He  complaine<l  of  feeling  drowsy  and  weak,  and 
of  soreness  in  the  bronchial  tubes  as  in  a  case  of  bron- 
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chitis.  On  the  scpoiui  day  lie  foiii]ilainc(l  of  a  sense  of 
hejivincss  iu  the  hinjis  and  pain  in  draw  ing  a  dee|)  lireatli. 
Ou  the  third  day  his  condition  was  nuu  h  improved,  and 
iu  a  few  days  lie  entirely  recovered. 

In  anollier  case  a  l)oltle  of  strong  ammonia  water  lield 
to  (lie  nose  eaus('d  at  (mce  copious  bleeding,  followed  by 
inHammation. 

When  the  gas  is  iidialed  there  is  generally  a  sense  of 
suffocation  and  gid<liiiess.  followed  at  times  by  vomiting. 
The  face  is  pale,  and  the  pulse  is  faint  and  accelerated. 
In  some  instances  the  nuicous  membrane  of  the  mouth 
becomes  detached  in  the  form  of  white  shreds,  leaving 
the  surface  beneath  intensely  reddened  and  very  sore. 
The  sense  of  taste  is  seriously  imjiaired  for  some  time. 
and  the  contact  of  solids  with  such  eroileil  surfaces  is 
intensely  painful.  The  chronic  ctTcets  of  the  inhalation 
of  the  gas  are  said  to  be  intiammation  of  the  eyes  and 
a  diseased  condition  of  the  sUin.  There  is  also  a  general 
lowering  of  the  toni'  of  the  system  witli  pronounced 
ana'mia. 

When  applied  to  the  surface  of  the  skin,  a  strong  solu- 
tion of  ammon.ia'  causes  an  intense  smarting  sensation, 
and  the  skin  n'lay  become  rough  and  excoriated  through 
the  corrosive  action  of  tlie  solution. 

When  a  sobition  of  ammonia  is  swallowed,  the  symp- 
tosns  depend  largely  on  the  degree  of  concentration  of 
the  solution.  When  it  is  concentrated,  there  is  instantly  a 
strong  smarting  pain  in  the  mouth  and  throat,  which  e.\- 
t<'nds  very  soon  to  the  stomach  and  bowels.  The  abdomen 
becomes  distended,  and  the  sliglitest  touch  increases  the 
pain.  There  is  vomiting  of  stringy  matter  having  the 
odor  of  anuuoina  and  sometimes  containing  blood.  The 
face  is  pale,  the  e-Xju'cssion  an.xious.  the  insjiiration  bur 
ried  and  pail d'ul.  The  pulse  is  feeble  and  rapid.  The 
body  is  covereil  with  a  cold  [lerspiration.  The  interior 
of  the  mouth  is  white  or  bright  red,  more  or  less  covered 
with  shreds  of  nuieous  membrane,  and  the  parts  are 
greatly  swollen.  There  is  loss  of  voice  and  there  is  also 
difficulty  in  swallowing.  The  thirst  is  iuten.se  and  the 
mouth  feels  dry  and  parched.  The  flow  of  saliva  is 
greatly  increased,  in  on<'  case  reaching  the  amount  of 
three  litres  in  twenty-fonr  liours.  The  urine  is  .scanty, 
slightly  acid  or  even  alkaline  in  reaction,  and  it  mav  eon- 
tain  albumin  and  casts,  The  bowels  are  sometimes  con- 
stijiated  and  .sometimes  the  reverse,  the  liquid  dejei'ta 
at  times  conljiiinng  much  blood.  If  the  patient  di<'s 
from  the  inuncdiate  action  of  the  poison,  it  is  usually 
from  suffocation  on  accoimt  of  the  swellingof  the  glottis. 
Some  liave  died  in  a  condition  of  coma  and  .some  in  con- 
vulsions.    Death  is  generally  from  suffocation. 

In  a  few  cases  in  which  recovery  has  taken  place  from 
the  immediate  elTcct  of  the  jxiison.  death  has  ensued  after 
some  weeks  or  months  from  starvation,  owing  to  the  de 
strnction  of  a  considerable  portion  of  the  glands  of  the 
stomach  or  to  constriction  of  either  its  cardiac  or  its  py- 
loric o]iening  or  of  the  <eso])hagus. 

The  treatment  consists  in  the  adnn'nistration  of  solu- 
tions of  weak  acids  like  vinegar  or  lemon  juice  to  neu- 
tralize Iheaetion  of  tbealkali.  and  in  the  use  ornmcilagi- 
nous  or  oily  drinks  to  cover  tlie  corroded  surfaces.  Often 
the  intiammation  fif  the  res]iiratory  passages  is  success- 
fully combated  by  keeping  the  patient  in  an  atmosphere 
saturated  with  moisture.  If  then^  is  impending  sulfoca 
tion,  tracheotomy  mtist  be  resorted  to,  if  the  condition  of 
the  ])atient  will  allow  it.  Preparations  of  opium  may 
also  be  made'  use  of  to  control  the  intense  i)ain. 

The  amount  of  this  i)oison  which  will  cause  death 
varies  greatly.  Recovery  has  taken  place  from  so  great 
a  dose  as  an  ouin'e  of  the  concentrated  liquid,  and  death 
has  ensued  from  as  little  as  two  drachms. 

Death  sometimes  takes  place  within  a  few  minutes, 
but  generally  it  is  delayed  for  from  eight  to  forty-eight 
hours.  Death  from  the  .secondary  effects  of  the  corrosive 
has  resulted  after  many  months. 

In  cases  in  which  ileath  has  resulted  within  a  short 
time,  the  post-mortem  examination  shows  a  condition  of 
intense  inflammation,  which  extends  from  the  lips  to  the 
Stomach,  but  seldom  beyond.     The  interior  of  the  mouth 


is  white  or  red  and  the  ejvithelial  layer  largely  loosened 
or  detached.  Tlie  tongue  is  swollen  and  the' epiglottis 
iiiucli  enlarged.  The  bronchial  tubes  are  reddened,  and 
their  minule  ramilications  sliow  the  effect  of  the  cor- 
rosivi'.  Sometimes  a  dijihtheritic  condition  exists  or  the 
tubules  are  tilled  with  a  tenacious  mucus.  The  heart  is 
partly  empty,  the  blooii  bright  red.  and.  for  the  most 
part,  tluid.  The  (esophagus  is  blanched  or  intcnselv 
red.  The  stomach  is  either  white  or  bright  red.  its  lining 
membrane  loosened  and  in  shreds.  The  stomach  con- 
tents are  more  or  less  bloody.  If  the  patient  recovers 
from  the  immediate  effects,  and  death  ensues  a  con 
sideralile  lime  after  the  corrosive  was  taken,  the  (esoph- 
agus and  stomach  sIkjw  scars  of  greater  or  less  extent, 
and  there  may  lie  more  or  less  constriction  of  the  o'soph- 
agus  and  of  the  cardiac  or  pyloric  openings  of  the 
sloniach. 

If  life  has  been  prolonged  for  some  time,  or  if  decom- 
position has  begun,  it  is  useless  to  attempt  to  detect  the 
ammonia  that  may  have  caii.sed  the  death,  for  either  it 
has  be(-n  eliminated  during  life,  or  its  presence,  after  pu- 
trefaction sets  in,  may  be  accounted  for  by  the  decompo- 
sition of  nitrogenous  compounds  of  tlie  bodv.  Tlu; 
materials  vomited,  or  the  stomach  (■ontents,  or  the  stom- 
ach itself  in  case  death  follows  soon  after  the  ingestion 
of  the  corrosive,  may  be  found  to  contain  sullicient  am- 
monia to  resjiond  to  characteristic  tests.  For  this  ])iir- 
])ose  the  material  is  distilled  lirst  alone  and  afterward 
with  the  addition  of  an  alkali  like  lime  or  magnesia,  and 
the  distillates  are  then  .separately  collected  and  are  sub- 
jected t(i  the  .several  tests  for  amnwuia. 

These  tests  at'"  as  follows: 

If  a  portion  of  the  distillate  be  added  to  a  small  amount 
of  Xessler's  solution  (|)rei)ar(Hl  by  adding  to  a  solution 
of  con-osive  sublimate,  containing  40  gm.  to  :i(l()  c.e.  of 
water,  a  strong  solution  of  potassic  iodide  until  a  perma- 
nent precipitate  begins  to  form,  and  then  adding  to  this 
.solution  (iOl)  c.e.  of  a  solution  •containing  Kid  gm.  of 
pota.ssic  hydrate),  a  yellow  or  brown  color  or  a  brown 
precijiitate  is  produced. 

A  portion  of  the  distillate  added  to  a  few  drops  of  a 
solution  of  mercuric  chloride  gives  a  white  precipitate. 

.\  portion  of  the  distillate  added  to  a  few  drops  of  a 
niercurous  nitrate  solution  gives  a  black  preciiiitate. 

To  a  portion  of  the  distillate,  made  neutral  by  the  ad- 
dition of  dilute  hydrochloric  acid  if  alkaline,  add  a  little 
alcoho.li(^  soluti(in  of  picric  acid.  In  the  presence  of  ani- 
nionia  coni])oiinds  yellow  crystals  of  ammonium  picrate 
are  forme(l  on  standing. 

To  a  portion  of  the  distillate  acidified  with  hydro- 
chloric acid  add  platiiiic  cbloiide  solution  and  evaporate 
to  small  liulk  at  a  gentle  heat.  \\'licn  ammoniuin  com- 
pounds are  iwescnt.  yellow  crystals  of  amnionio|ilatinic 
chloride  are  formed,  insoluble  in  al(.-oliol.  and  but  little 
soluble  in  dilute  mineral  acids  and  free  alkalies. 

In  the  form  of  ammonioplatinic  chloride  the  (juantitv 
of  ammonia  present  may  be  weighed  and  calculated. 
To  this  end  the  precipitated  double  chloride  is  filtered  on 
to  a  tared  filter  and  washed  with  strong  alcohol  until 
free  from  acid.  After  this  the  tilter  with  its  precipitate 
is  dried  at  UH)  ('.  and  weighed.  The  ammonium  salt 
contains  7.G2  per  cent,  of  its  weiiiht  of  ammonia  as  NII3. 

//,/•/-<  /•/  JA.  ma. 

AMMONIACUIVI. — .\mmoiiiac.  "(iiini  Ammoniac''  — 
"A  gum  resin  oblaiiied  U\nn  iJoyciiKi  Aiitmtinidcinii  Don 
(fam.  I'lii/icl/i/trii)"  (U.  ,s.  P.).  This  is  a  large,  weird- 
looking  umbelliferous  plant,  growing  abundantly  in  the 
wastes  of  Persia  and  Beloochistan.  It  has  a  fh.'shy.  tur- 
nip shajied.  perennial  root,  nearly  3tl  cm.  (one  foot)  in 
length,  which  is  itself  .an  article  of  commerce  in  the  East, 
and  known  as  "Bombay  snmliul."  The  flowering  stem 
does  not  appear  until  tlie  plant  is  five  or  more  years  old : 
it  is  thick  and  coarse,  2  metres  or  more  (over  six  f(^et) 
in  height.  There  area  few  large  compound  leaves  at  its 
base,  but  abovi^  it  is  leafless.  It  terminates  in  a  large, 
close  panicle,  along  the  branches  of  which  the  minute 
Howers  are  clustered  in  small  globular  heads. 
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The  plant  is  filled  -with  an  abundance  of  milky  jiiice, 
contained  in  both  stem  and  roots,  which  exudes  cither 
spontaneously  or  from  punctures  made  by  a.  beetle  which 
feeds  up<m  it.  The  sap.  as  it  escapes,  hardens  and  dries 
upon  th<'  stem.  an<l  Hows  or  drops  to  tlie  ground.  It  is 
collected  in  .luly  and  Auijiist.  partly  from  the  stems, 
partly  from  the  ground,  by  Persian  peasants,  and  ex- 
porled  to  India,  and  from  thcie  to  Europe. 

AmnKiniac  t'onsists  o(  these  hardened  drops,  or  "  tears." 
as  they  are  technically  called.  In  the  best  qualities  they 
are  .separate,  or  only  loosely  stuck  toacther  in  |)orous 
masses;  in  inferior  grades  they  are  embedded  in  a  dark- 
brown  resinous  matrix.  Fine  specimens  consist  of 
rounded  pieces  from  1  nun.  to  1  or  0  cm.  (one  twentj'- 
tifth  to  three-quarters  of  an  inch)  in  diameter.  They  are 
brownish  cream-colored  e.Mernally.  darkening  to  cin- 
namon brown  with  age.  C'reamy  white,  or  jiui'e  white 
within.  They  break  with  a  conchoidal  fracture,  dis- 
closing a  waxy,  but  shining  sui'face.  The  odor  is  pe- 
culiarrrather disagreeable,  but  faint,  exceptin.g  in  masses 
or  upon  warming ;  the  taste  is  bitter  and  rather  acrid.  In- 
ferior specimens  are  those  having  a  large  jiroportion  of 
the  darker,  lioraogeneous  resins  and  extraneous  sidistan- 
ces,  such  as  dirt,  sticks,  chatf,  etc.  It  is  a  liifficult  drug 
to  powder,  unless  very  cold  or  very  dry.  When  heated  it 
softens,  but  does  not  melt.  Alcohol  dissolves  about 
three-fourths  of  it.  Water  disintegrates  it,  and  forms 
with  it  a  milky  emulsion. 

Ammoniac  consists  of  about  seventy  per  cent,  of 
resin,  tifteen  to  eighteen  per  cent,  of  soluble  gum,  and  the 
rest  of  insoluble  gum,  water,  and  a  trace  of  essential  oil. 
The  latter,  according  to  FUickiger,  does  not  contain  .sid- 
phur,  and,  therefore,  is  not  similar  to  the  oil  of  asatu-tida. 

Ammoniac  is  stimulant,  expectorant,  and  antispas- 
modic, but  is  scarcely  used  now  internally.  The  dose  is 
stated  to  be  ()..t  to  3  .gm.  (gr.  viij.-xxx.)  three  or  more 
times  a  day.  An  emulsion  would  be  an  eligible  form, 
although  a  tincture  would  probably  contain  all  that  is 
active  in  it.  The  only  official  preparation  is  Ammoniac 
Plaster  {EiiijilaKlriim  AiJi.iiiiini.di-i.  U.  S.  P.),  made  hy 
softening  the  ammoniac  in  diluted  acetic  acid,  and  evap- 
orating to  a  suitable  extent.  It  is  a  stimulating  and 
rubefacient,  sometimes  blistering  application,  useful  as 
a  mild  coiuiter-irritant. 

One  other  species  of  Diirctiin.  according  to  the  "Phar- 
macographia,"  yields  ammoniac,  Bentham  and  Hooker 
include  only  two  spc'cies  in  the  genus.  The  anmioidac 
of  Diosccjrides  and  Pliny,  and  other  ancient  writers,  was 
obtained  in  .\frica,  and  is  a  dilferent  article,  nami-ly,  a 
gum  resin  obtained  from  Ftrnla.  Tiniiitnun  Linn.  It  is 
rarely  found  in  European  markets.  ir.  /-*.  Bi'Um. 

AMMONOL. — .V  proprietary  remedy  stnted  to  be  am- 
monium ilirnylacetanude  and  reconnuended  as  antipy- 
retic, analgesic,  and  antiseptic.     Dose,  gr.  v.-.\x. 

Ammonol  Sdlii'iilatf. — A  salicylic  acid  compound  of 
ammonol.  claimed  to  be  especially  useful  in  the  headache 
of  nervous  and  ana'mie  jiatients,  and  given  in  eight-grain 
doses.  Both  ammonol  and  its  salicylate  are  white  pow- 
ders which  lo.se  ammonia  on  exposure  to  air. 

W.  A.  Bmtedo. 

AMNESIA.     Sec  Aphiixia. 

AMNION. — The  amnion  is  one  of  the  foetal  appendages, 
being  a  thin  membrane  w  hich  is  derived  from  the  extra- 
embryonic jiortion  of  the  som:ito]ilcure,  and  forms  the 
innermost  of  the  envelopes  surrounding  the  fo'tus.  It 
occurs  only  in  mammalia,  birds,  and  rejitilcs  (the  annu- 
ota),  and  is  absent  in  the  ainphilna  and  fishes  (the  anam- 
niota),  Amcaig  the  invertebrates  an  amnion  is  developed 
by  the  embryos  of  many  insects.  The  vertebratt  ani- 
mals which  exhiliit  an  anuiion  are  also  characterized 
by  the  possession  of  the  allantois,  another  fietal  aiijiend- 
age.  These  two  structures,  the  amnion  and  allantois, 
though  associated  together  in  existing  s|)ecies,  are  dis- 
tinct in  their  histological  origin  and  deveJopuK'nt. 

The  amnion  is  a  lliin,  delicati'  membrane  or  sac  which 


is  sit\iated  next  to  th<>  embryo,  separated  from  it  by  a 
space  or  accumulation  of  thud ;  outside  the  anmion  are 
the  chorion  and  allantois,  and  outside  these  (in  mammals) 
the  uterine  walls.  At  an  early  period  the  amnion  is  a 
separate  sac,  distinct  from  the  cliorion.  but  later  it  comes 
into  contact  with  and  is  loosely  attached  to  the  chorion. 
In  the  fidlv  de\  eloped  human  afterliirth  the  aininon  is  a 
well-marked,  thin,  pellucid  membrane  lining  the  inner 
surface  of  the  placenta  and  lietal  membranes,  from  which 
it  can  be  easily  strii)ped  otf.  At  the  insertion  of  the  um- 
bilical coi'd  into  the  placenta  the  amni(5n  merges  into  the 
integument  of  the  ct>rd,  which  differs  somewhat  in  char- 
acter from  the  remainiler  of  the  amnion.  At  the  junc- 
tion of  the  cold  with  the  abdominal  wall,  the  sviperficial 
layers  of  the  cord  become  lontiiuious  with  the  skin  of 
the  fretus.  Hence  the  amnion  is  a  structure  continuous 
(through  the  integument  of  the  cord)  with  the  skin,  and 
in  the  main  it  is  genetically  as  well  as  structurally  ho- 
mologous to  the  skin.  The  amnion  possesses  twola^'ers: 
the  superficial  layer  (that  directed  toward  the  foetus)  is 
of  epiblastic  origin  and  epithelial  nature,  and  is  the  pre- 
cise homologue  of  the  epich'imis;  the  deeper  layer  is  a 
connective-tissue  stratum  of  mesoblastic  (s<imatopleural) 
origin,  and  ecu  responds  in  the  main  to  tlie  cutis  vera. 
AVithiu  the  amnion  is  a  cavity,  the  amniotic  cavity, 
which  is  filled  with  a  fiuid  (the  amniotic  fiuidV  in  which 
the  fcetus  is  immersed. 

A  distinction  is  sometimes  made  between  the  true  am- 
nion and  the  false  anmion.  The  true  anmion  is  the 
amnion  proper,  the  innermost  of  the  fcetal  envelopes. 
The  false  anndon,  or"membraua  serosa,"  consists  of  tliat 
portion  of  the  extra-endiryonic  somatopleure  which  en- 
ters into  the  formation  of  the  chorion:  the  chorion  is 
formed  bv  the  fusion  of  the  false  amnion  and  the  allan- 
tois. 

Develop.ment  of  the  A.mnu)N. — The  ontogenetic  de- 
velopment of  the  anmion  in  all  reptiles  and  birds  (wdnch 
together  are  often  called  the  sauropsida)  appears  to  take 
place  b.v  substantially  the  ssime  process,  which  is  well 
exemplified  in  the  classical  case  of  the  chick.  In  the 
mammalia,  howe%er,  there  are  several  important  dilfer- 
ences  and  variations  in  the  mode  of  amnion  formation, 
though  in  many  of  the  manunals  the  jn'ocess  is  similar  to 
that  in  the  sjiuropsida. 

The  development  of  the  amnion  is  in  some  cases  asso- 
ciated and  complicated  with  that  of  another  membrane, 
the  proamnion :  this  is  a  fold  of  epiblast  and  hypoblast 
which  covers  the  anterior  portion  of  the  endiryo.  and  is 
usually  a  transient  structure.  It  differs  from  the  anudon 
in  consisting  of  ectoderm  and  entoderm  w  ithout  inter- 
vening mesoderm  or  ctelom,  while  the  anmion  is  formed 
from  the  somato]-ileure.  It  is  considered  in  a  separate 
article. 

Preliminarv  to  considering  tlie  development  of  tlie 
amnion,  it  will  be  comenieut  to  recall  some  of  the  fea- 
tures of  the  early  embryo.  At  a  certain  early  period  the 
embryo  exhiliits  three  layers,  the  epiblast  (ectoderm), 
mesoiilast  (mesoderm),  and  hypoblast  (entodernii,  from 
without  inward.  Outside  the  epiblast  there  is  also  an- 
other layer,  known  chiefly  under  the  German  term  Dick- 
sr/iir/if.  or  Rauber's  layer,  probably  to  be  regarded  as  a 
portion  of  the  epiblast.  In  many  cases  this  outer  layer 
early  disaijpears  and  may  be  disregarded:  but  in  numer- 
ous species  the  Vrrkur/u'r/it  plays  a  vi'ry  important  part 
in  the  formation  of  the  amnion.  The  mesoblast  early 
splits  into  two  layers,  the  cleft  beginning  near  the  longi- 
tudinal axis  of  the  embryo  and  extending  laterally  out 
war<l.  The  outer  layer  thus  formed  is  called  the  somatic 
layer  of  the  mesoblast,  and  it  with  the  epiblast  are  to- 
gether termed  the  somatopleure.  The  inner  layer  is  the 
splanchnic  layer  of  the  mesoblast,  and  with  the  hypo- 
blast forms  the  splanchnopleure.  The  cleft  or  space 
between  the  two  layers  of  the  mesoblast  is  called  the 
codom  or  ideuroperitoneal  cavity.  The  layer  of  cells 
!inin,g  the  codom  has  been  Icrmed  (^linolt  the  mesothe- 
liuni.  while  the  rest  of  the  mesoblastic  tissue  has  been 
called  the  mesenchyma. 

AmiiiDii    Foniiotiiiii  in  lieptilea  and  BinU. — The   de- 
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vclopiiifiit  of  the  aninioii  appeal's  to  take  place  in  sul)- 
stantially  the  same  manner  in  all  l)inls  and  reptiles, 
pnK-tieaily  as  exemplilieil  in  the  chiek. 

In  the  chick,  as  tvjiical  of  the  siuiropsida,  tlie  Inrnia- 
tion  (if  the  anuiion  bcLniis  with  the  iriowlh  nt  a  crescentie 


Fig.  91.  — Early  DevoNipiiii'Mt  "f  Kmliiyu,  I'Tiurti.  lii'iriimin^' "f  Amnion  rnniiiUioM 


fold  (if  the  S(imato|)leure  upward  in  front  and  al  the  sides 
of  the  cephalic  extremity  of  the  emliryo,  which  JHcciiiies 
sharply  tiexeil  on  the  body  of  the  emliryo.  This  fold 
grows  tip  over  the  head  as  a  sort,  of  hood,  and  yra(hially 
e.xteiids  liackward.  Later  a  similar  lint  smaller  .somato- 
pleural fold  grows  np 
over  and  envelojis  the 
|)osterior  end  of  the  em 
brvo. 

The  lu'tal  body  at  tlie 
same    time    sinks    down- 
ward   and     lateral     folds 
^row  np  al  its  sides.     As 
the      cephalic     so  mat  o- 
jdeiiral   fold   ,irro\vs  back 
ward,    the    jiosterior    f(dd 
forward,   and    the    lateral 
folds     ii]uvard     and      in 
ward,     the     marjrins     of 
these  folds  finally  come  to 
meet   in   a    line   over  tlie 
dorsnm    of    the   embryo, 
irrow  lo;;clher;  tirst    the 


occur  between  allied  ji^enera.      While   the  embryolo.iry  of 

;    many  species  has  been  worked  out.  it  will  still   re([iiire 

extensive  researches  anion  irdill'i-rent  varieties  of  mammals 

to  determine  all  the   forms  of  amnion  development.     A 

j    few  of  these  forms  are  brielly  described  below. 

In  the  riihliil  the  amnion  is  derived 
from  a  somatopleural  fold  like  that 
in  the  chick,  wliicb  bciiins,  howi^vcr, 
only  at  the  caudal  exlremity  and 
.i^radtiallv  ,!;rows  forward  over  the 
embryo  (Fi.y.  !!!)).  The  anterior  end 
of  the  embryo  beeotnes  covered  bv  a 
larire  proamnion,  but  by  the  forward 
yrowthof  the  posterior  amniotic  fold 
the  proaimiion  is  ultimately  obliter- 
ated and  rei;laced  by  the  true  am- 
nion. 

Ill  the  I'li'isxiiiii  a  similar  caudal 
anmioii  tVdd  grows  up  at  tirst.  but 
this  disappears  and  is  replaced  by 
proamnion,  which  iiltiinalely  (-overs 
the  entire  embryo. 
In  the  lii(l(/(lii>!i,  according  to  A.  A.  W.  llubrechtc  Die 
I'hvlo.genese  des  Amnions  uiid  die  Bedeuluni;' des  Tro- 
phc'iblasts."  Amsterdam,  |S!I.")),  the  Ihi-harhh-hl  (or"tro- 
phoblast '')  plays  an  important  |iart  in  the  formation  of 
the  amnion.     A  space  («,  Fi.g.  10(1)  early  ap])earsbetwei;ii 


Km.  il.").— lieilimiinu'  nf  Fi'nnall'.lmf  .Kiniiion  liy   t'|i\V!il'<l  (^TOVtll  of  Fnlils  ef  tlie  SiilMlit<i|ili-iir(". 


till-   folds  then 
unite,  then  bv 


rinbrvi 


The 


The  edges  o 
•piblaslic  cell 
the  extension  of  the  mesobiast  and  the  c(elom  coinplet( 
union  is  elTected.  and  two  complete  and  separati'  mem 
branes  are  formed  over  the  doisuni  of  tli 
inner  of  these  is  the  amnion:  the  outer 
(the '■  false  amnion  "  or  membrana  serosa) 
enters  into  the  formation  of  the  chiuion, 
and  comes  into  va.sciilar  connection  with 
the  emliryo  by  means  of  the  allantois. 
This  process  is  gone  through  during 
about  the  second,  third,  and  fourth  days 
of  incubation,  and  is  illiistrate(l  by  the 
accoinpanying  tigures  (Figs.  !M  to  i)S). 
Later,  the  amniotic  cavity  extends  under- 
neath the  einbryo.  so  that  the  f(etal  body 
comes  to  be  completely  enveloped  in  the 
amniotic  membrane. 

In     the    ova   of    iiixii'ta   an    epiblastic 
niembrane.  corresponding  closely  to  and 
lirobalilv  analogous  with  the  ainnioii  of 
the  vertebrate  amniota.  develops  so  as  to 
envelop  more  or  less  of  the  embryo  and  eiudose  a  small 
cavity.     This  membraue  is   formed  by  the  growing  up 
and  coalescence  of  folds  in  a  manner  strikiiiLdy  similai" 
to  tliat  exhibited  by  the  chick. 

.\tniii>iii  ForiiHition  ill  Miiiiiiiiitliii . — There  is  consider 
able  variety  and  diversity  in  the  details  and  the  general 
features  of  the  process  of  amnion  formation  in  the  dilTer- 
ent  varieties  of  mammalia.  In  many  maiimials  the  proc- 
ess is,  in  the  main,  similar  to  that  exliibited  liy  the  sauro|i 
sida,  though  with  ditfereiices  in  the  details:  but  in  other 
species  there  is  a  wide  departure  from  the  tyjie  presented 
in  the  chick.  The  |irocess  is  not  even  uniform  within 
the  same  orders  of  mainmals,  but  great  dilferences  may 


the  rormalive  cpililast  (i ).  or  e|)il)last  that  is  to  take  part 
ill  the  formation  of  the  embryo,  and  the  overlying  por- 
tion of  the  Ihrl.scliirlil  (//):  this  sjiace  is  to  develo]i  into 
the  amniotic  cavity.  From  the  inner  surface  of  this 
oxcilving    porliim    of    the    IhrLxi-hirlil   {h\   a    layer    then 


!»;.— .^iiiniim  F(inii;iUen  Further  .Vdvanccd. 


sjilits  otT.  beginning  at  the  margin  of  the  formative  epi- 
blasl.  and  the  C(elom  and  somatic  layer  of  the  mesobiast  at 
the  same  lime  grow  into  the  cleft  thus  formed.  By  the 
complete  splitting  olTof  this  inner  layer  (/(.  Fig.  Ibl )  from 
the  Dirksi-liirjit  ihe  amnion  is  formed,  the  Ihi-I.Hi'lniiil 
remaining  to  take  part  in  the  formation  of  the  chorion. 

Ilubreclit  also  (leseribes  moditications  of  this  process 
of  amnion  formation  in  other  animals. 

In  many  of  the  nnltnlK  {\m\  not  all)  a  ])eciili.ir  |iroce>s 
occurs,  known  as  the  "inversion  of  the  germ  layers."  in 
which  the  Dir/.-yrhiclit  plays  an  imjiortant  part.  A  i>ro- 
liferatiori  of  cells  takes  ]dace  at  one  jioint  of  the  Duk- 
.v-liifht,  forming  a  cellular  ma.ss  known  as  the    'I'riiinr, 
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1111(1  wliiili  iilliiii;iti-ly  takes  part  in  th<>  formation  of  the 
phieeiila.  The  epiliiastic  eells  lieiieath  the  Triitjir  also 
aceiiimilatc  in  a  mass,  so  that  the  two  masses  of  cells, 
those  of  I  he  Trdger  and  those  of  th<'  e))iblast,  tosretlier 
form  a  sort  of  |ihij;',  whieli  projeets  into  anil  tills  tlie  eav- 


FiG,  97.- 


Similar  modes  of  amnion  formation,  lint  difTcrini;  in 

certain  particnlars,  are  exhibited  liy  other  rodents,  as  in 

arvicola  (tield  mouse)  and  the  guinea-pig.     For  detailed 

illustrations  and  descri])tions  of  the  development  of  the 

amnion  in  various  rodents,  reference  may  he  made  to  E. 

Scleiika's    "Studicii       liber     Entwieke- 

lungsgrseliichti-  der     Thiere,"  llefliii., 

Wiesbaden,  1SS4. 

In  the  rutiiiiiiiiitu  the  amnion  develops 
very  early.  lu  these  a  cord  of  tissue 
(the  "amniotic  cord"  or  "funiculus  ani- 
nii'")  persists  for  some  time  at  tlie  point 
of  final  closure  of  the  amnion  and  cho- 
rion ^^  Fig.  97)  and  forms  a  band  con- 
necting tlie  two  membranes. 

In  iiiiiii  little  is  known  as  to  the  early 
mode  of  development  of  tlie  amnion, 
owing  to  the  ditliculty  of  obtaining 
specimens  for  examination.  The  earli- 
est stage  observed  lias  been  described 
Iiy  His,  and  as  interpreted  by  him  is  dia- 
grammatical ly  represented  in  Fig.  lOiS. 
Bi'neatli  the  embryo  was  the  yolk  sac. 
and  posteriiuly  an  allantoic  stalk  (the 
future  umbilical  cord)  connected  the 
embryo  with  the  chorion.  The  amnion 
was  given  off  from  beneath  tjie  cepha- 
lic extremity  of  tlie  eiiibrj'o,  at  the 
margin  of  the  yolk  sac,  and  passed 
AdvaQi-eii  Stage  of  Amnion  Formation,  the  Somatopleural  .\mmon  Folds  having    backward  over  the  embryo  to  join  the 


Come  into  Contact  (Jver  the  Dorsum  of  the  Embryo. 


ity  of  the  blastoderm.  The  hypoblast  lining  the  Deck- 
iic'liicht  and  epiblast  is  thus  invagiuated  into  itself;  that 
liortion  of  it  covering  the  mass  of  epiblastic  cells  apjiears 
to  be  external  while  the  epiblastic  cells  seem  to  be 
internal,  the  usual  relations  of  these  two  layers  thus 
appearing  to  be  reversed.  The  relations  are  precisely 
similar  l<i  those  of  the  heart  and  pericardium,  the  myo- 
cardium CO  r  res- 
|ionding  to  the 
Trhiiir  and  epi- 
lilast,  the  peri- 
cardium to  the 
liyiioblast,  wliile 
the  myocardium 
appears  to  lie  in- 
side the  ]iericardi- 
iim,  it  is  really 
outside  the  peri- 
cardial c  a  v  i  t  y. 
In  some  species — 
Mus  m  u  s  c  u  1 11  s 
(house  mouse), 
Mus  decumanus 
(rat),  Mussylvati- 
cus  —  the  Triiinr 
and  the  epiblastic 
mass  coalesce  and 
merge  into  one 
another,  forming 
a  cylindrical  mass 
within  which  a 
cavity  appeal's 
(Fig.  102).  In  tlie 
epiblastic  ]iortion 
of  this  cylindrical 
mass  the  eniliryo 
develops,  and  by 
the  growing  to- 
gether of  folds  or 
constrictions 
above  the  embryo 
a  portion  of  the 
cylinder  is  cut  off 
to  form  the  amni- 
on and  amniotic 
cavity. 


allantoic  stalk.  The  precise  mode  by 
which  this  arrangement  of  the  amnion 
is  attained  is  unknown.  Hiss  theory,  illustrated  by 
Fig.  104,  is  that  the  embryo  sinks  from  the  surface  of 
the  blastodermic  vesicle,  and  a  somatopleural  amnion 
fold  grows  from  the  anterior  extremity  backward  over 
the  embryo.  Spec  has  conjectured  that  some  process 
similar  to  the  inversion  of  the  germ  layers  in  rodents 
takes  place.     The  amnion  springs  from  the  sides  of  the 


-Amnion  Formation  Completed,  the  Folds  having  Coalesced  Over  the  Eiubr.vo,  Leaving  the  Amnion  and  Chorion 

Complete  and  Distinct. 

Fios.  04  TO  98.— Schematic  Cross-Sections  of  Embryo  Cliick  in  Dorsal  Region,  to  Illustrate  the  Formation  of  the  Amnion. 
(',  Epibliust :  /),  hyjioblast ;  »i,  f.  raesobhist ;  u\  (stipplini:*,  Tiifscnchyniii ;  1  (broken  line',  mesothclial  lining  of  cirlom ; 
c,  coi^lom  :  o,  somatic  layer  of  mesoblast ;  ^i,  splaiti'tiiiic  layt-r  i.f  iiirsobia.sl ;  .vo,  soinat^iplcnro;  .n')i.  splauchnopleurts 
/.amnion  fold  of  somatopleure :  a,  complet^'ly  formctl  iiiiimon;  rfr.  aiiinioth'  cavity;  t,  pi»i?it  of  union  of  amnion 
folds  and  site  of  the  "  amniotic  cord  "  ;  ch^  chorion  lor  "  false  amnion  ") ;  r.  primitive  vertebra ;  ?i,  uotochord ;  M, 
neural  canal ;  r,  aorta ;  ic,  Wolfllan  Iwdy. 
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iillaiitiiic  stalk,  as  well  as  from  the  sides  of  tlir  iiiilnvo, 
and  by  its  furtliiT  fxpansion  it  com'-s  to  ciivclcp  the 
oiitiii'  uinliiliiai  cord. 

'I'lIlC    I'llVl.iKiKNKTIC    DkVKI.oI'MKNT   i>K  TIIK   .\m.M(i.N. 

— The  cvolulioiiary  or  ]iliylo.i;cnclic  course  and  <"ius('  liy 
wliicli  tlie  amnion.  al)sent  in  tlic  ami)liihia  and  lislies.  was 
develo])ed  in  tlie  Siiuropsiila  and  maimnalia.  is  an  inter 
estin.s  subject  al)out  whieli  little  is  i<'ally  Unown.  While 
l)irds  are  retfarded  by  liioloijists  as  having'  idiyloi;-enet- 
ically  de.scend<'d  from  reiuiles.  maninialia  are  considered 
to  have  descended  not  from  a  sauropsidan  lorni,  l)ulfn>m 
a  mure  reiiKite  ancestral  form  from  which  the  sauiopsida 
also  descended ;  in  other  words,  mammalia  and  saurop- 


Fig.  IK).— Ffletal  Envelopesof  a  Rabbit :  Embryo  of  Eleven  Days.  I  From 
Mlnot,  aftiT  Van  Beneiien  amiJulin.)  .l.ji?.,  area  plaopiitalis:  /'/., 
plaeenta  ;  ,t/.,allaiitojs;  lit.,  i-horion  :  rt.jii..  amnion  ;  <i.ni.\  portion 
of  the  amnion  united  vvitli  the  walls  of  the  allantois:  ylr.,,li'.',  area 
va.sculosa;  7'.  .sinus  tenninalis;  I'm.  eiclom.  or  bmly  cavity.  I'm.'. 
Coe.\  extra-embryonic  poiTion  of  the  boriy  cavity:  Kit.  entodennlc 
canal  of  the  embryo :  h'»^'.  entoderm  of  the  blastodermic  vesicle; 
1'.  cavity  of  the  blastodermic  vesicle;  Kc,  ectoderm;  i«'o-,l.,  pin- 
amnion. 

sida  have  the  relationship  of  brothers  descended  and  di 
ver^diiir  from  a  coinmon  |iarent.  To  this  parent  stock 
tl«' appellation  of  jiidtamniota  isapjilicd.  The  tirstani 
niote  animal  was  i)i-ol)ably  a  type  just  eineririnii  from 
the  amphiliian  j;i-oup,  wliieli  existed  in  [last  i;eolo^ne 
time  and  became  extinct  lonjj  asro. 

One  noteworthy  feature  in  which  the  ova  of  the  am 
niot;i  dilTer  more  or  less  from  those  of  the  ainpliibia  and 
fishes  consists  in  the  fact  that  the 
ejrjrs  of  reptiles  and  bii'ils  Cdiitain 
a  vei'v  lai'!,'e  yolk,  and  those  of 
the  phKM'iilal  mammals  develop 
into  blastndcrmic  vesicles  contain 
ins  an  accumulation  of  Hiiid  (tlw 
ova  of  the  two  lower  sub  classes 
of  mammals,  the  oi-nithodelphiu 
and  didelphia.  eontaininir  a  cer- 
tain amount  of  yolk).  The  efrjrs 
of  inse<-ts  also  ciintain  considerable 
yolk.  The  yulkless  cl'^s  of  the 
lilaceiital  mammals,  in  which  a 
comparatively  useless  vesti.irial 
mnbilieal  vcsifle  develops,  are 
commonly  reirardeil  as  a  .second- 
ary moditicalion  from  the  sau- 
ropsidan  lariie  yolked  type  of 
eu-.u',  the  yolk  having  been  lost 
and  a  sci'ous  vesicle  developing 
inslead ;  it  is  possible,  however, 
that  the  serous  vesicle  is  the  older 
type  autl  the  type  of  the  protam- 
niota,  of  which  the  larsie  saurop- 
sidan  yolk  is  it  secondary  and 
moditied  form. 


The  occurrence  of  a  larire  fluid  mass  in  the  early  em- 
bryos of  amniote  animals — yolk  in  sauiopsida,  blastoder- 
mic vesicle  in  mammalia — together  with  the  presence  of 
a  resisting  vitelline  envelope, 
alTord  opportunity  for  the  oper- 
ation of  mechanical  factors  jind 
inllucnces  in  the  development  of 
the  amnion,  and  hjive  given  rise 
to  explanations  of  amnion  for- 
mation on  mechanical  giounds. 
The  weight  of  the  develoiiing 
embryo  tends  to  cause  it  to  sink 
into  the  soft,  yolk  substance  or 
the  lluiil  blastodermic  vesicle, 
thus  leaving  somatoph'Uial  folds 
jirojecting  upward  about  the 
embryo;  the  condition  can  thus 
he  regarded  as  nut  so  miu'h  ;i 
growing  upward  of  the  ainnicm 
folds  as  a  (iownward  sinking  of 
the  embryo.  Again,  by  the 
growth  of  the  scimatoplcure 
within  a  resistant  vitelline  inein 
braiie  or  J)ifl,.wliirht.  the  .so- 
mato])leure  is  forced  to  become 
foliled  or  invaginated  within 
itself,  the  embryo  licing  forced 
downward  and  tlic  hilds  anmiid 
it  developing  into  the  amnidii. 
Or  the  lapid  growth  of  the  em 
bryo  in  all  directions.  ;udcd  by 
its  weight  and  the  i-csistancc  of 
the  vitelline  inembrane,  may 
force  it  toward  the  centre  of  the 
vesicle,  where  it  has  inoie  room 

to  e.vp:md.  The  sharp  flexion  of  the  head  on  the 
borly  of  the  embryo,  which  early  appears,  is  anollier 
factor  which  promotes  the  formation  of  folds  over  the 
head;  thcc;iuscof  this  flexion  then  remains  to  be  consid- 
ered, though  it  n.;iy  be  partially  due  to  the  increase  in 
length  of  the  enibryo  and  the  resistance  of  the  vitelline 
ineinbnme  in  fr(int  causing  the  lie;id  to  bend  downw:ii'd. 
These  inechaniciil  f,-ictors  may  have  some  share  and  in- 
fluence in  the  formation  of  the  amnion,  but  they  ;irc  not 
the  only  factors.  There  is  a  real  proliferation  of  tl;e 
soin;itopleure  and  expansion  of  the  co'loin  which  is  of 
the  gre;itest  consei|Uence  in  the  development  <if  the  am- 
nion, anil  which  can  not  be  cxidained  on  any  meehanical 
grounds  that  we  can  now  appreci;ite.  Besides,  the 
growth  of  the  allantois  has  to  be  taken  into  account.  It 
would  seem,  therefore,  that 

cannot  fnllv  expliiin  the  S        ^       71. 


Via.  III-.  Eallv  Kmbryo  of 
Mils  Sylvaticns.  Kit.  liy- 
Itoblast;  f,  cavity  of  um- 
bilical vesicle;  'ill.  Dicli- 
.^iliirlil  :  7'r. 'I'rayer;  Ki\ 
epiblast.  merffinp  into  the 
cells  of  the  'I'ratrer;  n. 
cavity  of  'friitrer  ali'i  epi- 
blast. the  lower  poi-tion  cif 
which  is  afterward  cut 
otT  to  form  the  amnifjtic 
cavity.  I  From  Mlnot,  af- 
tei-Selenka.) 


Flfi.  inn.— Early  Staje  of  Kinbrvonie  Develop- 
ment. ((.  S[>jice  between  foniKitivt*  (rjiibliLst 
and  overlvlnir  poiiion  of  Dn  list-ltirlil  -  ihi' 
nitiire  amniotic  cavitv  ;  ''.  |iortion  of  Dirh- 
siliirlil  overlvlnir  formaliveeiiiblast;  <l.  Ihrl:- 
KihUlil :  e.  formative  epibbcst;  //,  liypobla.st. 


FKi.  ini.- Later  Stape.  Showinj;  Splittine  iiff  of 
Amnion  .Nearly  Completed,  o.  .Vmniolic  cavitv  ; 
c,  ciclom;  •(.  Ikchxtliiclil :  i\  fonimlive  epi- 
hla-st  (epIbliLst  of  embr.yo);  (I.  hv]».blust;  it. 
inner  layer  of  liithsrliithl  splittini;  oif  to  form 
theamniim;  i/i.  stuiuttie  layer  of  inesobhLst ;  p. 
splanchnic  layer  of  mesoblast. 


FIGS.  100  AN»  lul. 


Iilat,'rammalic-  HepreseutJition  of  .\mnlon  Formation  in  Hedgehog,  .\ccording  to 
Hubrecht. 
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formation  of  tlie  amnion  on  mcclianical  principles,  but 
we  nivist  jirobably  speli  its  cause  as  au  evolutionary  de- 
vclnpmont  of  a  stiiictuie  useful  to  the  organism. 

'Pile  (levelo])nient  of  the  embryos  of  fishes  and  am- 
]ilnbiii  hikes  place  for  the  most  part  in  water,  a  medium 


FIG.  103.— Earliest  (iliserved  Stage  of  Hiiinan  Amnion. 


Fig.  104.— Dia^'ram  Illustrating  His's  Theory  as  to  the  Formation  of  the 
Human  Amnion  by  the  (irowth  Backward  of  an  Amnion  Fold  from 
the  Anterior  E.\tremity  of  the  Emliryo. 

Figs.  103  and  104.— Early  stage  of  Human  Amnion.    Am.  amnion; 
.1/,  allantoic  stalk  ;   C/i.  chorion;    T,  yolk  sac.    (Minot.) 

wi'U  fitted  for  the  support  of  a  delicate  embryo.  In  the 
saui'opsida  and  mammalia,  on  the  contrary,  development 
takes  place  within  a  rigid  shell  or  the  uterus:  the  devel- 
opment, in  these  classes,  of  an  amniotic  sac  filled  with 
fluid  in  which  the  delicate  embryo  is  immersed  might 
be  regarded  as  a  useful  modification  by 
which  the  advantages  of  a  fluid  medium 
supporting  the  embryo  are  secured;  or  as 
a  contiivaiice  by  which  the  iirimitive  I'by- 
logenetic  condition  of  existence  in  an 
acpieous  environment  is  I'ctained.  The  de- 
^•elopment  of  an  amnion  in  insects,  many 
of  whose  ova  also  develop  out  of  the  water, 
is  a  fact  of  perhaps  similar  significance. 
The  common  occurrence  of  an  amniotic 
niembrane  in  two  groups  so  widely  .sepa- 
rated as  the  arthropoda  and  vertebrata 
seems  to  indicate  the  operation  of  some 
deep-seated  jirinciiile. 

As  already  stated,  the  amnion  (in  verte- 
brates) ]irobably  first  develoiied  in  a  type 
just  emei-giug  from  the  amphibian  group. 
.\  detaile(l  theory  of  the  course  of  the  evo- 
lution of  tlie  amnion  is  given  by  Hidirccht 
in  the  work  cited  above.  This  ;iuthoi-ity  suggests  that  the 
pliylogendic  liegiiining  of  amnion  development  may 
have  appeared  in  a  viviparous  ani|iliibi:iii.  in  wliich  an 
accumulation  of  fluid  occurred  in  tlie  cniliiyo,  forming  a 
vesicle.  lie  regards  the  mode  of  amnion  formation  in 
the  hedgehog  (.see  above)  as aiiproxiniating  the  ])iimitive 
and  original  tyi)e.  consisting  in  a  sjilitting  off  of  a  layer 
of  the  Dir/.xr/n'rhf  over  the  embi'vo.  and  he  traces  ovit 
tlie  various  modes  of  aninion  formation  iu  the  other  am- 
iiiota  as  inodilications  of  this  type.     Some  of  the  placen- 


tal mammals,  according  to  this  view,  therefore  exhibit 
the  oldest  and  most  primitive  method  of  amnion  forma- 
tion, while  the  ])rocess  iu  the  sauropsida  and  the  large- 
yolked  ova  of  the  latter  are  .secondary  and  more  diver- 
gent modifications  from  tlie  original  t}'pe. 

The  evolution  of  the  allantois  simultaneously  with  that 
of  the  amnion  is  to  be  taken  into  account,  and  is  an  ob- 
scure and  pu/zling  point.  It  will  be  sutticieut  here  to 
suggest  that  with  the  splitting  off  of  the  true  amnion 
from  the  "false  amnion  "  or  chorion,  this  latter  outer  en- 
velope would  remain  without  any  connection  with  the 
embryo,  and  hence  would  be  a  useless  structure  that 
W'Ould  soon  degenerate.  But  with  the  development  of 
an  allantois  to  bring  the  chorion  into  \'ascular  and  vital 
connection  with  the  embryo,  the  chorion  would  become  a 
useful  nutritional  structure.  Hence  the  allantois  may 
be  regarded  as  a  development  complementary  or  vicari- 
ous to  the  aninion,  which  saves  and  puts  to  useful  pur- 
poses the  chorion. 

An.vtomy  and  Histology  of  the  Hum.^n  Amnion. 
— The  amnion  in  the  fully  developed  afterbirth  is  a  thin, 
smooth,  tran.slucent  niembrane  lining  the  inner  or  fa>tal 
surface  of  the  placenta  and  membranes.  It  rests  upon 
the  chorion,  to  which  it  is  loosely  attached — so  loosely 
tltnt  it  has  some  play  on  the  chorion  and  can  be  easily 
strip]icd  off.  At  the  placental  insertion  of  the  umbilical 
cord  the  aninion  merges  into  the  integumentary  covering 
of  the  cord,  which.  «liile  corresponding  to  the  aninion, 
differs  from  tlie  latter  in  some  important  particulars. 

The  amnion  is  made  up  of  two  layers:  (1)  a  superficial 
epiblastic  epithelial  layer,  and  (2)  a  deeper  mesoblastic 
connective-tissue  layer. 

1.  The  inner  free  surface  of  the  amnion,  that  directed 
toward  the  ftetus.  is  lined  by  a  single  layer  of  epithelial 
cells  of  epiblastic  or  ectodermic  origin.  These  cells  at 
an  early  period  are  thin,  but  later  become  thicker,  low 
columnar  or  cuboidal  in  form.  At  times,  however,  in 
the  mature  state  they  appear  thin  and  squamous.  The 
measurements  of  the  dimensions  of  these  cells  (diameters 
or  diagonals)  given  bv  various  observers  vary  from  0.008 
toO.oiimm.  (i)olirn),"0,011  to0.019mm.  (Kolliker),  0.011 
to  0.014  mm.  (Lange),  0.011  to  0.(iS3  mm.  (Nichols).  The 
varying  sizes  of  these  cells,  as  stated  by  different  observ- 
ers, ju-obably  depend,  partly  at  least,  upon  the  degree  to 
whi<-h  the  membrane  is  stretched  in  the  jirocess  of  prep- 
aration for  microscoiiical  exaniination.  AVlien  hardened 
by  the  usual  reagents  without  taking  any  precautions, 
the  membrane  is  apt  to  contract  or  shrink  in  superficial 
extent  and  at  the  same  time  to  become  thicker,  thus  giv- 


fig 


Epithelial  Cells  Lining  Inner  Surface  of  the  .\mniou.    Surface  view.    Silver 
nitrate  and  hematoxylin.    X  I.IXK). 


ing  these  cells  an  appearance  of  greater  thickness  and 
less  suiiei-ficial  area;  while  when  stretched  on  a  cork  and 
so  htirdencd,  the  cells  may  be  undulj^  stretched  and 
thinned. 

Viewed  from  the  surface,  as  after  treatment  by  the  sil- 
ver-nitrate method  to  bring  out  the  cell  boundaries,  these 
cells  iircscnt  tlie  aiipearance  of  pavement  epithelium, 
uniting  in  a  single  layer  edge  to  edge,  with  often  slightly 
wavy  margins,  and  being  in  shape  polygonal  (often  pen- 
tagonal and  hexagonal),  elongated,  or  irregidar  (Fig.  105). 
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Scmie  observers  liave  seeu  intercellular  brid.ses  iniitiug 
these  cells  (Fi.ir.  100). 

Viewe<l  in  vertical  sections,  tlie  aniiiintic  ciiilhelial 
cells  appear  as  low  colunniar,  culioidal,  or  lliiniirr  cells: 
the  nuclei  arc  often  situated  u<'ar  the  free  ends  of  the 
cells,  leavin.u'  a  clearer  protojilasniic  /one  in  the  dee|ier 
portions  of  the  cells  (Figs.  107,  110,  111). 

The  nuclei  of  these  cells  are  roiuidcd  or  sjiherical, 
about  0.004  mm.  in  diameter.  Most  of  the  cells  contain  u 
single  nucleus  each,  but  cells  containiii.g  two,  three,  or 
even  four  luiclei  are  common;  thi'sc  nuiltiiUK'leated  cells 
are  of  larger  size  than  the  uniniiclealed.  In  the  latter 
part  of  pregnancy  the  epithelial  cells  soini-tiines  un- 
dergo a  certain  degree  of  dc-gcneralion.  Among  these 
cells  arc  oeeasionaliy  observed  round,  clear  spaces  or  ob- 
jects, which  have  been  variously  interiirctcd  as  stomata, 
vesicles,  or  cells  that  have  undergone  nuicinous  degener- 
ation and  burst. 

2.  Beneath  the  superficial  epithelial  layer  is  a  connec- 
tive-tissue stratum  of  inesoblastic  origin.     'Phis  stratum 


pn.,^..--^  ^^.    «^^.    ^j^ 


Fig.  106.— Surface  View  of  Epithelium  of  .Amnion  from  144-I)a.v  F.in- 
bryo.  Showing  Intercellular  Bridges  or  1'Rices.ses  tpr).  pi,  I'mtu- 
plasm  (cytoplasm) ;  nu,  nuclei.    X  l,22.i.    (Minot.) 

can  be  divided  into  two  layers:  («)  a  thick  connective- 
tissue  layer  (me.seuchymatous),  and  (li)  a  thin  eiidolhe- 
lioid  (inesothelial)  layer  lining,  iiurtially  at  least,  the 
outer  surface  of  the  amnion,  that  directed  toward  the 
chorion. 

(a)  The  connective-tissue  layer  of  the  amnion,  luiderly- 
ing  the  epithelial  layer,  makes  up  the  lar.aer  iiart  of  the 
thickness  of  the  membrane,  and  corres]ionds  to  that  por- 
tion of  the  niesoblast  which  has  been  termed  the  mi'sen- 
chyma.  This  layer  is  .somewhat  cmbrycmic  in  ehara<-ter, 
and  consists  of  connective-tissue  cells  embedded  in   an 


rounded  and  oval,  but  later  become  irregular  in  form  and 
size.  The  cells  are  Hat  and  thin,  arranged  flatwise  with 
the  surface.  The  shapes  of  these  cells,  especially  in  the 
mature  amnion,  have  not  been  well  made  out:  one  speci- 
men from  a  mature  afterliirth  in  which  the  amnion  liad 


<v.:-^ 


Ki(i.  KIS.— Surface  View  of  Nuclei  of  Mesolilastlc  Cells  of  .Amnion  from 
l''lvc-.Mnntli.s' Kietus.     X  1. ■■•-").    (Minot. I 

remained  permanently  .separate  from  the  chorion,  pre- 
sentin.ir  unusually  favorable  conditions  for  observation, 
has  been  e.vamined  by  the  wi-iter  (Fig.  109).  In  this  in- 
stance the  connective-tissue  cells  were  mostly  large  flat 
cells,  very  irregular  in  form,  giving  oft'  irregular  proc- 
esses and"  Inanehes,  .som<'  broad,  scjme  line  and  tilamen- 


>l05 


.  Msih 


Fn;.  I07.-Sectlon  of  Placental  Portion  of  Amnion  of  Two-Ntonths'  Fmtiryo, 
Kc.  Epiblastic  or  epithelial  layer ;  .Vcs,  mesenchymal  Ciricsol'Ui.«tic)  connec- 
tive-tissue layer;  -VrfJi,  mesothelial  or  endothelioid  layer.     X  :;.■>".     i. Minot. 

abundant  matrix.  The  cells  for  the  most  juirt  occupy 
the  dee)H'St  plane  of  the  amnion,  often  leaving  in  the 
upper  portion  of  this  connective-tissue  layer,  immedi- 
ately beneath  the  e|iithelial  layer,  a  zone  that  is  free  from 
cells  (Fig.  110).     The  uucleiof  these  celLs  are  at  lirsl 


Fig.  109.— Connective-Tissue  Cells  from  Mesenchymatous  Layer  of  the 
Amnion.     Silver  nitr.ite  and  ha'maUJXylin.     X  Mt. 

tarv.  The  processes  of  neighboring  cells  were  often 
dii-ectly  continuous  with  one  iUiother.  The  general  out- 
lines (if  the  smaller  of  these  cells  were  often  roughly 
rounded:  of  the  larger,  poly.iroual  or  altogether  irregu- 
lar. These  cells  rangeil  in  sizi-  from  0.(I2.")  to  0.100 
mm.  ill  extreme  dimensions,  nicasiiring  between 
the  e.vtremitles  of  the  processes  (perhaps  the  speci- 
men in  which  tlicse  measurements  were  made 
was  somewhat  overstretched).  .Mingled  witli  these 
larger  cells  were  smaller  rounded  or  oval  cells,  not 
.so  well  iirovided  with  processes  and  ranging  in  size 
from  about  O.OOS  to  O.OKi  mm. 

The  intercellular  matri.x  in  which  the  connective- 
tissue  cells  of  this  layer  are  embedded  is  a  homo- 
geneous ground  substance  said  to  be  of  gelatinous 
or  mucinous  character.  At  times,  however,  tcjward  the 
clos<'  of  preu'iiancy,  the  deeper  ])ortion  of  the  layer  (where 
tli(' cells  are  mostlv  situated)  becomes  markedly  tilirous 
in  character  (Fig.  1 10).  the  outer  subeplthelinl  turn  cellu- 
lar stratum  still   reUiiuing  its   honio.geiieous   mucinous 
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nature.  The  amnion  of  man  is  a  uou-vascular  structure 
aud  contains  no  blood-vessels;  the  iiresenee  of  an  exten- 
sive system  of  lynipli  clmimcls  has  not  been  definitely 
demonstrated,  tliounh  such  vessels  may  be  jn'esent.  The 
amnion  of  the  chick  is  contractile,  and  is  .said  to  contain 
muscle  cells. 

(i)  The  outermost  surface  of  theanniion.  that  directed 
toward  the  chorion,  is  lined,  |iartiallv  at  least,  bv  a  sin- 
ale  layer  of  thin,  ilat  endothelioid  cells  (Fliis.  lOT,  111). 
These  are  descendants  and  representatives  of  the  meso- 
thelial  cells  which  lin(.^  tiie  ctelom  and  from  which  the 
en<lothelial  cells  of  the  pleura  and  peritoneum  are  also 
derived.  These  cells  are  naturally  well  marked  in  the 
early  period  of  iiresnancy.  while  the  anuiiou  is  still  un- 
attached to  the  chorion  and  presents  a  free  outer  surface. 
A  similar  layer  of  cells  jiroliably  lines  the  innermost  sur- 
face of  the  chorion.  After  the  amnion  becomes  united 
with  the  chorion,  these  cells  would  probably  be  sup- 
pressed at  the  ])oints  of  union  of  the  two  membranes, 
though  even  at  f>dl  term  such  cells  have  been  seen  at  a 
plane  correspondin.s;  to  the  deepest  part  of  the  amnion 
or  innermost  part  of  the  chorion,  perhaps  lining  spaces 
left  between  the  membi-anes  similar  to  lymph  spaces  in 
the  body  lined  with  endothelium. 

In  the  specimen  of  afterbirth  above  referred  to,  in 
which  the  amnion  remained  .permanently  separate  from 
the  chorion  and  presented  a  free  outer  surface,  this  layer 
of  cells  was  nicely  demonstrated  hy  the  silver-nitrate 
methoil  (Fig.  112).  On  surface  view  these  cells  were 
mostly  of  hexagonal  shape  (some  pentagonal  and  heptag- 


FlG.  110.— Section  of  Placental  Amnion  from  Eight-Months'  Embryo, 
ccf,  Epiblastic  epithelial  layer;  »)f.s,  mesoblastic  connective-tis.sne 
layer,  showing  non-celliilar  subepithelial  stratum  and  deeper  Bbrous 
stratum.    X  340.    (Minot.l 

onal).  quite  uniform  and  regular  in  shape  and  size,  with 
slightly  rounded  angles.  They  were  united  to  one  an- 
other by  their  edges,  which  were  straight,  not  sinuous. 
Their  size  was  small,  measuring  0.0055  to  0.0(17  mm.  in 
diameter.  They  did  not  form  a  complete  lining  o\-erthe 
entire  outer  sin-face  of  the  amnion,  or  at  li'ast  they  ap- 
peared only  in  patches;  perhaps  many  of  them  were  lost 
from  degeneration.  No  nuclei  were  visible  in  them — 
po.ssibl.v  another  degenerative  sign;  if  present,  they  did 
not  take  the  nuclear  stains  employed.  Patches  of  pre- 
cisely similar  cells  were  also  observed  on  the  inner  surface 
of  the  chorion  in  this  ease. 

The  covering  of  the  nuihilicdl  mnl.  which  is  continuous 
at  the  placental  end  with  the  amnion  and  at  the  foetal 
end  with  the  skin,  dilTers  in  some  marked  characters 
from  the  amnicm  elsewhere.  This  covering  consists  of  a 
superficial  layer  of  epithelium,  which  rests  directly  upon 
the  mucofibrous  tissue  compo.sing  the  chief  part  of  the 
cord.  The  integument  of  the  cord  is  therefore  intimately 
adherent  to,  or  an  integral  part  of,  the  cord,  anil  cannot 
be  strijiped  olT  as  can  the  amnion  elsewhere.  The  ei)i- 
tlielial  covering  is  coni]iosed  at  first  of  a  .single  layer  of 
cells,  but  later  becomes  stratified  sipiamous  in  chaiacter, 
consisting  (d'  two  to  four  layers  of  lenticular  sliaped  cells. 

Union  iif  Aniniini  and  <  'linrinn. — In  its  origin  and  early 
period  the  amnion  is  distinct  from  the  chorion  and  sep- 
arated from  it  by  a  space,  which  is  the  extra-embryonic 
])art  of  the  cielom.  and  is  homologous  and  at  lii'sf,  con- 
tinuous with  the  pleural  and  pciitoneal  cavities.  After 
about  the  third  month  of  pregnancy,  in  man,  the  amnion 
comes  into  contact  with  the  chorion,  and  the  two  mem- 


branes grow  loosely  together.  The  precise  character  of 
the  histological  connection  between  the  amnion  and  cho- 
rion has  not  been  well  maile  out. 

AnNoi!M.\i,iTiKs  OF  THE  AMNION. — Very  rarely  is  the 
amnion  the  seat  of  abnormal  or  patholosical  conditions. 


ines 


Fig.  111.— Section  of  Placental  Amnion,  at  Term,  ret,  Epililastic 
epithelial  layer;  »ic.s,  mesoblastic  (mesenchymalous)  connective- 
tissue  layer;  a,  mesothellal  endothelioid  layer.    X  340.    (Minot.) 

Such  abnormalities  may  arise  in  two  waj's;   from  anom- 
alies of  development,  or  from  jiathological  processes. 

Among  conceivable  anomalies  of  development  of  the 
amnion  might  be:  complete  absence  of  the  amnion ;  in- 
complete development  of  the  amnion  from  failure  of  one 
of  the  amnion  folds  to  grow;  failure  of  the  edges  of  the 
amnion  folds  totinite,  leaving  a  hiatus  in  the  amnion  and 
chorion;  persistence  of  a  cord  or  connection  of  tissue 
between  the  amnion  and  chorion  (the  "amniotic  cord"), 
such  as  normally  occurs  in  ruminants;  incimiplete  ex- 
pansion of  amnion  after  closure,  compressing  the  foetus. 
Some  such  anomalies  of  development  have  been  occasion- 
ally observed  in  some  animals,  but  in  man  the}'  are  ex- 
ceedingly rare. 

A  cou|)le  of  human  cases  are  recorded  (Hamard)  in 
which  there  was  a  separate  small  amniotic  ]iouch  around 
the  abdominal  insertion  of  the  undiilical  cord.  The  re- 
porter of  one  of  these  cases  attriliuted  the  condition  to  a 
rupture  of  the  amnion  (the  chorion  remaining  intact) 
with  retraction  of  the  amniotic  membrane.  Hamard, 
who  re]iorted  the  other  case,  considered  the  condition  to 
be  due  in  both  cases  to  an  early  anomaly  in  the  develop- 
ment of  the  amnion. 

It  hapix'ns.  rarely,  that  the  primitive  separation  of  the 
amnion  and  chorion  persists,  in  man,  throughout  preg- 
nancy, so  that  the  fa^tus  to  the  time  of  birth  is  enveloped 
in  two  separate  .s;ics.  the  anniion  internally  and  the  cho- 
rion (united  to  the  decidua)  externally.  This  constitutes 
a  rare  anomaly  of  the  hvimau  afterbirth,  of  which  the 
writer  has  reported  one  case  and  cited  seven  other  cases 
foimd  recorded. 

Small  nodules  or  caruncles  have  liecn  observed  in  the 
human  amnion,  .scattered  about  in  considerable  numbers. 
S(mie  Hat  aud  sessile,  some  more  or  less  pcdiculated,  and 
ranging  in  size  from  that  of  a  pinhead  to  that  of  a  pea. 
Structurally,  these  are  of  two  kinds,  one  comiiosed  of 
epithelium,  the  other  of  connective  tissue.  The  epithe- 
lial nodules  are  commoner  and  have  little  or  no  patho- 
logical  significance;    they   are    small    aggregations    of 

eiiithelial  cells.  The  con- 
nective .  tissue  nodides 
are  eomi>i>sed  of  tissue 
like  that  of  the  meso- 
blastic portion  of  the 
amnion ;  they  are  very 
rare,  and  have  been  ob- 
served in  comiection 
with  early  fa'tal  death. 

Adhesi<ms  <if  the  am- 
nion to  various  ]iarts  of 
the  fietus,  with  resulting 
defoi'inities  of  the  latter, 
have  been  observed.  These  adhesions  have  aiipariiitly 
been  due  to  infiammatory  action. 

Deficiency  or  excess  in  the  (|uantity  of  the  amniotic 
fluid,  with  the  rcsidting  pathological  eonsequences.  are 
considered  in  other  articles. 
A.MJiioTic  Fi.i'iD. — The  amniotic  sac  is  filled  witli  a 


Fig.  112.— Endothelioid  Cells  of  Outer 
Surface  of  .^nuiion  (and  Inner  Sur- 
face of  Chorion),  silver  nitrate. 
X  1,01X). 
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serous  flukl,  tlie  amniotic  fluid  or  liquor  anuiii,  iu  wliith 
tlio  f(L>tus  is  immerseil. 

In  iiuantily  the  amniotic  fluid  at  full  trrni  iu  tin-  hu- 
man fcuialc  may  vary  greatly,  but  ordiuarilv  raiiiics  from 
about  oOO  Id  1,000  f'.c,  avefaiiiii.ii  from  (!((()  lo  NOO  (•.(•. 
i\buorm;dly  Umn-  may  be  a  deficiency  (olijjioliyilruTnnios) 
or  an  excess  (polyhydranmios)  of  anuiiolic  fluid,  Imlh 
conditions  jrivinj;'  rise  to  certjxin  jjatholoirieal  eoii<]itions 
and  dangers.  The  dilferences  in  quantity  at  dillerenl 
periods  of  iireijnaney  are  not  well  determineil :  it  is  (|uite 
possil)le  that  tlie  thud  increases  in  amount  durini;  tlie 
earlier  portion  of  pregnancy,  and  dimiidshes  in  the  later 
portion. 

Tlie  li(juor  amnii  is  a  serous  or  watery  fluid,  contain- 
ing  in  solution  a  small  proportion  of  jiroteid,  organic, 
and  mineral  substances.  It  is  normally  clear,  limpid, 
and  transparent,  colorless,  alkalini!  in  reaction,  and  has  a 
siH'cilic  gravity  of  about  1.007  or  1.008.  It  contains  fiom 
one  to  two  percent,  of  dry  solids,  besides  a  small  amount 
of  adventitious  epithelial  cells,  hairs,  verni.K  caseosa, 
and  occasionally  le.ucoeytes.  I'roteids  (albumin,  globu- 
lin, nuicin,  etc.)are  ]iresent  iu  the  early  jiart  of  preg- 
nancy iu  large  amount.  (10.77  iierireiit.  at  four  months, 
7.()7  per  cent,  at  Ave  monllis,  (!.(i7  per  cent,  at  si.v 
mouths),  but  under.go  a  great  decrease  toward  the  end 
of  pregnancy,  when  there  is  only  a  small  ])roportion 
pres(^nt  (0.82  per  cent.).  The  inorganic  salts  present  are 
those  usually  found  in  serous  Hinds,  cliiefly  salts  of 
sodium,  potassium,  ammonium,  and  ealeium.  L'rea  is 
present  iu  slight  jirojiortion ;  the  amount  is  less  early  in 
pregnancy  and  gradually  increases,  O.03  or  0.045  jiercent. 
being  ])rcsent  at  the  ninth  and  ti'Utli  months. 

JIarked  abnormalities  in  tin'  physical  and  cliemieal 
characteristics  of  the  amniotic  tluid  have  been  rarely  en- 
countered. 

As  to  the  source  from  which  the  anmiotie  fluid  origi- 
nates, there  have  been  two  opposing  views:  oik^  that  it 
is  derived  (in  inammals  at  least")  from  the  mati'rnal  tis 
sues  by  transudation  from  the  deeidua  through  the  clio- 
rion  and  anniion ;  the  other  that  it  is  derived  from  the 
fo'tus,  being  the  excretory  products  of  the  in'inary  or 
sweat  glands  of  the  latler.  The  view  that  the  licpior 
amini  is  of  fo'tal  origin  has  long  been  held ;  but  in  opi)o- 
sition  thereto  and  iu  support  of  its  maternal  origin  it  has 
been  uiged  by  Minot  thai  the  fluid  in  its  composition 
does  not  resemble  \irin<',  but  is  more  of  the  nature  of  a 
serous  fluid  transuded  from  the  blood-vessels;  that  Ihi' 
fluid  appears  before  the  urinarj- orotherexerelory  glands 
of  the  embryo  are  develo|ied  and  while  tlie  urethial  out- 
let of  the  mall- is  still  inqierforate;  and  that  substances 
experimenlally  admiiiislereil  to  the  molher  have  after- 
ward been  found  iu  the  liciuoramnii  but  not  in  the  fietal 
tissues.  On  the  contrary,  the  fluid  occurs  iu  sauro)isidan 
emi)ryos  which  have  lost  their  connection  with  tlie  nia 
ternal  tissues;  and  as  to  the  flnding  of  drugs  admiiiis 
tereil  to  the  mother  in  the  liquor  aninii  but  not  in  the 
fu'tus,  it  is  possible  that  the  substances  may  have  been 
etitirely  excreted  and  eliminated  from  the  IVelusand  dis- 
charged into  tlu^  amniotic  fluid.  Possibly  in  maiiimals 
the  fluid  is  deriv<'d  from  both  the  f(etusand  the  mother — 
from  the  mother  at  lirst  and  later  from  the  urine  of  the 
fu'tiis. 

The  function  of  the  ainnioti('  fluid  is  largely  to  afford 
protection  to  the  fietus  in  ulero,  by  eijualizing  the 
pressure  on  all  parts  of  the  fatal  body  aii<l  iireveuting 
undue  direct  pressure  of  the  uterine  walls  on  particular 
parts  of  the  betus.  By  maintaining  a  symmetrieal  sh;ipe 
of  the  uterus,  and  proleeting  the  umbilical  cord  and 
utiM-ine  walls  from  excessive  and  une(pial  local  pressure, 
it  obviates  interferences  with  the;  lunbilical,  placental, 
and  uterine  circulation.  The  amniotic  tluid  also  permits 
the  movement  of  the  f(etus  in  th<>  uterus,  and  prevents 
adhesions  of  the  fo'tus  to  the  amnion  or  of  parts  of  the 
fu'tus  with  one  another  from  taking  place.  The  sym- 
metrical distention  of  the  womb  by  it  facilitates  and  as- 
sists in  the  dilatation  of  the  os  uteri  duriii!:  labor.  It 
has  been  also  a.s.serted  that  the  anmiotie  fluid  serves  as  a 
source  of  water  for  the  fa-tus;  as  the  fluid  contains  only 
Vol.  I.— 15 


asmall  proportion  of  .solids,  it  could  have  little  nutritive 
value  except  as  siqiplying  water.  It  is  well  .settle<l  that 
both  mammalian  atid  bird  endiryos  swallow  anmiotie 
fluid;  but  whether  this  is  done  as  a  reflex  act  or  for  nu 
(rilive  purposes,  or  whether  the  ])lacental  circulation  is 
iiuapable  of  furnishing  sullicient  water  to  the  fietus, 
is  not  known.  ./.  fl.  yichols. 

AMNION,  PATHOLOGY  OF.— The  amnion  is  the  in- 
iieruiust  111  llic  iiieniliiane.s  inclosing  the  feet  us.  It  is  con- 
tinuous with  (he  fu'tal  epidermis  at  the  umbilicus  and 
forms  a  sheath  about  the  umbilical  cord.  Th(s  exact 
niinmer  of  the  development  of  the  human  amnion  is  as 
yet  unknown,  for  iu  I  he  earliest  embryos  examined  it 
forms  a  complete  sac  about  the  embryo.  .Mor|)hologi- 
eally,  it  is  a  jiart  of  this  body  wall.  It  consists  of  two 
layers:  an  epithelial  one  continuous  with  the  ectoderm, 
and  a  layer  of  embryonic  conneelive  tissue  continuous 
Willi  the  somatic  mesoderm.  The  epithelial  layer  is  ou 
llie  inside  of  the  membrane,  toward  the  fietus;  the  con- 
nective-tissue layer  on  the  outside,  next  to  the  chorion 
and  uterus  wall. 

The  membrane  is  thin  and  translucent,  containing  no 
blood  vessels,  liut  is  rich  in  large!  lymiih  spaces,  forming 
laciuue  in  which  the  tnesodermie  cells  lie.  These  spaces 
are  connected  by  a  system  of  very  flue  lymiihatics.  In 
tlie  earliest  stage  the  tissue  of  the  amnion  consists  of  but 
two  layers  of  cells  (ectodermal  and  mesodermal),  between 
which  lies  a  distinct  s])aee.  l!y  the  second  month  these 
layers  have  becomit  united,  and  the  mesodermal  Jiortion 
has  increased  greatly  in  thickness  so  that  it  is  capable  of 
licing  divided  into  two  parts,  a  thin  incsolhelial  layer 
covering  the  ehorionic  surfaci'  of  the  membrane,  and  the 
me.senchyma,  which  makes  up  the  greater  part  of  the 
fully  develo|ied  aimiion.  The  tissues  of  the  amnion  do 
not  normally  develoj)  beyond  an  earl}'  embryonic  sUige; 
the  ectoderm  preserves  iis  one  layered  structure,  and  the 
incsodermal  tissue  remains  embryonic  in  character.  \o 
lilood-vessels  or  nerves  have  been  found  in  the  human 
amnion.  In  the  later  months  of  pregtiancy,  physiological 
di'gencralive  changes  occur  iu  both  incsodermal  ami  ecto- 
dcrm;il  nuclii. 

The  anuiiotiefluidfliquoramnii)  is  most  probably,  for 
Ihe  greater  jiart,  a  secretion  of  the  amnion,  but  the  man- 
ner of  this  secretion  or  the  source  of  suj)|)ly  to  the  amnion 
is  slill  unknown.  In  the  later  niontlis  of  pregnancy 
soiui'  iiorfion  of  the  fluid  is  undoubtedly  derived  from 
the  fietus.  It  is  [irobable  that  llie  fliiiil  is  secreted  by 
the  capillaries  of  the  ehorionic  villi  next  to  the  amnion, 
and  is  passed  on  through  the  amnion  by  means  of  the 
activity  of  its  cells.  The  fluid  serves  as  a  source  of 
water  supjdy  to  the  fietus;  and,  as  a  mechanical  [jrotec- 
tion  against  blow.s,  shocks,  iiressure,  etc.,  it  assists  in 
maintaining  a  uniform  temperature,  allows  room  for 
filial  luovements,  and  aids  in  delivery. 

During  the  flrst  two  months  there  is  a  definite  space 
between  the  amnion  and  chorion,  but  in  the  lliird  month 
the  amnion  is  gradually  pressed  against  the  chorion,  un- 
til an  agglulination  lakes  place  lietween  the  two  mem- 
branes through  the  f'ormalion  of  a  homogeneous  fluid  or 
gelatinous  matrix  containing  few  cells.  This  iniion  is 
always  very  slight,  as  (he  anmion  in  all  normal  eases  can 
be  readily  stripped  from  the  chorion.  In  the  flrst  three 
weeks  the  membrane  is  somewhat  removed  from  the  em- 
bryo; in  the  fourth  week  the  rapid  growth  of  the  latter 
almost  enlirely  fills  the  anuiiotie  cavity.  During  the 
second  month  the  membrane  enlarges  more  rapidly,  form- 
ing ii  larger  s]iace  for  the  atnniolic  fluid,  but  after  the 
fourth  month  it  fits  more  closely  about  the  fietus,  from 
which  it  is  ke])t  .separated  by  the  fluid. 

The  structure  of  the  anmion  is  analogous  bi  that  of  the 
serous  membranes,  and  there  is  consequently  a  close 
analogy  between  the  general  pathology  of  the  I'letal 
membrane  and  that  of  the  latter.  The  tendency  (oward 
plastic  exudations  with  the  formation  of  more  or  less 
extensive  adhesions,  changes  in  the  amount  and  character 
of  till"  secretion,  etc.,  occur  here  as  upon  other  >eroiis 
surfaces.     The  peculiar  function  of  Ihe  anmion  ,ind  it,s 
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close  relations  to  the  embryo  lead,  however,  to  pathologi- 
cal processes  peculiar  to  itself. 

Hainatoiiia. — An  eilusion  of  blood  between  the  chorion 
and  the  amnion  may  occur  as  the  result  of  accidental  or 
voluntnry  trauma,  or  of  diseased  conditions  of  tlie  clioii- 
ouic  villi.  Rupture  of  tlie  >ind)ilical  vessels  may  lead  to 
tlie  formation  of  a  very  large  blood  clot  between  the  two 
membranes.  The  small  extravasations  from  the  capilla- 
ries of  the  chorionic  villi  are  relatively  frequent  and 
have  little  signiticance,  but  large  ones  may  strip  the 
amnion  from  the  chorion  over  a  large  area,  producing 
abnormal  pressure  upon  the  embryo  and  alterations  in 
the  amniotic  secretion.  Death  of  the  embrvo  and  abor- 
tion may  result  from  these  causes,  or  the  pressure  ujion 
the  amnion  may  produce  adhesions  between  it  and  the 
foetus,  leading  to  disturbances  of  development.  The 
small  clots  are  absorbed  and  replaced  by  new  chorionic 
villi  or  fibrous  connective  tissue,  or  they  may  become  cal- 
cified. 

Retrograde  G!iaiif/is. — The  placenta  and  fiTtal  mem- 
branes at  term  must  be  regarded  as  senile  structures,  and 
certain  retrograde  changes  must  be  recognized  as  a  part 
of  their  physiological  decay.  These  signs  of  age  in  the' 
amnion  begin  as  early  as  the  fourth  month,  and  manifest 
themselves  chiefly  by  degenerative  changes  in  the  meso- 
dermal nuclei,  as  shown  b_y  diffusion  of  chromatin,  hy- 
dropic and  fatty  degeneration.  Marked  alterations  in 
the  shape  of  these  cells  occur  in  the  later  months,  but 
these  changes  are  probably  dependent  upon  the  tension 
of  the  membrane. 

Fditi/  Dif/eneration. — ^linute  fat  droplets  are  very  fre- 
quently found  in  the  mesodermal  cells  of  the  mature 
amnion,  and  are  to  be  regarded  as  physiological.  In  re- 
tention of  the  membranes  after  abortion  this  change  may 
reach  a  pathological  degree. 

Hydropic  Degencm/ioii. — This  may  occur  to  a  limited 
extent  in  the  mature  amnion.  In  the  rare  cases  of  tedema 
of  the  chorifm  the  cells  of  the  amnion  become  hydropic; 
and  frequently,  after  death  of  the  fu'tus,  both  the  cells 
and  Intercellular  substance  of  the  mesenchyma  undergo 
liquefaction. 

MyxoiiKiUms  DitieturaUon. — A  myxomatous  degenera- 
tion of  the  amnion  may  be  associated  with  a  similar 
change  in  the  chorion.  The  mesodermal  cells  become 
branched,  the  intercellular  subsUmce  more  gelatinous  in 
character,  and  small  mucin-containiug  cysts  may  be 
formed  in  the  mesenchyma.  A  hyperplasia  of  the  meso- 
dermal cells  may  precede  this  change,  and  the  amni<in 
may  be  greatly  thickened  throughout,  or  villous-like 
projections  into  the  amniotic  cavity  maybe  formed.  In 
very  rare  cases  these  may  acquire  sucli  size  that  they 
may  be  classed  as  myxoiuata.  These  changes  are  of 
most  frequent  occurrence  in  the  earlier  months  of  preg- 
nancy and  usually  follow  the  death  of  the  fa-tus. 

OMoid-like  Cliange. — The  mesoderm  of  the  amnion  not 
infrequently  becomes  homogeneous  and  h3'aline,  loses  its 
cells  and  slight  fibrillation,  and  stains  as  colloid.  The 
exact  nature  of  this  change  is  not  known.  It  occurs 
rather  frequently  after  the  death  of  the  foetus. 

Hyaline  Change. — Portions  of  the  amnion  may  undergo 
a  proliferation  of  the  connective-tissue  cells,  leading  to  the 
formation  of  a  more  mature  connective  tissue  in  which 
fibres  are  formed.  The  intercellular  substance  acquires 
a  true  hyaline  character  and  stains  rose  red  with  Van 
Giesou's  stain.  This  sclerosis  in  a  limited  degree  may  be 
considered  as  a  senile  change,  but  in  tlie  normal  amnion 
It  is  never  extensive,  and  the  membrane  for  the  greater 
part  preserves  its  eiubryonic  character.  Any  extensive 
hyaline  change  must  be  regarded  as  pathological.  The 
causes  and  conditions  of  occurrence  of  this  change  are 
not  known,  but  it  may  occur  after  the  death  of  the  fa-tus 
or  in  coimection  with  syphilitic  changes  in  the  chorionic 
villi. 

Caleifiration. — Siuall  plaques  of  calcification  are  not 
infrequently  foiuid  at  full  term  upon  the  inner  side  of 
the  amnion,  most  fre(iuently  of  the  placental  amnion. 
These  most  probably  are  calcified  masses  of  fibrinous  ex- 
udate.    After  the  death  of  the  fcvtus  lime  s;ilts  may  be 


deposited  in  the  amniotic  mesoderm.  This  deposit  may 
be  preceded  or  accomjjanied  by  fatty,  myxomatous,  or 
hyaline  change.  The  pathological  significance  of  calcifi- 
cation, either  of  the  cli<irion  or  of  the  amnion,  is  probably 
very  slight,  and  the  deposits  of  lime  salts  found  in  these 
structures  at  <lelivery,  unless  verj-  extensive,  are  to  be 
regarded  as  senile  phenomena. 

Hyperplasia. — After  the  death  of  the  foetus  the  amnion 
may  become  much  thickened  from  a  hyperplasia  of  the 
mesodermal  cells.  The  new  tissue  formed  usually  un- 
dergoes hyaline  or  myxomatous  change  or  calcification. 
Localized  hj'perplasias  may  appear  as  new  growths. 
The  processes  undcrlj-ing  these  changes  are  practically 
unknown,  but  hyperplasia  of  the  amnion  is  associated,  at 
least  in  some  cases,  with  sj-philitic  hyperplasia  of  the 
chorionic  villi. 

Amniotidii. — Since  the  amnion  contains  no  blood-ves- 
sels, a  primary  inflammation  in  the  ordinary  acceptance 
of  the  term  cannot  occur  in  the  membrane.  But  the  tis- 
sues of  the  amnion  may  become  involved  in  changes 
which  are  so  analogotis  in  character  and  sequehe  to  in- 
flammatory processes  that  the  use  of  the  term  Amniotitis 
may  be  accepted  for  practical  reasons.  (Edema  and 
liquefaction  of  the  intercellular  substance  of  the  mesen- 
chyma may  occur:  fibrinous  exudates  may  take  place, 
leading  to  the  formation  of  extensive  deposits  of  fibrin 
on  the  epithelial  surface  of  the  membrane,  and  to  the 
presence  of  strings  and  bands  of  filirin  in  the  lymph 
sjiaces  of  the  mesenchyma.  The  gelatinous  tissue  con- 
necting the  amnion  and  chorion  may  wholly  or  partially 
liquefy,  its  number  of  wandering  cells  may  be  increased, 
and  in  very  rare  cases  pus  may  be  formed  between  the 
two  structures.  In  these  cases  there  is  also  present  a 
small-celled  infiltration  of  the  chorionic  villi.  The  um- 
bilical cord  may  show  a  similar  infiltration.  Purulent 
]5lacentitis  is  apparently  very  rare,  and  no  well-studied 
cases  have  been  reported.  I  have  seen  two  cases  of  pla- 
cental  abscess  resulting  from  infection  of  the  placenta 
thnjugh  attempted  abortion.  In  these  the  space  between 
the  chorion  and  amnion  contained  masses  of  fibrin  and 
collections  of  leucocytes;  the  amnion  was  swollen  and 
colloid-like,  containing  fibrin  strings  and  large  numbers 
of  leucocytes. 

In  both  of  these  cases  the  amnion  was  involved  by  ex- 
tension from  the  chorion ;  and  it  is  probable  that  the 
fibrinovis  exudates,  which  are  rather  frei|uently  found  in 
and  upon  the  amnion,  are  the  result  of  primary  patholog- 
ical changes  in  the  chorion  or  decidua.  The  existence  of 
a  primary  amniotitis  is  yet  to  be  proved.  It  has  been 
stated  that  in  eases  in  which  the  amniotic  fluid  is  absent 
orgreatl}'  reduced  in  quantity,  the  friction  of  the  fa'tus 
upon  the  membrane  leads  to  the  formation  of  plastic  ex- 
udates and  adhesions.  It  yet  remains  to  be  proved  that 
such  exudates  are  the  direct  result  of  changes  in  the 
amniotic  cells. 

That  fibrinous  exudates  do  occur  has  been  confirmed 
by  luimerous  observers,  but  we  are  as  yet  at  a  loss  to  ex- 
plain either  their  etiology  or  the  manner  of  their  occur- 
rence. Through  the  organization  of  fibrinous  adhesions 
between  the  fa'tusand  the  amnion,  fibrous  bands  may  be 
formed  wliich  may  lead  to  the  production  of  marked 
abnormalities  in  the  fo'tus.  These  adhesions  may  also 
be  formed  between  the  coils  of  the  umbilical  cord  or  be- 
tween it  and  the  body  of  the  fo'tus.  Amniotitis  is  also 
regarded  as  one  of  the  causes  of  hydramnion,  the  over- 
production of  the  anmiotic  fluid  being  explained  as  of 
the  natui'e  of  an  acute  serous  inflammation.  The  proof 
of  this  remains  to  be  estjiblished.  but  the  fact  that  h)'- 
dranmion  and  the  formation  of  adhesions  between  fa>tus 
and  amnion  have  followed  traumatic  injuries  to  the 
mother  may  be  taken  as  support  of  this  theory. 

In  the  later  months  of  )u-egnancy  the  epithelium  of  the 
fivtal  surlaee  of  the  amnion  may  be  torn  away  in  strips. 
According  to  .Milfeld.  this  is  the  result  of  fotal  move- 
ments, the  epithelium  being  scratched  by  the  finger  and 
toe  nails  of  the  fietus.  The  amnion  may  burst  in  the  last 
months  of  pregnancy,  the  ovum  being  preserved  by  the 
chorion.     Through  the  movements  of  the  fa>tus,  the  torn 
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membrane  may  be  loUod  up  into  bands,  wliioh  may  be- 
come entangled  witli  the  unil)ilical  conl  and  eoiisUict  it 
even  to  the  extent  of  shnttinir  olT  llie  fcetal  blood  sup- 
ply. Inflammatory  changes  have  not  been  shown  to  fol- 
low these  ecmditions. 

Amniofir  /iiii/'/s  iinrl  A'l/iisiaiix. — Diirhi;;-  the  early 
stages  of  develo]iment  of  the  membrane  there  may  occur 
total  or  jiartial  union  of  the  amidon  with  the  developing 
skin  of  the  embryo.  This  uiuoii  may  l)e  the  result  of  an 
imperfect  develoinnent  of  the  meml)rane.  in  that  it  does 
not  become  dillV'ivntiated  from  tlw  ectoderm,  or  tits  too 
closely  about  the  embryo,  so  that  the  amount  of  secretion 
is  notsullicient  to  separate  the  amnion  from  the  surface 
of  the  eniliryo.  At  the  points  of  coMtiict.  union  through 
direct  fusion  or  intergrowth  may  take  jdaee:  or  a  jdaslic 
exudate  may  be  thiown  out  which  unites  the  surfaces 
and  lat<'r  liccomcs  organized  after  the  manner  of  plastic 
exudates  on  any  serous  surface.  It  is  still  an  unsilllcd 
(luestion  as  to  how  far  these  adhesions  between  the  am- 
idon and  the  fu'tus  are  to  be  referred  to  a  jirimiiry  failure 
of  separation  and  fusion,  or  to  inllammatory  processes; 
but  it  is  probable  that  in  the  majority  of  cases  they  are 
primary  defects  of  development. 

'I'he.se  a<lhcsions  jday  a  great  part  in  the  formation  of 
"monsters  and  malformations,  and  their  teratologieal  im- 
portance can  hardly  be  overestimated.  Bands  and  strings 
of  indon  not  infrequently  persist  at  full  term,  and  their 
connection  with  the  misshapen  portion  of  the  child  leaves 
no  doubt  that  they  bear  a  direct  causal  relation  to  the 
malformation.  The  structure  of  these  bands  usually 
resembles  that  of  the  amnion,  containing  no  blood  ves- 
•sels;  and  they  may  be  covered  with  epithelium.  In  other 
ca.ses  thev  ari'  to  be  regarded  as  prolongations  and  out- 
growths of  the  fretal  dermis,  and  contain  blood-xcssels 
which  arise  from  those  in  the  UvXii\  skin.  Very  fre- 
quently the  only  remnants  of  these  bands  at  birth  are 
short  tags  in  the  skin  of  the  child.  These  have  a  struc- 
ture sinular  to  that  of  normal  skin.  Stretching  of  the 
adhesions  through  increase  of  the  amniotic  fluid  may  lead 
to  their  atrophy  or  to  the  formation  of  fibrous  bands, 
which  contain  few  cells  and  no  blood-vessels  and  possess 
no  epithelial  covering. 

A  total  adhesion  of  the  membrane  to  the  embryo  cau.ses 
marked  disturbances  of  development  of  the  head  and 
■extremities.  Partial  adhesions  occur  most  frequently  at 
the  extremities  of  flu-  endjryo.  An  abnormal  tightness 
■of  the  cephalic  caj)  may  lead  to  marked  malformations 
of  the  cranium,  brain,  or  face  (acrania,  anencephalia,  ex- 
eucephalia,  eephaloc(dc,  cyclopia,  arrhineneephalia.  etc. ) : 
while  abnormal  tightness  of  the  caudal  cap  ]iroduc(  s  a 
(leficient  development  of  the  lower  extiemitics  (anielia, 
phocomelia,  etc.).  Clefts  of  the  thoracic  and  abdominal 
walls,  failures  of  closure  of  the  dorsal  and  genital  fur- 
rows, etc.,  are  also  associated  with  deflcient  growth  of 
the  amnion.  It  is  impossible  to  say  to  what  extent  this 
.a.ssociation  is  one  of  cause  and  elTect  or  merely  a  coinci- 
dence. 

If  the  annuotic  fluid  in<'reases  greatly  in  amount  at  an 
carlv  period,  piortions  of  the  a<lhesions  may  be  se|iarated 
andtorn  loose,  floating  in  the  lluid;  or  remaiinng  attached 
at  the  ends,  they  may  become  stretched  inio  line-  thre.-ids 
and  bands.  These  may  entjingle  the  extrcndties  of  tin; 
f(etus  and  alTect  their  develoiunent  through  [)rcssur<'  and 
disturbance  of  blood  supply,  or  even  cau.se  intrauterine 
am|iutations.  The  variety  of  malformations  iirodiu-ed 
in  this  way  is  very  great.  Larger  bands  of  adhesions 
may  divide  the  annuotic  cavity  iido  several  chambers. 
and  an  over-accumidation  of  lluid  in  one  or  several  of 
these  cavities  may  result  in  the  production  of  ]iressure 
malformations  (club  fool,  flat  fool,,  etc.). 

Ilydrdiniiidu  (see  UtidrniiiiiiDu), — The  pathology  of  an 
abnormal  increase  of  the  annuotic  (Inid  remains  unsettled. 
It  is  evident  that  a  number  of  factors  may  underlie  this 
•condition.  It  may  be  acute  or  chronic.  The  latter  may 
be  due  to  pathological  changes  in  the  mother  (n>dema 
and  dropsy  from  nephritis,  cardiac  disease,  etc.),  hyjier- 
trophy  of  |)lacenta  and  ileeidua.  placental  tumors,  jxr- 
.sistcuce   of   chorionic  ves.sels  which  normalh"   undergo 


obliteration,  abnormalities  of  tlie  undiilical  vessels:  or  to 
])athological  changes  in  the  fo-tus  (increased  bhjod  pres- 
sure. (  ardia(!  liyiiertro])hy,  obstruction  of  the  ductus  Ho- 
talli.  syjihilitic  cirrhosis,  ftetal  tumors,  over.secretion  of 
urine,  as  in  the  case  of  unioval  twins.  Ivmphangiomalous 
conditions  of  the  fietal  skin.  etc.).  Delicient  absorption 
of  the  lluid  may  also  lead  to  an  overproduction  of  the 
lluid.  In  some  instances,  as  in  syiihilis,  disease  of  both 
the-  mother  and  child  may  contribute  to  an  excessive 
formation  of  the  Ibnd.  Acute  cases  following-  trauma  to 
th(!  mother  have  been  ascribed  to  the  oec-urrence  of  an 
.acute  serous  amniotitis.  Other  cases  of  acute  hvdrannuou 
arise  without  apjiarent  eau.se.  These  cases  are' most  com- 
mon during  the  fourth  and  sixth  months  of  pregnancy. 

()li;iolijitlrniiiiiitiii. — A  delicient  formation  of  the  a"m- 
Tuotic  fluid  may  occur,  but  the  pathology  of  the  condition 
is  as  obscure  as  that  of  hydrannuon. "  It  is  cotnmonlv 
found  in  cases  in  which  extensive  adhesions  exist  between 
the  ffctus  and  the  annuon.  and  in  the  case  of  twins  in 
which  one  .sac  may  present  a  deticieney  of  the  fluid,  the 
other  an  excess. 

Ahiiiinii/iHtieii. — A  large  number  of  varieties  of  abnor- 
mal development  of  the  annuon  have  been  described. 
The  most  inqiortaid  of  these,  the  bands  and  adhesions, 
have  lieeii  mentioned  above.  Defects  of  the  membrane, 
total  or  jiartial  reduplication,  formation  of  nudti|de  cav- 
ities, etc.,  may  occur.  The  etiology  and  the  manner  of 
|)roduetioM  of  these  are  unknown. 

Tii/iiiriilimx. — l^rimary  tuberodosis  of  tlie  amnion  has 
not  yet  been  reported.  In  one  of  two  cases  of  placental 
tulicrculosis  which  I  have  .seen,  nuliary  tubercles  were 
found  in  the  chorion  just  beneath  the  anudon,  which  was 
tlnekeued  and  adherent,  showing  small-ceUed  inflltration 
and  signs  of  connective-tissue  proliferation.. 

Si/philiH. — In  syphilis  of  the  tVelus  and  fn'tal  placenta 
a  hyijcrplasia  of  the  amnion  similar  to  that  of  the  choricm 
may  take  place.  This  may  lead  to  a  general  or  localized 
tluckening  of  the  mendjrane.  and  is  associated  with  vari- 
ous degenerative  processes  (fatty,  colloid-like,  hyaline). 

Niir  (ri-dir/Zi.t. — Cysts  of  the  anmion  have  been  de- 
scribed. These  were  small  and  without  clinical  signifl- 
<'ance.  They  were  most  [irobably  due  to  a  myxomatous 
degeneration  of  the  meseneliyma.  Small  myxomatous 
]U'ojections  into  the  anunolic  cavity  occur  rarely.  They 
are  either  localized  hyperplasias  or  remains  of  adhesions 
which  have  undergone  a  myxomatous  change.  The  <'X- 
istence  of  true  amniotic  neoplasms  is  as  yet  doubtfvd. 

E.vtra-l'tiTiiii'.  Pri'ijiiiineji. — In  extra-uterine  pregnan- 
cies, either  before  or  after  the  death  of  the  embryo,  the 
tissue  of  the  annuon  may  undergo  extensive  hyperplasia, 
and  become  greatly  thickened.  It  may  contain  ninv 
blood  vessels,  which  penetrate  it  from  tjie  exiernal  cyst 
wall.  After  the  death  of  the  fcetus  the  entire  atmuon 
may  heconu^  calcilied,  fornung  a  calcareous  cyst  wall, 
from  which  the  mumndfled  fietus  may  be  easijy  shelled 
out  (lithokelyphos);  or  if  adhesions  exist  between  the 
fo'tus  and  the  mend)rane,  these  may  also  become  calcified, 
while  the  remaining  portion  of  the  fietus  undergoes 
miuumification  (lithokelvphopa'dion). 

Ah\r<(l  Srnft  Wartlnn. 

AIVl(EB/€    PATHOGENIC    FOR    MAN.— The  anneba 

belongs  to  the  class  of  the  rhizoijoda.  of  the  system  of 
the  protozoa.  The  first  recorded  observation  of  an 
amteba  pathogenic  for  man  is  that  of  Landil.  who.  in 
IS.-)!),  described  anueba'anil  other  organisms  in  the  mucus 
from  the  intestine  of  a  child  with  enteritis. 

The  anueba' dcseribr-d  as  pathogenic  for  man  maybe 
classed  as  follows:  (1)  .\m(el)a  coli;  ('i)  anueba  oris 
hoiuinis:  (:!)  anueba  urogenilalis. 

1.  The  amo'ba  coli.  first  described  by  Loesch  in  the 
stoids  of  an  individual  with  dysentery  in  St.  I'etei'sburg 
in  IST.j.  has,  within  the  last  fifteen  years,  been  fouiul  in 
the  stools,  intestinal  contents  and  h'sions,  peritoneum, 
liver  and  liuig  abscesses,  pleura  and  |)ericardium,  and 
sputum  of  man  by  numerous  observers  in  various  parts 
of  the  world.  It  has  been  found  in  .some  or  all  these 
lesions  in  Egypt  by  Kartulis,  Koch,  Kniseand  I'asquale; 
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in  Greece  by  Kartulis;  in  Bohemia  hy  Hlavna  and  by 

Epstein;  in  Aiistria  by  Munner,  Kovac  (patient  from 
SumatraX  and  t'olicn;  in  Gfiniany  by  Nas.se  (patient 
from  Flori{la).  Qiiinel<e  and  Rods,  Boas,  Boicliart, 
Roenier,  and  others;  in  Italy  l)y  Calandrvieeia,  Feualglia, 
Vivaldi.  iMagjjiora,  and  (Jtliers;  iu  Russia  by  JIa.ssiutin ; 
in  Franee  by  Fey  rot  and  Roger;  in  Roiimania  by  Babes 
and  Zigiira;  in  Siberia  by  Lol)as;  in  England  (in  patients 
from  India)  by  Mason  and  Galloway.  Harold,  Cnrnow, 
Marsliall.  Windsor,  and  others;  and  in  Brazil  byLutz; 
in  the  Philippines  by  Fle.xner  and  Barker.  Sinee  Osier's 
first  ease  in  ISSK).  eases  ha\e  been  reported  in  the  I'nited 
States  from  Baltimore  In'  Latleur,  Simon,  Couneilman 
and  Lafleur,  Howard,  Thayer.  Preston  and  Riihrab, 
Lewis  and  others ;  from  Texas  by  Dock ;  from  Florida 
by  Day  and  others;  from  Atlanta  b_v  Harris;  from 
Charleston  by  Wasdin ;  from  Birmingham  by  Wilson; 
from  Virginia  by  Slaughter,  Fielil,  and  Johnson;  from 
Cincinnati  by  Eiehberg;  from  Cleveland  by  Howard  and 
Hoover;  from  Philadelphia  by  Stengcd,  I\Iusser,  Klein, 
Buxton,  and  others;  from  New  York  b_y  Lock  wood  and 
others;  from  Bull'alo  by  Stoekston ;  from  Boston  by 
Couneilman,  Burrell.  Strong,  Fitz  and  Gerry,  and  others; 
from  Columbus,  Ohio,  by  Wilson. 

MouPHOLOGY. — The  amo'bae  described  by  Loesch 
varied  iu  diameter  from  8  to  37  /i.  and  had  one  or  two 
blunt  pseudopodia.  The  ectosarc  was  liyaliue.  but  ap- 
parent on  the  ]iutting  out  of  pseudopodia.  The  finely 
granular  eu<losiirc  contained  a  nnclens  .5  to  7  u  in  diame- 
ter, small  non-contraetile  vesicles,  red  blood  cells,  and 
epithelial  cells.  Accurate  descriptions  of  the  organism 
have  been  given  by  Kartulis,  Osier,  Coinicilmau  and 
Lafleur,  Kruse  and  Pasipiale,  Ilairis,  and  others.  Most 
recent  writers  describe  anueba'  larger  than  those  of 
Loesch,  from  10  to  50  /;  in  diameter;  Kartulis,  indeed, 
described  giant  annebic  with  a  diameter  of  from  l.'iO  to 
222  fi.  When  at  rest  the  organisms  are  rounil  or  slightly 
oblong  in  sliajie,  and  show  no  distinction  between  ecto- 
sarc and  endosare,  having  the  apiiearance  of  a  somewhat 
refractive  body  enclosing  clear,  pale  vacuoles  of  varying 
size.  Some  have  fine,  and  others  coarse  granules,  struc- 
tures which,  according  to  Councilman,  re]iresent  fine 
vacuoles.  Harris  points  oiit  that  the  organism  has  a 
faint  green  or  bluish-green  color.  A  nucleus  surrounded 
by  a  pale  rim,  and  cajiable  of  changing  its  form,  can 
sometimes  be  made  out  in  fresh  amu'bee.  It  can  usually 
be  demonstrated  by  appropriate  staining  methods. 

Two  kinds  of  motility  are  recognized:  a  progressive 
movement,  and  one  characterized  by  the  putting  out  and 
retracting  of  pseiulopodia.  AVheu  the  latter  are  pro- 
truded, the  ectosarc  appears  as  a  pale,  hyaline,  homo- 
geneous substance,  less  refractive  than  the  endosare. 
Kruse  and  Pasipiale  distinguish  four  varieties  of  amo'lve 
in  stools:  (")  a  form  with  jioorly  difTerentiated,  highly 
refractive  protoplasm — founil  in  normal  fa'ces;  (A)  amo'- 
b;c  containing  irregular  and  u.sually  small  granules — 
not  uncommon  in  dysenteric  stools;  ('■)  amieba'  the  endo- 
plasm  of  which  consists  of  larger  and  smaller  vacuoles 
— most  common  form  in  dy.seuteric  stools;  {d)  ama'ba> 
containing  many  foreign  bodies. 

Quincke  and  Roos  make  three  classes  of  ama>b;c  para- 
sitic for  man;  (a)  amreba;  intcstini  vulgaris,  40  fi  in 
diameter,  with  large  granulations,  ]iatbogenic  for  neither 
man  nor  cats;  (//)  amo'ba!  e<ili  mitis,  about  the  same  .size 
and  appearanc(!  as  the  above,  patliogenic  for  man  but  not 
for  cats;  («)  A.  coli  Loesch,  or  A.  coli  felis,  about  2.5 /i 
in  diameter,  with  finely  .gi'auular  endosare,  ])roducing 
dysentery  in  both  man  and  cats. 

It  should  be  noted  Ihat  anm>lxe  have  been  found  in  the 
stools  of  individuals  in  health  or  with  tyidioid  fever,  and 
with  cholera,  by  Cunningham,  Lewis,  [Shuberg,  (Juineke 
and  Roos,  Kruse  and  Pasipiale,  and  others.  Shubrrg  and 
(Juincke  and  Roos  have  found  an«rba>  in  the  stools  of 
individuals  after  purging  with  Carlsbad  salts.  Here  the 
serinn  poured  into  the  intestine  jn-obably  changed  the 
reaction  of  the  contents  of  tlic  oi'.nan  from  acid  to  alka- 
line, and  thus  iiermitted  llie  growth  and  survival  of 
amoebae  reaching  the  alimentary  tract  by  food  or  drink. 


There  are  possibly  several  varieties  of  amoeba  coli, 

some  of  which  aie  harndess.     The  foi'm  found  in  associa- 
tion wifli  inti'stinal  lesions  usually  has  tine  granulations. 

Mi;ltipi.ic.\tion'. — Theanueba  coli,  like  other  anneba', 
multiplies  by  direct  division;  indirect  division  has  not 
been  observed.  The  organism  is  ssdd  to  pass  into  an  en- 
cysted ,stage,  from  w  hicli  ama>bse  may  again  be  developed. 

Cultivation. — The  statement  of  Kartulis  in  one  of  his 
earlier  articles,  that  he  cultivated  the  ama>ba  coli  in 
straw  infu.sion,  has  not  met  with  general  acceptance,  and 
it  has  been  suggested  that  he  was  dealing  with  the  ordi- 
nary amwbaj  of  straw  infusion.  C'elli  and  Fiocea  have 
cultivated  amu'ba'  from  the  intestinal  contents  of  various 
animals  and  of  man  in  both  health  and  disease,  as  well 
as  from  the  female  genitalia,  and  from  various  waters. 
As  a  culture  medium,  they  used  a  strongly  alkalinized 
.solution  of  fu.scuscrispus,  a  sea  alga,  in  water  or  bouillon. 
On  this  solid  medium  the,\'  obtained  cultures  of  anneba; 
only  slightly  mi-\c<l  ^vitll  bacteria,  and  were  also  able  to 
isolate  ditlerent  varieties  of  amo'ba'.  They  describe  the 
life  history  of  amu-lni  coli  as  follows:  Amo'boiil  state: 
the  organism  is  lobular  in  form  with  numerous  lobular 
hyaline  pseudopodia,  and  measures  from  10  to  30  /i  in 
diameter.  The  ectoplasm  is  hj-aline,  the  endoplasm  uni- 
form, and  contains  a  vesicular  nucleus,  which  may  con- 
tain a  vacuole.  In  the  resting  state  the  organism  is 
from  1.0  to  3  //  in  diameter,  of  single  contour,  and  uni- 
form, finely  granular  proto]ilasm.  In  the  encysted  stage, 
there  is  a  double  contour,  an  inner  thick,  and  outer  thin 
contour,  while  the  cyst  contents  are  finely  granular. 
The  cycle  of  development  is  given  as  follows:  in  from 
twelve  to  fifteen  hours  the  organism  passes  from  the  en- 
cysted to  the  ama'ba  stjige,  which  usually  lasts  about 
forty-eight  hours,  after  v\hicli  the  resting  stage  begins. 
After  from  si.xty  to  sixty -five  hours  they  again  become 
encysted  or  degenerate. 

Beyerinck  cultivated  on  malt  gelatin  an  aiiiceba  which 
he  believes  identical  with  ama'ba  coli.  The  organism 
grew  rapidly,  both  in  separate  colonies  and  as  a  spread- 
ing veil-like  growth  with'  marked  liquefaction  of  the 
media.  The  latter,  he  thought,  was  due  to  trypsin. 
Spore  and  cj'st  formation  were  not  observed.  Multipli- 
cation took  place  by  direct  division.  Schordinger  claims 
to  have  cultivated  amceba  coli  on  hay -infusion  agar  from 
dysenteric  stools.  There  is  evidence  that  amojbffi  may 
nudtiply  in  the  intestinal  contents. 

Staixixc;  Reactions. — Living  amo'lw  are  singularly 
resistJint  to  ordinary  dyes,  which  they  bike  up  very 
imperfectly.  Harris  has  pointed  out  a  marked  affinity 
of  living  amo'bre  coli  for  toluidin  blue,  which  iu  weak 
aciueous  solution  stains  the  endosare  deeidy  at  once,  and 
the  ectosarc  .somewhat  slowly,  giving  a  sharp  differentia- 
tion. The  stain  also  fixes  tlie  organisms  and  preserves 
their  natural  forms.  Preparations  after  washing  in  water 
and  mounting  in  Farrant's  solution  are  said  to  keep  for 
months.  Both  the  coarser  and  finer  methods  of  fixing 
and  hardening  amu-ba'  in  f»ceS  and  other  discharges,  a& 
well  as  in  the  tissues,  have  been  tried  with  varying  suc- 
cess. Councilman  and  Lafleur  olitained  the  best  result* 
with  Flemming's  solution  anil  safranin,  but  also  got  good 
pictures  with  methylene  blue  after  alcohol  hardening. 

Jlallory's  differential  stain  gives  excellent  results  with 
both   pus  and  tissues,   but  not  with  fax'es. 

Mdflori/'x  }f(t/io(/:  harden  in  aUohol;  stain  sections  in 
.saturated  solution  of  thionin;  diftereutiate  with  two- 
per-cent.  aqueous  solution  of  oxalic  acid;  wash  in 
water,  dehydrate  in  alcohol;  clear  in  oleum  origani 
cretici;  wash  ofT  with  xylol;  mount  in  xylol  balsam. 
"The  nuclei  of  the  anuelxe  and  the  granulations  of  the 
!Mastzellen  are  stained  brownish  red  ;  the  nuclei  of  the 
Mastzellen  and  all  the  other  cells  are  stained  blue" 
(Malloiy). 

After  reviewing  the  various  hardening  and  staining- 
methods  hitherto  in  vogue,  Harris  concludes  that  the  in- 
ternal structure  of  aUKeba'  is  best  shown  by  staining 
with  Heideidiain's  iron  alum  luematoxylin  after  corrosive 
sublimate  hardening.  He  proposes  a  new  method  which 
gives  excellent  results. 
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Amocbsr. 
Amoeba!. 


JIurris'  Mitliod:  Harden  in  ulcoluil  or  corrosive  siih 
limate,  stain  tirst  in  cosiii  or  lieiizoiiiirinirin,  fujlowc-d 
by  a  weak  solution  of  toluiilin  lilue  for  twciily  or  Iliiity 
niiniitcs;  wash  in  alcoliol  for  tliree  or  four  minutes;  clear 
in  cedar  oil  or  xylol.  Sliiflil  washing  with  alcohol  shows 
the  anuebic  stained  dark  blue  witli  very  dark  nuclei; 
by  further  treatment  with  alcohol  the  bodies  of  the 
ainiebe  take  a  reddish  tinj;<',  the  vacuoles  are  distinct 
and  only  the  iieriphcry  of  tin.'  ectosiircic  staineil. 

Uk-mtion  itv  A.Ma;i!.\  Com  to  V.\I!i.\ti(ins  ov  Piivs- 
i(  Ai,  CoNDrrio.N  .\ND  TO  CiiKMic.M,  A(M';.NTs. — E.\tremes 
of  lieat  have  a  decidedly  harmful  etf<'Ct  upon  aniieba'. 
Celli  and  Fiocca  have  shown  that  in  the  amoebic  stajre 
they  an^  killed  by  exposure  to  •1.')'  C.  for  live  hours,  or 
to  30 '  C.  for  one  hour,  while  in  the  encysted  sta5,'e  tliey 
resist  60°  ('.  for  one  hour  and  ;w'  for  four  days.  They 
also  resist  dryinj;  in  either  dilTuse  lifrht  or  ilarkness,  and 
insunliirlit  for  two  hundred  and  seventy  hours  at  12  to  ]."> 
('.  Wliile  the  aniieba  coli  usually  loses  its  motility 
when  chilled,  Harris  has  shown  that  it  is  not  killed  by 
cxjiosure  to  a  t'enlperature  of  0°  C.  Celli  and  Fiocca 
<-laini  that  both  the  amobic  and  en<-ysted  stages  resist 
0   C.  temperature. 

The  organism  will  not  grow  anaCrobically.  although 
it  may  be  found  2  metres  below  tlu-  sui'face  of  tlie 
ground.  In  both  the  ani<ebic  and  encysted  stages  it  is 
killi-d  by  the  various  chemical  disinb'ctants  used  against 
bact<'ria.  Solutionsof  quinine,  permanganate  of  ]iotasli. 
hvdroiren  dioxide,  and  other  substances  used  for  irriga- 
tion of  the  intestine  destroy  the  life  of  amu'ba  coli.  Ac- 
cording to  Harris  toluidin  blue  rapidly  kills  the  organism. 
It  is  very  suscei)tiblc  to  tlie  action  of  acids,  in  which  it 
soon  dies.     It  is  killed  by  urine  (Harris). 

PiiYsioi.ooKAi.  CiiAitAC'Ticus  OF  Amcjjba  Coi.r. — This 
organism  is  idiagocytic  to  an  eminent  degree,  and  ci>m 
moldy  contains  bacteria  (both  dead  and  alive),  leucocytes. 
<'pithelial  cells,  red  blood  corpuscles  (either  unchang<'d 
or  in  various  stages  of  degeneration).  The  cultural  ex- 
periments of  Beyerinck  and  the  character  of  the  tissue 
lesions  (as  lirst  jmintcd  out  by  Councilman  and  Latleur) 
produced  by  this  organism  suggest  that  it.  like  certain 
other  ama-ba",  prodiicesand  sets  free  a  digestive  ferment, 
which  is  jirobably  tryi)sin.  The  amceba  coli  exerts  a 
direct  dissolving  action  upon  tissues,  and /««  rci-i/ Utih' 
if  (tnn  fiiiiUire  elii  inotitclii-  artioit  nil  li  iimci/ltK. 

Lksions  ('AisKn  liY  A-MdouA  Com. — (")  IntrntiiK. — 
The  intestinal  lesions  caused  by  this  organism  are  |iccul- 
iar  and  wellnigh  characteristic.  To  Kartulis,  imd  espe- 
(•ially  to  Councilman  and  Lalleur,  belong  the  credit  of 
establishing  amccbic  dysentery  as  anatomicallj'  and 
ctiologically  a  distinct  disease.  The  lesions  arc  most 
numerous  in  the  sigmoid  and  descending cohin,  but  com- 
moidv  involve  the  rectum,  transverse  colon,  and  co'cuin. 
The  ileum  and  tlu'  iippendix  (Harris)  may  also  be  In 
vadcd.  The  jiroccss  is  characteri/ed  by  the  fornialion 
of  ulcers,  varying  insi/e  from  a  pin's  head  to  that  of  the 
hand,  which  arc  u.sually  deep,  sometimes  round,  some- 
times irregularly  round  or  oval,  or  with  irregular  over- 
lianging  or  undermined  ed.ges.  The  ulcers  are  often 
<:rater  like,  and  the  tissue  may  have  a  jiecnliar  luaiey 
tombed  api)earance  (Councilman  and  Latleur).  Tlu' 
muscidar  coats,  especially  in  the  larger  ulcers,  arc  com- 
nioidy  laid  bare  and  often  dissected  up,  forming  larger 
and  smaller  tlaps  attached  at  one  side.  'I'he  serosa  o])- 
posite  the  ulcers  is  often  thickened  and  may  be  covered 
with  fibrin.  In  many  jdaces — and  this  is  quite  charac- 
t<-ristic — larger  and  smaller  al)scessesare  found  in  the  sub- 
mucosii,  under  an  intact  mucosii.  These  aliscesses  may 
communicate  with  the  lumen  or  with  idcers  by  means 
of  small  openings,  through  which  |UM-iforni  material  may 
be  s(|ueezed.  Tbi'  abscesses  may  liurrow  for  a  consider- 
able distance  in  thesidimuiosa.  Councilman  and  Lallc'ur 
and  others  have  established  the  fact  that  the  i)rocess  be- 
gins in  the  submucos;^.  and  involves  the  mucosii  and 
musc\daris  secondarily.  In  severe  cases  large  sloughs 
may  be  cast  olT.  and  perforation  occasionally  occurs. 
Microscopically  the  walls  of  thi^  ulcers  and  abscesses  are 
•covered  with  a  granular  detritus  contaiiuug  a  few  round 


cells,  and  sometimes  a  few  epithelial  cells  and  jioly- 
morplio  nuclear  neutrophilic  leucocytes.  The  alisence 
of  cellular  intiltration,  exci'pt  where  evidently  due  to 
bacterial  mixed  infection,  isa  marked  feature  of  the  ])roc- 
e.ss.  The  essential  Ic-sions  seem  to  be  swelling  and  dis- 
integration of  the  tissue,  which  softensand  breaks  down. 
The  line  of  necrosis  is  usually  incgular.  The  blood- 
vessels may  or  may  not.  be  dilated  and  congested.  The 
veins  often  show  aggregations  of  round  cells  in  their 
lumina  and  walls,  and  the  latter  may  disintegrate;  and 
thromb(isis  may  occur.  Amo'lue  are  often  seen  in  the 
veins,  and  may  be  seen  Jjcnetrating  their  walls.  Oblitcra- 
tive  endarteritis  of  the  vessels  near  tlii'  ulcers  may  occur. 
The  -lymph  sinuses  and  lymph  ves.sels  often  (contain 
anitt'bie  and  may  show  aecnmvdations  of  cells.  .\s  the 
process  advances  from  the  subnnicosa  toward  the  lumen, 
the  musculr.ris  mucosa'  gives  way,  and,  together  with 
the  mucosa,  breaks  down,  giving  rise  to  an  ulcer.  At 
the  surface  the  nuicc}sa  may  be  rellected  back  over  itself 
or  may  overhang  the  ulcer.  Occasionally  ulcers  are 
partly  lined  with  e])ithclium  (Councilman  and  Lalleur). 
Tlier('  is  hyper.seeretion  of  mucus  by  the  glands  near  the 
affected  jiortions  of  the  intestine,  and  in  .some  glands 
fatty  degeneration  of  the  e])ithelial  cells  occurs.  The 
intertubular  stroma  often  shows  an  increase  of  cells. 
.Vnueba;  may  be  found  in  the  glands  and  in  the  inter- 
tubidar  stroma,  w  hence  they  make  tlieir  way  to  tlu'  sub- 
muco.sa,  as  was  lirst  shown  by  Councilman  and  Lalleur. 
They  probalily  pass  through  the  nuiscularis  nuicosie  by 
means  of  tin;  lymphatics.  Ama'ba'  arc  found  in  varying 
numbers  in  the  idcers  and  abscesses,  along  their  walls 
:uifl  often  iienetrating  the  nc'ighl)oring  tissue  for  some 
distance.  When  the  muscularis  is  extensively  inv.ided, 
there  is  dil.il.'dion  of  the  vessels  of  the  .serosa,  which 
shows  cc'llul.ir  infiltration,  fibrous  tissue  thickening,  and 
even  libriii  birmation.  There  is  reason  for  believing 
that  amo'ba'  may  reach  the  peritoneal  cavity  without 
marked  lesions  of  the  .serosa  and  without  ijcrforation  of 
ulcers.  In  addition  to  the  typical  ulcers  above  described, 
Harris  found  in  one  case  superticial  ulcers  beginning 
primarily  in  the  mucosa  and  involving  the  unclcrlying 
tissues  .secondarily.  These  ulcers  showed  no  anuebip. 
Fleers  may  be  found  in  various  stages  of  repair.  When 
they  heal,  the  new-formed  .scar  tissue  may  contract  and 
causi'  stricture  of  the  ,irut. 

(A)  l.iiu  r. — Thei'e  are  two  forms  of  the  so  called 
tro|)ical  aliscess  of  tlu;  liver,  one  with  and  the  other 
without  accompanying  dysentery  or  a  history  of  this 
disease.  Abscesses  belon.i^ing  to  the  latter  class  are  com 
mouly  called  "idiopathic."  In  their  gross  ap|)carancos. 
distritaition.  and  clinical  history  the  two  varieties  are 
iileut.ical.  Hecordcd  accounts  of  the  histological  lesions 
of  the  so-called  "  idicjpathic  "  liver  abscess  are  wanting. 
The  onlv  p\d)lished  case  of  anuebic  abscess  of  the  liver 
in  w  liieh  dysentery  has  been  excluded  at  autopsy  is 
Buxton's.  A  woman,  forty  one  years  old,  entered  the 
Philadelphia  Hospital,  Seiit'endjer 'U,  189!^,  and  died  four 
(lavs  later.  She  complained  of  weakness  and  of  pains  in 
the  abdomi'ii.  There  was  no  previous  history  of  dysen- 
tery, but  Ix'r  bowels  were  loose  for  four  weeks  before 
adinission.  At  autopsy  the  liver  was  found  to  cont;iin 
four  abscesses  in  thi'  right  lobe  and  one  in  the  left,  all 
tilled  with  yellow  |)us  containing  anueb.e.  The  large 
and  small  intestin<'S  were  appaicntly  normal,  and  no 
healed  ulcers  could  be  found.  The  weak  points  in  the 
case  arc  the  lack  of  ndcroscopical  examination  of  the 
stools  for  am(eb;e,  and  of  sections  of  the  intestines  for 
possiljle  annebic  lesions  too  obscure  to  be  seen  with  the 
naked  eye. 

The  lirojiortion  of  cases  of  anuebic  dysentery  conipli 
cated  with  liver  abscess  varies  within  rather  wide  limits 
in  the  experience  of  individual  observers,  .\ccording  to 
the  statistics  of  Councilman  and  Lalleur  in  1. 12".)  au- 
topsies on  individuals  dying  of  dysentery  in  India  liver 
abscess  occurred  in:>U(;.  orabout  21  percent.  In  Algiers, 
of  1,000  autopsies  on  dysentery  cases,  ISO.  or  nearly  17 
per  cent.,  had  liver  abscess.  Tlieabove  ligures.  however, 
refer  only  to  the  cases  of  dysentery  coming  to  autopsy, 
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and  represent  neither  the  cases  of  dysentery  which  recover 
without  liver  abscess,  nor  those  in  which  the  puticnt  has 
liver  aliseess  iiiul  recovers.  According  to  Kartulis,  of 
500  cases  of  dysentery,  from  50  to  GO  per  cent,  had  liver 
abscess.  Of  40  American  cases  collected  by  the  wiiter 
some  years  since,  18  had  liver  abscess.  I  feel  sure  that 
tins  percentage  is  too  high,  for  it  is  probable  that  cases 
complicated  with  liver  abscess  are  much  more  liable  to 
be  recognized  and  reported  Ihan  uncomiilicated  eases. 
Liver  abscess  may  occur  in  the  acute  fnnu  of  dysentery, 
but  is  more  common  in  the  chronic  varietj',  when  its 
course  is  often  very  insidious.  The  right  lobe  of  the 
liver  is  the  most  common  seat  of  these  aliscesses,  and 
when  the  left  is  affected  it  is  usually  in  conjimction  with 
the  right.  The  abscesses  are  usually  seated  in  the  upper 
portion  of  the  light  lobe;  the  lower  iiortion  of  the  same 
lobe,  corresponding  to  the  hepatic  flexure  of  the  colon, 
is  next  in  frequency.  In  one  ease  {Kru.se  and  Pasquale) 
an  abscess  was  found  in  the  lobus  quadratus.  The  ab- 
scesses may  start  near  the  surface  or  deep  down  in  the 
organ.  They  are  commonly  single,  but  may  be  multiple ; 
rarely,  however,  are  there  more  tlian  two  or  three.  Oc- 
Ciisionally  they  are  small  and  nuUtijile  and  distributed 
throughout  the  organ.  Several  small  abscesses  may  be 
grouped  about  a  large  one.  In  size  the  abscesses  vary 
from  microscopic  points  to  large  collections  of  pus  oc- 
cupying as  much  as  two-thirds,  or  even  more,  of  the 
organ.  The  abscess  contents  usually  consist  of  a  reddisli- 
brown,  anehovy-s;iuce  like  materials  which  usually  runs 
freely,  but  which  may  be  of  an  almost  gelatinous  con- 
sistency. In  some  cases  the  material  is  grayi.sh  white 
and  contains  masses  of  necrotic  tissue.  The  abscess  walls 
are  nsuallj'  ragged  and  necrotic,  and,  when  the  process  is 
of  recent  date,  soft  and  irregular.  In  older  abscesses, 
beneath  the  necrotic  material,  there  is  a  translucent  layer 
of  gelatinous  material,  outside  of  which  there  is  a  fibrous 
zone  of  varying  wiilth  and  density.  The  surroiuuling 
liver  tissue  is  compressed  and  indurated.  Scars  of  healed 
ab.scesses  may  be  fountl  in  the  livers  of  individuals  who 
have  had  dy.sentery.  The  liver  may  lie  of  normal  size 
or  smaller  than  normal,  but  is  usually  mueli  increased  in 
size.  The  decrease  in  size  is  met  with  in  chronic  ab- 
scesses, with  absor])tion  of  the  purident  material,  and 
secondary  focal  and  diffuse  cirrhosis.  The  tliiid  portion 
of  the  al)scess  contents  is  composed  almost  entirely  of 
granular  detritus,  with  surprisingly  few  cellular  cle 
ments.  Fewer  cells  in  the  slate  of  granidar  and  fatty 
degeneration  may  be  seen  in  the  pus  of  acute  abscesses, 
but  are  usually  absent  in  chronic  cases.  Red  blood  cells, 
well  preserved  as  well  as  degenerated,  arc  often  nnmer 
ous.  A  striking  feature  is  the  aUsence  of  lencocj'tes. 
When  these  are  present  bacteria  are  commonly  found. 
Careful  search  practically  always  discloses  amo'ba\ 
which  may,  however,  be  missel  in  asjiirated  pus.  which 
pnibably  usually  conns  from  the  eenti'al  and  older  part 
of  the  abscess.  Councilman  and  Ijalleur  found  ama'b;e 
in  the  smallest  abscesses.  The  earliest  lesions  are  necrosis 
and  liquefaction  of  the  liver  cells,  witli  probably  serous 
exudation  from  the  blood-vessels;  few,  if  any,  leucocytes 
wander  in,  but  red  Ijiood  cells  may  be  numerous.  In 
larger  abscesses,  masses  of  liver  tissue,  ehielly  jiortal 
systems,  may  be  found.  Ama>bip  are  nnmci-dus  at  the 
border  of  the  abscesses  in  the  necrotic  material  and  but 
rarely  extend  into  the  siu'rounding  tissues.  Tliey  may 
be  found  in  the  capillaries.  In  larger  and  older  abscesses 
three  zones  can  be  made  out:  an  inner  necrotic  granular 
zone,  a  highly  refractive  reticidum,  and  an  outer  layer 
of  granulation  tissue,  which  varies  very  nnich  in  thick- 
ness. The  inner  zone  consists  of  necrotic  material  con- 
taining amo'li;e  and  a  few  cells,  including  laity  liver 
cells.  The  outer  zone  may  be  poor  <n'  rich  in  cells. 
Here  the  blood-vessels  are  dilated,  the  liver  cells  elon- 
gated, comjiresscd,  atrophied,  and  pigmented.  The 
capillaries  and  central  areas  are  often  oliliterated,  and 
there  is  a  more  or  less  well-marked  cirrhosis  of  the  liver 
tissue  about  the  abscesses.  A  very  striking  fact  in  con- 
nection with  ainad)ic  abscess(!s  of  the  liver  is  the  absence 
of  Icucocytic  invasion,  which  never  occurs  unless  there 


is  bacterial  mixed  infection.  In  general,  it  may  be  stated 
that  pus  with  few  or  no  leucocj'ties  coming  from  a  liver 
abscess  is  of  amiebic  origin.  Councilman  and  Lafleur 
describe  diffusely  scattered  areas  of  necrosis  of  the  liver 
cells  uuassociated  with  the  presence  of  ainadia;.  In 
some  of  these  areas,  which  wei'e  ahvaj'S  at  the  centre  of 
lobules,  the  necrotic  cells  pi-eserved  their  form,  while  in 
others  they  were  broken  nj)  into  highly  refractive  masses, 
or  even  into  small  fragments.  These  authors  attribute 
these  areas  to  the  acticni  of  soluble  toxic  substances 
formed  by  the  am(et);e  in  the  intestinal  lesions,  and 
brought  to  the  liver  by  thecireidation,  while  the  necrosis 
and  liquefaction  of  tissue  in  the  abscesses  are  due,  they 
think,  to  the  direct  local  action  of  the  amadKc  them- 
selves. 

Liver  abscesses  may  connnunicate  with  various  organs 
and  cavities,  the  most  common  secondary  invasion  being 
through  the  diaphragm  into  the  right  pleural  sac.  or  into 
the  lower  lolje  of  the  right  lung.  When  there  is  sudden 
rupture  of  a  li\er  abscess  through  the  diaphragm,  or 
when  the  amcebic  process  extends  rapidlv,  the  pleura 
rather  than  the  bmg  is  clnefly  affected.  AVhen  the  per- 
foration is  gradual,  and  adhesive  inllammation  binds  the 
visceral  and  diaphragmatic  pleur;e  together,  liepatopul- 
monary  abscess  results.  Thierfelder  collected  170  cases 
of  liver  abscess,  of  which  76  opened  into  the  lung  and 
bronchi.  23  into  the  abdominal  eavit_v,  32  into  the  intes- 
tine, and  13  into  the  stomach.  Of  Aglu-tti's  lol  cases, 
38  ruptured  into  the  lung.  Of  6  cases  of  which  I  have 
records,  3  ojiencd  into  the  right  pleural  cavity  and 
2  into  the  right  limg.  Hepatic  abscesses  may  rupture 
into  the  gall  Idadder,  and  when  the  right  kidney  forms 
one  wall  of  the  abscess  the  pus  may  reach  its  pelvis  and 
appear  In  the  urine.  Kruse  and  Pasquale  found  in  one 
case  of  liver  abscess,  nmltiple  small  pus  collections  in 
the  spleen,  distributed  along  the  branches  of  the  veins. 
They  attributi-d  these  to  the  backward  flow  of  pus  from 
the  liver  thi'ongh  the  portal  vein.  Flexner  has  reported 
a  ease  of  perforation  of  an  amo-bic  abscess  of  the  Uver 
into  the  inferior  vena  cava. 

{/■)  PU  urn. — Amoeb;e  reach  the  light  pleura  probably 
only  by  extension  of  liver  abscesses  through  the  dia- 
phragm, either  by  ru]iture  or  by  gradual  extension  of 
the  inflammatory  process.  The  pleural  inflammation  is 
]irobably  always  purulent,  and  the  membrane  becomes 
thickened  and  covered  with  a  ragged,  necrotic  material, 
containing  amorphinis  and  fibrillated  fibrin,  red  blood 
cells,  and  a  \ariable  number  of  leucocytes.  The  latter 
are  very  numerous  if  there  is  bacterial  mixed  infection. 
Ama'ba^  are  usn.-dly  numerous.  This  amn'bic  empyema 
is  usually  chronic,  and  the  retracted  lung  is  bound  down 
by  the  thickened  and  adherent  plenra.  Pneumo-thorax 
is  rare.  The  pleural  cavity  may  be  distended  with  pus, 
which  may  rupture  into  tlie  lung  or  bronchi,  into  the 
pericardium  or  through  the  chest  wall. 

(d )  1,1111(1. — The  right  lung,  as  previously  pointed  out, 
is  frequently  affected  by  invasion  from  tlie  liver.  In- 
flammatory ]irocesscs  of  the  pleura  may  also  extend  into 
the  lung.  The  lesions  in  the  lung  are  similar  to  those 
in  the  liver,  but  Councilman  and  Lafleur  have  shown 
that  the  changes  in  the  interstitial  tissue  are  more  marked 
in  the  former  than  in  the  latter.  The  abscesses  are  usu- 
ally single,  but  may  be  nudtiple  and  are  generally  con- 
fined to  the  lower  lobe.  The  abscesses  may  open  into  one- 
or  more  bronchi,  by  which  they  are  drained.  In  thiscase 
aino?ba5  are  present  in  the  sputum  in  large  numbers,  and 
in  two  cases  I  have  been  able  to  make  a  diagnosis  of 
unsuspected  hepato-jiulmonary  abscess  b}-  examination 
of  the  sputum.  When  tlic  left  lung  is  affected,  which  is 
rarely  the  case,  it  is  probably  due  to  aspiration  of  pus 
from  the  bronchi.  It  is  diflicult  to  se<'  why  anui'ba'  arc 
not  frequently  carried  to  the  lungs  from  the  liver  by  the 
hc|iatic  vein;  but  if  this  occurs,  the  aniO'b.T  apjiarcntly 
die  before  lesions  are  produced.  In  the  rare  cases  in 
which  liver  abscesses  have  ruptured  into  the  vena  cava, 
death  has  occurred  before  mctjistatic  abscesses  could 
form.  AuKvb.'V,  as  far  as  is  known,  never  pass  through 
t|ie  pulmonary  circulation  and  cause  abscesses  in  distant 
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or;i;aus.      Pulmouary  and  lii'patico-puliiKiiiary  ulisccsscs 
may  heal  both  with  and  willioiit  drainage. 

(( )  I'tncardiuin. — The  pericardiinu  may  l)c  invadi<l  in 
two  ways:  (rt)  by  direct  opening  of  a  livtr  abscess  into 
the  pericardial  sac.  or  (h)  by  extension  of  the  iullamnia 


Fig.  113.— Amoeba?  from  a  Section  of  Intestine,    f.^dapteri  from  Coun- 
cilman  and  LaBeur,  Jobns  Hopkins  Reports,  vol.  il.,  plate  vii.l 

tory  process  from  the  pleura  or  lun;;'.  as  occurnd  in  one 
of  my  cases.  Tliisis  tlieoidy  casein  which  annelne  liave 
been  found  in  the  pericardial  cavity.  The  jiericardial 
lesions  were  similar  to.  those  found  in  the  plenra. 

(/)  Pf.ritunenm. — In  a  few  ca.ses  localized  perilonilis 
occurs  opposite  the  seat  of  the  ulcers;  tliis  may  or  may 
not  lead  to  tlie  iormatiou  of  adliesions.  Tlie  e.vudation 
is    sometimes  abundant  and   widespread,  of  a  peculiar 


Pig.  114.— Motile  Ama>b:T>,  Showinsr  Pspiitlopodia  from  a  Dv.s<>nten<- 
Stool.  No.  1  has  li"Tiiof."'neiius  eiKiosarc.  No.  2  eimtaiii.s  a  iiuinluM 
of  vacuoles  and  a  few  icd  l.lnod  corpuscles,  and  No.  :{  i-orienits 
great  nuiiiters  of  tln!  latter.  iKruse  and  I'asquale:  Zeiisclinft  f. 
Hygiene  u.  Infectiouskrankhelten,  1894,  I!d.  .\vl..  I'ate  vi..  Kit's. 
1,2;  3.) 

gelatinous  consistency,  and  contains  numerous  anuelia', 
with  or  without  bacteria.  When  inleslinal  ulcers  per 
foratc  into  llio  peritoneal  cavily.  widespread  perilonitis 
occurs,  with  larjre  numbers  of  bacteria,  as  wellasainn'ba'. 
in  the  c.xudalion.  Liver  abscesses,  especially  when 
situaled  in  the  lower  portion  of  tlie  riirht  lolie,  sometimes 
rupture  into  the  iieritoneal  cavity  and  causi'  diffuse 
peritonitis  with  a  gelatinous  exudation  containhi;;-  anue- 
biE.  Chronit!  adhesive  peritonitis  about  Die  liver,  be 
twecn  this  oriian  and  tlie  diaphrairm.  abdominal  wall, 
omentum,  and  the  transverse  colon  is  common.  Tlie 
stoniacli  may  be  bound  to  the  liver,  and  absces.ses  of  this 
latter  ori;an  may  open  into  the  former. 

((/)  Chniini's  in  Otlur  Oriiarix. — Fatty  degeneration  of 
the  heart  in  amoebic  infections  has  lieen  described  by 
Flexner  and  by  myself.  The  chanires  in  the  kidneys  are 
limited  to  cloudy  swclliii.a'  and  fatty  de,!;encralioii.  ex- 
cept when  the  ri.glit  kidney  forms  jiart  of  tlie  wall  of  a 
liver  abscess.     The  spleen  is  usually  enlarged,  is  some- 


times soft  and  .somelinus  lirni.  Ilie  hiller  slat<'  usually 
beinj;  associated  with  chronic  passive  congestiou.  Kef 
eicnce  has  already  been  made  lo  pus  collections  ia  the 
spleen  in  till!  case  of  Krus('  and  I'as(|Uale. 

ill')  Mi'ih's  of  TranKiniKKion  of  Ainn'ba\ — It  is  ver}'  gen- 
erally believed  that  ain(eb:e  reach  tlie  liver  by  means  of 
1  he  portal  veins.  Tliey  arc  often  found  in  the  veins  in 
I  lie  intestinal  lesions,  and,  in  some  ca.ses  at  least,  the 
liepalic  aliscesses  are  widespread  and  along  the  distrilm- 
lion  of  llie  portal  veins,  ('(juncilinan  believes  lliat  the 
organism  most  commonly  reaelu-s  the  liver  by  means  of 
llie  peritoneal  cavity,  after  jiassing  through  the  intestinal 
walls,  being  carried  like  other  foreign  particles  in  this 
cavity  up  behinil  the  liver.  The  lymphatics  ]irobably 
play  no  part  in  the  transmission  of  ania'ba'  to  the  liver, 
though  the  organisms  ]U'obably  make  their  way  through 
lhe.se  channels  in  the  intestines  and  in  other  organs. 

Kruseand  I 'asipiale suggest  IhataiiKelKe,  like  coccidia 
ovirorme,  may  invade  the  liver  by  means  of  the  biliary 
tract.  This  would  explain  the  mode  of  infection  in  the 
cases  of  so-called  idioiiathic  liver  abscess.  In  the  case 
of  the  idioi)athic  liver  abscesses,  il  is  possible  that  amoe- 
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KiG.  llo.— SeciioH  of  an  r.lcvaled.  ljec|.ly  ICvcavated  Llcer.  IIlu.strat- 
iiiir  .\h.sce.ss  I'orinaiion  in  the  Suhumcosa.  rt.  Mucous  ineui- 
hnine;  /<,  musi-ularis  Tiiucosie;c,  snhiuucosa ;  f/,  luuscularis:  (, 
peritoneum ;  .t,  area  of  cellular  intlltration  near  the  ulcer. 
(Councilman  and  I.alleur:  lliid..  plate  i..  Fid.  I.i 

ba'  liave  penetrated  the  niueos.i  ,-iiid  sulimucosa,  causing 
no  lesions  or  at  least  very  slight  ones,  and  have  entered 
the  veins  and  been  carried  to  the  liver.  Another  po.ssible 
e\|ilanalion  is  llu^  presence  in  the  intestine  of  lesions  too 
insignilicant  to  cause  diarrho'a  and  other  symptoms  of 
dysentery.  It  must  also  be  rcmenibered  that  constipa- 
tion is  not  infrecjuently  met  with  in  cases  of  widespread 
dysenteric;  ulcers.     It  is  very  significant  that  the"ldio- 
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Vui.  lit).— Section  of  a  Deep  I'Icer  K.xteiidiii!.'  Down  to  the  Muscular 
Coat.  Tlie  cellular  intlltration  i;  has  e.Meniled  througli  the  muscular 
coatat./'.     H'ouncilmau  and  I.alleur:   Ihid.,  plale  i.,  V\g.  a.) 

jiathic"  liver  abscess  is  most  freipicnlly  met  with  in  the 
s;uiie  countries  and  conditions  in  which  the  dysenteric 
liver  abscess  is  most  common. 

ii)  Axuoriciti'in  of  Otiiir  Orr/aiiisms  irilh  AMirbiv. — In 
the  intestinal  lesions,  as  one  would  expect,  vai-ious  bac- 
teria ordinarily  ])ii'sent  in  the  intestine  are  found.  It 
seems  probable  iluit,  in  cert:iin  ca.ses  at  least,  luicterial 
inv;ision  of  the  ulcers  and  ab.scesses  materially  alters  the 
cliaracti.T  and  augments  the  .severity  of  the  lesions. 
Certain  other  animal  micro-organisms,  such  as  Tri- 
chomonas intestinalis,  etc.,  are  sometimes  present  with 
amii-b;e  in  the  stools.  Bacteria  have  been  found  in  the 
lung,   pleural,    and    liver    lesions  by  several   observers. 
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Of  13  liver  abscpsses,  Kartulis  found  the  Staphylococ- 
cus pyogcuos  aureus  in  2,  the  albu8  in  1,  the  B.  pyogenes 
lu'tidus  in  1.  and  B.  ju-oleus  vulgaris  in  1.  Councihnau 
and  Lalleur  found  Imeteria  in  llie  sections  of  3  out  of  G 
liver  abscesses.  In  7  cas(?s  of  liver  abscess  Kruse  and 
Pas(iuale  found  streptococci  in  3  and  staphylococci 
in  2,  and  with  these  tliej-  often  foiuid  ty]ihoid-like 
bacilli  (B.  coliV).  Fle.vner  foiuid  streptococci  in  1  case. 
In  one  of  jny  cases  the  Staphylococcus  aureus  and  B.  coli 
comnuuiis  were  found  in  the  pleura.  |)ericardium,  and 
liver.  Flexnerand  Barker  found  the  Staphylocoecuscit- 
reus  in  a  liver  abscess  in  the  Philippines.  Kartulis 
found  the  St4iph3'lococcus  aureus  in  4  cases  and  the 


Fig.  117. — Section  of  Intestine  Just  Below  I'lceration.  Becli  one-<iuarter.  ocular  3.  In  upper  portion  of  the 
Held  a  large  vein  is  seen;  tbe  wall  of  the  vessel  which  is  nearest  the  ulceration  is  bein-j  iiiiJIir.iied  with 
smalt  cells  and  is  breaking:  down ;  both  led  and  white  cells  and  am<pb»  are  seen  within  the  luiufu  ()f  the 
vessel.  In  the  lower  portion  of  the  Held  many  anioeba>  are  seen,  some  in  the  tissues,  aud  others  in  the 
lymph  spaces  and  lymph  channel.     (After  H.  F.  Harris,  by  permission.) 


Staphylococcus  albus  iu  1  case  of  "  idiopathic "  liver 
abscess,  without  amceboe.  In  7  cases  of  this  form  of  liver 
abscess  Kruse  aud  Pasquale  found  B.  jiyocyaneus  in 
2,  Staphylococcus  aureus  iu  1,  Staphylococcus  albus  in 
1,  and  typhoiddike  bacilli  in  1.  Ama-ba'  have  not  been 
<iemonstrat<'d  in  the  so-called  "idiopathic"  liver  ab- 
scess, with  the  exception  of  Buxton "s  douljtful  case, 
already  referml  to. 

ij)  Pi-inciire  of  Aviwlm  in  the  LesioiiK.  Stanh. — In  .a 
large  proportion  of  the  cases  of  dysentery  with  the  pecid- 
iar  clinical  histoi-y  of  "tropical  dysentery,"  aina'b:e  are 
readily  found  in  the  stools.  In  a  small  number  of  ctises 
they  are  infrequent,  and  are  found  only  after  jirolongcd 
and  repeated  search,  while  in  a  few  cases  they  are  not 
found.  Tlieir  number  and  the  constancy  of  tlieir  pres- 
ence must,  of  course,  depend  in  large  measure  upon  the 
.stage  and   se\'erity   of   th(^   lesions.     They   are   readily 


recognized  by  their  size,  peculiar  appearance,  and  move- 
ments. In  studying  the  stools,  small  yellowish  gray 
particles  of  gelatinous  mucus  should  be  picked  out.  A 
warm  stage  is  often  of  advantage,  but  is  not  ucees.siiry. 
Warnung  the  slide  carefully  over  a  flame  will  often 
stimulate  sluggish  forms  to  send  out  pseudopodia.  In 
cxaininiug  pus  from  the  liver,  i)leui'a,  and  lung,  etc.,  it  is 
iinpoi'tant  to  obtain  the  specimen  for  examination  fi-om 
the  wall  of  the  abscess  rather  than  from  the  centre,  for 
the  amn?b;T  are  always  more  numerous  about  the  walls 
of  abscesses.  As  a  general  rule,  the  more  acute  the  proc- 
ess the  larger  the  mnnber  of  amceba"  present.  Amoebae 
are  found  in  a  very  large  proportion  of  dysenteric  liver 

abscesses  and  of  other 
lesions  secondary  to  amoe- 
bic dysentery.  They  are 
sometimes  nussed,  espe- 
cially in  chronic  cases. 
Flexner  and  Barker  re- 
mark upon  their  failure 
to  And  them  in  certain 
cases  of  dysentery  and 
liver  abscess  in  the  Phil- 
ippines. In  the  sputum 
of  cases  of  hepato-]iulmon- 
ary  abscess,  amreba;  are 
usually  numerous.  In  one 
of  my  cases  n  umbers  were 
seen  in  every  iield  of  the 
microscope. 

(k)  Relation  of  Anueba 
to  Dysentery  and  its  Com- 
pKcations. — T  he  chief 
proofs  of  the  causal  rela- 
tion of  aina>ba  coli  to 
these  lesions  are  (1)  its 
practically  constant  pres- 
ence iu  such  numbers  and 
in  such  intimate  anatomi- 
cal relation  to  the  lesions, 
and  (2)  the  elimination  of 
other  micro-organisms  as 
etiological  factors.  For 
dysentery,  at  least,  it  can 
be  said  that  there  is  a  spe- 
cial and  jieculiar  anatond- 
cal  vai'iety  associated  with 
the  jiresence  of  the  ama>- 
ba  coli.  The  disease  is  a 
distinct  anatomical  entity, 
and  iu  its  lesions  we  find 
the  amceba  coli  in  a  rela- 
tion so  constant  and  so 
intimate  that  we  are 
forcerl  to  the  conclusion 
tliat  the  former  are  caused 
by  the  latter.  Inoculation 
e  X  p  e  r  iments  sometimes 
give  positive  results,  but 
they  are  far  from  constant. 
Kartulis  produced  dysen- 
tery in  cats  by  rectal  injections  of  amodia-containing 
stools.  Kruse  and  Pasquale  produced  well-marked  ulcer- 
ations of  the  colon  of  cats,  with  numbers  of  ama4ia»  in  the 
lesions,  by  rectal  injections  of  amadia-containing  stools 
and  of  the  amadm-containing  but  bacteria  free  pus  of  a 
liver  abscess.  Quincke  and  Boos  jirodticed  fatal  dysen- 
tery in  cats  by  rectal  injection  of  the  amceba-containing 
stools  of  one  case  of  dyscntci'y.  These  results  are  not, 
however,  constant,  and  objection  has  further  been  made 
that  these  stools,  at  least,  were  not  Iiacteiia  free.  Up  to 
the  present  time  no  imo  has  been  alile  to  ]iroduce  dysen- 
tery by  the  inoculiition  of  ]uire  cultures  of  amicbae  grown 
on  artiticiid  media.  .Mthough  abs(dute  logical  proof  of 
the  etiological  relationship  of  anxvba  coli  to  the  lesions 
in  which  it  is  found  is  lacking,  the  evidence  is  almost 
conclusive,  and  one  is  morjtlly  convinced  of  such  rela- 
tion. 


232 


REFERENCE  IIAXDBOOK   OF   THE   MEDICAL  SCIENCES. 


Aniccbae, 
Aiiipiilatloiu 


(0  A7iuel)<v  Orix  Hoiiiini'i. — AccDnlinj;  to  Unuiii.  ;'.iii«' 
bii'  have  been  found  in  the  human  niovitli  liy  Gros 
(Aiiiaba  r;iii(/ii-(il/.-i.  184!»).  Stcrnlicrj:  (Aiiki/hi  h'lmi/i". 
1862).  and  Grass!  {Atii'fli'i  ilrntatiK.  1871)).  It  is  (>.\trcin<'ly 
doubtful  if  any  of  tlicso  were  of  any  ]iatlu)lo^ncal  .siir 
niticance.  In"  18'Ji  Fle.xner  {./n/tii.s  J/ojiA-i/m  llnxpitnf 
Bttlktiii,  1893,  p.  101)  rcporti'd  the  case  of  a  man  sixty 
two  j'ears  of  age,  previously  bcaltliy.  wlio  developed  a 
larjie,  tense  abseess  of  tlie  jaw  eomnumieatinir  uilli  the 
mouth.  Mieroscopieal  examination  of  the  sliiikiiij,'  jmis 
which  was  evaeuated  by  operation  showed,  besides  a 
variety  of  bacteria,  large  mnnlieis  ot  large  aincebu',  many 
of  wliieh  were  aetiv<dy  motile  and  were  not  to  be  distill 
guished  from  ama-ba  coli.  To  qtiote  the  author:  "In 
view  of  the  faet  that  the  charaeters  of  the  amoeba'  pres 
ent  in  the  pus  of  this  abscess  and  in  larger  luunber  in 
the  necrotic  material  found  in  the  pus,  resemble  in  so 
many  respects  the  ama'ba  dysenteriae,  .  .  .  we  are  led, 
in  the  absence  of  definite  means  of  distinguishing  forms 
which  may  have  much  in  conunon  but  yet  be  totally  un- 
liUe,  to  reganl  tljcse  as  allied  sjiecies.  if  not  identical." 
Kartvdis  (/.litxclirift  f.  Ihl'lhiif  nnd  /iifi r/i'mx  Kntiik- 
IhHhi,  1893.  Bd.  xiiL.S.  9) reports  a  similar  oliservation. 
,\n  Arab,  forty-three  years  old,  who  had  never  had 
dvsenterj',  developed  a  submaxillary  abscess  an<l  osteo 
mvelilis  of  the  right  inferior  maxilla.  The  mucous 
membrane  of  the  mouth  and  .gum  was  swollen,  and  there 
was  a  small  fistulous  opc'iiing  into  the  mouth.  The  ap- 
parent infection  atrium  was  through  \he  alveolar  jiroei'ss. 
wlnre  two  molar  teeth  had  been  lately  lost.  I'us  anil 
seipiestra  were  discharged  from  the  abscess.  In  the  juis. 
along  with  numerous  bacteria,  there  were  amieba'  with 
coarsely  granular  endcsarc  containing  a  small  nucleus, 
vacuoles,  and  red  and  white  blood  corpuscles.  The 
pscuilopodia  were  long  and  finger-shaped.  The  amieba' 
were  numerous  and  measured  from  'ii)  to  •'>8  //  in  diam- 
eter. It  is  evident  that  we  have  at  present  no  jiosilive 
means  either  of  identifying  these  amieb.e  with  or  of 
separating  them  from  amieba  coli, 

Uii)Aiii(i'h,v  L'i-n;](  iiititlix. — In  18S3,  Baelz  ("  relicreinigc 
neue  Parasiten  des  Menschen," /ft;-/.  IlHii.  Win-In- iisiin-.. 
1883,  p.  337)  found  large  numbersof  amn'ba'  in  the  bloody 
urine  and  in  the  vagina  of  a  twenty-three  year-old 
woman  with  lung  tuberculosis.  This  amieba  (which  he 
called  Amaliii  L'l-niji  iiU'iUx.  n.  sp.)  was  very  active, 
and  measured  in  the  resting  state  about  .")()  //  in  diameter, 
had  a  granular  cell  body  and  a  vesicular  nucleus.  .liir- 
gens  (i|Uoted  by  Braun  and  by  Posner)  has  described  a 
rase  of  imiltipie  cysts  of  the  mucous  membrane  of  the 
bladder  filled  withamieba>.  Kartulis {?(«•.  f)7.,iS.  2,  foot 
note)  has  reported  the  case  of  a  man  fifty-eight  years 
old,  living  in  Egyjit,  with  iirofuse  li;ematuria  and  a 
tumor  of  the  bladder  the  size  of  an  apple.  The  urine 
was  dark  red  in  color  and  contained,  besides  red  blood 
corpuscles  and  bladder  e|iithclial  cells,  a  lar.i;c  number  of 
small  amiebre  (13  to  3(»  //  in  diameter),  which  moved 
la/ily  and  put  out  short  pseudopodia.  The  endosarc 
was  finely  .sranular;  vacuoles  and  a  nucleus  could  be 
made  out  after  stiiining  with  methylene  blue.  Posner 
("  Ucber  Ama^ben  Im  Ilarn,"  Bcrl.  klin..  Wiirhi'iiKcIn-.. 
1893,  No.  28,  p.  GT4)  has  reported  the  case  of  a  musician 
of  Berlin  who  wa.s  taken  sick  withachill  and  h;emaluria. 
The  urine  wns  dark  red  in  color,  and  contained  alliuuiin, 
red  and  white  blood  cells,  renal  e[Ml helium,  hyaline. 
.<;rannlar,  and  blood  casts,  and  amieba'.  The  latter  con- 
tained one  or  more  nuclei,  vacuoles,  and  red  blood  cells, 
had  a  granular  endosiirc.  and  chan.ired  their  shape  slowly. 
They  were  from  28  to  .iO  ii  in  diameter.  (.)none  occasion 
forms  su.sgestive  of  encysted  amreba-  were  seen.  The 
patient  recovered  after  a  few  days,  and  both  blood  and 
amreba'  disappeared  from  the  urine.  The  attacks  were 
repeated  twice  within  five  months.  Examination  of  the 
blood  and  of  the  bladder  was  negative.  Pilsner  attributed 
the  symptoms  to  the  presence  of  the  amo'ba',  which  he 
thinks  reached  the  kidneys  by  means  of  the  bladder, 

W.  T.  Iloirnril.  Jr. 

The  list  of  references  given  below  is  not  intended  as 


a  complete  bibliogra[>hy.  but  includes  most  of  the  impor- 
tant articles. 

liniun  :  Die  ttiiertsi'lien  Parasiten  ties  Mcnsrjien,  Wiirzlnirjj:,  lsflr>. 

Iii'Verincl( :  Cenlmllil.  fiir  HaklerioloKii*.  liiJ.  xi.\.,  s.  ;i'>s. 

Ci-ili  imU  I'iocca:  ( enlnilbl.  f.  Hal;.,  JSil.  .\v„  S.  470;  ibid.,  ISil.  xvL, 

s.  :K7, 
I clli;  n>iii,.  Hil.  xlx.,  s.  .".;!li. 

ritiiiirilinan  ami  I.alUnir;  Jolins  llopliins  Hospital  Itt-porta,  I89I. 
Iini  k  :  Texa.s  .Mi-iili-al  .liainial,  .April.  1«)1. 
ilaiTJs:  AliH'ricati  .louriial  of  Itii'  Mcciii-al  Si-ieiiees.  1H98.  p.  :J,S4. 
Howard  and  Hoover:  H)id,.  Aiiirust  and  Septeniljer,  18^, 
l\aitiilis:  ViiTliow's  Arcliiv,  ls,s,'i,  nd.  rv. 
l^artulis:  Iliiil.,  I.SSK,  Hd.  exviii, 
Karlulis:  ( cnirallil.  t.  I!alileriolo)fie,  18XS,  lid.  iv. 
Kartiilis:  Itiid.,  I.SWI,  lid,  vii. 
KiUtiilis:  Ihid.,  1«)1,  lid,  ix. 
Kniso   and   ra.si|uali':    Zeitsclirift   f.    Hysfiene  und  Intectlonskrani- 

lieiten,  l.siW.  lid.  xvi. 
Osier,  IV.:  C'cntrallil    f.  liaktcriolofie,  IWIil,  lid.  vii.  S.  7:i6. 

AMPUTATION. — .\niput:ition  (niniiiiliii-f,  to  cut  away) 
is  a  Icrin  giiienilly  used  to  designate  the  removal  by 
snrgii:il  operation  of  a  [lortion  or  the  whole  of  an  e.x- 
ticmity.  In  a  wider  application  thi'  word  is  still  used 
with  reference  to  separations  of  other  prominent  or  pro- 
jecting jiortions  of  the  body,  such  as  the  mamma,  penis, 
and  cervix  uteri.  In  this  article  amiuitations  of  the  ex- 
tremities aloue  will  be  considered.  Ohler  w  liters,  and 
many  of  the  present  time  in  Germany  and  France,  still 
further  restrict  the  term  :unpul:ilion  to  the  ojierative 
i-einov;il  of  a  limb  in  its  conlinuity,  as  in  amputation 
tlirongh  the  foiearm  or  thi.uh,  while  they  desi.irnate  a.s 
"di.s;irticul;ilions.''  ■'enucleations."  tlie  removal  of  a 
member  in  its  couti.guitv  («.e,,  tluou.nh  the  joint).  This 
distinction  is  properly  i.irnored  by  En.irlish  and  .\merican 
writers,  since  m:uiy  oiierations  present  combinations  of 
the  two  procedures  (,'<yme-Piro.golf). 

IIisToincAL  Skktch. — The  helplessness  of  .surgeons  of 
:uieient  times  to  cope  with  lu'ofusc  hemorrha.ire  is  gener- 
:illy  ;ieeepteil  ;is  the  sole  jidmissible  expliuiaiiou  of  the 
tact  that,  for  nc:ii-ly  two  thousand  years,  from  the  time 
of  llip|)ocrates  to  that  of  Pai'e,  amiMitations  wei'c  prac- 
tic;dl.v  limited  to  the  reinov:il  by  cuttin.;;  through  the 
dead  tissues  of  g:ui,i;'renous  exti'cmities.  The  only  refer- 
ence to  amputations  in  the  Ilip]iocratie  writings  is  as 
follows:  ■■  In  eascof  fractiueof  the  bones,  whenstrangu- 
hition  and  blackening  of  the  pints  take  jilace,  at  tirst 
the  sepai'ation  of  the  dead  and  livin.i;  parts  ipiiekly 
occurs,  and  the  jiarts  speedily  iliop  olf.  as  the  bones 
hiive  already  given  w:iy ;  but  when  the  blackening 
(inortilie;ition)  takes  place  while  the  bones  are  entire,  the 
lleshy  jiarts  in  this  can  also  ([uickly  die,  but  the  bones 
are  slow  in  separating  at  the  boundary  of  the  blackening 
and  where  the  bones  are  laid  bare.  Those  parts  of  the 
body  which  are  below  the  boundaries  of  the  blackening 
ai'e  "to  be  removed  at  the  joint  as  soon  iis  they  are  fairly 
dead  and  h;ive  lost  their  sensibility,  care  being  t:ikcn  not 
to  wound  any  livin.y  part ;  for  it  the  part  wliicli  is  cut 
olf  .give  pain,  and  if  it  should  pi-ovc  to  be  not  iiuile  dead, 
there  is  great  danger  lest  the  patient  swoon  away  from 
the  pain,  and  such  swoonings  are  often  immediately 
latal"  ("Hipiioci-atcs,"  Sydenliam.  vol.  ii.,  p,  (ii>9). 

The  anatomical  labors  of  the  Alexandrian  school  could 
not  have  been  without  inllucnce  on  the  status  of  sur.sierj-. 
This  wesec  illnstrated  in  thesiirgical  writin.u:s  of  f'elsus, 
who  nni|Uestion:dily  w:is  the  first  to  sii.ggest  amputations 
in  the  living  tissues  jiliove  the  line  that  separates  them 
from  the  sphiiccliis.  While  he  iidinits  that  iiatienis  fre- 
qiientl}-  succumb  during  the  opei'ation  from  hemorrhage, 
there  can  be  no  i|Uestii)n  but  tliat  Celsns  was  acquainted 
with  the  grc:it  usefulness  of  the  ligature.  In  his  chapter 
on  wounds,  he  advises  that  "if  these  rp'i'g.g'ii.g  "'f 
wound,  compression.  :uid  mild  caustics]  do  not  prevail 
a.iiainst  the  henioriha,;;e,  the  vessels  which  dischar.ire  the 
blood  are  to  be  taken  hold  of  and  tied  in  two  places, 
about  the  wounded  part,  and  cut  Ihiough,  that  they 
may  both  unite  together  and  nevertheless  have  their 
orifices  closed," 

It  seems  scarcely  possilhc  that  the  theorv'.  if  not  the 
jiractice.  of  surgery  could  have  developed  to  the  position 
designated,  unlessa  less  dillicult  |uoceilure  for  the  liga- 
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tiou  of  a  blecdinic  vessel  in  au  open  woiiiui  liad  boeu  like- 
wise perfected,  parti<'ul!irly  in  view  of  the  facts  that 
Archigenes  had  intniiluced"  the  ti>iirtii(|uet.  that  every 
writer  of  the  (ireek  and  Arabian  schools  makes  re])eated 
reference  to  the  nse  of  thi'  lipiture  for  the  relief  of 
hcMiorrhanc  anil  that  torsion  of  blrediiiy  vessels  was  ad- 
vised nniler  certain  circumstances  liy  Galen,  Khazes,  and 
I^aiilus  -Kgineta,  It  is  quite  certain,  therefore,  that  the 
proper  niana,!::;eineut  of  hemorrhage  was  not  entirely  lost 
sight  of  even  in  the  darkest  period  of  the  history  of 
medicine.  Indeed,  the  indications  for  arainitation  .seem 
to  have  been  more  elncidatcd  for  a  time  after  the  laboi-s 
of  Celsus.  Thus  Archigenes  eiuimeratcs.  among  the  cir- 
cumstances which  require  amputation,  "the  presence  of 
intractalile  disease,  sucli  as  gangrene,  necrosis,  putrefac- 
tion, cancer,  certain  callous  tumors,  and  sometimes 
wounds  inflicted  by  weapons"  (Syd.,  "Paul^Egin.."  vol. 
ii.,  p.  410).  Nevertheless,  the  advanced  position  oc- 
cupied by  this  writer  was  soon  receded  from.  For  a 
thousand  years  from  the  time  of  the  latter  authority 
retrogression  was  the  fate  of  amputations  as  of  surgery 
in  general.  Where  recour.se  to  anqiutations  was  un- 
avoidable, the  most  liarbarous  methods  were  resorted  to. 
The  .Vrabians  operated  with  red-hot  knives.  Through- 
out the  dark  ages  the  actual  canteiy  was  applied  to  the 
bleeding  stump,  or  this  was  covered  with  boiling  oil.  or 
molten  pitch,  or  suljihur.  More  cruel  than  any  other 
was  the  iiraetice  of  Guy  de  Chauliac.  who  in  the  four- 
teenth century  boiuid  a  cord  with  suflicient  force  around 
a  limb  to  insure  its  removal  by  gangrene.  AVhile  ampu- 
tations were  thus  dreaded,  until  within  the  last  three 
centuries,  alike  liy  surgeons  and  patients,  it  is  certain 
that  this  operation  was  not  called  for  so  freipientl.^'  as  it 
is  now.  Lacerations  as  terrible  as  those  produced  by 
machinery  and  firearms,  which  fiu'  the  most  part  force 
the  amputatin,g  knife  into  the  surgeon's  hands,  couhl 
hardl.y  have  been  often  encoiuitered  prior  to  the  discov- 
ery of  gunpowder  and  steam. 

While  Gersdorff,  of  Strasburg,  ju'obably  had  used  the 
ligature  in  amputation  wnunds  for  some  years,  it  re- 
mained for  the  genius  of  Pare  to  give  to  aiuputations  a 
comparatively  firm  position  among  surgical  oijeratious. 
After  nearly  thirty  yeai's  of  e-\iK'riiuentation  and  prac- 
tical test  of  the  ligature,  lie  i)ublislied  results  which 
should  at  once  have  revolutionized  the  surgical  ]iractice 
of  the  time.  With  the  retractiiai  of  the  skin  and  soft 
parts  above  the  site  of  operation,  to  insure  suflicient 
tissue  to  cover  the  divided  bone,  and  the  use  of  a  con- 
stricting band.  Pare  had  adopted  all  the  jueliminary 
means  which  are  deemed  nt'Cessary  to  (la,v  Ij.v  many  for 
making  a  circidar  amputation.  Grasi)ing  the  o]>en 
mouths  of  the  arteries  with  curved  forceps,  he  clo.sed 
them  with  a  double  thread,  and  the  wound  with  three 
or  four  sutures.  Likewise  was  Pare  the  lirst  who  clearly 
taught  tlie  value  of  the  ligature  ( ii  iimnsr  in  refractoiy 
hemorrhages.  "Inspired  by  God  with  Ibis  good  work," 
it  would  seem  that  Pare  should  have  speeclily  moulded 
the  practice  of  his  contemporaries.  That  this  was  not 
the  case  is  evident  from  the  great  opposition  encountered 
by  him,  and  that  it  rei|uired  nearly  two  centuries  for  the 
ligature  to  supplant  tlie  actual  cautery  as  a  lucmostatic 
measure.  Although  Fabricius  Ilildanus  in  Germany. 
Diouys  in  France,  and  Richard  Wiseman  in  England 
(last  half  of  seventeenth  century)  make  mention  of  the 
ligature,  the,v  in  nowise  reconunend  it.  It  is  not  re- 
markable, therefore,  that  in  tb(^  .seventeenth  century. 
Botal  did  not  hesitate  to  perform  amputation  by  means 
of  two  hatchets,  one  jilaced  inunediately  below  the 
member  and  the  other  loaded  with  leads  let  fall  upon 
it  (Velpeau,  "Oiicrat.  cliir."),  and  that  even  as  late 
as  1761  W.  Shar])  saw  cause  for  complaint  at  the  re- 
stricted Iiraetice  of  ligaturing  bleeding  vessels.  Indeed, 
it  is  (|uestionable  wlietlier  the  ligature  of  vessels  in  am- 
putation wounds  could  even  then  have  olitaini'd  a  firm 
foothold  without  the  assistance  given  to  it  by  the  tourni- 
quet. The  origin  of  the  latter  is  enshrouded  in  mystery. 
There  can  be  no  doubt  that  II.  von  Gersdorif  made  nse()f 
constricting  baiuls.     It  .appears  that  the  idea  of  lu'ovi- 


sional  compression  of  the  artery,  as  now  practised,  was 
introdviced  imlependently  by  two  surgeons  of  different 
countries  at  about  the  sana'  time.  Morel,  in  France,  and 
Youn.g.  in  England,  each  devised  a  tourniquet  for  the 
arrest  of  the  circulation.  It  remained,  however,  for  the 
great  J.  L.  Petit  (ITIS)  to  elaborate  the  principles  of 
arterial  compression  and  to  constructan  instrument  from 
which  those  now  iu  use  ditl'er  but  little.  Finally.  w-itU 
the  introduction  of  digital  compression  and  the  use  of 
the  Esmarch  bandage,  the  appliances  for  the  control  of 
hemorrlia,ge  ap]iear  as  perfect  as  human  ingenuity  can 
make  them. 

Tlie  most  dangerous  feature  of  an  amputation  being 
c-ontidlled,  attention  could  be  directed  toward  the  .secur- 
ing of  a  more  rajud  cure  and  a  useful  stump.  When,  in 
ancient  and  media'val  times,  an  amputation  terminated 
well,  a  year  elapsed  before  the  wound  had  healed,  and  a 
conical  stump  usually  resulted.  In  1GT8  a  friend  of 
Thomas  Young  expressed  his  .great  surprise  that  larger 
extremities  could  be  removed  in  such  a  manner  that  the 
wound  was  firmly  cicatrized  l.iy  first  intention  in  three 
weeks.  The  I'ireular  incision  for  amputations  being  the 
one  most  ciuickly  accoiui)lished  and  intuitively  resorted 
to  by  the  earlier  operators,  was  the  one  generally  adopted. 
Althou.gh  Celsus  clearly  indicates  the  necessity  of  com- 
pletely covering  the  ends  of  the  Iione  with  the  soft  parts, 
b}'  dividing  it  upon  a  higher  level,  yet  it  was  but  rarely 
accomplished.  This  will  not  appear  remarkable  when 
we  consider  how  the  ojieration  was  described  as  late  as 
the  sixteenth  century  b.v  Hans  von  Gersdorif,  the  great 
barber-surgeon  of  Strasburg:  "And  when  you  will  cut 
him,  order  some  one  to  draw  the  skin  hard  up,  and  then 
bind  the  .skin  with  your  bleeding  tape  tight.  Next  tie  a 
simiile  tape  in  front  of  the  otlier  tape  in  such  a  way 
that  a  space  is  left  between  the  two  tapes  of  one  fin.ger's 
breadth,  so  that  you  may  cut  with  the  razor  between 
them.  In  this  nay  the  cut  is  cpiite  reliable,  goes  easily, 
and  makes  a  perfect  stump.  Now  when  you  have  done 
the  cut.  take  a  saw  and  separate  the  bone,  and  after  that 
undo  again  the  bleeding  ta]'e  and  order  your  assistant  to 
draw  the  skin  over  the  bone  and  the  flesh,  and  to  hold  it 
hard  in  front.  You  should  have  a  bandage  ready  of  two 
fingers'  breadth;  it  should  be  moistened  beforehand,  so 
as  to  be  wet  through,  then  bind  the  thigh  from  above 
downward  to  the  cut,  that  the  flesh  may  protrude  in 
front  of  the  bone,  and  then  banda.sre  this  too."  Amputa- 
tion by  a  single  circular  incision  down  to  the  bone  has 
since  been  re\ived  liy  Louis  and  Briinninghausen  in  the 
beginning  of  our  century,  and  has  been  advised  bv 
Esmarch  recently  in  emaciated  and  exhausted  sub- 
jects. 

Early  in  the  last  century  J.  L.  Petit  originated  the  first 
decided  improvement  upon  the  ancient  method  of  jiractis- 
ing  the  circular  incision.  A\'itli  the  first  circular  incision 
he  divided  the  skin  and  subcutaneous  cellular  tissue 
alone,  and  after  reflecting  them  divided  the  muscles 
upon  a  higher  level  bv  a  second  circular  sweep  of  his 
concave  knife.  Cheselden  and  Sharp  in  England,  and 
Ileister  in  Germany,  independently  devised  and  became 
adherents  of  this  improved  operation,  by  which  the  end 
of  the  bone  could  be  completely  covered.  To  still  fur- 
ther improve  the  stump  Edward  Alanson,  after  the  cus- 
tomary circular  inci.sion  through  the  skin,  sought  to  give 
the  wound  a  funnel  shape  by  a|iplying  the  knife  ob- 
liquely and  dividing  the  muscles  in  the  form  of  a  hol- 
low cone.  Subsequent  operators  lindiiig.  however,  that 
the  wound  thus  made  was  not  conical,  but  sjiiml.  and 
that  it  entailed  conditions  unfavonible  to  primary  union, 
this  modification  failed  to  get  a  permanent  foothold 
among  recognized  operations.  A  lietter  and  simpler 
means  to  produce  a  conical  wound  was  produced  b.v 
Desault,  who,  after  division  of  the  skin,  divided  the 
sujieilicial  and  deep  muscles  on  ditt'erent  levels  by  two 
se]iarate  sweeps  of  the  knife. 

^Meanwhile  thqi  operations  had  bei-n  devised.  Al- 
though, according  to  \'elpeau  and  Lacauchie.  Heliodorus 
had  described  amputation  of  superfluous  fin.^ers  by  the 
double  flap  operation,  the  knowledge  of  this  method  was 
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entirely  foriiollen.*  R.  Lowdliani,  of  lv\<'ter.  in  Il!7!l, 
iutiodiieefl  tlie  Hap  upeialioii  tnr  aiiiputalimi  cif  the  ]r'j; 
by  iiiaUinn'  a  lateral  tlap  ou  oue  side,  a  seiiiieireiilar  in- 
(•ision  (111  llie  opposite  .side  eumpletiiig  the  o]ienitinii. 
The  iiieisiDii  was  made  from  without,  and  iiieluded  the 
skill  and  museles  of  the  ealf  of  the  lej;.  .\lllioui;h,  as 
already  iiulieated,  Yoiins,'  (eurriis  triumiilialis)  most 
hisi-hlv  lauded  tlie  results  at-hieved  by  the  new  mclliod, 
it  was  ii;nor<'d  until  Peter  .\.  Verduyti,  of  .Vmsterdain 
(KillG),  pnietised  a  similar  ain|iutatiou,  tnuislixin.i;-  the 
soft  parts  with  a  doulile  edjied  knife,  Sabourinand  (!ar- 
engc'ot  adopted  the  melliod  by  transfixion.  Other  mod- 
ifiealions  rapidly  followed  the  first  steps  of  the  lie"' 
method.  II.  Kavaton  (IToO)  and  Vermale  (17(i7).  sur 
geoiis  of  tlie  Palatinate.  r<'eoniniended  the  formation  of 
double  flaps,  while  Charles  Bell  (1S07)  and  the  elder 
Lann-eiibeck  ((Jiittin.sren)  aj;aiii  praetieally  returned  lo 
the  older  operation  of  Lowdham.  (Jii  the  oilier  hand. 
Sedillot,  in  IS-U.  and  Teale.  in  IS.'hS.  jjre.itly  inipn.ved 
the  double  llai)  operation.  Sedillot  formed  two  museu- 
lo-eutaneous  flaps,  in  whiehonlya  smiiU  part  of  the  llesli 
was  included,  aiul  divided  the  remaiiiinir  soft  jiarts  by  a 
eireular  ineision.  A  number  of  operators  advised  tliat 
the  Haps  be  of  nneipial  size,  lest  the  eiealri.x  become  ail 
herenl  to  the  divided  end  of  the  bone.  Finally.  Thomas 
Teale.  of  Leeds  (1S,")S),  devised  the  antero  posterior 
rectangular  mu.seulo  cutaneous  tlajis,  Seoutctten.  of 
^let/.  in  1827.  combined  into  what  is  terined  the  oval 
method  a  numlier  of  operalions  which  had  licen  prc\  i- 
ously  employed  by  the  elder  Langenbeck.  Larrcy. 
Guthrie,  and"  others.  Aeeordini;  lo  Seoutctten.  this 
method,  which  is  best  adapted  to  disarticulations,  is  sup- 
posed to  possess  the  advantages  of  bolli  tla|)  .-iiid  circular 
operations.  While,  on  tlie  ('onliiicnt.  this  opcralion  has 
found  a  small  band  of  followers,  it  has  never  met  willi 
general  favor. 

Indk wrioxs. — Amputation  has  been  termed  the  ■' l.isi 
resource '■  and  the  "oiiprobrium  "  of  the  surgeon.     Kc 
course  to  this  radical  measure  signifies  the  surgeon's  un 
belief  in  his  efforts  to  restore  to  usefulness  an  injured 
limb;  it  is  his  confession   that,  in   the  eonibat  with  dis 
ease,  he  has  been  eoiii|uercd,  or  that  his  ability  to  rectify 
a  congenital    deformity    is    limited.       To   recognize   the 
limits  of  his  jiowers  to  Siive  a  ]iart  reipiires  the   keenest 
judgment  of  the  surgeon,  and  it  is  remarkable  how.  in 
the  history  of  amputations,  this  has  swayed  bciwicn  the 
extremes "  of   radicalism    and   conservatism.       It    is,    of 
course,  not  remarkable  that,  prior  to  the  introduction  of 
the  ligature,  amputations  were,  for  the  most   part,  con 
fined  to  the  removal  of  jiarfs  which  were  all  but  reinovcd 
by  an  accident  itself,  or  were  already  the  scat  of  gaii 
gVene.     On  the  otherhand,  the  multiplication  of  mclhoils 
of  amput.ation.  during  tlie  last  and  the  early  ]iarl  of  this 
century,  went  hand-in  hand  with  the  most  reckless  eon 
(lemna't  ion  of  limbs.     The  voices  of  Gervaisc  and  Boucher, 
which  were  raisiul  in  defence  of  conservatism,  were  un 
heard,  and  even  the  remarkable  reports  of  Hilgucr  were 
unable  to  stay  the  useless  siicritiee  of  limbs,     liilguer, 
the  father  of  "conservative  surgery,  and  surgeon  to  Krcd- 
eriek   the  Great,  could  report,  i"n   17(;:!,    Kiil  eoinpoiind 
fractures  suecessfully  treated  by  conservative  nielhods, 
.Vmoiig  these  were  9  of  the  femur,   12  of  the  leg.  1!)  of 
the  ankle,  i»  of  the  head  of  the  humerus.  Hi  of  its  shaft, 
22  of  the  elbow,  !)  of  the  forearm,  3  of  the  wrist,  and  :! 
of   the   hand.      The   distinction   which   these   statistics 
brought  to  Bilguer  was  materially  dimmed  liy  the  hict 
that  he   pirolished   his  successes  alone,   and   tlial    for  a 
while   he   denied  amputations  a  [dace  among  justiliable 
operations.     The  incredulity  of  surgeons  in  these  results 
and  extreme  views  was  one  of  the  cuuses  which  prevented 
them   for  many  decades  from  restricting  the  indications 
for  an  amputation.     Faulty  methods  of  treating  wounds 
and  an  insuflicient  apjireciation  of  the  dangers  attending 
major  am|jutatioiis  were    likewise  potent  factors  in  so 
frequently  forcing  the  amputating  knife  into  the  hand 

*Tlie  Importance  of  covering  the  end  of  the  bone  wius  patent  to 
many— ISiirth,  Maggi.  anions?  otliers  (Von  K.  Sprensel :  "(iescti.  iler 
Chlr.."  vol,  i.,  p.  40S,  Ualle,  l«fi). 


of  the  surgeon.  The  introduction  of  immovable  dress- 
ings, the  startling  statistics  of  .Malgaigne.  published  in 
fs.pJand  IH4H.  the  favor  with  which  excisions  were  re- 
ceived, and.  abo\'e  all,  the  advantage  of  antiseptic  treat- 
ment in  the  widest  .sense,  were  the  chief  causes  in  finally 
delerminiiig  the  indications  for  am|iulalions  as  they  an; 
now  generally  accepted. 

In  general  lerms.  it  is  jiropcr  lo  resort  to  amputation 
when  the  .sacrifice  of  a  part,  which  is  lioi>ele.ssly  di.seased, 
is  necessary  to  the  preservation  of  life  or  the  enjoyment 
of  its  various  funelionsand  duties.  It  is  well  to  remem- 
ber that  "the  vast  niajorit\'  of  people  would  ju'efer  liv- 
ing with  three  extrcinities  to  being  buried  with  four." 
While  in  each  individual  case  the  danger  and  advantages 
of  an  o]ieralion  are  lo  be  carefully  balanced,  conditions 
may  arise  which  may  make  an  operation  imperative 
w  Inch  but  a  tew  days  before  seemed  uncalled  for. 

Contraindications  to  amputation,  either  temporary 
or  permanent,  should  also  be  clearly  recognized.  Among 
the  former,  iiarticularly  as  to  amputations  for  injury, 
should  be  consiiU'rcd  extreme  shock  and  exhaustion  from 
excessive  hemorrhage.  As  pernianent  contra  indica- 
tions, such  conditions  should  be  recognized  as  will  pre- 
clude the  possibilily  of  attaining  the  object  of  all  o)iera- 
live  procedure,  viz.,  the  restoration  of  the  |iatient  to 
health.  Such  indications  arc,  first,  so  extensive  an  in- 
volvement, by  disease,  of  a  limb  and  contiguous  jiarts 
that  amputation  will  not  siillice  for  its  comidefe  re- 
moval, and,  second,  complications  on  the  part  of  impor- 
tant internal  organs  from  injury  or  disease,  under  which 
circumstances  an  amputation  would  not  only  be  u,seles.s, 
but  woiilil  ]irobably  ciirlail  life. 

While  il  is  an  axiom  that  amiiutation  should  lie  re- 
sorled  lo  only  under  eirciimstances  in  which  no  other 
means  w  ill  avail,  there  is  no  little  dilliculty  in  determin- 
ing the  conditions  that  call  for  Ibis  exfreme  measure. 
Tlicy  may  be  most,  readily  investigated  by  considering 
lliem  under  the  three  general  headings  of  injuries, 
non-traumatic  lesions,  and  deformities. 

iN.iritlKs. — (fi)  When,  from  accident  of  any  kind,  a 
limb  is  entirely  severed  from  its  connection,  or  the  .soft 
parts  so  mutiialed  that  it  is  attached  by  skin  alone,  or 
liv  it  and  jiuljiilied  flesh,  an  amputation  is  ab.solutcly 
indicated.  Wounds  from  circular  saws,  railroad  acci- 
dents, extensive  gunshot  lacerations,  afford  numerous 
instances  in  which  the  ainpiilation  consists  in  nothin.g 
more  than  trimming  off  the  ragged  edges  of  the  wound, 
levelling  the  inciiualities  of  the  prolriidiiig  fleshy  mas,ses, 
and  placing  the  slump  in  the  best  eondilion  for  speedy 
repair.  To  this  class  of  injuries  belong  those  ca.ses, 
caused  by  railroad  trains,  heavily  loaded  wagons,  en- 
langlemcnt  in  macliiiiery.  etc..  in  which  the  .soft  parts 
arc  extensively  torn  from  the  bone,  the  muscles  being 
pulliilied.  the  blood-vessels  and  nerves  lacerated.  Il  is 
rcmaikable  that  in  instances  of  this  character  the  skin  it- 
,self  may  remain  unbroken,  while  all  that  it  covers  has 
been  practically  crushed.  The  .shock  attending  the  tear- 
ing olT  of  a  leg  or  an  arm  is  usually  so  cxcessivi'  thai  a 
formal  operation  with  attendant  loss  of  blood  must  be 
dispenseil  wilh. 

On  the  other  hand,  if  is  a  well-established  fact  that 
fingers,  portions  of  the  nose  and  ear  which  had  been  al- 
most completely  and  even  totally  separated  by  an  incised 
wound  unconiplicated  by  contusion,  have  been  pernia- 
neiitlv  replaced  by  the  cari-ful  usi'  of  sutures. 

(/()  "Extensive  burns  and  circiimfcrential  lacerations  of 
only  the  skin  and  subeulancoiis  cidliilar  layers  may.  in 
rare  cases,  rciiuirc  the  s;icritice  of  a  limb.  When,  from 
the  depth  of  a  burn,  it  becomes  I'vident  that  the  repara- 
tive ]irocess  must  he  suppuralivc  in  character,  and  con- 
tinue for  many  months,  and  when  finally  ended  leave  a 
disfigured  and  practically  useless  member,  it  is  usually 
better  at  once  to  ampiitalC  than  to  expose  the  life  of  the 
sulTerer  to  the  dangers  of  septic  infection,  amyloid  de- 
generation, or  exhaiislion.  Kxteiisive  strii)]>ing  of  the 
hiteguinent  from  a  meniber  may  likewise  impel  the  sur- 
geon lo  operative  interference.  A  most  interesting  case 
of  this  character  is  recorded  by  jM,  Schede  (Billroth  und 
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Pitha's,  "Handbook"  vol.  ii..  Hrft  ii.,  2  Abtli.,  p.  19). 
in  wliich  an  entire  arm  was  canylit  in  a  cogwheel  and 
stripped  of  its  internment,  the  mnsoles  of  tlie  arm  and 
forearm  beinir  laid  bare  as  in  a  earefnl  di.sseetion. 
Altlionj;-h  aniiuitjition  at  the  shoidder  was  succe.ssfnlly 
resorted  to  and  the  aeromion  removed,  the  internment 
was  insuflieient  for  tlie  elosnre  of  the  wound. 

(o)  Tlie  simultaneous  injury  of  the  main  artery  and 
vein  of  an  extremity  lias  usually  been  considered  an 
indication  for  amputation,  since  it  almost  invaiiably 
results  in  its  mortiticalion  if  conservatism  is  practised. 
This  has  applied  particularly  to  wounds  of  the  femoral 
artery  and  vein.  The  advisability  of  an  operation  in  all 
such  cases  must,  howex'cr,  be  seriously  questioned,  since 
instances  are  multi]ilyinj;  in  which  with  neoplasms,  sev- 
<,'ral  inches  of  the  main  vessels  of  the  limb  have  been  re- 
moved without  residtinsr  in  its  death.  Wiien  the  vein  alone 
is  sliirlitly  injured,  it  is  far  preferable  to  trust  to  a  pro|ierly 
ap]ilied  lateral  ligature,  or  if  it  is  eomiiletely  divided, 
an  attempt  to  save  the  limb  siiould  be  made  bj'  ligation 
of  tlie  accompanying  artery.  Quite  recentlj'  a  case  has 
been  recorded  by  Pilcher  in  which  an  incised  wound  of 
both  femoral  artery  and  vein  was  successfully  treated  by 
double  ligation  of  both  vessels.  On  the  other  band,  am- 
putation may  be  reipiired  for  the  relief  of  traumatic 
-aneurisms  or  those  of  spontaneous  origin  wliich  liave 
become  diffused.  Particularly  may  ablation  of  the  thigh 
be  preferable  to  other  ])lans  of  treatment  of  aneurism  of 
the  popliteal  and  of  the  deep  arteries  of  the  le.g  in  per- 
sons of  advanced  years.  In  cases  of  subclavian  aneurism 
«.\articulation  at  the  shoulder  has  likewise  been  success- 
fully performed  as  a  modified  distal  ligation.  Finally, 
secondary  hemorrliage  after  injuries  from  whatever 
cause,  when  other  measures  have  failed,  can  be  relieved 
alone  by  the  sacrifice  of  the  limb.  Since,  after  ligation 
in  continuity  of  an  artery,  the  secondary  hemorrhage  most 
fre(inently  comes  from  the  distal  end  of  the  vessel,  it  is 
apparent  wliy  amputation  is  often  successfully  practised, 

{(I)  Com]iound  fractures  and  dislocations  are  the  con- 
ditions which  most  fretiuently  call  for  amputation  in  ail 
communities  where  manufacturing  interests  arc  largel}' 
developed  and  where  railroads  furnish  employment  to 
large  numbers.  Not  very  long  ago,  the  presence  of  a 
compound  comminuted  fracture  was  deemed  sulticient 
cause  for  an  amputation,  even  if  unatti-nded  by  extensive 
laceration  of  the  soft  jiarts.  In  no  field  of  surgery  liave 
greater  triumphs  been  recorded  tliau  in  the  conservative 
treatment  of  these  eom|iound  fractures.  There  can  be 
no  ({uestion  but  that  to  day  all  surgeons  of  twenty  years' 
experience  save  limbs  which  in  tlieir  earlier  experiences 
they  would  have  doomed.  For  these  results  we  are  in 
the  main  indebted  to  the  principles  of  antiseptic  treat- 
ment, whieli,  altliough  first  promulgated  in  18C5  in 
Glasgo\v  by  jMr,  Lister,  were  first  extensively  practised 
on  the  Continent,  especially  in  Germany,  by  Bardeleben, 
Volkmann,  and  Nussbaum, 

It  is  immaterial  for  <Hir  purpose  which  of  the  numer- 
ous antiseptic  agents  lie  preferred,  or  whether  tlie  open 
method  of  wound  treatment  with  thorough  drainage  be 
em|iloyed.  Such  remarkable  residts  have  been  achieved 
in  the  conservative  treatment  of  compound  fractures 
that  ordinary  eases  may  be  said  to  present  no  indications 
for  amputation.  Nearly  a  year  ago  a  lad  of  eighteen  had 
his  left  arm  caught  in  the  belt  of  a  wheel  in  a  niachine- 
shop.  When  brought  to  the  Good  Samaritan  Hospital, 
in  Cincinnati,  an  hour  after  the  accident,  there  was  de- 
tected a  double  fracture  of  the  humerus,  one  of  which 
was  compound,  a  sim]ile  dislocation  backward  of  the 
elbow,  a  comiiound  fracture  in  the  middle  thiril  of  the 
radius  with  two  inches  of  fragment  iirotru.liiig,  and  a 
compound  dislocaiion  of  the  ulna  at  the  wrist.  An 
amputation  was  strenuously  advised,  but,  fortunately,  it 
was  rejected  by  the  parents.  The  boy,  after  confinement 
for  nine  months,  recovered  after  two  inches  of  the 
radiusand  si.x  inchesof  the  nhialiad  been  removed.  The 
hand  and  forearm  are  almost  useless,  but  this  condition 
is  infinitely  ]ireferable  to  that  of  being  obliged  to  wear 
an   artificial   limb,  no   matter   how  perfect   it  may  be. 


In  his  service  at  the  Cincinnati  Hospital  the  writer  re- 
cently saw  a  negrfi  with  a  cfig-wheel  crush  of  the  ulnar 
half  of  the  wrist  and  metaeariial  bones,  and  of  the  upper 
third  of  the  humerus,  and  pulpifying  of  the  overlying 
deltoid.  The  removal  of  the  upper  third  of  the  humerus, 
including  its  head,  and  of  the  crushed  bones  of  the  car- 
pus and  hand,  anil  the  establishment  of  ample  facilities 
for  draina.ge,  left  the  man  with  good  use  of  forearm  and 
three  fingers.  Particularly  in  injuries  of  the  upper  ex- 
tremity is  conservatism  commendable. 

Statistics  of  the  adx'antages  of  conservatism  in  the 
treatment  of  these  accidents  are  rapidly  accumulating. 
Thus,  Volkmann  was  enabled  to  report  75  compound 
fractures  of  the  larger  long  bones  without  a  single  death, 
although  in  8  cases  he  was  compelled  to  r&sort  to  second- 
ary amputation.  Sir  Joseph  Lister,  with  rigid  adherence 
to  the  antiseptic  methoil.  lost  2  out  of  97  cases.  In  the 
treatise  of  Billroth  and  Luecke  is  a  most  exhaustive 
comiiilation  of  254  cases  which  were  treated  by  the 
Listerian  method.  Of  224  of  these  cases  which  were 
treated  conservatively  only  14  died.  But  it  remained 
for  our  own  countryman.  Dr.  Fred.  S.  Dennis,  to  record 
the  most  brilliant  and,  indeed,  unique  successes  ever  ob- 
tained in  this  field.  Of  144  cases  of  compound  fracture 
treated  in  Bellevue  Hospital,  New  Yin-k  City,  not  one  died 
from  septic  infection,  and  100  cases  were  treated  without 
a  death  from  any  cause.  Extensive  splintering  of  bone 
and  laceration  of  soft  parts  can,  therefore,  no  longer  be 
considered  an  excuse  for  the  sacrifice  of  the  limb.  If 
amputations  still  form  a  considerable  percentage  of  the 
operations  performed  in  large  hospitals,  it  is  because  of 
the  more  extensive  employment  of  heavy  machinery, 
and  the  great  extent  of  railway  travel.  Most  of  the 
Iirimary  amputations  thus  practised  are  indicated  by  the 
conditions  above  detailed  (sub  <0. 

(e)  Closely  allied  to  eomiiound  fractures  in  their  rela- 
tion to  amputations  are  com]iouiiil  dislocations.  Since 
the  more  general  appreciation  of  the  value  of  primary 
excision  of  joints,  amputations  for  these  injuries  are 
now  less  frequently  resorted  to  than  formerly.  Indeed, 
all  formal  operations  for  compound  dislocations  should 
be  greatly  restricted.  Cooper  and  Nelaton  already 
leaned  toward  conservatism.  The  latter  advised  reduc- 
tion of  the  dislocation,  closure  of  the  external  wound, 
and  antiphlogistic  measures,  AVliat  has  been  accom- 
plished in  tills  Avay  in  recent  j'cars,  and  particularly  hy 
imnioliilization,  could  be  demonstrated  by  a  stately  array 
of  cases  of  compound  dislocations  of  large  joints  in 
which  the  limb  was  saved,  and  often  with  perfect  mo- 
tion,,  Compound  dislocations  of  shoulder,  wrist,  hand, 
and  elbow,  unless  the  damage  of  the  soft  parts  is  such  as 
jur  ,<■■(■  to  call  for  amputation,  should  always  be  treated 
without  operation,  or  by  excisions,  A  compound  dis 
location  of  the  elbow,  with  laceration  of  the  brachial 
artery,  was  successfully  tieated  without  o]ieration  by 
McCarthy,  and  Davis  reports  another  such  dislocation  of 
the  knee,  in  which  all  the  fvinetions  of  the  joint  were 
retained. 

On  the  other  hand,  amputations  for  compound  dis- 
locations of  the  foot  and  ankle  are  more  freipiently  in- 
dicated, since  excision  and  conservative  measures  often 
leave  the  parts  useless,  if  not  jiositively  a  burden,  and 
the  dangers  of  primary  amputations  are  at  least  no 
greater  than  those  which  attend  milder  methods  of  treat- 
ment of  these  cases. 

(/)  Ciinmhiit  Woiinclii. — These  are  of  sufficient  fre- 
quence in  civil  practice  often  to  call  for  amputation. 
Here,  oil  account  of  suitable  accommodations  and  facili- 
ties for  iiroper  treatment,  con.servative  means  may  be 
ado]iteil,  whereas  in  the  field  a  part  must  be  s;icrificed  for 
the  licnefit  of  the  whole,  Kcvolvcr  wounds  of  the  large 
vascular  and  neive  tninks,  with  sliattering  of  the  bones, 
may  necessitate  am]iutation.  Shotgun  wounds,  from  the 
greater  laceration  inflicted,  particularly  in  the  neighbor- 
hood of  the  larger  joints,  may  require  the  sjicrlfice  of  a 
limb.  Nevertheless,  with  our  better  methods  of  wound 
treatment,  the  surgeon  should  even  here  lean  toward 
conservatism.     The  writer  lias  recent Ivsjived  a  lower  and 
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an  \ipper  extremity  by  a  typical  resection  of  the  knee  anil 
shoulder  in  cases  of  gunsliot  wounds  sustained  at  close 
nuiiie. 

Before  the  inlroduetion  of  sinall-ealilire  iirojectiles 
Connor  enuncialed  tlie  conditions  callinir  for  amputation 
as  follows:  1.  When  there  has  been  grea'  dcslruclion  of 
soft  and  hard  parts,  as  in  a  crush  by  laruc  sliot.  or  when 
the  limb  has  been  ahnost  completely  or  altogether  can  ied 
away.  2.  When  thi^  fracture  is  associali'd  with  lai-i'ia- 
tion  of  the  main  vessels  or  nerves  of  the  part.  )!.  When 
.acute,  infective  osteomyelitis  has  lieen  develo])eil.  In 
Mi(^  chnMiic  lorni  of  this  disease',  when  the  entiic  lenntli 
of  the  bone  has  become  alfeeted,  it  may  or  may  not  be 
neces.SiU'y  to  amputate,  aecordinu:  to  the  j;cneral  condi- 
tion of  the  iiatieiit  and  the  particular  bone  that  is  dis- 
eased. 4.  \\  lien  there  is  severer  secondary  liemorrhai;'!' 
from  an  eroiied  ves.sel,  or  from  a  ruptui'cd  traumatic 
aneurism,     o.    When  iranjrrene  has  su])erveneil. 

The  small  calibre  of  the  miidern  rille  b.-dl  has  so 
nioditied  wounds  sustained  in  action  that  am|iutatioiis 
are  but  rarely  di-maiided.  l"\irthermoi'c,  the  llidronuli 
curettin.iic  of  the  medullary  canal  in  acute  osti'omyi'litis 
when  it  has  developed,  tends  still  further  to  limit  the 
scope  for  amputation.  Secondai-y  liemorrha.i;c  from  an 
eroded  ves.sel  or  the  rupture  of  a  traumatic  juieurism 
should,  in  the  liirbt  of  our  better  methods  of  the  treat- 
mentof  woundsof  vessels,  not  be  considered  an  indication 
for  amputation  luitil  .search  for  the  wound  anil  ligation 
have  been  tiied  without  success. 

if/)  Miirtijir(ili:i,i. — The  prc.sciH'c  of  mortification,  as  a 
secpicl  of  trauma  or  of  the  application  of  the  extrem<'S 
of  Iieatand  cold,  otters  an  uiunislakable  indication  for  the 
ablation  of  a  |)art  as  soon  as  the  evidenei-s  of  the  limita- 
tion of  the  frii'i.irrene  are  made  nianircni.  Nor  is  it  al 
ways  advis;d)le  to  wait  for  this  in  the  case  of  traumatic 
.t^anixrene,  which  often  e.\tciids  with  such  rapidity  that 
a  few  hoiu-s  will  rob  th('  sulfcrer  of  his  only  chance. 
The  mortitieation  which  follows  the  linatiou  of  an  art<'ry. 
or  upon  an  embolism,  is  a  condition  callini;'  for  opei-alive 
interference.  In  senile  and  diabetic  j;an.mi'ne  amputa 
tioti  is  often  demanded.  Amputation  should  be  jier- 
formed  far  from  the. sansjrenous  area.  In  the  tirst  named 
form  of  jiaiiirrcne.  as  of  the  foot  or  part  of  it.  the  amputa 
tion  must  be  made  at  or,  better,  above  the  knee.  In  both 
forms  of  !jani;fene  amputation,  lo  be  successful,  nuist  be 
performed  before  secondaiy  and  general  infection  has 
taken  place  from  about  th<'  naiin'retious  held. 

(//)  J'llKiiiix. — ,\mputation  may  lie  .said  tube  one  of 
the  most  successful  measures  for  the  relief  of  traumatic 
t<'tanus  (when  thorough  curettinj;  of  the  wound  li.-is 
failed  to  relieve).  According  to  the  latest  e.\perienecs  an 
equal  pro])ortion  of  .good  results  follows  this  met  hod  and 
nerve  section.  The  latter  should  be  given  the  ]ireference 
in  every  case:  and  then,  in  the  event  of  failure,  amputa 
tion  should  be  resorted  to  as  a  dernier  rcmn-l. 

N(>N-TIt.\fM.\TK'  .\KKI--.CTroNS. — {(l)  1  iljidlil  lind  imi . — 
Severe  and  e.\tensive  inllammations  <if  the  skin,  subcii 
taneous  cellular  layer,  and  intermuscailar  layer,  as  they 
are  frerpiently  encountered  in  phlegmonous  erysipelas 
from  injuries  which  in  themselves  are  most  tiivial.  and 
which  from  septic  infection  or  protracted  suppuration 
wotdd  lead  to  death,  are  conditiotis  that  may  necessitate 
an  amputation.  While  with  free  incisions,  the  perma- 
nent water  dressin.g,  and  irrigation,  many  limbs  thus 
affected  may  be  sjived,  ami>utation  must  always  be  re- 
sorted to  in  a  certain  small  pro])ortion  of  especially 
a.ggravatcd  cases.  The  presence  of  seplic-emia  and 
pya'mia  should  not  be  deemed  a  contraindication,  unless 
the  want  of  vitalilv  of  the  patient  will  preclude  thi- 
possiliility  of  surviving  the  shock  resulting  therefrom. 
Billroth,  Volkmami,  Fayrer.  Weinlachner.  Lueckc.  and 
numerous  other  surgeons  cite  cases  in  which  am|iutation 
was  successfully  ]>ractised  after  a  varying  number  of 
rigors  had  jdaeed  the  presences  of  the  gravest  constitu- 
tional infection  beyond  doubt.  Bv  removing  the  primary 
Sejit  of  the  septic  changes,  tlu;  general  manifestations  of 
pyaania  may  freipientlv  be  caused  to  disappear. 

(Jj)  Inflanunatory  conditions  of  the  boiie.s  and  joints 


which  cannot  be  relieved  by  less  radical  measures  often 
make  an  am]uitation  imperative.  Acute  spontaneous 
osteomyelitis,  when  luuclieved  by  trephining,  and  when 
alfecthi,:;-  oidy  a  single  bone,  must  be  considered  a  condi- 
tion reqnirin.g  this  radical  interference.  Necro.sis  which 
involves  th(!  entire  thickness  of  the  shaft  of  the  bone, 
as  for  e.\aiu]ile  a  jwrt  of  the  humerus,  or  the  femur, 
and  especiallv  when  repeated  necrotomies  have  proved 
to  lie  unavailiu.ir.  occasionally  requiies  the  sacrilice  of 
a  limb.  In  extensive  caries  of  the  articular  ends  of  the 
long  bones,  or  of  the  carpus  and  tarsus,  when  from  the 
depraved  condition  of  the  patient  excision  is  unfeasible, 
amputation  is  compulsory.  The  improved  methods  of 
dealing  with  suppurative  and  deslruclive  alfections  of 
joints  liy  immoliilization,  and,  if  need  be.  by  resection, 
have  happily  reduced  the  number  of  cases  calling  for 
;imputation  from  these  causes  to  a  minimum. 

(<•)  E.xteiisive  circunderential  ulcerations  of  the  leg, 
which  .s;ip  the  strength  of  the'  jiaticnt  Ihrongh  hemor- 
rha.ue  or  profu.se  suppuration,  or  which  unfit  him  for 
the  viK'ations  of  life,  not  unfrequently  render  amputa- 
tion advisable  This  als.i  applies  lo  cases  of  true  and 
spurious  elephantiasis,  in  which  milder  measures  have 
liroven  of  no  ;ivail. 

(il)  Tumors  of  benign  and  mali.gnant  character,  when 
from  thi'ir  size  they  destroy  the  usefulness  of  a  limb  or 
endanger  life,  an^  well  i'eeo,gid/.ed  indications  for  am- 
putation. The  neoidasms  most  freciuenlly  demanding 
the  latter  are  carcinomatous  degenerations  of  chronic 
ulcers  or  epitlieliomala developing  around  a  seipiestrum, 
or  an  osteosarcoma  of  the  articular  ends  of  the  long 
bones.  L'nd<-rall  these  conditions  amputation  offers  a 
better  chance  for  iiermancnt  rccovciy  than  does  excision. 

The  rule  which  ap|ilics  to  the  mana.irement  of  neo- 
plasms .generally,  that  an  operation  must  be  refrained 
from  unless  all  of  the  diseased  tissue  can  be  removed,  is 
|iarticularly  to  lie  remembered  before  an  amputation  is 
deterinineil  ujion  for  the  relief  of  a  tumor  of  an  e.xlre?u 
ily.  The  bearing  of  amputation  upon  ceitain  traumatic 
affections  of  the  blood  \'essels  and  upon  special  sp<inta 
neons  aneiuisms  has  already  been  refcncd  to.  Congenital 
felan.irieetases  likewise  exact  amputation  when  ra|iidily 
of  .iirowffi  endan.L'ers  life  or  when  other  plans  of  treat- 
ment have  been  unsuccessful. 

DliFouMlilEOS. — ((()  Supernumerary  fingers  and  foes 
are  proper  eases  for  removal,  and  the  operation  may  be 
sab'ly  iiractised  six  months  after  birth.  This  early  re- 
moval assures  a  better  form  of  hand  or  foot  and  a  diminu- 
tive scar.  Casesof  club  foot  which  have  been  altogether 
neglected  or  badlv  mana.geil.  and  which,  from  exten.sive 
ulceration  or  inflamed  bursa-,  entail  great  stdfering  upon 
the  iiatient,  not  infre(piently  can  be  relieved  b.v  amputa- 
tion only.  But  in  early  life  no  case  of  talipes  is  of  sufli- 
cient  severity  to  warrant  the  removal  of  the  foot. 

Oi)  Cicatricial  contractions  of  the  joints,  associated 
with  .irreat  wastin.ir  of  Ibenniscles.  from  extensive  burns: 
great  deformity  anil  uselessnessof  a  limb  from  neglected 
dislocation  (fool  or  aid<le),  mav  call  for  an  amputation. 
For  these  and  similar  cases,  amiuitations  of  expediency 
may  occasionall.v  be  required,  but  the  surgeon  shoidd 
carefull.v  wei.i.di  all  factors  in  the  case  before  subjecting 
his  patient  to  the  risks  of  an  operation  for  Ihe  relief  of  a 
condition  which  in  itself  is  only  a  burden  and  not  a 
source  of  ilangcr.  To  this  category  belong  limbs  useless 
below  the  knee  from  iidanlile  jiaralysis.  Such  legs  are 
often  burdensome  from  one  cause  or  another  (sensation 
of  cold,  proneness  to  su]ierficial  ulceration,  etc.)  and. 
since  they  are  useless,  il  is  jirobably  belter  to  aniiiulate 
them  and  substitute  an  artificial  limb. 

Ti.Mii  Koi{  A.Mi"lT.\rioN. — When,  in  consef|Uenee  of 
an  injury,  an  am|>ul:ifion  is  indicated,  the  jiropcr  lime 
for  performing  it  must  be  considered.  While  the  pa- 
tient is  still  suffering  from  shock,  collaiise.  or  even  ex- 
haustion from  excessive  hemorrh.a.ge,  it  woulil  be  sealin,!:' 
bis  fate  to  resort  to  an  operation.  At  least  moderate 
reaction  must  invariably  be  awaited,  irrespective  of  its 
early  or  late  a]>pearance.  When  reaction  lias  once  been 
established,  with  the  aid  of  restoratives  (among  which 
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tlie  intravenous  injection  of  normal  salt  solution  ranks 
first),  till'  most  apiiroiiriiitc  period  for  an  amputation  will 
have  arrived,  since,  for  a  perind  varying  from  twelve  to 
sevenly-two  hours,  the  injured  jiart  remains  in  appar- 
ently the  .sameeondition  tlial  it  was  in  immediatcl.y  after 
the  accident.  After  this  interval,  there  may  be  expected 
to  supervene  those  local  mid  systemic  manifestations 
in  the  injured  part  which  belong  to  severe  intlaiumatoiy 
changes.  All  amputations  jjractised  prior  to  the  ad- 
vent of  these  changes  are  designated  piimanj  amputa- 
tions. Since  the  time  when  these  changes  supervene 
varies  from  one  to  three  or  fcnir  days,  according  to  a 
multitude  of  cireinnstances,  foremost  of  which  is  the 
character  of  the  wound  and  the  extent  to  which  it  can 
be  maintained  aseptic,  no  alisolute  limit  can  be  fixed  to 
the  timewlien  an  amputation  should  no  longer  be  classed 
among  the  primary  amputations.  Witli  very  few  ex- 
ceptions, surgeons  of  the  present  day  recognize  the 
necessity  of  immediate  amputation  in  every  instance  in 
which  conservatism  canmit  be  practised.  The  diversity 
of  opinion  which  has  prevailed  on  this  subject  has  been 
great.  Among  the  advocates  of  primary  amputation 
may  be  enumerated  Du  Chesne,  Wiseman,  Pott,  Percy, 
J.  Bell,  Larre}',  and  Guthrie;  among  its  opponents, 
Paure,  Hunter,  and,  within  the  last  cjuarter  of  a  cen- 
tury, J.  Neudorffer,  Paul,  an<l  Gross.  The  extensive 
experiences  of  Guthrie  and  Larrev  have  finally  convinced 
surgeons  of  the  advantages  of  early,  as  compared  with 
late,  amputations.  Of  ^'!il  primary  amputations.  107 
recovered.  24  died,  and  IGO  remained  under  observation. 
Of  551  secondary  operations,  ITO  reco\'ered,  365  died, 
while  116  remained  luider  treatment  (Guthrie).  The 
accumulated  experiences  of  the  Crimean  and  Franco- 
Prussian  wars,  and  the  vast  statistics  of  our  Civil  AVar, 
Indorse  the  prevailing  practice  of  resorting  to  early  am- 
putations. In  the  statistics  of  Otis,  there  were  in  3,259 
primary  amputations  of  the  arm,  602  deaths,  18.4  per  cent, 
mortality;  in  902  intermediary  amputations  of  the  arm, 
3U2  deaths,  3:^.4  per  cent,  mortality;  in  411  secondary  am- 
putations of  the  arm,  114dcatlis,  27. 7  per  cent,  mortality; 
in  1,914  priiuary  amputations  of  the  lower  third  of  the 
thigli,  927  deaths,  48.7  per  cent,  mortality;  in  676  inter- 
mediary amputations  of  the  lower  third  of  the  thigh,  4.59 
deaths,"  67.9  per  cent,  mortality;  in  207  secondarv  am|iu- 
tations  of  the  lower  third  of  the  thigh.  100  deaths.  48.3 
per  cent,  mortality.  The  obvious  reasons  for  the  better 
results  wliich  follnw  early  operations  are  that  tliey  are 
made  at  a  time  when  the  constitution  has  not  yet  been 
exhausted  by  ju-otracted  .suiijiuratlun  ami  high  tempera- 
tures, and  that  the}'  leave  wounds  wliicli  can  be  kcjit  free 
from  septic  infection. 

The  second  date  at  which  an  amputation  might  be 
forced  upon  the  surgeon  is  that  during  which  the  sever- 
est local  and  general  signs  (jf  intlammation  present  them- 
selves. The  damaged  limV)  has  beciime  red.  (edematous, 
and  painful.  From  the  wound  there  issues  a  sauious, 
malodorous  fluid,  and  a  more  or  less  extensive  sloughing 
of  the  tissues  adjacent  to  the  wound  ensues.  As.sociated 
with  these  local  conditions  are  an  acceleration  of  the 
pulse,  elevation  of  the  temperature,  often  to  a  dangerous 
degree;  headache,  dry  tongue,  scanty  urine,  and  mutter- 
ing delirium.  Uidess  the  patient  succumbs  to  the  paralyz- 
ing influences  of  excessive  temiieratures.  Ins  condition  be- 
comes gradually  ameliorated  in  fnnnflve  to  fifteen  davs. 
As  the  discharge  of  scanty  serum  is  followed  by  a  free 
secretion  cjf  pus,  the  gangrenous  partsare  exfoliated,  and 
the  swelling  largely  subsides;  the  fever  and  acceleration 
of  pulse  are  reduced;  the  tongue  regains  its  normal 
moisture  and  color,  and  a  comparative  degree  of  comfort 
is  enjoyed.  Amiuitations  practised  dm'ing  this  stormy 
period  of  the  clinical  lilstorv  of  an  accident  have,  after 
the  designations  of  Boucher  and  Alcock,  been  called  /h- 
tenneiHari/.  Since  they  are  made  at  a  time  when  the 
damaged  part  and  the  systenr  at  large  are  in  the  very 
worst  condition  for  o])erallons,  it  is  not  remarkable  that 
such  airiputatlonsolTer  tlie  worst  prospects  for  recovery. 
Although  the  mortality  following  .such  amimtations 
must,  llierefore,  be  very  much  greater  than  that  following 


primary  or  late  amputations,  cases  will  arise  in  which 
the  very  gravity  of  the  local  and  general  phenomena, 
such  as  reenrrent  lieiuorrhage,  impending  gangrene,  or 
scptlc;rmla,  will  necessitate  the  speedy  removal  of  the 
limb,  as  the  last  hope  of  deliverance. 

"With  the  subsidence  of  the  grave  constitutional  symp- 
toms and  the  advent  of  profuse  suppuration  begins  that 
period  when,  if  anii)Utatlons  are  performed,  they  are 
termed  secondary.  It  has  already  been  seen  that  the 
prospects  for  recover}-  after  amputations  in  this  peiiod 
are  less  promising  than  after  those  of  an  earlier  period. 
An  equally  strong  objection  to  waiting  for  this  period  is 
tliat  more  of  a  limb  must  generally  be  s;icrificed  than  by 
an  early  operation.  Thus  Guthrie  observes  that "  When 
an  am]iutation  is  delayed  from  any  cause  to  the  second- 
ary period,  a  joint  is  luost  frequently  lost:  for  instance, 
if  a  leg  be  shattered  four  inches  below  the  knee,  it  can 
frequently  be  taken  off  on  the  field  of  battle  and  the 
joint  saved.  Three  or  four  weeks  after,  the  joint  will 
in  all  prol)ablllty  be  so  much  concerned  in  tlie  disease 
that  the  operatl(m  must  be  performed  in  the  thigh;  the 
same  in  regard  to  the  forearm  and  hand,  and  the  upper 
IKirt  of  tiie  arm  with  the  shoulder."  Notwithst^ind- 
ing  the  drawbacks  attending  secondarj'  amputations, 
certain  circumstances  frequently  make  them  imperative. 
Continued  fever,  impending  exhaustion  from  excessive 
and  protracted  suppuration,  and  evident  uselessness  of 
the  llml).  even  if  saved,  may  force  the  knife  into  the 
hiind  of  the  surgeon,  after  much  valualile  time  has  been 
lost  through  an  error  of  judgment  on  his  part,  or  a  pro- 
crastination on  tlie  part  of  friends. 

Prep.vhations. — Before  beginning  an  amputation  it  is 
essential  to  make  such  preparations  for  it  as  are  required 
for  every  major  operation.  If  possible,  the  amputation 
should  be  made  in  the  early  part  of  the  day,  in  order  that 
if  there  be  much  hemorrhage  subsequent  to  the  operation 
its  source  may  be  looked  for  with- 
out artificial  illumination.  It  can 
be  most  satisfactorily  performed  on 
any  operating  table,  or,  in  the  ab- 
sence of  this,  on  two  kitchen  tables 
l)Uiced  end  to  end.  The  instruments 
necessary  for  major  amputations 
are:  1.  An  Esmarch  elastic  bandage 
and  strap  for  the  production  of 
aiuvmla  of  the  part  to  be  removed. 
2.  A  suitable  tourniquet.  3.  Am- 
putating knives  of  various  lengths 
anil  widths,  with  at  least  one 
double-edged  blade  (Fig.  118)  (cat- 
ling). 4.  One  large  and  one  meta- 
carpal amputating  saw.  5.  FYom 
six  to  twelve  luemostatic  forceps. 
6.  A  bone-cutting  forceps,  and  a 
lion-jawed  forceps.  7.  Ligature 
and  sewjng  materials,  drainage 
tubes,  needles,  and  an  abundance 
of  hot  water. 

The  preparations  which  are  to  lie 
made  for  the  after-treatment,  al- 
I  hough  they  are  nt'cessarily  a  pre- 
liminary to  the  operatii^n  itself, 
\\  111  vary  according  to  the  plan  to 
be  adopted,  and  will  be  considered 
at  some  length  hereafter. 

While  a  finger  or  toe  can  be  re- 
moved by  a  surgeon  with  only  such 
:iid   as  a  layman  can  give,  at  least 
three  assistants   are    required    for 
every     larger    amputation.       The 
duties    of    these    should     be    first 
clearly  defined  by  the  operator,  lest 
valuable  time  be  lost  during   the 
The   undivldi'd    attention   of  one   must  be 
induelng  and  maintaining  anaesthesia.     The 
to  sn]iport   the  part   to   be  removed,   after 
can   \iv  entrusted  with    the   ligation  of  the 
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controlling  the  circulation  of  the  limb  above  the  seat  of 
oprmtion.  and  eventually  to  retract  the  Haps.  Where 
there  is  a  fourth  assistant,  it  should  bo  his  duty  to 
hand  the  instruments  to  the  operator  as  he  may  re- 
quire them.  Tliis  assistant  is  dispensable,  since,  when 
the  instruments  are  placed  on  a  table  nc'ar  the  opeiii- 
tor,  the  latter  can  help  himself  quite  as  exin-ilitiously 
as  when  assisted  to  them.  These  details  arranged,  the 
patient  is  ana'stlietized  and  brought  into  such  a  posi- 
tion that  the  limb  to  be  removed  is  everywhere  ai-- 
cessible.  The  ]mrt  to  bi-  removed  must  now  be  <"ire- 
fully  wrajjped  in  towels,  the  entire  liiuli  thoroughly 
cleansed  with  soap  and  brush,  and  the  hair  removed,  from 
the  |iart  when^  the  incision  is  to  lie  made.  The  surgeon 
is  then  ready  to  take  the  linal  and  most  iniportunt  pre 
liminary  measun-  for  the  amimtatiou,  that  by  which  h<' 
intends  to  control  the  circulation  of  the  limb  and  reduce 
th<^  loss  of  blood  to  a  minimum. 

There  are  various  methods  by  which  the  i  irculaiion 
may  lie  mon^  or  less  continlled  during  an  amputation, 
and  they  are  of  yullieJent  im]iorlau<-e  to  justil'y  a  detailed 
consideration.  To  previ-nt  hemorrhage  the  surgeon  can 
choose  between  toumicpiets,  digital  compreshi(.in,  and 
the  Esmareh  (dasiic  bandage, 
or  combine  the  latter  with  oik^ 
of  the  other  two.  From  the 
time  of  Morel  the  ingeninty 
of  surgeons  has  been  taxed  to 
devi.se  an  instrument  which 
will  satVly  compress  the  main 
arterv  of  a  limb  above  the 
point  where  an  anqintation  is 
to  be  practised.  Of  the  many 
instruments  introduc<'(l,  oidy  a 
few  have  been  able  to  gain 
gener.'d  recognition.  The  old 
est  ol  these  is  the  Spanish 
windlass  or  garrot  of  Morel, 
which  consistsof  nothing  more 
than  a  wide  ban<l  {if)  of  an 
iinyieldin.g  material  (muslin  or 
linen),  tirndy  drawn  around 
tlie  lindj  and  tied.  Over  the 
main  artery  and  at  a  jioint  di- 
ametrically o|iposite,  there  aie 
inserted  undernealh  it  com 
presses  of  linen,  a  piece  either 
of  lliiek  leather  or  of  paste 
Ijoard  (;j).  At  a  point  opposite  the  artery  a  tirm  rod 
(.s,  «)  is  introduced  undi'rneath  the  eru  ireling  band 
and  is  then  turned  in  such  a  manner  as  to  shorten  the 
latter,  and  thus  the  com|)ression  of  the  main  artery 
is  effected  (Fig.  11!)).  Owing  to  the  sinqilicity  of  its 
construction,  tla^  garrot  of  Morel  stands  without  a  jieer 
in  cases  of  emergency  in  civil  as  \v(dl  as  military  ))raetiee. 
It, has,  however,  one  very  objectionable  feature,  which 
renders  its  use  a  niatterof  necessity  rather  than  of  ehoiie. 
Notwithstanding  the  use  of  the  pads  of  linen  or  leather 
already  refeire<l  to,  veins,  arteries,  and  soft  iiarts  are 
comi)rcssed  to  an  almost  uniform  degree;  hence  e-\ten- 
sivo  venous  hemorrhage  and  insutiicient  retrai'tion  of  the 
muscles  follow,  A  great  inqirovement  on  the  windlass 
is  the  t()urni([Uetor  Petit,  which  was  in  general  use  until 
the  Ksmarch  straj)  was  introduced.  It  consists  of  two 
metal  iilates,  the  distance  lielwecn  which  can  l)e  regu- 
lated l.iy  a  screw,  and  which  arc  connected  by  a  strong 
linen  band  supplied  with  a  buckle,  by  which  the  limb  is 
encircled  (Fig.  ICO).  To  a|)])ly  it  properly,  the  lind) 
should  be  surrounded  by  a  few  turns  of  a  rollei',  while 
the  body  of  the  bandag(r  ( /))  is  placed  over  the  artery  {a). 
Over  this  l)!uulag(^  the  lower  metallic  plate  is  then  placed, 
and  the  band  and  buckle  are  fastened,  when,  by  turiung 
the  .screw,  compression  of  the  main  vessel  can  be  regu- 
lated at  jdeasure.  The  objection  has  been  niised  to  the 
tourniquet  of  Fetit  that  it  compresses  not  oidy  the 
artery,  but  also  its  aceomi)anying  vein,  and  thus  induces 
venous  stasis,  and  enhances  the  dangers  of  thrombosis. 
While  this  is  doubtless  true,  it  is  an  insurmountable 
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defect  c<immon  to  all  tourniquets,  .and  based  more  on 
theoretical  than  on  clinical  data.  When  properly  ap- 
jdied  the  toiiiniquet  of  I'etit  is  not  apt  to  slip  or  yield, 
and  its  safety  is  such  that  in  ease  of  cinergercy  the 
management  of  the  screw  might  be  entrusted  even  to  a 
layman.  In  order  to  limit 
the  compression  to  the  main 
vessel  alone,  complete  or  in- 
conq)lete  metallic  rings  have 
been  devised  which,  wliili- 
they  surround  the  lind)  more 
or  less  completely,  make  com 
pression  at  only  two  points. 
/.(.,  over  the  artery  and  at  a 
point  diametrically  opposite. 
The  best  known  tournicpiets 
constructed  on  this  inineiple 
are  the  horseshoe  tournicpiet 
of  Signoriid  and  Dupuytn'U, 
the  iirterial  (.omiires.sorof  the 
late  Professor  Cross,  and  the 
al)dominal  tourniquet  of  Pan- 
coast  and  Lister  (Fig.  l-'l). 
While  with  thcsL'  the  com- 
]iression  can  b(^  limited  to  the 
main  vessels  of  the  limb,  and 
the  eirc\Mnfer<'ntial  const liet ion  of  the  latter  is  thus 
avoided,  they  are  more  liable  to  slij)  than  the  tourniquet 
of  Petit,  and  are  far  less  ri'liable  than  digital  conqires- 
sion.  For  certain  amputations,  however  (of  the  hij)  and 
shoulder),  the  instrument  of  Petit  is  inapplicable;  it  is 
then  tliat  one  or  other  of  the  horseshoe  l(iurni(|Uets  or 
digital  conqn-ession  will  be  founil  inilispensable. 

Diijitdl  (■oiiiinrssiiin,  when  made  by  trustworthy  hands, 
is  admirably  suited  tocontrol  tenqioraiily  the  circulation. 
If  compression  of  the  artery  alone  is  aniilonucally  pos.si- 
ble,  it  can  b(^  best  acconqilished  by  the  linger,  "  To  be 
practicable,  the  vessel  nuist  be  contiguous  to  a  bone 
against  which  it  can  be  pres.sed.  as  the  femoral  upon  the 
OS  innominatnm,  the  bi'achi.-d  n]ion  the  humerus,  the 
svdielavian  against  the  first  rib,  or  the  alidominal  aorta 
a.gainst  t lie  vertebra'.  Since  only  a  few  minutes  are  re- 
quired for  tlie  amputation  of  a  limb,  and  the  ligation  of 
the  larger  arteries,  thi-  endurance  of  the  assisUuit  en- 
trusted with  the  duty  is  not  severely  tasked.  In  digital 
compression,  associated  with  the  use  of  the  elastic  band- 
age, we  have  a  combination  with  which  the  circulation 
of  a  limb  can  be  c plelely  control  led,  and  by  which  cer- 
tain parts,  the  eoin|>ri  .ssion  of  w  liieh  w<inld  be  useless  or 
even  harmful,  are  protected.  Notwillistanding  the  ad- 
vantages of  this  method,  the 
surgeon  should  never  resort 
to  it  milcss  he  can  ab.sohitely 
rely  upon  the  ability  and 
skill  of  his  assistant.  (For 
amputations  at  the  hip  or 
shoulder  direct  eom])ression 
of  the  common  iliac  through 
a  laparotomy  wound,  or  of 
the  sululavian  through  an 
incision  above  the  clavicle  is 
juslitialile.  With  unreliabh' 
assistan.ee  temporary  ligation 
of  these  vessels  would  !)(•  an 
absolut<!  safeguard  against 
excessive  bleeding. ) 

FJiixtie  I'liniprixsinii .  — Not- 
withstanding the  precautions  against  hemorrhage  after 
amputations,  these  were  invariably  associated  with 
very  great  loss  of  blood  until  twenty  years  a,go.  The 
blood  thus  lost  was  venous  in  character,  and  came 
from  the  veins  of  the  amputated  mendier.  Through 
the  practices  of  Grandcsso  .Silvestri,  an  Italian  sur- 
geon, and  partieidarly  of  Ksmarch,  of  Kiel,  the  blood 
contained  in  the  part  to  be  removed  is  saved,  and 
that  this  is  not  an  ineon.siderable  ipiantity  has  been 
demonstrated  by  experiment.  Theapiiaratusof  Ksmarch 
consists  of  an  elastic  bandage  anil  an  elastic  tube  or  flat 
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KiG.  123.— Esmarch's  Apparatus.  (Band- 
age uot  sbown  in  cut. ) 


band  with  chain  or  clasp  attaclimcuts.  Commcncino;  at 
the  lingers  or  toes,  the  l)anihigc  is  applied  liy  spiral  turns 
until  tlic  limb  is  covered  to  a  line  at  least  four  inches 
above  the  point  where  the  bone  is  to  be  divided.  Above 
the  last  turn  of  the  baudag'e,  the  elastic  band  or  tube  is 
rather  tirmly  and  repeatedly   wound   around  the  limb, 

and  securefl  by  clasp  or 
hook  and  chain  (P^i;;. 
122).  AVhcn  the  band- 
age is  then  removed,  a 
condition  of  isclucniia 
is  observed  in  the  limb, 
which  will  permit  its 
amputation  without  a 
more  than  apineciablc 
loss  of  blood  during 
the  operation  proper. 
In  recent  years  the 
elastic  bandage  has 
been  abandoned  be- 
cause of  the  danger  of 
disseminating  the  in- 
fective or  malignant 
process  for  which  the 
amputation  is  to  be 
done.  By  elevating 
the  limb  for  live  min- 
utes before  applying 
the  stra]i,  comi)lete  is- 
chaniiia  can  always  be 
induced.  AA'hen  the 
elastic  strap  is  re- 
moved, the  integument 
of  the  stump  rapidly  assumes  a  bright-i-ed  color,  and 
in  the  wound  tliei'c  appears  free,  persistent,  and  often 
embarrassing,  capillary  oozing.  It  is  generally  accept- 
ed now  that  the  source  of  this  hemorrhage  is  from 
the  dilated  capillaries,  the  walls  of  which  have  been 
liaralyzed  in  consequence  of  the  pressure  exerted  by 
the  strap  on  the  vasomotor  nerves.  When  in  from 
twenty  to  thirty  minutes  the  vessel  walls  regain  their 
tonicity,  the  hemorrhage  ceases.  To  cheek  this  capil- 
lary oozing,  a  number  of  remedies  have  been  sug- 
gested. That  of  Riedinger,  to  apjdy  the  faradic  current, 
while  very  serviceable,  is  not  always  practicable.  Es- 
inarch  relies  upon  closure  of  the  wound  and  elevation  of 
the  stump  before  the  strap  is  entirely  removed.  Hot 
water  (150"  to  180'  F.),  applied  with  sponges,  often  acts 
admirably  in  these  cases.  Since  compression  of  the  vaso- 
motor nerves,  caused  by  the  bandage,  is  the  cause  of  this 
jiarencliym.'itous  liemori'hage,  this  can  best  be  obviated 
iiy  completely  .substituting  digital  compression  for  the 
elastic  strap,  or,  if  the  latter  be  used,  by  i)ieventing  the 
ingress  of  blood  by  the  use  of  a  tournicpiet  until  the 
vessels  have  regained  their  natural  tone.  The  latter 
plan,  as  practised  by  xVshhurst,  is  "to  place  a  tourniquet 
in  position,  but  not  screwed  down  over  the  main  artery 
of  the  limb,  aiul  then  to  aiijily  the  Esmarch  tube  a  few 
inches  abovc^  the  point  at  which  it  is  intended  to  am- 
putate. As  soon  as  the  principal  vessels  have  been 
secured,  the  tourniquet  plate  is  screwed  down  and  the 
tube  removed.  No  bleeding  follows,  and  b}'  the  time 
tliat  the  remaining  arteries  requiring  ligatures  have  been 
tied,  the  vessels  will  have  regained  their  tone,  and  the 
tourni(iuet  can  be  remo\'ed  without  any  risk  of  lileeding 
f(jllowing."  In  am|iulations  near  the  trunk,  the  elastic 
straj)  or  tube  should  not  be  u.sed  in  the  ordinary  manner 
(see  Special  Amputations).  In  an  amputation  of  the 
shoulder,  and  in  another  of  the  lii]i,  I  have  .seen  it  loosen  or 
slip  over  the  stump  immediately  after  the  disartieidation 
was  elTected,  and  in  both  instances  the  heniorrhage  was 
most  alarming.  In  amputation  at  tiie  shoulder,  when, 
by  the  use  of  the  bandage,  the  blood  in  the  <'Xtreinity  has 
been  returned  to  tlie  economy,  it  is  better  to  rely  upon 
compres.sion  of  the  main  artery  against  the  tirst  rib 
with  the  finger  or  a  pailded  key.  In  amputations  of  the 
hip,  the  main  artery  can  be  compressed  against  the 
pubic  bone,  or  even  the  circulation  in  the  aorta  can  be 


controlled  by  one  of  the  many  compressors  already 
referred  to. 

Metiiobs  of  Amput.\tion. — Every  amputation  con- 
sists of  three  steps:  (1)  Division  of  the  soft  parts;  (2) 
division  of  the  bone,  or  disarticulation;  (3)  ligation  of 
the  vessels  and  closure  of  the  wound. 

According  to  the  metliod  adopted  for  the  division  of 
the  soft  parts,  amjiutations  are  classified  as  circular  or 
flap  operations,  and  in  the  choice  of  the  method  the  sur- 
geon nuist  be  guided  bj'  the  condition  of  the  soft  parts 
about  the  bone,  the  ease  with  which  the  joint  can  be 
opened  in  a  disarticulation,  the  probable  position  of  the 
cicatri.x  and  form  of  the  stump,  and,  above  all,  the  desire 
to  save  as  m\icli  of  the  limb  as  possible.  Of  the  circular 
and  riaj)  o]ierati(Mis.  all  methods  of  amp\itation  maybe 
said  to  be  but  modifications.  By  the  circular  method  it 
is  attempted  to  gi\'e  to  the  stump  the  form  of  an  inverted 
cone  or  funnel,  the  ape.v  of  which  Is  occupied  by  the 
divided  end  of  the  bone,  the  base  or  margin  of  which  is 
represented  by  the  cutaneous  margin  of  the  wound.  In 
the  flap  operation  the  soft  parts" are  so  divided  as  to 
make  one  or  more  flaps,  the  bases  of  which  are  on  a  level 
with  the  divided  bone,  and  the  free  margins  of  which  are 
so  adajited  to  each  other  as  completely  to  cover  the  bone 
and  admit  of  the  ready  closure  of  the  wound.  "What- 
ever plan  of  operation  is  adopted,  the  surgeon  should 
stand  in  such  a  position  that  he  grasps  the  "stump  with 
his  left  hand,  and  that  the  amputated  part  therefore  falls 
toward  his  right  side. 

CirciiJdf  Mitltdd. — All  moditications  of  the  circular 
method  call  for  a  similar  incision  through  the  skin  and  sub- 
cutaneous cellular  layer,  this  incision  being  made  around 
the  entire  circumference  of  the  limb  and  at  a  right  angle 
to  its  a.xis.  According  to  the  depth  to  which  the  incision 
is  carried,  the  method  is  subdivided  into  that  by  single 
incision  and  that  by  double  incision. 

Single  incision:  This,  as  already  remarked  (see  His- 
tory), is  the  oldest  method  of  amputation,  and  is  gener- 
ally known  as  the  Celsian  operation.  After  retraction 
of  the  soft  parts,  a  long  amjiutating  knife  is  swept 
around  the  limb,  and  all  of  the  soft  jiarts  are  divided 
down  to  the  bone.  This  is  then  divided  on  a  slightly 
higher  level  by  the  retraction  of  the  soft  parts.  While 
this  operation  yields  the  smallest  wound,  and  is  the  most 
rapid  in  its  execution,  its  manifest  disadvantage  is  in  the 
insufficient  covering  which  it  affords  for  the  bone.  It  is 
admissible  only  in  greatly  emaciated  subjects.  Briin- 
ninghausen,   in  the  beginning  of   tlie  centurv,  reintro- 


FiG.  123. 

duced  this  method,  but,  after  the  amputation  of  the  limb 
was  completed,  made  a  stcond  section  of  the  bone  sev- 
eral inches  above  the  jxiint  at  which  it  was  tiist  divided. 
Double  incision:  This  o|)er:itiou,  of  which  those  of 
Petit,  Cheselden,  B.  Bell.  Desault,  and  Alanson  are  but 
unimiiortant  modifications,  has  received  its  name  from  the 
fact  that  the  skin,  underlying  fascia,  and  muscles  are 
divided  upon  different  levels,  and,  therefore,  by  at 
least  two  circular  incisions.  It  is  made  as  follows: 
The  surgeon,  firndy  holding  the  limb  with  the  left  haiul, 
carries  his  right  hand,  in  which  he  tirndy  holds  a  large 
amputating  knife,  uuderneath  and  around  the  limb  until 
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the  heel  of  the  cuttiiiji:  edge  is  over  the  uppermost  part 
of  tlie  h'ne  of  tlie  proposed  ineisioii.  Giviiiir  the  knife 
tliis  position  forees  tlie  operator  into  a  more  oi-  less 
stoo[)irig  posture,  from  which  he  raises  himself  as  tlie 
incision  is  comiileted.  This  is  commenced  with  the  heel 
of  the  knife,  which,  by  a  single  sweep,  is  carried  around 
the  entire  circumference  of  the  liml).  severins;'  the  skin 
and  adipose  layer  down  to  the  deep  fascia  (Fig.  12;j). 
Two  incisions,  the  en<ls  of  which  meet,  will  answer  as 
well  as  the  division  by  a  sin.gle  sweej)  of  the  knife.  As 
soon  as  the  integument  is  divided  the  wound  gapes. 
The  U|iper  margin  is  raised  by  the  thumb  and  finger  of 


the  left  hand,  and 
gradually  de  tac  bed 
from  the  fascia  by  re- 
peated long  incisions 
car  ri  ed  |ierpendicii- 
larly  to  the  axis  of  the 
liml).  This  operation 
of  detachment  is  con- 
tinued until  the  skin 
and  adijiose  layer  can 
be  reflected  like  a  cuff,  the  lenglli  of  which  should  be 
ecjual  to  half  the  iliameter  of  the  limb  (Fig.  124).  AVliere 
the  hitter  ia])idly  increases  in  circumfereiice,  or  there  is  a 
thick  subcutaneous  layer,  or  this  has  been  intiltrated.  the 
reflection  of  a  cuff  is  often  impracticable.  Then  two 
longitudinal  incisions,  diametrically  opposite  each  other, 
will  materially  facilitate  this  part  of  the  operation,  al- 
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though  by  this  means  the  amputation  is  in  a  manner 
converted  into  a  flap  operation.  The  integument  hav- 
ing been  reflected  to  the  recpiired  extent,  the  inuscles 
are  next  divided  close  to  the  line  of  reflection  by  one 
steady  circular  sweep  of  the  knife,  which  should  cut 
through  everything  down  to  the  bone  (Fig.  I'^ri). 

Where  there  is  but  one  bone  to  be  divided,  the  surgeon 
is  now  prepared  to  use  tin- Siiw.  Where  there  are' two 
hones,  the  intero.sseous  tissues  remain  to  he  divided. 
W^hereas  this  can  be  accomplished  with  an  ordinary  am- 
putjiting  knife,  it  is  safer  to  use  a  double-edged  instru- 
ment (eallin.g)  for  this  purpo.se.  By  tising  it  in  the 
manner  indicated  in  Fig.  12(i,  there  is' no  danger  of  cut- 
ting the  blood-vessels  twice,  and  thus  one  danger  f>f 
troublesome  liemorrhag<>  is  avoided.  To  protect  tlic  soft 
parts  from  injury  by  the  sjiw,  they  must  be  well  re- 
tracted by  the  hands  of  an  assistant,  <n'  by  the  use  of  a 
band  of  muslin  (retractor)  divided  into  two  or  three  slijis. 
according  to  the  ab.sence  or  |ireseni'e  of  an  interos.seous 
space  (Fig.  127). 

Whiai  it  is  deemed  advisable  to  save  sufficient  pcrios- 
Vol.  I.— 10 


teum  to  cover  the  divided  end  of  the  bone,  this  can  now 
be  readily  effected  with  the  back  of  the  knife  or  the 
handle  of  the  scalpel.  The  utility  of  this  proceiiure 
must  certainly  be  ipiestioned.  since  in  a  number  of  in- 
stances it  has  interfered 
with  the  ready  draina.ge 
of  the  medullary  <-avily, 
and  has  thus  been  tlie 
indirect  cau.se  of  a  fatal 
issue. 

The  movements  of  the 
saw  can  be  great  Ij-  fa 
cililated  by  gu  id  i  n  g 
them  with  the  nail  of  the 
left  tliumb  (Fig.  12S). 
The  to-and  fro  move- 
ments of  the  saw  should 
be  slow,  lest  the  heat 
develoiied  by  its  too  rapid  use  endanger  the  vitality  of 
the  bone.  Where  there  are  two  Ixines  of  the  .same  di 
aiueler  (forearm),  they  should  be  divided  simultaneously. 
In  th(^  leg,  the  tibia  is  to  be  almost  entirely  divided  bc- 
fori!  tlie  section  of  tlu'  fibula  is  commenced.  Unless  this 
l>recaii(ion  is  adopted,  splintering  of  the  bone  is  not 
<asily  avoided.  For  the  .same  reason,  the  assistant  in 
charge  of  the  part  to  be  amputated  should  hold  it  hori- 
zontally, allowing  it  u<'illier  to  drag  by  its  weight  nor 
to  lie  rais<'d  in  a  manner  to  interfere  with  the  movements 
of  the  .saw.  Should  splintering  of 
the  bone  nevertheless  occur,  the 
splinters  and  sharj)  mari;' 
latter  must  be  removed 
<:utting  hone  forcejis. 

(Jnii  :)/,7//w/.— Holding 
mediate    position    betwi 
cular  and  flap  operations  i 
melliod.   which,  al- 
t  h  o  u  g  h  jiraclised 
by  the  older  Lang- 
enlieck  and  others, 
was     first   .general- 
i/ed   by  Scoutetten 
(1S27).     The  essen- 
tial   feature  of  this 
anipiilation    in    the 
continuity    of     the 
liml)  is,  that  the  in- 
cision,   instead     of 

being  made  pi^rpendicular  to  its  long  axis,  is  carried  at 
an  angle  of  forty-five  degrees,  and  in  such  a  way  that 
the  .soft  parts  in  front  of  the  bone  are  divided  upon  a 
higher  level  than  those  on  its  posterior  aspect.  At  the 
same  time  the  upper  portion  of  the  wound  is  converted 
into  an  acute  angle,  whereas  its  lower  portion  is  given 
an  oval  outline.  The  upper  extremity  of  the  wound  is 
placed  at  the  point  where  the  bone  is  to  hr.  divided. 
The  operation  is  comn)enced  by  two  incisions,  in  the 
form  of  an  inverted  V,  tlu;  lower  ends  of  which  are 
united  by  a  lransver.se  <ait  on  the  posterior  surface  of 
the  limb  (Blasiiis).     Here,   as  in   the  circular  ami)uta- 


tion.  by  a  sin.cle  incision  all  the  soft  parts  are  divided 
at  once  on  each  side  of  the  bone,  and  then  those  on  its 
posteiior  aspect.  This  operation  has  been  generally  dis- 
carded for  amputations  iu  the  continuity,  although  for 
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(lisarticiiliitions  at  certain  joints  it  presents  advantages 
which  are  wortliy  of  consideratiim  (see  Fig.  129). 

Flup  .Ut't/wil. — As  already  indicated,  tills  consi.sts  in  the 
formation  of  one  or  more  llajts.  comprising  iutegument  and 
muscular  tis- 
sue, or  integ- 
ument alone. 
and  tlesigned 
iu  a  manner 
completely 
to  cover  the  di- 
vided extrem- 
ity of  the  bone 
or  its  exposed 
articular  sur- 
face. Accord- 
ing to  the 
anatomical 
components  of 
the  flaps,  they 
can  therefore 
be  called  tegu- 
mentai'y  and 
musculo-  tegu- 
mentary. 

Tegitmentary 
Flaps.— This 
operation  is 
generall}' prac- 
tised by  mak- 
ing two  semi- 
lunar inci- 
sions, the  ends 

of  which  meet  on  opposite  sides  of  the  pai't.  down  to 
the  dcej)  fascia,  and  dissecting  up  the  skin  and  subcu- 
taneous cellular  layer  to  an  extent  sufficient  to  cover  the 
stump  (Fig.  13C).  "  When  it  is  practicable,  the  flap  should 
he  taken  from  the  anten'or  and  posterior  aspects  of  the 
limb  in  the  forearm,  thigh,  and  leg,  and  they  shoidd 
not  be  of  equal  lengths,  the  anterior  tlap  usually  being 
made  longer,  to  fall'  like  a  curtain  over  the  divided  end 
of  the  bone,  where  it  comes  in  contact  with  the  posterior 
(shorter)  flap.  In  recent  years  the  tegumeutary  method, 
with  only  one  cutaneous  flap,  made'  from  the  anterior 
surface  of  the  limb,  has  been  most  highly  advocated 
(Garden,  Bruns).  When,  from  choice  or  "necessity,  a 
single   tegumentary  flap   is   to    be  made,    the   incision 

should  be  com- 
menced on  a 
level  with  the 
point  w  he  re 
the  division  of 
the  bone  is 
contemplated, 
and  carried  for 
a  varying  dis- 
tauce  down 
one  aspect  of 
tlie  limb,  par- 
allel toitsa.xis, 
and  then  by  a 
wide  curve  on 
the  opposite 
side  to  a  point 
on  a  level  with 
its  commence- 
ment (see  Fig. 
i;iO).  In  tliis 
m  a  n  n  e  r  the 
base  of  the  cu- 
tiineous  tl  a  p 
extends  over  half  the  eircumference  of  the  jinih.  while 
its  length  should  be  greater  than  its  antei-o-iK)sterior 
diameter  at  the  level  of  the  amputation.  After  separa- 
tion of  this  flap  from  the  deep  fascia  (it  may  be  made  to 
iiiehide  this)  it  is  reflected  and  the  ends  of  the  incision  are 
united  by  a  iiosterior  incision  carried  perpendicularly  to 
the  axis  of  the  limb  as  in  the  circular  operation  (Fig.  181). 


Fig. 


AVbether  one  or  more  cutaneous  flaps  be  made,  the 
division  of  the  remaining  soft  parts  is  practised  by  a 
.single  sweep  of  the  knife,  carried  perpendicularly  around 
the  limb  at  the  base  of  the  flap,  as  in  the  circular  opera- 
tion. Owing  to  this  division  of  the  muscles,  amputa- 
tions by  the  tegumentary  flap  method  are  not  infre- 
quently called  "moditied  circular  operations." 

Miisciil<)-ti;iiniii  iilai-ji  Ftiipx. — Here,  as  in  the  tegu- 
mentary metliod.  one  or  more  flajjs  may  be  made,  to 
cover  the  stumj>.     They  may  be  formed  by  transfixion 


Fig.  131. 

of  the  limb  and  cutting  from  within  outward,  or  by  cut- 
ting from  without  inward,  or  by  making  one  flap  by  the 
former  and  the  other  by  the  latter  mtnitioned  method. 
Where  there  is  but  a  single  bone  (thigh,  arm),  it  is 
customary  to  make  at  least  one  flap  by  transfixion.  The 
integument  being  well  retracted,  and  the  soft  parts 
raised  from  the  bone  with  the  left  hand,  a  sharp-pointed 
and  large  amjiutating  knife  is  passed  through  the  limb 
from  side  to  side,  the  knife  being  made  to  graze  the  sur- 
face of  the  bone  (Fig.  VA'i).  By  a  sawing  movement 
the  instrument  is  gradually  carried  downward  and  for- 
ward, and  then  obliquely  outward,  thus  forming  a  wide 


FIG.  132. 

flap  with  convex  margin.  The  danger  of  making  a  flap 
too  narrow  is  best  avoided  by  not  cutting  outward  too 
soon.  The  knife  is  then  entered  at  the  angle  of  the 
wound  on  one  side,  passed  around  the  bone  on  the  side 
where  the  soft  parts  are  still  adherent,  and  out  at  the 
opposite  end  of  the  wound.  The  second  flap  is  then 
made  by  cutting  outward  as  before.  The  flaps  being 
now  retracted,  the  knife  is  rapidly  carried  around  the 
bone,  as  high  as  po.ssible.  to  divide  the  muscular  tissue 
still  adhering  to  it.  The  application  of  the  saw  then 
follows.  In  order  to  make  sufficient  allowance  for 
shrinkage,  the  flajis  should  have  a  length  at  least  equal 
to  three-fourths  the  diameter  of  the  limb.  Redundance 
of  the  flap  is  always  preferable  to  insufficiency,  since  the 
excess  of  muscular  tissue  can  easily  be  removed  with  a 
few  strokes  of  the  knife.  In  flap  operations,  owing  to 
unequal  retraction  of  the  soft  |iarts.  tendons  and  nerves 
arc  paiticul.irly  apt  to  protrude  abov<'  the  surface  of  the 
wound,  thus  giving  it  an  irregular  apjiearance,  and  in- 
terfering with  its  really  union.     After  ligation  of  the 
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blood-vpsscls.  tlu'sc  protruding  masses  are  to  l)c  rarcfiilly 
rt'inovcil  witli  tin-  scissors.  The  prolrusioii  of  tlie 
iimseular  tissue  of  the  Hap  and  tlie  irrei;iilurity  of  tlio 
latter  can  l)e  tolally  avoided  by  euttiiij;  fidin  witliout 
inward.  This  plan,  jienerally  known  as  tliat  of  Eaniren- 
lieelv  (Fisr.  iy:i),  insures  perfect  symmetry  of  the  tiaps. 
and  i)ermits  tlie  lijration  of  tlie  vessels  as  they  are  exposed 
or  divided.  It  is  also  jn'aeticalile  to  cut  tlirough  the  skin 
and  subcutaneous  tissue  from  without  inward,  and  coni- 
plele  the  operation  l>y  transfixion.  Although  alreadj' 
practi.^ed  Iiy  Diipnytren.  this  plan 
has  been  recently  advocated  by 
Agnew  ("System  of  Surgery." 
vol.  ii.,  I).  'M't). 

lici'ttiiir/idiir  Flitji. — In  IS.").")  !Mr. 
Teale,    of    Leeds,     practised    the 


FIG.  133. 

formation  of  one  long  and  one  short  rectangular  Hap, 
each  of  which  comprised  one  half  the  circuinfcrence  of 
the  limb  and  all  tlie  tissues  down  to  the  bone.  The 
operation  is  made  as  follows:  A  rectangular  anterior  Map 
(l)ostprior  in  the  forearm),  equal  in  length  and  bicailth  to 
luilf  tliecircumfeienceof  the  limb  at  the  base  of  the  llap, 
is  marked  out  by  one  transverse  and  two  parallel  longi 
tudinal  incisions,  the  latter  involving  only  the  skin  ami 
.superficial  fascia,  and  the  former  being  carried  down  to 
the  bone.  The  longitudinal  incisions  should  be  so  placed 
lliat  the  posterior  oblnins  one  fourth  the  l<-iigtli  of  tlic> 
anterior  flap.  The  two  tla]is  are  then  turned  x\\i  from 
the  bone  from  below  upwaril,  and  the  saw  is  applied.  To 
insure  equal  wiillhof  the  Haps  at  their  bases  and  their 
extremities  it  is  best  to  ma])  out  the  Haps  by  actual  incas 
nrenient  before  the  ineision.s  are  made.  In  closing  tlie 
wound,  the  long  llap  is  doubled  xijion  itself  so  that  the 
square  ends  of  the  two  thqis  an-  brought  into  ap])ositinii. 
where  they  are  retained  by  anumlierof  sutures  (Fig.  b'Ml 
CoMi'.MUsoN  OK  Mi;tiioi)s. — The  surgeon  who  would 
obtain  the  best  results  after  amputiltions  should  be 
familiar  with  all  the  different  methods  without  becom- 
ing too  jiartial  to  any.  since  the  condition  of  the  ]iart  to 
be  amputated,  the  thickness  and  vitality  of  the  subcu- 
taneous cellular  tissue,  the  position  of  the  wound,  and 
many  other  circumstances  should  guide  him  in  the  .selec- 
tion of  a  method  rather  than  individual  preference.  To 
save  as  much  of  a  limb  as  jiossible  must  be  the  first  aim 
of  the  operator,  and  this  can  be  acconi|ilislied  only  by 
resorting  to  various  methods  according  to  the  exigencies 
of  individual  cases.  If  one  method  of  operating  de- 
serves a  preference,  it  is  that  by  tegumentary  Haps  with 
circular  division  of  the  remaining  .soft  parts.  P>y  this 
method  the  position  of  the  angles  of  the  wound  for 
favorable  drainage  and  that  of  the  cicatrix  can  be  readily 
determined,  and  when  two  oval  cutaneous  flaps  are  made 
no  anxiety  for  llieir  vitality  need  ordinarily  be  enter- 
tained. \Vheii  the  subcutaneous  Cellular  layer  is  very 
thin,  there  is  a  manifest  advantage  in  dissecling  up  with 
the  integument  some  of  the  superficial  muscular  fibres. 
The  marked  advantage  of  the  tegumentary  Haji  over  the 
<'ircular  method  lies  in  the  fact  that  by  it.  when  th<'  (lis 
ease  extends  higher  on  one  side  of  the  limb  than  on  the 
other,  it  often  enables  us  to  amputate  several  inches 
lower  than  we  could  by  the  circular  method.  While 
during  the  early  part  of  this  century  the  musculo 
cutaneous  method,  by  Iransfixion.  was  very  extensively 
]iractised,  on  account  of  the  rapidity  with  which  it 
<;ould  be  executed  and  the  muscularity  of  the  stump 
which  it  left,  it  is  gradually  being  discarded  for  two 
reasons  chielly.  In  the  first  place,  the  general  use  of 
ansBsthetics  has  removed  the  necessity  for  unusual  haste, 


and  in  the  second  place,  the  muscular  tissue  left  in  the 
stump  generally  undergoes  atrophic  changes  from  disuse 
during  Ihi-  first  year.  A  most  decided  disadvantage  of 
tlie  mu.sculo-legumcntary  Haps  exists  in  the  obliijue  divi- 
sion of  Ihe  blood-vessels,  on  account  of  wdiieh  (hey  are 
often  dillicult  to  find  and  to  ligate.  It  is  for  this  reason 
that  secondary  henuirrhages  are  more  iirone  to  follow 
amputations  maile  by  this  method,  although  bv  proper 
care  in  the  act  of  ligation  and  with  sufiicieni  compres- 
sion of  the  stump  with  the  dressing  this  can  usuallv  be 
avoided.  The  circular  operation  commends  itsiOf,  owing 
to  the  facility  with  w  liichit  can  bi'  executed,  even  by  a 
novice  in  the  operalive  art.  and  by  its  special  applica- 
bility for  amputations  in  certain  parts,  as  in  the  forearm 
and  lower  |)art  of  the  leg.  Where  the  ojierator  can 
choose  his  method,  amputations  may  be  made  with  good 
results  as  follows:  In  the  arm  and  forearm,  by  circular 
method  or  rectangular  Hups;  in  (he  upper  part  of  the 
leg,  by  tegumeidary  and  rectangular  Haps  (lateral  or  an- 
tero- posterior):  in  the  low<'r  part  of  the  thigh,  byantrro- 
posterior  inuscul:ir  Haps:  in  the  middle  of  Ihe  thigh,  tiy 
one  tegumeiilary  Hap  rai.sed  from  the  anterior  surface  (if 
the  limb.  The  oval  method  will  be  found  particularly 
applicable  to  ami)Utations  at  certain  articulation.s,  while 
the  method  of  Teale,  which  has  not  been  extensively 
pr.ictised  in  (his  country,  will  give  g(x)d  results  in  am- 
putations of  the  leg  and  forearm  where  the  injury  or 
disease  has  invaded  a  limb  more  extensively  on  oneside 
than  on  the  other. 

l.io.\TioN'  OK  Vk.ssei.s. — When  the  amputation  proper 
is  coni]!leted.  the  entire  attention  of  the  operator  must 
at  once  be  directed  toward  iiermanently  controlling  the 
lieniorrliage.  For  this  ])urpo.se  it  is  iiest  to  grasji  the 
divided  blood  ves.sels,  one  after  another,  as  they  are  seen, 
with  lia'inostalic  forceps,  which  are  allowed  to  remain 
in  the  wound  until  all  the  vessels  are  thus  held.  This 
accomplished,  the  vessels  are  separately  tied  with  (animal 
ligature  or  carliolizcd)  catgut  or  silk.  The  ligatures  arc 
then  cut  short.  Veins  slicnild  be  tied  to  avert  the  devel- 
o|iiuent of  a  general  infection  out  of  a  po.ssible  local  in- 
fection. Asa  rule,  not  more  than  from  four  to  six  arteries 
will  re(piire  ligation  in  all  amiuitations,  excejit  tho.se  of 
llie  hip  and  shoul- 
der, although  loiig- 
slauding  (liseas(^ 
(large  neoplasms  or 
pre  existing  occlu- 
sion of  the  main 
artery)  may  have 
m  u  1 1 i  p  1  led  the 
number  of  vessels 
ic(piiring  ligation. 
Here,  as  in  ordinary 
wounds,  at  least  the 
I  a  r  g  e  r  a  r  t  e  r  i  e  s 
should  be  carefully 
exiiosed  before  the 
ligature  is  applied. 
In  the  smaller  ves- 
sels, when'  their  ex- 
posure would  entail 
an  unnecessary  loss 
of  tim(^  portions  of 
the  tissues  in  which 

they  are  embedded  may  safely  be  included  in  the  li,ga- 
ture  by  passing  this  with  a  needle  behind  the  Itleed- 
ing  vessel.  TIk^  (piestion  has  for  a  long  time  been  (lis 
cussed  as  to  whether  the  veins  should  be  ligaled. 
There  can  be  no  (piestion  but  th:*t  the  ligature  of  the 
divided  veins  removes  a  common  source  of  secondary 
hemorrhage,  and  materially  reduces  that  immediately 
following  the  removal  of  ihe  Esmarch  bandage.  The 
op])osition  !(>  the  ligation  of  veins  in  amputations  has 
been  mainly  based  ujion  the  fear  of  exciting  an  as- 
cending phlebitis  and  of  giving  rise  to  embolic  proc- 
esses. Tliiit  these  fears  are  utterly  groundless  has  been 
conclusively  demonstrated.  "Of  forty  cases  of  ligatiou 
of  the  internal  jugular  vein,  death  was  fairly  ascribable 
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to  the  ligature  in  only  four,  all  due  to  secondary  liemor- 
rliagc  coming  on  about  the  time  of  the  separation  of  the 
thread,  in  not  a  single  instanee  was  dillused  phlebitis 
excited.  In  twenty  eases  of  ligation  of  the  e.\ternal 
jugular  vein,  and  lifteen  of  the  axilhuy,  adilitional  evi- 
dence of  the  safety  of  ligation  of  veins  is  recorded." 
The  most  tioublesome  hemorrhage  is  the  parenchymatous 
oozing  which  supervenes  when  the  Esmarch  bandage  is 
removed.  How  to  contend  against  this  has  already  been 
dis(;ussed  (see above).  It  is  proper  to  add,  however,  that 
in  everv  case  the  application  of  an  abvuidance  of  hot 
water  is  of  unquestionable  value.  When  the  oozing 
from  the  divided  end  of  the  bone  is  not  checked  by  this, 
the  medullary  canal  may  be  temporarily  plugged  witli 
clean  white  wax,  or  with  sterile  gauze.  The  accurate 
closure  of  the  wound  and  pressure  upon  it  b\'  a  well- 
aiiplied  bandage  are  among  the  best  means  of  cheeking 
the  capillary  hemorrhage.  When  it  is  necessary  to  re- 
sort to  this  means,  a  large  gauze  pad  is  firmly  pressed 
against  the  wound  and  retained  until  the  .sutures  are 
passed.  As  the  svitures  are  tightened  the  iiad  is  grad- 
ually witbdraAvn  while  an  assistant  tightly  pres.ses  the 
wound  surfaces  against  each  other.  In  large  amputation 
wounds,  the  size  can  be  greatly  reduc<^d  by  buried  con- 
tinuous catgut  .sutures  which  bring  the  divided  muscles 
close  together.  Sutures  thus  applied  in  purse-string 
fashion  or  in  tiers  help  to  cover  the  bone  and  to  prevent 
the  formation  of  dead  intermuscular  s]iaces. 

Aftku  Tre.^tmext. — It  is  beyond  the  scope  of  this 
article  to  enter  into  an  extended  discussion  of  the  vari- 
ous methods  of  treatment  of  wounds,  although  in  hai'dly 
any  other  class  of  wounds  are  the  good  or  evil  results  so 
clearly  attributable  to  the  manner  of  treatment  adopted. 
The  question  at  once  presents  itself  whether  the  surgeon 
will  pursue  a  course  which  will  reasonably  assure  a  total, 
or  at  least  partial  primary  agglutination  of  the  wound, 
or  whether  he  will  avoid  the  dangers  of  retention  and 
decomposition  of  the  secretion  of  the  wound  by  treating 
this  openly,  thus  expecting  its  closure  by  tlie  slower 
process  of  granvdation.  The  latter  plan,  which  is  now 
known  as  the  "open  method,"  was  first  enunciated  by 
Vezin.  Bartsc:her,  and  Burow,  in  Germany  (Dtnlsrhe 
Kliiiili.  18.56),  and  disseminated  in  this  country  b}'  the 
late  Dr.  James  R.  Wood.  When  this  method  of  "treat- 
ment is  adopted,  sutures,  adhesive  straps,  etc..  are  en- 
tirely dispensed  with,  the  stump  being  comfortabl}' 
placed  on  a  pillow  or  pad.  and  the  wound  freely  expo.sed 
to  the  air.  A  mass  of  absorbent  cotton  is  placed  under- 
neath the  stump  to  catch  the  discharges  from  it.  Twice 
daily  the  wound  is  irrigated  with  an  antisejitic  solution, 
usually  of  carbolic  acid,  until  at  the  termination  of  the 
first  week,  when  the  process  of  granulation  has  been 
thoroughly  establisiied.  the  edges  of  the  wound  are  ap- 
proximated by  adhesive  strips,  care  being  taken  that 
retention  does  not  occur.  The  manifest  advantage  of 
the  "open  method"  of  treating  amputation  wounds  is  in 
the  read}'  outlet  which  is  given  to  the  secretions.  Their 
decomposition  in  the  wound  is  thoroughly  prevented, 
and  the  chief  factor  of  septic  absor|ition  is  thus  avoided. 
However  admirable  the  results  which  have  been  obtained 
from  it.  tlie  length  of  time  required  fur  the  closure  of 
the  wound  (six  to  twelve  weeks)  militates  against  its 
general  adoption.  While  ineomiiarably  better  than  the 
older  inelliods  of  tiglitly  (losing  the  wound  reganlless  of 
projier  drainage,  the  open  treatment  of  wounds  has  sub 
served  its  piuiiose,  and  has  yielded  to  the  superior  ad- 
vantages of  the  asejitic  method,  which  strives  to  ob- 
t;dn  tlie  ideal  <if  the  surgeon  in  the  treatment  of  wounds, 
viz.,  primary  union.  '  The  ojK'n  treatment  of  am|)utation 
w(nuids  has  been  therefore  properly  relegated  to  those 
cases  in  which  the  surgeon  is  convinced  that,  from  the 
condition  of  the  jiarts  in  which  the  oiieration  has  been 
made,  or  from  the  general  condition  of  the  patient, 
primary  union  cannot  take  jilace. 

When  a  doubt  exists  as  to  the  certainty  of  ]irimary 
union,  sutures  shoulil  be  passed  both  deeply  aii<l  sujierfi- 
eially  ami  left  luitied.  The  wound  itself  is  ]ia<'ked  lightly 
with   sterile   gauze.      If,  at   the   end   of  fortv-eigjit    or 


seventy-two  hours,  there  is  no  evidence  of  septic  infec- 
tion, the  gauze  may  lie  removed  and  the  sutures  closed 
with  [uospect  of  securing  union  without  suppuration. 
When,  on  the  other  hand,  primary  union  is  aimed  for, 
all  drainage  is  to  be  dispensed  with  unless  there  is 
considerable  oozing.  The  rubber  drainage  tube  formerly 
ex  tensive  1}' u.sed  is  gradually  being  reidaced  by  a  narrow 
wick  of  sterile  gauze  drain  jiassed  through  the  angle  of 
the  wound  from  the  inuiiediate  \icinity  of  the  divided 
bone.  This  can  be  removeil  on  the  thiid  or  fourth  day, 
or.  if  there  is  no  evidence  of  infection,  may  be  allowed  "to 
remain  until  the  first  dressing  is  changed,  after  a  week 
or  ten  days.  When,  as  in  the  case  of  amputation  of  the 
heel  (Syme),  there  is  danger  of  the  formation  of  a  dead 
space,  one  of  the  flaps  can  be  perforated  in  such  a  man- 
ner as  to  prevent  pocketing  of  wound  secretion.  Al- 
though an  advocate  of  limiting  drainage  as  far  as  possible, 
the  writer  believes  it  should  lie  resorted  to  in  every  case 
in  which  oozing  has  not  been  entirely  stopped  by  the 
time  the  sutures  are  read_v  to  be  tied.  "Primary  union  is 
often  prevented  by  the  accumulation  of  bloody  serum, 
whicli  mechanically  separates  surfaces  which  ought  to 
be  held  in  apposition. 

An  amputation  wound  is  to  be  closed  by  three  or  four 
deep  sutures,  which  should  include  the  entire  thickness 
of  the  mu.scles  (m  each  side  of  the  divided  bone.  They 
should  be  of  silver  wire  or  silkworm  gut.  The  super- 
ficial sutures  should  be  placed  at  distances  of  about 
one-thii'd  of  an  incli  fiom  one  another.  In  recent  years 
the  writer  has  formed  the  habit  of  bringing  the  dividi.-d 
muscles  togetlier  liy  tiers  of  buried  catgut  sutures, 
and  the  wound  margins  by  subcuticular  silkworm-gut 
sutures. 

The  dressing  of  the  wound  follows.  The  amount 
of  material  used  .should  be  ample  and  it  should  be  so 
applied  that  pressure  will  tend  to  keep  the  wound  sur- 
faces in  ajiposition.  Unless  a  moist  dressing  is  deemed 
advisable  because  a  doubt  as  to  the  asepsis  exists,  a 
dry  dressing  should  always  be  used  with  scrupulous  at- 
tention to  surgical  cleanliness.  Even  large  amputation 
wounds,  as  those  of  the  thigh,  hip,  or  shoulder,  will 
generally  heal  ur.der  one  or  two  dressings.  As  in 
other  o]ierations.  the  dressing  should  be  allowed  to  re- 
main for  at  least  a  week  or  ten  days.  Should  there  be  a 
.slight  oozing,  a  change  of  dressing  is  imperative.  The 
stump  should  always  be  maintained  in  an  easy  position 
on  a  pillow  or  on  a  well-jiadded  jiosterior  splint.  It  is 
usually  advisable  to  elevate  this  to  a  degree  .sutficient  to 
facilitate  the  return  of  blood  thi-ough  tbe  veins.  Post- 
operative oozing  can  thereby  be  best  prevented. 

After  amputations  in  which  the  asepsis  has  been  suc- 
cessfully carried  out.  even  the  largest  wounds  will  heal 
entirely  by  first  intention.  The  dissimilarity  of  tissues 
which  are  often  bnnight  in  contact  with  one  another  in 
an  amputation  wound,  ami  wliicli  were  formerly  sup- 
posed to  preclude  the  possibility  of  immediate  union,  is 
no  obstacle  to  the  achievement  of  thisresidt.  Of  greater 
importiince  are  the  novel  relations  of  the  blood-vessels 
to  one  another.  The  circulation  of  the  veins  of  the  stump 
has  lost  the  n.^  n  tci-r/o  so  essential  to  the  proper  per- 
formance of  their  function,  while  the  .smaller  arteries  are 
distended  with  blood  in  conse(|uence  of  the  interrupted 
circidation  in  the  main  ves.sel.  It  is  fortius  reason  that  a 
marked  ledemaand  congestion  will  often  manifest  them- 
selves in  thestumi).  Unless  in  feet  iiin  has  occurred,  these 
manifestations  will  disiippear  in  three  or  four  day.s. 

In  whatever  manner  the  wmuul  heals,  certain  marked 
changes  will  occur  in  the  stump.  The  muscular  tissue 
undergoes  atrojihic  changes,  its  fibrous  elements  becom- 
ing firmly  adherent  to  the  end  of  the  bone.  This  itself 
grailually  ileereases  in  size,  the  end  becoming  rounded 
olT  and  often  covered  by  a  rounded  <isteophyte  formed 
from  the  jieiiosteum  or  from  the  gnuiulations  springing 
from  the  medullary  canal.  Where  two  bones  are  pres- 
ent, an  irregular  osseous  bridge  not  infrequently  \inites 
them  (see  Oueterbock,  /-".  Arch.  f.  Mia.  Chir.,  Bd.  xv. 
and  xvii.).  As  a  rule,  the  end  of  the  bone  is  intimately 
united  to  the  soft  parts  covering  it.  although  at  times  a 
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bursii  is  de  vi'loi^cd  bftween  them.  The  ligatod  vessels  are 
cimverted  into  finii  fibrous  cords  for  a  varyiiiir  disUincc. 
and  are  reduced  in  size,  not,  only  in  tlie  stump  liul  also 
in  the  entire  limb.  Thus,  in  amputations  of  the  le^-,  the 
artery  anil  vein  arc;  reduced  over  one  lialf  in  size,  as  hij;h 
as  the  inferior  vena  cava  ami  the  bifurcation  of  the  aorta. 
The  divided  nerves  lose  their  iiervou.s  elements  by 
atrojihy,  while  their  coiuiective-tissue  com])i)iients  iii 
<-rease  in  number  until  their  extremities  are  often  e.\- 
l)anded  and  bulbous,  thus  fornnuir  false  neuromata. 

CoMiM.KA'iloNS. — Pain  and  muscuhu'  spasm  may  be 
said  to  be  ]iresent  to  a  uicater  or  less  de.irree  after  every 
major  amputation.  They  usually  superven<-  .soon  after 
the  i>atient  reirains  consciousness,  and  may  develop  to  a 
distressini;  severity,  particularly  in  persons  of  a  nervous 
and  irrital)le  (lis|)osition.  For  the  relief  of  these  symp- 
toms hypoderniatic  injections  of  morphine  act  most 
promptly.  The  jactitations  of  the  slump  are  most  suc- 
cessfully overcome  by  lii;htly  fasteninir  the  stum])  with 
a  few  turns  of  a  bandajje  to  a  well  jiailded  i)os1erior 
splint. 

A  very  sli,!rlit  reaction  mav  be  saiil  to  be  n<'ce.ssary  to 
the  process  of  repair.  When  infection  has  taken  iilace. 
the  evidences  are  si)ee(lily  seen  in  the  wound.  It  may  lead 
to  more  or  less  extensive  suppuration,  to  a  limited 
slou.shin.ET,  or  to  ,u;an.irrene  of  the  stump.  When  such 
severe  inflammation  attacks  the  wound,  the  stump  be- 
comes exquisitely  sensitive  audhot.  anil  assumes  a  dusky 
red  and  ulisteninir  aiipearance.  The  dischar^res  fi-om 
the  wound  are  scant  and  offensive,  while  the  elevated 
temperature  and  hard  anil  rapid  pidse  sullicieiitly  iiidi 
cate  the  constitutional  disturbance.  When  the  inllam- 
matory  ])rocess  extends  alon.a;  tlie  intennuscular  sjiaces 
the  lind)  becomes  sensitive  to  the  touch,  and  swollen  for 
a  considerable  distance  above  the  seat  of  operation. 
When  suppuration  ensues  all  may  yet  be  well.  On  the 
other  hand,  the  exudation  into  the  tissues  may  develop 
in  proportions  incompatible  with  the  vitality  of  the 
parts,  when  extensive  slouuhiug,  and  even  jraui^rene  of 
the  entire  stump,  may  result. 

The  treatment  of  lhe.se  conditions  must  be  conducted 
ujion  established antiphlo<;istic  principles;  iron,  i|innine. 
Siilicylates,  and  alcoholic  stinudauts  are  almost  always 
indicated.  For  the  local  condition  nothing  answers  so 
excellent  a  purposeas  measures  which  relieve  the  tension. 
Stitches,  vvlieu  too  tij;ht,  must  be  removed,  and  as  soon 
as  a  suspicion  of  ]uirident  accunuilalion  is  aroused,  free 
incisionsare  to  be  made.  AVIunsuch  extensive  suppura- 
tion has  supervened  it  is  advisable  to  remove  all  con- 
st rioting  dressiu.s;.  and  to  treat  the  wound  by  the  open 
method,  removin,;^  sloughs  us  fast  as  they  are  formed. 
Frequent  irrigations  witji  sublimate  solutions  and  hydro 
gen  dioxide  are  now  indicated.  Asa  dressing  the  balsam 
of  Peru  (ten  percent.)  in  castor  oil  applied  on  strips  of 
gauze  will  do  away  w  ith  the  necessity  of  drainage.  As 
an  especially  dangerous  seat  of  inflammation  the  medul 
lary  canal  of  the  bone  must  be  referred  to.  Periostitis 
and  osteoniyelitis  are  |)articularly  prone  to  follow  am]>n- 
tuitions  made  for  gunshot  injuries.  It  usually  manifests 
itself  durin.g  the  first  week  after  the  oijeratiou  by  a 
brownish  or  .greenish api)earance of  the  medulla,  the  bone 
appearing  dull  and  devitalized,  while  the  periosteum  is 
detached  from  its  surface.  The  paiu  is  usually  very 
severe,  and  associated  with  it  are  the  well-known  symp 
toms  of  systemic  infection,  i.r..  rigors,  elevated  and 
irregular  temperatures,  dimiidshed  secretion  of  tlii'  kid 
iieys.  and  a  dry  and  thickly  coated  tongue.  Not  only 
does  this  condition  lead  to  extensive  necrosis  when  re- 
covery ensues,  but  frequently  death  results  from  the 
absoriition  of  the  pus  which  is  retained  in  the  medullary 
canal.  The  oidy  measures  that  offer  any  hoiie  for  this 
condition  are  to  si'oop  out  the  bone  cavity  with  a  sharp 
spoon,  and  if  this  prove  tuiavailing,  to  resort  to  a  second 
aniiiutation  at  the  nearest  joint.  However  desperate 
this  procedure  may  be.  a  very  large  number  of  cases 
have  been  reported  in  which  lives  have  been  saved  which, 
without  it.  would  have  been  inevitably  lost. 

As  a  sequel  of  iuoderal,e  inflanmiatiou  of  bone,  necrosis 


of  its  extremity  is  not  infrequently  encountered.  This 
may  result  from  devitalizing  of  the  bone  from  excessive 
heat  .irenerated  by  the  improper  use  of  the  saw.  If  the 
necrosis  be  limited  to  the  diviiled  end,  this  condition  does 
not  interfere  with  the  jiriniary  union  of  the  greater  part 
of  the  wound.  The  existence  of  such  a  superficial 
sequestrum  can  lie  deemed  probable  when,  after  the 
permanent  closure  of  the  wound,  a  fistulous  tract  con- 
tinues to  discharge  moreor  less  pus.  Its  actual  i)resence 
can  always  be  recognized  by  the  cautious  ti.se  of  a  probe. 
When  the  sequestrum  is  of  larger  iiroport ions,  nnmeriais 
fistulous  openings  will  usually  be  found  in  the  soft  part.s, 
w  hich  are  then  more  or  less  adherent  every  w  here  to  the 
bone.  Thetreatment  of  thisconilition  iiuis't  be  palliative 
until  nature  has  conqdetely  .sejiarated  the  sequestrum, 
when  it  can  ordinarily  be  i"emoved  with  little  dillicnlty 
by  layin.s  the  fistuhe  freely  open.  When  the  seques- 
trum is  lar.ge,  it  occasionally  becomes  necessary  to  resort 
to  a  formal  seipiestrolomy  for  its  removal.  In  a  very 
small  proportion  of  cases  the  irritation  consequent  ujion 
the  long  standing  dischar.ges  from  the  necrosis  of  the 
bone  gives  rise  to  epithelioma  of  the  latter,  for  the  relief 
of  which  a  second  amputation  is  usually  necessary. 

One  of  the  most  dreaded  couqilicalions  of  an  amputa- 
tion is  hemorrha.i^e.  It  may  supervene  within  a  few 
hours  after  the  completion  of  the  dressing,  or  as  late  as 
the  third  or  fourth  week.  The  sources  of  early  and  late 
hemonhages  alter  amputations  differ  materially.  The 
former  arise  from  small  arteries  or  veins  that  have 
escaped  ligation,  from  arteries  divided  above  the  ligature, 
or  from  the  divided  capillaries  of  the  muscles.  This 
condition  is  readily  recognized  by  the  staining  of  the 
dressing,  the  distended  appearance  of  the  slump,  and  the 
flowing  of  blood  from  a  number  of  places  where  the 
edges  of  the  wound  have  been  separated.  The  rapid 
dislention  of  the  stump  and  the  bright  hue  of  the  blood 
which  is  discharged,  at  once  indicate  the  arterial  .source 
of  the  hcmorrlia.iie.  The  darker  appearance  of  the  blood 
and  its  appearance  in  a  sluggish  stream  sulliciently  in- 
dicate its  venousorigiir  AVhen  the  hemorrhatre  is  sli<rht, 
and  particidarly  if  it  can  be  recognized  as  venous,  eleva- 
tion of  the  limb  and  the  apiilication  of  ice  may  sulliee  for 
its  (■iinlrol.  When  it  becomes  evideid  that  such  simple 
measures  are  futile,  the  wound  nuist  be  reoiiened,  the  co- 
agula  removed,  and  the  bleeding  vessel  found  and  ligated. 
When  it  is  found  that  the  hemorrhage  has  come  from  the 
medullary  canal,  this  must  be  treated  in  the  mamier 
already  described.  The  hemorrhages  which  supervene 
during  the  second  week,  or  even  later,  usually  residt 
from  the  softeiung  of  the  plu.i!'  that  occluded  a"  li.gated 
vessel,  or  from  ero.sion  of  the  latter  from  primary  disea.se 
of  the  vessel  wall,  or  from  its  being  bathed  in  pus.  By 
cutting  short  both  ends  of  the  ligature  the  neces.sity  for 
the  •■cutting  through  "  of  the  latter  is  done  away  with, 
and  at  least  one  important  factor  in  the  causation  of 
late  hemorrhages  is  thus  removed.  For  the  relief  of  late 
hemorrhages,  compression  of  the  artery  l)y  a  compress 
and  firm  banda.ire  should  fi  1st  be  tried.  When  this  proves 
unsuccessful,  pressure  should  be  made  at  flilfcrent  points 
of  the  main  artery  to  determine  the  point  nearest  the 
slump  where  the  liemorrlia,ire  can  be  controlled.  Here 
the  artery  is  to  be  exposed  and  li.gated,  or,  what  .seems 
to  be  preferred  by  most  recent  writers,  it  may  be  in- 
cluded in  the  pressure  of  an  acupressure  needle.  In  ex- 
treme ca.ses  it  may  become  necessaiy  to  resort  to  re- 
amputation. 

A  jieculiarand  very  rare  condition  of  the  stuuiii  is  the 
d 'Velopnient  in  it  of  a  dilatation  of  the  blood  vessels, 
commonly  in  the  form  of  an  aneurismal  varix.  Cases  of 
this  nature  have  been  recorded  by  Cadge,  of  Xorwich, 
England,  by  (Jross.  and  by  Agiiew.  Whereas,  in  some 
ca.ses  of  this  kind,  operative  treatment  wotilil  not  be  called 
for.  in  others  it  niav  liecome  directly  indicated.  Thus, 
in  the  ca.se  of  dross  ("System  of  Surgery."  vol.  i.,  p. 
"i;'!)).  ligation  of  the  femoral  wasdeeiued  nccessiuy.  The 
operation  resulted  fatally,  from  secondtiry  hemorrhage, 
on  the  sixth  day. 

The  form  of  the  stuinj)  very  frequently  .irives  rise  to 
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considerable  jituioyaiice  and  sufFei-in,c.  A  liealthy  stump 
should  iircscnt  a  nicely  rounded  outline,  with  the  bones 
hidden  beiieiith  and  away  from  the  cieatri.\.  From  a 
variety  of  causes  this  normal  apiiearjuice  of  the  stump 
may  j;ive  jilace  to  proniini'Uce  of  tlie  bone,  retraetioii  and 
ulceration  of  the  soft  parts  coveriuj;  it.  and  uselcssness 
of  the  ]iart  for  locomotion.  Such  an  abnormal  condition 
is  conunonly  known  as  the  "conical"  or  "sugar  loaf" 
stump.  It  may  result  froiu  an  insufticiency  of  flap,  from 
inordinate  retraction  of  the  soft  parts,  or  from  gangrene 
of  the  integument  alone.  It  isa  condition  which  is  more 
liUely  to  follow  the  circular  and  tegumeutary  tlapamp\i 
tations.  although  with  ordinary  precautions  it  would 
seem  tliat  amputations  in  healthy  tissues  should  not  re- 
sult in  a  badly  formed  stump.  When  this  condition 
does  result,  nevertheless,  its  treatnieut  nnist  vary  ac- 
cording to  the  extent  of  the  deformity.  When  from  an 
iusufflciency  of  Haj)  or  excessive  retraction  of  the  soft 
parts,  the  end  of  tlie  bone  assumes  a  too  prominent  posi- 
tion, the  flaps  can  be  drawu  down  by  ai)iiropriatc  band- 
aging, from  above  downward;  or,  by  the  aid  of  adhesive 
straps  and  weights,  extension  may  be  made  in  such  a 
way  as  to  cover  the  end  of  tlie  prominent  bone  with 


FIG.  VSo. 

integument  (Fig.  VSii).  When,  notwithstanding  these 
measures,  the  proper  relation  between  bone  and  soft 
parts  cannot  be  l)rought  about,  nothing  remains  but  to 
enlarge  the  wound,  remove  the  jjcriosteum  from  the 
bone,  and  divide  this  several  inches  above  the  level  of 
the  first  section.  It  is  unnecessary  to  defer  this  until  the 
tirst  wound  has  cicatrized.  In  extreme  cases  of  conical 
stump  reampntatiou  will  be  indicated.  It  can  be  more 
highly  recommended  since  reampntatiou  is  not  often 
followed  by  Iiad  results.  Mr.  Bryant  refers  to  a  very 
interesting  condition  of  amjiutation  stumps  in  children, 
in  whom  the  develoiuuent  of  conical  stumjis  may  be  in 
a  measure  expected,  since,  in  the  process  of  gi'owth,  the 
bone  appears  to  tlevelop  more  raijidly.  In  the  case  of 
a  boy  whose  leg  was  am]nitated.  he  found  it  necessary 
on  two  occasions,  at  intervals  of  three  }-ears,  to  remove 
two  pieces  of  bone  at  least  an  inch  long. 

Neuroses  of  the  stump  are  among  the  most  intractable 
of  its  diseases.  Tliey  may  ajipear  in  the  form  of  severe 
neuralgias,  or  in  the  form  of  sijasmodic  muscular  con- 
tractions. The  former  condition  usually  depends  upon 
an  adherence  of  the  divided  nerves  to  the  bone  or  the 
cicatrix,  while  in  exceptional  cases  it  results  from  the 
bulbous  enlargement  of  the  extremities  of  the  nerve. 
For  the  relief  of  the  former  condition,  subcutaneous 
division  of  the  adherent  cicatrix  must  be  practised. 
Where  neuromata  can  lie  felt,  these  are  to  be  removed: 
when,  from  the  number  of  thesj  enlargements  or  from 
their  deep  iiositioiis,  this  procedure  is  impracticable, 
nothing  short  of  a  reamputation  will  give  lelief.  Con- 
tinuous jactitations,  or  "chorea"  of  the  stump,  as  it 
might  be  termed  (Gross),  is  very  rarely  encounleicd.  It 
is  more  prone  to  develop  in  the  thigh  than  elsewhere. 
The  stump,  when  thus  affected,  is  the  scat  ofa.constant 
tremor,  often  sufliciently  active  to  be  noticed  when  the 
limb  is  covered.  In  a  case  of  this  character  which  I  saw- 
two  years  ago,  and  which  involved  the  tliigh  in  an  other- 
wise healthy  suliiect,  the  spasms  continn<'d,  notwith- 
standing all  efforts  to  allay  them.  The  most  etlicient 
measure  was  the  deep  injection  of  ether,  which  woulil 
relieve  the  spasm  for  about  two  weeks  at  a  time,  when 
the  injection  had  to  be  repeated. 


Prognosis  and  Mortality. — In  estimating  the  inher- 
ent dangers  of  the  operation,  we  must  take  into  con- 
sideration only  tlio.se  ca.ses  in  which  the  individuals 
operated  on  were — aside  from  the  lesion  which  necessi- 
tated tlie  0]ieration — in  the  enjoyment  of  comjiaratively 
good  health.  As  it  is  incorrect  to  attribute  the  immense 
mortality  of  tracheotomy  for  diphtheritic  croup  to  an 
operation  which,  if  performed  for  the  removal  of  foreign 
bodies,  is  almost  always  successful,  so  it  is  manifestly 
improper  to  attribute  most  deaths  after  amputiition  i» 
the  opeiation  itself.  A  compilation  of  the  amputations 
of  "expediency,"  made  in  Guy's  Hospital,  indicates  a 
mortalit}'  of  2(i.8  per  cent.  If  we  remember,  however, 
that  these  statistics  of  Bryant  and  Goldiug  Bird  include 
amputations  made  for  neoplasms,  and  that  the  most 
valuable  methods  of  after-treatment  were  at  that  time 
not  employed  in  the  hospital  in  question,  this  percentage 
must  be  misleading  as  to  the  inherent  dangers  of  ain- 
putati<ms.  That  the  mortality  of  the  operation  under 
favorable  circumstances  can  be  greatly  reduced  from 
the  percentage  above  given  can  be  easily  demonstrated. 
Thus,  of  710  late  and  pathological  amputations  collected 
by  Sir  James  Y.  Simiismi  from  sniuller  hospitals  and 
private  practitioners  of  .Scotland  and  England,  only 
T4,  or  9  per  cent,,  died.  Of  100  amputations  (includ- 
ing 39  of  the  thigh)  made  by  Brnns,  only  12  ter- 
minated fatally.  According  to  the  latest  statistics  of 
Brnns,  of  204  major  amputations  3  per  cent,  only 
died.  Finally,  of  187  amputations  made  by  Volkmanii 
for  disease,  only  7  succumbed  (3  per  cent,).  This  num- 
ber includes  74  amputations  of  the  thigh  with  only  2 
deaths. 

Unhappily  these  statisti('s  are  largely  at  variance  with 
those  gathered  either  from  large  hospitals  or  from  the 
battlefield.  Thus,  of  560  larger  amputations  for  all 
causes  collected  by  ilalgaigne  in  the  hos])itals  of  Paris, 
299  ended  fatally,  the  mortality  being  o'S  per  cent.  The 
fatality  attending  amputations  by  English  surgeons  in 
the  Ciimean  camiiaign  is  represented  by  426  operations, 
with  169  deaths  (o9.6  per  cent.),  while  the  figures  of  the 
French  surgeons  during  that  war  are  4,390  amputations, 
with  3.218  deaths,  giving  the  ajipalling  mortality  of  73 
per  cent.  Compared  with  such  results  those  obtained 
during  the  War  of  the  Kebellion  show  a  most  decided 
imiirovement.  Of  29.9SO  amjiutations.  the  result  was 
determined  in  28.261 :  of  these,  20,802  recovered.  There 
were  7.4.')9  deaths,  thus  yielding  a  mortality  of  26.3  per 
cent.  This  is  about  the  fatality  that  attends  amputa- 
tions in  civil  practice  in  the  larger  hospitals  of  this  coun- 
try and  of  England,  although  occasionally  better  results 
are  recorded.  Thus,  of  100  amjHitations  made  in  the 
Pennsylvania  Hospital  (1874-78)  only  17  died,  while  of 
.539 amimtations made  forall  cau.ses  in  St.  Bartliolomew's 
Hospital  (1873-82)  only  88  died,  giving  a  mortality  of 
16.3  per  cent. 

John  F.  Erdman.*  in  1.895,  tabulated  the  statistics  of 
amjiutation  iierforuied  in  the  leailiug  hospitals  in  New- 
York,  done  during  the  decade  preceding.  Of  709  major 
amputations  109.  or  15  per  cent.,  died.  Pagef  in  1895 
collected  7 12  major  amputations  from  the  infirmary.  New- 
castle-upon-Tyne, of  which  61  died,  giving  a  mortality 
of  8.5  per  cent.  In  30  of  the  fatal  cases  death  resulted 
from  shock  and  loss  of  lilood.  Forty  years  before.  Feu- 
wick  had  taliulatcd  225  amputations  done  in  the  sjime 
intirniary  with  a  mortality  of  54.  or  24  per  cent.  Of  163 
amputations  done  in  tlie  Cincinnati  Hospital  during  the 
decade  preceding  January  1.  1900,  19  terminated  fatally. 
The  gross  mortality  of  the  .series  w-as  12.7  percent.  From 
the  clinic  of  Bi'uns|  comes  the  remarkable  record  of  81 
amputations  of  the  leg  without  a  death.  An  examina- 
tion of  all  statistics  will  show  that  the  mortality  of  m.ajor 
amiiutations  is  gradually  being  reduced.  If  the  cases  are 
subtracted  in  which  death  resulted  from  shock  and  the 
loss  of  blood,  the  mortality  of  all  major  amputations  will 


*  -Vnnals  of  Sllrirery.  vol,  xxti..  p.  3.^^. 

■t  I'liire  :  London  Lancet.  l-StV^.  i..  p.  ^>. 
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be  reducoci  to  about  4  per  cent.,  a.s  lias  been  the  case 
with  the  stjitisties  publislied  by  Estes. 

It  is  not  tlu'  least  imiioitiint  aeliieveiiieiit  of  ^IalL:;iiLrne 
to  liave  directed  tli<'  atleiitiou  of  stirjleoiis  lo  I  lie  chief 
causes  wldcli  iiiodifv  tlie  proirtiosis  in  individual  cases 
of  amputation,  and  how.  thcfefore,  statistics  must  vafy 
accoidini;  lo  ceitain  now  well-known  conditions  under 
which  they  arc  collated.  In  a  someuhal  sinular  direc 
tion  were  tlic  investigations  of  Simiison.  The  conditions 
wliich  inllnence  the  jiroguosis  of  amputations  will  now 
b(^  consiilered  in  the  order  of  their  inip<irtancc. 

.!//('. — The  mortality  of  amiuitatioiis  is  determined 
more  by  age  than  by  an\'  other  one  factor,  since  they  are 
better  borne  in  childhood  and  adolescence  than  later  in 
life.  Malsfaignc  was  the  lirst  to  i)oint  this  out  by  the 
tribulation  of  Ofid  cases  in  which  the  mortality  steadily 
increased  with  the  age  of  the  jiatients.  .\mputati(ins 
between  the  ages  of  live  and  fifteen  years  yielded  a 
mortality  of  ;!:i  percent.,  those  between  lifly  and  sixty 
five  one  of  71.4  |)ercent.  Sinular  investigations  have  been 
made  by  Callrnder,  Holmes.  IJryant,  and  (lolding  Kiid 
in  England,  and  by  Morton  and  Ashhurst  in  this  country. 
The  last  nientioneil  .Jiulhor  has  combined  the  statistics 
from  various  sources,  and.  after  the  manner  of  .Mr. 
Holmes,  he  has  divided  life  into  three  periods  of  twenty 
years  each.  The  total  niunber  of  cases  thus  tabulated  is 
sunnnarized  as  follows: 

Table  Snowivc,  I'FniKNT.ifiE  ok  Mort.m.itv  .\t  imkferent  aoks. 


2.i;4n 


Mortality 

between  i20 

and  4(1. 


lii.7 


Moilality 

over 
4(1  years. 


(icnenil 
(li-alh  rati*. 


Table  snowixG  Percentage  of  Mortalitv  Bkhjue  and  .\n'ER 
TniRTV  Years  of  .4ge. 


Wbole  number 
of  cases. 

Mortality 
below  30  years. 

Mortality 
above  30  years. 

(ieneral 
ili'uth  ran-. 

l.t^a 

13.2 

37.4 

ai.T 

The  coni]iaratively  excellent  results  after  am|Mitaticins 
in  children  must  lie  attributed  to  the  rapidity  with  whicli 
even  large  W(iUnds  unite  in  them,  to  the  resislance  whitli 
their  ordinarily  unviliated  constitutions  offer  to  septic 
processes,  and  to  their  freedom  from  visceral  complica 
lions.  The  ease  with  wliich  even  large  amputations  are 
supported  in  childhood  was  particularly  imiiressed  on 
the  mind  of  the  writer  by  the  case  of  a  lad  of  .seven,  in 
whom  he  had  aniputated  below  the  shoulder  for  railway 
injury.  ISecause  he  was  not  given  the  freedom  id'  the 
ward,  the  boy  escajied  from  the  hospilal  ((iood  Sainarilan, 
in  Cincinnati)  on  the  ciglilh  day  after  the  opcraliori. 
The  wound  had  healed  per  piinid)/). 

Tlu'  very  unfavorable  results  which  follow  ampula 
tions  ill  advanced  life  are  readily  accounted  lor  by  the 
rednced  vitality  of  the  system  at  large,  by  the  impcrh<l 
nutrition  of  the  stuni]i   from   impaired   inlegrily  of  tlie 
blood-vessels,  and  by  the  rapidity  witli   whicli  these   pa- 
tients succumb  to  septic  infection.     It  is  extriTuely  prob- 
able that  if  the  latter  could  be  ])rcvented  tlie  m.uUi-d  in 
lluencc  of  advnnceil   life  on   the  results  of  aiiiputations 
would   be   materially   lessened.     Thus  of  sixty-one  tin 
complicated  amputations  made  by  Volfiinann.  in  persons 
over  lifty.  only  4.8  jier  cent.  died.     .Vniong  tliesi-   was  a 
successful  amputation  of  the  thigh  for  injury  in  a  man 
eighty-four  years  of  a,ifc. 

Slid  iif  Ojifritlio!). — The  danger  of  an  ampul.ition  al 
ways  increases  with  the  size  of  the  wound  anil  its  |Udx- 
imity  to  the  trunk — ain]iutations  of  the  lower  extremity 
yielding  a  greater  mortality  than  those  of  the  upper. 
Since  about  thirty-two  per  cent,  of  the  deaths  following 
amputations  are  directly  attributable  to  the  coniliiricd 
shock  and  hemorrhage  consecpient  upon  the  injury  and 
the  operation,  it  is  ea.sily  understood  why  the  mortality 


varies  in  the  manner  indicated.  The  dangers  of  septic 
iiifeetioii  also  incrcasi-  witli  the  size  of  the  wiiund,  ami 
when  amputation  wounds  hiil  to  unite  by  primary  union, 
death  often  results  from  the  cxhausliou  conseipienl  upon 
protracted  suppuration.  The  situation  at  which  the 
bone  is  dividecl  also  matiaially  inlluences  the  result. 
The  opening  of  tlu'  medullary  cavity  i>i  a  large  bone 
like  the  femur,  or  tibia,  is  more  ajit  to  be  followcfl  by 
osteomyelitis  and  its  con.s<'(|Ucnces  than  is  the  division 
of  the  bone  through  its  articular  end.  This  is  well 
shown  by  a  coni]iarison  of  the  results  of  amputation 
through  the  lower  third  of  tlu'  thigh  and  through  the 
femoral  condyles,  the  birmer  operation  j'iclding  a  mor- 
tality of  'M)  per  cent,  against  ^!)  per  cent!  of  the  latter. 

The  ratio  of  deaths  following  amputations  for  injury 
and  disease  in  dillerent  [larts  of  the  body  is  well  illu.s- 
trated  in  a  subjoined  table  wdiich  is  based  U]ion  large 
lios|utal  reports,  issued  from  istij  to  1!S,S4,  For  excep- 
tional operations  (hip  joint  and  elbow)  reports  of  cases 
from  private  practice  were  included.  This  douiitless  ex- 
plains the  apparently  greater  mortality  of  iimi.ntatioa 
of  till'  thigli  than  of  Ilie  hip.  sinie  relatively  more  suc- 
(■e.ssful  than  unsuccessful  cases  arc  thus  recorded. 


Table  I.  (From  Ma.x  Scherte). 
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13(i 

44 

32.3 

70 

20 

25.4 

of  thif^ll.  localilv  not  spcri- 

lli-.l  .    

1,3,S4 

IKU 

4S. 

2.4W 

817 

;«.7 

at  kiu'c 

314 

103 

32.S 

12:i 

30 

24.4 

of  U'<r.  lip.  and  iniihlle  Uiird 

i:«i 

h\ 

41..i 

17H 

44 

24.7 

(if  Wa.  luwi'r  tliini 

S! 

3 

il.I 

12S 

19 

14.0 

iif  li'L^.  iDcaliiv  not  si>ecillt'U 

1, !!.'>« 

"S.") 

4(1. 

I.lilfi 

215 

12.7 

"f  f.Mit.  iKirtiiil 

;'2.i 

4.") 

2(1.2 

.5112 

7(1 

12.4 

274 

1,1(17 

in; 

42.3 
31.2 

lis 
441 

81 

28.0 

(■farm 

18.1 

at  elbow  joint 

2:! 

(i 

2i;. 

8 

1 

12.5 

of  forearm . 

],31H 

143 

lll.S 

r.(Ki 

62 

12.2 

at  wrist 

1!W 

.") 

2  ") 

27 

nf  lliigi-is  and  t"Ps 

%Kl 

li 

l.s 

32!) 

6 

1..S 

yuliiii-  of  r.ixiiiiis. — \'ery  potent  in  its  influence  on  the 
results  of  amputations  are  the  causes  for  which  they  are 
made.  VVIieii  the  operation  is  resorted  to  in  an  indi- 
vidual who,  while  in  perfect  heallli.  has  received  a  severe 
injury  from  which  he  li.as  probably  lost  a  considerable 
.•imouiit  of  blood,  the  prognosis  is  nincli  less  favorable 
than  when  it  is  made  for  (.lisease.  This  apjdics  ]iarlien- 
larly  to  amputalioiis  after  railway  injuries  and  traumata 
inflicted  by  heavy  nmchincry.  The  shock  and  hemor- 
rhage are  very  often  so  severe  that  death  results  within 
a  few  hours  after  the  o])eration.  The  ]irejudicial  elTect 
of  a  trauma  on  the  results  of  ani|iutations  is  still  further 
eiiliaiiccd  if  tlie  subject  is  addicted  to  intemiierate  habits. 
This  was  well  illusiiated  in  our  nceiit  riols  (Cincinnati. 
ISS-1).  Tlio.se  injured  were  for  the  most  jiart  more  or 
less  under  the  influence  of  alcohol  when  wonniled.  and 
four  fifths  of  those  on  w  liom  amputations  were  made 
succumbed. 

It  will  be  seen  from  the  table  given  lielow  that  the 
stalistics  indicate  with  remarkable  uniformity  the  greater 
mortality  of  anipuL-ilions  when  made  for  injury  than 
when  made  lor  disease.  The  exidanalion  g-cnerally 
olVcied  for  this  feature  of  the  prognosis  of  amputations 
is  that  p;iticnts  who  have  for  a  long  time  b  ■en  subjected 
to  sii]iiiuralive  ]irocesses  (necrosis,  caries,  etc.),  are  so 
inured  to  suH'cring  that  they  bear  the  shock  of  an  opera- 
tion comparatively  well,  and  that  they  are  less  prone  to 
septic  infectious  which  are  so  often  the  inimcdiate  cause 
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of  death  after  amiMitatiniis  for  trauma.  Tlie  cori-ectncss 
of  this  view  is  substantiated  by  tlie  fact  that  about  sev 
enty-live  percent,  of  so  called  pathological  amputations 
are  made  for  chronic  intlamniatory  conditions  of  either 
bones  or  -joints,  and  that  uuder  these  circumstances 
I  he  soft  parts  are  usvially  more  or  less  atrophied,  and 
yet  at  the  same  time  densely  infiltrated  with  a  connec- 
tive-tissue growth  which, when  divided  in  an  operation, 
presents  a  barrier  to  the  absorption  of  deleterious  ele- 
ments. It  is  noteworthy,  as  jAIr.  IJryant  has  pointed 
out,  that  this  infiltration  of  the  soft  parts  does  not  neces- 
sarily interfere  with  the  ready  union  of  the  wound. 
While  amputations  for  chronic  affections  of  the  nature 
indicated  terminate  fatally  in  oul}'  14  per  cent,  of  the 
cases,  those  made  for  deformity  and  neoplasms  present 
a  mortality  of  2().8  per  cent,  and  46  per  cent,  respec- 
tively (Golding  Bird  and  Speuce). 

Table  II. 


AMPITTATIONS 

AMPrTATIOSS 

Total  ampu- 

FOR I.\JCUY. 

FOE  Disease 

tations. 

■M 

-H 

y_ 

■^ 

V. 

*-l 

ACTUORITV. 

^^ 

>,*j 

^-*^ 

Yr, 

>>*j 

oo. 

IS 

3:  5 

1' 

O  i 

11 

3  S 

Z 

z; 

S  ^ 

z; 

Z 
18>> 

IB 

^ 

Z 

gu. 

182 

117 

M 

378 

.53 

31 

(Juv's  Hosp.  Rep.2 

4+7 

ail 

45 

(57!) 

147 

33 

1.121; 

348 

Ctiadwiok  ^     

,S4ti 

a)** 

24 

.5"'4 

11  r' 

19 
31 

1,370 

m 

75 

.» 

Billroth  (1860-67)^  ... 

ll>i 

.57 

.54 

.58 

IS 

4ti 

Wilms  5 

144 

ns 

411 

H4 

:« 

;« 

338 

90 

:« 

Liicke  • 

as 

'^] 

75 

.5a 

a5 

48 

811 

4fi 

57 

Voll;mann ' 

\m 

•J4 

Itl 

1S7 

7 

3 

317 

31 

9+ 

Ashhurst  ^ 

T3 

•M 

:« 

^'K 

4 

14 

1(10 

28 

"S 

Spence » 

18fi 

41 

371 

73 

19 

.5.57 

1,50 

■?7 

Glassow  Inf.'" 

;j8K 

\-M 

;« 

;«K 

4(1 

13 

73fi 

106 

:« 

Leeds  Inf." 

;»! 

.St 

-'4 

;«i5 

48 

1« 

mi 

132 

20 

St.  George's  Ho.sp."... 

i.w 

7~ 

4« 

4(1!) 

OH 

24 

••KiS 

171 

30 

St.  Bartli.  Hosp.is 

11.5 

:« 

a) 

424 

5.5 

13 

.539 

88 

16 

Total 

;!.i.» 

1,0!« 

.34.7 

3,847 

«i3 

31.6 

7,005 

1,938 

27.5 

'  Malgait,'ne  :  Areh.  jren.  de  med.,  1.S43,  14,  p.  52. 
^  Guy's  Hospital  Re|iiiits,  ptililistied  statistics  of  vol,  x.xi.,  3d  S.,  to 
which  cases  since  reported  have  been  added. 
3  Amputation,  statistics  of.  in  four  American  hospitals. 

*  Statistics  of  Surg.  Clinic  of  Zurich.  Langenbeck's  Arch.  f.  Chir., 
vol.  X. 

0  p.  Giiterbock :  Statistics  of  Bethanlen.  Langenbeck's.  Arch.  f. 
Chir.,  vol.  .\xii.,  p.  80. 

'Liicke:  Statistics  of  Hospitals  of  Berne.  Zeitschr.  f.  Chir.,  vol. 
ii.,  p.  380. 

'  M.  oberst:  Die  Amputationen  In  d.  Volkmann'schen  Kllnlk. 
Halle,  1SS3.  Statistics  rearrauired  to  suit  this  table ;  .57  complicated 
cases  with  17  dealhs  an-  iiiciuded. 

*  Ashhurst:  Kncyiinp.  nf  Surg.,  vol.  i. 

'  Spence  :  Med.  Times  and  Gazette ;  Edinb.  Med.  Journ.  Ashhurst 
in  Internat.  F.ncyl.  of  Surg.,  vol.  i. 

'"  Amputations  fnr  eiglit  years,  ending  December  31,  1881,  M. 
Thomas:  Lancet,  1.S83,  vol.  i.,  p.  1087. 

' '  Amputations  in  the  Leeds  Inflrmary  by  Thomas  Nunnely,  Lancet, 
1.S70,  vol.  i..  p.  1.53. 

'■-  T.  Holn.es:  St.  George's  Hospital  Reports,  vols.  i.  and  viii.  Also 
vols.  ix.  and  x. 

'3  St.  Bartholomew's  Hospital  Repi>rts,  vol.  xix.,  Stat.  Tables,  p.  93. 

Table  III.— Major  Amputations  Done  at  the  Cincinnati  Hos- 
pital FRO.M  January  1,  IS'.Ki,  to  January  1,  1900. 


INJURY. 

Disease. 

si 

o 

i 

5 

3 

57 
4 
16 

'h 

12 

ii 

6 

S 

'6 

5 

3 

c 

Leg 

54 
4 
11 

11 

ii 

3 

95 

3 
5 

i 

4 

13 

5.2 
31.3 

8.3 

22 

17 
1 

3 

'3 

1 

2 
1 
3 

6 

24 
3 

S) 
1 

»3 

'3 

1 

55 

8.3 
Si 
15 

Tiiigh  

Hip 

Wrist 

Elbow 

Shoulder 

Total 

108 

13.7 

49 

10.9 

*Oae  multiple  injury. 


Table  iv.— Amputatio.vs  Done  During  Twelve  Years  Prior  to 

180.5,  Newcastle-on-Tyne.    (Page.) 


c 

-a 

. 

a 

6^ 
Kg 

i 

a 

Sl 

i 

^  a 

z 

S 

« 

z 

s 

a 

Double  amputation. . . 

13 

7 

6 

46 

Hip  joint 

« 

■3 

3 

50 

23 

14 

» 

39 

Thigh 

52 

;«t 

13 

25 

154 

144 

11) 

6.4 

Knee 

7 

7 

2 

2 

Leg 

76 

69 

7 

9.2 

70 

67 

3 

42 

Ankle 

•'« 

•>5 

1 

38 

122 

120 

2 
1 

1.6 
6.6 

Shoulder 

IT 

16 

1 

.5.8 

15 

14 

Arm 

37 

■M 

3 

8.1 

18 

17 

1 

5,5 

Forearm ... 

36 

;ft 

1 

3.8 

31 

31 

Wrist 

7 

7 

Total 

277 

243 

35 

12.6 

435 

409 

26 

5.9 

Tables  III.  and  IV..  while  they  show  the  great  reduc- 
tion in  the  mortality  of  amputations  in  general,  still  de- 
monstrate the  greater  mortality  of  operations  done  for 
trauma.  That  the  difference  is  not  so  marked  in  my 
own  table  (III.)  is  due  to  the  fact  that  many  of  the  patho- 
logical amputations  were  made  for  senile  gangrene. 

Multiple  Amputations. — While  it  is  comparatively 
rare  that  disease  or  injury  affects  more  than  one  extreni- 
ity  in  a  degree  sufRcient  to  warrant  double  amputations, 
these  are  nevertheless  occasionally  reipiired.  It  is  self- 
evident  that  they  are  of  the  gravest  importance  and  pre- 
sent a  most  unfavorable  jjrognosis,  ou  account  of  the 
sliock  associated  with  the  injury.  Of  28  double  amputa- 
tions made  in  the  Western  Pennsylvania  Ilosjiital.  '27 
were  for  railroad  accidents,  and  1.5  of  the  jiatients  died. 
The  fact  that  11  of  the  deaths  ocpurred  in  the  lirst  forty- 
eight  hours  shows  that  they  were  due  rather  to  the  in- 
juries than  to  the  amputations.  Of  13  multiple  amputa- 
tions done  for  injury  at  the  Newcastle  Intirmary  6.  or  46 
per  cent,  died.  When  multiple  amimtations  are  made 
for  di.sea.se,  which  is  in  about  10  per  cent,  of  all  cases, 
it  is  usually  for  frost-bite. 

Multiple  Amputations  in  Military  Practice. 


Both  amputations  in  the  upper  extremity  — 
One  amputation  in  upper,  one  in  lower  ex 

tremity 

Both  amputations  in  lower  extremity 

Total 


*-. 

>, 

Ii 

> 

S 

B1 

z 

a 

O 

47 

31 

16 

43 

31 

31 

1 

82 

31 

50 

1 

173 

83 

87 

2 

.50 
61.7 


51.1 


Multiple  Amputations  i.\  Civil  Practtice. 


Number 

of 

cases. 

■    Re- 
covered. 

Died. 

Mortality, 
per  cent. 

Thi'^hs          

18 

21 

5 

43 
11 
13 
9 
15 

3 
9 

2 

4 
20 

6 
10 

6 
11 

15 
12 
3 
3 
22 
5 
o 

3 
4 

83 

Thipb  ;iTid  leg 

57 
60 
43 
52 
45 
16 

Tliiyrh  and  forearm 

Leg  and  leg 

Foot  and  foot 

Forearm  and  forearm 

27 

Total 

140 

71 

69 

49 

The  mortality  attending  multiple  amputations,  it  will 
be  seen  from  the  preceding  tables,  isalioiit  lifly  per  cent., 
amputations  through  the  lower  extremities  presenting  a 
greater  fatality  than  those  of  the  uiiiier.  Tlie  first  table 
illustrates  the  mortality  of  these  am]nitations  in  military 
liractice.  The  second  table,  made  up  from  German, 
English,  and  American  rejiorts,  shows  the  relative  fre 
quency  and  fatality  of  multiple  amputations  as  they  are 
made  in  different  parts  of  the  body. 
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Amputation. 

Ani|>iilutlon. 


When  the  necessity  for  iiuiUiple  !iiiiput;itions  arises, 
the  question  must  be  coiisiilcred  wliitlier  tliey  shall  be 
made  at  the  same  time,  when  they  are  calleilsyiiehromius 
am]uitalii)ns,  or  whether  ii  iDn.i.fer  or  shorter  interval 
shall  intervene  Ijetueen  tliem.  In  these  cases,  as  in  ain- 
imtations  generally,  no  deliiiito  rules  can  lie  fi)rnmlated. 
In  eases  of  trauma  it  is  j;enerally  advisable  to  tnaUe  both 
amputations  at  the  same  time,  r<'iuoviiig  tli(!  larjjer  mem- 
ber first,  but  deferring:  the  closure  of  the  wound  until 
both  amputations  are  completed.  if,  after  (lie  first 
o]ierati(in,  the  condition  of  the  patient  is  such  as  to  pre- 
<-lude  the  possibility  of  recoveiy  if  the  second  is  per- 
formed at  once,  the  "l<'ss  injured  member  must  be  treated 
as  if  the  injury  sustained  by  it  wer<'  of  a  less  degiec  of 
s(^verity  and  justilied  an  attempt  at  conservatism.  In 
cases  of  disease  alTeeting  several  e.vtreniities  (frostbite, 
white  swelling,  etc.),  it  is  generally  better  to  observe  a 
sntlicient  interval  between  the  operations  to  permit  the 
constitution  to  rally  tiom  the;  tirst  bebire  the  second  am 
putatiou  is  made.  In  these  cases  the  (huii;i>r  of  se|itie 
infeetiou  from  the, limb  that  is  spared  is  not  as  great  as 
in  eases  of  traumatic  origin. 

F.ven  triple  and  ([uadruple  amputations  are  occasion- 
ally performed  with  success.  In  a  case  of  railway  acci 
dent.  Dr.  G.  Koehler,  of  HchuylUill  Haven,  Pa.,  ill  1807, 
removed  simultaneously,  on  account  of  a  railway  injury, 
both  legs  and  one  arm  from  a  lad  thirteen  years  of  age, 
recovery  taking  place.  I'rofessor  Stone,  of  New  Orleans, 
had  a  ,similar  case  in  a  man  of  thirty,  the  suliject  of  a 
railway  accident,  .\eeording  to  Professor  .\gnew,  sue 
<-essfui  tri]ile  amputations  were  made  in  York,  Pa.,  in 
bSCi.s,  and  Pochard  reported  to  the  Academy  the  case  of 
De  r.eseleuc,  of  Brest,  who  Jiad  successfully  amputated 
a  thigh,  leg,  and  arm  in  a  man  the  std)jeet  of  trauma 
Quadruple  amputations,  ustially  mad(!  for  frost-bite, 
have  been  successful  in  the  cases  of  !Muller,  of  the 
United  States  army.  Dr.  Begg,  of  Dundee,  and  ^L 
Champenois,  of  the  French  army.  Other  cases  are  re 
ferred  to  liy  Morand,  Longmore,  and  .Soutbam.  SI. 
Larrey  mentions  two  cases,  one  of  which,  the  case  of  a 
.soldier  who  had  all  liis  extremities  removed  by  heavy 
ordnance,  he  had  seen  in  the  "Invalides. "  The  other 
case,  which  he  had  seen  in  Algiers,  was  that  of  an  .\rab, 
twelve  years  of  age,  who  bad  intentionally  placed  him- 
self on  the  track  in  such  a  jiosition  that  a  jiassing  train 
mangled  both  hands  and  feet.  Still  another  successful 
quadru]ile  am]mtation  tor  frost-bite  has  recently  been 
recorded  by  'rreinaiue. 

InDIVIDIAI.    AMPtT.VrioNS. 

Amptjtatiox  of  Till-;  Finokks. — When  the  phalanges 
of  the  fingers  or  thumbs  are  the  seat  of  incurable  disease 
or  of  severe  injury,  amputation  often  becomes  necessary. 
It  is  well  to  rememlier  that  if  the  bone  of  the  distal 
l)halanx  alone  is  alb  cted.  its  natural  e.\foliation  should 
be  awaited,  when  the  soft  parts  can  often  be  jircserved, 
to  the  great  advantage  of  the  patient.  Particularly  in 
the  thumb  and  index  finger  is  it  necessary  to  save  as 
much  as  possible.  In  the  third  and  fourth  fingers  am 
pntation  shouhl  not  be  practised  at  the  second  joint, 
since  the  ]->reservation  of 
the  i)ro.\imal  phalanx 
leaves  a  part  that  is  un- 
gainly aii(l  does  not  add  to 
the  usefulness  of  the  hand. 
When  a  portion  of  a  fin- 
ger re(|uires  removal  the 
oi>eration  may  be  practised 
either  at  a  joint  or  in  the 
continuity  of  a  phalanx. 
In  both  cases  it  is  imjior- 
lant  to  remember  that 
when  the  finger  is  fiexed  the  articulations  are  below  the 
prominences  made  by  the  knuckles,  the  distal,  middle, 
and  proximal  articulations  being  respectively  one-sixth, 
one-fourth,  and  one-third  of  an  inch  below  the  most 
prominent  lines  of  the  joints.    It  must  also  be  borne  in 
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mind  that  strong  lateral  ligaments  prevent,  until  tliev 
are  divided,  the  complete  ex])osure  of  articidar  surfaces 
(Fig.  lot)).  When  the  amputation  is  to  be  made  at  the 
joint,  it  can  be  most  expeditiously  executed  in  the  fol- 
lowing manner:  The  hand  being  held  in  the  prone  posi- 
tion, the  tip  of  the  finger,  encased  in  a  ])iece  of  gauze, 
is  lirmly  seized  by  the  operator  and  flexed.  With  a  long 
and  narrow  knife  an  iticision  is  made  from  side  to  side 
over  the  dorsal  surface.  By  this  the  joint  is  at  once 
opened.  With  two  rapid  strokes  of  the  j)oint  of  the 
knife  lln^  lateral  liga- 
ments are  next  sev- 
ered. TIk'  blade  of  the 
kidfc.  with  edge  di- 
rected downward,  is 
then  placed  behind  the 
flexor  surface  of  the 
p  h  a  1  a  n  x  to  be  re- 
moved, from  the  soft  fin.  1:17, 
parts  of  w  hieh  a  well. 

roundi-d  flap  is  to  lie  cut  from  within  outward  by  a 
sawing  movenu'Ut.  The  wound  ]ireseiits  the  apjiear- 
ance  shown  in  Fig.  137.  Only  when  ther(r  is  an  iiisulli- 
ciency  of  flaj)  is  it  proper  to  remove  the  head  of  the 
proximal  bone.  The  disarticulation  of  a  phalanx  can 
also  be  elfectcd  by  transfixion:  the  hand  being  held  in  a 
su|iin<r  ])ositi(in  and  the  finger  extended,  the  latter  is 
transfixed  on  the  palmar  si<le  of  the  bone,  just  below  the 
fold  of  the  joint;  a  palmar  fiap  of  sufiicient  length  is 
then  made.  The  flap  being  held  out  of  the  way,  the 
joint  is  mad<'  ]irominent  by  hyperextension  and  opened. 
The  soft  ]>arts  on  the  dorsal  surface  of  the  joint  arc  then 
divided  by  a  single  sweep  of  the  knife.  In  ampuUitions 
of  tli(^  fingers,  flic  soft  jiarts  of  the  jialmar  aspect  are 
always  iirel'ei;ible  lor  a  flap,  since  the  cie;itrix  is  then 
protected  from  pressure.     Where  the\' cannot  be  utilized, 
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a  dorsal  flap  can  be  made,  either  by  transfixion  or,  what 
is  preferable,  by  cutting  from  without.  Lateral  Maps, 
single  or  double,  can  likewise  be  utilized  in  tbisamimta 
tion.  In  ampulations  in  the  continuity  of  a  ]ilialanx  the 
flap  may  be  cut  from  the  paliiKir  aspect  by  a  transfixion, 
the  dorsal  surface  being  divided  by  ;i  fmnsvcrse  incision, 
or  a  second  flap  may  be  formed.  The  circular  operation, 
with  longitudinal  iat<>ral  cuts,  may  likewise  be  success- 
ftilly  jimctised  in  Ibis  position.  After  the  division  of 
the  "soft  parts,  thc'  bone  must  be  divided  with  a  meta- 
carpal Siiw  or  the  cutting  forceps.  In  ;dl  amputations 
of  the  fingers  two  digital  arteries  usually  "siiirt."  Their 
lig:ition  is  unneccssiiry  ;  fhcapproximat ion  of  the  wound 
surfaces  generally  suffices  for  their  closure 

Amputation  of  an  entir<'  finger  at  the  melacarpo  pha 
langcal  joint  can  be  readily  aceom]ilished  as  follows-  The 
adjiicent  fingers  being  held  aside  by  an  assistant,  the 
operator,  with  his  back  to  the  patient,  grasps  the  finger 
to  be  removed  with  the  left  hand  and  extends  it  sutfi 
ciently  to  see  its  palm;ir  surface.  .V  narrow  knife  being 
introduced  from  the  right  side  divides  the  soft  [larts  on 
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tin'  iiulmiir  surface  cm  ii  Ipvel  willi  the  extpiidcd  iiitcr- 
(ligital  web.  The  iiicisidii  is  then  caiTicd  around  tlio 
risht  side  of  the  liusjer  (Fig.  IHS,  Ksiuarcli)  in  a  sliglit 
curve  into  tlie  dorsal  surface  of  tlie  liead  of  the  meta- 
carpal bone.  The  knife  is  tlien  carried  around  the  left 
side  of  the  finger  in  the  same  manner,  the  ends  of  the 
first  incision  being  thus  joined.  The  tendons,  lateral 
ligaments,  and  capsule  being  successively  divided,  the 
disarticulation  is  completed  and  a  heart  shaped  wound 
left.  The  margins  of  tliis  wound  come  accurately  into 
contiict  when  the  remaining  fingers  are  appro.\iniated  to 
one  another.  When  comeliness  of  the  hand  is  valued 
more  than  strength,  it  is  best  to  remove  the  head  of 
tlie  metacariial  bone  with  cutting  forceps  (Fig.  V.V.)). 
since  its  ijresei'vation  usually 
leaves  an  unsightly  prominence. 
In  persons  who  do  manual  labor 
its  removal  should  be  avoided, 
since  it  would  materially  lessen 
the  strengtl;  of  the  hand. 

The  incisions  for  disarticida- 
tions  of  the  thumb,  index  and 
little  fingers  may  often  be  ad- 
vantageously modified  in  such  a 
nuimier  as  to  make  two  lateral 
tla|is,  the  longer  of  which  is  on 
the  free  side  of  the  finger,  the 
s  h  o  r  t  e  r  b  e  i  n  g 
made  on  the  side 
of  the  interdigital 
web.  To  preserve 
the  synunetry  of 
the  hand,  the 
heads  of  the  see- 
o  n  d  an  d  ti  f  tli 
metaear|.al  bones 
should  always  be 
removed  by  an 
obli(jue  section 
when  the  ind(  x 
and  little  fingers 
are  amputated. 
When  two  or  more  fingers  are  to  be  removeci,  it  can 
easily  be  dcMie  by  making  two  convex  flaps,  one  on  the 
dorsal  and  the  other  on  the  palmar  aspect  of  the  band, 
tlie  latter  being  given  the  greater  length.  A  flap  may 
likewise  be  taken  from  the  side  of  one  finger,  or 
rectangular  flaps  from  the  opposite  surfaces  of  the  fin 
gers  that  are  farthest  from  each  other.  In  amputa- 
tions of  a  number  of  fingers  it  is  generally  best  to  re- 
move each  finger  seiiarately,  since  iinneces.sar_y  sacrifices 
for  the  sake  of  brilliancy  w  ill  thereby 
be  avoiiled  and  a  better  residt  be  ob- 
tained. When,  in  conse(-(uence  of  ac- 
cident or  disease,  the  metacarpal  bone 
must  I)e  removed  with  the  finger,  the 
incisions  are  like  those  for  the  removal 
of  an  entire  finger,  only  that  the  dor- 
sal cut  must  be  continued  upward 
toward  the  wrist  for  a  vary  ing  distance, 
and  tliat  the  incision  around  the  root 
of  a  finger  is  to  be  made  above  the  in- 
terdigital web.  The  extensor  tendons 
being  divided  as  high  as  possible,  and 
the  bone  .separated  from  its  muscular 
attiichmcnts,  this  is  divided  witli  cut- 
ting forceps  near  its  artieidar  extrem- 
ity or  entir<'ly  enucleated.  When  the 
surgeon  has  llie  o]itioii,  the  former 
|)ractice  sliould  be  (ireferrcil,  to  avoid 
opening  the  articulations  of  the  wrist. 
Excejitions  can  lie  made  in  the  first 
and  fifth  metacarpal  bones,  which, 
having  individual  synovial  .sacs,  may  be  removed  with- 
out the  danger  of  iiroducing  cxten.sive  inflammalion 
of  the  wrist.  Ampntjition  of  the  entire  thumb  sliovdd 
rarely  be  practised,  for  every  portion  of  it  that  can  be 
saved  is  of  value  for  opjjositiou  to  the  fingers.     When 


Fig.  139. 


Fia.  14U. 


it  becomes  ni^cessaiy  to  remove  the  thumb  with  its 
metacarpal  bone,  it  is  best  acconiiilished  by  the  oval 
method.  The  jioint  of  a  knife  should  be  entered  above 
its  articulation  with  the  carpus,  and  a  triangular  incision 
(Fig.  140)  made  along  its  radial  aspect,  the  sides  of  the 
triangle  diverging  from  each  other  as  they  approach  the 


Fig.  141. 

head  of  the  metacarpal  lione  and  l)ecomiug  continuous 
with  each  other  in  the  web  and  index  finger.  The  mus- 
cles being  detached  and  the  extensor  tendons  divided, 
disarticulation  is  readily  elTected  by  forcibly  extending 
file  thumb  toward  the  radial  side  and  severing  the  liga- 
ments. In  disarticulating,  the  edge  of  the  knife  should 
be  kept  close  to  the  base  of  the  bone,  lest  the  joint  be- 
tween the  second  metacariial  and  trapezium,  and  through 
it  the  remaining  carpal  joints,  be  opened.  After  this 
operation  a  linear  cicatrix  I'emains.  The  most  expedi- 
tious method  of  amputating  the  thumb  yet  devised  is 
that  of  AValtlier.  and  is  admirably  suited  to  cases  in 
w  hich  an  aua-sthetic  is  not  used.  The  thumb  being  ab- 
ducted, the  knife  is  made  to  cut  its  way  between  the  first 
and  second  metacarpal  bones  until  the  base  of  the  former 
is  reached  (Fig.  141).  The  thvimb  lieing  greatly  ab- 
ducted, the  joint  between  its  metacariial  bone  and  tra- 
pezium is  opened  and  traverst'd.  The  knife  is  then 
carried  downward  upon  the  radial  side  of  the  bone, 
where,  liy  cutting  outward  to  the  lexel  of  the  interdigital 
web,  a  radial  flap  is  made.  Am]iutations  of  the  little 
finger  with  its  metacarpal  bone  can  be  made  in  the  same 
manner,  either  by  the 
oval  or  by  the  flap 
method. 

Injuries  of  tlie  palm 
of  the  hand  are  gener- 
ally of  such  a  nature 
that  by  a  little  inge- 
nuity on  the  part  of  the 
surgeon  part  of  it  can 
be  preserved.  Wli(>n  in 
rare  cases  disarticula- 
tion of  the  last  four 
uietacai'pal  bones  be- 
comes necessary,  the 
thumb  being  left,  it  may 
be  done  as  follows;  The 
hand  being  grasped  and 
held  in  supine  position,  a  long,  narrow  blade  is  passed 
through  the  palm  from  the  base  of  the  fifth  metacariial 
bone  to  the  web  of  the  thumb.  By  cutting  outward,  a 
broad  semilunar  fia])  is  made  (Fig.  IA'2).  An  incision  is 
next  made  on  the  back  of  the  hand,  beginning  at  the  web 
of  the  thumb  and  carried  oblicpiely  upward  to  the  upper 
third  of  the  second  metacarpal  bone,  whence  it  is  con- 
tinued transversely  over  the  three  last  nietacar]ial  bones 
until  it  meets  the  palmar  llap  al  the  ulnar  border  of  the 
hand.  Both  flaps  are  thus  reflected  to  the  carpo-meta- 
carpal  joints,  and  disarticulation  is  effected  from  the 
ulnar  side,  the  hand  being  forcibly  abducted. 

AMiMiT.vrioN  AT  THE  WiiisT. — lu  amimtalions  at  the 
wrist  the  surgeon  has  the  choice  of  the  circular  and 
the  tcguinentary  flap  methods,  both  of  which  leave  an 
excellent  stump. 


FIG.  142. 
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Circular  Method. — Rc-tractiiis  tlie  skin  of  tlie  forwuin 
with  his  left  luiiid,  the  opi-nitor  canirs  tlic  Unite  in  a 
circular  sweep  arounil  llic  liaiid  one  inch   below  the  sly 
loiil  processes.     Tlie  skin  an<l  snlieutanecnis  layers,  bein.a: 


Fic.  143. 

liberated  by  incisions  iierpendieiilar  to  the  axis  of  the 
limb  as  far  as  the  styloid  processes,  should  be  rellected 
like  a  cutT.  The  hand  beinsj  then  pronated  and  forcibly 
flexed,  the  tendons  are  divided  and  the  joint  oiieued  by 
an  incision  over  the  dorsum  from  one  styloid  process  to 
the  other.  In  mukin;;'  this  incision  the  convexity  of  the 
up[>er  surface  of  the  carpus  must  be  renienibered.  The 
lateral  li.samenls  beinir  next  severed,  the  anterior  part  of 
the  capsule  and  all  tlie  Hexor  tendons  are  cut  llirougb 
with  one  stroke  of  the  knife  (Fig.  143). 

Antero-iuKleriar  Flip. — The  operator  seizes  the  lower 
part  of  the  pronated  hand,  and  after  tlexing  it  makes  a 

semilunar  in- 
cision (iver  the 
middle  of  the 
back  of  the 
hand  from  onc^ 
styloid  process 
to  the  other 
(Fig.  14  4). 
A  f  ter  retiec- 
tion  of  the  llap 
the  joint  is 
opened  as  in 
the  ci  re  u  lar 
operation,  and 
llie  operation 
is  complet<'d 
by  cutting  a 
short  palmar 
fi  a  ])  fro  m 
w  i  t  b  i  n  oul  - 
w  a  r  d  ( V  i  g. 
M5).  Tlie]uo. 
jeetion  of  the 
pisiform  hone 
often  renders  this  part  of  the  oiienition  embarrassing. 

Mclhiid  (if  Dubi-euil. — .V   very  excc41ent  result  can  be 
obtained  by  making  a  single  lateral  flap,  either  from  the 
radial  surface  of  the  thumb  or  from  the  soft  paits  cover- 
ing the  lifth  metacarpal  b(jnc,  tlu;  former  being  jircf- 
erable.     As  will  be  seen  from  Eig.  14(>.  the  operation 
consists  in  making  a  semilunar  llap  with  broad  base, 
from  the  integument  wdiieh  covers  the  first  metacar- 
pal bone,  the  point  of  the  flap  reaching  th(^  base  of 
the  first  phalanx.     A  transverse  incision  around  the 
wrist  is  then  made  and  disarticulation  is  completed 
as  in  the  other  operations. 

Ampi:t.\tion  of  tiuc  Fouio.vkm  may  be  practised  by 
the  circular,  tegumenlary,  or  musculo  ti-gumenlary  llap 
method.     The  lower  third  of  the  forearm,  containing  a 


Fig.  H4. 


large  number  of  tendons,  is  ill  suite<l  for  tlie  latter 
met  boil,  the  circular  operation  being  preferable  (Fig.  147). 
W'lien  the  integument  is  greatly  inliltraled  and  tin-  retlec 
tion  of  a  cutr  is  tliereby  reiuU'red  impracl ieabk'.  ti'gu- 
mentary  Haps  can  be  made,  the  tendons  b<dng  divided 
by  a  eirenlar  incision  (Fig.  \\X).  The  [ireseneeof  a  large- 
luunber  of  synovial  sli<-aths.  and  the  dang<'i-  of  inllam- 
malion  in  them  when  they  are  opened  should  not  mill 
late  against  the  value  of  operations  in  th(^  lower  third  of 
the  forearm,  since,  by  opeiating  below  the  insertion  of 
the  prtiiiiili'r  nidii  terci,  movements  of  pronation  and 
supination  will 
be  preserved. 

A  nnmbc-r  of 
surgeons  prefer 
llie  llap  ojiera- 
tion  in  all  am- 
liutations  of  the 
forearm,  making 
both  Haps  by 
t  ra  n  sli  xion  in 
tlesliy  subjects. 
I'nder  opposite 
c  i  re  u  mstances 
the  ant<'iior  llap 
can  be  made  in 
this  maimer,  and 
the  i)osterior  by 
c  11  1 1  i  n  g  from 
wit  hill  outwaril. 
W  ii  en  this 
inelhod  is  n- 
sorted  to.  till- 
bones  must  be 
divided  as  high  u])  as  po.ssil)le.  to  overcome  their  ten- 
dency to  jUDtrude  at  the  angles  of  the  wound.  IMuseulo 
tegumentary  Haps  should  be  used  only  in  the  Meshy  part 
of  the  forearm.  In  all  amputations  in  this  i)ait  tlie 
calling  is  to  be  used,  in  the  manner  already  deseribeil 
(Fig.  \'2'.i).  The  divided  tendons  and  nerves  must  Ix^ 
drawn  from  th(^  wound  and  cut  as  short  as  possible. 
'I'lie  arteries  reipiiring  ligation  are  the  radial,  ulnar,  and 
interosseous.  It  is  partieularh'  essential  that  the  latter 
should  be  divided  Out  once,  ami  carefully  secured.     When 

secondary  henioi  rliage 
occurs  after  aiiipuia- 
tioii  of  the  forearm,  it 
is  almost  always  the 
result  of  faulty  li.ga- 
tion  of  this  Ves.sel. 

AmI'I  T.VnoN  .\TTIIK 

Elhow.— The  removal 
of  the  forearm  at  its 
articulation  with  the 
humerus  is  generally 
acknowledged  to  have 
been  first  performed  by  Anibro.se  Pare,  in  l."):!!),  in  the 
ease  of  a  .soldier  wlio  had  received  a  gunshot  woiinil  of 
the  forearm,  wbich  was  followeil  by  .aan.^rene.  The 
operation  did  not  meet  with  much  favor  liy  surgeons 
generally,  until  it  was  again  advised  anil  practised 
in  the  S(!Cond  (piarter  of  this  eentiirv  by  Textor,  of 
W'i'irzbiirg,  by  Diipuytren,  and  by  liislou.  With  tlur 
exception  of  Clieiiirs  statistics,  the  results  of  amputation 
at  the  elbow  have  been  very  favorable,  the  death  rate  not 
exceeding  14  per  cent.  (A.irnew).     The  last  named  writer. 


Fiii.  ll.'i. 


FKi.  l-li;. 


however,  gives  a  mortality  of  Go  per  cent,  as  that  whicli 
attended  disarticulations  of  the  forearm  during  the 
Crimea.     On  the  other  band,  of  39  ampututious  at  the 
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i-lbow.  made  iluiinj;-  tlic  Wiir  (if  tlio  Rcbfllion,  in  which 
tlu'  ri'snlt  was  (IcUTiiiiiiril.  only  y  succumbed;  the 
mortality  being  less  than  S  per  cent. 

The  opei-atiims  genemlly  i-esorted  to  in  amputations  at 
the  elbow  are  the  cii'cular"and  musculotegumentary  Hap 
methods.  When  the  former  is  practised,  a  circular  in- 
cision should  divide  the  skiiv  and  sulicutaneous  cellular 
layer  of  the  forearm  at  least  two  inches  below  the  hu- 
meral condyles.  When  a  cu(T  of  suHicicnt  length  has 
been  rellectcd.  the  anterior  surface  of  the  joint  is  made 
proiuinenl  by  hypere.Mension,  and  divided  by  a  trans- 
verse cut  with  file  end  of  the  knife.  When  the  lateral 
ligaments  are  next  divided,  the  joint  surfaces  are  sulli- 
ciently  separated  from  each  other  to  permit  the  knife  to 
be  passed  behind  the  olecranon,  where  the  tendon  of  the 
triceps  is  to  be  divided.  The  latter  step  of  the  ojieration 
is  sometimes  attended  with  such  difliculty  that  many 
surgeons  preserve  the  olecranon  jiroi'css  by  sawing  the 
ulna  transverseh'  after  disarticidation  of  the  radius  has 
been  effected.  The  advantages  which  are  to  be  obtained 
by  its  |ireservatiou,  on  account  of  the  influence  which 
the  triceps  will  have  over  the  artilicial  limb,  are  more 
than  balanced  by  the  increased  diuigers  of  retention  of 

secretion    in    tlie    wound 
and  necrosis. 

E.xcellent  results  can 
also  be  obtained  by  tegn- 
mentary  flaps.  As  rep- 
resented in  Fig.  148  (Es- 
niarch),  a  curved  incision 
is  made  over  the  flexor 
surface  of  the  forearm, 
beginning  and  eniling 
about  one  inch  below  the 
condyles.  The  large  si'mi- 
hniar  flap  thus  made  is 
reflected  to  its  base.  A 
second,  but  shorter  con- 
vex flap  is  made  posteri- 
orly, which,  when  rcflec-t- 
ed,  exposes  the  olecranon.  The  operation  is  then 
completed  by  disarticulation,  as  in  that  by  the  circular 
method.  The  most  brilliant  operation,  and  at  the  same 
time  a  very  satisfactory  one.  is  that  by  Avhieh  a  long 
anterior  flap  is  made  by  transfixion.  The  knife,  being 
introduced  a  little  li'ss  than  an  inch  below  the  external 
condyle  (for  the  right  arm)  of  the  humertis,  is  pushed 
directly  across  the  front  of  the  articulation  to  a  jioint 
on  the  same  level  ou  the  opposite  side.  The  arm  being- 
held  in  a  supine  position,  a  broad,  almost  rectangular 
flap,  from  four  to  five  inches  in  length,  is  made  by 
cutting  outward.  Tlie  ends  of  the  Avound  shoidd  then 
be  iniited  by  a  slightly  convex  incision  carried  across 
the  posterior  aspect  of  the  joint.  I)i.s;u'ticulation  is  then 
effected  as  in  the  previous  operations. 

When  the  soft  parts  of  the  anterior  portion  of  the  fore- 
arm cannot  be  utilized,  the  integument  of  the  jiosterior 
surface  can  be  .shaped  into  an  admirable  covering  for  the 
end  of  the  bone.  Ashhurst  thus  describes  the  ell!|)tical 
incision  by  which  this  is  aeeom|ilished:  "The  arm  being 
semitlexed.  the  point  of  llu'  knife  is  entered  nearly  an 
inch  below  the  internal  condyle  of  the  luimerus,  curved 
upward  over  the  front  of  the  forearm  nearly  to  the  line 
of  the  joint,  and  downward  again  to  a  point  an  inch  and 
a  half  Ih'Iow  the  external  condyle;  the  arm  being  then 
forcibly  tlexed.  the  ellipse  is  completed  on  the  back  of 
the  forearm  by  a  curved  incision  passing  nearly  three 
inches  below  the  ti])  of  the  <ilecranon.  The  cutT  tints 
marked  out  is  raiiidly  dissected  uiiward  as  far  as  neces- 
saiT,  when  the  nuiscles  of  the  front  of  the  forearm  are 
cut,  about  half  an  inch  below,  and  the  ulnar  nerve  as  far 
above  the  joint,  and  disarticnlation  is  ctfected  from  the 
outer  side.  The  woimd  is  clo.sed  transversely,  forming 
a  small  curved  cicatrix  in  front  of  the  bone." 

It  is  ])robably  always  advisable,  except  in  cases  of  dis- 
ease, to  preserve  the  articular  surface  of  the  humerus 
int«ct,  although  Sir  William  Ferguson  lielicved  that  a 
section  above  the  condyles  leaves  a  ])referable  stump. 


FIG.  148. 


ami  one  more  likely  to  heal  promptly.  In  all  aiuputa- 
tions  at  the  elbow,  the  radial,  tilnar.  and  interosseous 
arteries  require  ligation.  When  the  incision  through  the 
soft  i^arts  anteriorly  is  made  on  a  higlier  level  than  is 
ordinarily  neces.sary,  the  brachial  may  be  divided  and 
require  ligation. 

Ampiiation  ok  tiik  Aim. — This  may  be  performed 
at  any  jioint  below  the  axillary  folds,  andall  the  methods 
of  amputating  ma_v  be  used  with  advant;ige  indifferent 
cases,    since  the  choice  of  methods  often  permits   the 
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ojx'rator  to  save  a  considerable  portion  of  the  arm.  On 
account  of  the  central  position  of  the  humerus,  the  arm 
is  properly  considered  the  typical  position  for  the  double 
inusculo-tegumeutary  flaji  operation  by  transfixion,  and 
many  surgeons  ])refer  this  method  in  this  situation. 
The  objection  to  be  urged  against  it  is  the  tmcciual  re- 
traction of  the  integument  and  underlying  muscles,  the 
latter  generally  protruding  a  varying  distance  over  the 
cutaneous  margins  of  the  wound.  Agnew  properly  ad- 
vises that,  to  overcome  this  unequal  retraction,  antero- 
IHisterior  oval  skin  flaps  should  be  raised  of  sufficient 
length  to  compensate  for  the  difference  in  muscular  and 
cutiineous  retr-action;  after  these  are  made,  the  muscular 
Haps  are  formed  either  by  transfixion  or  liy  cutting  from 
within  outward.  The  latter  plan  of  operating,  although 
less  brilliant  than  that  by  transfixion,  should  always  be 
preferred  in  ainputixtious  of  the  arm  in  very  fleshy  sub- 


FIG.  150. 

jccts.  In  making  the  flaps,  the  posterior  should  always 
be  made  first,  the  anterior,  containing  the  important 
vessels  and  nerves,  being  made  last.  According  to  the 
dimensions  of  the  limb,  the  flaps  should  be  made  from 
two  to  three  inches  in  length. 

In  slender  subjects,  the  circular  operation  answers  ad- 
mirably. In  exc('ptioiially  thin  arms,  the  integument 
can  be  retracted  sullieiently  to  make  the  ojieration  by  a 
single  circular  incision.  As  a  rule,  however,  it  is  best 
formally  to  leflectacufl  (Fig.  149),  or  to  make  rectaugu- 
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lar  cutaneous  flajis  by  slittiiijar  the  cutT  on  each  side.  In 
dividins;  tlie  ninselcs  by  a  circular  incision,  the  biccjis 
gcMcially  retracts  more  than  th(!  rcniainin;,'  ninscics.  Tlie 
wound  is  often  so  irre.ifular  in  conscMjuencc^  that  a  second 
division  of  tlio  muscles  becomes  necessary  (Fijf.  lo(l). 
In  cases  of  injury  attended  with  frreat  destruction  of 
the  soft  parts  on  the  dorsal  aspect  of  the  arm,  the  Teale 
method,  by  rectiui.ijular  tiaiis.  offers  particular  advan 
tages.  The  incisions  for  makin,;;  the  Ion,;;  anterior  flap 
must  be  made  in  such  a  mainier  that  the  inner  one  shall 
be  without  the  brachial  artery,  which  should  lie  eon 
t;iined  in  the  short  posterior  tlaj). 

In  amputations  through  the  middle  and  lower  thirds 
of  the  arm,  the  circulation  can  be  controlled  in  the  or- 
dinary manner  by  the  Esmarch  tube  or  toniniiiuct.  In 
amputations  lii,i.'hcr  up,  when;  the  tournii|Uet  would  be 
in  the  way  of  the  ojarator,  and  liable  to  slip,  the  main 
ark'ry  can  bo  compressed  against  the  head  of  tlie  bono 
by  an  assistant,  or  a.i;ainstthe  lirst  rib  above  the  clavicU;. 
AVhen  a  tourni(jUet  is  used  in  amputations  in  the  n])per 
part  of  the  arm,  it  'Should  lie  so  applied  that  a  roller 
covers  the  a.xillar'y  artery  in  the  arm  ]iit,  while  the  jdate 
of  the  tourniquet  can  be-ti.xed  a.i;ainst  the  acromial  proc- 
e:-i.s  of  the  scapula.  The  arteries  requirin,i;  liiralion  after 
amputation  of  the  arm  arc  the  brachial,  sujicrior  or  in 
ferior  profunda. oecasionallv  thean;istomotica.  an<l  four  or 
tiv(e  mu.scular  liranehes.  It  should  be  remembered,  like- 
wise, that  in  every  fifth  sub.ject.  aeeordinii'  totinain.  there 
is  a  liiijli  division  of  thi;  brachial  into  radial  and  ulnar. 

In  5,^7;!  ca.ses  of  amputation  of  the  arm  for  iiun.shot 
in,iury,  1,210,  or 'JIkO  per  ci^nt..  terminated  fatally.  The 
f^ravity  of  amputation  of  the  arm  docs  not  increase  with 
th(;  extent  of  the  limb  reniov(;d,  amputations  throuL''li 
the  lower  third  prcsentin,;;  a  mortality  of  :!.")  per  cent, 
asainst  1!)  per  cent,  for  amputations  in  the  middle  anil 
2'i  per  cent,  for  those  of  the  upjier  third.  In  the  stalls 
tics  of  (lorman,  derived  from  civil  i>ractice,  tills  remark 
able  feature  in  tlie  jiro^nosis  of  amputations  of  the  arm 
iseven  more  |ironounced,  the  mortality  IciUiiuini:  ampn 
tiitions  in  the  tqiper,  middle  and  lower  thirds  being  'i'.\ 
per  cent..  21  per  ci'iit.  and  Hper  <-eiit.  res]iectivcly.  Of 
14  amputations  of  the  arm  in  the  Cincinnati  Jlospiial  all 
recovered.  Of  l.")7  amputations  of  the  arm  collected 
from  the  recent  statistics  of  Erdman,  Pa,ge,  and  my  own. 
20.  or  12.8  per  cent.,  died.  For  the  conqiarative  nior 
tality  afteramputalionsof  thearm  for  injury  and  fordis 
ease,  tlie  reader  is  referred  to  Tables  I.,  II.,  and  III. 

AMi'fT.VTiox  .\T  Till';  Siioii.nKit. — Although  this 
operation  was  referred  to  by  ancient  writers  on  medicine, 
it  was  not  performed  as  a  formal  operation  till  ITll). 
when  the  elder  Morand  performed  it  with  a  fatal  result 
in  a  case  of  caries.  The  cas(;  was  not  recorded  until 
some  years  later,  by  the  yoimger  jMorand.  The  second 
operation,  which  was  successful,  was  made  in  1T1-")  by 
the  elder  Tjc  Dran,  likewise  for  caries,  'j'liat  the  arm 
had  previously  been  remov<'d  at  th(;  shoulder  in  a  case 


Faye,  Heister.  and  Bronifield  repeated  the  operation  from 
time  to  time  on  the  Continent  and  in  England,  but  it  n-- 
maiiied  for  the  distinguished  Larrey  to  give  it  a  (irm 
footing  among  surgical  proccilnres.  "of  1 1 1  amputations 
made  by  him  at  this  part.  i)T  recovered. 

In  all  amputations  of  the  shoulder,  the  circulation  in 
the  a.xillaiy  artery  must  be  controlled.     This  can  be  ac- 


of  gan,grene  ai)i)ears  in  the  Jo'/i:  dr  Mid.  di  M.  Di  In 
Uoqne,  ICiSfi.  "The  surgeon  took  a  small  siiw  to  remove 
the  bone  of  the  arm.  but  perceiving  that  it  was  loo.se  in 
the  joint,  he  gave  it  several  slight  "jerks.'  when  the 
bouc  was  readily  drawn  from  the  socket."     Ravatxsu,  L;i 


Fin.  ].')2.-Sli(>Hing  Wycttrs  Pins  and  tlie  Iliil)twr  Tubing  in  I'lacw. 
\  piece  (jf  I)l:u*tv  coiii't  |ii:isr*'r  iinlir"itt>s  itie  tip  f>f  ttie  aiToiiiion. 
(Tatifii.  tty  iH'rini.ssiciii.  from  Ki'fir.sarticleiin  stMiilMrr  ani|)iiIaIions. 
in  Ilie  Traiisactiiin.s  of  tin-  Aincnran  siir^iral  Ass<M-ialion  for  1894.) 

complished  by  the  use  of  the  rubber  tube  of  the  Ksmarch 
bandage  firmly  wound  around  the  axilla  and  shoulder, 
anil  held  by  an  assistant  or  clas|>ed  toward  the  neck  of 
the  patient  (Fig.  l.")l).  To  prevent  the  sli|iping  of  the 
strap,  which  is  likely  to  occur  when  the  head  of  the 
humerus  leaves  the  socket,  two  long  transtixioii  pins 
may  lie  used,  the  one  in  front  of  and  the  other  behind 
the  acromion.  The  anterior  jiin  is  introduced  through 
the  middle  of  the  anterior  a.xillary  fold  near  the  trunk 
line.  It  is  made  to  emerge  an  inch  above  the  shoulder. 
mil-  inch  to  the  inn<-r  side  of  the  acroinial  tip.  The 
second  ])in  transfixes  the  posterior  axillary  fold  in  the 
same  manner,  emeriiing  behind  the  acromion  (Fig.  152). 
Ill  all  amputations  of  the  shoulder  the  joint  should  be  aji- 
proaelied  from  the  outer  side,  so  that  tlie  artery  shall  not 
lie  divided  until  disarticulation  has  been  effected.  In  this 
manner  an  assistant  can.  il  necessiiiy,  jiass  his  thumb 
into  the  wound  above  the  ktiife  (Fig.  I.5:i>  and  conqiress 
the  vessel  before  it  is  cut. 
Two  pairs  of  jiedicle 
clamp  forceps  with  blades 
three  inches  long  applied 
above  the  line  of  division 
of  the  inner  tiap.  the  one 
from  in  front  and  the 
other  from  biOiind.  will 
perfectly  control  the  ar 
terv  while  the  operation  is 
being  completed.  There 
by  skilled  assistance,  and 
even  the  Fsinarch  strap, 
can  be  dis])ensed  with. 
The  hemorrha.ire  is  from 
the  smaller  vessels  only 
and  is  slight.  When  the 
axilla  is  invaded  so  high 
that  this  plan  of  ha'inos 
tasis  is  impraeticalile.  the  axillary  shoiili 
viding  the  pectoral  muscle  as  suggested  by  Delpech.  or 
the  subclavian  should  be  tied  in  its  third  jiart.  as  a  jue- 
liiuinary  step  to  the  amputation.  When  such  precau- 
tions iis  have  been  described  can  lie  taken,  it  is  not 
necessiuy  to  make  a  preliminary  ligation  of  the  arlirv  in 
the  axilla,  .\mputations  at  liie  shoulder  joint  can  be 
made  by  the  oval  or  tiap  method,  and  likewise  by  a 
circular  openilion  w  ith  external  longitudinal  incision. 

Oral  Mith'id. — This  operation,  generally  designated 
I^irrey's  operation  (as  shown  in  Fig.  l-")li.  is  iierformed 
as  follows:  The  patient  being  placed  in  a  semireennibeiit 


Ix'  tied  liv  ili- 
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position,  witli  tlie  part  to  he  nm]nitated  projeftinEr  ovor 
the  edge  of  tin'  opt-ratins'  table,  the  poiut  of  tlie  kuife  is 
iutroduced  just  beueath  tlie  point  of  the  aeroniion  proc- 
ess, and  carried  down  over  the  external  surface  for  a  dis- 
tjinre  of  from  two  and  one-half  to  four  inelies.  according 
to  the  diinensions  of  the  part.  This  incision  should  di- 
vide all  the  ti.ssues  down  to  the  bone.     From  the  centre  of 

this  incision  an  oval 
cut  is  carried  around 
the  arm,  passing  a  lit- 
tle below  the  axillary 
folds,  but  involving- 
only  the  skin  and  su- 
perficial fascia.  The 
flaps  thus  outlined  are 
carefully  liberated 
from  the  boue.  The 
capsvde  is  tlien  freely 
opened  by  a  transverse 
cut  over  the  head  of 
the  humerus,  and  the 
arm  is  rotated  inward 
and  ontwaril  to  facili- 
tate the  division  of  the 
tendons  of  the  articu- 
lar muscles;  in  this 
part  of  the  operation, 
the  edge  of  the  kuife 
nuist  be  kept  in  close 
contact  with  the  bone. 
The  (.iperation  is  com- 
pleted by  dividing  tlie 
soft  ]iarts  on  the  in- 
ternal surface  of  the  arm  ou  a  level  with  the  cutaneous 
incision  already  made.  While  it  is  not  essential,  in  this 
operation,  to  cany  the  oval  incision  coniiiletely  around 
the  arm  before  beginning  the  dissection  of  the  flaps,  it  is 
preferable,  since,  without  it,  the  lower  part  of  the  oval 
wound  is  very  apt  to  be  ragged  and  uneven.  The  wound 
following  this  operation  is  united  so  as  to  leave  a  linear 
cicatri.x  parallel  to  thi.'  axis  of  the  Iiody  (Fig.  154,  from  a 
photograph  of  one  of  Ashhurst's  patients)." 

In  cases  in  which  the  humerus  is  shattered  to  such  a 
degree  that  it  cannot  easily  be  used  in  the  manipulations 
necessary  for  elTecting  disarticulation,  the  following 
moditicatiou  of  the  circular  incision  will  answer  admir- 
ably :  The  arm  being  abthicted,  a  circular  incision  at  the 
lower  border  of,  or  through,  tin-  deltoid  divides  all  the 
soft  jiarts  down  to  tlie  bone.  This,  if  necessary,  is  di- 
vided on  the  same  level,  anil  all  the  gaping  vessels  are 
ligated.  When  the  amputation  of  the  arm  is  thus  com- 
pleted, a  long  incision,  dividing  all  the  soft  parts,  is 
made  from  the  tip  of  the  acromion  over  the  external  sur- 
face of  the  shoulder  to  the  circular  wound.  The  remain- 
ing stump  of  the  humerus  is  then  seized  with  a  strong 
Xiair  of  forceps,  and  liberated  from  its  muscular  attach- 
ments and  from  the  .ioint  by  short  incisions  directed  well 
against  the  bone  (Esmaich). 

Amputations  at  the  shoulder  by  the  flap  method  can 
be  made  either  by  transflxion  or  liy  cutting  from  withcnit 
inward.  The  hitter  method,  while  less  brilliant,  is  i>rer- 
erable  in  every  way.  It  should  be  performed  in  the 
following  manner;  In  amputation  of  the  left  arm  the 
o])erator  begins  bis  incision  at  the  coracoid  process,  and 
carries  it  down  over  the  anterior  surface  of  the  shoulder 
to  the  level  of  the  insertion  of  th<'  deltuid.  across  which 
it  is  carried  in  a  wide  curve;  it  is  then  prolongeil  upward 
on  the  posterior  surface  of  the  shinilder  to  the  junction 
of  the  acromion  with  the  spine  of  the  scapula  (Fig.  l.Vi). 
This  broad  flap,  including  a  great  part  of  the  deitoid,  is 
then  raised  by  rapid  strol;es  of  the  knife  and  reflected 
over  the  acromion  in  order  that  the  joint  maybe  exposed. 
This  is  made  prominent  by  pushing  the  head  of  the  iiu- 
merus  upward,  and  is  to  be  opened  by  a  transverse  cut 
upon  tlie  latter.  The  headnf  the  bone  is  now  easily  dis- 
located. The  knife  is  tlien  carrieil  behind  the  hnmerus 
(as  shown  in  Fig.  l.")!!)  and  down  its  iiiiier  surface  to  a 
point  one  or  two  iiiclies  below   tile  .axillary  I'ohl,  when. 


by  rapidly  cutting  outward,  all  the  soft  parts  on  the 
inner  side  are  divided. 

In  making  this  operation  by  transfixion  (Dupn3'tren's 
method)  the  arm  must  be  held  at  a  right  angle  with  the 
body,  while  the  surgeon  grasps  and  raises  the  fleshy  part 
of  the  shoulder  with  the  left  hand.  The  kuife  is  entered 
one  or  two  iuches  behind  the  acromion  apd  jiushed 
directlj-  across  the  front  of  the  joint,  emerging  just 
outside  the  coracoid  process  of  the  scapula.  Translixiou 
being  effected,  a  broad  flap  is  cut  from  within  outward. 
The  further  steps  of  the  operation  are  similar  to  those 
above  detailed. 

Both  of  the  operations  described  leave  a  wound  that, 
from  its  piosition.  is  more  readily  drained  than  that  whicli 
is  left  by  the  oval  method.  The  cicatrix  wliich  remains 
is  transverse  in  dinx-tion  and  curvilinear. 

A  wound  closely  resembling  that  left  by  Larrey's  oval 
I  iperation  remains  after  the  formation  of  postero-ex- 
ti'rnal  and  antero-internal  flaps  by  Lisfranc's  method.  In 
practising  this  method,  when  the  left  arm  is  to  be  re- 
moved, a  long  and  narrow  amputating  knife  is  intro- 
duced at  the  margin  of  the  posterior  axillary  fold.  The 
blade  is  then  jiuslied  along  the  posterior  surface  of  the 
humerus  until  the  head  of  the  bone  has  been  cleared, 
wlien  the  covmtcr-puncture  can  readily  be  made  an  inch 
beneath  the  clavicle  and  on  the  outer  side  of  the  coracoid 
process.  A  broad  posteroexternal  flap  must  then  be 
shaped  by  cutting  from  within  outward.  The  capsule 
is  then  opened  as  in  other  operations,  and  an  antero-in- 
ternal flap  cut  likewise  from  within  outward.  In  opera- 
tions on  the  right  side  the  posterior  flap  is  also  made 
first;  the  surgeon,  standing  behind  the  patient,  inserts 
the  point  of  tlie  kuife  from  above  and  lets  itemcrge  from 
the  posterior  axillary  fold. 

Professor  Spence,  of  Ediubuigh,  has  recently  intro- 
duced a  method  of  amputating  which  is  but  a  modifica- 
tion of  the  oval  operation,  in  wliich  the  perpendicular 
incision  is  made  upon  the  head  of  the  humerus,  nearer  to 
its  inner  than  its  outer  surface.  This  incLsion  is  com- 
menced just  beiK'atli  and  outside  of  the  coracoid  process 
and  carried  through  the  clavicular  fibres  of  the  pectoralis 
major  and  deltoid  muscles  until  the  humeral  attachment 
of  the  former  is  reached.  From  the  lower  end  of  this 
incision  the  external  and  internal  curvilinear  Incisions 
are  almost  the  same  as 
those  of  the  oval  opera- 
lion  as  generally  prac- 
tised. The  advantages 
claimed  by  Professor 
Spence  for  this  modifi- 
cation are  the  facility 
with  which  the  dis;trtic- 
ulation  can  be  effected, 
the  avoidance  of  injury 
to  the  main  trunk  of  the 
])osterior  circumflex 
artery,  and  the  better 
shajie  of  the  stump. 

iNTHUsc.vrri.o  -  tiio- 
li.vcic  Amput.^tion. — In 
the  first  edition  of  this 
work  14  cases  of  avul- 
sion of  the  entire  tijiper 
extremity  were  referreii 
to.  which  ended  favor- 
ably. In  the  last  edi- 
tion of  Ashhurst's  "  Sur- 
gery." 17  casesare  recorded  of  such  avulsion  which  ended 
favorably.  Here  also  are  recorded  89  c;ises,  in  which  the 
entire  ujiper  extremity  including  the  scaiuila  and  part  of 
the  clavicles  was  removed  by  operation,  with  07  recover- 
ies and  ',22  deaths.  Bergmann  has  put  on  record  14  ampu- 
tiitions  of  the  entire  upjier  extremity,  with  only  1  death. 
Favorable  cases  have  likewise  been  recorded  by  Chavasse, 
Ochsner,  Keen,  Doll,  and  Ileddaeiis.  Barling  has  recently 
collected  li>  cases  operated  on  within  five  years  without 
a  death  ( fV///.  iS"r  Triiiis..  x\\\.,  p.  182).  The  operation 
is  indicated  in  cases  of  severe  crush  of  the  upper  estreni- 
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ity  wlieii  exarticuliilioii  at  tlic  slinuUliT  woulil  not  sullicc, 
iirul  in  neoplasms  of  tli<'  upiicr  extremity  when  it  is 
essential  to  get  as  far  as  possitile  from  the  disease,  'i'he 
first  o|ieratiou  was  done  l)y  C'nnnninir.  in  Inos.  for  gun- 
shot injury;  the  seeond,  in  1S8().  liy  (Jaetani  for  a  se- 
vere trauma  from  an  e.xplosion.  In  1SS7  I'aul  13erger 
tal)nlated  all  of  thi'  eases  reeorded  nji  to  that.  time,  and 
submillcd  the  most  comprehensive  monograjdi  upon  the 
subject. 

.Vs  in  ampnUitions  at  the  shoulder  joint,  llie  control  of 
liemorrliaae  is  the  es.sential  point  of  the  o|ieration.  It 
is  now  the  consensus  of  opinion  tlial  the  lirst  ste])  of  tlie 
operation  should  he  the  resection  ot  the  middle  third  of 
the  clavicle  as  a  prclinnnary  step  to  tlu?  t\'ing  of  the  sub 
clavian  artery  and  vein.  It  is  essential  to  tie  the  latter 
us  well  as  the  artery,  in  order  to  prevent  the  ingress  of 
air.     According  to  the  ]iublication  by  Nasse  of  Berg 
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Fig.  I.tG,— Intersaipulii-Thnnu-ic  .\mput:itinn.    i  .\ fter  Treves,  i 

niann's  ca.ses,  the  Berlin  surgeon  begins  his  oiieralion 
with  the  typical  ligation  of  the  subclavian  artery  to  tlie 
(Uiter  side  of  the  anterior  scalenus  nuiscle.  This  is  fol- 
lowed by  division  of  the  clavicle.  The  arm  is  then 
elevated  and  the  subclavian  vein  tied.  The  brachial 
plexus  isatonce  divided.  Ochsner  has  called  attention 
to  the  fact  that  this  plexus  ought  to  be  divided  with  a 
sharp  knife  rather  tlian  with  scissors,  since  the  shoeli  is 
thereby  greatly  lessened.  The  cutaneous  incision  nuist 
vary  somewhat  according  to  the  degree  to  which  the  soft 
parts  about  theshoulderare  involved.  Bergmann  niaUes 
an  anterior  incision,  through  the  skin  only,  from  the  inei 
sion  made  for  the  division  of  the  clavicle  straight  tlirougli 
th<' axilla  to  the  lower  angle  of  tbes(ai>ula.  Tlie  jiosterior 
in<-isionis  made  over  the  dorsal  as])cct  of  thescaiiula  ficini 
the  resection  lineof  the  clavicleto  the  endof  Iheantcrior 
incision.  The  illustration  will  indicate  tlie  lines  of  in 
cisions  recommended  by  Treves.*  That  for  the  antem 
inferior  flap  extends  outward  from  the  incision  niade  for 
the  (livisi(ai  of  the  clavicle  to  tlxt  outer  and  lower  bender 
of  the  axilla,  which  it  crosses  directly  from  before  back 
ward,  whence  it  ])asses  downward  to  the  lower  ti|)  of 
the  scapula  posteriorly.  The  posterior  incision  extends 
across  the  upjier  surface  of  the  sli(ndder,  from  which  it 
inclines  over  the  scapula  to  its  lowi'r  angle,  as  seen  in 
the  illustration.  After  the  lifting  of  the  cutaneous  flaps, 
the  muscles  aredivide<l  and  the  small  vessels  tied  as  they 
are  encountered.  In  one  of  Kern's  cases,  owing  to  the 
involvement  of  the  parts  about  the  acromion,  an  oval 
incision  was  made  beginning  three,  inches  above  the 
acromion,  each  limb  passing  in  front  of  and  behind  the 
.shindder  respeetividy.  and  meeting  in  front  of  the  in- 
ferior angle  of  the  scapula.  In  tlie  cases  of  recovery, 
the  wounds  heal  within  the  course  of  ten  days  or  two 
wei^ks.  In  operations  for  malignant  disease,  the  prog- 
nosis is  far  more  favorable  when  it  is  done  for  myeloid 
sarcoma  than    for    ])eriosteal   siircoma.     The   prognosis 

*  Treves  :  "  Operative  Surg.,"  vol.  1.,  Fig.  its. 


is  more  favorabli'  in  thiwe  Cii-ses  in  which  the  soft  ])art.s 
about  the  shoulder  are  not  involved.  Tims  in  all  Ihi; 
cases  of  lleddaens  reeurrenre  rapidly  took  place. 

A.Mi'iT.VTloN  oi'-  Till-;  ToKS. — It  is  occasionally  neces- 
sary to  remove  the  toes  in  consequence  of  accident,  dis- 
ease, or  deformily.  While  in  cases  of  accident,  it  may 
occasionally  be  well  to  .save  a  part  of  one  of  the  smaller 
phalanges,  it  is  generally  Ix'st  that  the  amputation  In- 
made  at  the  melatarso  phalangeal  joint.  In  amputations 
of  the  ]ilialanges,  a  tl.'ip  opcialion,  like  that  for  tli(^ 
llngeis,  must  be  made,  care  being  taken,  as  in  all  ampu- 
tations of  the  fool,  that  the  cicatrix  is  jilaced  on  the 
dorsal  aspect  of  the  stum]).  In  amputations  of  an  entire. 
l<ie,  the  incision  should  be  commenci-d  on  the  dorsal  siir 
face  of  the  metatarsal  bone,  a  little  above  the  joint,  but 
considerably  above  the  web,  and  carrieil  directly  down 
an  inch  or  more.  It  is  then  carried  obliipiely  arounil  the 
web  (Ml  each  side,  in  such  a  manner  as  to  ]ireserve  as 
much  of  the  soft  parts  as  possible.  This  piesi'rvation  of 
tissue  is  necessary  for  a  suHicient  covering  for  the  large 
head  of  the  UKttatarsal  bone.  When  the  ojicralion  is  per- 
forni'd  in  this  manner,  the  cicatrix  is  linear  and  entirely 
removed  from  in-essure.  No  part  of  the  metatarsal  bone 
should  be  removed,  lest  the  stren.irth  of  the  fool  be  deteri 
orated.  Disarticulation  of  tlii'  great  toe  nia,v  be  elfccU'd 
by  the  oval  method  just  descrilied,  or  by  the  formation  of 
an  internal  Mali.  In  the  lallercase,  an  incision  is  begun 
on  the  outer  side  of  the  extensor  tendon,  just  below  the 
joint,  and  carried  longitudinally  to  the  head  ot  the  lirst 
jibalanx.  From  its  lower  end  an  incision  is  carried 
transversely  around  the  inn<'r  sidi'.  to  the  flexor  tendon, 
along  the  outiT  side  of  wliicli  it  is  continued  backward 
to  the  |ilantar  fold,  whence  it  is  again  given  a  transverse 
<lireiiion  around  the  outer  side  of  the  toe  until  it  meets 
Ihe  liisl  Incision  near  itscentre(!slimson).  The  reetangu 
lar  lla|)  thus  marked  out  is  dissected  up,  the  tendons  are 
divided,  and  disarliculation  is  elTected.  Although  it  is 
sometimes  recommended,  the  head  of  the  first  melatnr.sal 
bone  should  never  be  removed  unless  it  is  implicated 
in  the  lesion,  sincc^  it  forms  one  of  the  most  important 
p<iints  of  supjiort  in  the  foot. 

Amputation  of  all  the  toes  at  the  metatarso  jihalangeal 
joints  may  be  made  by  carrying  a  curved  incision  along 
the  groov(^  between  the  basi'  of  the  toes  and  .sole  of  the 
biot  from  one  mariiiii  of  the  latter  to  the  other.  The 
toes  being  forcibly  Hexed,  a  similar  incision  is  made  along 
Ihe  dorsum,  which  joins  Ihe  ends  of  the  plantar  wound. 
Th(^  semilunar  flaps  thus  formed  are  (iissected  back  as  far 
as  the  metalarso  phalangeal  joints,  when  disarticulation 
of  the  individual  toes  can  be  made.  It  cerlainly  cannot 
be  often  that  a  formal  operation  of  this  nature  is  called 
into  r<'(|uisition. 

Ami'i  TATio.N  Tiinoi-oii  TiiK  j\Ii:t.\t.\usiis. — In  conse- 
ipience  of  injury  or  disease  it  not  nnfre(piently  becomes 
necessary  to  remove  a  part  (U-all  of  the  mebitursal  bones. 
In  ami)ut;itions  through  individual  bones  of  the  meta- 
larsu.s,  conservatism  must  be  jiarticularly  insisted  ujion. 
since,  cxci-pt  in  that  of  the  great  toe.  the  complete  re- 
moval of  amelal.arsal  bonecannot  bi-  accomplished  with- 
out opening  the  large  synovial  sac  which  sejiarab-s  it 
from  Ihe  lirst  row  of  "the  tarsus.  For  anipiilations 
IhidUgh  Ihe  second,  third,  and  f(nirth  UK'talaisal  bones, 
the  longitudinal  incision  necessary  for  disarticulation  at 
the  meialarso-phalangeal  joint  must  be  carried  ui)ward 
for  a  distance  varying  according  to  the  extent  of  bone  to 
be  removed.  A  short  transverse  incision  is  then  made  to 
facilitate  the  separation  of  the  soft  parts  and  the  use  of 
either  chain  saw  or  bone-cutting  force]is.  When  the 
bone  has  been  divided,  its  distal  end  is  drawn  from  the 
wound  with  a  pair  of  stout  forceps,  and  the  oiieralion  is 
completed  by  severing  the  soft  parts  on  the  plantar  surface 
of  the  foot  with  short  strokes  of  the  scalpel.  The  removal 
of  the  first  and  liftli  metatarsal  bones  can  beaccomplivli<d 
by  the  oval  method  or  by  internal  and  extc  riial  Haps 
resijcctively.  The  oval  method,  where  it  is  pr.iclieable. 
is  doubtless  preferable,  since  it  yields  a  smaller  wound 
and  a  cicatrix  protected  from  pressure.  The  incisions 
for  the  oval  amputation  of  the  great   toe  with  its  meta- 
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tarsal  bone  are  well  shown  in  Fig.  157.     On  account  of 
the  sreat  width  of  the  base  of  the  latter  bone,  a  short 


Fig.  157. 

transverse  incision  facilitates  the  liberation  of  the  flaps. 
In  disarticulations  of  the  fifth  metatarsal  Imne  the  ulilique 
line  of  its  articulation  with  the 
cuboid  bone  should  be  borne  iu 
mind.  When  the  first  or  fiftli 
metatarsal  bone  is  amputated  in 
its  continuity,  the  section  should 
be  made  obliquely  to  avoid  un- 
due prominence  of  the  stump. 

Amputation  iu  the  toutinuity 
of  all  the  metatarsal  liones  is 
not  very  infrequently  called  for, 
in  consequence  of  in- 
jury or  gangrene  fol- 
io wing  frost-bite. 
When  it  can  be  resorted  to.  it  is 
preferable  to  amputation 
through  the  tarso  -  metiitarsal 
articidation.  The  operation  is 
cnuuuenci-d  with  a  curved  in- 
cision carried  along  the  anterior 
furrow  of  the  sole  of  the  fo(jt, 
from  border  to  border,  and  the 
semilunar  flap  thus  outlined  is 
reflected  to  the  line  where  section  of  the  bones  is  to  be 
made.  A  smaller  semihmar  Haji  is  then  shaped  from  the 
dorsal  surface  of  the  foot.  The 
interosseous  soft  jiarts  are  then 
divided  transverselj'  with  a  nar- 
row knife,  and  retracted  by 
means  of  narrow  strips  of  linen, 
when  the  bones  are  sufficiently 
e.xposed  for  the  application  of 
the  saw  (Fig.  1.j8).  Tlie  appear- 
ance of  the  wound  resulting 
from  this  operation  is  well 
shown  in  Fig.  l.'iO. 

In  this  age  of  conservatism  in 
surgery,  iu  which  "  the  least  sac- 
rifice of  parts"  is  the  leading 
tenet  of  sm-gical  creed  and  prac- 
tice, every  half-inch  of  the  foot 
that  can  be  saved  to  the  economy 
is  properly  considered  of  incalculable  value.  It  is  for 
this  reason  that,  whereas  before  the  times  of  Hey,  Cho- 


FIG. 


Fig.  159. 


part,  and  Lisfranc,  amptitations  of  the  foot  above  tlic 
ankle  were  made  comparatively  often,  they  have  of  late 


been  largely  replaced  by  partial  amputations  through 
the  different  articulations  which  it  contains.  The  par- 
tial amputations  ^hich  ^^•ill  be  considered  are  the  tarso- 
metatiirsal.  the  medio-tarsal.  the 
subastragaloid,  and  their  modifica- 
tions. 

T.\HSO-JIET.\T.\I!SAL      A  M  P  IT  T  A- 

TION. — A  glance  at  Fig.  Itil  shows 
the  difliculty  which  the  sm-geou 
must  contend  with  in  this  amputa- 
tion of  the  foot.  It  is  the  firm  im- 
paction of  the  base  of  the  second 
metatarsal  bone  between  the  inter- 
nal and  external  cuneiform  bones. 
In  1707,  Mr.  Iley.  of  Leeds,  over- 
came this  difBeulty  by  disarticulat- 
ing the  outer  metatarsal  bones, 
and  dividing  the  prominent  inter- 
nal cimeiform  ^vith  a  saw.  Siu'- 
geons  after  him  have  generally 
adopted  the  plan  of  separating  the 
outer  tlu-ee  and  the  internal  meta- 
fcrrsal  bones  at  their  articulations, 
and  dividing  the  base  of  the  second 
metatarsal  below  its  articulation  with  the  middle  cimei- 
form. When  disarticulation  of  all  the  metatarsal  bones 
is  effected  the  operation  is  known  at  Lisfranc's  (1815). 


FIG.  liu. 


Fig.  162. 

Lirfmyic's  ampvtntion  o(  tlie  foot  is  made  as  follows: 
The  joint  between  the  cuboid  and  prominent  base  of  the 
fifth  metiitarsal  bone  having  been  marked  on  the  outer 
side  of  the  foot,  and  that  between 
the  first  metatarsal  and  internal 
cuneiform  (about  one  inch  and  a 
half  below  the  tuberosity  of  the 
scaphoid)  on  the  inner  side,  a  large 
semilunar  incision  is  made  between 
them  on  the  sole  of  the  foot,  the 
convexity  of  which  shoulil  ]iass 
over  the  heads  of  tlie  metatarsal 
bones.  The  idantar  flap  thus  <uit- 
lined  may  tlien  bo  dissecteil  up  to 
its  base.  The  foot  being  then  for- 
cibly extended,  a  slightly  convex 
dorsal  incision  is  carried  betwemi 
the  ends  of  the  plantar  flap  (Fig. 
IGl).  The  flaps  bring  retracted  aiid 
the  foot  forcilily  extended,  the  op- 
erator opens  the  joint  from  the 
outer  or  inner  side,  according  to 
whether  the  right  or  the  left  foot 
be  the  seat  of  the  operation  (Fig. 
162).  The  articulation  of  the  second  metatarsjd  bone 
(Fig.  161).  which  is  less  than  half  an  inch  above  the 
general  level  of  the  joints,  must  then  be  opened  by  a 
transverse  cut,  the  lateral  altaehment.s  of  the  bone  to 
the  cuneiform  being  severed  with  the  point  of  the  knife 


Fig.  163. 
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bv  longitudinal  incisions  (Fig.  160).  When  uU  tlie  joints 
■Mt'  wick'ly  opened  by  tliis  proees.s.  the  reniainiiitr  li.tCii 
men  Is  at  "the  side  and  sole  of  the  foot,  and  the  sott  parts 
still  nndivided,  an'  sevei'ed.  As  theo]KTation  is  j^eneially 
lierfoiMied.  tlie  plantar  ilap  is  merely  outlined  by  an  inci- 
sion through  the  skin  in  the  lirst  step  of  the  operation,  the 


Fig.  16.5. 


Fir,.  Hi). 

flap  being  cut  from  within  outward  after  disarticulation 
lias  been  effected.  The  vessels  usuall.v  reciuiring  liualion 
are  the  dorsal  artery  of  the  great  toe,  the  metatjirsal 
branches,  and  the  jilantar  arteries.  When  the  parts  are 
brought  together  liy  suture,  the  stump  shouhl  be  placed 
in  a  posterior  splint,  to  overcome 
the  contraction  of  the  powerful 
muscles  of  the  calf  of  the  leg.  In 
Hey's  amputation,  the  external  in 
cisions  are  identical  with  tho.se 
necessary  for  the  Lisfrane  ojiera- 
tion.  The  cicatrix  resulting  from 
either  of  these  procedures  is  far  re 
moved  from  pressure,  and  the 
stump,  on  account  of  its  length, 
is  one  admirably  littcd  for  use. 

MEDIO-TAliS.\L        AMPUTATtON. — 

Althou.irh  Garengeot  and  Heistcr 
mentioned  the  jiracticability  of  am 
])Utation  between  the  rows  of  the 
tarsal  bones,  the  o])cr.-ition  was  lirst 
performed  by  l)u  Vivicr,  of  Kochi- 
fort,  in  ITSl".  In  17'Jl  Cliojiart  re 
peated  the  ojiei-ation  a  numlxr  ol 
times,  and  published  his  exiierience 
with  it.  It  has  since  been  known  as  "(Iliopart's  am- 
l)utation,"  and  the  joint  lietwecn  the  rows  of  the  tarsus 
is  not  infrequently  designated  by  his  name.  Although 
it  was  opposed  by  Larrey,  who  ])referred  to  amputate  in 
the  lower  part  of  the  leg,  the  operation  was  popularized 
by  Roux  and  Wal- 
ther  on  the  Conti- 
nent, and  by  Mr. 
James,  of  Exeter, 
and  Synie,  in  Great 
Hritjiiji. 

The  articulation 
between  the  sca- 
phoid and  the  head 
of  the  astra.galus, 
and  that  between 
the  cuboid  and  os 
caleis  are  respect- 
ively placed  one- 
lialf  inch  above  the  tuberosity  of  the  scaphoid  on  the 
inner  border,  and  one  inch  or  more  above  the  iiromi- 
nencc  of  the  fifth  metatai-sixl  bone  upon  the  outer  border 
of  the  foot.  These  two  points  being  fixed,  a  curved 
incision,  exteniling  to  within  an  inch  or  less  of  the  hea<is 
of  the  metatarsjil  bones,  is  carried  across  the  sole  of  the 
foot,  and  connects  thcni.  The  foot  being  then  forcibly 
ext<'ndi'(l,  a  curvilinear  incision,  with  convexity  below, 
is  carried  between  the  sjtme  points  across  the  dorsid 
surface.  The  small  dorsal  cutaneous  flap  thus  outlined 
Vol.  I.— 17 


FIG.  166. 


is  retracted,  and  by  one  stroke  of  the  knife  the  tendons 
are  divided  and  the  joint  widely  opened.  The  point  of 
Ihe  knife  then  divides  the  lateral  and  plantar  ligaments, 
which    are    put   on    the   stretcli    liy  ,, 

forcilile  extension  until  Ihe  articular 
siirf-ices  of  Ihe  scaphoid  and  cuboid 
bones  ar(^  completely  liberated.  Ry 
in.serling  the  knife  behind  these 
l)ones,  the  plantar  Ilap  is  completed 
by  cutting  from  within  outward 
(i'ig.  1(11).  The  vessels  requiring  11 
gation  are  the  dorsal  and  two  plantar 
arteries,  and  occasionally  a  few  mus- 
cular twigs.  The  appearance  of  the 
stump  after  the  completion  of  Clio 
part's  amputation  is  well  shown  in 
Fig.  Hi."),  from  Esmarch. 

The  only  dilliculty  at  times  en- 
countered in  this  operation  is  in  the 
opening  of  the  joint  /«  fnmt  <if  in- 
stead of  liihiiid  the  scajihoid  bone. 
The  error  is  readily  recognized 
through    the   presence   of    three  ar-  ym;.  1i;7. 

tieular  facets  on  the  anterior  surface 
of  the  .scaiihoid  bone,  and  can  easily  be  corrected  if  it 
be  desired,  or  the  operation  may  lie  completed  by  di- 
viding the  cuboid  bone  with  a  saw  on  a  line  with  th( 
anterior  surface  of  the  scaphoid.  In  this  manner  the 
operator  would  be  practising  Forbes'  moiliflcalion  of 
the  uiedio-tarsal  amputiUion,  a  modification  also  men- 
tioned by  Mr, 
Hancock  and 
Professor  Ag- 
new. 

After  Cho- 
part's  amputa- 
tion, the  gastroc- 
n  e  m  i  u  s  a  n  d 
soleus  ha  V  i  n  g 
exclusive  coii- 
t  r  o  1  of  t  li  e 
stump,  there  is 
Fig.  168.  a  marked   t  e  n- 

dency  toward  its 
hyperextension.  This  may  assume  such  a  degree  that 
the  cicatrix  itself  will  be  i)resse<l  upon  in  locomotion. 
This  objection  to  the  op<'ration  is  best  overcomes  by 
bandaging  the  leg  from  above  downward,  and  keeping 
the  liiul)  Hexed.  In  extreme  eases  the  ditliculty  is  easily 
remedied  by  division  of  the  tendo  Acliil- 
lis,  and  forced  llexion  of  the  stump. 

Sluastkaoai.oid  Ampittation. — Al- 
though, according  to  Velpeau.  this  op- 
eration was  made  by  De  Lignerolles 
and  byTextor.  it  was  first  given  prom- 
inenee  by  ilalgaigne,  in  1)S40.  In  this 
amputation  all  the  bones  of  the  foot, 
except  the  astragalus,  are  removed. 
The  operation  is  commenced  by  an  in- 
cision, which,  beginning  behind  and 
immediately  above  the  great  tubcros- 
ily  of  the  os  caleis,  at  once  divides  the 
tendo  A  chillis.  The  incision  is  then 
CJirried  in  a  wide  curve  on  the  outer 
surface  of  the  os  caleis  below  the  ex- 
ternal malleolus  (Fig.  !(!(!,  Malgaigne). 
Thence  it  is  continued  over  the  middle 
of  the  cuboid  and  anterior  margin  of 
the  scaphoid,  across  the  dorsum  of  the  ^^^  jg^ 

foot  (Fia.  IGT),  and  over  its  internal 
border  to  the  centre  of  tin- .sole  (Figs.  KiHand  KiiJV  From 
this  point  the  incision  is  turned  at  a  right  angle  and  con- 
tinued dire(;tly  back  till  it  meets  the  beginning  of  the  in- 
cision at  the  inner  bordcrof  the  tendo  Aehillis  (Esmarch). 
'I'lie  short  internal  and  long  interno-plantar  flaps  thus 
formed  are  dissected  uji  until  the  lateral  surfaces  of  the 
OS  caleis  are  exposed,  when  disarticulation  of  the  anterior 
part  of  the  foot  is  effected  in  the  mediotarsal  joint.    The 
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FIG.  170. 


anterior  end  of  theoscalcis  beina-  then  seized  vvitli  a  lion- 
jawed  forceps,  and  rotated  from  side  to  side,  tlie  opera- 
tion is  completed  b.v  dividing  the  external  lateral  and 
interceseous  ligaments.  Tlie  aiijiearance  of  the  stamp 
after  this  o|ieration  is  sliown  in  Fig. 
ITl)  (Esmarcli).  Tlie  marlvcil  irre.gu 
larities  of  the  inferior  surface  of  the 
astragalns  do  not  interfere  with  its 
usefuhiess  in  locomotion.  In  a  case  of 
gangrene  in  a  deformed  limb.  Linharl 
lierformed  the  subastragaloid  amputa- 
tion, and  was  enablctl  two  yeai'S  later 
to  examine  the  stmnp.  The  astra.galus, 
which  had  maintained  a  perpendicular 
position  lii'fore,  and  even  at  the  time 
of  amputation,  had  been  forced  into 
its  normal  horizontal  position  by  the 
act  of  wall^in,g. 

A  number  of  modifications  of  the 
subastragaloid  ami^utations,  both  in 
the  direction  of  the  incisions  and  in 
the  preservation  of  parts  of  the  os  cal- 
eis.  have  been  devised.  In  the  opera- 
tion of  Jlr.  IlancocU.  a  lar.ge  plantar 
flap  is  retleeted  as  far  back  as  the  tuberosities  of  the  cal- 
caneum.  and  a  short  dorsjd  flap  is  formed  b.v  a  transverse 
incision  across  the  foot  on  a  level  with  the  anterior  mar- 
gin of  the  astragalus.  By  the  use  of  a  saw,  the  jdantar 
flap  bein.g  retracted,  a  perpendicular  section  of  the  os  cal- 
cis  is  tlien  made  in  front  of  the  tuberosities.  Disarticula- 
tion of  the  foot,  witli  the  anteiior  portion  of  the  os  calcis, 
in  the  medio-tarsal  joint  is  next  effected,  and  the  operation 
completed  bv  maUing  a  transverse  section  of  the  astra.i;- 
alus.  When  tlie  flaps  are  approximated  the  divided 
surfaces  of  the  latter  bone  and  os  calcis  are  brought  into 
apposition.  Tlie  operation  of  Mr.  Hancock,  although  as 
ingenious  as  that  of  Pirogoff,  is  much  more  difhcult  of 
execution,  and  time  will  proljably  show  that  the  results 
obtained  from  it  are  far  less  valualile.  In  Tripier's 
operation  the  incision  is  made  in  the  form  of  an  oval,  the 
apex  of  which  is  on  the  outer  side  of  the  foot,  just  be- 
neath the  external  malleolus,  while  tlie  sides  pass  for- 
ward and  inwaril  over  tlie  back  and  sole  of  the  foot,  and 
meet  at  its  inner  border.  After  disarticulation  in  the 
medio-tiirsal  joint,  a  transverse  section  of  the  os  calcis 
com|detes  the  operation. 

Partial  amputations  of  the  foot,  at  least  in  civil  prac- 
tice, are  not  attended  with  great  mortality.  Of  1.53  eases 
of  Chopart's  amputation  examined  by  Hancock,  only  11 
terminated  fatally.  7  per  cent  ;  the"  fabdity  following 
this  operation  in  France  has  been  much  greater.  14  out  ol' 
38  cases  record<'d  by  Laigcr  (3(i.8  per  cent.)  having  died 
(Ashhurst).  Of  2'3'case.s\)f  the  subastragaloid  amputa- 
tion, 20  recovered. 

Of  12:5  partial  amputations  of  the  foot,  made  during 
the  late  reliellion,  in  which  the  result  was  determined, 
18  were  unsuc- 
cessful, the  mor- 
tjdity  being  1.5  per 
cent.  Of  these 
partial  a  m  p  u  t  a- 
tious  there  were 
83  of  the  medio- 
tarsals,  with  11 
deaths ;  23  Lis- 
franc  operations 
with  1  death,  and 
17  Hey's  ampu- 
tations with  6 
deaths.  Of  16 
amputations  of  the  foot  at  tlie  Cincinnati  Hospital.  1 
died.  The  mortality  accordin.s  to  Erdman's  tables  is  7.8 
per  cent.  According  to  Page's  tables  the  niortality  is 
3.8  per  cent,  for  traumatic  and  1.0  per  cent,  for  (latho- 
logieal  cases.  In  making  a  partial  amputation,  it  must 
be  remembered  lli.-it  the  value  of  the  stuiuii  for  locomo- 
tion is  proportionate  to  the  length  of  foot  maintained. 
^Manufacturers  of  artificial  limbs  maintain  that  conserva- 


tism is  out  of  place  here,  and  that  amputation  several 
inches  above  the  ankle  should  be  given  preference  over 
partial  amjiutations  in  front  of  or  at  the  ankle. 

A.mi'i:t.\tion'  .\'r  tiih  A.nkle. — Historically  associated 
with  this  operation  is  the  name  of  S.vme,  of  Edinburgh, 
who,  in  18-12,  devised  and  practised  a  method  by  which 
a  sliu]iely  and  useful  stump  could  be  obtained  after  re- 
mo\al  of  the  entire  foot.  Disarticulation  at  tlie  ankle 
had  been  i>crformed  during  the  last  and  early  part  of 
this  century.  It  was  performed  by  Sedillier,  Rossi,  and 
Baudcns,  and  recommended  b.v  Brasdor  and  Sabatier. 
But  the  circular  operation  of  the  latter  and  the  dorssd 
llap  method  of  Baudens  yielded  alike  un.satisfactory  re- 
sults, and  the  ojicration  was,  therefore,  discarded  for 
amputation  in  the  lower  jiart  of  the  le.g.  Lateral  flaps 
taken  from  below  the  malleoli,  as  su.irgested  bv  Velpeau, 
also  failed  to  form  a  sufficient  cushion  for  the  end  of  the 
tibia.  This  great  desideratum  in  amputation  at  the 
ankle  is  .squarely  met  b.v  the  operation  of  Syme,  since  its 
principal  feature  is  the  retention  of  the  integument  of 
the  heel,  which  is  accustomed  to  jiressnre,  to  form  the 
end  of  the  stump.  The  opei'ation  is  made  in  the  follow- 
ing manner:  The  foot  being  held  at  a  right  angle  to  the 
body,  the  malleoli  are  fixed  by  the  thumb  and  fingers  of 


FIG.  172. 

the  left  hand,  the  heel  resting  between  them.  A  perpen- 
(licul/tr  incision  touching  the  bone  is  then  made  across 
the  sole  of  the  foot  from  the  tip  of  one  malleolus  to  that 
of  the  other*  (Fig.  171).  The  posterior  lip  of  the  wound 
is  then  seized  with  the  left  hand,  and  the  soft  parts 
covering  the  ealcaneum  are  separated  from  it  b_v  short 
strokes  of  the  knife,  which  must  l)e  kept  close  against 
the  bone  to  prevent  perforation  of  the  integument  and 
dama.ire  to  the  plantar  vessels.  When,  by  this  process 
of  dissection,  the  tuberosities  of  the  os  calcis  have  been 
fairly  exposed,  a  transverse  incision  joining  the  two  ex- 
tiemitics  of  the  first  is  carried  across  the  instep  (Fig. 
171).  The  ankle  joint  being  thus  opened  from  in  front, 
the  knife  is  carried  down  on  each  side  of  the  astragalus 
until  the  lateral  ligaments  are  divided,  when  complete 
disarticulation  is  elTected.  By  forcibly  depressing  the 
foot  the  ten(h)  Acliillis  should  then  be  divided  from  be- 
fore backward,  when  by  a  few  strokes  of  the  knife  the 
foot  can  be  removeil  (Fig.  172,  Esmarcli).  Lastly,  the 
knife  is  drawn  around  the  extremities  of  the  tibia  anil 
flbula,  so  as  to  ex  pose  them  sullicicntly  for  being  .iriiisped 
in  the  hand  and  removed  by  thcsiiw.  "  .\fter  the  vessels 
have  been  tied,  and  before  the  ed.ires  of  the  wound  are 
stitched  to.aether,  an  opening  should  be  made  through 
the  jiosterior  pari  of  the  Hap  where  it  is  thinnest,  to  afford 
a  deiieudent  drain  tor  the  matter." 

The  appearance  of  the  wound  after  Syme's  amputa- 

*  Iteoent  writers  Justly  observp  mat  tlie  incision  on  tlie  inner  side 
should  cud  at  least  one-ball  incli  IkIuw  tbe  malleolus. 
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tidti  is  well  sliowii  in  Fij;-.  17:i.  It  will  Ix' si'cii  that  the 
lici'l  llnp  presents  the  lorni  (if  a  cup,  which  must  lie  Hat 
teniil  by  ]iressure  against  the  lioiies  of  llii' Icjr.  While 
there  is  ilanjrer.  tlierel'iire,  (if  niakin.ijc  the  (lap  loo  short, 
tlieic  is  likewise  a  daiisrer  in  iiiakiiiu'  it  too  loni;-.  since  a 
jiouch  would  be  formed  for  the  retention  of  iiitlammatory 
products. 

The  favorable  results  which  follow  Syine'saniputalion 
in  civil  praeliceare  shown  liy  the  statistics  of  Hancock 
ami  Spencc,  who.  among  ;!I(i  oiierations,  found  oidy  :,'.~i 
deaths  (7  jier  cent.).  In  mili- 
tary practice  the  results  are  far 
less  favorable.  Of  l.")tlaiupu- 
talions  made  at  the  ankle  dnr 
iiiif  the  Civil  War.  and  in 
which  the  result  was  dctir- 
mined,  40  terminated  fat;illy 
(•.'•").  1  per  cent.). 

I'if'if/djrx  Ampiitalmii. — On 
the  piinciple  that  by  preserv- 
ing the  posterior  poitiou  of 
the  calcaneiim  the  uatmal 
len.gth  of  tlie  limb  could  al- 
most be  preserved.  Pirogo'lV. 
durin.g  the  Crimean  war,  de- 
vised the  osteoplastic  openi 
tiou  that  liears  his  name.  It 
dill'i'rs  from  the  operation  of 
Syme  in  preserving  a  jiorlion 
of  the  OS  calcis,  in  the  cxjicc- 
taliou  that  it  will  unite  flrudy 
to  the  divided  end  of  the  tibia. 
The  incisions  for  this  amputa- 
tion are  identical  with  thos(! 
made  in  Syme's  operation.  After  opening  the  .joint 
from  in  front,  the  foot  is  depressed  imtil  the  posterior 
<-.\tr<-mity  of  the  astragalus  is  exposed,  when  a  saw  is 
introduced  behind  this,  and  the  os  calcis  divided  ex- 
actly on  a  level  with  the  incision  in  the  sole  of  the 
foot  (Figs.  174  and  17.5,  Esmarch).  Both  malleoli  anil  a 
thin  section  of  the  tibia  and  libula  are  removed,  as  in 
Syme's  operation.  It  is  generally  advisable  to  divide 
the  tendo  Achillisand  at  the  same  time  to  perforate  the 
skill  for  the  passage  of  a  drainage  tube.     The  appearance 


tie.  174. 

of  the  stninii  after  a  successful  I'irogoff  am]nitatiou  is 
well  shown  in  Fi.ir.  17(i.  taken  fnvmanian  who  <licd  three 
years  after  the  operation  was  made  by  Linhart. 

A  number  of  moditications  of  Pirogoll's  amputation 
have  been  devised.  Ferguson  and  Aniiew  have  wedged 
the  end  of  the  os  calcis  into  tlie  interval  between  the  mal- 
leoli, atid  hav(>  obtained  good  results.  Dilferent  methods 
of  dividing  the  bone  have  been  devised  by  Sedillot. 
Gi'mlher,  Le  Fort,  and  Uruns,  to  remove  the  pressure 
from  the  thin  part  of  the  integument  on  the  back  of  the 
heel,  which  must  liear  it  after  the  I'iro.irolT  ani])ulatii>n. 
and  to  keep  the  retained  jiart  of  the  os  calcis  in  its  nal- 
ural  position.     Sedillot  and  Gl'iuther,  therefore,  advise<l 


that  an  oblicpii-  section  (from  above  downward  and  for- 
ward) of  the  calcancum,  tibia,  luid  libula  be  made.  IjC 
Fort  (Fig,  17.->)  advised  a  transverse  section  of  the  bone, 
by  whicli  the  stnn)p  obtains  a  very 
broad  base.  Brans  has  modilied  the 
opeiation  of  Le  Fort  by  sawing  the 
■  >s  calcis  in  such  a  manner  as  to  make 
the  up|«'r  surface  of  the  retained 
the  concavity  thus 
g  the  convex  section 
of  the  tiliia 
an<l  libula. 

A  further 
m  odilication 
of  Syme's 
a  m  pulation 
is  that  of 
Cuyon.  It  is 
an  amiuitii- 
tion  above 
the  malleoli. 
The  oper.-ition  is  begun  with  an  ellit>li<'al  incision  bcgin- 
nin.g  oiK^  inch  above  the  lower  edge  of  the  tibia  in  front, 
and,  passin.iT  obli(|uely  in  front  of  the  ankle,  crosses  the 
heel  below  the  attachment  of  the  tendo  Achillis.  The 
posterior  portion  of  the  tlap  is  dissected  from  the  heel 
ami  the'  tenilon  divided  close  to  its  insertion.     The  an- 


Fic.  I"). 


tcri<ir  extensor  tendons  are  divided  transversely  as  high 
as  possible.  Aft<'r  the  malleoli  arc  exposed  the  lilnda 
and  the  tibia  are  divided  just  above  them.  The  heel  end 
of  the  tlap  is  then  lirought  forward  to  cover  them.  The 
suture  line  is  safe  from  jiressure. 

A  comparison  of  the  merits  of  Syme's  amputation  and 
its  osteoplastic  modi- 
fication show's  that  a 
cur(^  follows  more 
rapidly  after  the  lat- 
ter than  after  the 
former,  althou.irh  the 
mortality  of  I'iro 
golf's  ampniation  in 
military  practice  is 
'.;7.7  percent.,  a.iiainst 
'.31.4  per  cent,  follow- 
in.i;  tliat  of  Syme.  Of 
147  cases  of  Pir- 
o.i>d(T's  amjiutalion 
collected  by  Han- 
cock, (Jrnss,  and  Pas<piier,  otdy  14  ]>roved  f.it.il.  and 
Volkinann  has  performed  the  operation  :!l  timis  with- 
out a  death.  Considering  the  number  of  nampnta- 
lions  after  Syme's  and  PirogoiV's  operations.  tlii>  latter 
would  seem  to  be  the   more   successful.     Of  S!  ca.ses 
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of  Synic's  amputation,  30,  or  24  per  cent.,  submitted 
to  reamputation:  of  4!)  PirosofV's  operations,  8,  or  lO.o 
percent.,  were  subjected  to  reamputation. 

In  cases  of  caries  involvinj;;  all  the  bones  of  the  tarsus, 
preference  sliouhl  be  given  to  the  Synie  operation,  since 
disease  is  notiudikelj'  to  develop  in  the  retained  segment 
of  the  ealcaneuni.  In  traumatic  cases,  the  greater  case 
with  which  it  is  made  and  the  length  of  limb  which  fol- 
lows it  should  incline  the  operator  to  choose  the  oiiera- 
tiou  of  PirogoiT.  That  necrosis  often  follows  the  latter 
oi'cration  is  emphatically  denied  by  its  originator,  who 
had  never  witnessed  it  in  over  si.\ty  cases  in  which  he  had 
performed  it. 

Amitt.^tion  op  the  Leo. — An  amputation  may  be 
performed  in  any  part  of  the  leg,  according  to  the  nature 
and  seat  of  disease  or  injury.  When  the  surgeon  can 
select  the  seat  of  operation,  the  amputation  should  be 
made  two  or  three  inches  above  the  malleoli,  on  account 
of  the  greater  safety  of  the  operation  in  this  locality 
and  the  greater  power  to  be  exerted  over  an  artificial 
limb.  In  all  am]5utations  of  the  leg,  the  fibula  should 
be  divided  from  half  an  inch  to  an  inch  above  the  saw 
line  of  the  tibia,  to  prevent  pressure  against  the  outer 
wound  margin.  The  operations  whicli  have  liitherto 
becit  most  frequently  performed  in  amputations  aliove 
the  malleoli  are  the  circular  and  that  by  lateral  flaps. 
Uuliapiiil}',  the  anatomical  construction  of  the  jiart  is 
such  that  after  these  operations  the  cicatrices  are  central 
and  not  infrequently  adherent,  and  therefore  luial.ile  to 
bear  pressure.  In  this  situation  M.  Guyon  jiractiscs  the 
elliptical  method.  According  to  Stimson,  this  o]ieration 
promises  well.  "The  incision  is  made  in  the  form  of  an 
ellipse,  whose  lower  end  crosses  the  heel  below  the  in- 
sertion of  the  tendo  Aehillis,  and  whose  upjier  end  is 
about  an  inch  above  the  anterior  articidar  edge  of  the 
tibia.  Beginning  at  the  lower  end  and  dividing  the 
tendo  Aehillis  at  its  insertion,  and  hugging  the  bone  all 
the  way,  the  operator  dissects  up  tlie  llaii  posteriorly  as 
high  as  the  upper  end  of  the  ellipse.  The  anterior  mus- 
cles are  then  divided  liy  transti.xion,  the  bones  sawn 
through,  and  the  posterior  tibial  nerve  resected.  In  this 
operation  tlie  sliealh  of  the  tendo  Aehillis  is  not  opened, 
and  the  tendcm  itself  serves  afterward  as  a  covering  for 
the  ends  of  the  bones." 

In  amputations  in  the  lower  third  of  the  leg  in  fleshy 
subjects,  a  long  anterior  tlaji  containing  the  interosseous 
muscles  may  sometimes  be  used  with  advantage  (Bell). 

The  rectangular  operation  of  Teale  may  likewise  be 
practised  in  this  region,   the   long  anterior  flap  being 


Fig.  IT.-i. 

made  from  the  soft  part  fif  its  anterior  aspect  (Fig.  134, 
■See  above.  Methods  of  Amputation).  By  this  method 
the  cicatrix,  being  placed  posteriorly,  is  out  of  the  way 
of  pressure. 

In  the  middle  and  tip])er  thirds  of  the  leg  very  many 
o)ierators  amputate  by  means  of  antei-o-|)osterior  flaps 
after  the  following  manner  (for  the  left  limb):  The  point 
of  the  knife  being  entered  at  the  posterior  edgc^  of  the 
tibia,  an  incision  is  carried  downward  along  this  for  a 
dislance  of  an  inch  and  a  half  or  two  inches:  then  liy  a 
wide  curve  across  the  anterior  surface  of  the  leg  it  is 
continued  to  the  |>osterior  bonier  of  the  fibula,  up  which 
it  is  carried  until  the  level  of  its  conuuencement  on  the 


opiiosite  side  is  reached.  The  broad  Hap  thus  outlined 
is  rapidly  dissected  up,  the  interosseous  muscles  being 
carefully  severed  from  the  underlying  menil)rane.  The 
posterior  flaj)  is  then  matle  by  transfixion  and  cutting 
from  within  outward,  and  should  be  about  three  inches 
long  (Fig.  178,  Erichsen).  The  flaps  being  held  out  of 
the  way,  the  catling  is  to  be  used  for  completing  the 
division  of  the  interosseous  soft  parts,  care  being  taken 
that  the  arteries  be  divided  transverselj'  and  only  once. 
After  division  of  the  bones  with  a  saw,  the  sharp  anterior 
edge  of  the  tibia  should  be  removed  oblifjuely  with  the 
saw  or  bone  cutting  forceps. 

For  the  upper  portions  of  the  leg  the  long  posterior 
rectangular  flap  ami)utation  advised  by  Henry  Lee  gives 
an  excellent  result.  The  incisions,  similar  to  those  of  the 
Teale  operation,  involve  only  the  skin,  the  long  flap  being 
made  from  the  posti-rior.  the  short  one  from  the  anterior 
surface  of  the  limb.  With  the  long  posterior  flap  only 
the  superficial  muscles  of  the  calf  are  reflected,  the  remain- 
ing soft  parts  being  divided  by  a  circular  incision,  A 
good  covering  is  likewise  obtjiined  in  this  region  by  an 
external  flap,  made  either  by  transfixion  (Sedillot),  or  by 
cutting  from  without  inward  (Langcnbeck).  In  the 
former  operation  the  knife  is  entered  a  little  external  to 
the  crest  of  the  tibia,  and  while  the  soft  parts  are  drawn 
to  the  outer  side  with  the  left  hand,  it  is  made  to  graze 
the  surface  of  tlie  fibula  and  to  perforate  the  posterior 
smface  of  the  limb  as  far  to  the  inner  side  of  the  fibula 
as  possible.  By  cutting  downward,  close  to  the  bones, 
a  broad  rounded  flaji,  three  to  four  inches  long,  is  formed. 
The  extremities  of  this  flap  are  then  united  liy  a  slightly 
convex  incision  across  the  antero-internal  aspect  of  the 
limb.  The  remaining  soft  parts  being  then  divided  by 
circular  incision,  the  ojieration  is  completed  in  the  ordi- 
nary way.  In  Langeulx'ck's  operation,  the  internal  in- 
cision is  semicircidar,  and  the  external  flap  being  cut 
from  without  presents  a  smoother  surface  and  a  more 
perfect  outline.  The  arteries  requiring  ligation  after 
amputation  of  the  leg  are  the  tibials,  peroneal,  and  a 
varying  number  of  muscidar  branches. 

Siihpi  Hosteal  Ampntatimi. — When  amputations  of  the 
leg  are  unsatisfactory,  it  is  chiefly  because  of  two  things, 
namely,  gangrene  of  the  flaps,  and  the  tendency  of  the 
stump  to  become  conical,  or,  at  any  rate,  to  be  unable  to 
bear  pressure.  It  is  for  this  reason  that  Bruns  devised 
his  subperiosteal  amputation,  of  which  he  rc[)ortcd 
seventeen  cases  in  1893.  According  to  a  recent  report.* 
this  operation  was  performed  in  eighty-four  cases  with- 
out a  death.  In  only  three  cases  was  there  gangrene  of 
the  flaps,  and  in  only  two  cases  was  a  second  amputation 
necessary.  The  operation  is  performed  as  follows:  The 
skin  being  well  retracted  by  an  assistant,  a  cireidar  in- 
cision involving  all  the  soft  parts  is  carried  down  to  the 
bone.  The  two  perpendicular  incisions,  from  two  to 
three  inches  in  length,  are  then  made,  one  along  the  inner 
border  of  the  tibia,  the  other  between  the  muscles  over 
the  flbula.  Both  incisions  are  carried  to  the  bone  through 
the  periosteum.  Through  these  incisions  all  the  soft 
liarts.  including  the  ]ieriosteum,  are  raised  from  the  bone. 
After  the  soft  parts  are  well  retracted  the  bones  are 
divided  in  the  usual  way.  After  the  amptitntiou  has 
been  completed,  there  remain  an  anterior  and  a  posterior 
flap  of  periosteum,  muscles,  and  skin.  The  muscles  ai'e 
united  separately  by  buried  suture.  When  the  amjuita- 
tion  is  done  in  the  u]i]ier  jiortion  of  the  leg.  the  circular 
incision  through  the  skin  is  made  at  a  higher  level  than 
that  through  the  nuiseles. 

Oatiiiplmitic  AiiipiitDti'tin.i  ofthcLi'n. — In  1893.  Bier,+  of 
Kiel,  first  described  a  method  of  securing  a  weight-bear- 
ing .stump,  which,  in  patients  who  are  imable  to  pur- 
chase an  artificial  limb,  secures  for  them  a  stunqi  which 
will  bear  the  body  weight.  The  operation  consists  of  the 
usual  circularamjiutation.  Thereupon  follows,  through 
an  oval  window  cut  into  the  soft  ])arts.  a  cuneiform  ex- 
cision of  part  of  the  fibula.     When  tlie  resection  surfaces 

*  Hiilin  :  "  Beitrase  zur  klinisrhen  Cliirurfrip,"  vol,  xxil.,  part  11. 
t  Ueiitsche  ZeiLseli,  t.  Cliir.,  vol.  xxxiv.,  p.  436. 
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of  the  tibia  arc  brought  into  apposition  a  kind  of  artificial 
foot  i)r()jccts  anteriorly.  Tlic  posterior  surface  of  tlic 
til)ia  covered  by  the  soft  parts  of  tlie  calf  bi'ar  pressure. 
Bier  has  operated  in  many  cases  witli  iniiforiiily  irood 
results.  Some  German  surgeons  think  that  this  shoulil 
be  the  normal  procedure.  A  number  of  minor  modiliea- 
tions  of  the  original  method  have  been  made.  When 
there  is  any  possibility  that  the  iialient  can  seciu'e  an 


practice  is  well  shown  by  the  stiitisticsof  Otis.  Of  3,314 
amputations  in  which  the  result  was  determined.  1.733 
teiniinated  fatally,  the  mortality  being  ■iZ.i)  per  cent. 
From  statistics  ol)tained  during  the  late  War  of  the  Re- 
iicllion.  it  appears  that  amputation  of  the  leg  isattended 
with  least  ilaug<T  when  performed  in  the  tTiiddle  third. 
The  fatality  of  operations  in  tiie  up|)er  third  was  27  per 
cent.,  in  the  middle  third,  20  (i 
percent,  and  in  the  lower  thiid, 
27. ()  per  cent.  The  mortality 
of  amputations  of  the  leg  has 
been  greatly  reduced.  Of  SI 
ami>ulatioiis  of  the  leg  3.  or  (i.2 
per  cent.,  died.  In  tin'  New 
York    hosijjtals     the    mortality 


hiii.  I'.i).  t  Hi.  l.-ia.  Ki(i.  ISl.  H(i.  1.S2. 

Figs.  179  to  1.s2.— osteoplastic  Amput;itii>n.  .\fter  tlie  .Metliod  at  liier.     (Langentiecli's  Arcli.  f.  Clilr..  vol.  xlvl.) 


artiticlal  limb,  the  operation  has  nothing  to  conmiend  it. 
Figures  179  to  183  will  illustrate  the  method  of  amputa- 
tion and  the  result. 

Since  good  results  follow  all  the  difFereut  methods  of 
operation  in  the  middle  and  upper  portions  of  the  leir. 
the  surgeon  should  be  guided  in  his  choice  solely  by  the 
desire  to  sacrifice  as  little  of  the  limb  as  jiossilile.  .\n 
exception  should  probably  be  made  in  the  uppi-r  portion 
of  the  npi)er  third,  where  it  is  better  to  amputate  at  the 
knee  than  to  save  only  the  portion  of  the  tibia  above  its 
tubercle. 

The  mortality  following  amputation  of  the  leg.  as  h.is 
already  been  seen,  is  largely  determined  by  the  conrli 
tions  necessitating  it.  According'  to  Chadwick.  the 
mortality  of  pathological  amputations  is  Hi  per  cent.  ; 
that  of  ami)utations  for  trauma  nearly  37  per  cent.  Tin' 
general  mortality  of  the  operation  at  (iuy's  Hospital 
for  a  i>eriod  of  thirty  j-ears  was  33  jier  cent.:  that  for 
traumatic  amiuitatifms  being  33  jicr  cent.,  against  13 
l>er  cent,  following  those  for  disease.  Volkmami.  who 
employs  a  long  anterior  and  short  posterior  llap.  per- 
formed the  operation  in  34  cases  with  only -1  deaths  (7 
per  cent.  I,  of  which  there  were  14  traumatic  cases  with 
only  2  deaths  (14  ]>er  cent.').  Of  41!  am|uitations  in  the 
leg  made  by  Hruns.  7  succumbed  (K!  per  cent.).  The 
fatality   following  amputations  of  the  leg  in   military 


is  12  per  cent.  In  the  Newcastlc-on-Tyne  Inlirmary  it 
is  nearly  7  per  cent, 

A.\ii"iT.\Tiox  .\T  Till-:  K xioK. ^According  to  Sabatier, 
this  o))eration  was  first  jierformed  by  Fabricius  llildanus 
in  13S1.  in  a  case  of  gunshot  injury.  Although  advo- 
cated by  Ciuillemeau  (1()12)  in  pr<'fcrence  to  higher 
amiiutation.  there  is  no  record  of  a  repetition  of  the 
operation  until  17(14.  when  it  was  snccessfnlly  performed 
by  I  loin,  of  Dijon,  for  traumatic  gan.srrene.  Brasdor 
and  .1.  f/.  Petit  advised  thi'  o[)cration.  the  latter  having 
twice  witnessed  it.  In  1S3I).  Veljieau  attempted  with 
success  firndy  to  establish  the  o|)eration  by  citing  a  num- 
ber of  successful  cases.  The  operation  was  first  per- 
formed in  this  coimtry  by  Nathan  Smith.  <A  New  Haven, 
in  1^24.  since  which  time  it  has  gradually  grown  in 
po])ularity.  Ferg\isson  and  Eegouest  for  a  long  time 
cinestioned  the  ailvisjibilify  of  tlie  operation,  preferring 
amputation  in  the  lower  |ioiiion  of  the  thigh.  The 
reasons  which  jirevailed  to  give  this  operation  recognition 
are  the  greater  lengthof  the  stumpand  its  ability  to  bear 
))re.ssure.  the  smaller  ]U()bability  of  jiya'aiia.  the  medul- 
lary canal  remaining  unopened,  and,  most  im]iortant  of 
all.  the  smaller  niortidity  which  follows  this  o]ieration. 
at  least  in  <'ivil  piactice.  as  compared  with  amputations 
of  the  thigh. 

AniinUation  at  the  knee  may  !)<■  juactised  by  either  the 
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oiroular.  the  flap,  or  llio  oval  mctliod.  In  all  iiipthods  of 
amiHiUiliiiii  il  is  best,  it  possililc,  to  preserve  the  seiiiilii- 
iiai'  eartilattes.  Thereby  lh(^  fascial  attaehmeuts  are  main- 
tained inlai:t,  and  the  teudeuey  to  retraction  of  the  llajis 


Fir,.  183. 


is  greatly  rednr-ed.  The  circular  ojieration  recommen<led 
by  Veljieaii,  Sanson,  and  Malgaigne,  made  by  an  incision 
two  or  three  inches  below  the  ])atella  and  the  retlection 
of  a  cutT,  is  difficult  of  execution,  and  shoidd  be  resorted 
to  only  when  an  insufticiency  of  tissue  prevents  tlie  adop 
tion  of  one  of  the  other  methods.  Tlie  oval  method  lias 
l)een  practised  by  Bandcns  and  Sedillo;,  Lhe  former  pre 
ferring  the  integument  from  the  anterior  portion  of  the 
leg,  the  latter  that  from  the  posterior  portion,  as  a  cover- 
ing for  tlie  end  of  the  femur.  The  operation  of  Baudens 
is  jierfoi-nied  as  follows:  An  oval  incision  is  carried 
around  the  leg,  crossing  its  anterior  surface  five  finger 


Fifi.  184. 

breadths  below  the  end  of  the  ]iatella.  and  its  posterior 
surface  three  fiiii;er  breadths  higher  than  in  front.  The 
anteriorand  lateral  ]ioilions  of  theoval  are  then  reflected 
until  the  liganientiim  i'atell;e  is  fairly  e.vposed.  Tliis  is 
then  divided  transversely,  tlie  capsule  is  fairly  oiieiied. 
and  the  lateral  and  crucial  ligaments  divided.  In  this,  as 
in  all  amputations  of  the  knee,  the  latter  structures  should 
be  divided  with  the  point  of  the  knife,  and  from  behind 
forward,  to  jirevent  injury  of  the  popliteal  vessels. 
When  disarticulation  has  been  ctTect<'d.  the  soft  ])arts 
on  the  posterior  asiicct  of  the  limb  are  divided  witli 
one  sweep  of  the  knife.  This  operalion  is,  doulilless, 
preferalile  to  Sedillot's  method,  according  to  which  the 
lower  part  of  tlie  oval  is  placed  behind. 

In  amputating  at  the  knee,  a  long  Hap  may  be  taken 
from  the  anterior  or  posterior  surface  of  the  leg.  The 
latter  method,  that  of  Iloin  (Fig.  If^ii),  can  be  most  read- 
ily e.xecuted,  but  is  objectionable  on  account  of  the  ex- 
cess of  muscular  tissue  in  the  (la|),  and  the  difficulty  of 
establishing  lliorough  drainage,  fjalcral  Haps  have  been 
advised  by  Rossi  und  Stephen  Smith.  The  oi>cration 
which  is  generally  performed,  howevi'r.  is  that  by  one 
long  anteriorand  one  short  posterior  flap.  It  is  readily 
performed,  and  leaves  a  wound  that  is  easily  drained, 
and  a  stump  in  which  tlu^  cicatrix  is  ju'otecled  from 
pressure. 

O/irriilii/ii. — The  leg  being  raised,  a  semilunar  llaii, 
three  to  four  inches  long,  is  outlined  from  tlu'  calf,  the 


FIG.  185, 


incision  beginning  a  little  Vielow  the  middle  of  the  lateral 
border  ot  the  condyles.  This  Hap  is  dissected  up  as  far 
as  its  base.  The  leg  being  then  flexed,  an  anterior  flap, 
four  to  five  inches  lou,g,  is  outlined  on  the  anterior  sur- 
face of  the  leg  from  the  ends  of  the  posterior  incision 
(Fig,  184,  Esmareli).  The  anterior  Hap  is  then  raised 
from  its  attaclunents  until  the  ligamentum  patellie  is 
encmmtcred  and  transverse- 
ly divkled.  Tiie  capsule  is 
tlien  extensively  incised 
laterally,  and  the  anterior 
Hap,  including  the  iiatella, 
rcHected  (Fig.  18.5).  Disar- 
ticulation and  division  of 
the  .soft  parts  on  the  pos- 
terior aspect  of  the  limli 
are  tlien  ctTected  in  the 
manner  alrc>ady  described. 
This  operation  is  prefer 
able  to  forming  the  pos- 
terior flap  without  tile 
guidance  of  a  cutaneous  iii- 
ci.sion.  The  vessels  requir- 
ing ligation  are  the  popli- 
teal artery  and  vein,  which 
should  be  carefully  .sepa- 
rated and  tied  individually. 
A  number  of  smalli-r  ar- 
teries, sural  and  muscular, 
will  also  require  ligation  in 
the  posterior  portion  of  the 
wound. 

A  number  of  operators 
(Billroth  among  them)  ad- 
vise the  removal  of  the 
patella,  lest  inflammatory 
products  accumulate  in  the  pouch  above  it.  This  proced- 
ure is  generallv  held  to  be  superfluous,  since  the  upper 
part  of  the  wound  can  readily  he  drained  without  it,  and 
the  removal  of  the  patella 
endangers  the  vitality  of  the 
long  flap.  It  is  always  ad- 
vis;ible,  to  insure  drainage, 
to  divide  the  lateral  attaeh- 
nieiits  of  the  synovial  mem- 
brane to  the  femoral  con- 
dyles, by  which  means  the 
retention  of  inflammatory 
products  in  the  pouch  al- 
luded to  can  lie  avoided. 

In  1870  Stephen  Smith* 
described  an  amputation  bv 
'•lateral  hooded  flap. "  It 
leaves  an  admirable  stum)!, 
the  cicatri.x  being  placed 
behind  and  between  the 
condyles.  The  writer  gives 
it  the  preference  over  other 
ani|iutations  through  or  ini- 
mediatelv  aliove  the  knee. 

Fig.  18fi  illustrates  the 
incisions  of  this  amputation 
and  the  method  of  forming 
the  flaps.  The  incision  be- 
gins an  inch  below  the  tu- 
berosity of  tlic  tibia  and 
passes  over  the  outer  side 
of  the  leg  and  is  carried  in 
a  gentle  curve  to  the  niiddle 
of  the  jioslerior  surface. 
Here  it  ends  opjiosite  to  the 
A  similar  hut  longer  flap  is  outlined 
The  Haps  are  tlien  dissected  up 
and  are  made  to  include  everything  down  to  the  bone. 
While  the  Haps  are  being  former  the  limb  must  be 
maintnined  in  extension.     The  disarticulation  completes 

*  Amer.  Journ.  of  tlie  Med.  Sciences,  ISTO,  vol.  lxix„  p.  33. 


FIR.  isn. 

inter.arlicnlar  line, 
on    the    inner   sid< 
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the  oiieratioii,  tliu  semilunar  cartilages  lieiiig  rctaiiicii  in 
tilt'  slump. 

In  tlic-  las!  forty  years  a  niuulier  (if  inii(lili(;alii)ns  of 
tlie  (i])erali<ins  just  ilesciibed  liave  lieen  inlnidueeil. 
'I'liey  all  have  the  feature  in  eiinnn<in  that  a  |iiiition  ol. 
iir  the  entire  condyles  of  the  femur  are  to  tie  leuii.ved. 
In  1^45  Syme  advised  amputation  throuL'h  the  ccindyles, 
ruaUins  u" largo  posterior  rnuscnlo-legunii-nlary  Hap.  In 
IS-Ki  Mr.  (.'arden  lirst  jierformed  the  operation  wliieli  has 
since  borne  his  name,  and  lias  become  de.serv<'dly  popular. 
The  operation  consists  in  the  formation  of  a  long  anterior 
lla|i,  which,  like  a  hood,  falls  easily  over  the  divided  end 
of  the  bone.  The  incision,  similar  to  that  made  for 
amputation  at  the  knee,  extends  no  farther  down  than 
the  tubercle  of  the  tibia.  The  anterior  tlap  being  re- 
llected,  the  joint  is  opened  nlmre  the  patella,  which  is  Udl 
included  in  the  flap.  After  disarticulation  has  been 
elTected,  the  soft  parts  of  the  posteriorasiiecl  of  the  limb 
are  severed  by  a  single  stroke  of  the  knife,  and  the  saw 
is  applied  through  the  bases  id'  the  condyles.  For  (he 
bett<'r  coaptation.of  the  cutaneims  margins  (if  the  wound 
Lister  has  advised  the  formation  of  a  short  posterior 
lev'umentary  tlap.  Mr.  Carden  has  recorded  .'!()  opera- 
tiiins,  with  only  5  deaths  from  this  method.  Of  2li 
('allien  amputations  made  by  Volkmann,  '■>  terniiiialed 
fatally. 

In  1857,  Gritti.  of  Milan,  deviscil  an  osleoplastic 
operation  by  which  the  articular  surface  of  the  ]iatella  is 
removed  and  |ilaced  in  apposition  with  the  divided  ends 
of  the  femoral  condyles.  The  operatinii  was  first  ]irac 
tised  by  Sawostytzki  in  ISIi'J.  In  this  opeialiim,  hmg 
anterior  and  short  posterior  rectangulai  Haps  are  formed. 
Paikrt  and  l.inhart,  after  raising  the  anterior  tlaj),  ampn 
tjite  wilhdut  first  disarticulating.  In  IS70  Dr.  Willi.-ini 
Stokes  still  further  nioditicd  (Jritti's  operation  by  niak 
ing  an  oval  flap  and  dividing  the  femur  at  least  half  an 
inch  above  the  antero  superidr  maririn  of  the  cdiidylnid 
cartila.ge.  Hence  this  am|iutation  is  generally  known  as 
the  niiiiriiiytiiiliitmd  amputation,  thai  of  Carden  being 
known  as  the  trdiisrtiiiihjliiid  ojieiation.  The  relative 
merits  of  these  various  methods  of  aniputatimi  at  the 
knee  have  been  extensively  investigalid  by  Ainerican. 
English,  and  German  writers.  Edmund  Andrews,  of 
Chicago,  shows  that  disjirticulation  at  the  knee  and 
transcondyloid  amputation  present  a  like  mortality  CJ^! 
per  cent.).  Of  (Jritti's  operation  and  Stokes'  nicidilica 
tion.  Dr.  R.  F.  ^Veir  has  collected  Tti  cases  with  'J"? 
deaths.  While  time  may  show  that  the  last  inentidncd 
procedures  may  be  of  service  in  amputations  bir  disease, 
sullicient  evidence  has  been  adduced  by  Zeiss,  I'eck,  and 
Salzman,  thai,  so  far  as  military  iiractice  is  concerned, 
the  operation  ought  to  be  abandoned.  From  the  more 
recent  statistics  ipioled  above  for  other  amputations,  the 
mortality  of  amputations  at  the  knee  in  civil  practice  is 
1 1  ]ier  cent.,  tlici'c  being  7  deaths  for  ()2  operations. 

The  niortality  of  amputations  at  the  knee  in  civil  juac 
lice  appears  from  an  examination  of  Table  1.  (see  aimve). 
Of  187  amputations  made  for  gunshot  injury,  in  which 
the  result  was  determined,  100  succumbed,  the  inorlalily 
being  ."jO.O  per  cent.,  and  exceeding  by  2.S  |ier  cent,  the 
fatality  of  amputations  in  the  lower  part  of  the  lemur, 

.\mi'CT.\tiox  ok  the  Tiiioii. — This  operation  may  be 
called  for  in  any  part  of  the  thigh.  The  central  iiosition 
of  the  femur,  and  its  extensive  muscular  covering,  sane 
tlon  the  application  of  any  of  the  various  methods  of 
amputation  in  this  part.  The  choice  from  anions'  the 
dilTcrent  operations  permits  the  surgeon  at  all  times  to 
save  a.s  much  of  the  femur  as  possible.  Until  twenty 
vears  ago  ani[)Ulation  of  the  thigh  was  generally  per- 
formed by  the  transtixion  method,  iiy  which  an  anterior 
and  a  posterior  tlap  were  formed.  The  rapidity  .-ind  ca.se 
with  which  it  could  be  ])erb)rineil  were  its  chief  com 
meiidations.  The  manner  in  which  it  is  generally  per 
formed  is  the  following:  (lras|iing  and  raising  the  soil 
parts  on  the  anterior  aspect  of  the  limb  with  his  left 
hand,  the  operator  introcluces  the  knife  at  the  side  of  the 
limb,  at  a  point  an  inch  or  more  below  the  level  of  the 
propo.sed  section  of  the  femur,  and,  carrying  it  across 


the  anterior  stu'face  of  the  femur,  tran,sfixes  and  cuts  out 
a  broad  tlap  e(|nal  in  length  to  half  the  diameler  of  the 
liml)(Fig.  1^7.  Fergusson).  The  Map  thus  formed  being 
retracted,  the  knife  is  again  iMlrodnced  into  the  wound 
behind  the  femur,  and  a  posterior  tlap  formed  by  cutliiig 
from  within  outward  and  downward  through  the  ,soft 
Jiarts.     The   Hap   thus  made  should   be   ijiiile  as  long  as 


Ki(i.  1H7, 

Ihe  anterior,  since  the  greater  retraction  of  the  ])osterior 
muscles  woulil  otherwise  reduce  it  to  a  size  that  would 
prevent  the  ,'iccurale  coaptation  of  the  cutaneous  margins 
of  the  wound.  In  very  Hesliy  subjects,  all  of  the  mus- 
cular tissue  should  not  be  included  in  the  Haps  thus 
made.  When  the  llajis  have  been  made  they  are  re- 
tracted by  ai!  assistant,  the  bone  is  cleared  of  the  still 
adherent  soft  ])arts  liy  a  circular  sweep  of  the  knife  at 
the  level  where  the  saw  is  to  be  a|)plied.  In  ampiiUiting 
by  miisculo-tegtimentary  Hajis  below  the  middle  of  the 
thigh,  the  anterior  Hap  should  be  formed  lirst;  in  am])U- 
lations  higher  up  it  must  be  made  last,  in  order  that  the 
femoral  vessels  may  not  be  divided  until  the  operation 
has  been  nearly  <-omplete(l.  The  vessels  rcipiiring  liga- 
tion in  amputations  below  the  middle  of  the  thigh  are 
the  femoral,  anasloinotic,  and  live  or  .six  muscular 
branches.  To  insure  a  smooth  margin  to  the  Haps,  it 
is  well  first  to  outline  them  by  an  incision  extending 
through  the  skin  alone. 

Amiiutation  of  the  thigh  by  lateral  muscvilo-tegument- 
ary  Haps,  as  recommended  by  Vermale.  should  not  be 
resorted  to.  since,  owing  to  the  weight  of  the  .'^ofl  jiarts, 
Ihe  Haps  are  easily  displaced,  and  the  end  of  the  bone  is 
liable  to  i)rotru(le  from  llie  upper  angle  of  the  wound. 

In  the  middle  and  upjier  portions  of  the  thigh  the  very 
best  results  are  uii(|Uestionably  to  be  obtilined  b\'  the 
mod  ill  ed  circii  lar 
method,  the  cutaneous 
Haps  being  made  in 
front  and  behind,  and 
the  muscles  divided  by 
a  circular  i  n  cisi  on. 
The  admirable  results 
which  Volkmann  and 
Briins  achieved  from 
ainpulations  o  f  t  he 
thivdi  are  largely  at- 
tributable to  their 
p  re  f  e  re  n  ce  for  this 
method.  AVitha  longer 
anterior  and  shorter 
])osterior  cutaneous 
Hap.  the  wound  ob- 
t  liiis  an  excellent  iiosi- 
tion for  drainage  (Fig.  iss.  llneter),  and  tlu'  stump  which 
is  left  is  well  suited  bir  the  application  of  an  arliMcial 
limb.  In  the  lower  third  of  the  thigh  the  operation  may 
bemade  with  only  a  single  long  anterior  tlap,  which  should 
extend  as  low  as  the  upper  margin  of  the  patella,  the 
integument  on  the  posterior  aspect  of  the  limb  being 
divided  by  a  semicircular  incision,  'l"he  latter  should 
be  made  at  least  half  an  inch  below  the  margins  of  the 
anterior  Hap,  to  allow  lor  the  greater  retraction  of  the 
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posU'iidi-  lip  (if  the  wimiid  (Fiij;.  189).  In  ampiitatious 
near  tlie  lii|)  or  tliroiiuli  the  tiochaiiters.  no  other  opera- 
tion  Ihun  that  by  lonij  anterior  and  short  posterior  flaps 


leaves  a   wouml    tliat 
is  any  ([Vieslion  as  to 


FKi.   ISO. 


IS   easily   ilraiueil.       When    there 

the  vitality  of  the  long  anterior 

flap,  it  is  an  easy  matter  to  in- 

ehide  with  it  a  varying  thiekuess 

of  the  muscular  tis.sue. 

1  ;     |i  When   an  amputation  of  the 

\  l....)i tliigh  is  demanded  for  senile  or 

diabetic  gangrene,  it  is  e.sscntial 
that  the  flaps  shall  be  short. 
The  circular  amputation,  with 
short  liberating  lateral  incisions 
and  circtdar  division  of  the  mus- 
cles in  different  ])lancs,  without 
ijuestion  gives  the  best  results. 

A  study  of  Table  I.  shows  that 
amputations  of  the  thigh  are  as- 
sociated witli  a  mortality  that 
is  largely  responsible  for  the 
high  death  rate  attending  major 
amputations  in  general.  The 
fatality  of  this  operation  in  civil 
practice  increases  as  the  trunk 
is  approached. 

According  to  Macleod  and  Le- 
gouest,  this  applies  equally  to 
amputations  for  gunshot  injury. 
According  to  the  statistics  of 
Otis,  this  view,  which  is  gener- 
ally entertained,  must  be  modi- 
fied.     Of   708  ainputiitions   for 
gunshot  injury,  made  in  the  up- 
per third  of  the  thigh,  53.8  per 
cent.  died.     Of  the  1,866  ampu- 
tations  made  in  the  middle  third,  44.5  per  cent.  died. 
Of  2,901  operations  in  the  lower  third,  58.6   per  cent, 
succimibed. 

The  general  mortality  attending  the  operation  is  rep- 
resented by  t),229  cases,  with  3,310  deaths,  the  mortality 
being  53.8  per  cent. 

By  modern  methods  the  mortality  of  amputations  has 
been  greatly  reduced.  From  the  sources  above  quoted, 
of  465  amputations  of  the  thigh,  79,  or  17  per  cent.,  were 
fatal.  Of  154  ainiiutations  for  disease  done  at  the  New- 
castle Infirmary,  10  died.  Of  20  done  at  the  Cincinnati 
Hospital,  only  3  died. 

AMi"rT.\Tio.N  .\T  THE  HiP. — The  first  idea  of  this 
operation,  the  most  formidable  of  justifiable  surgical 
procedures,  ajijiears  to  have  originated  with  Morand  and 
two  of  his  pupils,  Volker  and  Putliod,  who  practised  it 
on  the  cadaver  in  1738.  A  year  later,  Le  Dran  taught 
the  operation  in  his  pi'actical  courses,  and  presented  a 
report  on  its  feasibility  to  tlie  French  Academy.  In  1740 
Ravaton  proposed  to  ainputal<'  at  the  hip  joint  on  a  pa- 
tient, but  was  dissuadi'd  therefrom  b\'  other  surgeons  in 
con.svdtation.  In  1756  and  1759  the  Paris  Academy 
offered  a  prize  for  the  best  treatise  on  the  justifiability 
ijf  the  operation  and  the  best  method  of  performing  it. 
Of  forty-four  contestants,  thirty-four  supported  the 
operation,  the  prize  being  awarded  to  Barbette,  who 
eouei,sely  mentioned  the  indications  that  made  it  neces- 
sary. That  life  could  continue  after  loss  of  the  lower 
extrenuties  had  been  shown  by  tlie  following  case:  "In 
1748,  there  came  to  the  hospital  of  Orleans,  a  lad  four- 
teen years  of  age,  who  was  the  subject  of  ergotism. 
Gangrene  of  both  lower  extremities  had  supervened,  ex- 
tending on  the  right  side  to  the  hi])  joint,  and  on  the  left 
to  the  trochanter.  The  suppuration  which  was  estab 
lished  almost  sejiarated  the  right  thigh,  the  round  liga- 
ment and  great  sciatic  nervealone  holding  it  to  the  truitk. 
Lacroix,  sm-geon  to  the  hospital,  completed  the  separa- 
tion of  the  niendier.  This  ojicration  succeeded  so  well 
that  four  days  later  he  also  anq.iutatcd  the  left  thigh. 
There  was  neither  hemorrhage  nor  pain,  and  the  patient 
progressed  well  till  the  tenth  day,  when  fever  super- 
vened, and   death   followed   fifteen   days  after   the   first 


operation."  In  1773  Perault  removed  the  entire  thigh 
in  a  case  of  traumatic  gangrene  "of  several  months'  dura- 
tion." ill  which  a  complete  recovery  ensued  in  eighteen 
months. 

Although  in  1774  and  1778  Kerr  and  Thomson  made 
the  first  amputations  at  the  hip  through  living  tissues  in 
eases  of  coxalgia,  both  oiicrations  terminated  fatally,  and 
the  procedure  was  not  again  resorted  to  till  the  last 
decade  of  the  past  centui-y.  Amputation  at  the  hi])  in 
reality  owes  its  existence  to  the  wars  of  the  French 
Revolution.  In  1794  the  elder  Blandin  performed  it 
thrice,  with  one  recovery.  During  his  different  cam- 
paigns, Larrey  rejieated  the  operation  seven  times  and 
.irave  it  a  standing  among  surgical  procedures,  although 
it  is  doubtfid  wliether  any  of  his  cases  recovered.  In 
1813  and  1815,  Brownrigg  and  Guthrie,  after  repeatcfl 
failures,  were  enabled  to  report  successful  amputations 
at  the  hip  for  gimshot  injury.  The  first  operation  in 
this  country  was  made  in  Kentucky  in  1806,  by  Brashear, 
for  compound  fracture,  and  ended  in  recovery. 

The  most  comprehensive  statistics  of  the  operation  in 
([uestion  have  been  collected  by  Otis,  laming,  and 
Ashhurst.  Over  three-fourths  of  all  the  operations 
have  been  made  since  the  introdviction  of  ana?sthesia, 
and  fully  two- thirds  of  the  entire  numl)er  were  performed 
later  than  1860.  Up  to  1875  Llining  was  enabled  to  col- 
lect but  497  well-authenticated  cases,  while  in  1881  Ash- 
hurst was  enabled  to  tabulate  633  operations,  since 
which  time  over  100  cases  have  been  added  to  the  list. 

The  question  of  supreme  moment  in  amputation  at  the 
hip  joint  is  that  which  pert;iins  to  a  comi)lete,  and  yet 
safe  method  of  controlling  the  circulation  during  the 
operation.  Its  importance  becomes  manifest  from  the 
fact  that  five  per  cent,  of  the  patients  operated  on  do 
not  survive  the  operation,  and  that  seventy  per  cent,  of 
the  deaths  occur  during  the  first  five  days  (Llining).  To 
overcome  this  great  and  immediate  danger  of  amputa- 
tion at  the  hip,  progress  has  been  made  in  the  direction 
of  preserving  the  blood  contained  in  the  condemned  part 
and  by  temporarily  or  permanently  occluding  the  sources 
of  its  blood  sup])ly.  By  the  use  "of  the  elastic  bandage 
from  the  toes  to  the  groin,  and  by  keeping  it  in  place  dur- 
ing the  operation  (Erskine  Mason),  or,  in  ca.ses  of  extensive 
suppuration  of  the  extremity,  by  maintaining  the  latter 
in  a  vertical  position  for  some  minutes  before  the  opera- 
tion, a  not  inconsiderable  amount  of  blood  can  be  saved 
to  the  economy. 

In  ISfib  Professor  Paneoast  first  called  attention  to  the 
)U'acticability  of  compressing  the  aorta  against  the  verte- 
bral colunm  by  means  of  an  abdominal  tourniquet.  A 
number  of  instru- 
ments have  since 
been  devised  sim- 
ilar to  that  of  Pan- 
coast,  by  Lister, 
Skey,  and  Esmarch, 
and  it  is  to  one  of 
these  contrivances 
that  most  surgeons 
have  recourse  be- 
fore proceeding  to 
the  operation  prop 
er.  In  the  tourni- 
quet of  Esmarch. 
the  aortic  ]iad  ex- 
erts its  comjircssion 
by  means  of  an  clas- 
tic band  which  is 
liassed  through   its 

iiandle.  In  the  absence  of  a  tourni(iuet,  a  jiad  can  be 
iinprovised  by  firmly  winding  a  long  roller  bandage 
around  the  middle  of  a  stick,  which  should  be  about 
a  foot  long  and  of  the  thickness  of  the  thumb.  The 
pad  thus  formed  being  placed  in  position,  is  retained 
by  five  or  six  turns  of  an  elastic  bandage  aroimd  the  ab- 
domen (Esmarch).  Professor  Spcnee  resorts  to  a  similar 
Iirocedure.  AVhatever  toiirnicpiet  be  used,  it  should  be 
ajiplied  while  the  patient  is  lying  on  the  right  side,  the 
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jiiid  liciiii;  placeil  a,  little  to  tin-  K  ft  nf  tin-  iiml)ilicus 
<Fi!r.  l!l(l.  Esmarch).  The  operation  siioulil  not  lie  coin- 
ineneed  until  tlie  operator  has  satisfied  liimselt  that  the 
<-ireiilation  in  the  lower  extremities  is  eoiniiletelv  eon- 
trolled. 

It   Imvinir   been   held,    bnt   witliont    sullieient    elinieal 
evidence,  tliat  prohmgcd  compression  of  the  alidoininal 
aort;i  is  injurious  from  damaL^e  to 
the    liraiiches   of   the  solar  ple.viis, 
and    liy    interfering   with     respira- 
tion,  compression   of   the   common 
iliac     artery     through 
the    rectum    has   been 
advised  and  1)1  itlis(.d 

■ — I-  ■!•: 


AVoodburv,  of  Philadelphia,  and  Van  IJiiren.  of  New 
York,  ])roposed  that  this  be  aec<implislied  by  the  hand 
of  an  assistant,  while  H.  Davy,  of  London,  devised  for 
the  same  ])iirpose  a  polished  rod  twenty  inches  long, 
and  from  oue-half  to  tliree-fourths  of  an  inch  thick, 
.surmounted  at  its  extremity  by  an  ivory  eulargement, 
with  which  the  artery  is  to  be  compressed  against  the 
brim  of  the  jielvis.  In  one  ease  in  wliich  Davy  used  the 
lever  on  the  right  iliac  artery,  ileath  followed  from  a 
rent  in  the  rectum.  In  17  otjicr  cases  in  wliich  he  had 
resorted  to  its  use  an  accident  resulted.  According  to 
the  originator  of  the  "  lever."  this  iiistrumeiit  has  been 
used  in  -10  cases,  in  an  almost  e<iiial  proiiortion 
of  amiiutalions  of  the  riglit  and  left  .side,  and 
<).")  per  cent,  of  the  c:ases  recovered.  Kecently 
Davy*  rejiorted  10  cases  wdth  8  recoveries. 

In  thill  or  eniaeiated  subjects,  the  circulation 
can  be  controlled  by  digital  eoinpn'ssion  of  the 
aorta  or  external  iliac  artery,  or  both  may  be; 
omiiloyed  (Gross).  It  may  likewise  be  elTected 
liy  the  use  of  a  wide-  roller  bamlage  placeil  over 
the  external  iliac  and  ludd  in  position  by  an 
elastic  bandage  The  latter  should  bealiout  two 
yards  in  length,  its  centre  being  ])laced  between 
the  anus  and  tuberosity  of  the  ischium;  the  an- 
terior part  of  the  bandage  is  brought  above  the  '? 
crest  of  the  ilium,  the  ]iost<Tior  |iortion  crossing 
the  .sacro  sciatic  notch  and  meeting  the  anterior 
above  the  iliac  crest;  lioth  ari'  tirmly  held  in 
position  by  an  assistant.  This  methocLof  pre- 
venting hemorrhage  from  both  anterior  and  posterior 
flaps  has  been  resorted  to  in  four  cases  by  Jordan  Lloyil. 
of  Hirniinirham.  three  of  which  recovered. 

With  the  introduction  of  better  methods  aL'ainst 
hemorrhage,  the  iisi'  of  the  abdominal  tourniquet,  of 
Davy's  lever,  and  of  iligital  compression  can  no  loiigi'f 
be  advised. 

In  INTIi  Trendelenburg,  of  Rostock,  devised  a  steel 
rod  fifteen  inches  long,  one  fourth  of  an  inch  wide  anil 

'  LondoQ  Lancet,  lS9i,  1.,  p.  670. 


one-eighth  of  an  inch  thick,  with  a  movalile  point  at- 
tachment which  is  to  be  imslied  through  the  soft  part-S 
in  front  of  the  .joint,  an  iiieli  above  the  level  where  trans- 
(i.xioii  is  to  lie  made  wit li  the  knife.  "The  rod  having 
been  puslicd  through  the  soft  parts,  the  point  is  removed 
and  a  rubber  tulie  wound  around  the  protruding  ends  of 
the  rod  in  tigure-of-«  turns.  In  this  manner  compression 
of  all  the  soft  jiarts  in  front  of  the  joint  iselfect- 
ed.  and  the  llapcan  be  made  without  loss  of  lilood. 
.\fter  the  vessels  divided  in  the  anterior  flap  have 
been  ligated.  llie  rod  is  introduced  througli  the 
soft  parts  behind  the  joint  in  a  similar  nianner 
before  the  posterior  flap  is  made."  Although 
tedious  in  its  ]ierformanee  this  method  of  con- 
trolling hemorrliage  is  thoroughly  iiractieable  and 
promises  gooU  results.  Jt  lias  been  successfully 
resorted  to  by  Varrick  in  a  case  of  traumatic  ani- 
jiutation  in  a  subject  very  ana'mic  from  hemor- 
rhage 

In  bSlKl,  Wyeth  *  described  a  iiloodless  ani]iuta- 
tion  .-It  the  hip,  which,  uhili'  it  appears  to  be  an 
amplification  of  Trendelenbuig's  method,  is  ex- 
ceedingly simple,  and  can  be  highly  recommended 
for  all  amputations  at  the  liiji,  save  those  rare 
cases  in  which  the  disease  involves  the  trochanter. 
In  these  cases  the  transiieritoneal  ligation  of  the 
external,  or,  better  still,  of  the  common,  iliac  is  to 
be  |ireferred  to  the  pins  and  constriction  used  by 
Trendelenburg  and  Wyeth.  The  accompanying 
diagrams  (Figs.  1111  and  1!)'2).  inserted  with"  Dr. 
Wyeth's  ]ieriiiissi(in,  illustrate  the  nielhod  of  the 
iutroduction  of  the  pins. 

The  ]iatieiit  is  placed  with  the  hip  well  over  the 
end  of  file  table,  and  an   Esmarch  bandage  is  ap 
plied.      With  the  bandage  still  in  posilion.  Dr.  Wy- 
eth's needles  are  inserted  as  follows;  "Two  steel 
mattress  nei'dles,    three  sixteenths   of   an  inch   in 
dianieter  and  a  foot  long,  are  used.      The  point  of  one 
is  inserted  an  ini-li  and  a  half  below  the  anterior  superior 
spine  of  the  ilium  and  slightly  to  the  inner  siile  of  this 
prominence,  and   is  made  to   traverse    the    muscles   and 
deeji  fascia,  jiassing  about  half  way  between  the  great 
trochanter  and  the  iliac  spine,  external   to  the   neck   of 
the   femur  and  through   the  substance  of  the  tensor  va 
giiee   fenioris.   coming  out    just    back  of  the  trochanter. 
.\biiut    four   inches  of 
th('    needle    should    be  ' 

concealed    by    the    tis- 
sues.    The  iioint  of  the 


FKi.  fte. 

second  needle  is  entered  an  inch  below  the  level  of  the 
crotch,  internally  to  the  saiihenous  opening,  and.  passing 
lliidugh  the  adductors,  comes  out  aboiil  an  inch  anda  half 
in  front  of  the  tuber  iscliii.  Xo  vessels  are  endangered 
by  these  needles.  The  |Hiiiits  are  ]irotected  by  corks  to 
]ireveiit  injuries  to  the  operator's  hands.  .V  piece  of  strong 
white  rubber  tube,  half  an  inch  in  diameter,  and  long 
enough  when  tightened  in  position  to  go  Ave  or  ^ix  tiiiKS 
around  the  thiirli,  is  now  wound  verv  tightlv  around  and 


■  Wyeth :  New  York  Med,  Juurn,,  U'M,  ii.,  p,  52s. 
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above  the  fixation  needles  and  tied."  The  Esniareli 
bandasre  is  tlieu  removed,  and  if  the  operation  is  to  be 
conipleteil  aceordinir  to  Dr.  AVyetli's  plan,  a  cireular 
incision  is  nuuU'.  tlie  skin  lla])  is  turned  up.  the  nniseles 
are  divided  at  the  lesser  trochanter,  and  tlie  bone  is 
sawed  throu.iih.  All  vessels  are  tlien  tied.  The  remain- 
in.i;-  portion  of  the  femur  is  tlien  removed  by  division  of 
the  atlachments  of  the  nmscles. 

Mithtxlx. — .Vlthou!;-!!  a  large  number*  of  methods  of 
amjiutation  at  the  liip  liave  Tjcen.  devised,  only  a  few  of 


Fie.  193. 

them  are  of  practical  value,  and  are.  therefore,  commonly 
employed.  The  methods  whieli  will  be  considered  are. 
that  by  musculo-tegiinn'iitury  Haps,  that  by  cutaneous 
flaps  and  circular  division  of  the  remaining  soft  parts, 
and  that  by  a  high  circular  amputation  with  subsequent 
excision. 

Mnsculo-tegvmentary  Flapx. — Am]iutation  at  the  liip 
can  be  most  quickly  accomplished  by  means  of  antero- 
posterior muscular  flaps,  of  whicli  tiie  anterior  is  made 
by  transfixion,  and  the  i)ostcrior  by  cutting  from  within 
outward.  With  able  assistance  the  operation  can  easily 
be  performed  in  less  than  twenty  seconds.  At  least 
three  assistants  are  required  in  this,  as  in  all  amputations 
of  the  hip.  One  of  these  is  entrustetl  with  the  control 
of  the  circulation  in  the  limb,  the  second  follows  the 
knife  to  grasji  the  flap  before  the  artery  is  divided  (Fig. 
193,  Hueter)  and  then  to  retract  it,  and  the  tMrd  takes 
charge  of  the  condenmed  lind). 

Tlie  patient's  body  having  bi'en  brought  to  the  foot 
of  the  table,  the  nates  are  maile  to  project  over  its  edge, 
and  the  scrotum  and  sound  thigh  are  held  out  of  the 
way.  While  the  condenmed  limb  is  slightly  flexed,  the 
operator,  standing  on  the  left  side,  enters  the  point  of 
an  amputating  knife,  the  blade  of  which  is  at  least  a 
foot  long,  midway  lietween  the  anterior  superior  spinous 
process  of  the  ilium  and  the  trochanter  major.  It  is 
carried  deeply  into  the  limb  in  a  direction  parallel  to 
Poupart's  ligament,  across  the  anterior  surface  of  the 
joint,  whiehis  tluis  (i|iened,  and  made  to  issue  on  the 
inner  sni'face  of  the  thigh  close  to  the  perineum  and  just 
in  front  of  the  tuberosity  of  the  isehivun.  Transfixion 
accomplished,  a  liroad  rounded  H.-ip,  five  to  seven  inches 
in  length,  is  made  by  carrying  the  knife  downward  in 
front  of  the  bone  and  cutting  outward.  This  flaji  is  at 
once  reflected  and  held  out  of  the  wa>-.  By  a  transveis(> 
incision  on  the  head  of  the  lione  the  capsule  is  then 
widely  opened,  while  the  limb  is  forcibly  abducted  and 
everted.  Hyperextension  then  causes  the  head  of  the 
bone  to  start  from  its  socket  with  a  "popping"  noise 
when  the  liganientum  teres  is  cut.  The  knife  being  then 
introduced  behind  tlie  head  of  the  femur,  the  posterior 
portion  of  the  capsule  is  divided  and  a  iiosterior  fiaji 
four  inches  in  lenglh  is  cut  from  within  outward  (I-is- 
tonl.  AVhen  the  oiieration  is  made  on  the  right  side,  the 
knife  is  entered  from  the  inner  side  just  above  tlw  ischial 
tuberosity.     When  the  posterior  llaii  is  cut  frcnii  within 

*  According  to  Ashhurst  there  are  torty-Bve. 


outward,  the  cutaneous  margin  of  the  wound  is  gener- 
ally irregular  and  not  well  suited  for  close  coaptation 
with  the  anterior  flap.  It  is  advisable,  therefore,  par- 
ticularly in  rolnist  limbs,  either  to  outline  this  Hap  bv 
an  incision  through  the  skin,  or  to  cut  it  altogether  from 
without  inward  (Fig.  Itt-t,  Esmarch)  (JIanec).  Intleed, 
both  flajis  may  advantageously  be  cut  in  this  manner 
(Guthrie). 

The  great  advantage  of  the  operation  just  described  is 
in  the  rapidity  with  which  it  can  be  executed.  Its  disad- 
vantages are  "in  the  excessively  large  wound  which  it 
leaves,  the  tendency  to  the  retention  of  pus  in  the  in- 
termuscular spaces,  and  the  great  iirobability  of  exces- 
sive hemorrhage  from  the  posterior  flap. 

A  wound  better  suited  for  drainage  is  that  made  by 
lateral  flaps.  In  tiiis  form  of  operation  a  semicircular 
incision  is  made,  lieginuing  at  the  tuberosity  of  tlie 
ischium,  and  terminating  on  the  outer  side  of  the  femoral 
vessels  in  the  centre  of  the  groin.  The  incision  crosses 
the  outer  surface  of  the  thigh  four  or  five  inches  below 
the  trochanter.  The  flap  thus  outlined  is  then  refiected 
over  the  latter  and  the  joint  opened.  The  inner  flap  is 
then  made  by  cutting  from  within  outward. 

T('(iiiiit(n1ary  Fhiji  MithoO. — This  is  an  admirable 
method  to  overccnne  the  superfluity  of  muscular  tissue 
in  the  wound  and  the  consequent  tendency  to  purulent 
infection,  and  it  is  therefore  preferred  by  a  number  of 
ojierators,  among  whom  are  Aguew  and  Volkniann. 
The  operation  is  described  by  Agnew  as  follows:  "The 
surgeon  makes  a  semilunar  incision  in  front  of  the  limb, 
with  its  convexity  downward,  and.  commencing  midway 
between  the  anterior  superior  spinous  process  and  the 
trochanter  on  the  outside,  descending  the  thigh  in  a 
longitudinal  direction  for  five  inches,  then  passing  across 
the  front  of  the  limb  in  an  oval  course,  adding  thereby 
an  inch  to  the  length  of  the  flap,  and,  last,  ascending  the 
inner  border  of  tiie  thigh,  and  terminating  one  inch  be- 
low tlie  ramus  of  the  pubes.  The  integument  is  now 
rapidly  dissected  up  from  the  deep  fascia  and  entrusted 
to  the  fingers  of  an  assistant." 

The  ne.xt  step  is  to  isolate  the  femoral  vessels  above 
the  origin  of  the  profunda,  and  to  apply  separately  to 


the  artery  and  ve 
ing  the  pectineus  : 
readily  found  and 
brane. 

The  limb  being 
cut  a  semilunar  t( 
thigh,   one    inch 
am|Hitating  knife  t 
in  front  of  the  join 
of  the  bone,  as  in 
pleted  by  dividing 
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in  a  strong  ligature.*    By  displac- 

iiiuscle  the  obturator  artery  can   be 

ligated   below   the  obturator  mem- 

nmv  raised,  the  surgeon  proceeds  to 
i;unieiitary  flap  from  the  back  of  the 
liortcr  tlian  the  anterior.  With  an 
hemuseles  are  then  severed  circularly 
t.  "when  after  lileration  of  the  head 
uther  methods,  the  operation  is  corn- 
through  the  soft  parts  posteriorly." 


♦  Volkmuun  divides  tlie  vessels  between  two  ligatures. 


REFERENCE  IIANDHOOIC   OF   THE   JIEDICAL  SCIEXCKS. 


.\iii|iiilntioii, 
Ann  Iiiii-   ll>  ili-al 


Accorilius  to  Ag'new,  this  ojn-ratiim  ciiii  he  comiili'tid 
in  forty  srcoiuls. 

Ciiviiltir  Aiii/iiitiitinn. — lu  order  to  mal\<'  a  siiiiillir 
wound,  anil  to  dividf  tlie  vessels  where  they  are  smaller, 
a  eireidar  ani]uitation  of  tlie  thi.ffli  at  the  lower  |iar(  cjC 
(he  upper  third  is  made.  This  may  lie  ae<(iniplislied  by 
a  .sinirle  ineision  in  thin  subjeets.  while  in  robust  e\ 
tremities  it  is  preferable  to  resort  to  a  double  ineision. 
When  the  amjiutation  in  this  part  is  elfi'cted.  all  the 
blood-vessels  tliat  eau  be  reeoijnized  must  he  li;;aled. 
An  ineision  is  then  niadi'  alonsi;  the  outer  side  of  the 
stump  from  a  point  two  inches  above  the  Iroehanler  to 
the  circular  wound,  and  dividing  everylhin;;  down  to 
the  bone  (DielTcnbach).  'I'he  operator  then  seizes  the 
stumji  of  the  femur  with  a  lion-jawed  force|'S.  and  while 
the  ed.!;cs  of  the  vertical  incision  are  separated  li_v  an 
assistant,  the  soft  parts,  including  the  periosteum,  are 
stripped  from  the  bone,  and  the  cajisulc  is  opened  and  dis- 
articulation elTceled  as  in  other  iirocedures.  Fig.  IIM. 
from  W'yetli,  shows  the  circular  am|)Utation  wound  with 
liius  ill  Kitii  and  before  the  head  of  the  bone  has  been 
removed.  In  ISSft,  Mr.  Furneaii.x  Jordan,  of  I'irming- 
Iiam.  published  a  method  of  amputating  at  the  hip  which 
does  not  dilTeres.sentially  from  the  method  just  descrilicd. 
In  hisoi)eration  the  outer  incision  ist]?-st  made,  disarticu- 
lation is  ellected.  and  the  cireidar  incision  forms  thi'  last 
ste])  of  the  operation. 

Finally,  mention  must  be  made  of  the  methods  of 
Verneuil  and  Ed.  Rose,  and  more  receiiily  of  Senn.*  wlio. 
in  amputating  at  the  Idp.  treat  the  lower  extremity  as 
they  would  a  neoplasm  that  is  to  be  reniove<l.  <'utting 
from  without  inward,  and  tying  each  vessel  as  it  is  en- 
coimtered.  A  shorter  internal  and  longer  e.vternal  in- 
cision is  made  through  the  skin  when  the  femoral  artery 
and  vein  are  to  be  divided  between  two  ligatures.  The 
incisions  are  then  ,i:radually  carried  thnnigh  tli<'  muscles 
in  front  and  on  the  outer  side  until  the  arlii-ulalion  is 
reached,  when,  after  disarticulation  has  been  elVi'Cted. 
the  adducted  muscles  are  divided  last  of  all. 

Amputations  at  the  hip  of  necessity  lu'esent  a  deplor- 
able mortality.  Of  O:!:!  cases  tabulated  by  Dr.  F.  t'. 
Shi-ppard  for  Ashhurst.  ?M'd  terminated  fatally,  and  in 
21)  the  result  was  undetermined.  The  general  mortality 
of  the  operation  is,  therefore.  C-t  per  cent.  The  most 
unfavorable  results  obtaine<l  are  those  fri'in  military 
practice.  Of  iW  eases  of  this  character  in  which  the 
residt  was  ascertained,  including  (i(i  operations  ]ier- 
formed  diu-ing  the  AVar  of  the  Rebellion,  only  27  |>a- 
tients  recovered,  the  tiiortality  being  s'.t.  1  ])er  cent. ;  2.")  of 
the  ()()  cases  referred  to  were  primary  amjiutations.  of 
which  :i  recovered:  '2''>  of  the  ojierations  were  secondary, 
and  all  terminated  fatally.  Of  9  second.iry  operations. 
2  survived,  and  of  !)  rcainputatious.  6  recovered.  Of  71 
casesof  hip  jointamputation  for  injury  in  civil  iiractice. 
47  dic-d.  the  mortality  being  00. 1  per  cent.  Of  270  cases 
of  hi|>-joint  amputation  for  disease,  of  wdiich  !•">  were 
imdetermiiu-d.  lOo  termiuated  fatally,  the  mortality  be- 
in.ir  40.2  per  cent. 

Owing  to  the  improved  methods  of  preventing  hemor- 
rhage, and  particularly  throu.sh  the  use  of  WyellTs 
method,  the  mortality  of  amputationsat  the  hip  has  bi-r'ii 
very  greatly  re<luced.  Twoyearsago  Wyeth-f  collected 
CO  cases  with  only  11  deaths."  Of  the  fatal  cases.  5  had 
severe  injuries.  I  have  collected  i:!S  cases  of  amputa- 
tionsat the  hi]!,  published  between  ISSlI  and  llHio.  in- 
cludiiiir  the  0!t  cases  collected  by  'Wycth.  The-  total 
mortality  of  the  i:i9  cases  was  27  fatal,  with  a  mortality 
of  a  little  over  19  per  cent.  Of  the  ani|iutations  there 
were  121  for  disease,  with  21  deaths — in  this  estimate  1 
inclnde  'A  cases  of  my  own.  1  of  which  was  fatal — era 
mortality  of  17  percent.  I  find  that  0  amputations  were 
done  for  injury,  with  (pnly  1  recovery — llie  cases  n-portid 
by  McBurney.  In  lo  cases  the  cause  for  tiu'  ampula 
tioiis  was  not  stated;  of  these  1  died. 

.hiKfjih  Umiyi'linf. 


'  riiii-apo  Clin.  ncv..  l»9i.  p.  3t3. 

t  Annals  of  Surgery,  vol.  xxv.,  p.  129. 


AMYGDALIN.— The   source,    occurrence,  and    ireneral 

nature  ol  amygdalin  have  already  been  staled  in  discuss- 
ing hydrocyaiuc  a<id.  ll  is  not"  ollicial  and  is  scarcely 
used  in  its  own  form,  allhougli  occurrinu-  in  commerce. 
Moiling  alcohol  is  used  to  extract  it  from  almond  oii 
cake,  after  which  it  is  precipitated  by  ether.  It  occurs 
in  crystals  or  .scales  w  hieh  are  soluhle'in  twelve  parts  of 
water.  It  is  odorless,  but  very  bitter.  If  enlirelv  free 
from  emulsin.  it  does  not  yield  prussic  acid  and  "is  not 
poisonous.  '  //.  y/.  ]{„„/,//, 

AMYGDOPHENIN.— I'henvl-glycolvl.phpnetidin.  C„- 
lI,o(  .,11,  .Ml. ()(',(  II. 01K'„II,,."  "  Tins  i.s  a  substance 
lormed  by  the  introduction  of  amygdalic  acid  and  car- 
bo.xyetliyl  into  paraamidophenol.  It  is  a  grayish-white, 
li.ght,  crystallin(!  powder,  dissolving  but  slightly  in 
water.  Stiive  tinds  it  to  be  analgesic,  but  not  anti- 
pyretic, and  reconunends  it  in  neuralgia,  rheumatism,  and 
the  pains  of  locomotor  ataxia.  The  dose  is  gr.  .xv.,  given 
from  one  tosi.x  times  a  day  in  powder,  tablet,  or  capside. 

If.  .1.  Bas/edo. 

AMYL  IODIDE.— lodamyl.  CiH,,!.  is  an  oily  liquid  ob- 
tained li\  ilistilHng  together  iodine,  isoaiuyl  ahohol.  and 
red  phosphorus.  It  is  puritied  by  washing  with  water 
iuid  redistillin.ir.  This  licpnd  is  about  as  heavy  as  chlo- 
roform, boils  at  14^S  ('..  is  freely  soluble  in  alcohol,  and 
insoluble  in  water.  It  is  used  to  re]ilaee  amyl  nitrite  as 
.sedative  and  antispasmodic  in  asthma.  an,i;ina  jiectoris, 
etc.      Dose.  Ill  ii.-v.  by  iidi.-ilation.  II'.  .1.  Jii(«li(lu. 

AMYL  VALERIANATE.— A|iple  oil.  apple  essence, 
('..IIl,(':.II.,o.,,  is  oliiaiiiid  by  the  action  of  valeriainc 
acid  on  isoamyl  alcohol,  in  the  iirc.sence  of  sul|ihuric 
arid.  It  is  a  clear,  colorless  licpiid.  lighter  than  water, 
having  an  o<lor  like  that  of  a|)ph'S  and  a  sharp  ethereal 
taste.  It  is  insoluble  in  water,  soluble  in  alcohol  and 
etiier.  and  it  boils  at  I.^n  -190    C. 

.\myl  valerianate  is  used  in  place  of  valerian  in  fiuic- 
tional  nervous  disorders,  an<l  also  as  a  liver  stimulant. 
As  it  is  a  solvent  for  ciiolesterin.  it  was  thought  to  have 
the  power  to  diminish  the  size  of  gall  stones,  but  it  is 
hardly  |)robable  that  this  solvent  action  could  take  place 
in  the  system.  In  fact,  alcohol  and  other  ciiolesterin 
solvents  taken  in  large  (luantities  have  no  etfeet  wliat- 
I'Ver  on  the  size  of  the  stone.  Amyl  valerianate  is  admin- 
istered in  dose  of  "l  ii.-v.  in  capsules,  or  in  live  |ier  cent, 
alcoholic  .solution  with  an  eipiivalent  (luantity  of  the 
amyl  acetate.  H'.  .1.  /SasUdo. 

AMYLENE.— r-//-7v'»-'.  ('.,![,, i.  Amylene  is  a  volatile 
and  inllanunable  ethereal  fluiil  of  an  unpleasant  odor,  re- 
si'iiililing  that  of  cabbage.  It  was  c.xiierimented  with  by 
Snow  in  1S.")(;,  asan  an.eslhelic.  and  proved  itself  power- 
ful, after  the  manner  of  chloroforin :  but  iiroving  itself 
also  capable  of  killing,  it  never  came  into  aeceiited  ser- 
vice. Kilirnid  Curl  in. 

AMYLENE  CHLORAL.  —  Dormiol-chloral-diniethvl- 
eth>  1  e.-irhiiinl,  ('((■|l,i,ldI.,01I.Crl::COII,  is  maile  by 
fusing  together  molecular  quantities  of  amylene  hydrate 
and  chloral.  It  is  a  colorless,  oily  looking  liipiid.  witli  a 
camiihoraceous  odor  and  a  pungent,  followed  by  cool 
ing.  tasti'.  It  is  insoluble  in  water,  and  is  freely  miseible 
w  itii  alcohol,  ether,  acetone,  and  volatile  and  tixeil  oils. 
It  goes  under  the  trade  name  of  dormiol.  and  is  claimed 
by  Meltzer  and  by  Fiichs  and  Koch  to  be  a  cerlain  hyp 
notie  without  depressing  elTect  on  the  heart  or  respira- 
tion. Its  dose  is  gr.  viii.-xl..  given  in  syrup,  or  in  emul- 
sion with  a  small  amount  of  olive  or  almond  oil.  and 
flavored  with  lemon  or  cinnamon.  11.  -1.   HnsfDhi. 

AMYLENE  HYDRATE.— Terti.iry  Amyl  Alcohol.  Di- 
nielhyl  ethyl  (arliiiiol.  This  is  a  clear,  colorless,  thin, 
ni-utral  li(|uiil.  with  a  burning  tasteand  an  aromatic  odor 
somewhat  resembling  camphor.  It  is  soluble  in  eight 
parts  of  water  and  in  alcohol,  ether,  glycerin,  and  oils; 
siiecilic  gravity,  (1.^12  at  5:5.0    F.     Il  was  recommended 
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Aniylororin. 
Aiiiyluiil. 
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in  18SS  by  Professors  .lolly  and  von  ^U'riny  for  its  sopo- 
ritic  properties.  It  is  saiil  to  oeciipy  a  place  between 
chloral  and  jiaraldeliyde,  two  iiartsbeiiij;' equal  to  one  of 
the  former  or  three  of  the  latter.  Its  advantage  over 
chloral  is.  that  it  has  no  depressing  effect  on  the  heart.  Its 
sinalh'rdose  and  less  disa.greeable  odor  make  it  preferable 
to  |iaraldeliyde  in  many  cases.  It  produces  a  calm,  re- 
freshing sleep,  which  lasts  for  si.x  tir  eiglit  hours,  from 
which  the  patient  awakens  without  any  bad  symjitoms. 
It  is  used  in  insumni.i  due  to  nervousness,  debility,  men- 
tal excitement,  and  delirium  tremens,  morphiomania,  and 
in  fevers.  It  has  not  proved  of  much  use  when  the  sleep- 
Iessnes.s  is  due  to  jiain.  It  docs  not  cause  headache, 
nausea,  or  deranged  digestion.  In  very  large  doses  it 
produces  a  lowered  temperature,  shallow  respiration, 
feeble  pidse,  loss  of  retle.ves,  and  ]iaralysis  of  extremities. 
It  is  given  in  doses  of  ni  xxx.-xlv.  Its  taste  and  odor 
often  ]u-ove  objectionable,  and  may  be  disgiused  by  com- 
bining with  extract  of  licorice  or  some  aromatic.  It 
may  also  be  used  as  an  enema  with  mucilage  of  acacia, 
in  iloses  of  nf  xl.-xc.  Beaumont  Siiiidl. 

AM  YLOFORM. — A  proprietary  compouml.  stated  to  be 
a  condensation  |iroduct  of  formaldehyde  and  starch.  It 
is  a  white  jiowder,  odorless,  non-toxic,  and  insoluble  in 
all  ordinary  solvents,  and  is  used  as  a  substitute  for  iodo- 
form. 

Dcvtrcifiirm  is  a  similar  compound  of  formaldehyde  and 
dextrin,  and  it  possesses  the  advantage  of  being  soluble 
in  water  and  of  setting  free  its  formaldehvde  more  read- 
ily. II'"  A.  BiiKtedo. 

AMYLOID. — (From  itmi/hini.  starch,  so  called  from  the 
fact  tliat  tlie  amyloid  substance  gives  with  iodine  and 
suliihuric  acid  a  reaction  similar  to  that  of  starch.  Also 
called  waxy,  lardaceous,  or  albuminous  degeneration. 
French,  Diyenevescencc  amylouk ;  German,  Amyhiden- 
tdHiiiig,  Wach.ientartiing,  Specke iitartiinrj .) 

The  term  amyloid  degeneration  is  applied  to  the  ap- 
pearance, in  the  body,  of  a  clear,  colorless.  shiuin.g,  homo- 
geneous, highly  refractive,  and  translucent  body,  greatly 
resembling  wax,  firm  in  consistency,  and  possessing  but 
little  elasticity.  When  treated  with  iodine  solution,  it 
takes  on  a  mahogany  color,  which  in  marked  cases  may 
become  bluish  or  green  (see  Plate  VII.)  If  the  speci 
men  thus  ti'cated  is  further  subjected  to  the  action  of 
dilute  sulphuric  acid,  zinc,  or  calcium  chloride,  the 
mahogany  color  may  be  intensified,  or  a  play  of  colors — 
red,  violet,  blue,  or  green — may  be  produced.  This 
action,  however,  does  not  always  occur. 

Because  of  this  characteristic  reaction  with  iodine,  so 
analogous  to  that  of  starch,  Virchow  was  led  to  believe 
that  the  newly  discovered  stdistance  was  devoid  of  idtro- 
gen  and  closely  allieil  to  celhilose  or  starch,  and  for  this 
reason  gave  it  the  name  amj'loid.  It  was  furtlier  desig 
uated  as  "animal  cellulose."  On  the  other  hand.  Meckel 
believed  it  to  be  closely  related  to  cholesterin.  Several 
years  after,  the  chemical  investigations  of  Friedricli, 
kckule,  Schmidt,  Rudeneff,  and  Kiihne  proveil  con 
cbisively  that  the  so-called  amyloid  was  in  reality 
a  nitrogenous  body  of  an  albuminous  nature.  Ac 
cording  to  Tschermak.  it  is  a  coagulated,  albuminous 
substance,  and  is  possibly  an  intermediate  ]iroduct  be- 
tween the  jiroteids  on  one  side  and  fat  and  cholesterin 
on  the  other. 

It  bears  also  a  very  close  chemical  relation  to  the  hyaline 
<leposit  found  in  blood-vessels  and  connective  tissue,  as 
is  shown  by  the  fact  that  amyloid  oi  ;;a us  sometimes  con- 
tain liyalinc  masses  in  no  way  distinguisliable  from  the 
neighboring  amyloid  except  by  theai)pli<ation  of  specific 
staining  methods.  In  some  eases  the  i")eri])hery  of  lar.tre 
masses  of  amyloid  .give  the  reactions  for  hyalin  and  not 
for  amyloid.  Littcn  found  that  pieces  of  amyloid  tissue 
lost  their  characteristic  reactions  and  liecame  changed  to 
hyaline  when  introduci'd  into  the  abdonunal  cavity  of 
animals.  The  strong  general  resemblances  lietween  the 
two  bodies,  their  similarity  of  location,  and  the  frequent 
coincidence  of  occurrence  make  it  very  probable  that  the 


two  substances  are  very  closely  related  and  that   tlicy 
may  change  from  one  to  the  other. 

Amyloid  differs  from  other  albuminous  bodies  in  its 
characteristic  staining  reactions,  in  its  resistance  to  the 
action  of  pepsin,  and  in  its  very  slight  tendency  to  pu- 
trefaction. When  exposed  for  a  long  time  to  the  action 
of  the  gastric  juice  it  slowly  dis.solves,  so  that  it  is  i)os- 
sible  that  its  resistance  lo  pepsin  and  agents  of  putrefac- 
tion is  due  to  its  great  density,  which  hinders  the  pene- 
tration of  tlinds.  It  is  likewise  resistant  to  acids  and 
alkalies,  and  is  not  altered  by  alcohol  and  chromic  acid. 
Through  the  prolonged  action  of  dilute  sulphuric  acid 
tyrosin  and  leucin  may  t)e  obtained  from  amyloid,  its  end 
products  thus  harmonizing  with  its  albuminous  nature. 

But  little  is  known  with  certainty  re.irarding  the  causes 
and  nature  of  am,\loid  formation.  It  is  one  of  the  most 
common  i>atliological  conditions  of  the  body,  and  may 
exist  as  a  local  change,  or  be  widely  distributed  throu.sh 
many  organs  and  tissues.  It  usually  occurs  as  a  slowly 
progressing  disease  in  association  with  various  cachectic 
conditions.  In  these  cases  of  widespread  formation  it 
must  be  the  result  of  some  general  disturbance  of  meta- 
bolism. The  amyloid  sulistance  does  not  exist  in  the  blood 
as  such,  but  the  material  from  which  it  is  formed  is.  with- 
out doubt,  derived  from  the  blood.  Though  called  amy- 
loid degeneration,  the  process  is  not  to  be  classed  ^^  ith 
the  true  degenerations  of  cell  protoiilasm,  but  is  rather 
to  be  regarded  as  a  pathological  deposit,  in  tlii'  tissues,  of 
a  substance  deriveil  from  the  circulation.  It  has  been 
conclusively  shown  that  the  cells  of  the  affected  tissue 
take  no  active  part  in  the  formation  of  amyloid.  The 
location  of  the  dejiosit  is  practically  always  in  the  walls 
of  the  blood-vessels  or  in  the  interstices  of  the  tissues 
immediately  aroinid  the  vessels,  and  the  organs  which 
show  the  greatest  degree  of  the  change  are  those  alnin- 
dautl}'  supplied  with  blood,  as  the  liver,  spleen,  and  kid- 
neys. It  is  possible  that  the  amyloid  substance  is  the 
result  of  the  union  of  some  albuminous  material  derived 
from  the  blood  with  some  constituent  of  the  tissues,  and 
that  the  lowered  vitality  of  the  tissues  restdting  from 
general  or  local  disturbances  of  nutrition  favors  its  forma- 
tion: or.  as  the  result  of  impaired  nutrition,  a  peculiarly 
modified  albtnninous  body  may  be  separated  from  the 
blood  through  the  activity  of  the  secretory  cells  of  the 
blood-vessel  walls.  As  the  chief  .seat  of  the  amyloiil  de- 
posit is  always  just  outside  the  endothelium  of  the 
blood-vessels,  it  becomes  highly  iirobable  that  it  is  a  ;«•"<?- 
net  of  eiiihithelitil  cell  nefirit//.  and  is  deposited  in  the  tis- 
sues outside  the  endothelium  in  a  manner  analogous 
to  the  deposit  of  hyalin,  lime  salts,  or  silver  pigment. 
This  pathological  secretion  may  be  the  result  of  general 
changes  in  the  ciroulation  whereby  the  secretory  func- 
tion of  the  cells  of  the  vessels  is  changed,  or  the  changes 
may  be  i>rimarv  in  the  cells  themselves.  The  fact  that 
local  deposits  of  amyloid  occur  without  apjiarent  general 
changes  of  nutrition  favors  this  view.  In  the  widesjiread 
deposit  of  amyloid  in  cachectic  conditions  the  pathologi 
cal  condition  of  the  cells  may  be  jiroduced  by  thealtercd 
state  of  the  blood;  in  the  local  tlciiosits  it  may  be  due  to 
local  changes  in  the  vessels,  caused  by  local  infiammatory 
processes. 

In  the  majority  of  cases  the  deposit  of  amyloid  apiicars 
as  a  secondary  phenomenon  in  various  cacliectic  states, 
being  most  commonly  associated  with  chronic  tubercu- 
losis of  the  lun.gs  and  bones,  chronic  suppui-ativc  jiroc- 
esses,  syjjhilis.  chronic  dysentery,  and  leidia-mia.  In 
these  diseases  the  most  extensive  de]io.sits  may  be  found. 
It  rarely  occurs  in  the  cachexia  of  carcinoma,  ami  usually 
only  when  there  is  idceration  of  the  growth.  It  is  also 
found,  (hough  less  fre(|\iently.  in  association  with  pseu- 
doleuka>mia.  chronic  arthritis,  nephritis,  chronic  diar- 
rhoea, tyjihoid  fever,  prcdonged  malaria,  and  after  severe 
forms  of  rachitis.  Occasionally  there  may  occur  in  chil- 
dren a  widespread  deposit  of  amyloid  without  any  dis- 
coverable cause. 

According  to  Cohnheim,  amyloid  deposits  may  become 
well  developed  in  from  two  to  three  months.  Czerny 
and  Krawkow  claim  to  have  produced  it  in  animals  in 
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from  tlirco  to  sixty  (lays  througli  the  fstablislimcnt  of 
suppurative  processes,  caused  liy  injections  of  turpentine 
anil  of  stapliylococei.  Kxperiuienls  made  in  Ziejiler's 
lal)orat<iry  throw  doul)t  upon  these  investiirations.  Asa 
mil',  the  formation  of  amyloid  takes  ])lace  very  slowly. 
It  occurs  most  rre(|Uently  between  tlie  tenth  and  thiitielh 
years,  but  may  be  found  in  new-born  infants  (((inuenital 
syphilis),  and  also  in  extreme  old  ajie. 
"  I.o(  Ai.iz.vTioN. — Amyloid  occurs  most  freqiicntly  as  a 
widespread  deposit  in  one  or  several  orjians.  esjieeially 
alTcctini;  the  spleen,  liver,  kidneys,  and  lymph  irlands. 
Next  to  these  the  nuieosji  of  the  intestine,  the  adrenals, 
and  the  omentum  may  show  a  marked  dej;ree  of  the 
chani;c.  In  all  of  the  oru'ans  it  may  occur  to  such  an 
extent  that  it  alfeets  ftreatly  the  gross  aiipcarance.  It 
is  less  fre<iiicntly  foinid  in  the  intima  of  the  great  ves- 
sels, mucosa  ofthe  respiratory  and  urinary  passages, 
thvroid.  lungs,  ovaries,  testicles,  prostate,  bone  marrow, 
salivary  glands,  and  muscle.  In  these  its  occurrence  is 
usually  so  limited  that  its  presence  can  l)e  made  out  oidy 
bv  means  of  the  microscope. 

The  degree  oflhc>  change  varies  very  nuich  in  dilTer- 
cut  cases.  The  kidneys  may  show  a  marked  deposit, 
while  the  other  organs  may  contain  but  little  amyloid; 
in  other  cases  the  liver  or  spleen  may  be  the  chief  seat  of 
the  change.  The  primary  seat  of  the  dci)osit  and  the 
order  in  which  the  dilferent  organs  arc  alTeeted  vary 
with  the  individual  case,  and  bear  no  dctinilc  relation  to 
the  associated  pathological  condition. 

Local  deposits  of  amyhiid  occur  in  single  lyniidi  glanils 
following    inllanunatory    processes    (mesenteric     glands 
after  typhoid),  in  scars,  local  intlammalions,  hyperplastic 
growths,  t\imors  (osteo-tibronia  of  tongue,  chondroma  of 
lung),  in  the  tongue,  tonsils,  and  larynx  following  syph 
ilitie  processes,  and  in  the  scarsof  liver  gummata.     KIclis 
obtained  the  amyloid  reactions  in  a  hard  chancre.     Nu 
merous authors  have  found  amyloid  in  jiathological  con 
ditions  of  the  cornea  and  conjunctiva  (tnielmma.  sta[diy 
loma.    etc.).      It    has  also  been   fcHuid  in  old    blood  clots 
anil  thrombi,  and  frequently  in  the  cartilages  of  old  indi 
viduals   who  have  presented    none  of    the  [lathologic-il 
conditions  with  which   amyloid  is  usually   associated 
These  local  deposits  of  amyloid  sometimes  form  tumor 
like  masses  under  conditions  in  which  it  is  impossible  to 
establish  any  relationship  between   them  and  any  other 
pathological  process.     The  corpora  amylacea   found  in 
the  prostate,  nervous  system,  lung,  etc..  sometimes  give 
a  reaction  reseinljling  that  of  amyloid  (see  Corpnrn  Ami// 
iiei(i). 

M,\ci(oscoric.\i,  ArrE.\:{.\N('F.s. — When  the  deposit  of 
amyloid  is  at  all  ex  tensive,  it  is  readily  recognizable  by  the 
naked  eye :  but  the  degree  and  nature  of  the  deposit  and  of 
the  associated  degenerative  conditions  vary  so  much  that 
no  general  description  can  be  given  which  will  apply  to  all 
cases.  The  organ  is  usually  swollen  and  plumper  than 
normal,  its  edges  are  more  rounded  and  its  lissuies  dceii- 
ened.  Its  volume  and  weight  are  increased,  the  latter 
sometimes  four-  to  fivefold.  The  consistency  is  gicatly 
increased;  in  severe  eases  the  organ  may  have  a  wooden 
hardness.  There  is  also  a  great  loss  of  elasticity,  so  that 
pressure  indentations  made  upon  the  surface  of  the  organ 
remain  for  a  long  time.  The  blood-content  of  the  af 
fected  organ  is  usually  greatly  diminished,  so  that  its 
color  becomes  grayish  fir  yellow  if  nuich  fatty  change  is 
present.  Very  characteristic  is  the  shining,  translucent, 
waxy  apiiearance  of  the  cut  surface,  resembling  that 
of  bacon  (lardaceous).  The  dilTerences  in  histological 
structure  of  the  various  organs  lead  to  individual  appear- 
ances when  amyloid  is  present,  and  these  will  bedescril)ed 
separately. 

The  iodine  test  is  best  applied  to  fresh  tissue.  A  nind- 
erately  strong  I.ugol's  solution  should  be  used  after 
washing  out  the  blood,  as  the  color  resulting  from  the 
combination  of  the  red  ha-moglobin  and  yellowish  brown 
iodine  very  clo.sely  resembles  the  mahogany  red  of  the 
amyloid.  The  iodine  solution  is  poured  over  the  freshly 
cut  surface,  allowed  to  stand  for  a  minute  or  so.  and 
then  washed  off.     The  amyloid  art'!i.s  are  reddish  brown. 


the  non-amyloid  ones  yellow.  If  dilute  sulphuric  acid  is 
now  applied,  the  amyloid  jiortion  becomes  dark  green  to 
black,  or  dark  violet,  while  the  unallVctcd  tissue  is  of  a 
clear  gray  color.  This  gross  reaction  is  plainly  seen,  as  a 
rule,  only  when  the  amyloid  deposit  is  marked;  but  some 
times,  as  in  the  intima  of  the  large  artei-ies,  it  may  be 
brought  out  veiv  distinctly  when  no  other  a])pearances 
jioint  to  the  presence  of  amylnid  (see  Plate  VII.). 

Miciios( oi'icAi,  .\i'i'i;.\i(.\X(  i;s. — .Microscopically,  am 
yloid  appears  as  a  homogeneous,  hyaline  substance,  of 
rather  liigh  refraction,  which  is  ile|iosiled  almost  ex- 
(dusively  in  the  walls  of  the  capillaries  and  smaller  arte 
rioles.  In  its  earliest  sUiges  it  appears  as  a  homoge- 
neous layer  outside  tfie  endothelium,  but  in  more  ad- 
vaiK'ed  cases,  owin,g  to  the  atrophy  of  the  intervening 
tissue,  the  masses  of  amyloid  increase  greatly  in  size  and 
ma.v  finally  bccomit  contliu'nt,  so  that  the  entire  tissue, 
or  a  lar,ire  part  of  it,  may  be  replaced  by  amyloiil.  In 
this  way  huge  nodules  or  tumor  like  masses  are  formed. 
It  must  be  emphasized,  however,  that  in  its  earliest 
stages  the  first  apjieaiance  of  amyloid  is  always  next  to 
endothelium. 

It  is  never  deposited  in  living  cells.  The  tissue  cells 
jiroper  tak<'  no  active  part  in  the  process,  and  the  changes 
found  in  these  cells  are  to  be  regarded  as  .secondary. 
The  lumen  of  the  alTected  vessel  is  soon  narrowed  by 
the  increasing  deposit,  juid  the  resulting  ilisturbance  of 
blood  siqiply  leads  to  degenerative  changes  (atrophy  and 
fatty  degeneration)  of  the  cells  of  the  all'ected  reginn. 
The  deposit  of  amyloid  between  and  around  the  cells 
near  the  blood  vessels  leads  to  similar  changes.  The 
individujil  vessels  are  not  equally  affected  throughout, 
and  different  vessels  of  the  .same  organ  may  show  the 
change  in  very  difTcrent  de.ijrees. 

The  microscopical  appearance  fif  amyloid  in  sections 
stained  wifh  ha'matcixylin  and  cosin  is  so  similar  to  that 
of  hyalin  that  a  differeiitiaf  diagnosis  between  the  two 
deposits  can  be  made  only  by  means  of  some  specific 
staining  reaction.  Of  these  the  best  and  most  practical 
is  the  Van  (iieson's  method.  The  sections  are  over 
stained  in  h,-einatoxylin  imd  then  stained  for  one-half  to 
one  miinife  in  a  concentrated  water  solution  of  picric 
acid  to  which  enough  of  a  concentrated  water  solution 
of  acid  fuchsin  has  been  added  to  give  it  a  distinctly  red 
color.  Hy  this  method  amyloid  is  stained  a  ]iinkish 
brown  or  yellow,  while  hyalin  fakes  a  dec]!  red  cnlnr. 

The  iodine  reaction  docs  not  show  so  well  in  hardened 
material,  so  is  best  jipplied  to  fresh  tissue.  The  s]iecific 
reactions  of  amyloid  wifh  various  aniline  dyes  are  classic 
in  the  history  of  microchemistry.  and  it  is  largely  to  the 
wonderful  amount  of  interest  bestowed  upon  these  that 
this  branch  of  pathological  teclunqnc  owes  a  very  great 
part  of  its  development.  The  aniline  stains  most  cotii- 
moldy  used  are  methyl  and  gentian  violet,  methyl  green, 
and  iodine  green.  The  amyloid  tissue  is  best  hardened 
in  alcohol  and  cut  without  embedding.  The  sections  are 
then  stained  for  five  to  ten  minutes  in  a  two  to  five  per 
cent,  solution  of  the  stain,  ditTerentiiited  with  dilute 
acetic  acid,  and  mounted  in  glycerin  or  syrup.  With 
all  of  these  stains  amyloid  exhiliits  a  metachromatosis. 
Methyl  and  gentian  violet  and  iodine  .sreen  stain  the 
amyloid  portion  ruby  red,  while  flie  non-amyloid  is 
stained  blue,  Jlethyl  green  stains  the  amyloid  a  sky- 
blue,  the  non-amyloid  a  bright  green.  None  of  these 
reactions  is  permanent;  the  sections  so  treated  gradu- 
ally fade.  On  the  whole,  the  Van  Gieson's  method, 
which  can  be  applied  to  either  jiaraftin  or  celloidin  sec 
fions,  is  the  most  convenient  and  practical  stain  for  the 
dilTerentiation  of  amyloid, 

I.lrer. — This  organ  is  very  frequently  the  seat  of  amy- 
loid deposit.  Outside  the endotl»-lium  of  the  liver  cap 
illaries,  between  it  and  the  liver  cells,  there  is  depos- 
ited a  layer  of  amyloid,  which,  as  it  increases  in  thiikness. 
presses  upon  flic  liver  cells  and  se]iarates  them  fiom  their 
normal  relations  wiffi  the  blood,  so  that  they  undergo 
atrophy  and  degeneration,  and  finally  may  entirely  dis- 
appear. The  amyloid  ma.sses  thus  become  contiuent.  the 
cai)illary  walls  are  pressed  together,  and  the  only  cells 
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k't't  ill  tlio  !U'«i  art'  the  ciulotlii'luil  cells,  wliicli  may  per- 
sist for  a  loiii;-  time.  Tlie  iutermediate  zone  of  tlie  lob- 
ule is  almost  always  allected  to  a  greater  e.xteiit  tliau 
either  the  central  or  the  iieripheral  one.  The  walls  of  the 
lai'sjer  blooil-ves.sels  may  also  show  the  deposit.  In  more 
advanced  eases  the  entile  lobule  may  be  replaced  by 
amyloid.  This  marked  change  is  usually  contincd  to 
single  scattered  lobules,  so  that  these  appear  to  the  naked 
eye  as  grains  of  lioiled  sago  (sago  liver),  ^[nru  rarely 
tiie  greater  part  of  the  liver  may  be  re|daced  by  contin- 
ent masses  of  amyloid,  whereby  the  organ  acquires  a 
■wooden  hardness  and  on  section  resembles  the  translu- 
cent |iortions  of  bacon  iSpeck-Lcbei-). 

Spleen. — In  the  spleen  the  amyloid  deposit  takes  ]ilace 
in  the  tine  reticulum  of  the  juilp  lieueath  the  endothelium 
of  the  blood  spaces.  The  lollieles  may  alone  be  alfected, 
appearing  enlarged  and  translucent  like  boiled  sago  (sago 
siileeu) ;  or  the  chief  deposit  may  be  throughout  the  pulp, 
or  may  involve  both  pulp  and  follicles  (Speck-Mils,  lard- 
aceous  spleen).  The  arterioles  of  the  follicles  are  of  ten 
the  only  portions  of  the  oigan  which  show  the  deposit, 
ami  it  is  in  these  that  the  earliest  appearance  of  amyloid 
in  the  body  as  a  rule  occurs. 

Kid  III  11 . — The  afferent  arterioles  of  the  glomeruli  are 
usnally  first  affected,  then  tlie  glomerular  capillaries  and 
efferent  vessels,  and  finally  the  smaller  vessels  through- 
out the  entire  organ.  The  cliange  is  never  so  marked  in 
the  medullary  pyramids  as  in  the  corte.x,  but  it  may  ap- 
pear early  in  the  straight  vessels  of  the  foi'mer.  As  the 
disease  advances  the  deposit  extends  from  the  intertubu- 
lar  capillaries  to  the  basement  membrane  of  the  tubules, 
which  may  appear  as  if  surrounded  by  a  hyaline  ring. 
The  iiitima  of  the  larger  brandies  of  the  renal  artery 
may  show  small  and  irregularly  scattered  deposits. 
Since  the  glomeruli  are  the  chief  seat  of  the  deposit,  they 
appear  on  the  freshly  cut  siii'face  of  the  organ  as  small, 
firm,  translucent  dots  usually  about  the  size  of  pinheads. 

Lymph  Glmirh. — Extensive  amyloid  deposit  is  not  com- 
mon in  the  lymph  glands,  but  scattered  masses  are  very 
frecpiently  found  in  them;  and  the  walls  of  their  small 
arterioles  usually  show  a  moderate  degree  of  change  in 
all  cases  in  which  the  liver,  spleen,  and  kidneys  are  cxteu 
sively  afl'ected.  Local  inflammatory  changes,  both  of  the 
lymph  glands  and  the  tonsils,  are  very  frequently  accom- 
lianied  liy  the  formation  of  small  masses  of  amyloid  in 
connection  with  hyaline  deposit,  and  the  close  relation  of 
these  substiinccs  is  nowhere  else  so  well  shown  as  in  these 
organs.  In  advanced  cases  the  deposit  may  extend  from 
the  neighborhood  of  the  capillaries  into  llie  reticulum, 
causing  atrophy  of  the  lymphadcnoid  cells. 

Miisi-tc,  Flit  I'ixxiie,  cte. — In  striateil  muscle  amyloid 
deposit  is  rarely  found.  It  has  been  found  in  the  tongue 
and  in  the  muscles  of  the  larynx  in  the  shape  of  nodular 
masses.  The  deposit  takes  place  first  in  the  walls  of  the 
caiiillaries  of  the  endomysium,  and  as  it  increases  in  size 
the  sarct)lemma  comes  to  be  surrounded  by  a  clear,  hya- 
line mass.  As  the  muscle  fibre  is  thus  separated  from 
its  blood  su]iply  it  undergoes  atrophy  and  degeneration, 
finally  disappearing  so  that  the  deposits  of  amyloid  be- 
come continent  into  nodular  masses.  A  similar  process 
may  take  jilace  in  heart  muscle  and  in  unstriped  muscle, 
but  is  of  rare  occurrence.  The  amyloiil  deposits  in 
striped  muscle  occur  very  frccpiently  in  the  scars  of 
gummata,  but  occasionally  no  evidences  of  preceding 
pathological  changes  can  be  made  out.  Adipose  tissue 
is  often  extensively  affected  by  amyloid  disease,  the  de- 
jxisit  taking  [dace  in  tlie  walls  nf  rhi-  larger  blood-vessels 
and  of  the  interci'llular  eapillarii'S,  .so  that  the  fat  cells 
come  to  be  surrounded  by  a  thin  hyaline  layer. 

Mtieiiiiti  Mi'inhniiiix. — 'Hie  mucous  membranes  of  the 
respiratory  tract  are  very  rarely  alTected.  Scattered  de- 
posits may  occur  in  the  mucosa  of  the  stomach  and  intes- 
tine, producing  nicne  or  less  extensive  thickenings  of  llie 
mucosa,  whicli  show  the  charaetcristic  lumiogcneous, 
glassj-  appearance  of  amyloid.  Large  elevations  may 
undergo  ulceration,  and  at  llic  bottom  of  the  ulcer  re- 
mains of  theamyloid  may  be  preserved.  The  large  intes- 
tine is  mine  fre<[uently  alfected  lliaii  the  small.     Thede- 


posit  is  in  the  walls  of  the  capillaries  of  the  mucosa  and 
snbmucosa.  Only  in  very  rare  Ciises  is  amyloid  found  in 
the  mucosa  of  the  genito-urinary  tract. 

Gkxick.vi.  N.VTiitE  OF  A.Mvi.oiD  DisE.vsE. — As  stated 
above,  the  formation  of  amyloid  is  almost  always  sec- 
ondary to  other  processes  which  are  ulcerative  or  inflam- 
matory in  character,  and  of  infective  nature.  AVhile  not 
in  itself  a  true  degeneration  of  cell  jiidtoplasm,  the  proc- 
ess is  essentially  degenerative  in  character,  in  that  it  leads 
to  marked  disturbances  of  nutrition.  The  deposit  in  the 
walls  of  the  bloodvessels  leads  to  partial  or  conqdcte 
obliteration  of  their  lumina.  thus  producing  permanent 
interference  with  the  circulation.  As  a  result  of  this 
disturbance  of  nutrition,  atrophy,  fatty  degeneration,  or 
necrosis  of  the  tissue  cells  takes  place.  The  pressure  of 
the  amyloid  deposits  between  the  cells  leads  to  similar 
results.  P'attj'  degeneration  and  infiltration  are  almost 
always  present  to  a  greater  or  less  degree  in  amyloid 
disease,  and  to  a  certain  extent  must  be  regarded  as 
coincident  processes  produced,  perhaps,  by  the  same 
general  disturbances  of  metabolism  which  give  rise  to 
amyloid.  Severe  aiuemia  is  usnally  associated  with  the 
condition,  and  death  takes  place  as  a  rule  from  a  .gradu- 
ally increasing  marasmus. 

Sy.mptoms. — The  marked  alterations  in  the  structure 
of  the  affected  organs  and  tissues  lead  to  functional  dis- 
turbances, which,  however,  may  be  very  slight  when 
compared  to  the  extent  of  the  deposit.  The  general 
clinical  picture  of  the  condition  will  vary,  of  course, 
with  the  organ  affected  and  with  the  extent  of  the  dis- 
ease, so  that  a  comprehensive  description  is  not  possible. 
Moreover,  from  the  nature  of  the  case,  it  is  manifestly 
difficult  or  impossible  to  separate  the  symptoms  of  amy- 
loid deposit  from  those  of  the  disease  leading  to  or  asso- 
ciated with  it.  The  nature  of  the  primary  process  will 
modify  very  much  the  clinical  appearances  dependent 
upon  the  amyloid  change.  Frequently  the  beginning  of 
the  condition  is  shown  by  a  rapid  increase  in  the  maras- 
mus already  existing,  and  by  the  enlargement  of  liver 
and  spleen.  These  phenomena  are  always  more  marked 
in  syphilis  and  in  chronic  ulcerative  processes  than  in 
pulmonary  tuberculosis.  In  such  conditions  as  chronic 
varicose  ulcers  of  several  years'  standing  a  rapid  increase 
of  the  cachexia  is  usually  pathognomonic  of  amyloid 
disease. 

Associated  with  enlargement  of  the  liver  certain  dis 
turbances  of  digestion  go  hand-in-hand:  absence  of  bile 
pigment  in  the  faxes,  fecal  decomposition,  meteorism. 
etc.  Icterus  is  rarely  present,  and  ascites  only  as  asso- 
ciated with  a  general  hydra'mic  or  cachectic  anaemia. 
Marked  amyloid  deposit  in  the  kidneys  is  not  always 
shown  by  disturbances  of  its  function.  The  urine  may 
show  no  changes;  hut  as  a  rule  albumin  is  present,  the 
amount  is  increased,  and  the  sediment  contains  hyaline 
casts,  though  usually  not  in  great  numbers.  The  lat- 
ter never  give  the  amyloid  reaction,  in  spite  of  the  re- 
peated statements  that  they  <lo.  As  amyloid  deposit 
in  the  kidneys  is,  in  the  majority  of  cases,  associated  w  ith 
chronic  inflammatory  changes,  the  character  of  the  urine 
may  vary  greatly.  Marked  amyloid  disease  of  the  intes- 
tine is  usually  accompanied  by  foul  diarrha^a. 

Di-\GX0sis. — The  nature  of  the  primary  affection  must 
first  be  considered.  If  in  patients  affected  with  any  one 
of  the  chronic  diseases  known  to  be  associated  with  amy- 
loid (chronic  tuberculosis,  syphilis,  chrimic  sujiiiurative 
processes),  painless  swellings  of  the  liverand  spleen  arise, 
in  association  with  albuminuria  and  extreme  i-aleness  of 
the  skin  and  mucous  membranes,  the  tliagnosis  of  amy- 
loid is  made  very  ]H'obable. 

Dili ATioN. — The  earliest  stages  of  amyloid  change 
cannot  be  ascertained  clinically.  It  is  ]irobablo  that  in 
many  cases  the  jirocess  develops  through  .several  en-  even 
many  years  with  alternate  periods  of  imin-ovemenl  and 
exacerbation.  It  may.  however,  ilevelo]i  within  shorter 
periods,  as  in  a  case  observed  by  (\)lmbeim,  in  which  sup- 
pnralion  of  bone  after  a  fracture  led  to  well-developed 
amyloid  ilisease  within  a  few  months.  The  duration  of 
well-marked  cases  ilepends  upon  the  orgau  chiefly  af- 
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AMYLOID   DEGENERATION    IN    DIFFERENT  ORGANS 


Kic.  1.  S.-ciic.ii  ipf  nil  Aniyloiil  I.ivpr.Shdvvintr  ihi'  KrTccts.if  sciiii- 
inp  it  with  uSoiutinii  nf  IiHliiir.  ti.  Nornml  livt*r  ti^sll(':  /».  lissuc  Hiiit 
has  iiiiiliMKoiii'  iiinyldlil  ili-(.'ciicnitiim ;  c,  (ilissiin's  capsiilf  niatrnltleU 
ij  iliaiiiL'tLTs.     (Zii^'hT.) 

Fig.  2.— Aniyhilii  Kiilnvy.  Stalni'il  with  Aniline  Vii.h-t.  Tlic  amy. 
Iniil  isstaim-cl  red.  'I'hi' ilc|«isit  is  must  niartcii  in  llii>  caiiillaries  of 
the  L'loiiiei-llli  anil  in  the  siiiall  arteiies,  anil  is  seen  alsn  as  a  line 
hyaline  hliL'  siiniMtiiilitiir  the  iiieinhrana  propria  iif  the  llltinles.  Map- 
nilleil  llllliliainelelM.      Iliihlierl.) 


Fii;.  .'[.— Seetiiin  I'f  all  Aiinloiil  I.iver  After  tieinir  Treateil  witji 
MeUiyl  Vinlel  anil  Aeetie  Ai-iil.  ".  K.l<ill).'iileil  masses iif  llyer  cells:  I'. 
ainyliiiil  siihsiaiiee;    f.  eniliitlielium  uf  tin-  eapillaries;    e.  eoUirless 

bloiiil  lurpiiseles.      Mapnilleil  l.Vlilianieters.      (Zlepler.) 

Kti;.  4.— Aiiiyloiil  Det'eneratinn  of  the  Kollieles  anil  l>iil|i  of  the 
Spleen.  (Aleohol:  methyl  violet:  hyilroelilorie  aeid.)  «.  Kollieiilar 
tissue  in  a  iiiarkeil  state  of  amyloid  iletrcnenition :  h.  luilp  tissue  in 
whieh  the  ilejreneration  has  het'im.  Mas-'nilleil  :V»i  iliaineters. 
fZiepIer. ) 
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fected.  Extensive  chansies  in  the  liidncy  arc  much  ninrc 
serious  than  tliose  of  llic  liver  orsjileeu,  us  tliey  Irad  lo 
deatli  within  a  few  weel\S  or  montlis. 

FnocNosis. — Tliis  is  in  general  unfavoralile.  It  is 
prolialile  tliat  amyloid.,  when  oner  fornieil.  is  not  retnuvcd 
i'roin  tlie  site  of  deposit.  In  all  cases  in  w  hich  the  condition 
is  so  marked  that  the  diagno.sis  is  eerUiin.  deatli  iisnally 
occurs  within  short  periods.  Temporary  improvement 
may  lake  jilaee;  and  in  some  cases.  es|)ecially  after  ojier- 
ation  for  chronic  purulent  conditions  of  hone,  the  disease 
apparently  comes  to  a  standstill,  marked  ,ir<'neral  ini- 
lirovement  takes  place,  the  liver  swellinj;  decreases,  and 
the  albuminuria  disa])pears.  It  is.  of  course,  iinpo.ssjl)le 
lo  say  to  wh[it  extent  these  symptoms  were  due  to  the 
amyloid  disease.  A  similar  improvement  has  been 
noticed  as  the  result  (d' a  prolonged  inunction  cure  in  a 
case  of  amyloid  associated  with  syphilis.  Corneal  tu- 
mors tnay  slowly  disa]ipear  under  the  iiitluerice  of  local 
irritation  and  intlammation. 

Tnt;.\T.Mt;Nr. — For  the  wellestablished  con<lition  it 
is  hardly  probable,  th.at  treatment  will  av;iil.  thoui;h 
iodine,  ammonitim  chloride.  |)otassium  iodide,  dilute 
nitric  acid,  etc..  have  Ix'cn  recommended.  The  improve 
ment  of  the  local  or  treneral  primary  condition  is.  of 
course,  the  most  important  therapeutic  line  to  lie  lol 
lowed:  and  in  connection  with  this  the  aeneral  improve 
ment  of  nutrition.  Of  far  irieater  importance  are  proph- 
vlactic  measures,  even  to  the  e.\t<'nt  of  such  radical 
procedures  as  amputation  in  cases  of  chronic  varicose 
ulcerations,  chronic  suppuration  of  bones,  etc..  in  which 
persistent  operative  and  therapeutic  measures  have  been 
wilhout  result.  Aldred  Scott  Waii/iiii. 

A  N  A  B  0  L I S  M .     See  ,1/t  (aholma. 

ANACARDIACE/E.   or   TEREBINTHINACE/E.— (The 

Cashew  laiiiily,  i  A  n'markable  and  iniporl.int  bimilyof 
some  lilty nine  sjeni'ia.  chietly  tro|iical  or  stilitropical. 
exeeedin.irly  varied  in  the  nature  of  its  proiluets.  The 
nianiro,  the  cashew,  and  the  sjiondias  or  hoii:-plum.  are 
important  fruits;  those  of  Pistacia  furidsh  a  well  known 
(lavorin.s  ancnt.  while  its  bark  yields  the  commercijd 
resin  mastic;  the  milk  juice  of  several  Japanese  species 
of  Hhus  furidshes  Japanese  lacquer,  and  the  leaves  and 
fruits  of  other  species  of  this  genus  yield  tanning  a.gents. 
The  oil  which  abounds  in  several  species  of  Rhus  (more 
properly  called  Ti).ricn(liii(lfi>ii).  and  in  some  other  genera, 
acts  as  a  powerful  cutaneous  iioison.  (.S'c  /'i/i.ii/iii:ii.s 
Ph  »/.■<.)  II.  II.  IlusI,!/. 

AN/EMIA,  PERNICIOUS.  —  (Synonyms:  Pimjrrsm  rr 
pO'itlzUtae  AiidmU',  ]5icrmer.  Idiojuithic  tiinvfniti,  Addi- 
son; Esxentidle  Aniiiiiie,  Lebert;  EsxeiitiM'  mnl/'f/nr  or 
E-incittiille  fehrile  Amimie,  Immermann :  Pennzi/m- 
Aiiiiiiiir.  (Juineke:  Aiiemie  piw/ivmri'.  Lepine.) 

Dkkimtkin. — Pernicious  ana'mia  is  a  grave  fortn  of 
anannia  which  is  characterized  by  a  reduction  in  the 
total  amount  of  the  blood  and  by  a  change  in  its 
physical,  anatomical,  and  chemical  characters.  The 
blood  is  thin  and  pale  and  not  coagulablc.  The  red  cor- 
puscles are  lessened  in  nutnber  and  changed  in  size  and 
shape.  It  is  a  peculiar  circumstance  that  the  a<lipose 
tissue  is  generally  maintained,  while  at  the  sjinx'  lime 
secondary  fatty  degeneration  of  the  heart  is  almost 
always  I'ounil  to  be  ]ires<nt.  The  disease  is  distin- 
guished, clinically,  by  the  symptoms  of  grave  ana'mia. 
often  by  an  irregular  fever,  retinal  hemorrhages,  and 
hemorrhages  underneath  the  skin  and  from  mucous 
membranes.  Its  cour.se  is  usually  progressive,  its  termi- 
nation fatal,  its  duration  from  seven  weeks  to  from  two 
to  three  years.  Complications  arc  rare;  death  is  due  to 
exhaustion,  to  syncope,  to  oedema  of  the  lungs,  or  to 
cerebral  complications. 

This  symptom  complex  may  be  dependent  on  some 
evident  anatomical  change  or  it  may  have  no  demon 
strable  organic  liasis.  Thus  we  distinguish  seconrlaiy 
or  symptomatic  progressive  |)ernieious  ana-mia  and  a 
primary,  essential,  or  cryptogenic  form.     Some  authors 


limit  the  term  pernicious  aiiicmia  to  the  latter  group,  but 
il  seems  better,  ill  view  of  the  identity  of  the  two  con- 
ditions analomically  and  clinically,  to'ajiply  the  term  to 
that  peculiar  torm  of  anaiiiia  which  po.sse.sses  the  char- 
acteristics enumeratcil  above,  u  halever  its  cause  may  be. 
In  the  secondary  form  of  pernicious  aii.-eniia  the  symp- 
toms of  the  blood  changes  dominate  the  clinical  picture  so 
that  the  symptoms  referable  to  the  causal  lesion  are  com- 
paratively insigniticant,  and  the  aiuemia  beconies  prac- 
tically a  disease  jicr  sc.  This  characteristic  marks  the 
distinction  between  pernicious  ana-mia  and  simple 
chronic  ameniia  in  which  the  ,symiiloms  of  tin-  pri- 
mary disease  hold  the  lirst  place,  although  the  an;emia 
may  be  severe. 

llisToKv  PuKviois  TO  1S7'2. — The  publication  by 
Hiermer,  in  1873,  of  a  series  of  cases  of  this  di.sease, 
and  his  a.ssert ion  that  he  was  the  first  to  recognize  it, 
aroused  the  latent  encrgii's  of  the  English,  so  that  since 
then  they  have  justly  and  successfully  shown  that  to 
one  of  their  countrymen  is  due  the  credit  of  having  iden- 
titied  il  long  before  that  lime.  Addi.son  certainly  had 
oliserved  and  taught  the  clinical  course  of  the  disease, 
anil  had  made  inquiries  into  its  pathology,  lie  clearly 
established  that  what  he  called  idiopatiiic  anamiia  was 
an  indepcndenl  alTeclion,  and  so  impressed  it  upon  his 
colaborcrs  and  stmU'iits  that  ever  since  then  it  "lias  not 
been  lost  sight  of  at  Guy 's."  The  wards  of  that  hos|iital 
have  furnished  most  of  the  cases  for  Knglish  memoirs, 
and  its  re]iiirts  contain  many  observations  and  di.scus- 
sions  on  this  disease.  Prior  to  .\ddison,  Coombe.  iMar- 
sliall  Hall,  anil  Barclay  reported  isolated  cases  of  fatal 
auicmia.  Since  then,  and  before  Biermcr's  |iiiblieatioii, 
Wilks.  Bristowe,  Eeared.  and  llabershon  made  con- 
tributions to  our  knowledge  of  the  disease.  The  labors 
of  Taylor,  of  Pye-Sinilh.  of  iMaekeiizie,  and  of  others 
have  clearly  proven  the  fact  of  English  priority.  Pro- 
fessor ICicbborst.  in  hiselaborale  monograph,  admits  these 
claims,  while  Pepper,  in  the  United  States,  was  one  of 
the  earliest  to  point  out  the  credit  due  Addisim.  In 
the  mean  time,  the  French,  through  I.epine,  ]uesented 
their  claims  of  priority  in  the  early  recognition  of  the 
disease.  Lepine  justly  admits  the  valuable  work  of  Ad- 
dison and  his  followers,  but  says  that  Andial  was  the 
earliest  observer,  and  that  Pioriy.  Cazenave.  and  Perroud 
had  recognized  the  airection.  the  latter  detailing  four 
eases,  with  autopsies.  A  dissenting  voice  arose  among 
the  (lermans.  l.cliert  claimed  that  he  had.  in  se|.arate 
papers,  described  this  disease,  lint  the  evidence  from 
them  shows  that  he  had  confused  chlorosis  with  perni- 
cious ana-mia.  Lately,  it  has  been  found  that  American 
|)hvsieiaiis  can  enter  claims  of  priority  for  one  of  their 
count rvinen.  Channing  described  cases  of  fatal  aii.a'niia 
in  connection  with,  and  indeiiendent  of  pregnancy  as 
early  as  18?.2.  Not  only  was  he  himself  jierfectly  familiar 
with  il,  but  so  also  were  many  of  his  associates. 

IlisToKV  St  NIK  1ST2. — The  time  of  the  iinblication  of 
l)ieriiier's  essay  on  "  I'rogressive  Pernicious  Ana'Uiia" 
makes  an  epoch  in  the  history  of  this  strange  disease 
lie  not  only  embodied  in  hisessayas  faithful  a  portrayal 
of  the  disease  as  .Vddison  and  others  had  done,  but  he 
added  to  it  more  accurate  accounts  of  the  blood  chan.ges 
and  the  ocenrrencc^  of  retinal  hemorrha.ges.  Moreover, 
he  so  impres.sed  the  medical  world  with  the  important 
results  of  his  observ:itions  that  since  then  the  knowledge 
of  the  disease,  instead  of  being  contined  mostly  to  Eng- 
land, has  become  universal,  and  multitudes  of  observa- 
tions have  been  in  a  short  time  added  to  the  i>revi- 
ous  comparatively  scanty  data.  In  ISTI  Immermann, 
in  1ST.")  Zenker,  and  in  IsTti  (Quincke,  made  valuablecon- 
tributions  to  the  study  of  the  disease,  whili-  in  1>^T7  iin- 
liortant  and  claborale  monograplis.  by  Mi'iller:inil  Eich- 
iiorsl  respectively,  appeared.  Since  then  (lerniaii  liter- 
:itiire  has  been  rich  in  observations  of  isolated  cases. 
.Vinong  Knglishmen.  Pye  Smith,  in  1ST."),  published  Iwo 
cases  in  the  Diul.'trlit's  Airhir.  and  since  then,  among 
others  of  his  country  men.  Bramwell.  .Mackenzie.  Fiiinev, 
Coiipland.  and  William  Hunter  have  written  inleresling 
and  imiiortant  artiides.       In  America,  Pepjier,  Howard, 
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Osier,  Stengel,  Thayer,  Cabot,  and  otliers  have  made 
valuable  oliservations.  From  a  study  of  its  liistory  we 
find  lliat  a  true  rouception  of  pernicious  an.Tmia  has 
been  arrived  at  only  throiiuli  tlie  eomliined  labors  of 
many  observers.  Thus  Addi.son  elcarly  {Iclined  the  lim- 
itations  of  tlie  inimary  type  of  the  disease:  Will-is  first 
observed  some  of  tlie  blood  eliannes;  Biernier  described 
the  retinal  hemorrhaire.  Tlien  Imniermann  showed  the 
relations  and  im])ortanee  of  the  febrile  process;  (Juiucke 
contributed  to  the  microscopical  appearances  of  the  blood, 
and  showed  its  extreme  deflcieucy  in  ha'inoglobiii.  and 
the  occurrence  of  siderosis.  About  the  same  time  Eieh- 
horst  jniblished  the  blood  changes  which  he  eonsidered 
patlio^rnonionic,  and  Pepper  first  demonstrated  the  pos- 
sible relationship  of  this  disease  to  an  affection  of  the  bone 
marrow.  His  work  was  corroborated  by  Seheliy-Buch, 
Cohidieim.  and  Osier.  The  latter  author  has  also  made 
valuable  investifjations  on  the  appearances  of  the  blood. 
Professor  Howard  -was  the  first  to  consider  the  relations 
of  this  form  of  an;emia  to  other  forms,  and  to  show  that 
any  form  of  anaemia  may  become  pernicicnis.  Granting 
the  credit  due  these  eminent  ol)servers  for  the  work  they 
have  done,  it  is  not  detracting  from  it  to  say  that  about 
the  3-ear  1.S30  a  coterie  of  physicians  in  and  about  Boston 
were  well  aware  of  the  oeeiu'rence  of  fatal  ansemia 
■withotit  assignable  cause,  and  that  they  had  discus.sed 
its  nature  and  clinical  course  in  their  societies,  and  had 
published  their  observations  to  the  world. 

Etioi.ooy, — This  is  obscure.  It  is  extremely  difficult 
to  reckon  tlie  iiitluence  of  the  age,  the  sex,  the  habits, 
and  the  condition  of  life  as  predisposing  factors;  and  at 
the  same  time  our  want  of  knowledge  of  the  pathology 
of  the  disea.se  makes  it  as  dillieult  to  determine  the  ex- 
citing cause.  In  fact,  all  that  can  be  said  is  that  imder 
certain  eireumstances  and  influences  the  disease  devel- 
ops more  f  recjuently  than  under  others,  without  our  being 
able  to  give  a  reason.  According  to  sfime  (Coupland, 
Eichhorst)  it  is  divided  about  equally  between  the 
sexes.  Bristowe  says  it  is  more  frequent  in  the  males. 
Midler,  Imniermann,  anil  Bieriner  give  predominance  to 
the  female  sex.  It  is  found  to  occur  as  early  as  at  the 
age  of  five,  or  as  late  as  at  .sixty-eight. 

The  following  table,  taken  fromPye-Smith's  very  able 
article,  shows  well  the  relations  of  age  and  sex,  according 
to  various  authors.  "Many  of  the  cases  are  common  to 
all  four  lists." 


Under  1.5 
l.'itoSU. 
21  to  30. 
31  to  4(1. 
41  to  .50, 
51  to  HO. 
61  to  TO. 


H.  M  tiller. 


MaW, 

0 


0 
4 
9 
19 


Coupland. 


Ke.i.alt 

0 

4 
18 
16 

9 

1 


Eichhorst. 


16 
9 
1 


6 
4 

29 
26 
21 
13 
4 


It  is  thus  seen  that  early  adult  life  is  the  period  of 
greatest  liability.  The  position  in  life  and  the  occupation 
seem  to  have  some  predisposing  influence.  In  German)- 
the  poorer  ela.sses,  half-starved  ordinary  laljorers,  are 
more  frequently  attacked.  There  are  notable  exceptions 
to  this  in  England  and  in  this  country.  Cases  have  been 
reported  of  the  wealtliy  and  the  well  nourislied  being 
alTeeted.  Intemperate  habits  are  frequently  recordeil  in 
the  reports.  The  residents  of  the  country  are  as  often 
affected  as  those  living  in  the  city,  if  not  oftener.  The 
oeciu'renee  of  the  disease  with  unusual  frecjuency  in 
parts  of  Switzerland  led  Imniermann  to  suggest  an  en- 
demic infiuenee,  Tliough  tlie  disease  is  not  so  frequent  in 
other  countries,  it  is  sulb<'iently  so  todisprove  such  state- 
ments. 

Aside  from  these  factors,  tliat  ]irobably  act  merely  as 
predis|iosing  causes,  there  are  a  number  <!f  conditions 
tliat  have  been  shown  to  stand  in  the  closest  causal  re- 
lationship to  the  ana'inia ;  chrmiie  sup|inration,  venereal 
excess,  and  diarrlnea  ajipear  to  be  the  exciting  causes  in 
certain   casi'S.     Kei)eatcd    bleedings,    such  as   occur  in 


hemorrhoids,  may  lead  to  this  condition.  Atrophy  and 
sclerosis  of  the  mucous  membrane  of  the  stomach  and 
intestines  seem  often  to  be  a  cause.  Infections,  par- 
ticularly syphilis  and  typhoid  fever,  are  held  to  ac- 
count for  some  cases,  Biermer  in  his  earliest  com- 
munication recognized  the  causal  relation  of  [jregnancy 
and  parturition  to  the  disease.  Two  intestinal  parasites, 
the  Ankylostomum  duodenale  and  the  Bothriocephalus 
latus,  cause  a  form  of  jiernieious  anaemia,  probably  by  the 
elaboration  of  a  ]ioisou.  Jlany  observers  have  insisted 
upon  the  occurrence  of  shock,  grief,  or  anxiety  as  ex- 
citing causes.  This  is  notably  the  opinion  of  Lepine. 
Wilks,  and  Coujiland.  Curtin.  not  knowing  of  the 
views  of  these  men.  long  ago  formulated  such  an  idea, 
and  has  recorded  cases  which  appear  to  liave  arisen  from 
such  cause. 

MoBBiD  An.^tomy, — The  appearance  of  the  body  after 
death  is  characteristic.  The  entire  surface  indicates  an 
absence  of  blood — extreme  pallor  of  the  face,  the  ex- 
tremities, the  trunk,  and  the  external  mucous  mem- 
branes, so  that,  if  not  for  the  dirtv-yellow  or  straw- 
colored  appearance  of  the  face  and  hands,  a  sudden 
profuse  hemonhage  might  be  eonsidered  the  cause  of 
death.  On  the  extremities,  the  back  of  the  hands,  and 
the  dorsum  of  the  feet,  the  ankles  and  wrists,  minute 
extravasations  of  blood  are  often  seen.  They  vary  from 
the  size  of  a  pin's  head  to  that  of  a  split  pea,  and  are 
purple  or  yellow  red  in  color,  ffidema  of  the  feet  and 
ankles,  of  the  hands  and  of  the  face  is  sometimes  seen. 
The  anlema  maybe  limited  to  the  eyelids  or  may  be  gen- 
eral. It  may  \ary  from  this  sli.ght  amount  to  a  uni- 
versal anasarca.  AVasting  of  the  body  is  often  not 
marked;  in  fact,  this  absence  of  emaciation  was  thought 
in  the  earl_y  history  of  the  disease  to  be  the  rule,  but  a 
few  well-authenticated  cases  are  recorded  in  'which  it 
was  present.  The  presence  of  fat — for  it  is  the  anipose 
and  not  so  much  the  muscular  tissue  that  remains — is 
more  noticeable  in  the  abdominal  walls  than  in  any  other 
region  of  the  l.iody.  It  is  said  that  rigor  mortis  does  not 
develop  early  after  death. 

On  section,  the  most  striking  feature  is  the  bloodless- 
ness  of  all  the  tissues.  A  large  jtroportion  of  cases  ex- 
hibit the  presence  of  subcutaneous  cedenia  in  the  parts 
indicated  above,  while  O'demaof  the  lungs  and  meninges 
is  common.  Passive  effusions  into  the  serous  cavities 
occur  less  frequently  ;  they  are  generally  small  in  amount, 
and  hence  are  not  appreciated  during  life.  Considerable 
ascites,  hydrothorax  of  one  side,  and  hydropericardium 
iire  changes  which  have  been  seen  only  rarely.  The  ex- 
uded serum  is  of  a  deeper  yellow  color  than  usual.  The 
preservation  of  adipose  tissue  is  remarkable,  not  only 
in  amount,  but  also  in  appearance.  The  subcutaneous 
and  subserous  accumulations  remain,  and  the  appendices 
epiploiciB  are  well  lueserved.  The  color  of  the  fat  is 
bright,  or  sul|ihur  yellow,  this  being  due  probably  as 
Lepine  suggests,  to  fernuis  sulphide.  The  muscles  are 
generally  tirm  and  red.  tlmugh  the  bulk  is  reduced.  Fat- 
ty degeneration  of  the  diaphragm  and  of  the  abdominal 
muscles  has  been  oliserved. 

lu  addition  to  the  absence  of  emaciation  and  the  ex- 
treme bloodlessness  of  the  body,  one  of  the  characteristics 
of  pernicious  anaMnia  is  the  occurrence  of  small  hemor- 
rhages. These  are  seen  in  the  skin  as  minute  <'Xtravasii- 
tions;  they  are  found  underneath  the  serous  membranes 
— the  pericardium,  the  iieritoneum.  and  rarely  the  pleura 
— as  minute  points  and  specks;  under  the  endothelium 
of  the  blood-vessels  they  have  also  been  .seen.  They 
frequently  occur  in  the  brain  stilistanee  as  caiiillary 
hemorrhages.  Similar  hemorrha.ges  are  foimd  in  the 
mucous  membrane  of  the  (eso|ihagus.  the  stomach,  and 
the  intestines,  in  the  lungs  and  np)ier  air  |iass;iges,  and 
in  tlie  blailder.  The  most  frequent  seat  of  these  extrava- 
sations, however,  is  the  retina.  These  hemonhages  are 
chie  to  rupture  of  capillaries  on  account  of  the  diseased 
state  of  their  walls,  or  to  diapedesis. 

The  last  general  change  that  is  often  seen  on  section 
of  the  body  is  the  oeeurience  of  a  dark  gray  staining  of 
the  organs.     This  has  been  proven  to  be  due  to  an  excess 
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of  iron  in  the  tissues.  Rosenstein  found  0.3187  percent, 
of  iron  in  the  liver,  0.22To  per  cent,  in  tlie  sj'leen.  0.()42'.i 
|)er  eeiit.  in  the  liidueys.  QniiicUe  found  (».(!  pcreenl. 
nietalHc  iron  in  the  liverand  (l.JK  per  eenl.  in  the  ki(hie_vs 
in  one  case.  In  another  case  tlie  liver  contained  ",'.1  per 
cent.  The  iron  was  seen  in  tlie  liver  cells  as  small 
jrnuiules.  Iron  has  also  been  fotnid  in  the  tissue  of  I  he 
lunfj;s  and  of  the  pancreas,  and  in  the  periloneuin. 
Purser  found  the  dried  kidneys  to  yield  (l.o:i.")'3  per  cent 
of  iron.  This  increase  of  iron  ijoes  hand  in  hand  with 
diniinnlion  of  ha'niojrloliin.  Oidtnian  ((]U(iled  by  ifo.sen- 
stein)  found,  on  analysis,  the  heallhy  liver  to  contain  O.OS 
per  cent,  and  the  spleen  O.IT)  per  ccni.  of  iron. 

The  blood,  extremely  small  iti  amount,  is  collected  in 
the  heart  and  larger  venous  trunks.  Attein]its  have 
been  made  to  estimate  the  total  quantity  of  blood,  but 
the  residts  are  naturally  uncertain.  (Jnincke.  in  two 
cases,  computed  the  blood  to  be  .'5  per  cent,  and  4.:i4  per 
cent,  of  the  body  weight  (8  ])er  cent,  is  considered  nor 
inal).  The  small  amount  of  blood  in  thi'  body  can  be 
appreciateil  durins  life  by  attem|4s  to  secure  some  fur 
examination.  Adeep  thrust  of  a  needleinan  artitieially 
congested  finger,  or  even  an  incision.  isre(|uired  to  oli 
tain  a  few  drops.  It  is  thin  and  watery,  stains  the  hands 
as  does  nitric  acid,  or  looks  like  muscle  washinjis  or 
weak  coffee.  Coasrula  are  rarely  found  in  the  cavities 
of  the  heart  and  the  vessels.  If  present,  they  are  soft, 
friable,  and  ixile  or  light  brown.  The  blood  removed 
from  the  body  to  a  test  tube,  on  standing,  remains  unecj- 
agidated  for  a  longtime,  alth(nighade])osit  f)f  the  corpus 
cular  elements  takes  place.  The  six'citic  gravity  of  the 
blood  has  been  found  to  be  as  low  as  1.025  (Stengli'). 

On  microscopical  examinations,  the  red  blood  cor 
ptiseles  are  fovmd  to  be  decidedly  fewer  in  number  than 
normal,  and  they  are  changed  in  color,  in  size,  and  in 
shape.  Few,  if  any,  changes  take  place  in  the  white 
coriiuscles.  Frequently,  however,  their  niMulier  is  di 
minished.  A  leucocytosis  in  which  the  lyuqihocytes  arc 
in  excess  (sixty  per  cent.)  occurs  not  iniieciueMliy  tow- 
ard the  end  of  the  disease.  A  polymorplioiiuclear 
leucocytosis  indicates  a  complication,  such  as  luieunionia 
or  suppuration.  Littcn  recorded  a  case  of  periiici(]us 
ana'inia  which  passed  into  leuka'mia,  and  Stengel  has 
observed  typical  myelocytes  in  the  disease. 

The  diminution  in  number  of  the  red  <'or])Useles  smiie 
times  goes  on  to  an  extreme  degi'ee.  (Quincke  records  a 
case  in  which  the  luimber  fell  to  14:!. (Mil)  jiei-  culjie  milli 
metre.  Cases  are  said  to  have  recovered  when  the  i<m1 
cells  were  reduced  to  3(iO, 000  (Worm.  .Mi'dler);  in  fact, 
recovery  occurred  in  the  case  of  Quincke,  just  men- 
tioned. The  smallest  number  the  writer  has  seen  in 
any  case  which  sidisequenlly  recovered  was  .570,000, 
Tlie  amount  of  reduction  in  fatal  cases  varies  from 
400.000  to  1,000.000  coriuiscles  per  c\ibic  millimetre. 
The  reduction  very  often  taki's  place  with  great  rapidity. 
Thus,  in  one  of  Lepine's  cases,  in  ten  days  the  numlicr 
fell  to  378,7,50.  The  increase  in  number  is  not  so  rai)id 
when  improvement  takes  place.  In  the  case  of  Ciiiincke. 
mentioned  above,  the  cells  increased  in  ten  weeks  from 
143.000  to  l,2;U,O00  per  cubic  millimetre.  In  one  of  the 
writer's  cases  the  nimiber  rose  from  570,000  to  l.liOO.OOO 
iu  about  nine  months;  a  gradual  recovery  rdllnxvcd. 

The  red  cells  vary  greatly  in  size.  Tliey  arc  spoken 
of  as  mieroeytos.  normocytes,  and  megalocytes,  accordnig 
to  their  size.  The  megalocytes  occur  in  large  luunliers 
and  may  constitute  one  eighth  of  all  the  erythrocytes. 
They  vary  in  size  from  !)  to  14  /;  in  diameter  and  have 
been  observed  as  large  as  18//  in  diameter.  They  do  nnt 
show  the  normal  biconcave  form,  but  ajipear  globular. 
Small  cells,  calU'd  microcytes,  occur  fre(|neiUly  but  less 
constantly.  They  vary  iu  size  from  that  of  a  blood 
plaque  up  to  a  normocyte.  The  noriuabsizecl  cells,  as  well 
as  the  hirger  and  smaller  ones,  frecpiently  show  bizarre 
shapes — oval,  liowl-shaped.  tailed  or  ])ear  shaiied.  and 
other  fonns.  Quincke  has  called  them  )ioikilncytes. 
They  occasionally  show  auueboid  movements. 

Nucleated  corpuscles  identical  with  those  occurring  in 
embryonal  life  occur  quite  constantly,  though  selilom  in 
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large  numbers.     They  vary  in  size  as  do  the  non-nucleated 

ci-lls  and  are  correspondingly  named  microblasts,  nor- 
m(pblasts,  and  luegaloblasts.  They  oceasionally  show 
kaiyokinetic  figures.  During  thecotuseof  the  disease 
there  are  occasional  |)eriods,  called  blood  crises,  when  the 
number  of  luicleated  cells  is  greatly  increased,  and  after 
such  a  ])eriod  there  is  an  increase  iu  the  number  of  nor- 
mal ciythrocytes. 

The  amount  id'  ha'moglobin  in  the  blood  is  greatly 
reduced.  It  is  not,  bowever,  reduced  in  the  same  pro- 
jiortion  as  are  the  red  blood  cells.  The  amount  of 
ha'moglobin  in  each  cor]iuscle  is  iucrease<l.  The  rela- 
tively high  percentage  of  ha'tnoglojiin  is  due  chielly  to 
the  large  average  size  of  the  red  blood  cells.  Eiehhor.st 
states  that  he  has  ob.served  cases  in  which  the  haemo- 
globin value  of  the  cor]niscles  was  not  above  normal. 
Ehrlich  has  observed  certain  erythrocytes  whose  proto- 
plasm fixes  both  the  acid  and  the  basic  stain;  these  he 
calls  polychidiualophile  cells.  He  has  called  attention 
to  other  cells  that  show  tine  i)igment  granules  scattered 
through  the  protoplasm, — "dotted  cells."  Both  are  suji- 
poscd  to  be  indications  of  degeneration,  though  the  ap- 
pearances may  sigiufy  sinqily  an  embryonal  condition. 

Chemical  analyses  of  the  blood  have  yielded  no  results 
that  throw  any  light  on  the  nature  of  the  disease,  nor 
have  they  detecled  any  changes  that  woulil  aid  in  diag- 
nosis. The  alkalinity  is  lessened,  the  total  solids  and 
I  lie  albumin  are  diminished.  Probably  the  lo.ss  of  albu- 
min from  the  red  cells  is  greater  than  from  the  plasma. 
Marshall  found  iu  one  c;ise  the  total  qviantity  of  iron  to 
be  one-third  the  normal. 

Cytogknic  ()no.\.\s. — The  sjileen  is  recorded  as  vari- 
able in  size — from  sbrivcdled  up  or  very  .small,  through 
all  gradations  to  enlarged,  weighing  in  one  instance 
453. 5  gm.  It  generally  is  more  charged  with  blood  than  is 
any  olherorgan.  It  is  not  pulpy,  but  soft  and  congested, 
and  on  niicriisco])ical  I'xamination  there  is  found  an  ab- 
sence of  pathologi<'al  change,  save  an  excess  of  fibrous 
tissue  in  a  few  cases.  (Jranules  of  ferruginous  pigment 
have  been  met  with.  The  lymphatic  glands  are  usually 
normal.  In  a  few  instan<-es  the  lymphatic  glands  of  the 
mesentery  have  been  recorded  as  enlarged,  this  change 
being  due,  as  Pye-Sniith  suggests,  to  a  previous  diarrhcea. 
In  one  case  the  lumbar  lymphatic  glands  were  enlarged. 
Tlu'  marrow  of  the  long  bones  in  a  considerable  number 
of  cases  sIkiws  very  interesting  changes.  The  appear- 
ances described  by  miuiy  observers  correspond  iii  the 
main.  The  marrow  is  red  or  violet  colored,  and  is  soft  or 
])uhaeeous.  Its  fatty  apjiearance  has  disap])eared,  and 
under  the  microscope  the  fat  is  seen  to  be  replaced  by 
colored  C(ir])uscles,  non-nucleated,  varying  in  .size  and  in 
the  amount  of  ha'moglobin  which  they  contain;  by  nu- 
cli-ated  red  eorpus<-les  of  varicnis  size  and  considerable 
number;  and  by  cells  containing  red  bhiod  corpuscles. 
In  addition  to  this,  the  myclo]daxes,  which  belong  nor- 
m.-dly  in  this  region,  are  generally  fouiul,  though  Purser 
noted  their  absence.  These  changes  arc  best  studied  iu 
llie  marrow  of  the  shafts  of  the  long  bones. 

Ciii('fi,.\'r<)i{V  ,\i'i'.\i!,\Tis. — More  marked  pathological 
changes  fake  place  in  this  apparatus  than  in  any  other. 
The  heart  is  normal  in  size  or  dilated;  the  muscular 
tissue  is  soft,  flabby,  pale  in  color;  often  the  cavities  are 
empty,  or  they  contain  soft  brown  or  fawn  colored  clots. 
To  the  naked  eye  tbe  appearances  of  fatty  degeneration 
are  most  stinking.  There  ;ire  some  cases  in  which  this 
change  has  not  been  sei'ii ;  when  present,  it  is  most 
marked  on  the  musculi  i>apillares  and  columna>  carnea\ 
and  appears  as  y(dlow  dots,  "zigzag  striations,"  or 
"taliliy  mottling."  The  Kubi)ericardial  fat  generali3'  is 
aliund.-uit  (Eieliborst).  The  ventricles  are  mor<'  degen- 
erateil  than  ihe  auricles,  it  is  said,  although  the  writer 
has  observed  in  two  cases  an  extreme  ih'gree  of  wast- 
ing of  muscular  fibre  in  the  auricles.  So  marked  was 
it  that  they  transmitted  light,  the  fasciculi  of  the  muscle 
could  be  separated,  andtheendo-  and  pericardium  seemed 
to  make  up  the  auricular  wall.  The  left  heart  is  more 
markedly  degenerated  than  the  right.  In  one  case  of 
the   writer's   the   converse'   was   true.      AVilks  tirst  de- 
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scribed  tlio  occun-ence  of  fatty  heart.  ^Mioroscopical  ex- 
amination reveals  (lie  ilestruetioii  of  muscle  stria?  and 
tlieir  replacement,  by  fat.  The  pericardial  sac  very 
often  eonlains  an  e.xcess  of  serum,  rarely  any  blniicl. 
Eccliymoses.  however,  are  quite  common  underneath 
tliis  membrane  us  well  as  under  the  endocardium.  The 
valves  are  normal,  or  superticial  specks  of  atheroma  may 
be  seen  on  tbeni.  Similar  changes  are  found  in  the 
intima  of  the  aorta  to  a  slight  degree.  The  capillaries 
liavc  lieen  studied  carefully,  and  Eichhorst  says  minute 
aneurisms  may  be  .seen:  3Iantz  describes  minute  vari- 
cose dilatations  in  the  retuia,  Charcot  in  the  brain. 
Nykanip  ojiposes  these  views,  and  attributes  the  hem- 
orrhages to  diapcdesis.  Rupture  of  the  capillaries  has 
been  observed.  Osier  saw  the  small  vessels  and  capillaries 
of  the  mesenteric  glands  studded  with  fat  grains.  The 
arrested  development  of  the  heart  and  aorta  and  the  an- 
omalous distribution  of  the  blood-vessels,  said  by  Vir- 
chow  to  be  present  in  chlorosis,  were  seen  iu  one  of 
Jlliller's  cases.  The  aorta  at  its  origin  was  1  cm.  in 
diameter,  and,  in  one  of  the  writer's  cases,  admitted 
the  little  linger  at  the  seat  of  origin  of  the  coeliac  axis. 
The  heart,  however,  was  not  small. 

Respir.\toiiy  Organs. — Secondarily  to  the  failure  of 
the  heart  an  a?dema  or  hypostasis  of  the  lungs  often 
occurs,  and  this  is  in  a  large  number  of  cases  the  only 
morbid  condition  of  these  organs.  Generally  the  lungs 
are  extremely  anannic.  Sometimes  the  remains  of  an 
old  phthisis  or  an  emphysema  are  seen;  very  rarely  are 
the  lungs  the  seat  of  a  croupous  imeumonia.  Hemor- 
rhages underneath  the  bronchial  mucous  membrane  are 
found;  sometimes  there  is  a  bronchitis;  pallor  of  the 
membrane  is  noticeable.  The  pleura  is  healthy,  or 
the  seat  of  subserous  eccliymoses;  one  cavity  may 
contain  serum  in  a  large  amount  mingled  sometimes 
with  threads  of  fibrin,  or  both  cavities  may  contain 
small  amounts  of  serum.  The  effusion  is  sometimes 
sanguiuolent. 

Okg.\ns  (IF  Digestion. — The  mucous  membrane  of 
the  gastrointestinal  tract  is  pale,  often  also  O'dematous. 
Very  frequently,  however,  submucous  hemorrhages  and 
hemorrhagic  erosions  are  seen.  They  have  been  noted 
in  the  mouth,  a'sopha,gus,  stomach,  intestines,  and  bili- 
ary passages.  In  the  stomach,  Fenwick,  Pontick,  and 
Habershon  have  found  a  fatty  degeneration  of  the 
tubidar  glands.  An  inflammation  of  the  gastric  mucous 
mendjraue  has  also  been  recorded.  Hyperplasia  of  the 
connective  tissue  of  the  gastric  mucosa,  with  atrophy 
of  the  tubules,  is  frequently  met  with.  The  presence 
of  intestinal  catarrh,  of  chronic  follicular  enteritis,  and 
of  enlargement  of  the  follicles  and  agminated  glands, 
has  been  recorded.  Dysenteric  inflammation  of  Uie  in- 
testines was  observed  by  Quincke  in  one  case,  in  the  late 
stages  of  the  disease. 

The  changes  in  the  mesenteric  .glands  have  been  pre- 
viously recorded,  as  have  also  to  a  certain  extent  those 
in  the  liver.  That  organ  is  very  often  ana;mic  and  gen- 
erally fatty.  This  fatty  degeneration  of  the  liver  was 
specially  described  early  in  the  history  of  the  disease  by 
Wilks.  Perroud  thought  the  hepatic  change  was  pri- 
mary, the  blood  change  secondary  ;  the  fatty  degeneration 
interfering  with  the  formation  of  blood.  The  degenera- 
tion is  seen  in  the  liver  cells,  large  fat  drops  rendering 
the  nuclei  dithcult  of  detection.  Deposits  of  iron  pig- 
ment have  Ijeen  descrilied  by  Eichhorst  and  CJuincke  in 
the  hepatic  cells,  the  blood-ve.ssels,  and  the  interstitial 
tissue,  iu  wliich  |)arts  they  cause  the  iron-gray  staining 
referred  to  previously.  Minute  extravasations  of  blood 
have  been  seen.  Rarely  the  liver  is  congested.  The 
size  of  the  organ  varies;  while  it  is  generally  normal, 
it  has  been  recorded  as  lessened  and  also  as  increa.sed. 
The  surface  of  the  liver  is  usually  smooth  and  normal; 
a  perihepatitis  has  been  recorded  by  Jluller. 

The  liver  tissue  is  smooth  and  compact  on  section,  and 
the  acini  are  well  defined;  a  nutmeg  appearance  has 
been  noted  in  a  few  instances.  The  biliary  passages  are 
normal  or  thin,  and  the  mucous  membrane  is  extremely 
pale.     Suppuration  of  the  gall  bladder  was  present  iu 


one  of  Pepper's  cases.     The  gall  bladder  is  generally  full 
of  bile. 

On  microchemical  examination,  in  addition  to  the 
Iiresenec  of  iron.  Lebert  foimd  leucin  and  tj'rosin  in 
abundance  in  the  liver  as  well  as  in  the  pancreas,  lungs, 
kidnej's,  and  spleen. 

The  pancreas  is  usually  normal.  It  is  sometimes  en- 
larged, and  Eichhorst  and  Quincke  found  extravasaled 
blood  iu  the  interacinous  tissue.  Huguenin  observed 
fatty  degeneration  of  the  glandular  epithelium.  Iron 
pigment  has  been  found  in  the  cells  in  some  cases.   ■ 

Renal  and  Genital  Organs. — Eccliymoses  have 
been  observed  under  the  capsule  of  the  kidney,  which  is 
readily  removed  in  most  cases.  The  organs  are  pale  and 
firm  on  section;  often  the  appearance  of  fatty  change  is 
seen.  Microscopical  examination  reveals  the  "presence  of 
fatty  change  in  the  epithelium  of  the  tubules,  and  in 
some  cases  an  infiltration  with  iron  pigment  is  notice- 
able. The  remaining  portions  of  the  urinary  a]i]iaratus 
are  normal,  save  the  occasional  presence  of  submucous 
hemorrhage. 

The  suprarenal  capsules  are  normal.  Broadbent  re- 
corded the  occurrence  of  atrophy  of  the  organ.  The 
microscopical  examination  of  these  capsules  in  the 
writer's  case  revealed  slight  increase  of  the  interstitial 
tissue,  with  infiltration  of  lymphoid  elements.  The 
vessels  were  engorged  with  blood  and  small  cuipillary 
hemorrhages  were  seen.  Pigmentation  and  slight  fatty 
infiltration  of  the  cells  in  the  capsule  were  seen,  but  prob- 
ably this  was  not  greater  than  is  normal.  Granular 
masses,  not  unlike  colonies  of  bacteria,  were  observed. 

No  changes  are  found  in  the  sexual  organs.  Sliiller 
noted  subinvolution  of  the  uterus  in  a  case  of  fatal  ana?- 
mia  following  pregnancy. 

Nervous  System. — The  brain  and  spinal  cord  maj'  be 
anwmic,  and  the  .seal  of  minute  eccliymoses  or  even  (with- 
in the  brain)  of  large  hemorrhages.  The  cerebral  ven- 
tricles sometimes  contain  an  excess  of  serum  or  blood. 
The  hemorrhages  are  chiefly  found  in  the  region  of  the 
corona  radiata  or  on  the  surface  of  the  cerebrum.  The 
pia  mater  or  the  inner  surface  of  the  dura  is  often  the 
seat  of  eccliymoses.  Eichhorst  and  jMuller  observed 
hemorrhagic  pachymeningitis.  These  authors  also  have 
found  oedema  of  tile  membranes.  Microscopically.  Eich- 
horst found  no  change,  save  increased  pigmentation  of 
the  ganglion  cells.  Schumann  ("  Diss.  Inaug.,"  Freiburg, 
1875)  found  increase  of  the  nuclei  of  the  cerebral  neuro- 
glia. The  changes  in  the  vessels  have  been  mentioned. 
Lichtheim  in  1887  firet  observed  scleroses  in  the  sjiiual 
coi'd.  Numerous  observations  since  then  have  confirmed 
his  reports.  The  posterior  columns  are  chiefl.y  affected, 
together  with  less  constant  changes  in  the  lateral  tracts. 
The  irregular  distribution  of  the  sclerosis  indicates  that 
it  is  not  a  systemic  degeneration,  but  is  due  to  the  action 
of  a  toxic  substance. 

Siuce  the  earliest  observations  of  pernicious  anjumia, 
the  appearances  of  the  sympathetic  system  have  been 
studied.  Quickett  found,  in'  Addison's  case,  tliiit  the 
semilunar  ganglia  had  undergone  fatty  degeneration. 
Brigidi  found  (Ln  SperinientaU,  May,  1878;  London  Mcil- 
ical  Record,  \\..  4f!0)  proliferation  of  the  nuclei,  increase 
of  interstitial  tissue,  and  granular  iiigmentatiou  of  the 
ganglion  corpuscles  of  the  solar  plexus.  Wilks  and  Pye- 
Smitli  found  no  changes  in  the  semilunar  ganglia  and 
surrounding  plexuses.  The  writer  found  pigmenlation 
of  the  nerve  cells  and  along  the  nerve  fibres,  with  a 
slightly  granular  apjiearance  of  the  cells.  Macroscopi- 
caily,  the  ganglia  and  nerve  filaments  were  unusually 
jirominent.  Sasaki  (Virchow's  Air/iii;  vol.  xcvi.,  18S4) 
found  in  a  case  of  pernicious  anaemia,  of  the  gastro- 
intestinal form,  sclerosis  of  the  ganglion  cells,  destruction 
of  some  of  them,  and  homogeneous  hyaline  bodies  in 
Auerbach's  and  ]\Ieissner's  plexuses. 

Organs  of  Special  Sense.  —  T/w  Ei/e. — The  occur- 
rence of  retinal  hemorrhages  during  life  has  .suggested 
the  necessity  of  making  an  exiimination  of  the  fundus  of 
the  eye  afterdeath.  Thechanges  found  arc  not  ditTer<'nt 
from  those  observed  in   other  diseases,  as  at   times  in 
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clironic  Blight's  disease  and  in  other  severe  nnjeinias. 
The  plmnges  in  the  vessels  eausinsrt lie  lii-ni<inii!i.i;es  liavc 
been  previously  referred  to.  riilholV  sa\  s  tlie  lunmr- 
rliaires  are  chietly  limited  to  tlie  nerve  Mlires  and  iiiler- 
nuelear  layers,  and  are  sit  waled  near  the  ]iostericir  iiole, 
espeeially  around  thedise.  Varieosi'  hyperlrophy  of  the 
nerve  tibres,  affectiuu-  the  ni<ist  internal  layers  and  eon- 
sisting  of  tinely  granidar  masses,  spherical  or  spindle- 
shaped,  was  also  present.  Bellman  found  on  mieroscop- 
ieal  examination  (1)  rupture  of  the  mend)rana  linnlans 
interna;  and  (-)  the  presence  of  ninnerous  clusters  ol 
varicose  nerve  fibres,  due  to  transudation  of  lym|)li.  pro- 
ducing swelling  of  these  fibres.  Optic  neuiitis  has  been 
seen;  a'dema  of  the  disc  and  retina  has  also  been  ol)- 
served. 

Symptoms. — The  first  indication  of  the  patient's  illness 
is  the  occurrence  of  debility,  pronounced  on  e.xerlion. 
with  ihe  coincidence  of  breathlessness  and  possibly  car- 
diac palpitation.  These  increase  in  severity;  the  com- 
plexion is  seen  to  be  changed,  the  bloodlcssncss  of  the 
external  parts  is.  nvide  manifest,  the  appetite  is  lost, 
digestion  is  impaired,  hemorrhages  occur,  the  sight  fails, 
suTijective  noises  in  the  head  are  complained  of.  As  the 
disease  prosrresscs,  languor  becomes  more  and  niori'  ile- 
cided,  dvsiuia^a  is  extreme,  fainting  grows  connnon : 
while  indifference  to  physical  or  mental  acts,  as  well  as 
ineajiacity  to  jierform  them,  is  most  noticeable.  Tlie 
"air  hunger"  which  the  patient  has  renders  the  ebb  of 
life  intolerable,  and  its  close  is  markeil  Ijy  agoni/.ing 
efforts  to  carry  on  respiration.  Or  the  end  is  markcil  by 
alow  delirium,  passing  into  sonmolence  and  then  bital 
coma.  At  times  death  takes  jdace  suddcidy  from  car<liac 
failure  or  from  liomorrhage  in  the  brain.  The  following 
brief  outline  indicates  the  special  symptoms  more  fully: 

Extenml  Appe<iv<iiices. — The  color  of  the  face  is  strik- 
i,iir — an  earthy  yellow,  yellowish-white,  or  waxy  hue, 
or"Ji  faded-leaf  appearance;  this  color  is  also  seen  on  the 
hands.  It  contrasts  strongly  with  the  extreme  jiallor  of 
the  lips,  the  ginns.  the  tongue,  the  conjunctiva'.  Slight 
jaundice  has  been  observed,  but,  as  ^lackenzic  jiointsout. 
c.-ire  nuist  be  used  in  making  the  observation,  as  it  may 
be  dui'to  the  uiuisual  yellow  coloring  of  the  subconjimc 
tival  fat.  Very  early  the  expression  is  lost,  the  eyes  lose 
their  lustre,  the  face  becomes  vacant  and  ghastly.  In 
the  liiter  stages  the  face  is  a  little  juitTy.  the  eyelids 
(edematous.  This  oedema  may  be  seen  on  the  hands  and 
annnid  the  ankles.  It  is  due  to  the  hydra'niie  state  of 
the  blood  and  to  degeneration  of  the  blood  vessels.  It 
rarely  amounts  to  an  anasarca.  The  hair  is  soft,  turns 
gray,  or  has  a  peculiar  lustre  as  if  it  bad  been  dyed  and 
is  losing  the  artificial  color.  ?"iehhorst  notes  a  loss  of 
hair.  The  nails  are  fragile  and  pale  and  grow  very 
slowlv. 

Although  there  is  a  flabfiiness  of  the  tissues,  yet  there 
is  generally  no  wasting  of  the  adipose  tissue.  This  has 
been  well  preserved  in  all  but  a  few  of  the  reeorde<l  in 
stances  of  the  disease.  Pain  and  tenderness  over  the 
bones  have  been  noted.  Eichhorst  ol)ser\i'(l.  in  a  few 
instances,  a  peculiar  cadaveric  odor  arising  from  the 
body  a  few  days  before  death,  and  from  Iliilcliinsons 
patient  a  peculiar  musty  odor  arose. 

Hemorrhages  have  been  cited  as  [icculiar  to  iiernlcious 
anaemia.  They  occur  subcutaneously.  as  small  piMpiiric 
sjmts,  chiefly  about  the  extremities.  They  are  also  seen 
in  other  forms  of  ana>mia.  and  in  all  the  forms  tli<-y  an- 
observed  particularly  in  the  retina. 

T,  iiilnriitiirc. — The  presence  of  increased  temperature 
of  the  body  was  thought  to  be  pathognonioni<-  by  Im- 
mermann  and  others.  Some  even  insisted  on  its  presence, 
but  there  are  many  authentic  cases  of  its  absence  during 
the  entire  disease,' while  its  presence  is  noted  in  other 
forms  of  ana-mia.  Generally  it  occurs  at  certain  period-. 
of  the  disease,  either  in  what  may  be  termed  the  miildle 
period  or  at  the  end.  Thus,  a  case  is  without  fi'\cr  at 
first,  then  there  is  a  rise  of  temperature  for  a  while,  but 
toward  the  close  the  temperature  returns  to  normal,  or 
may  be  subnormal.  The  fever  is  charaeteri/.ed  by  fre- 
(pient  remissions,  by  a  moderately  low  range,  by  irregu- 


lar intermittency,  and  by  lluetuations  under  slight  in- 
tluences.  Thosit  who  hold  that  the  disease  is  due  to 
ha'inolysis,  the  result  of  toxa-mia.  cite  this  fever  as  an 
argument  in  favor  of  their  view. 

diixtriiiiitcxtiiiid  SjiiKiilitiiia. — The  mucous  membrane 
of  the  mouth  is  pale.  The  tongue  is  furred,  or  it  may 
be  clean  and  smooth;  sometimes  it  is  red  and  raw. 
Ilemorrhagesoecin'  from  the  gums,  and  toward  the  dose 
sordes  collect  on  the  teeth,  gums,  and  lijis,  .Salivation 
has  been  observed.  Gastric  .synii)toms  may  mark  the 
on.sel  of  the  disease,  and  are  always  present  in  its 
coiu'se.  Loss  of  appetite  is  generally  present,  and  nausea 
very  freipiently  occurs,  wliih'  iiain,  Ihitiilency,  weight 
and  fulness  after  eating,  are  prominent.  Thirst  is  not 
marked.  Hydrochloric  acid  is  diminished  or  absent,  and 
the  motor  jiower  of  the  stomach  is  delicient.  The 
vomiting,  especially  toward  the  end  of  the  disease,  is  .so 
persistent  as  to  lead  one  to  think  ulcer  or  cancer  of  the 
stomach  may  be  juesent.  In  aililition  to  the  food  taken, 
a  clear  or  greenish-yellow  acid  fluid,  tnucus.  and  rarely 
blood,  black  in  color,  are  ejected.  The  vomiting  occurs 
after  eating,  and  is  often  more  like  regurgitation  of 
food,  and  is  always  attended  with  nausea.  The  occur- 
rence of  diarrhiea  with  thin  light  colored  stools,  has 
ollen  been  observed.  The  (liarrlaea  is  painless.  Wilks 
has  seen  blood  in  the  stools.  On  the  other  hand,  the 
bowels  may  be  regidar  or  confined.  Iluguenin  fomid 
leucin  and  tyrosin  in  the  passages  on  chemical  exi.miua- 
tion. 

/,/(■(/■  mill  Spleen. — The  liver  is  not  generally  affected. 
Rarely  it  has  been  recorded  as  enlarged.  The  sjileen, 
while  it  may  be  slightly  eidarged,  shows  no  other  altera- 
tions. This  enlargement  is  scarcely  great  enough  to  be 
demotist rated  during  life. 

Ciinlioeiisriiliif  Sjiiiiploiiix. — The  patient  complains  at 
first  of  palpitation  on  exertion;  later,  ]ial|iitation  oecvirs 
even  at  rest.  The  action  of  the  heart  is  extremely  feelile 
and  at  titnes  rapid.  The  least  ex<'itement  increases  the 
p;iIpitation  and  t<'inlency  to  fainting.  Cardiac  |i:un  is 
sometimes  luisent.  Onpiiysical  examination  the  ape.x 
lieat  is  found  lower  than  iKjrmal.  the  im]ndse  feeble  and 
dilVused.  Sometimes  the  area  of  dulness  is  increased, 
this  increase  being  due,  in  the  later  stage  of  the  disea.se, 
to  dilatation  of  tlie  heart  or  to  retraction  of  the  lungs 
i(Juincke).  The  first  smind  is  extremely  feeble,  the 
second  cli-ar  and  bell  liki',  but  not  accentuated.  Systolic 
murmurs,  chiefly  iiuhiKinary  and  aortic,  but  also  mitral 
anil  tricuspid,  are  almost  ;il\vays  heard,  loud  anddistinct. 
The  occurrence  of  a  diastolic  uuirmur  has  been  noted  in  a 
few  instances.  These murmiu'sare  due  to  the  fluid  state 
!  of  the  blood,  and  luissibly  to  a  regurgitation  of  the 
i  lilood  through  ineom])etent  valves.  The  papillary 
muscles  an^  so  highly  (legenerated  as  certainly  to  in- 
terfere with  normal  valve  closure. 

A  loud  hum  is  heard  in  the  jugular  vein.  In  the 
carotid  arteries  a  systolic  bruit  is  heard.  Such  a  nuir- 
rnur  m;iy  b('  heard  in  mori'  distant  vessels  also.  The 
carotids  ijulsate  at  times;  the  veins  are  large  and  full, 
and  have  been  seen  to  pulsate.  The  pulse  is  feeble  and 
compressible,  dicrotic,  at  times  irregular  and  quite 
rapid.  The  cardiac  symptoms  and  iihysieal  signs  of  this 
fi)rm  aresimilar  to  the .sam<'. symptoms  of  theolher forin.s 
of  anainia.  while  the  meeh.-uiism  of  the  production  of 
murmurs  is  the  .same.  The  latter,  however  are  snuch 
more  inten.se  than  in  simple  ana'inia. 

liV-y/Hrii/i/ri/  Si/i/iji/miix. — The  occiu'rence  of  dyspnoea  is 
noted  early  in  the  disease,  at  first  on  exertion  only ;  later, 
it  becomes  constant,  and  toward  the  close  of  life  the  suf- 
ferings from  it  are  extreme.  The  dyspnfea  occurs  iude- 
])r'ndently  of  any  organic  disease,  and  is  due  to  the  de- 
struction of  red  corpuscles  and  the  lessened  supply  of 
h.enioglobin.  Harely  is  a  hydrothorax  found  during  life, 
and  the  same  may  be  said  of  any  organic  disease  of  Ihe 
lungs  or  pleura.  I'neumoida  occurs  in  a  few  instances 
as  a  complication.  Hemorrhages  from  the  luise  are  fre- 
(|Uent;  often  the  sotirce  of  bleeding  is  in  Ihe  luuir.s.  A 
Cheyne-Stokes  respiration  is  sometimes  present,  probably 
due"  to   the   fatty  heart  or   to  cerebral  complications. 
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Late  in  the  disease  a?deina  of  the  hinijs  or  even  hypo- 
static congestion  is  liable  to  occur. 

(jeiiitD-iinitiiri/  Si/iiipl'iiiis. — These  are  few:  it  maybe 
said,  ill  fact,  that  no  complaints  are  made  by  the  patient  of 
renal  .symptoms.  There  are  no  lumliar  pains,  and  there 
is  no  iiainful  or  increased  frrqiiency  of  micturition.  The 
urine  is  clear  or  dark  in  color,  acid  in  reaction,  varies  in 
specitic  gravity  from  1.010  to  1.020.  being  usually  below 
1.01.5,  and  is  normal  in  amount.  Tlie  amount  depends 
on  tlK^  oeeurrenee  of  vomiting  or  diarrhtea.  being  les- 
sened when  these  conditions  arc  present.  Although  the 
daily  anKumt  is  about  the  normal  average,  cases  have 
been  reported  in  which  the  amount  was  increased  from 
2.0O0  to  ^..^jOO  c.c.  daily  (Immermann);  in  some  instances 
the  amount  was  reduced  to  H0(i  c.c.  ( Midler).  The  excre- 
tion of  urea  is  varialile  and  not  characteristic,  whik'  that 
of  uric  acid  is  increased. 

Apart  from  the  changes  mentioned  in  the  normal  con- 
stituents of  the  urine,  few  if  any  pathological  products 
are  found.  In  the  later  stages  of  the  disease  albumin 
is  sometimes  observed.  It  is  present  in  small  aniuunt, 
and  its  occurrence  corresponds  with  tliat  of  some  gen 
eral  depression  or  temporary  cardiac  emliarrassment. 
Quincke  observed  a  large  amount  of  albumin,  in  one 
instance,  as  did  also  Muller.  The  kidneys  were  highly 
fatty  in  the  latter  observer's  ease.  With  the  alluini- 
inuria  that  precedes  death,  there  are  found  hyahne 
casts  (Mliller,  op.  eit.,  obs.  xlviii.,  p.  299). 

Sugar  does  not  occur  in  the  urine  of  ]iatients  with  per- 
nicious ana'mia.  Miiller  found  leucin  and  tyrosin.  In- 
dican  is  increased  in  quantity,  a  fact  that  favors  the 
theory  of  the  toxic  origin  of  the  disease.  Blood  has 
been  observed  at  times  in  the  urine ;  it  comes  from  liem- 
orrhages  into  the  pelvis  of  the  kidney  or  from  the  walls 
of  the  bladder.  Reynolds,  in  a  careful  analysis  of  the 
urine  of  one  of  Dr.  Finney's  patients,  found  an  increase 
in  the  percentage  of  iron,  both  when  the  patient  was 
taking  the  drug  and  when  it  had  been  discontinued  for 
some  time.  In  the  first  instance  he  found  (I.T.'-i45  grain 
of  iron,  and  in  the  second  0.30^^  grain  in  72  ounces  of 
urine.  Hunter  found  in  one  case  32.. 5  mgm.  of  iron  in 
the  day's  urine  {'S  to  '>  mgm.  normal).  He  has  also  found 
qiute  constantly  pathological  urobilin. 

Tlie  genital  organs  in  the  male  or  female  are  not 
especially  iiiHuenced  in  the  course  of  the  disease.  In 
the  female  the  menstruation  may  be  more  profuse  than 
normal  or  it  may  recur  too  fre([uently.  and  even  meu- 
orrliagia  may  develop.  The  pregnant  female  will  abort, 
or  premature  labor  will  take  place. 

lyerroiis  Si/stem  and  Special  Senses. — Headache  and 
giddiness,  with  subjective  noises  in  the  head  and  ears 
and  subjective  flashes  of  light,  develop  in  proportion  as 
the  ana-mia  grows  profound.  There  are  lint  few  cases 
in  which  these  symptoms  are  absent.  They  are  due  to 
tlie  hydra'mic  condiliini  of  the  blood.  As  the  di.sease 
progresses  loss  of  nienidry  is  seen;  an  a]iatliy  and  shi.c- 
gishness  of  action  of  the  cerebiiil  faculties  is  (|uite  re- 
markable, and  low  wandering  delirium  gradually  ail- 
vancing  to  stupor  and  coma  often  mark  the  close  of  the 
disease.  Rarely  convulsions  occur,  while  in  .some  in- 
stances paralyses,  chiefly  limited  to  monoplegias,  have 
taken  place  some  time  before  death.  These  cerebral 
symptoms  are  due  to  hemorrha.ges  within  the  brain  sub- 
stanci'  and  in  the  membranes,  and  to  odema  of  the  brain. 
Synilitoms  of  involvement  of  the  spinal  cord  occur. 
They  usually  conform  more  or  less  closely  to  the  symp- 
tom complex  of  tabes  dorsalis,  or  occasionally  to  that  of 
combined  posterior  and  lateral  sclerosis. 

One  of  the  symptoms  on  which  Biermer  had  laid  much 
stress  was  theoplithahnoscoincaiipcaraiiccof  the  fundus 
of  the  eye.  By  him,  and  for  a  time  by  others,  actual 
hemorrhages  were  thought  to  be  constant  attendants  of 
this  disease.  It  has  been  sliown,  however,  that  they  are 
present  in  other  cachexia'  and  may  be  absent  in  this.  In 
two  of  the  writer's  cases  I  hey  were  present,  but  in  a  third 
they  were  absent.  Their  presence  docs  not  imply  a 
fatal  termination,  nor  theirahsence  a  favorable  one  {Cou]i- 
land).     In  some  instances  they  were  so  large  as  to  impair 


vision  and  even  to  cause  blindness;  generally  they  are 
small.  They  arc  many  in  number  generall)',  and  are  sit- 
uated around  the  optic  nerve  entrance,  or  they  follow 
the  course  of  the  blood-vessels  in  the  nerve-tibre  layer. 
They  are  most  frequently  in  the  lo\ver  and  outer  quad- 
rants. They  are  seen  as  black,  retldish-  or  yellow-brown 
spots,  round  or  oval,  sometimes  linear-striated  or  "flame- 
shaped."  The  retina  is  very  often  clouded  or  hazy,  the 
vessels  are  pale,  the  arteries  reduced  in  size,  and  the"  veins 
enlarged.  In  some  instances  an  a>dcma  of  the  disc  cr 
a  neuro-retinitis  has  been  observed,  and  Mackenzie  noted 
white  patches  and  yellow  spots  in  the  effused  blood,  due 
to  "leueocytic  infiltration,  and  to  degeneration  in  the 
disturbed  retinal  tissues." 

CoMPi.KATioxs,  DiR.\TiON.  PROGNOSIS. — The  Com- 
plications of  pernicious  ana-mia  are  rare — in  fact,  pneu- 
monia, erysipelas,  dysentery  ((Quincke,  one  case),  nephri- 
tis, and  local  suppurations  are  the  only  ones  that  have 
been  observed.  SequcUvare  absent  in  those  cases  which 
get  Well,  but  the  progress  to  full  health  is  slow  and  fit- 
ful, and  nia.v  be  marked  by  serious  relapses.  The  dura- 
tion is  variable.  The  average  appears  to  be  about  five 
months.  In  some  few  instances  the  disease  has  termi- 
nated as  early  as  six  and  eight  weeks  after  its  inception. 
The  writer's  fatal  ease  was  of  three  years'  duration,  dat- 
ing from  the  first  evidences  of  failure  in  health.  Coup- 
land  found  that  12  out  of  110  cases  were  ill  for  periods 
extending  beyund  two  years. 

The  jirognosis  is  generally  gra^'e.  A  small  proportion 
of  cases  get  well.  Pye-Smith  analyzed  122  cases ;  of  this 
number,  20  rcco^-ered.  Two  only  of  the  27  cases  of  pri- 
mary essential  ana-mia  collected  by  Eichhorst  recov- 
ered. The  elements  that  influence  the  prognosis  are  hard 
to  establish.  It  had  been  thought  that  a  diminution  of 
corpuscles  to  .500.0(10  or  under  woidd  render  a  prognosis 
unfavorable,  yet  one  of  Quincke's  cases  recovered, 
although  there  were  luit  143,000  red  corpuscles  per  cubic 
millimetre,  tjuimiuand  determined  that  26..5  gni.  per 
1,000  c.c,  about  one-fifth  of  tlie  normal  quantity,  was  as 
small  an  amount  of  ha-moglnbin  as  was  compatible  with 
life.  Yet  here  again  Quincke's  observations  are  at  vari- 
ance. He  fountl  in  four  cases  the  reduction  to  be  one- 
eighth,  one-tenth,  one-fifteenth,  and  one  thirty-fifth  of 
the  normal ;  the  last  was  a  case  in  which  recovery  took 
place.  The  prognosis  is  more  grave  under  the  following 
circumstances:  first,  when  the  disease  occurs  in  a  preg- 
nant woman;  second,  when  there  are  numerous  syncopal 
attacks:  third,  when  fever  is  marked  and  hemorrha.ges 
are  profuse;  and  lastly,  when  cerebral  symptoms,  apo 
plexy.  paralysis,  etc,  ensue.  Labor  pains  in  a  pregnant 
woman  affected  with  ana'mia  are  the  forerunner  of  death. 
Ehrlich  considers  the  occurrence  of  numerous  megalo- 
blasts  of  bad  lu-ognostic  omen. 

Occasional  rendssions  occur  during  the  course  of  the 
disease,  preceded  by  gastric  crises  and  an  increase  of  the 
ervthroblasts.  The  number  of  red  blood  cells  increases 
and  may  reach  almost  to  the  normal.  The  general  symp- 
toms improve  simultaneously,  but  this  is  only  temporary. 

Di.\oNosis. — The  recognition  of  this  condition  would 
be  easy  if  there  were  some  pathognomonic  alteration  in 
the  blood.  But  most  observers  believe  that  there  are  no 
specific  changes.  Ehrlich.  however,  asserts  with  great 
positiveness  that  the  ]U-esence  of  megaloblnsts  and  nu- 
merotis  megalocytes  is  quite  diagnostic  Wliile  this  ipies. 
tion  is  in  doubt,  the  recognition  of  the  disease  must  de 
pend  on  a  careful  consideration  of  every  available  sign — 
the  clinical  picture,  the  blood  picture,  and  the  possible 
eliological  factors. 

Chlorosis  is  distinguished  from  pernicious  aiuvmia  with 
ease  in  most  cases.  The  fm'iner  disease  occurs  in  .srirls 
near  the  age  of  puberty.  The  general  condition  is  never 
so  grave;  retinal  luid  cutaneous  heinorrhages.  and 
hemorra.gesfrom  mucous  membranes  almost  never  occur. 
The  "color  index  ■' of  the  blood  is  always  less  than  nor- 
mal, while  in  pernicious  ana'mia  it  is  increa,sed.  Chlo- 
rosis is  promptly  relieved  or  cured  by  iron;  this  is  au 
unfailing  test. 

Leuka'inia  is  not  likely  to  be  confounded  with  perni- 
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<ioiis  aiirt'inia  if  an  cxaniinati<iii  of  the  blood  is  niudc.  In 
leiikii'iiiia  tlie  wliite  blood  cells  are  enormously  increased 
in  numbers,  while  the  leucocylosis  of  pernicious  aiia-mia 
is  never  very  great,  the  hijrhcst  we  are  aware  of  lieiny- 
30.000  i)ei  cubic  millimetre.  The  spleen  or  the  lymph- 
atic glands  are  enlarired  in  leuka^uia — conditions  wliich 
<lo  not  obtain  in  pernicious  anjeinia. 

Simple  secondary  au,-einias,  not  pernicious  in  type. 
may  sometimes  reach  an  extreme  degree.  Their  ditVer- 
fiitiation  from  pernicious  amemia  is  more  ditlicull.  but 
<-an  usually  be  made  on  the  basis  of  slighter  degrees  of 
blood  changes  and  the  more  ready  resjiouse  to  treatment. 
If  megaloblasts  are  not  present,  the  case  is  ccrtaiidy  not 
one  of  pernicious  aiuemia.  Simple  secondary  ana'inias 
are  never  more  severe  than  the  jirimary  condition  would 
.seem  to  warrant,  while  a  disproportionately  severe 
anieiuia  is  characteristic  of  the  pernicious  secondary  type. 

Patiioge.nksis. — This  stili  remains  obscure,  although 
recent  investigations  have  begun  to  shed  some  light  on 
it.  The  etiological  factors  already  spoken  of  arc  prob- 
ably all  in  the  nature  of  predisposing  causes.  The  e\<'it 
ing  cause  is  certainly  something  more  profound.  Tliis 
is  evident  when  we  consider  how  coininonly  these  predis- 
posing factors  are  present,  and  yet  how  seldom  perincious 
jtn;T>mia  occurs. 

Three  theories  have  been  advance(l  to  explain  the  de- 
velopment of  the  ana;mia.  The}'  will  be  presented  in 
the  order  of  their  plausibility. 

The  theory  that  is  best  supported  by  evidence  is  that 
which  attriliutes  the  anirmia  to  excessive  blood  destruc- 
tion (ha'ini'lysis)  caused  by  toxins  absorbed  from  the  gas- 
tro  intestinal  tract.  The  anatomical  and  ex|ieriiueiilal 
<'videnee  in  favor  of  this  view  seems  almost  conclusive. 
Deposits  of  iron  pigment  in  the  liver,  spleen,  and  other 
tissues  were  observed  many  years  ago,  but  in  ISS!)  Sir 
William  Hunter  made  the  observations  sigm'tieaiit  by 
<lemonstrating  experimentally  that  ha'inolysis  oceiu'ring 
in  the  general  circulation  gave  rise  to  ha>moglobinuri,-i. 
but  that  if  it  were  jjioduced  in  the  i)ortal  circtdatioii, 
<'Xcretion  of  urobilin  and  other  iron  pigments  occurred, 
while  many  tissue  cells,  particidarly  of  the  liver,  became 
intiltrated  with  iron  pigmetit.  The  occurrence  of  uro 
liilin  in  tlic  urine  and  of  iron  pignwnt  in  the  liver  cells 
strongly  suggests  that  in  pertiieiousana'tnia  theha'moly- 
sis  occurs  in  some  part  of  the  portal  circulation.  The 
most  likely  cause  of  such  ha'molysis  is,  of  course,  toxic 
])roducts  from  the  gastrointestinal  tract.  The  fever  that 
occurs  is  an  additional  indication  of  toxa'inia. 

The  other  two  theories  advanced  toexjiiain  thisdiscase 
have  less  to  support  them.  Stockman  in  ISil.T  suggested 
that  minute  capillary  hemorrhages  lirougljt  aliout  by  a 
simple ameinia  so  impoverish  the  blood  that  further  fatly 
degeneration  of  small  vessels  occurs,  causing  additional 
hemorrhage.  Thus  a  eircnlris  TitioHvn  is  established  th.at 
leads  from  bad  to  worse  tmtil  a  fatal  issue  supervenes. 
The  theory  is  one  well  worthy  of  consideration,  but  it  is 
<iefective  in  not  accounting  for  the  influences  that  start 
the  blood  on  its  downward  course  in  certain  cases,  while 
the  majority  of  grave  simple  anaemias  do  not  become  ])er- 
iiicious. 

The  theory  of  defective  hipmogencsis  was  based  on  the 
condition  of  the  bone  marrow.  The  marrow  of  the  long 
bones  reverts  to  the  embryonal  type  and  is  undoubtedly 
engaged  in  active  luemogcnesis.  This  is  also  indicated 
by  the  occurrence  of  inicleated  red  blood  cells  in  the  cir- 
cidating  blood.  It  was  supposed  thai  the  red  cells  pro- 
duced were  turned  out  into  the  circulating  blood  in  an 
immature  and  more  vidnerable  con<lifion.  and  that  on 
Ihisaccoiuit  increased  h.-emolysis  occurred,  lint  the  oc- 
currence of  identical  changes  in  severe  sim]de  aiuemias. 
not  pernicious  in  type,  and  the  absence  of  the  change  in 
certain  cases  of  pernicious  anaemia  make  it  almost  certain 
that  the  medidlary  changes  are  secondary  to  Hk;  changes 
in  the  blood,  and  not  their  cause. 

A  niunber  of  ob.servers  have  described  protozoan  and 
bacterial  parasites  in  the  blood  in  pernicicms  aiKemia. 
but  their  relationship  is  so  doubtful  that  it  does  not  seem 
worth  while  to  give  i)lace  to  their  disnussiou  here. 


TiiF,.\TMi;xT. — Rest,  massage,  a  liberal,  nutritious,  and 
easily  digested  dietary,  the  moderate  use  of  stinudants, 
cheeifnl  surroundings,  and  ju-obably  a  change  of  scene 
ari-  the  chief  non-medicinal  means  used  for  the  restoration 
of  health.  Vet  no  detinite  residts  can  l)e  given  of  the 
beneticial  eirects  of  the  above;  means,  either  singly  or 
combined,  indcss  it  be  of  the  last  measure.  One  of  Fre- 
rich's  cases  appeared  to  be  cured  by  removal  to  a  niouu- 
tainous  territory,  while,  on  the  other  hand,  one  of  the 
writer'scases  improved  at  a  city  hospital,  sulfered  relapse 
in  his  mountain  home,  and  was  completely  cured  on  his 
second  visit  to  the  hospital. 

The  remedies  commonly  usc-d  in  amemia  have  been  dis- 
appointing in  thisall'eclion.  Iron,  iihosphorus.  cod-liver 
oil.  <pijnine.  and  strychnine  have  failed  as  blood  restorers 
or  general  tonics.  Arsenic,  however,  has  been  found  of 
ineslimable  service.  Its  value  was  first  <liscovered  by 
Uramwcll.  who  used  it  first  from  a  knowledge  of  its  good 
elfccts  in  fatty  dege^ner-afion  of  the  heart. 

I'adley  carefully  considers  tlie  use  of  arsenic,  and 
shows  the  results  of  treatment  by  this  drug  in  To  cases 
collecf<'d  from  various  sources.  Of  the  70.  48  were 
f leafed  without  arsenic:  42  proved  fatal,  2  were  still 
under  treatment,  in  'A  the  result  was  uidiiiown,  and 
1  recovered  (anf horities,  Hobson.  Coupland.  Mackenzie, 
I'ramwell,  Barclay).  Comparing  this  with  the  re- 
markable results  derived  from  the  tise  of  arsenic,  the 
most  skeptical  person  will  be  convinced  of  its  utility. 
Twenty-two  cases  were  treated  by  arsenic:  IC  recov- 
ered, '1  improved,  anil  4  were  fatal  (Coupland,  HoIlsod, 
Bramwell.  Finney,  Broadbent,  Withers,  Moore,  I,ockie, 
and  I'adley).  The  drug  should  be  given  in  small  doses, 
gradually  increasing  unlil  its  physiological  effects  are 
produced.  If  gastric  irritiifion  is  ]uddnced,  hypodermic 
injections  of  arsenic  in  the  form  of  Fowler's  solution 
in  five-  to  ten-drop  doses  may  be  emphiycd.  Transfu- 
sion has  been  cm])loyed  with  temiiorarv  relief  in  some 
instances;  rarely  has  it  been  actu;illy  curative:  four  un- 
doubted cases  oidy  are  recorded  by  Pye  .Smith  as  being 
cured.  Quincke  prefers  arterial  transfusion,  others  the 
venous.  The  transfusion  may  be  done  by  the  direct  or 
by  the  indirect  method.  In  addition  to  blood,  milk  has 
been  used  (Thomas.  Pepper).  It  ajipears  that  a  simple 
s,-iline  solution,  used  either  subeutaneously  or  intrave- 
nously, as  the  urgeniy  of  the  case  demands,  meets  all  the 
re(iuiremenfs.  and  is  not  by  any  means  as  dangerous  as 
the  use  of  the  other  Ii(|uids.  Bone  marrow  has  recently 
Ikm'U  introduced  on  the  siilil)osition  that  it  would  supply 
either  red  blood  cells  or  an  infernal  secretion  su|iposed  to 
111'  found  in  the  bone  marrow.  The  results  obtained  from 
its  use  are  far  from  convincing,  yet  sultiiiciUly  good  re- 
sults have  been  reported  to  justify  continued  trials  of  the 
method,  though  it  finds  liflle  support  on  theoretical 
grounds.  Stengel  recommends  tlie  tise  of  "marrow 
jam,"  made  by  mixing  in  a  mortar  eipial  parts  of  red 
marrow  from  a  calf  and  glycerin.  From  two  to  four 
drachms  of  this  may  be  given  thiee  times  a  day. 

Excellent  residls.  and  even  cures,  have  been  reported 
from  the  use  of  gastric  lavage  and  colonic  irrigation,  to- 
gether with  intestinal  anilseplic  measures.  Believing 
as  we  do,  tentatively  at  least,  that  auto-intoxication  from 
the  gastro-intestinal  tract  is  the  cause  of  the  disease,  we 
judge  these  measures  to  be  most  rational. 

Da  Costa  has  benetited  some  Ciises  by  inhalation  of 
oxygen.  .1.  K.  Mitchell,  in  experiments  on  the  normal 
iniiividual,  showed  that  massage  increased  the  number  of 
corpuscles  in  the  circulating  peripheral  blood.  Thi'etTect 
was  due,  no  doubt,  to  the  dislodgmcnt  of  corpuscles  ac- 
cumulated in  small  vessels  and  lapillaries.  Massage  is 
therefore  to  be  recommended  in  jiernicious  ana'inia  as  a 
means  of  mobilizing  the  small  army  of  stJiguated  cor- 
puscles, in  order  to  wage  more  cllective  war  against  the 
liu'molytie  agent. 

The  sym])tomatic  indications  for  treatment  arc  gener- 
ally met  by  the  adoption  of  suitable  measures.  These 
indications  are  gasti'o  intestinal  symptoms,  (he  dyspnu^a, 
the  cardiac  palpitation,  and  hemorrhages.  The  writer 
has  seen  very  much  beuetit  result  fiom  the  use  of  oaf- 
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feinc  for  the  cardiac  debility,  four  grains  being  given  at 
u  dose,  tlirico  daily. 

It  is  to  be  regretted  that  we  are  compelled  to  add  that 
often,  in  spite  of  the  most  careful  hygienic  and  medicinal 
treatment,  our  efforts  are  in  vain,  and  the  disease  pro- 
gresses to  a  fatal  termination. 

For  bibliographies  the  reader  is  referred  to  the  pre- 
vious edition  of  this  work,  to  Coupland's  article  iu 
Allbutt's  "System  of  ^Medicine."  and  to  the  article  of 
Ehrlich  and  Lazarus  in  Nothnagcl's  "Speciclle  Patholo- 
gic und  Tlierapie."  John  H.  Musser. 

Pi'ederick  U.  Howard. 

AN/EMIA,  SECONDARY.— Strictly,  all  anxmia  must 
be  considered  secondary.  It  cannot  be  more  than  a 
symptom  of  some  dee|>cr  cause,  but  there  are  certain 
types  of  an;T?mia  in  which  we  can  form  no  idea  of  any 
undei'lying  cause,  and  which,  therefore,  we  designate  as 
"primary  ana?mias."  On  the  other  hand,  there  are  other 
cases  of  aniemia  in  which  the  symptom  is  clearly  the  re- 
sidt  of  some  definite  cause,  sucli  as  hemorrhage,  malaria, 
or  tuberculosis.  Such  cases  we  designate  as  "  secoudary 
or  symptomatic  anjemia. " 

AnaMiiia.  of  whatever  variety,  consists  in  a  deteriora- 
tion of  the  blood  with  diminution  either  in  the  nuudjcr 
of  corpuscles  per  cubic  millimetre,  iu  the  amount  of 
haniioglobin  contained  by  individual  corpuscles,  or  in  a 
combination  of  both  changes.  The  latter  form  is  the 
commoner.  Very  possibh'  these  changes  in  the  number 
and  quality  of  the  corpuscles  are  all  secondary  to  some 
change  in  the  plasma,  but  this  must  be  tor  the  present 
largely  a  matter  of  hypotliesis.  as  our  knowledge  of  the 
changes  in  the  plasma  is  still  very  limited. 

Cases  of  secondai-y  aua'mia  have  been  divided  Into  the 
acute  and  the  chronic. 

Acute  An.«mi.\. 

The  great  majority  of  cases  are.  of  course,  due  to  hem- 
orrhage, either  through  traumatism  with  obvious  hemor- 
rhage" through  the  skin,  or  from  rupture  of  the  liver, 
spleen,  or  kidney.  Among  the  other  pathological  con- 
ditions which  are  most  apt  to  lead  to  severe  spontaneous 
hemorrhage,  we  may  mention  the  following  list:  (1) 
Abortion  and  the  puerperium;  (2)  extra-uterine  preg- 
nancy; (3)  tumors  of  the  uterus;  (4)  the  jieptic  ulcer, 
gastric  or  duodenal;  (5)  typhoid  fever;  (6)  tuberculosis 
of  the  lungs;  (7)  epistaxis;  (8)  carcinoma  of  the  stom- 
ach, intestine,  or  liver;  (9)  aneurism;  (10)  hemorrhagic 
pancreatitis. 

It  has  been  shown  experimentally  that  the  withdrawal 
of  even  .W  or  70  cm.  of  blood  is  enough  to  make  an  ap- 
preciable change  in  its  quality.  Ilolfmann  experimented 
upon  a  healthy  man  wlio  had  .5,'21!i,000  red  corpuscles 
per  cubic  millimetre,  withdrawing  4'3.)  gm.  of  blood  by 
venesection.  Half  an  liour  after,  the  red  corpuscles 
were  reduced  to  4,7()3.0(I0;  one  day  later,  they  numbered 
4,681.000.  The  amount  of  blood  removed  here  was  esti- 
mated to  be  about  six  per  cent,  of  the  total  blood  mass, 
supposing  the  weight  of  the  blood  to  be  one-thirteenth 
of  that  of  the  whole  body.  The  fact  that  the  blood 
shows  more  loss  a  day  after  a  hemorrhage  than  half  an 
hour  after  has  been  very  often  observed,  and  the  differ- 
ence is  more  marked  the  larger  the  amount  of  blood  lost. 
This  is  imdoubtedly  due  to  the  fact  tliat  the  lilood  im- 
mediately after  hemorrhage  is  unduly  concentrated, 
W'hereas  later  on  it  is  diluted  again  by  fluid  taken  up 
from  the  surrounding  tissues.  As  regards  the  amount  of 
blood  which  an  individual  may  lose  without  dying,  ob- 
servations differ  a  good  deal.  Behier  records  a  case  in 
which  the  red  cor|)uscles  were  reduced  to  one-fifth  their 
normal  number  after  an  attack  of  metrorrhagia,  yet  the 
]iatient  recovereil.  Ilaycni  describes  the  case  of  a  woman 
who  had.  during  six  days  following  the  puerperium.  a 
number  of  severe  hemorrhages.  Fifteen  hours  after  the 
second  of  these,  the  nuudier  of  red  cor])uscles  was  re- 
duced to  S.'iO.OOO,  or  eleven  per  cent,  of  the  normal,  yet 
the  woman  recovered.     It  has  l)cen  repeatedl}'  observed 


that  women  bear  loss  of  blood  better  than  men.  It 
seems  to  be  pretty  well  established  that  no  animal  can 
survive  the  loss  of  more  than  half  its  entire  blood-mass 
at  a  single  hemorrhage. but  apparently  men  can  stand  a 
great  deal  more  than  tliis.  [For  the  conditions  obtaining 
during  the  regeneration  after  hemorrhage,  see  Blood 
Formation.] 

Aside  from  cases  due  to  hemorrhage  we  occasionally 
meet  with  what  is  practically  an  acute  anaemia  in  cases 
of  (1)  Virulent  septica?mia;  (2)  destruction  of  red  cor- 
puscles within  the  vessels  as  a  result  of  poisons;  for  ex- 
ample, snake  poison. 

1.  In  cases  of  acute  puerperal  sepsis.  I  have  known 
the  red  corpuscles  to  fall  within  a  few  days  to  1,450,000 
and  the  liKnroglobin  twenty  per  cent.  Grawitz*  reports 
a  case  of  acute  puerperal  sepsis  in  which  the  red  cells 
were  reduced  to  JOO.OOOin't/iin  tirenty-four  Iwiii-n  !  This 
case  seems  almost  incredible,  but  is  related  iu  great  detail 
in  Grawitz's  recent  text-book  on  "  Diseases  of  the  Blood." 

2.  Blood  destruction  as  a  result  of  poisons,  such  as 
chlorate  of  potash  or  nitrobenzol.  may  produce  an  acute 
amemia.  as  happened  in  a  case  reported  by  Brandenburg: 
A  woman  who  had  taken  two  and  one-half  oimces  of 
chlorate  of  potash  the  night  before  showed  on  the 

First      day,  red  cells 4.3m.ni10 

Senind     "  "       2.."jlKi.(Km 

Foiirtli     "         "      2,:ioo.ik:kj 

Fifth        •'  "       S.llifUXIO 

Sixth        "  '•       l.aitl.dUO 

Seventh   "         "       I,«I(),UOO— death. 

Sympto.m.\tology. — The  Blood. — As  regards  the  con- 
dition of  the  blood  ffillowing  hemorrhage,  it  has  been 
already  mentioned  that  the  diminution  in  the  number  of 
corpuscles  per  cubic  millimetre  continues  and  increases 
for  several  days  after  the  hemon-hage.  After  severe 
cases  the  lowest  count  is  not  reached  mitil  from  five  to 
seven  days  after  the  accident.  While  this  process  of 
deterioration  is  going  on  the  hamioglobiu  jjercentage 
always  falls  moi-e  rapidly  than  the  count  of  red  corpuscles, 
so  that  after  the  first  twelve  or  twenty-four  hours  the 
color  index  is  alwaj's  low.  Jloreover,  when  regener- 
ation liegius,  the  hamioglobin  is  always  slower  to  reach 
the  normal  than  the  coimt  of  red  eoi'puscles.  so  that 
the  color  index  may  even  become  lower,  despite  a  distinct 
gain  in  both  red  corpuscles  and  ha-moglobin,  because  the 
latter  gains  so  much  more  SI0WI3'.  This  is  not  in  any 
way  peculiar  to  acute  anaemias,  but  is  well  exemplified 
in  them. 

In  stjiined  specimens  normoblasts  begin  to  be  seen 
within  from  twenty-four  to  forty-eight  hours  of  the 
time  of  the  hemorrhage,  or  even  soouer.  and  are  contin- 
uously present  iu  the  peripheral  circulation  until  blood 
regeneration  is  complete.  As  a  rule  they  are  scanty, 
and  careful  .search  is  necessary  to  find  them,  unless  the 
blf>od  loss  be  very  great  and  the  regeneration  very  rapid. 
Occasionally  they  are  .so  numerous  as  to  appear  in  almost 
every  fi<'ld.  Von  Noorden  was  the  first  to  observe  that 
during  the  regeneration  peiiod  a  very  large  number  of 
normol)lasts  may  be  suddenly  dischargeil  into  the  circu- 
lation within  a  few  hours  or  days.  This  flood  of  normo- 
blasts quickly  ceases,  and  is  then  followed  liy  marked 
increase  in  the  total  number  of  red  cells.  Such  an  appear- 
ance of  large  groups  of  normolilasts  intermittently,  and 
followed  liy  a  marked  inci'ease  in  the  total  comit  of  red 
cells,  has  been  named  by  V(m  Noorden  a  "blood  crisis." 

Atypical  staining  i-eactions  in  the  red  corimscles  (poly- 
chroiiiiii(iphilii))  is  often  seen  even  within  the  first  twenty- 
four  hours  after  the  hemorrhage.  Careful  measurements 
have  shown  that  the  I'cd  corpuscles  undergo  a  sirellinij 
after  hemorrhage,  both  their  diameter  and  their  thickness 
being  increased.  Befoniiitics  in  size  and  shape  are  occa- 
sionally present,  but  not  often  marked.  The  irhite  cor- 
puKi'leH  show,  in  the  majority  of  eases,  an  absolute  or 
relative  increase  in  the  niuiiber  of  polymor]ibonuelear 
neutrophiles.  This  increase,  as  has  been  s;iid.  is  not  con- 
stant and  maj'  be  of  any  degree  up  to  very  marked  leuco- 

*  La  m^declne  moderue,  January  13, 189r. 
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cytosis.  In  rare  cases,  the  leucocytes  are  diminished  in 
gVoss,  or  tlie  lympliocytes  may  lie  relutivelj-  or  absolutely 
increased.  Slyelocytes  in  small  jiercentaires  an'  not  in- 
fre(iucntly  seen;  iiideed,  in  one  of  Eln-lich's  cases  .si.\ 
(lays  after  licnioirlia^-e  there  was  Ui.T  percent,  of  mye- 
locytes Willi  poiliilocylosis  and  occasional  normoblasls. 
Three  days  later  Ihe  myelocytes  disaiijieared. 

The  coaj;ulability  of  the  blood  is  increased  an<l  may 
take  place  twice  or  thrice  as  quickly  as  usual. 

Other  Sympioins. — I'allor  of  the  skin,  li]is,  and  con- 
junctiva", coolness  of  the  extremities,  a  weak  and  trem- 
ulous voice,  spots  before  the  eyes,  and  noises  in  the 
ears,  with  (lyspna-a.  liiirst.  rapiil.  weak  pidse.  low  tem- 
jierature.  and  perliaps  fainting',  are  to  be  observed  even 
after  hemorrhages  of  moderate  severity.  In  severer 
cases  there  may  be  marked  cerebral  symptoms.  apha.sia. 
delirium,  hallucinalions,  nausea,  and  vomiting,  also  cold 
sweat,  increased  secretion  of  urine,  and  tremor  when 
movement  is  attempted.  In  fatnl  cases,  one  sees  near 
the  end  of  life  the  evidence  of  a  great  lack  of  lluid  in  the 
system,  the  skin  bevCoi,nes  dry,  tlie  eyes  lustreless;  tlbril- 
lary  twilchings  or  cramjis  may  lead  on  to  true  convul 
sioiis.  The  temperature  falls  far  liehjw  normal,  and  the 
pulse  becomes  almost  imperceiitible. 

Albuminuria  has  been  fre(|Uently  observed  associated 
with  hyaline  and  granular  casts  within  the  first  twenty- 
four  hours  after  the  hemorrhage.  The  in-ine  is  ]iale.  and 
its  daily  amomit  increased,  owing  to  the  great  tliirst,  A 
tendency  to  spontaneous  bleeding  is  occasionally  manifest 
in  the  gums  or  as  a  nose-bleed  or  uterine  hemorrhage. 
The  heart  somids  are  weak,  often  irregular,  and  fre- 
quently accompanied  or  reidaeed  by  murmins.  which 
are  almost  always  systolic  and  loudest  in  the  ]iulmonaiy 
area,  though  by  no  means  confined  thereto. 

Besides  the  nervous  symptoms  already  mentioned, 
neuralgia,  especially  of  the  cranial  nerves,  may  be  very 
obstinate.  Amblyojiia  and  amaurosis  are  occasionally 
observed.  A  C'crlain  amount  of  neuro-retinitis  with  oc- 
casional hemorrhages  has  been  re|)orted. 

I'(isl-M'irti_iii  AjijHin-ii/idn. — (ii)  The  most  imiiortant 
change  is  fatty  degeneration  of  the  heart  muscles,  which 
may  appear  after  hemorrhage  even  in  cases  which  have 
proved  fatal  within  a  day  or  two,  wdiile  if  life  had  been 
prolonged  a  few  days  more,  similar  fatty  change  apiiears 
in  the  capillary  sy.stem  (esjieeially  in  the  brain),  anil  in 
the  secreting  celfs  of  the  liver,  stomach,  and  kidney. 
This  fatty  cliange  is  not  to  be  e.\]dained.  as  was  formei  ly 
supposed,  by  a  diminished  oxidation  of  the  tissues,  for 
all  recent  observations  have  shown  that  Ihe  oxidation 
processes  are,  if  anything,  increased  in  acute  as  in  chronic 
anaMnia. 

{/>)  The  bone  marrow  of  the  long  bones  undergoes. 
within  a  few  days,  a  transformation  in  which  the  fat 
cells  are  reidaced  by  enormous  numbers  of  normo- 
blasls, so  that  its  color  in  gross  is  changed  from  yellow 
to  red. 

Di.\GNOsis. — The  diagnosis  is  doubtful  only  in  cases  of 
internal  concealed  hlee<ling.  Under  these  circumstances 
it  may  be  both  dilhcult  and  important  in  cases  of  (1)  Ex- 
tra-uterine pr<'gnancy  with  ruptui<';  (2)  internal  hemor- 
rhage, ante  ])artum  or  post  jjartiun;  (3)  post-ojierative 
or  secondary  hemorrhage;  (4)  violent  accidents  involv- 
ing "shock," 

1.  Extra-  Uterine  Prerjnoneij. — In  cases  of  extra -uterine 
pregnancy,  the  diagnosis  may  be  dillicult  before  rupture 
occurs.  Viut  the  sym|itonis  of  that  event  are  very  char- 
acteristic. .S'vere  |ielvic  pain  suddeidy  ceases,  and  then 
till'  patient  begins  to  feel  weak,  restless,  faint,  and  thirsty, 
and  presents  a  juileskin  and  a  weak,  rising  pulse.  Siicli 
symptoms  can  only  mean  hemorrhage,  and  demand  im- 
mediate operation. 

2.  Internal  lUiiKirrhaiie.  Ante  Purtnm  or  I'otit  Part'iiii. 
— .\ny  other  concealed  hemorrhage,  such  as  may  occur 
ante  partnm  or  post  partiim.  shows  its  existence  by  the 
s;une  symptoms.  In  case  it  is  intrauterine,  an  iiiciease 
in  the  size  of  the  organ  can  be  made  out  by  palpation 
and  percussion. 

3.  Post- Operative  or  Secondary  Hemorrhage. — Second- 


ary hemorrhage  after  operation  gives  us  the  same  symp- 
toms and  signs  which  have  already  been  enumerated. 

•1.  Vi'Aenl  Accideiitu  Inrali'tn'/  " S/iock." — In  cases  of 
suigical  shock,  it  is  often  important  to  delerniine  how 
far  the  "shock"  means  aiia'inia  from  hemorrhage.  If 
heniorrhage  is  going  on,  the  worst  thing  we  can  do  is  to 
wait  in  the  liojie  that  time  and  stimulation  will  improve 
the  condilion,  for  time  will,  of  course,  make  the  matter 
constantly  worse  as  the  hemori'hagc'  goes  on.  A  blood 
count  will  often  .give  us  ii»formation  of  the  utmost  im- 
portance in  such  cases.  Should  it  demonstrate  the  ex- 
istence of  a  marked  ana'mia  in  a  [lalient  whom  we  have 
no  reason  to  suppose  previously  ana-niic.  the  iliaiinosis 
of  internal  lieniorrhaL^e  is  clear.  I  recently  saw  a  little 
girl  who  had  lieen  run  over  in  the  street  and  was  seen  in 
a  cinidilion  of  what  is  often  called  "shock."  There  was 
no  evidence  of  hemorrhage  from  any  part  of  the  skin  or 
mucous  membrane.  A  blood  count  showed  a  marked 
aniemia.  ,\  rajiid  laiiarotomy  showed  that  hemorrhage- 
was  going  on  from  a  ruptured  kidiiej-.  The  hemorrhage 
was  checked  and  the  child  recovered. 

'l'i{H.\'rMi';.\'r. — In  the  treatment  of  acute  an.Tmia  due 
to  hemorrhage,  when  once  the  bleeding  point  is  found 
and  tied,  Ihe  next  thing  is  to  restore  to  the  de|ileted 
vessels  an  amount  of  fluid  sufficient  to  keep  up  the  heart 
action  by  giving  it  ,something  to  contract  on.  Transfu- 
sion of  human  blood  has  now  given  place  to  the  intro- 
duction of  normal  salt  solution,  either  subciiUineously, 
into  the  rectum,  or  into  a  vein.  If  the  jiatient  is  uncon- 
scious, fluid  may  lie  infused  subciitaiieously  with  great 
ease  and  in  considerable  quantity.  If  the  ]ialient  is  con- 
scious, this  procedure  gives  considerably  more  pain  than 
an  intravenous  injection.  Tl)e  introduction  of  salt  .solu- 
tion into  the  rectum  may  be  combined  with  either  one 
or  the  other  of  these  procedures. 

CiiiiOMc  An,1':mi.\. 

Among  the  commonest  causes  for  chronic  deterioration 
of  the  blood  may  be  mentioned  the  following: 

1.  Repeated  liemoriiiages.  such  as  occur  in  cases  of 
gastric  ulcer,  nienorrhagia  or  metrorrhagia,  hemorrhoids, 
and  h.'eni(i]ihilia. 

■J.  Prolonged  drain  upon  the  albuminous  materiaLs  of 
the  blood,  such  as  occurs  in  chronic  dysentery,  long- 
standing suppuration,  phthisis,  lactation,  and  cii'rhosis 
of  the  liver  with  ascites. 

:>.  Poisoning  due  to  lead  or  arsenic,  or  in  some  less 
obvious  way  to  toxic  materials  absorbed  from  the  dis- 
eased gastro- enteric  tract,  or  during  the  course  of  a 
case  of  nephritis.  The  fact  is  worth  emphasizing  that  the 
ameniia  which  occurs  in  nephritis  is  due  not  to  the 
drain  of  albumin  out  of  the  blood  through  the  kid- 
neys, but  to  a  toxa-mia.  In  chronic  diffu.se  nephritis, 
for  examjile,  the  amount  of  albumin  lost  through  the 
kidneys  is  often  trifling  in  comparison  to  the  amount 
of  an.a'inia.  Probably  under  this  same  heading  (('.c,  as 
a  toxtcmia)  should  be  reckoned  the  aiiaiiiia  oc'curring 
in  connection  with  malignant  disease.  It  is  not  simjdy 
starvation  which  brings  about  the  deterioration  of  the 
blood,  either  in  malignant  disease  or  in  other  conditions  in 
which  the  amount  of  food  is  insnflicient,  for  it  has  been 
shown  experimentally  that  starvation  as  such  has  no  ten- 
dency to  produce  ana'inia.  After  a  forty-days'  fast  tin- 
blood  of  a  professional  faster  has  been  found  to  contain 
more  corpu.sch-s  per  cubic  millimetre  than  at  the  begin- 
ning of  the  fast. 

4.  Infectious  diseases,  especially  malaria,  syphilis, 
typhoid  fever,  acute  articular  rheumatism,  and  septi 
ca-mia  due  to  jiyogenic  organisms,  are  apt  to  result  in 
anannia.  We  have  already  mentioned  under  the  section 
on  Acute  Aniemia  how  grave  a  deterioration  of  the 
blood  may  occur  in  septic:pmia.  Tuberculosis  rarely 
leads  to  any  considerable  degree  of  aiuemia,  unless  a 
mixed  infection  with  pyogenic  organisms  is  engi-afted 
upon  the  original  disea.se.  as  indeed  almost  alwaysoccurs 
in  pulmonary  tuberculosis.  Even  here  it  is  very  sur[>ris- 
ing  how  little  anieniia  we  often  Ijud,  even  though  the 
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patient  is  deathly  pale.  In  no  other  disease  that  I  am 
acquainted  with  is  there  so  little  au;eniia  to  be  demou- 
stnited  in  conipaiison  with  the  degree  of  pallor.  In  this 
connection  we  may  allude  to  the  so  called  tropical  an- 
aemia occurring  in  members  of  white  races  who  have 
resided  a  long  time  in  very  hot  climates,  which  has 
been  shown  to  be  no  true  ana'mia  at  all.  but  i>nly  a 
blanching  of  the  skin,  due  very  possibly  to  the  elTect  of 
the  heat  up<in  the  circulation  or  upon  the  pigments  of 
the  skin. 

5.  The  auannias  occurring  in  insanity  are  so  frequent 
and  so  pronoimced  that  the  association  of  the  two  condi 
tions  can  hardly  be  considered  accidental,  nor  can  the 
ansemia  be  explained  as  a  result  of  taking  too  little  food, 
for  reasons  given  above. 

6.  Intestinal  parasites  may  give  rise  to  a  vevy  grave 
form  of  ana-mia,  cither  of  the  .secondai'y  type  or  in  a 
form  indistinguishable  from  primary  pernicious  aufemia. 

Symfto.m,\tology.  —  T/ie  Bland. — In  some  cases  of 
ana?mia  the  impression  is  often  almost  irresistible  that 
the  total  amount  of  blood  is  reduced.  We  have  no 
means  of  proving  this,  but  hints  are  given  by  the  diffi- 
culty of  obtaining  blood  from  a  puncture  of  ordinary 
depth,  and  by  the  relative  emptiness  of  the  retinal  vessels 
as  seen  by  the  ophthalmoscope.  The  color  of  the  blood 
as  it  emerges  from  the  point  of  puncture  may  be  nearly 
normal  in  relatively  mild  cases,  while  in  the  severer 
grades  of  the  disease  it  looks  pale  and  watery  or  possibly 
particolored  and  streaky.  This  last  ajjpearance  usualh- 
means  an  anaemia  of  the  very  severest  type. 

A  good  general  idea  of  the  severity  of  the  case  may  be 
obtained  by  the  estimation  of  lia?moglobin.  The  lowest 
percentages  are  'seen  in  connection  with  malignant  dis- 
ease, acute  septica?mia,  and  any  affection  involving  pro- 
fuse hemorrhage  or  suppuration.  Readings  as  low  as 
fourteen  per  cent,  have  bc^en  made  by  competent  observ- 
ers. It  should  be  said,  however,  that  in  using  the 
Fleischl  ha^moglobinometcr  for  percentages  of  twenty- 
five  or  less,  the  technique,  as  ordinarily  cariied  out,  gives 
us  very  faulty  results.  It  is  much  safei',  in  any  such 
case,  to  fill  the  capillary  pipette  of  the  instrument  several 
times  in  succession,  washing  the  contents  each  time  into 
the  same  chamber  of  the  cell  in  which  the  blood  and 
water  are  mi.\ed,  and  then  after  making  the  reading  to 
divide  the  result  by  two  or  three,  according  as  we  have 
used  two  or  three  pipettes  full  of  blood.  The  I'cduction 
in  the  amount  of  ha>moglobin  is  almost  always  out  of  pro- 
portion to  the  diminution  in  the  number  of  corpuscles, 
that  is,  the  individual  corpuscles  which  are  left  contain 
less  haemoglobin  per  corpuscle  than  is  normal.  This 
condition  is  especially  marked  in  the  milder  grades  of 
the  disease,  and  at  such  times  the  conditions  may  be 
exactly  the  same  as  those  found  in  chlorosis;  for  ex 
ample,  one  of  Laache's  cases  of  consumption  showed 
5,148,000  red  corpuscles  with  only  thirtj'-five  per  cent 
of  ha?moglobin.  Similar  figures  are  not  infrequently' to 
be  recorded  in  ana'mia  secondary  to  malaria,  malignant 
disease,  or  nephritis. 

Red  Corpuscles.  As  suggested  in  the  last  para 
graph,  the  number  of  red  corpuscles  shows  in  the  earlier 
stages  of  a  case  of  secondary  ana'mia  relatively  little 
diminution  despite  a  considerable  falling  off  in  the 
amount  of  ha'nuiglobin.  If.  however,  the  cause  of  the 
ana'mia  persists,  for  example,  if  the  patient  goes  on 
liaving  malarial  chills,  or  if  the  nephritis  or  cancer  be 
incurable,  a  considerable  reduction  in  the  number  of  i-ed 
cells  gradually  makes  itself  I'vident,  and  may  finally 
reach  a  figure  as  low  as  that  characteristic  of  pernicious 
ana'mia.  Tlie  lowest  count  that  I  have  come  across  is  i  hat 
recorded  by  von  Limbeck — :^()(i,000.  This  case  fully  re- 
covered. Counts  of  1,500,1)00  or  less  are  not  at  all  infre- 
quent in  malaria. 

The  .specific  gravity  of  the  blood  runs  practically 
parallel  to  the  percenta.ge  of  h.-cmoglobin.  and  the  same 
is  true  of  the  amoimtof  .solid  resiilue.  The  coagulability 
of  the  blood  in  secondary  anaemia  takes  place  considcr- 
jibly  more  rapidly  than  is  norn\al.  llayem's  p\ipil.  Lc 
Noble,  who  st\Klicd  this  subject  extensively,  has  shown 


that  in  cases  in  which  the  ninnber  of  blood  cor|)uscles  is 
less  than  1,000,000  per  cubic  millimetre  clotting  takes 
place  in  about  half  the  time  occupied  in  normal  cases. 

Stained  /Specimens. — 1.  The  pallor  of  the  niicrosco]) 
ical  preparation  in  gross  may  be  quite  noticeable  in 
severe  cases,  and  in  specimens  stained  with  Ehrlich's 
triple  stain  it  is  not  uncommon  to  notice  in  the  mounted 
cover-glass  preparation  a  liluish  tint,  instead  of  the 
orange  yellow  color  which  we  s<'e  in  similarly  mounted 
specimens  of  normal  blood.  I  have  observed  this  bluish 
tint  more  fre(|Uently  in  secondary  than  in  jivimary  an- 
remias.  The  blood  is  unusually  easy  to  spread  between 
cover  glasses;  excellent  specimens  may  be  prepared  even 
by  a  beginner,  who  would  have  diliiculty  in  handling 
normal  blood.  Lender  the  microsco]ie  the  most  striking 
change  is  the  sparseness  with  wliicli  the  cor]5uscles  are 
.spread  over  the  field  and  the  ])allor  of  the  individual 
cells.  This  pallor  does  not  affect  the  wIkjIc  cell  equally, 
but  shows  itself  especially  in  the  central  jiortious.  tlie 
rim  or  periphery  of  the  cells  being  left  relatively  well 
stiiined,  even  when  the  centre  of  the  corimscles  is  color 
les.s.  The  amount  of  "orange  G"(of  the  triple  stain) 
which  the  cell  takes  up  corresponds  very  acciu'ately  with 
the  amount  of  ha'moglobin  which  the  cell  contjiins.  So 
far  as  we  know,  it  is  only  the  h;i?moglobin  which  takes 
the  stiiin.  To  the  extreme  formof  this  staining  anomaly 
Litten  formerly  gave  the  name  of  "  pessary-shaped  "  cor 
puscles,  which  were  at  one  time  su]ii)ose"d  Tiy  him  to  be 
characteristic  of  pernicious  an»mia,  in  which  disease,  as 
a  matter  of  fact,  they  are  rarely  seen.  Not  every  cor 
puscle  shows  equal  changes  in  respect  to  its  staining 
properties.  Side  b)'  side  with  extremely  pale  cells  one 
may  see  some  relatively  well  stained  ones.  This  is 
especially  the  case  in  the  relatively  mild  cases.  Where 
the  ha'moglobin  is  as  low  as  twenty  or  thiity  ])er  cent., 
one  rarely  sees  a  single  well  stained  corpuscle  in  tlie 
whole  preparation,  and  there  may  be  nothing  but  the 
"  pessary  shaped  "  cells  to  be  found. 

2.  Normal  red  corpuscles  have  relatively  .slight  aftiuitv 
for  basic  stains  and  relatively  strong  affinity  for  acid 
stains  In  many  aua'mic  conditions  these  staining  attiui 
ties  ai'e  so  modified  that  some  of  the  coi-puscles  take  up 
both  ackl  and  ba.sic  stains,  resulting  in  a  diffuse  colora 
tion  by  a  tint  intermediate  between  those  of  the  acid  and 
the  basic  stain  ,  for  example,  a  purple  color  in  case  eosin 
and  methyl  blue  are  used  In  other  cases  there  appears, 
in  specimens  stained  with  Chenzinsky  s  solution,  a 
spotted  bluish  pigmentati(ni  on  a  pink  ground  These 
irregular  staining  reactions  may  be  seen  even  in  relatively 
mild  cases  indeed,  it  is  not  always  Ijest  seen  where  the 
ha'moglobiu  is  lowest  Eluiich  still  maintains  that  ab 
ncH'mal  staining  reactions,  known  technically  as  poly 
chromatoiihilia.  represent  simply  degenerative  changes, 
but  the  weigiit  of  recent  researcli  has  tended  entirelv  in 
the  opposite  direction,  and  has  jiroved  to  my  satisfaction 
that  polychromatophilic  corpuscles  i-epresent  immatin-e 
forms  which  have  been  ijrematurely  sent  out  from  their 
place  of  manufactiue,  the  mai'row 

;!.  Poikilocytosis  Abnormalities  in  the  size  and  shajie 
of  the  coi'iiuscles  may  l)e  seen  even  in  mild  cases  It  is 
important  to  observe  that  the  abnormalities  in  size  con 
sist  in  various  degrees  of  diminution  in  the  diameter  of 
the  corpuscles,  and  rarely,  if  ever,  in  an  inci-case  of  th'ir 
size.  In  the  extreme  cases  almost  all  the  red  corpu.scles 
may  be  imdersized;  some  may  be  not  moie  than  '2  //  in 
diameter  as  compared  with  7  /i.  the  normal  size  De 
formities  of  shape  even  of  the  most  extreme  and  bizarre 
descriiition.  may  be  met  with  in  ordinary  cases  of 
secondary  ana'un'a.  and  an^  in  no  way  characteristic  of 
any  one  tyiie.  Although  u  very  great  variety  of  sha|ies 
maybe  seen,  there  is  a  strong  tendency  to  a  repetition 
of  certain  irregularities  The  connnonest  of  these  are- 
(ii)  Kattledorc  shaped  forms.  (//)  Siiusage  shaped  forms, 
(f)  ovals:  (d)  irrcgrdar  triangles  or  (.piadnite  forms 

Quite  active  pseuilo  amo'boid  movements  are  not,  in 
frequently  to  be  seen  in  the  i)rojectiiig  ))oiiils  of  de- 
formed corpuscles  or  in  the  cor|iuscles  as  a  whole.  The 
central  biconcavity  may  or  may  not  remain  visible 
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Aila'lllla. 
A  iiK-liliii. 


4.  Niick'ated  Red  Corpusolos.  In  any  formof  sitoikI 
ary  amcinia,  (•spceiall_\'  in  tlic  severer  grades,  one  may  tind 
nucleated  red  corpuseles,  usually  nonnoblasls.  'I'lie 
number  of  nonnoblasis  to  be  seen  does  not  run  parallel 
to  the  <leirree  of  ameniia,  nor  is  any  especial  variety  of  an 
a-mia  jMirticularly  apt  to  show  their  presence,  unless  it  is 
the  post  hemorrhagic  cases.  In  the  latter  condition  they 
appear  in  a  relatively  large  percentage  of  cases,  and  ap- 
parently with  a  certain  regularity;  in  the  other  forms  of 
secondaiy  ainemia  their  ap|iearance  and  disappeai'anee 
seem  very  arbitrary  and  unaccountable.  Dilfeienl  cases 
of  eipial  severity  may  diller  very  widely  in  the  numlier 
of  normoblasts  seen,  and  even  in  the  same  case  at  diller 
cut  times  one  linds  a  very  great  variation;  today  there 
may  be  many  of  them,  to-morrow  none.  Jlegaloblasts 
are  not  very  infrequently  to  be  observed  in  very  severe 
cases,  but  never,  so  far  as  my  e.\]ierience  of  .several 
thousand  cases  goes,  do  they  preponderate  ov<'r  the 
nnmber  of  noinioblasts. 

5.  Wliite  C<ir|iuscles.  In  certain  varieties  of  secondary 
anajmia,  for  example,  after  hemorrhage,  in  suppurative 
diseases,  and  malignant  neoplasms,  one  usually  gets  a 
considerable  incn'ase  in  the  total  number  of  while  cor 
puscles,  the  increase  Ijcing  made  viji  largely  or  wholly  of 
the  polymorphonuclear  forms.  In  one  case  of  cancer  of 
the  kidney  I  counted  93, .500  white  cor|iu;cles  per  cubic 
millimetre,  ninety-four  per  cent,  of  which  were  poly 
inor|ilionuclear  neutrophiles.  On  the  oilier  hand,  there 
are  many  cases  of  veiy  severe  ana'inia,  such  as  lho.se  as 
sociated  with  nephritis  or  due  to  malaria,  in  wliich  there 
is  no  leucocj'tosis  or  in  which  the  leiicocytcs  may  be 
diminished.  The  eosinophiles  are  usually  diminished 
whenever  the  polymorphonuclear  neutrophiles  are  in 
creased.  In  ana'mias  due  to  intestinal  parasites  the 
eosinophiles  may  be  increased. 

6.  Blood  Plates.  After  hemorrhage  and  in  some  other 
varieliesof  secondary  ana'mia  theuumber  of  blood  ]dal('s 
will  be  greatly  increased.  Van  Emden.*  in  an  ana'mic 
child  with  splenic  tumor,  found  839,000  blood  plates  as 
against  from  ISO.OOO  to  i.'jG.OOO,  the  normal  ninnber. 

Otiu-r  Si/iniili/iiis. — ((/)  The  effects  of  aiuemi.-i  u])on 
the  central  nervous  system  are  shown  in  manifold  ways, 
almost  all  of  which,  however,  can  be  brought  together 
under  the  title  of  "  irn'tiihle.  tceitkncsii."  The  ncuro  irnis 
cular  system  is  both  irritable  and  weak,  the  irritabilily 
being  shown  in  increased  reflexes  and  a  tendency  to 
cramjis  and  to  ''nervous,"  jerky,  restless  movements, 
while  the  weakness  is  shown  in  the  great  jironeness  to 
fatigue  on  slightexertion  and  the  inai)titude  in  perform 
ing  delicate  movements  requiring  skill.  Brain  action 
likc^wise  shows  both  irritability  and  weakness.  There  is 
little  power  for  a  continued  attention  or  for  self-control, 
and  marked  irritability  and  emotional  abnormalilii's. 
Blurring  or  dark  spots  before  the  eyes  and  tinnitus 
Hurium  are  common.  Headache,  vertigo,  and  fainting 
easily  occur. 

(h)  The  gastrointestinal  tract  is  easily  irritated,  as  is 
shown  by  the  frequent  occurrence  of  hy])ersecretion  ami 
■occasionally  of  diarrlaea,  but  it  is  also  weak  and  unable 
oftentimes  to  perform  its  functions  of  digestion  and 
peristalsis.  It  is  hard  to  decide,  however,  whether  these 
symptoms  are  truly  the  results  of  the  ana'mia  or  of  the 
underlying  cause  of  which  the  ana'mia  is  symptomatic. 

Alilietite  is  almost  always  lost  or  very  quickly  ap- 
peased Painful  digestion,  due  to  gastri<'  hypera-sthesia 
or  fermentation,  is  the  rule.  Theamoimtof  hicnioglobin 
is  normal  or  increased  in  the  great  ma.iority  of  cases,  and 
the  motor  functions  of  the  stomach  are  well  iierformed. 
Despite  lh(!  frei|uency  of  constipation  thei'e  is  usually 
no  increase  of  intestinal  fermentation,  and  the  intestine 
seems  to  absorb  normally. 

([')  On  the  |)art  of  the  respiratory  tract  we  find  usually 
superficial  breathing,  which  easily  becomes  labored  ami 
frequent  on  slight  exertion 

(rf)  The  heart's  action  is  weak,  yet  easily  irritated  to 
violent  i)alpitalion.     (Edema  of  the  extrendties  is  com 

•  "Bydragen  tot  de  Kerniis  von  liet  Bloed,"  Leydcn,  189ii. 


nion,  and  effusions  into  the  serous  cavities  are  seen 
occasionally  in  marked  cases.  Ilemorrha.iie.  presumably 
due  to  fatty  changes  in  the  vessel  walls,  is  rare  in  acute 
cases,  but  not  at  all  uncommon  in  chroinc  ones;  it  is 
usually  small  in  extent,  and  affects  the  skin  and  mucous 
membranes,  especially  those  of  the  mouth,  stomach,  and 
intestine.  Hemorrhages  are  also  common  in  the  me- 
ninges and  in  the  retina.  Occasionally  a  considerable 
amount  of  blood  may  be  lost  by  e])ist)ixis  or  from  the 
gastro-intestiMa!  tract. 

The  urine  shows  no  characteristic  changes;  it  is  often- 
times pale  and  of  low  siiecific  gravity,  and  may  cont;:iin 
a  tiace  of  albnnun  and  an  increase  over  the  normal  num- 
ber of  casts.  The  temperature  may  or  may  not  be  raised. 
.\n  interesting  ])oint  in  this  connection  isthe  relation  of 
tenqierature  tc)  temperament  in  acute  posthemorrhagic 
ana-mia.  After  jirofuse  gastric  hemorrhage  due  to  peptic 
ulcer  I  have  twice  se<  ii  continued  fever  (from  101"  to 
lOo  F.),  lasting  several  days.  Both  these  cases  were  in 
|iatients  of  markedly  neurotic  temperament.  In  the 
great  luajority  of  cases  of  jiosl  hemorrhagic  ana'mia, 
in  which  there  is  no  specially  neiu'oiic  element,  the  tem- 
|)eralur(^  remains  normal. 

DiKKKUK.NTi.M,  Di.voNosis. — 1.  ^Manv  eases  are  dvd)bed 
aiia'tnic  on  the  evid<'nce  of  pallor  of  the  skin,  especially 
if  this  is  as.sociated  with  symptoms  of  general  debility 
or  neurasthenia.  H.  T.  Edes  and  others  have  shown 
that  neuraslheMics  are  rarely  an.-emic,  and  it  is  im]ioi'tant 
to  recognize  that  jiallor  of  the  skin  is  consistent  with 
perfectly  normal  blood  and  with  good  general  health. 
The  conilition,  therefore,  most  fre(|uently  mistaken  for 
ana'mia  is  lu'oliably  neuraslhenia  and  debility  or  a  simple 
congenital  pallor  of  the  skin  unassociated  with  any  dis- 
ease. Pallor  of  the  mucous  membranes,  especially  those 
of  the  lips  and  conjunctiva',  is  a  better  test  of  ana-mia, 
but  not  very  iid'iecfuently  we  see  considerable  pallor  of 
the  nuicous  membranes,  as  well  as  of  the  skin,  and  yet 
no  ana'mia  by  blood  examination.  This  is  especially  apt 
to  be  th('  ca.se  in  pulmonaiy  tuberculosis,  in  which  we 
may  tind  a  normal  or  even  an  increased  count  ol  re<l 
corpiiseles  with  extreme  pallor  of  the  skin  and  mucous 
membranes. 

2.  I  have  known  myx(edenia  mistaken  for  simple  an- 
a'mia with  obesity  and  so  treated  In  both  diseases  we 
may  have  subnormal  temperature,  nuiscniar  and  mental 
weakness,  jiallor,  and  ledema;  indeed,  the  two  diseases 
may,  and  often  do,  coi-xist,  but  simjile  ana-mia  does  not 
cause  the  marked  changes  in  facial  expression  and 
cutaneous  luitrition,  nor  the  pecidiar  mental  hebetude 
and  hestitating  speech  characteristic  of  myxiedcma  In 
case  of  doubt,  the  Iheiapeutic  test,  the  u.se  of  thyi'oid 
extract,  would  easily  decide. 

;!.  Cases  of  incipient  ]ndmonary  tuberculosis,  espe- 
cially in  the  female  sex,  are  not  infrequently  mistaken  for 
sim])le  ana'mia  or  chlorosis.  Only  the  most  careful  ex- 
amitiation  of  the  sputum  and  a  most  thorou.nh  ausculta 
tion  of  the  ai)!ces  of  the  lungs  after  cough  will  suthce  to 
exclud(^  tuberculous  disease,  which  may  exist  entirely 
without  cough  or  with  so  little  cough  that  the  patients 
attention  is  not  called  to  it.  Any  fever  occurring  in  a 
case  supposed  to  be  simid<'  ana'mia  should  luake  us  sus 
picious  of  tuberculosis. 

4.  Perniciousana'mia  is  at  times  ditficidt  to  distinguish 
from  the  symptomatic  form  of  the  disease.  I  have  known 
some  of  the  cases  of  an.-emia  secondary  to  gastric  cancer  or 
to  chronic  bleeding  hemorrhoids  in  which  only  the  blood 
examination  made  it  possible  to  exclude  pernicious  an- 
a'mia. In  the  severest  grades  of  secondary  ana'mia 
( which  are  those  most  likely  to  be  mistaken  for  pernicious 
ana'mia).  we  are  very  apt  to  have  leucocytosis.  a  low 
color  index,  an  absence  of  maerocytes.  and  a  |U('domi- 
nance  of  normoblasts  over  megaloblasts  There  are, 
however,  peiiods  in  the  course  of  some  eases  of  perni- 
cious ana'mia — nam<'ly.  periods  of  remission — in  wliich 
the  blood  may  be  indistinguishable  from  thai  of  secondary 
ana'mia.  Earlier  or  later  the  typical  blood  picture  ap- 
pears, but  for  a  time  diagnosis  may  lie  impossible.  I 
have  twice  ndstakeu  ca.ses  lirst  seen  during  this  period 
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for  sccoiiiliiiy  aiiivmia.  From  chlorosis  a  case  of  second- 
ary aiia'iiiia  (iccurriiiii;  in  a  young  girl  may  be  indistiu- 
jl'iiisliable.  'I'lie  characteristics  of  the  blood  are  identical, 
and  if  the  etiology  of  tlie  case  is  not  clear  there  may  be 
nothing  to  set  us  right. 

Vitoc^Nosis  .\Ni>  CouusK. — The  duration  of  the  disease 
and  the  severity  of  tin'  symptoms  depend  largely  upon 
the  nature  of  the  underlying  cause.  In  post-hemorrhagic 
ana'uiia.  in  which  less  than  one  percent,  of  blood  mass  is 
lost,  it  should  be  made  up  in  from  two  to  live  days; 
where  from  one  to  three  per  cent,  of  the  blood  mass  is 
lost,  it  should  be  made  up  in  from  five  to  fourteen  days; 
finally,  in  the  severest  hemorrhages,  in  which  over  three 
per  cent,  of  the  blood  mass  is  lost,  it  may  be  a  month  or 
more  before  regeneration  is  complete.  Young  and  Avell- 
nourished  persons  are  naturally  much  quicker  in  making 
up  losses  than  are  feeble  or  elderly  per.sons.  Where  the 
hemorrhage  is  secondary  to  such  diseases  as  typhoid, 
phthisis,  or  cancer,  regeneration  aftei'  hemorrhage  may 
be  very  slow,  or  may  not  take  place  at  all.  Bierfreuud 
found"  that  after  ofierations  ftir  mammary  cancer  the 
luemoglobin  is  much  slower  in  beginning  to  rise  toward 
normal  than  after  operations  for  non-malignant  diseases 
(a  week  later  on  the  average),  and  he  asserts  that  the  ha>m- 
oglobin  never  reaches  the  point  at  which  it  was  before. 
This  statement  is  all  the  more  extraordinary  because 
Bierfreund  has  specially  noted  a  gain  in  weight  in  the 
same  patients  on  whose  blood  the  above  observations 
were  made.  In  Bierfreund's  experience,  it  is  usually 
from  twenty-three  to  twent_v -seven  days  after  operation 
on  malignant  tumors  of  the  jjreast  before  the  hfemoglobin 
begins  to  rise. 

The  imiirovement  of  cases  of  ancemia  is  likely  to  be 
iuterru]ited  by  periods  of  relapse.  This  is  not  so  true 
of  secondary  anaemia  as  it  is  of  pernicious  cases,  but 
nevertheless  holds  to  a  certain  extent. 

TnE.\TMENT. — Oljviously  the  fii'st  and  most  important 
indication  is  to  discover  and,  if  possible,  remove  the 
cause  to  which  the  auamia  is  secondary.  Many  cases 
will  recover  with  no  fm-ther  treatment.  As  a  rule, 
however,  recovery  is  considerably  hastened  by  thera- 
jieutic  measures,  and  where  the  cause  is  unknown,  as 
not  unfrequently  happens,  we  have  to  devote  our  at- 
tention to  the  following  therapeutic  agents. 

Nutrition. — There  is  no  especial  diet  ajipropriate  to 
the  treatment  of  ana'inia:  what  is  needed  is  a  full  and 
varied  nutrition,  which  should  certainly  include  red 
meat,  owing  to  its  relatively  large  ])roportion  of  hamio- 
globiu  and  so  of  iron.  The  digestion  may  need  attention, 
but  it  is  important  to  refrain  from  giving  pei)sin  and 
hydrochloric  acid  in  any  case  before  we  have  made  sui-e 
that  there  is  not  already  a  hyper.secrction  such  as  statis- 
tics show  to  be  \-ery  frequent  in  ana^nia.  The  bowels 
often  need  treatment  either  for  diarrhn?a  or  constipation, 
more  especially  the  latter,  and  relief  of  this  symptom 
will  help  the  general  nutrition,  and  so  the  anajmia. 

Climatic  cliange  is  undoubtedly  of  .service  in  some 
cases,  partly  through  its  psychical  and  partly  through 
its  physical  eflect.  Of  late  years  it  has  lieen  reconuueuded 
that  we  send  patients  to  high  altitudes,  pjxperience  has 
shown  that  patients  are  very  favorably  affected  by  alti- 
tude, and  the  rajjid  increase  in  Ijlood  corpuscles  per  cubic 
millimetre  which  every  person,  somid  or  sick,  shows  in 
high  altitudes  appears  to  be  not  entirely  transitory. 

Medicinal  treatment  consists  largely  of  ju-oper  admin- 
istration of  iron  and  arsenic.  "Wide  experience  in  all 
parts  of  the  world  has  shown  that  in  the  great  ma.iority 
of  cases  iron  is  best  administered  in  the  form  of  Blaud's 
lulls.  As  a  rule,  they  cause  no  irritation  of  the  gastro- 
intestinal tract,  and  do  not  tend  to  constipation.  I 
think  it  is  a  common  mistake  to  use  them  in  too  small 
doses.  To  an  adult  I  never  give  less  than  six  five-grain 
jiills  a  day.  two  afti'r  each  meal,  and  after  a  week  or  ten 
days  I  often  increase  this  to  nine  a  day.  tlu'ee  after  each 
meal.  In  the  rare  cases  in  which  Blaud's  pillsare  not  well 
borne  or  are  not  elfectual  in  increasing  the  amount  of 
ha'mogloliin  in  the  blood,  it  is  advisable  to  try  one  of  the 
newer  organic  preparations  which  contain  laemoglobin 


as  such  or  some  substance  nearly  allied  to  it;  for  ex- 
ample, ferratin.  The  only  objection  to  these  latter 
remediesis  tiiat  in  order  to  get  sulticient  (piantity  of  them 
into  the  system  to  give  an  equivalent  to  si\-  of  Blaud's 
pills  ]ier  (lay.  <ir  one-tenth  of  a  gram  of  metallic  iron,  one 
has  to  sjiend  a  good  deal  of  money.  The  tincture  of 
chloride  of  iron  should  rarely,  if  ever,  be  given,  on  ac- 
count of  its  strong  tendency  to  produce  constipation,  its 
deleterious  effects  upon  the  teeth,  and  its  very  disagree- 
able taste.  All  preparations  of  iron  should  lie  given 
after  meals,  never  upon  an  empty  stomach.  Occasion- 
ally arsenic  is  useful,  especially  in  the  severer  grades  of 
anaaiiia.  It  is  best  given  in  the  foi-m  of  Fowler's  sidution. 
two  dro])s  after  meals,  well  diluted,  and  increasing  one 
drop  daily  until  the  physiological  limit  is  reached,  as 
shown  by  the  occurrence  of  itching  or  bm-ning  of  the 
eyelids,  nausea,  or  vomiting.  liichni-d  C.  Cabot. 

AN/EMIA.  SPLENIC.     Sw  JTodgkin's  Disease. 

AN/ESTHESIA     AND    ANALGESIA.  —  Definition   of 

terms:  Ainivt/iixin.  accurately  speaking,  denotes  the 
loss  of  sense  of  toucli.  The  term  is  often  used  to  in- 
dicate the  loss  of  all  forms  of  sensibility — as  pain,  tem- 
perature, muscular  location,  etc.  In  this  article,  when 
the  word  is  u.sed  without  qualification,  it  shall  mean  the 
loss  of  tactile  .sense.  Tactile  sensibility  is  subserved  by 
structures  that  take  cognizance  of  chan.ge  of  contact, 
and  are  stimulated  by  motion  of  an  external  object  in 
contact  with  the  siuface. 

AiKihu-tia  is  a  term  employed  to  den(.)te  the  loss  of 
sensibility  to  painful  impressions. 

Tlicrm'o-aniestlii'Kia  is  a  loss  of  temperature  sense. 

Ata.Hd  is  a  sj'mptora  of  loss  of  muscidar  sensibihty. 

"  INIuscular  sense  "  is  a  complex  affair,  including  several 
different  forms  of  sensibilitj'.  There  is  the  painful  sensi- 
bility to  traumatic  impressions,  to  passive  stretching  and 
powerful  contractions,  as  in  cramps.  The  most  charac- 
teristic "muscidar  sense."  however,  is  that  by  which  is 
determined  the  cliaracter  of  movements  and  ]iostiu'es  due 
to  muscular  action,  also  the  character  of  passive  move- 
ments and  postures  of  muscles  at  rest.  It  also  includes 
the  recognition  of  resistance  to  contraction,  by  which  is 
estimated  the  difference  in  weight  of  objects;  articular 
sense  is  included. 

Mitli(}(U  of  Testing  Sensibilitii. — The  determination  of 
the  varying  degrees  of  anwsthesia  and  analgesia  is  made 
difficult  liy  the  fact  that  the  jihysician  must  depiqid  upon 
the  stateiiient  of  the  patient  for  his  information.  The 
intelligence,  attention,  and  sincere  co-operation  of  the 
patient  are  necessary  to  secure  reliable  responses.  Fur- 
thermore, indi\iduals  vary,  within  the  limits  of  what 
is  normal,  quite  appreciably  in  their  sensibility  to 
external  irritation.  Finally,  in  jiatients  suffering  from 
lesions  which  cause  either  a  slight  or  ]ierhaps  a  greater 
degree  of  loss  of  consciousness,  sensibility  is  more  or 
less  diminished  up  to  entire  loss  of  sensation,  even  though 
tlie  lesion  may  cause  no  anaesthesia  directly. 

In  testing  sen.siljility  the  patient  should  be  blindfolded 
or  in  some  other  way  jirevented  from  seeing  what  is  be- 
ing done,  in  order  that  simvdation  or  self-dece]ition  may 
be  avoided.  It  is  remarkable  how  vividly  one  can  feel 
the  prick  of  a  pin  or  touch  of  a  feather  through  the  me- 
dium of  sight.  When  the  lesion  is  unilateral,  a  compar 
ison  of  the  two  sides  is  very  desirable.  Various  instru- 
ments of  precision  have  been  devised  by  neurologists  for 
testing  sensibility.  These  are  convenient  and  desirable 
forscientific  piu'poses.  but  for  clinical  use  they  are  not 
essential.  A  much  more  important  element  is  the  culti- 
vation of  the  judgment  of  the  examiner  by  constantly 
using  the  same  method  of  examination.  No  amount 
of  paraphernalia  will  make  u|i  for  a  lack  of  that  c\dli- 
vation.  A  feather  or  camel's  hair  ))eneil  or  the  tip  of 
the  finger  may  lu'  \iscd  for  testing  t;u'tile  sensiliility. 
The  objection  to  the  finger  is  the  possibility  that  there 
may  be  a  diff'erence  in  temiierature  between  the  exam- 
iner's finger  and  the  patient's  .skin,  and  consequently 
that  contact  may   be   recognized  by   temperatiux-   sense 
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evfn  when  ana'sthesia  exists.  A  oomnion  pin  is  a  valu 
able  iiistninient  in  testinjr  for  analjrcsia.  I5y  alleruate- 
ly  usiri?;  the  jioint  and  lieail  and  reiiiiirini;  the  patient 
to  <listinjriiish  between  tlieni  by  sayinu:  "head"  ov 
■■  pf)int,''  the  physician  e.in  determine  whetlier  his  an- 
swers are  based  on  pain  or  tactile  sense.  Wlien  testinjr 
for  ana-sthesia  the  jialient  shonid  lie  instructed  to  say 
"yes"  each  time  he  is  touclied :  or  he  may  be  asked 
to  name  tlie  point  touclied.  This  gives  information  as 
to  his  power  of  localization.  If  more  detinite  informa- 
tion is  desired,  he  may  be  asked  to  touch  the  exact  spot 
that  had   been  touched  by  the  (xaniiner. 

On  .some  accounts  a  better  test  for  analgesia  is  to  pick 
u])  a  fold  of  skin  and  ]iincli  the  rouniled  p<n'tion.  By 
practice  one  is  enaliled  to  det<Tnu'ne  (piite  satisfactorily 
the  degree  of  sensiliility  by  the  degrceuf  pressure  required 
to  produce  a  painful  impression. 

'I'lienno-ana>sthc.sia  may  be  ]iresent  when  tactile  and 
pain  sense  are  normal.  To  ascertain  its  existence  one 
may  employ  two  test  tubes,  one  tilled  with  hot  and  the 
other  with  cold  water.  .More  accurate  means  of  measure- 
ment are  needed. for  scientific  iccord. 

In  \\\v  |iivsence  of  a  localized  disturlianci' of  sensibility 
'the  cliaracterislics  should  be  noliil  as  accurately  as 
possible.  If  there  is  an  area  of  anresthesia  its  bound- 
aries should  be  definitely  determined.  The  task  is 
not  ditlicidt  when  the  area  is  sharply  detined,  but  it 
becomes  more  so  when  it  passes  gradually  into  the 
normal.  An;esthetic  areas  often  exist  without  the 
patient's  knowledge  and  will  escape  notice  tmless  es- 
pecially sought  for.  This  should  always  be  done  in 
oases  jiresenting  obseiu'c  almormal  conditions  of  the 
nervous  system. 

For  convenience  of  study  the  an.-estlicsias  and  anal- 
gesias may  be  divided  into  two  great  classes;  I.  Those 
of  functional  origin;  II.  those  dvie  to  some  organic 
lesion. 

Fiinetloniil  Dfriinflfiix'iitx  of  Scnsiliililil. — I  use  the 
word  functional  advisedly  and  with  a  full  knowledge  and 
a])preciation  of  the  position  of  those  who  regard  every 
derangement  of  function  as  evidence  of  organic  lesi(in. 
I  shall  not  argue  this  question  further  than  to  say  that 
in  the  manifestations  cd'  the  nervous  system  the  evidence 
is  conv  incing  that  teuqiorary  and  more  or  less  |)erinanent 
susiiension  or  derangement  of  function  may  and  does 
occur  without  the  existence  of  orgaiuc  lesion. 

Hysterical  anipsthesia  may  involve  all  varieties  of 
si'iisation.  In  such  cases  there  will  be  no  response  to 
any  kind  of  sensory  stiiiudation — such  as  touch  or  pain 
or  Ileal  or  cold  or  muscular  action  or  change  of  postvire 
or  location  of  a  |)art.  Or  the  ana'sthesja  may  be  con- 
lined  to  one  variety  of  sensation  while  the  others  may 
remain  normal.  Or  again,  any  two  <irmoi'eof  them  may 
be  involved.  Analgesia  is  the  form  of  ana'sthesia  most 
frequently  ob.served  in  hysteria.  Then  follow,  in  order 
of  frei|uency,  loss  of  tactile  .sense.  teiTi])erature  sen.se, 
nutscular  .sense,  and  articular  sense.  The  last  is  quite 
rare  as  an  hysterical  manifestation,  liut  has  Ijeen  noted 
by  .several  observers.  Thi'  physician  should  not  assume 
that  a  case  of  ataxia  is  hysterical  until  be  has  iliscovered 
other  stigmata  and  hasexcludcdall  other  probable  s<jurces 
of  ataxia.  For  further  dis(russioii  of  the  stigmata  of 
hysteria,  see  under  Ih/stifi-in. 

'I'he  anatomical  distribution  of  ana'sthesia,  in  hysteria. 
is  extremely  variable.  No  i)art  of  the  body  is  free  from 
the  liability  of  a  loss  of  sensibility  from  this  cause.  But 
it  may  conveniently  be  considered  under  three  tyjies;  I. 
Ilemiana'Sthesia;  H.  segmental;   111.  disseminale<l. 

Ilemian.estliesia  is  the  most  conunon  type,  and  when 
jircsent  without  motordisturbance  it  is  most  suggestive  of 
liysteria.  It  involves  exactly  one  half  the  body  verti- 
cally, the  middle  line,  anteriorly  and  posteriorly,  forming 
a  distinct  and  abrupt  line  of  demarcation  between  the 
normal  and  ana'sthctic  portions  of  the  skin.  The  nui- 
cous  membrane  of  the  same  side  is  also  involved. 
Among  the  cases  of  hcmiana'sthesia  from  lesion  of  the 
posterior  portion  of  the  jjosterior  limb  of  the  internal 
capsule,  there  have  been  reported  some  which  resembled 


those  of  hcmiana'sthesia  of  hysterical  origin.     These  ca.scs 
are  so  rare,  however,  as  to  be  a  curiosity. 

In  the  segmental  tyjie  of  an.esthesia  a  hand  and  more 
or  less  of  tlie  arm,  or  a  foot  with  more  or  less  of  the  leg 
is  .•ma'sllictic— sometimes  caUed  the  glr>ve  or  stocking 
form  of  ana'sthesia;  or  a  part  of  the  face  or  head  may 
be  involved. 

In  the  disseminated  tyjie  antesthetic  iiatehes,  irregular 
in  size,  shape  and  distribution,  occur.  Any  conceivabh! 
part  of  the  surface  may  be  the, site  of  ana'sthesia.  I  wish 
to  call  attention  to  three  characteristic  features  of  these 
ana'sthetic  areas,  that  should  always  be  borne  in  mind 
when  making  a  dill'erential  diagn<isis-  (1)  The  areas  do 
not  correspond  to  the  distril)ution  of  nerves;  Ci)  the 
borders  are  sliarjdy  outlined,  the  change  to  normal  sen 
siliility  being  abrupt,  there  being  no  gradual  fading 
of  one  into  the  other;  (^j)  the  borders  are  not  constant, 
but  are  subject  to  sudden  changes.  This  feature  has 
been  especially  cmi>hasized  by  Dr.  Patrick,  of  Chicago, 
This  shiftiness  of  the  borders  is  so  pathognomonic  that  it 
should  always  be  looke<l  for  in  testing  a  ease.  A  very 
soft  ])eiKil  is  needed  to  mark  the  (Uitline  so  that  no 
irritation  of  the  skin  is  ]H'oduced  whereby  the  patient's 
subsec|Uent  replies  may  be  iidluciiced.  I  do  not  care 
to  di.scuss  the  treatment  of  this  ciaulition,  as  it  doubtless 
will  ri'ceiv('  proper  consideration  under  ]/)/>:tiri(i.  But 
1  may  say  in  passing  that  the  suggestiveness  of  the  treat- 
ment is  a  most  potent  factor.  Therefore  the  ai)])lica- 
tion  of  electricity  to  the  ana'sthetic  area  in  the  foim 
of  a  powerfid  static  spark  or  a  strong  galvanic  current 
is  among  the  most  clhcient  of  agents. 

Any  of  the  special  scns<'s  may  be  involved  in  hysterical 
an.-esthesia.  ^Ve  may  thus  have  inqiairment  or  loss  n[ 
sight,  hearing,  t;iste,  or  smell.  Hysterical  amlilyopia 
most  cd'ten  consists  in  a  concentric  constriction  of  the 
visual  lield.  Besides  this  there  may  l)e  a  distui'liance  of 
the  ccilor  lield,  cither  a  total  loss  of  color  pei'ccption  or, 
what  is  more  conunon,  a  rcversiil  of  the  color  lielils, 
the  most  conunon  form  being  that  in  which  the  tield  for 
red  is  larger  than  fliat  for  blue 

Pharyngeal  anasthi'sia  is  commonly  due  to  hysterical 
distuili;uice  of  the  function  of  the  glossopharyngeal  and 
vagus  nerves,  of  which  '"globus"  is  another  maidfesta 
tion,  and  ageusia  or  loss  of  taste  still  another.  Laryngeal 
ana'sthesia  is  notan  unconunon  stigma  of  hysteria.  The 
well  known  tolerance  of  examination  of  the  pharynx 
and  larynx  on  the  ])art  of  hy.sterical  patients  is  due  to  an- 
a'sthesia of  these  parts. 

AiKixtlitKiii  II  11(1  Aiiiilgcmn  of  Orijiiiiic  Orii/in.  —  In 
studying  the  organic  lesions  of  the  nervous  system 
with  their  conse(pient  inqiairment  or  loss  of  .sensation,  we 
camiot  do  better  than  to  adopt  an  anatomical  classilica 
tion.  We  shall  consider;  1.  Lesionsofiicripheral  nerves: 
'i.  lesions  of  th(!  cord ;  3.  intracranial  lesions. 

Trigeminal  ana'sthesia,  more  or  less  conq)lete,  results 
from  a  destructive  lesion  in  any  ixirtion  of  the  nerve 
from  its  central  origin  to  its  |ieripheral  terminations 
The  location  of  the  lesion  may  be  determined  by  the 
extent  and  distribution  of  the  ana'sthesia,  and— in  the 
case  of  a  lesion  loc;ite<l  at  the  l)ase  of  tli<'  brain — liy  not- 
ing the  disordered  fiuu-lion  of  other  nerves  invcdved 
ill  this  lesion.  Peripheral  lesions  arc  indicated  by  the 
small  portion  of  the  nerve  involved.  If  a  jiortion  of  the 
face  with  a  corresponding  mucous  surface  is  involved,  one 
branch  of  the  nerve  is  alTccted  at  or  near  its  exit  trom 
the  cranium.  If  the  aniesthetic  area  compri.ses  th<' dis- 
tribution of  an  entire  nerve  and  is  complicated  by  trophi(^ 
disturbances,  the  lesion  is  in  the  (Jasserian  g;niglion  or 
its  immediate  vicinity.  A  lesion  in  the  posterior  portion 
of  the  posterior  limb  of  the  internal  capsule  will  produce 
ana'sthesia  of  one  side  of  the  face  and  ofthesaUK-  side 
of  the  body,  resembling  hyst<'rieal  hemiana'sthesia  (to 
which  the  reader  isreferri'd).  If  one  side  cd'  the  face  and 
the  ojjjMKsite  side  of  the  body  are  ana'sthetic.  the  lesion  is 
probably  pontile. 

The  pathological  diagnosis  is  made  by  c(msidering  the 
history  and  (icvelopment  of  the  abnormal  condition. 
Among  the  more  important  factors  to  be  considered  are 
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neuritis  troiu  syiiliilitic.  ilifuiiiatic.  toxivmic,  alfoliolir, 
or  other  oriiriii;  lumorsiU  the  Inise  of  tlie  brain;  basal 
iiipiiin^itis;  trainnatisin.  eitlier  periphenil  or  central. 
Trigeminal  ana'sthesia  may  be  the  initial  symptom  of 
some  elironie  degenerative  disease,  such  as  tabes,  chroiiie 
muscular  atrophy,  syringomyelia,  etc.  In  such  cases, 
however,  if  the  attention  has  been  called  to  that  possibil- 
ity, upon  closer  cxamiuatiou  there  will  be  found  other 
symi'toms  that  will  lead  to  a  correct  diagnosis,  A  de- 
structive lesion  of  the  tubercle  of  Holando  of  one  side 
eau.ses  a  complete  loss  of  all  forms  of  sensibility  of  the 
trigeminus  of  the  .same  side  as  the  lesion,  with  ana's- 
thesia  of  the  body  and  limbs  of  the  same  side  and  analgesia 
of  the  opposite  side.  There  are  motor  disturbances  ac- 
companying this  lesion  tii  wliieh  attention  will  be  called 
farther  on,  under  ]Ii  ii/iiuiiixt/tisin. 

Gliis.fo-P/i(in/iir/,al  Aniratlusid. — In  focal  destructive 
lesions  of  the  glos.so  pi  laryngeal  nerve,  aua;sthesia  is 
produced  in  the  region  of  distribution  of  its  fibres  of 
common  sensibdity,  viz.,  in  the  upper  part  of  the  phar- 
ynx and  in  the  upper  portion  of  the  palate.  This  oc- 
ciu's  most  freifuently  iu  connection  with  paralysis  fol- 
lowing infectious  diseases,  such  as  diphtheria,  but  the 
ana-sthesia  is  seldom  limited  to  the  parts  supposed  to  lie 
supplied  by  the  sensory  portion  of  tlie  glo.sso-pharyugeal 
nerve. 

Pneuinngiistn'e  Ananthesia. — The  brandies  of  the  vagi 
in  which  destructive  focal  lesions  give  ri.se  to  the  most 
noticeable  ana'sthetic  conditions,  are  the  superior  laryn- 
geal and  the  gastric.  Laryngeal  aua?sthesia  as  an  inde- 
]>endent  condition  is  caused  by  focal  lesions  in  the  sensory 
branches  of  the  superior  laryngeal  nerve.  It  may  be 
one  of  the  symptoms  of  degeneration  of  the  laryngeal 
portion  of  the  vagus  nucleus,  as  iu  tabes.  In  post-diph- 
theritic conditions  larj-ngeal  anaesthesia  is  due,  most 
probably,  to  the  action  of  toxins  upon  the  nerve  in  its 
course,  terminations,  or  centres. 

The  symptoms  of  laryngeal  anaesthesia  are  such  as  re- 
sult from  the  anaesthesia.  The  absence  of  reflex  cougli- 
ing  and  the  consequent  retention  of  mucus  and  other 
foreign  matter  give  rise  to  inflammatory  conditions  and 
conse(iuenees,  and  upon  examination  abnormal  tolerance 
of  manipulation  will  be  found  to  e.xist. 

Gastric  Anasthesid. — This  results  from  some  lesion  in 
the  gastric  branches  of  the  vagus,  on  account  of  which 
sensory  impulses  are  not  transmitted  from  the  stomach 
to  the  cerebrum.  In  this  condition  immoderate  quanti- 
ties of  food  are  required  to  appease  hunger,  and  iu  total 
anaesthesia  the  feeling  of  repletion  is  never  experienced. 

The  treatment  of  the  aniesthesia  of  the  vagus  is  best 
acconqilished  by  the  use  of  electricity,  to  be  applied  to 
the  seat  of  the  anaesthesia  if  within  reach.  Tonics,  alter- 
atives, and  eliminatives.  as  indicated  by  the  nature  of  the 
malady  upon  which  the  auoesthesia  depends,  should  also 
be  administered.  Among  the  causative  agents  may  be 
mentioned  syphilis,  alcoliolism,  arsenic,  lead,  various 
toxaemias,  auto-intoxication,  and  degenerative  conditions, 
such  as  tabi's.  If  a  tumor  ]ircs,ses  upon  the  nerve,  of 
course  the  condition  will  be  relieved  only  by  removal  of 
the  pressure. 

While  aniTsthe.sia  and  analgesia  may  occur  in  the  dis- 
tribution of  the  sensory  branches  of  any  of  the  spinal 
nerves,  it  will  not  be  profitable  to  consider  each  in  detail. 
I  shall  confine  my  attention  to  two  regions:  the  region 
supplied  by  the  brachial  plexus  and  that  supplied  by  the 
lumbar  and  sacral  plexuses.  Disturbance  of  the  function 
of  the  nerves  in  these  two  re.gions  is  more  conspicuous 
than  that  of  any  otlicr  region  supplied  by  spinal  nerves, 
by  reason  of  the  imiiortance  of  the  parts  involved.' 
Furthermore,  their  exposed  jio.sition  and  constant  use 
render  them  more  liable  to  attacks  of  disease  and  to 
traumatic  injuries.  This  remark  has  reference  only  to 
peripheral  li'sions.  To  determine  whether  the  lesion  is 
peripheral  or  central  requires  close  attention  to  the  dis- 
triliution  of  the  aniesthesia,  to  the  history  of  the  case, 
and  to  the  mode  of  development  of  the  attack. 

,\na'sthesia  or  analgesia,  or  both,  will  not  infrequently 
be   found  among  the  symptoms  of  peripheral  neuritis, 


both  multiple  and  sin,gle.  Hence,  in  searching  for  a 
jiathologieal  diagnosis  in  a  given  case  of  aniesthesia,  the 
same  pathological  factors  should  be  taken  into  account 
as  in  jieripheral  neuritis  and  motor  palsy.  Anassthcsia 
over  the  seajiula  is  a  restdt  of  disease  of  the  suprascapular 
branch  of  the  lirachial  [dexus.  The  circnmtlex  supidies 
the  deltoid  and  the  skin  over  the  muscle.  A  lesion  of 
this  nerve  may  cause  anesthesia  over  the  lower  part  of 
the  deltoid.  Anesthesia  of  the  radial  side  of  the  forearm 
points  to  a  lesion  of  the  musculocutaneous  nerve. 
■Lesion  of  the  musculo-spiral  nerve  is  very  common,  but 
the  aniesthesia  is  very  inconstant,  and  may  involve  the 
radial  side  of  the  hand,  the  back  of  the  thumb,  the  index 
tinger,  and  one-half  of  the  middle  linger. 

^Median  nerve  disease  may  cause  loss  of  sensation  on 
the  raditil  side  of  the  palm  and  front  of  the  thumb,  of  the 
first  two  fingers  and  of  one-half  of  the  third  finger.  The 
backs  of  the  distal  phalanges  of  the  thumb  and  first  two 
front  fingers  may  also  be  ana'sthetic.  The  ulnar  nerve 
subserves  Fen.sation  on  the  ulnar  side  of  the  hand,  back  and 
front,  two  and  one-half  fingers  on  the  back,  and  one  and 
one-half  in  front.  In  lesions  of  the  nerve  aiuvsthesia  may 
be  present  iu  those  areas.  Loss  of  sensation  of  the  entire 
brachial  plexus  would  ]ioint  to  a  cord  lesion,  except  iu 
brachial  neuritis,  when  other  symptoms  would  lead  to  a 
correct  diagnosis. 

Sciatic  neuritis,  while  usually  a  very  painful  affection, 
may  give  rise  to  loss  of  .sensation  in  the  cutaneous  dis- 
tribution of  the  sciatic  nerve.  To  illustrate :  a  lady  sixty 
years  old  came  to  my  ofiice  complaining  of  a  dead  feel- 
ing in  her  right  lower  limb.  Examination  showed  cutane- 
ous analgesia  in  the  entii'e  distribution  of  the  sciatic 
nerve,  also  thermo-aniesthesia  in  the  sttme  region.  Tactile 
sense  normal,  reflexes  subnormal ;  muscular  and  articu- 
lar sense  normal,  co-ordination  normal;  muscle  tension 
exaggerated.  The  history  showed  that  three  weeks  pre- 
viously the  patient  had  suffered  from  tingling,  cramp- 
ing, burning  pain  which  prevented  her  from  using  the 
limb.  Putting  the  muscles  on  a  sudden  stretch  still 
caused  inuscuhir  |iain.  ThesiiUow,  muddy  complexion, 
vile  breath,  swollen,  coated  tongue,  tymjianitic  and 
constipated  bowels  led  me  to  make  a  diagnosis  of  sciatic 
neuritis  from  gastrointestinal  aufo-iuto.xicafion.  Free 
elimination  and  correction  of  the  gastrointestinal  fer- 
mentation caused  rapid  improvement  in  the  condition  of 
the  limb.  I  am  convinced  from  this  and  many  other 
similar  cases  that  a  degenerative  neuritis  may  involve 
one  or  more  kinds  of  sen.sorv  fibres  of  a  nerve,  while 
the  other  fibres  remain  practically  intact.  The  causjitive 
factors  are  a  general  poison  witli  local  vulnerability. 

Anaesthesia  of  the  outer  lower  part  of  the  back  of  the 
leg  is  caused  by  a  lesion  of  the  internal  jioplifeal.  With 
lesions  of  the  external  popliteal  there  is  ana'Sthesia  on 
the  outer  half  of  the  front  of  the  leg,  and  on  the  dorsum 
of  the  foot. 

Plantar  anspsthesia  is  occasionally  caused  by  plantar 
sciatica.  If  the  interna!  plantar  nerve  is  involved,  the 
ana'Sthesia  will  be  on  the  inner  part  of  the  .sole  and 
plantar  surface  of  the  three  inner  toes  and  one-half  the 
fourth.  If  the  external  jilantar  is  the  nerve  involved 
there  will  he  anaesthesia  of  the  remaining  outer  part  of 
the  plantar  siu'face. 

In  Rai/DaiitVn  Disease. — Slight  anaesthesia  and  numb- 
ness occur  in  the  beginning  of  this  disease,  and  in  mild 
cases  it  is  more  or  less  constant.  In  severe  cases  the  ana'S- 
thesia is  replaced  by  severe  pain.  It  begins  in  one  or 
more  fingeis  of  eacli  hand  and  spreads.  The  toes  are 
similarly  affected,  and  so  also  are  .sometimes  the  tip  of 
the  nose  and  the  ears. 

The  iiathological  conditions  which  give  rise  to  loss  of 
sensibility  in  ]ieri]ilieral  nerves  ju'c  numerous  and  varied, 
and  include  systemic  or  blood  states  as  well  as  local 
conditions.  .Viiiojig  the  former  may  be  mentioned  vari- 
ous toxa'inic  conditions,  such  as  malarial  intoxication, 
ura'inia,  auto  intoxication  from  gastrointestinal  fermen- 
tation, and  the  different  toxina'uiias  induced  by  the  in- 
fectious diseases — diphtheria  and  typhoid  or  typhus 
fever.     Drug  intoxication   also  plays  a  part.     Among 
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Ilic  drugs  to  be  thouslit  of,  alcohol,  arsenic,  aiui  IcMil 
arc  most  prominent.  Among  city  ]iaticnls.  <'s|iccially  I'c- 
males,  excessive  tea  drinUiiig  is  not  an  imcomiiKin  factor. 
In  fact  any  condition  that  is  capal)le  ot  prodiuiiig  di-- 
terioration  of  structure  or  derangement  ot  fumiidn  is 
liable  to  cause  disturbance  of  peripheral  .seiisihilily  in 
the  fonu  of  the  various  ana'stliesia'.  Among  the  local 
causes  may  be  mentioned  various  forms  of  traumatism, 
as  blows  that  suddculy  interrupt  the  conducting  [lower 
of  the  nerve,  or  persistent  pressure,  or  prolonged  st retell- 
ing, as  occurs  in  the  \diier  nerve  when  sleejiing  with  tli<' 
elbow  sharply  th'.xed.  Neinomala  in  Ihe  course  of  lh<' 
nerve,  neoplasms  in  the  immediate  vicinity  of  the  nerve 
trunk,  enlarged  glands  itressiug  upon  it.  cxoslo.scs,  iii- 
llammatory  adhesions  or  cicaliicial  bands  constricting 
or  binding  it  down,  may  impair  or  abolish  its  function. 

Lotimi.i  [nridrinn  the  Spinnl  Cord. — Loss  of  sensation 
as  a  symptom  has  a  greater  importance  in  disease  of  the 
spinal  cord  than  in  any  other  relation.  It  is  a  very  com- 
mon sym])tom  of  spinal-cord  lesion,  and  may  result  from 
disease  of  any  part  .of,  the  sensory  path  or  Ironi  a  lesion 
of  sotne  coiiliguiius  structure  liy  which  jiressure  may 
be  produce<l  upon  tlie-  part  of  the  cord  who.se  fund  ion 
it  is  to  transmit  sensory  imiiressions. 

The  loss  of  sensation  may  be  total  or  partial ;  it  may 
involve  all  forms  of  sensibility,  or  may  affect  some  forms 
and  not  others.  This  depends  chiefly  U]ion  the  fact  that 
difTcrent  parts  of  the  sensory  patli  serve  for  the  transmis- 
sion of  different  formsof  sensibility.  It  may  be  due  less 
often  to  a  dilference  in  the  vulnerability  of  the  dilfc-ienl 
kinds  of  fibres.  Loss  of  dilferent  forms  of  seiisiliility 
niay  be  of  more  value  in  the  future,  as  a  means  of  local- 
izing the  seat  of  the  disease,  than  it  now  is;  for  then 
■we  may  have  ascertained  more  accurately  the  path 
for  each  form  of  sensibility.  At  present  our  knowl 
edge  is  too  uncertain  to  base  ])ositive  opinions  upon. 
Fiu-thermore,  it  is  not  improbable  that  the  paths  for  .sen- 
sory imptdses  are  not  as  constant  in  their  location  nor 
as  "compact  in  their  formation  as  are  the  motor  Ir.acls. 
There  is  very  strong  evidence,  however,  that  jiain  an<l 
temperattne  sensation  are  transmitted  by  the  antero- 
lateral tracts.  In  syringomyelia  involving  these  tracts 
we  are  likely  to  have  analgesia  and  tliermo-ana'stliesia, 
while  tactile  sense  remains  unimpaired. 

It  is  .sometimes  difficult  to  determine  wln'ther  the  loss 
of  sensation  in  a  given  case  is  due  to  cord  disease  or  dis 
ca.se  of  the  posterior  nerve  roots.  If  the  lesion  be  in  the 
nerve  roots,  the  reflexes  in  the  ana'stlK'lic  area  will  be 
abolished.  If  the  cord  alone  be  involved  in  the  lesion. 
the  reflex  arc  will  not  he  broken  and  reflexes  will  remain 
intact.  It  may  happen  that  a  lesion  of  the  cord  is  so 
situated  .as  to  involve  the  posterior  roots  within  tlii'  cord. 
In  such  a  case  the  reflexes  would  be  abolished  at  the  level 
of  the  lesion,  but  would  remain  intact  below  that  level. 
This  makes  it  necessary  lo  ti'sl  at  the  level  of  Ihe  lesion  as 
well  as  below  it.  That  level  may  be  on  the  trmd<  or 
limbs.  In  trying  to  determine  whether  a  lesion  is 
perii)heral  or  in  the  cord  it  is  well  to  remember  that  as  a 
rule  cord  lesions  are  bilateral,  while  [leripheral  lesions 
are  unilateral.  Multiple  neuritis  is  an  exception  lo  Ihe 
rul(^  and  exceptions  to  the  former  will  occur.  Disease 
of  the  nerve  roots  outside  the  cord  usually  involves  all 
forms  of  sensibilily.  unless  the  damage  is  very  slight. 
'.vhiMi  tactile  impressions  may  be  arrested  and  not  the 
more  energetic  pain  sense.  Damage  to  Ihe  cord  is  more 
likely  to  impair  one  form  wilhout  the  others.  Tempeia- 
ture  sense  is  not  impaired  withoiU  the  jiain  sense. 

Among  Ihe  lesions  in  which  loss  of  sensation  is  a 
prominent  synifitom,  we  may  mention  meningeal  h<nior- 
rhage,  locomoter  ataxia,  myelitis,  syringomyelia,  elc'. 

Hy  the  courtesy  of  Dr.  .1.  V.  Lesnet.  of  Monl|ielier, 
Ohio.  I  was  called  to  see  Mr.  S..  a  teamster  by  voealion. 
a  .strong,  imiscidar,  lliick-sct  man  about  forty  years  of 
age.  Early  in  the  afternoon,  while  on  his  way  ti>  the 
woods  for  logs,  he  stojiped  by  the  roailside  to  heed  a 
"call  of  nature. "  While  in  the  act  of  defecation  he  sud- 
denly gave  a  cry  of  pain,  and  fell  over  uncon.scious.  He 
was  picked  up  by  his  fellowworkiueu  and  brought  to 


]  his  home  in  the  village,  and  Ihe  doctor  was  called.  He 
soon  regained  ccjusciousncss.  when  it  wasfoimd  thai  total 
ana'sthesia  and  analgesia  existed  from  Ihe  lower  ])art  of 
'  the  neck,  on  a  level  with  the  clavicle,  down.  Motor 
j  ixiwer  and  muscle  sense  wer<'  not  impaired,  lie  com- 
plained of  pain  in  Ihe  back  of  the  neck;  olherwise  he 
felt  well.  A  diagnosis  of  meningeal  hemonhage  of  the 
posterior  jiortion  of  Ihe  cervical  c<jrd  was  venlurcd.  Ac- 
onile  was  exhibited  internally.  X  salhie  cathartic  was 
administered  and  cold  a|)|>licalions  weic  made  to  the 
back  of  Ihe  neck.  There  was  no  iiilerference  with  the 
normal  action  of  tiie  rectum  or  bladder.  'Vhv  patient 
improved  rapidly  and  recovereil  comi)letely;  in  a  few 
weeks  he  was  able  to  restune  his  work. 

In  degenerative  diseases  of  the  cord,  involving  the 
sensory  tracts,  someone  form  of  sensation  is  likely  to  be 
ini|iaired  earlier  and  more  comi)lelely  than  the  others. 
As  I  have  intimateil  before,  this  is  probably  owing  to 
a  greater  vulnerability  of  the  parts  involved,  for  some 
loc:d  reason. 

In  locoTi/olor  ataxia  ana'stliesia  of  the  soles  of  the  feel 
is  ofleii  more  obtrusive  and  is  noticed  earlier  by  the  jia- 
ticnt  than  Ihe  ataxy.  A  patient  coni|daining  of  this 
symptom  sliouhl  be  examined  as  to  his  inyolatic  irrita- 
bility, coordination.  ]iupillary  reflex,  and  other  signs 
of  tabes.  An  earlier  diagnosis  than  is  usual  may  lliiis 
be  made. 

Ana'slhesia  occurs  in  the  course  of  spinal  meningitis, 
bill  it  is  usually  precedeil  by  hypeialgi'sia.  The  auics- 
llicsia  is  only  of  iinportance  \\  liin  considered  in  cotiiiec- 
tion  with  other  symptoms. 

Sensory  disturbances  are  among  the  more  obtrusive 
symplonis  in  transverse  myelitis.  Ana'stliesia  may  come 
on  before,  or  at  the  same  linii^  as.  Ihe  motor  disturbance. 
All  formsof  sensation  are  imjiaired  to  a  greater  or  less 
degree.  Vesical  and  reclal  ana'stliesia  exist,  on  account 
of  which  retention  of  urine  and  constipation  occur. 
These  symptoms  being  observed  \y\\\  call  altention  to 
other  fealures  by  which  a  diagnosis  will  be  made. 

Tumors  of  the  ccjrd  or  its  envelo])e  will  cause  loss  of 
sensation  if  they  are  located  in  Ihe  sensory  tract  or  en- 
croach upon  it  so  as  to  interfere  with  its  function.  Aside 
from  traumatic  injuries  tumors  are  the  most  frequent 
cause  of  unilateral  aiuesthesia.  In  any  case  of  unilateral 
ana'stliesia  of  obscure  origin  the  possibility  of  a  t;inior 
should  be  thouglil  of.  The  form  of  aiia-sthesia  will  ih'- 
])eiid  upon  the  jiortion  of  the  sensory  tract  involved.  In 
this  connection  the  word  tumor  is  used  not  in  its  patho- 
logical sense,  but  jii  its  etymological  sense  of  swelling. 
Thus,  the  tumor  nitiy  bean  aneurism,  a  tubeiculous  de- 
posit, etc.. 

The  sensory  fibres  cro.ss  to  the  opposite  side  of  the  cord 
soon  after  their  entrance  into  the  cord.  A  unilateral  in- 
jury to  the  cord  will  coiisei|uently  give  rise  loa  loss  of 
sens;itioM  in  the  side  of  Ihe  body  opposite  the  lesion.  A 
bi'akeman  on  a  Lake  Shore  train  was  knocked  from  his 
train  while  passing  under  a  viaduct  in  the  city  of  De- 
troit. He  was  brought  lo  Emergency  Ilosjiital  in  an 
unconscious  conilil ion  and  placed  under  Dr.  Ilal  C.  \Vy- 
nian's  care.  Examination  showed  crushing  of  the  right 
side  of  tlu^  fifth  cervical  vertebra.  Tiie  neck  was  ex- 
leiided  and  suitably  supported  in  jiositioii.  AVIien  the 
patient  regained  consciousness,  ana'stliesia  and  analgesia 
of  Ihe  left  side  of  the  body  and  palsy  of  the  right  side 
were  found  to  exist  from  Ihi'  neck  down.  Exaggerated 
knee  jerk  and  ankle  clonus  were  found  on  the  right  side. 
Skin  reflexes  were  exaggerated  on  the  left  side.  The 
patient  recovered  with  anchylosis  of  Ihe  injured  vertebra. 
lie  gradually  |U'ogressed  toward  the  normal,  sfi  that  in 
about  two  years  he  was  able  to  resume  his  oceiiiiation. 

Aiinxthcsiii  frinii  Inlriirrtruiiil  l.miiiii.  —  In  disciissinir 
Ihe  sensory  jiathway  in  the  spinal  cord  reference  w;is 
made  to  thesoniewhat  uncerlaiii  condition  of  our  knowl 
edge  of  its  boundaries.  In  a  general  way  the  iicisteiior 
columns  are  concerned  in  the  Iransniission  ot  seiisoiy 
impressions,  but  the  anlero-laleral  columns  are  also  con- 
cerned in  the  transmission  of  certain  varietiesof  ■^eiisalion. 
Our  knowledge  of  the  iutraciauial  sensory  pathway  is 
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still  more  uncertain.  Between  the  upper  end  of  tlie 
spinal  cord  and  llie  internal  capsule  the  path  has  not 
been  dcliiiilcly  loralcd.  It  jiroliably  passes  up  in  the 
posterior  half  of  tlie  medulla  and  pons,  lienealli  the  cor- 
pora quadrigeniiua.  tlirou,!;h  the  tcniucntum  of  the  crus 
cereliri,  and  jnisses  into  the  internal  capsule,  where  its 
position  has  been  accurately  determined.  As  may  have 
been  inferred  from  the  remarks  on  the  loss  of  sensation 
in  thetifth  nerve  with  ana'slhesia  on  the  same  side  of  the 
body  caused  by  a  lesion  in  the  internal  capsule,  the  sen- 
sory iiatli  occupies  the  posterior  third  of  the  posterior 
limb  of  the  capsule.  As  the  path  from  the  lifth  nerve 
joinsit  in  the  upper  i)art  of  the  iions.  the  posterior  part 
of  the  capsule  transmits  seu.sation  from  the  entire  oppo- 
site half  of  the  body  and  head,  .skin,  and  mucous  mem- 
branes. Furthermore,  the  path  of  special  sensibility 
from  the  organs  of  special  sense — vision,  hearing,  taste, 
and  smell  — hero  lie  contiguous  to  the  path  of  cutaneous 
sensibility.  In  the  case  of  vision  Ave  must  remember  that 
there  is  not  a  complete  decussation  of  fibres  at  tlie  optic 
chiasm;  eonseiiueutly  the  half  of  the  Held  of  vision  of 
each  eye  corresponding  to  the  side  from  whicli  the  other 
sensory  impressions  come,  is  I'cpresented  in  the  sen.soiy 
path.  "  This  is  of  diagnostic  importance  and  will  be  re- 
ferred to  again. 

The  final  distribution  of  the  sens(nT  path  in  the  cortex 
is  also  a  matter  of  some  doubt.  The  sensory  fibres  pass 
into  the  white  substance  of  the  central  hemis|)bere  and 
go  toward  the  region  covered  by  the  parietal  bone  and 
to  the  quailrate  lobe  and  gyrus  fornicatus  of  the  mesial 
surface  of  the  cerebrum.  ^lueh  discussion  has  been  had 
and  is  still  going  on  as  to  whether  the  central  (motor) 
area  of  the  cortex  is  also  a  sensory  area.  A  destructive 
lesion  in  the  motor  area  causing  paralysis  also  causes 
more  or  less  ana>sthesia  of  the  palsied  side.  The  lo.ss  of 
sensation,  how-ever,  is  not  co-extensive  with  the  palsy; 
neither  is  it  permanent  nor  so  jiersistent.  This,  with 
other  facts,  leads  to  the  opinion  that  the  motor  area  sub- 
serves sensation  not  directly  from  projection  of  the 
fibres  from  the  path  for  cutaneous  sensibility,  but  by 
commissural  filires. 

Hemiplegia  may  exist  without  any  sensory  loss  or 
with  every  de.gree  of  it.  Hemianaesthesia  may  exist 
alone  or  in  connection  with  every  degree  of  paralysis  up 
to  complete  hemiplegia.  It  is  unusual  for  both  to  exist 
in  a  high  degree. 

Hemiana'sthesia  may  involve  all  forms  of  sensibility, 
or  some  more  than  others.  In  its  complete  form  it  in- 
volves one  vertical  half  of  the  body,  including  mucous 
membranes.  It  is  always  the  result  of  a  lesi(.)n  in  the 
path;  for  a  cortical  lesion,  to  produce  hemiauwsthesia. 
would  need  to  involve  so  much  of  the  cortex  that  the 
disturbance  of  other  fiuictions  wovdd  overshadow  the 
ana;stbesia.  If  the  lesion  is  in  the  pons,  the  parts  sup- 
plied by  the  fifth  nerve  escape.  Hence  the  ana'sthesia 
does  not  iuA'olve  the  face  and  head.  The  most  frequent 
location  of  a  lesion  causing  hemianajsthe.sia  is  in  the  pos- 
terior ]iart  of  the  internal  capsule.  As  was  .said  before,  a 
lesion  in  this  locality  causes  complete  hemiana>sthesia 
and  involves  at  the  same  time  the  nerves  of  sjiccial  sense. 
This  bears  a  strong  resemblance  to  hyslerieal  hemiaua?s- 
thesia.  In  the  latter,  however,  one-sided  andilyopia  is 
most  likely  to  occur,  while  in  the  former  hemianopsia 
will  result;  tliat  is,  one-half  of  each  field  of  vision  cor- 
responding to  the  aiuesthelic  side  will  be  interrupted. 
When  discussing  trigeminal  anivsthesia  I  said  that  the 
destruction  of  the  tubercle  of  Rolando  causes  loss  of  all 
forms  of  sensiliility  in  the  distribution  of  the  fifth  nerve, 
and  loss  of  laclile  sense  in  the  liody  and  limbs  of  the  side 
of  the  lesion  and  analgesia  of  the  opposite  side.  The 
motor  disturliances  comjirise  changes  in  the  |iupil,  nar- 
rowing of  the  palpebral  fissure,  lessened  prominence  of 
the  eyeball  on  the  same  side,  and  paresis  of  the  arm  and 
le.g  on  the  opposite  side. 

Cortical  lesions  can  produce  hemiana?sthesia  only  when 
they  are  very  extensive.  The  special  senses  may  be  in- 
volved, but  instead  of  hemianopsia  there  will  be  loss  of 
sight  in  the  eye  on  the  ana'sthetic  side. 


Hemianajsthesia  with  hemiplegia  and  third-nerve  palsy 
of  the  same  side  as  the  lesion  is  evidence  of  lesion  of  the 
crus. 

Tumors  in  the  cerebral  liemispheres  are  likely  to  cause 
more  or  less  loss  of  sensation,  in  combination  with  other 
symptoms,  according  to  what  portion  of  the  ce?-ebrum  is 
involved. 

Hemiana?sthesia  involving  all  forms  of  sensation  may 
occur  in  connection  with  motor  disturbance  if  the  tumor 
is  located  in  ihe  central  area  of  the  cortex.  Tumors  of 
the  inirietal  region  iiroduce  disturbance  of  the  muscular 
sense  as  their  most  characteristic  symittom.  together  with 
hennana'sthesia.  Jfotor  tlislurbances  will  occur  if  the 
tumor  encroaches  upon  the  motor  area.  In  the  occipital 
lobes  tumors  jiroduce  hemiantesthesia  if  they  encroach 
upon  the  parietal  lobes.  Disturbances  of  special  sense, 
particidarly  sight  and  hearing,  will  also  occur. 

The  study  of  the  sensory,  as  well  as  the  motor  disturb- 
ances, is  of  value  simply  because  it  enables  one  to  lo- 
calize the  causes  of  the  symptoms.  This  is  more  useful 
from  a  surgical  than  from  a  medical  standjioint.  For  a 
pathological  diagnosis  wc  must  rely  upon  the  history 
of  the  case,  its  mode  of  development,  and  concurrent 
conditions.  Any  destructive  lesion  involving  the  sensory- 
path  or  cortical  distribution  will  cause  a  greater  or 
less  degree  of  anesthesia.  Among  these  may  be  men- 
tioned tumors,  gummata,  aneurisms,  embolism,  thrombo 
sis,  henKjrrhage,  and  various  degenerative  and  inflam- 
matory processes.  Consideration  of  these  will  be  found 
under  the  appropiiate  heads.  Joseph.  A.  Weitz. 

AN/ESTHESIA.  LOCAL  (SURGICAL).— Local  ames- 
thesia.  orlietter,  Ic.cal .'/(.(///( .s/,(.  became  possible  when  the 
properties  of  cocaine  were  diseoveretl  by  Roller  in  1)^84:. 
Previous  to  that  time  it  was  known  that  an  area  of  the 
skin  coidd  be  benundied  by  cold  or  by  depriving  it  for  a 
time  of  its  bU)od  supply.  But  the  anaesthetic  effect  of  local 
ana'mia  could  be  olitaincd  only  in  an  extremity,  while  the 
chilling  or  even  the  freezing  of  the  skin  by  means  of  a 
spray  of  ether  had  only  a  li?nited  application.  Roller  dis- 
covered that  a  strong  solution  of  cocaine,  if  applied  to  a 
mucous  membrane  for  a  few  minutes,  will  make  it  iu- 
sensitive  to  pain.  By  experiments  he  proved  that  a 
solution  of  cocaine  injected  into  the  tissues  has  the  same 
effect.  This  discovery  opened  a  wide  field  for  the  sur- 
geon, as  many  trivial  operations  could  now  be  painlessly 
and  easily  performed  without  the  expense,  discomfort, 
and  danger  attending  the  use  of  a  general  ana;sthetic. 

Fifteen  years'  experience  with  cocaine  has  fully  justi- 
fied the  claims  of  its  discoverer  for  its  analgesic  powers. 
Experience  has  shown,  howe\cr,  that  it  is  by  no  means 
the  harmless  drug  wdiieh  its  early  advocates  supposed 
it  to  be.  Medical  literatvire  has  recorded  a  long  list  of 
accidents  from  its  use.  many  of  them  followed  b\-  a  fatal 
result;  wdnle,  far  more  freqiiently,  alarming  symptoms 
have  developed,  which  fortunately  have  subsided  after 
prompt  action  on  the  part  of  the  surgeon.  There  is 
probably  no  surgeon  of  experience  who  has  not  met 
with  one  or  more  accidents  of  this  character. 

The  idea  uppermost  in  the  luind  of  those  who  early 
employed  cocaine  to  mininnze  the  pain  in  operations, 
was  to  use  a  solution  strong  enough  to  accomplish  this 
end  with  certainty.  Hence  solutions  containing  five 
jier  cent.,  ten  per  cent.,  or  even  twenty  per  cent,  of  the 
drug  were  swabbed  or  sjiraycd  upon  nuicous  surfaces 
or  injected  into  the  tissues.  The  appearance  of  toxic 
symptoms  in  certain  patients  impressed  u]i(ni  the  minds 
of  careful  men  the  necessity  for  a  change  in  the  method 
of  administration  in  vogue.  As  a  result,  some  experi- 
menters began  to  eiujiloy  weaker  and  weaker  solutions 
of  cocaine,  while  others  hunted  through  chemical  labora- 
tories for  some  substance  less  poisonous  than  cocaine, 
with  equal  analgesic  powers,  and  still  others  attempted 
to  develoji  the  |)ossibilities  of  analgesia  by  cold. 

A  suitable  fiui<l  was  found  in  ethyl  chloride.  For 
convenience  it  is  put  up  in  tubes  having  at  either  end  a 
minute  opening  closed  with  a  screw  cap.  If  the  tube  is 
held  in  the  hand,  a  portion  of  its  contents  is  vaporized 
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and  oxcils  a  |)rcssure  witliiii  the  tube.  Hence,  if  the 
lower  e:ip  is  removed,  a  tine  jet  of  tiiiid  is  forced  out  of 
tlie  lube  and  may  be  sprayed  upoii  llie  skin.  In  a  few 
moments  wliitisli  spots  will  ajipear  wherever  the  cold 
l)ro(luced  by  evaporation  is  s\iMlei<'ntly  intense  to  freeze 
the  walereontained  in  the  skin.  This  method  of  obtain 
ing  analgesia  lias  been  employed  in  France  more  than 
elsewlK're.  It  is  most  serviceable  in  l)enund)ing-  the; 
skin  previous  to  inserting  a  needle  for  aspiration,  or  for 
t<i|)ping  hydrocele,  or  in  opeidng  an  abscess.  From  the 
nature  of  tlu'  case  it  is  unsatisfactory  in  surgical  ojieia- 
tions  re(|uir!ng  di.ssection  of  thi'  tissue.  The  power  of 
ethyl  chloride  is  not  suliiciently  great  to  penetrate 
deeply,  and  even  if  it  were.  tln^  risk  of  injiny  would 
deterllie  surgeon  from  keeping  a  tissue  fro/en  for  any 
len.gth  of  time.  Jloreover.  the  reaction,  when  the  blood 
again  cour.ses  through  the  part,  is  often  an  extremely 
painful  one. 

Still  other  surgeons  have  followed  tip  flu;  eirect  of 
local  ana'mia  in  reducing  sensitiveness.  This  method  is 
especially  applicable  to  tlii'  liand  and  forearni.  Tiny 
found  that  if  tlie  blood  is  |u-esse(l  from  the  hand  and 
arm.  and  the  tourniquet  applied  with  sidlicicnt  force  to 
prevent  any  fresh  blood  from  entering,  sensation  is 
pretty  nearly  susjientled  after  a  lapse  of  ten  or  fifteen 
miiuites.  This  method  of  operating  deserves  wider 
notice  than  it  has  received.  It  has  proved  a  valuable 
adjunct  to  a  cheinically  produced  analgesia,  since  tlie 
amoimt  of  the  reagent  needed  to  deaden  pain  is  far  less 
if  the  eirculalion  of  blood  is  controlled  in  this  manner. 
The  liud)  is  tirst  sliip|ied  of  its  c<inlained  blood  by  the 
application  of  Esmareh's  bandage  from  the  linger  tips 
to  the  middle  of  the  upper  arm.  each  turn  of  llie  spiral 
overlajiidng  the  turn  below  by  about  half  an  inch.  This 
enables  the  surgeon  to  imwind  the  bandage  from  the 
fingers  uf),  and  before  the  turns  above  Hie  idbow  are  re- 
moved, the  tourniquet  .should  be  aiiplied.  or  the  up|ier 
turns  themselves  may  be  left  to  act  as  a  1oiirni(iucl. 
Attempls  hav('  also  been  made  to  render  bloodless  a 
part  of  the  lower  extremity,  or  an  area  n(  the  scalp,  or 
of  the  cheek,  etc.,  by  pressure  exerted  through  variously 
sliajH-d  rings.  Ana'mia  in  the  regions  mentioned  is  more 
dillicult  to  obtain,  and  is.  on  the  whole,  less  satisfactory 
than  that  obtained  in  the  extremities,  as  above  described. 

The  efforts  of  other  investigators  to  improve  chemical 
analgesia  have  been  very  successful.  Il  was  early  (lis 
covered  that  a  solution  of  cocaine,  {'ven  though  far  less 
concenlraled  than  those  originally  employed,  is  still  en 
lirely  satisfaclory.  The  credit  of  enforcing  this  fact 
upon  the  medical  world  is  due  especially  io  a  French 
surgeon,  Reelus.  and  a  German  surgeon,  Schleieh. 

Reclus  advocated  the  use  of  a  oneper  cent,  solution  of 
cocaine,  or,  in  certain  cases,  of  a  two-percent,  solution. 
Solullons  of  a  greater  strength  he  never  employs,  claim- 
ing that  tliey  an'  \inneeessary  and  daugr-rous.  .Vs  lung 
ago  as  181)3  he  pnblislie<l  a  report  cd'  two  thousand  opera 
tions  |)erforined  in  conrplele  analgesia  brought  about  by 
these  weak  .solutions  of  cocaine  In  no  instame  was 
there  a  latal  accident,  nor  even  any  bad  symptoms. 

Schleich  performed  a  great  number  of  ex|ieriments  to 
determine  exactly  how  weak  a  cocaine  solution  can  be 
without  losing  its  anal.gesic  )w>wers.  His  expr-rimenls 
led  him  to  several  important  conclusions.  In  I  he  (irst 
place,  they  showeil  that  a  solution  of  cocaine  as  dilute 
as  1:."). Olio  is  |)ossessed  of  analgesic  power,  although  the 
quantity  of  llnid  injected  under  such  circunislaiKcs 
must  be  far  greater  than  that  injected  if  the  solution 
contains  a  high  percentage  of  cocaine.  The  (juesti<in 
now  raised  in  his  mind  was  this:  Does  not  the  water. 
by  distentifin  of  the  tissues,  reduce  the  sensitiveness 
of  the  nerves,  either  by  pressure  ui)on  them  or  sec- 
ondarily through  a  local  amenda?  Further  experiments 
showed  that  this  sup]>osition  was  |iartially  true,  and 
that  jiure  water  injected  in  consideralile  (luantity  has 
the  power  of  reducing  the  sensitiveness  of  tlii'  parts. 
The  injection  of  pure  water  is.  however,  very  jiainful. 
lie  next  tried  the  efTects  of  the  injection  of  normal  sjilt 
solution,  O.G  per  cent.     This  causes  no   pain,    but  its 


analgesic  efteot  is  i)ractically  nil.  A  weaker  srdution 
of  salt,  ().'2  jier  cent.,  proved  more  servicealile  'I'lie  in- 
jeclion  of  this  solution  luoduees  little  pain  and  brings 
about  a  slight  analgesia.  I'siiig  this.  then,  as  a  vehicle, 
he  di.>*solved  cocaine  in  snllicient  quantity  to  make  a  so- 
lution of  one  part  in  a  thousand.  To  this  mixture  he 
aihled  a  minute  quantity  of  morphine,  believing  that  the 
analgesic  ellect  of  the  cocaine  was  thereby  pmlonged. 
Since  the  injection  of  large  quantities  of  Huid  in  an 
inllamed  area  causes  great  pain,  .Schleich  employs  under 
such  conditions  a  somewhat  stronger  solution  of  cocaine, 
so  that  a  less  (luantity  of  tiuid  may  be  injected.  In- 
deed, he  lecommends  the  pre|iar;ilion  of  solutions  of 
three  dilferent  strengths,  the  birmul.-e  for  which  are  as 
follows: 


Citcaini  hyilroelilerici    

MurpliiiKeliyiirtK'lilorici 

Nail-,  rhlorat.  sterilisiit 

.'\innp  destiil.  sterilisat 

Aii»it;  aeiii.  carliol.  (five  percent.).. 


1.1.  I. 


().,'i 

(1.2 
ad.im.O 

gtt.  a 


(.1.  II. 


(1.1 

O.tti" 
0.3 
1(»).0 
gtt.  3 


Sol.  III. 


(t.OI 
(UKkj 

KKi.n 

Kit.  3 


solution  I.  for  liypera;slbetic  areas  (liillauiMiatioii,  suppuratii>n,  neu- 

ral(;iai. 
Solution  It.  for  moderately  hypcnesttietk  areius. 
Soluti.nx  III.,  for  e.xtensive  oi>erations,  to  be  used  alternately  with  Ilie 

innro  (-(incentnit*-.!  solutions. 
For  Rnueral  wi.rk   Schleli'li  advise.'!  llie  use  of   Siilntion   II.,  or  the 

"  iKirnial  "  solution  as  he  calls  it. 


Jsclileich  til.so  insisted  U) 
jection.  To  n  uder  tlu"  sk 
needle  should  be  thrust 
into  it  nearly  parallel  to 
t  he  su  r  face,  and  not 
through  it.  Slow  pres- 
sui-e  upon  the  iiiston  will 
force  the  lliiid  into  the 
meshes  of  the  skin,  dis- 
tending ihem  and  causing 
a  while  wheal  to  apjiear. 
The  needle  should  then 
be  withdrawn  and  rein- 
serted in  the  edge  of  this 
insensitive  whial.  and  a 
second  injection  made  in 
the  same  manner  as  the 
lirst.  A  second  whcid  is 
thus  produced  beyond  the 
tirst  one,  in  the  farther 
edge  of  which  the  needle 
is  again  insertetl  for  a 
tliirtl  injection.  This 
process  is  repeated  until 
the  beniunbed  area  ex- 
teials  Ihroughout  the  line 
of  the  proposed  incision 
(Fig.  I !).')). 

If  an  abscess  is  to  be 
ojiened.  or  any  ojieration 
performed  which  requires 
cutting  beneath  the  level 
of  the  skin,  the  series  of 
iiilillrale<l  areas  is  made 
to  extend  not  only  across 
the  skin  surface,  but  also 
in  a  semicircle  beneath  the 
abscess  or  tumor  (Fig. 
!!)(>).  For  this  (uirpose  a 
long  slim  needle  is  re- 
((inred.  and  each  succeed- 
ing injection  is  made  by 
pushing  the  point  of  the 
neeiUea  little  farther  under 
the  abscess  or  tumor.  A 
curved  hypodermic  needle 
answers  adndrably  for 
this  purpose.     When  half 


)on  a  particuhir  method  (d'  in 
in  insensitive,  the  hypoilermic 
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Fig.  195.— Showing  Injection  Alonir 
a.  I.ini^  of  IncisuMi  in  skin.  A'.  X', 
X^.  etc..  rirst.  siH-ond.  thinl.  etc., 
points  of  inji'clion.  AfU-r  the 
Ili"sl  pnncHirc.  A.  Ihi.-  nt-rdlt^  Is 
lilwjivs  in»'rt<-ii  In  tht^  edgi*  nf  the 
ar*'a  \.\si  aua'sthetized.  (From 
Schleich.  1 
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of  tho  ipfniiicd  distance  has  liecii  travoised,  the  needle 
is  withdrawn  and  inserted  t'ldni  tlie  otlier  side.  In  tins 
manner  even  a  deeii  incision  or  dissection  can  be  made 
in  perfectly  bennnibed  tissues  (P^ii;'.  107). 

Injections  of  every  character  into  skin  already  tense 
from  contained  e.\udation  are  extremely  painful  from 
the  additional  stretchinjj  (d'  the  ti.ssues  which  they  pro- 
duce. On  this  account,  if  the  abscess  to  be  ojiened  lies 
in  the  skin  or  so  close  to  it  that  the  skin  has  become 


Fig.  196.— Sbowing 


Injection   Below  Abscess  Near  Surface  of  the  Skin.    E,  Aljscess ;    X,  X 
points  of  injection.      (From  Scbleicb.) 


tight  ovci'  it.  the  jiain  can  lie  greatly  lessened  by  punctur- 
ing the  most  prominent  point  of  the  abscess  with  a  sharp, 
naiTow-bladed  knife.  A  portion  of  the  pus  will  then 
flow  <uit.,  lela.xing  the  tissues  so  that  the  whole  tract  to 
be  incised  can  be  painlessly  tilled  with  the  cocaine  solu- 
tion. This  preliminary  puncture  can  he  rendered  pain- 
less by  the  ethyl-chloride  spniy,  or  a  drop  of  cocaine  may 
be  inserted  in  the  skin  at  this  point. 

Schleich  deserves  a  great  deal  of  credit  for  his 
service  in  emphasizing  the  fact  that  analgesia  can  be 
obtained  with  minute  doses  of  cocaine  if  injected  with 
lai'ge  quantities  of  fluid.  His  method  is  known  as"an- 
ffsthesia  Ijy  infiltration."  Ijater  experiments  have  em- 
phasized the  importance  of  his  discovery,  although  they 
have  disproved  some  of  liis  minor  theories.  The  an- 
algesia of  pure  water,  for  example,  is  an  analgesia  of 
Irritation  following  the  hyjiera'sthesia  caused  by  the 
water.  If  successive  small  amounts  of  sodium  chloride 
arc  added  to  pure  water,  tlie  iiritation  caused  by  the  in- 
jection of  water  gradually  dinunishes.  Wlien  the  .solu- 
tion attains  a  strength  (jf  (f.j.")  per  cent.,  the  irritation 
ceases  and  the  analgesic  eU'eet  also  disappeai's.  The 
irritation  and  analgesia  remain  absent  until  the  sti'ength 
of  the  solution  reaches  2.5  per  cent,  and  then  they  both 
reappear.  Taking  0.9  per  cent,  as  a  mean  between  these 
two  figures  one  has  a  salt  solution  which  is  least  in-it;it- 
ing  to  the  tissues.  The  freezing  point  of  this  solution  is 
the  freezing  point  of  bhiod  serum.  Itis  therefore osmot- 
ically  indilferent  when  injected  into  the  tissues.  It  has 
also  been  piov<'d  that  the  scdutions  of  various  other 
alkalies  and  salts,  made  of  such  sti-ength  that  their  freez- 
ing points  aie  the  same  as  that  of  Idciod  serum,  do  not 
irritate  when  injected  into  the  tissues,  and  cousecpiently 
have  no  analgesic  effect. 

With  regai'd  to  morphine,  it  may  be  said  that  a  solution 
of  four  percent.,  which  has  the  same  freezing  point  as 
blood  serum,  produces  severe  burning  and  hyperesthesia 
and  afterward  analgesia.  This  sobition  is,  of  cour.se.  too 
strong  to  be  used  as  a  local  analgesic.  As  the  solution  is 
diluted  its  local  analgesic  elTect  rapidly  diminishes,  while 
the  local  poisonous  elTect  is  retained.  A  .sidutinn  of  0.1 
per  cent,  has  no  effect  upon  the  sensitiveness  of  the  skin, 
but  it  produces  a  well-marked  wheal,  which  itches  and 
burns  like  the  bite  of  an  insect.  This  local  i)oisonous 
effect  of  morphine  is  observed  even  if  the  solution  eni- 
.ployed  is  as  dilute  as  1:  1(10.000  parts  lA'  water,  althou,gh 
such  a  solutidu  contains  so  little  nior)ihine  that  its  pi'e.s- 
ence  cannot  be  prnved  liy  .any  chemical  lest. 

Many  other  sulisiances  have  been  hailed  as  substitutes 
forcocaine.  but  with  one  exception  they  are  inferior  to  it, 
either  on  account  of  the  local  irritation  which  they 
cause,  or  because  l^hey  do  not  ]iroduce  a  satisfactory  numb- 
ness, or  becau.se  they  are  even  more  poisonous  than 
cocaine.    Take,  for  instance,  aueson,  a  watery  solution 


of  acetonchloroform.  which  has  a  freezing  point  of  0.18" 
C.  To  bring  this  to  the  level  of  the  freezing  point  of 
blood  serum.  O.o.">  C.  re(iuires  an  addition  to  the  so- 
lution of  0.6  per  cent,  of  .salt.  Even  then  the  injection 
of  aneson  is  somewhat  painful.  It  produces  analgesia 
lasting  several  minutes.  If  diluted  still  further,  the  ir- 
ritation is  less,  but  the  analgesic  power  rajudly  dimin- 
ishes. For  practical  use  it  cannot  be  diluted  with  more 
than  three  parts  of  an  indifferent  medium.  Such  a  os- 
lution  of  aneson  is  equivalent  in 
analgesic  power,  therefore,  to  a 
cocaine  solution  of  0.02-0.05  per 
cent. 

Comparing  the  poisonous  effects 
of  the  two  solutions,  cocaine  is 
fomid  to  be  far  less  dangerous. 
Whereas  100  cm.  of  the  solution  of 
aneson  will  render  a  rabbit  uncon- 
scious for  twenty-fonr  hours,  100 
cm.  of  a  O.O.I-pcrcent.  cocaine  so- 
lution will  have  hardly  any  effect 
upon  the  ralibit's  general  condition. 
Guaiacol,  orthoform,  holocaiue,  and 
eucaine  A  all  irritate  or  injure  the 
tissues  and  fall  far  below  cocaine  in  analgesic  value. 
Tropacocaine  stands  nearer  to  it.  though  ithas  a  slight 
local  irritating  effect.  But  its  poisonotis  properties  are 
less  mai'ked  than  those  of  cocaine,  and  its  solutions, 
besides  keeping  well,  may  be  boiled  withoiit  loss  of 
analgesic  power.  For  use  it  should  be  dissolved  in  a 
0.6-0.8-per-cent.  salt  solution,  to  the  amount  of  0.1-1.0 
per  cent.  Such  a  solution  will  be  osmotically  indifferent 
and  can  be  used  with  satisfaction.  The  advantages  of 
tropacocaine  are,  howex'er,  overshadowed  by  those  of 
eucaine  B. 

The  best  local  analgesic  thus  far  discovered  is  known 
as  eucaine  B.  Numerous  exjieriinents  have  shown  that 
this  substance  is  less  poisonous  than  cocaine;  that  its 
specific  irritation  is  even  less  than  that  of  cocaine:  that 
its  solutions  may  be  kept  for  a  longer  time  without 
change,  and  may  be  sterilized  by  boiling  without  loss  of 
strength.     Most  important  of  all,  its  analgesic  power  is 


Fig,  197.— Sliowinff  Injection  Around  Tumors  with  Curved  Needle. 
(f,  OanRliou  ;  S,  skin  :  T.  tendon  and  sheath :  a.  h.  c.  etc.,  Drst, 
second,  third,  etc.,  points  of  injection.      (From  Schleich,) 

equal  to  that  of  cocaine,  and  the  analgesia  lasts  as  long. 
It  may  indeed  be  considered  the  ideal  drug  of  its  kind. 
Th(^  solution  of  eticaino  B  recommended  by  Bnuin — who 
has  done  as  much  as  any  one  to  place  the  subject  of  local 
analgesia  on  a  strictly  scientilic  basis — contains  1  part  of 
eucaine  B.  8  pai'ts  of  sodium  chloride,  and  1.000  parts 
of  water.  He  has  used  this  mixture  in  a  great  number 
of  ca.ses  with  entire  success  and  with  complete  absence  of 
toxic  symptoms.  This  solution  iiroduces  analgesia  in  a 
few  minutes  at  any  temperjiture.  If.  however,  the  tissue 
into  which  it  is  to  be  injected  is  iiarticularly  si-nsitive. 
for  example  in  the  presence  of  intlammation,  tempera- 
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turc  initation  may  be  avoided  by  wiiniiing  a  snUilioii  tn 
the  body  ti'inpcraturc  before  iiijeetiii!;'  it 

Tbc  duraliiiii  of  aiialiresiu  iiiereuses  witb  an  ineri'asc  in 
tile  strcnytli  of  tlie  s(]hition  of  ooeaiiie  <ii'  eiuainc  eiii- 
ployed.  Thus  the  analiiesia  produeed  by  a  b.li'2  jier- 
cent.  soUUioii  of  cocaine  will  last  six  iiiiimtes.  that  of  a 
0.1 -percent,  solution,  fifteen  minutes,  that  of  a  i.O  ]ier- 
cent.  solution,  twenty-live  miiuites,  while  the  analgesia 
of  very  strong  solutions  will  last  from  one  half  an  lioui- 
to  an  hour.  These  fiirures',  which  are  of  coiuse  approxi- 
mate and  not  absolute,  are  about  the  same  for  cocaine 
and  eueaine. 

A  si  rong  solution  of  cocaine  or  eueuine  will  d  ilfuse  i1  sel  f 
throuffhout  the  neighborinj;-  tissue,  and  in  a  short  lime 
exert  an  analgesic  ]iow'er  beyond  the  inuiiediate  area  dis- 
tended by  the  injection.  If  the  blood  sujiply  of  the  part 
is  cut  olt'  or  reduced  by  a  bandage  or  lournicpiet,  tiiis 
diffusion  will  extend  even  more  widely,  since  Ibi'  drug 
will  not  so  (piiekly  be  carried  away  l)y  the  How  of  blond. 
Willi  the  dilulcr  solutions  flilTusion  beyond  the  area  dis- 
tended by  llie  lluiij  scarcely  takes  (ilace  at  all.  so  that  it 
is  necessju'y  to  inject  the  lluid  wherever  the  knife  is  to 
follow. 

In  openilions  upon  a  linger  or  toi'  tlie  cueaiiic  may  lie 
injected  circularly  around  the  member;  in  this  manner 
ali  of  the  cutaneous  nerves  will  be  beniuiibed,  so  I  bat  an 
o|)eration  upon  the  distal  porlion  of  the  linger  will  |ir(i- 
(luce  no  pain.  This  method  of  an.eslhesia.  culled  regional 
ana'slhesia,  was  tirst  inti'oduced  by  Obi'rst. 

The  hvpodermic  needle  employed  for  amesthesia  should 
be  of  the  linest  and  sharpest.  There  is  no  conipari.son  in 
the  anunmt  of  pain  caused  by  pushing  a  coarse,  blimt 
needle  into  the  tough  .skin  and  that  produce(l  by  a 
sharp  nei'dle  of  the  smallest  calibre.  If  this  precaulioii  is 
observed  it  will  never  be  necessary  to  freeze  the  skin  be 
fore  (he  ])uncturc  is  made,  for  the  pain  caused  by  Ihe 
insertion  of  such  a  needle  is  merely  like  a  pin  piiek. 
The  lirst  puncture  shoidil  ne\er  be  made  in  an  inflamed 
area  if  it  is  possible  U>  avoid  it.  but  in  the  .sound  skin 
close  by.  The  second  puncture  can  be  made  in  llii' 
fartheredge  of  the  tirst,  and  the  third  in  the  farther 
edge  of  the  second,  and  so  on  until  the  intlanied  area  has 
been  ana'sthetized,  absolutely  withinit  jiain  (l""ig.  lll.-i). 

What  operations  are  suiljible  for  local  anasllicsia  must 
be  determined  by  the  individual  surgeon.  Laparotomies 
can  be  ])crformed  under  local  analgesia,  or  a  thigh  may 
be  aminitated  absolutely  without  pain  by  this  means. 
Such  o]ierations  have  sometimes  been  ])crformed  with 
the  use  of  e(«iiiie.  but  it  does  not  iollow  that  bectuise 
they  ar<'  jiossible  they  ought,  therefore,  to  be  advised. 
Other  considerations  must  come  in,  and  the  necessity  for 
haste,  the  advantages  or  disadvantages  of  allowing  the 
])ati<'nt  to  retain  consciousness,  the  necessity  for  manipn 
lation  of  the  surrounding  organs,  the  importance  of 
muscular  relaxation,  and  other  points  will  liave  iinme 
diate  bearing  u]ion  the  choice  of  an  ana'stbctic.  There 
are  doubtless  instances  in  which  the  general  conditioji  of 
the  patient  will  incline  Ihe  singcon  to  the  perfornianee 
of  major  o]ieratlons  with  the  help  of  a  local  ana'sthctic, 
which  under  other  circumstances  he  would  always  iki- 
form  with  a  general  anasthitie.  It  wasat  one  time  sup- 
j)osed  that  broncho-pneumonia,  which  sometimes  kills  a 
jiatient  u|)on  whom  a  severe  operation  has  been  ]ii'r- 
formi'd  while  under  the-  inlluence  of  etheror  chlorofmin. 
might  be  avoided  by  the  us<'  of  cocaine.  rnfortunale]\  . 
this  has  not  proved  to  be  the  case,  as  broncho  ]ineutnonia 
may  also  follow  a  severe  operation  upon  an  cnfeeblid 
Jiatient,  even  though  no  general  ana'sthetic  is  given. 

Decision  will  rest  no  less  upon  the  character  of  the  pa 
tientto  beoperated  upon,  than  upon  the  character  of  tiie 
operation  to  be  ])erformed.  Very  young  children,  and 
nervous  persons  to  whom  the  thought  of  the  knib-  is 
fully  as  distressing  as  the  jiain  of  its  cutting,  will  be 
sjived  a  great  deal  of  shock  if  given  a  general  ana'sthetic; 
while  the  surgeon  under  such  circumstances  will  be  able 
to  give  his  undivided  attention  to  tlie  work  in  hand. 
which  will  not  be  the  ease  if  pain  is  dulled  by  eueaine 
or  cocaine.  JIany  person.s,  on  the  other  hand,  have  a 
Vol.  I.  — lit 


dread  of  suspended  con.seiousness.  which  will  lead  them 
to  sutTer  a  considerable  amount  of  pain  rather  than  to 
submit  to  etherization.  The  practical  plan,  in  all  doubt 
fill  cases,  is  to  ineiiare  the  patient  for  a  general  ana's- 
thetic, and  to  have  it  ready.  Then  the  patic  nt  will  re- 
ceive the  local  injections  in  the  condoning  conlidence 
that  if  thiy  fail  to  lelieve  him  of  pain,  he  can  drowu  his 
woes  in  the  ether  cone.  It  has  been  the  experience  of 
the  writerand  others,  that  under  these  circumstances  the 
geiii-ral  ana'sthetic  is  rarely  asked  for. 

There  are  some  lesser  operations,  however,  which 
ought  never  to  be  performed  with  the  hcl].  of  a  local 
ana'stheli<- — such  operations  as  the  dissection  of  an 
axilla  whose  glands  are  the  seal  of  cancerous  dcpo.sits, 
and  in  general  any  operation  the  success  of  which  de- 
pends upon  the  rc(!Ogiiilion  of  the  line  between  di.seased 
and  heallhy  tissue.  The  local  ana'sthetic,  even  though 
it  be  an  osniotically  perfect  solution,  causes  an  o'denia 
which  makes  it  more  dillicult  for  the  surgeon  to  tell  how 
f.'U'  the  disease  extends.  I'nder  these  circumstances  a 
general  ana'sthetic  slmuld  always  be  given. 

The  only  method  of  pioducing  local  analgesia  bv  drugs 
thus  far  spoken  of  is  the  method  by  injection.  The  ap- 
lilication  of  cocaine  to  the  skin  will  not  produce  anal- 
gesia, unless  the  drug  is  driven  into  it  by  means  of  a 
strong  galvanic  current — the  method  of  cutaplioresis,  as 
it  is  called,  lint  niueous  niemliranes  are  capabli' of  ab- 
sorbing a  sullicient  amount  of  cocaine  to  render  them  in- 
sensitive. Fia-  this  purpi'se  the  solution  employed  miKst 
be  far  stronger  than  tliat  em|iloyed  in  the  inliltration 
metliod.  though  there  is  no  doubt  that  unnecessarily 
strong  solutioni;  have  been  used  ujjon  the  mucous  meili- 
branes.  Several  fatal  eases  have  been  reported  from  the 
injudicious  use  of  cocaine  u])on  mucous  membranes. 
( Ine  draebni  of  a  four  per  cent,  solution,  iujecteil  into  the 
urethra,  has  caused  the  death  of  an  adult  inside  of  four 
minutes,  while  half  of  that  amount  has  killed  a  child 
within  three  days  from  the  time  of  injection.  Smaller 
(piantities  have  caused  al.irming  though  not  fatal  .symj) 
tdiiis.  In  every  case  in  which  cocaine  or  any  other  drug 
is  injected  the  surgeon  ought  to  know  exactly  liow 
niiK'h  he  is  administering.  The  minimum  fataldo.se  of 
cocaine  b>ran  adult  is  certainly  not  more  than  one  third 
of  a  grain.  This  amount  is  contained  in  seventceu  minims 
id' a  two  [ler  cent,  solution,  or  in  eight  minims  of  a  four- 
perci'iit.  solution.  The  injection  into  the  urethr;i  of  a 
twenty  per-cent.  solution  is  rdisolulely  imwarraiit;ible. 
wliile  the  practice  of  aua'sthetizing  the  nasal  cavities  by 
means  of  a  spray  is  also  to  be  condemned.  Instead,  the 
drug  should  be  applied  on  a  swab,  and  IIk'II  the  operator 
will  know  how  much  of  the  drug  he  is  apjilyiug. 

The  sensibility  of  a  considerabl<:  porlion  of  the  body 
can  be  reduced  or  I'Vcn  entirely  susjiended  by  the  injec- 
tion of  a  small  amount  of  cocaine  by  a  lumbar  ]uiucturo 
into  the  spinal  canal.  Fifteen  minims  of  a  one  per-cent. 
solution  injected  in  this  manner  have  sulliced  to  render 
Insensitive  to  (lain.  for  a  half-hour  or  more,  the  whole 
lower  half  of  the  body  of  an  adult.  Rather  extensive 
operations  liav<'  been  performed  in  this  manner,  liut  they 
might  have  been  done  equally  well.  a|i])arently,  by  mean.s 
of  injections  made  locally,  while  the  lumbar  punctures 
were  followed  in  almost  every  instance  by  lieadaches 
and  pain  in  the  back  and  legs  for  a  day  or  longer,  and 
in  Slime  instances  by  attacks  of  vomiting  for  several 
hours.  These  iin|deasant  symptoms  were  equally 
maiked  in  the  one  inslance  in  which  tropacocaine  was 
employed  instead  of  cocaine,  so  thai  analgesia  by  lumbar 
injections  has  not  vd  passed  beyond  the  stage  of  .scien- 
titic  experimentation,  and  it  is  doubtful  if  it  will  do  .so. 

In  spile  of  all  that  has  been  written  in  favcirof  the 
use  of  dilute  solutions  of  cocaine,  or,  better  still,  the  sub- 
stitution of  eiiciiine  15  for  cocaine,  many  dangerously 
strong  solutions  of  cocaine  will  still  be  employed.  It  is 
not.  therefore,  out  of  place  to  mention  the  toxic symiitimis 
of  the  drug,  and  the  appropriate  treatment  for  them.  The 
various  syiniitoms  nK-ntioned  are  pallor,  profuse  perspira- 
tion, frequent,  feeble,  irregular,  or  intermittent  piil.se, 
unconsciousness,  dizziness,  nausea,  blindness,  deafness, 
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musculMi'  ligiility.  liviility.  cdnvulsive  or  suspended 
respiration,  iuul  panilysis.  In  the  slighter  cases  of 
poisoiiinjj-,  tlic  symptoms  nre  over  in  a  few  hours. 
Anioni;-  the  antidotes  reeommended  are  amyl  nitrite, 
iiitrog-iyeerin.  anmionia.  dii^italis.  ■whiskey,  atropine. 
and  morphine.  l)ut  aliove  all  it  is  important  to  plaee  the 
patient  in  a  horizi>ntal  position,  to  loosen  his  clothing, 
and  to  perform  artitieial  respiration  if  necessary.  Even 
though  atteni]its  at  resuseitation  are  .successful,  it  is  not 
safe  to  leave  a  iiatient  for  some  time  afterward,  as  a 
second  or  third  colhiji-se  may  occur. 

Another  disadvantage  which  is  coimected  with  the  use 
of  cocaine  is  the  habit  whicli  has  often  been  formed  ir, 
this  manner.  This  danger  is  most  likely  to  follow  the 
use  of  cocaine  in  the  nose.  On  account  of  its  contractile 
power,  the  relief  whicli  it  affords  in  inflammatory  condi- 
tions, such  as  acute  coiyza  or  hay  fever,  is  so  prompt  and 
delightful  that  the  desire  to  repeat  the  apjilication  soon 
becomes  very  strong.  Even  more  than  mor|iliii)e  the 
drug  soon  lias  a  terrible  grasp  upon  the  unfortunate 
sufferer,  which  few  men  have  ever  been  able  to  shak(' 
off.  Many  physicians  lia\e  fallen  a  prey  to  cocaine. 
Under  such  circumstances  a  strong  word  against  its  care- 
less use  is  not  out  of  place  here,  althougli  the  habit  has 
not\isually  followed  its  administration  for  local  analgesia. 

Eclirard  Milton  Foute, 

AN  /ESTHETICS.— Agents  capable  of  producing  priva- 
tion of  sensation,  or  auiesthe.sia  (from  '/.  privative,  and 
aiatiavouai,  I  feel),  when  inhaled  or  applied  locally,  have 
been  termed  antesthetics.  While  the  word  "  ansesthe.sia  " 
more  projierly  indicates  the  comlitian  of  want  of  sensi- 
bility or  feeling,  it  has  also  been  applied  and  is  com. 
monly  used  to  denote  the  stnte  iiroduced  by  the  admin- 
istration of  the  general  ana?sthetics.  of  which  want  of 
feeling  is  but  one  of  many  factors.  The  word  "  narcosis  " 
(from  rn/Jkwd'f  or  !«/«//.  nundiness  or  paralysis)  is  also 
much  em])loyed  to  signify  the  sinte  of  the  anaesthetized 
individual,  and  will  be  so  used  in  this  article.  Agents 
■which  act  upon  the  whole  organism  by  their  absorption 
into  the  blood  are  called  (/eneml  anesthetics.  Those 
which  act  only  upon  the  jMtrt  to  which  they  are  applied 
are  called  locul  amesthetics. 

Ancient  IIistouv. — To  seek  relief  from  pain  is  in- 
stinctive and  the  practice  of  measures  for  this  purpose 
is  undoubleiUy  of  as  great  antiquity  as  man's  existence. 
Efforts  to  obtain  freedom  from  suffering  during  surgical 
and  other  painful  procedures  are  recorded  throughout  an- 
cient history,  and  the  works  of  the  earliest  medical  writ- 
ers contain  nimierous  references  to  methods  in  vogue  in 
their  times  for  the  mitigation  or  prevention  of  pain, 
through  the  exhibition  of  drugs  by  internal  administra- 
tion, ijy  inhalation,  and  by  local  application. 

Manilragora,  cannabis  indica,  and  opium  are  the 
agents  that  were  most  commonly  used  for  this  ]uirpose, 
although  belladonna,  hyoscyamus,  hemlock,  and  others 
are  frequently  mentioned  in  this  connection.  Man- 
dragora  (atropa  mandragora)  seems  to  have  been  the 
earliest  and  most  favored  narcotizing  agent  of  the  an- 
cients, and  must  have  been  in  general  use  in  the  times  of 
Dioscorides,  Pliny,  and  A|iuleius,  for  in  their  writings 
its  action  and  uses  are  fi-ccly  discussed. 

Dioscorides  mentions  tluee  dilferent  preparations  of 
mandragora  in  these  terms:  1.  " Some  persons  boil  the 
root  in  wine  down  to  a  third  part  and  preserve  the  de- 
coction, of  which  they  administer  a  cyathus  [  3  iss.+]  in 
want  of  sleep  and  severe  jiiiins  of  any  part,  and  also  be- 
fore operations  with  the  knife  or  the  actual  cautery,  that 
they  may  not  be  felt."  2.  "A  wine  is  pri'pared  fnim 
the  bark  of  the  root  without  boiling,  and  three  poun<ls 
of  it  are  put  into  a  cadus  [about  eighteen  gallons]  of 
sweet  wine,  and  three  cyathi  of  this  are  given  to  those 
who  require  to  be  cut  or  cauterized,  when,  being  thrown 
into  a  deep  sleep,  they  do  not  feel  any  pain."  3.  Of  an- 
other kind  of  mandragora  called  "marion"  he  slates: 
"They  relate  that  a  drachm  of  it  being  taken  as  a 
draught,  or  eaten  in  a  cake  or  other  food,  causes  infatu- 
ations, and  takes  away  the  use  of  the  reason.     The  per- 


son sleeps  ■«Mthout  sense,  in  the  attitude  in  which  he 
ate  it.  for  three  or  four  liours  afterward.  Medical  men 
also  use  it  when  they  have  to  resort  to  cutting  or  burn- 
ing." 

Pliny,  writingof  the  juice  of  the  leaves  of  mandragora. 
states  that  "it  has  a  soporific  power  on  the  faculties  of 
those  who  drink  it;  .  .  .  the  dose  is  half  a  cyathus;  .  .  . 
some  persons  even  die  from  a  considerable  draught ;  .  .  . 
it  is  taken  against  serpents,  and  before  cuttings  and 
puncturings.  lest  they  be  felt." 

Apideius  has  written  of  mandragora:  "If  any  one  eat 
it  he  will  inunediately  die.  unless  he  be  treated  with 
butter  and  honey  and  vomit  quickly.  Furthei'.  if  any 
one  is  to  have  a  limb  mutilated,  burnt,  or  sawn,  he  may 
drink  half  an  ounce  with  wine,  and  whilst  he  sleeps  the 
member  ma\'  be  cut  off  without  any  pain  or  sense." 

Cannabis  indica.  which  is  probably*  the  "hasheesh"  or 
"bhang"  of  the  East,  the  >Ia  yo  of  the  Chinese  and  the 
"nepenthe  "of  Homer,  was  enqjloyed  by  the  Scythians, 
as  related  by  Herodotus,  for  the  production  of  iutoxica 
tion  In  the  East  it  has  long  been  used  for  this  purpose 
and  for  the  relief  of  pain,  particularly  in  the  case  of  crimi- 
nalsabout  to  undergo  torture.  An  example  of  the  use  of 
cannabis  indica  to  prevent  the  pain  of  surgery  occurs  in 
a  biographical  sketch  of  Hoa  tho,  a  Chinese  practitioner, 
of  whom  it  is  stated  that  "if  the  malady  was  situ.ated  in 
parts  on  which  the  needle,  the  mo.xa,  or  liquid  medicines 
could  not  act,  for  example  in  the  bones,  in  the  medulla 
of  the  bones,  in  the  stomach,  or  the  intestines,  he  gave 
the  patient  a  preparation  of  hemp,  and,  at  the  end  of 
some  instants,  he  became  as  insen.sible  as  if  he  had  been 
drunk  or  deprived  of  life.  Then,  according  to  the  case, 
he  made  oDenings  and  incisions,  performed  amputations, 
and  removed  the  cause  of  the  malady;  he  then  brought 
together  the  tissues  with  points  of  suture  and  applied 
liniments.  After  a  certain  number  of  days  the  patient 
found  himself  re-established  without  having  experienced 
the  slightest  pain  during  the  operation." 

Cannabis  indica  was  almost  invariably  administered 
by  the  inhalation  of  its  fumes  when  burnt,  and  Pliny, 
in  recording  the  properties  of  the  juice  of  mandragora 
leaves,  states:  "For  these  purposes  [against  serpents  and 
before  cuttings  e.nd  puncturings.  lest  the.y  be  felt]  it  is 
sufficient  for  some  pel-sons  to  have  sound  sleep  from  the 
smell  [of  the  medicine]." 

In  the  thirteenth  century  Theodoric  produced  insen- 
sibility to  the  pain  of  operations  by  means  of  narcotic 
inhalations  from  a  "sleeping  ball  "  or"spongia  somnif- 
era,"  used  and  described  by  his  teacher,  Doniintis  Hugo 
of  Lucca,  and  thus  made:  "Take  of  opium  and  the  juice 
of  unripe  mulberry,  of  hyoscyamus,  of  the  juice  of  the 
hemlock,  of  the  juice  of  the  leaves  of  the  mandragora, 
of  the  juice  of  the  woody  ivy,  of  the  juice  of  the  forest 
mulberry,  of  the  seeds  of  lettuce,  of  the  seed  of  the  bur- 
dock which  has  large  round  apples,  and  of  the  water 
hemlock,  each  one  ounce:  :nix  the  whole  of  them  to- 
gether in  a  brazen  vessel,  and  then  in  it  place  a  new 
sponge,  and  let  the  whole  boil  as  long  as  the  sun  lasts 
on  the  dog-days  until  the  sponge  consumes  it  all  and  it 
is  boile<l  away  in  it  (the  sponge).  As  oft  as  there  .shall 
be  need  of  it,  ]ilace  this  sponge  in  hot  water  for  an  hour 
and  let  it  be  aiqilied  to  the  nostrils  of  him  who  is  to  Ik; 
operated  on  till  he  has  fallen  asleep:  and  so  let  the  sur- 
gery be  performed.  This  being  finished,  in  order  to 
awaken  him,  apply  another  sjionge,  dipped  in  vinegar, 
frequently  to  the  nose,  or  let  the  juice  of  the  roots  of 
fenugreek  be  squirted  into  his  nostrils.  Presently  he 
awakens." 

Although  the  efficiency  of  this  plan  has  been  doubted, 
it  is  recorded  that  in  1832  M.  Dauriol  in  France,  follow- 
ing these  directions,  operated  painlessly  in  five  cases, 
which  be  reported.  Greek  and  Roman  authors  have 
described  the  effects  of  mandrake  in  jireventing  the  pain 
of  operations,  but  it  seems  to  have  been  little  used  by 
them  on  account  of  its  fatal  efl'ects:  in  fact,  it  is  probable 
that  all  of  the  foregoing  means  of  rendering  surgery 
painless  were  dangerous. 

Plin\'  and  Dioscorides  describe  the  local  benumbing 
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.%  iia'MtliptiOM. 

A  Uil'MllCtlCH. 


•(■IVwts  piofiucfrl  by  the  applicalioti  of  iiiilverizcd  murblo 
(iiicmpliitis)  with  vincjrar.  staliiijr  that  it  will  "stupcry 
parls  to  Vh'  cut  oi  caulfri/.cd.  lor  it  so  panilyzcs  the  part 
that  it  feels  do  ]iaiii/'  Nuuu'rotis  otlicr  mcllioils  of  pro 
(liu-iiii;;  insensibility  to  the  pain  of  surj;ieal  operations 
lire  recorded  notably  compression  of  the  vessels  of  the 
neelc  as  practised  by  the  ancieiil  Assyrians  dnrinjr 
■circiiincision,  which  probably  acb'd  by  prodiicinj;  the 
nnconsciousuess  of  cerebral  ana'tr.ia  (as  also  broiijrlit 
about  by  excessive  and  rapid  venesection  for  similar 
purposes);  compression  of  the  nerves sii|)plyin.u:  the  part 
operated  upon,  as  carried  out  with  some  success  in  17S4  bv 
.lames  Jloorc,  an  Enjrlish  surgeon.  Hypnotism,  which 
'■  was  known  to  the  Indians,  Ei;yptians.  and  Persians  at 
a  very  remote  period,"  has  been  extensively  tried  as  a 
.•neans  of  renderinu;  iiatieiils  insensible  1o  the  pain  of 
op<'rations.  Clocpiet  removed  a  breast  iiainlessly  from  ji 
hypnotized  patient  in  \X'i'K  anil  at  a  later  period  Esdaile 
in  Iiiilia  performed  several  litnidred  operations  upon  pa- 
tients, chiefly  Hindoos,  in  the  hypnotic  state.  Elliotson 
and  Braid  adv<icatv-dtlie  method  in  Eiiiiland,  and  Eislon 
employed  it  with  some  success.  Sim]ison  investigated 
the  subject  thoroughly  and  made  many  very  successful 
experiments  with  it.  but  abandoned  it  as  impractic.-ible. 
The  practice  of  hy|inoti.sni  for  the  jjroduction.  <if  ana's- 
Ihesia  has  never  come  into  general  use  and  irrobably 
never  will,  from  the  fact  that  only  ii  very  small  percent- 
age of  persons  can  be  satisfactorily  jiut  into  this  slate, 
and  in  these,  repealed  attempts  ar('  often  necessary  be- 
fore a  sufticieutly  dee])  sleep  can  be  induced  so  that  the 
sid)ject  will  be  insensible  to  jiain.  Fuilhermore,  the 
condition  of  the  iiatient  during  the  ojieiation  is  often  far 
from  satisfactory  on  accoiuil  of  "eonvidsive  inovemenis 
of  tin;  limbs,  corrugation  of  tin;  brows,  and  even  loud 
cries  and  sobs,"  which  occur  in  many  casi's. 

For  a  long  period  before  the  introduction  of  the  ana'S- 
thetics  of  today,  opium  and  alcohol  wer<'  the  chief 
agents  employed  tolessi'ii  o]i<'rative  pain  ;  but  the  residts 
were  far  from  satisfactory,  and  JI.  Velpeau  in  ls:i!»wrote: 
"To  escape  jiain  in  surgical  oiieralions  is  a  chimera  w  hich 
we  are  not  permilled  to  look  for  in  our  day,  A  cutting 
instrument  and  jiaiii,  in  opeiativi'  medicine,  are  two 
W'ords  which  never  ]iresent  themselves  tlie  one  without 
the  other,  in  the  mind  of  patients,  and  it  is  necessary 
for  us  as  surgeons  to  admit  their  association." 

MoDl'jltN  lilsToitY. — The  incidents  leading  up  to  the 
discovery  of  the  ana'sthetic  projiertics  of  nitrous  oxide, 
ether,  and  chloroform,  and  the  intioduelion  of  tliese 
agents  into  surgical  jiractiee.  form  one  of  the  most  in 
terestingehaiitersin  medical  history.  In  ITllil  Humphrey 
Davy  ]nibli.shed  on  accoiuil  of  his  extensive  reseaiclies 
concerinng  nitrous  oxide,  and  slated  that  "as  nitrous 
oxide,  in  its  extensive  o[)eration,  appears  capable  of  de- 
stroying physical  |iain,  it  may  in-oliably  be  used  with 
a<lvantagc  during  surgical  o]ierations  in  which  no  great 
elTusion  of  blood  lakes  ])lace."  Even  befor<'  this  time 
ether  was  used  by  iidialation  for  the  relief  of  allections 
of  the  chest  and  was  known  to  relieve  ]>ain  an<l  ]iromote 
sleep.  In  bsis  Faraday  is  said  to  have  pointed  out  that 
the  inhalation  of  ether  vapor  produced  elVecIs  similar  to 
those  of  nitrous  oxide.  Th(t  intoxication  resulting  from 
the  breathing  of  diluted  vapoi-s  of  these  agcnis  became 
very  well  known,  and  was  commonly  jiractised  as  a 
means  of  pleasure  Jiud  aiiHisement.  Diu'ing  an  cxliibi- 
tion  of  this  kind  in  llarlforil.  Conn.,  on  December  10. 
1H44.  Horace  Wells,  a  dentist  of  that  l>lace.  took  note  <jf 
the  fact  that  while  luider  the  intluence  of  "laughing 
gas"  a  .Mr.  Cooley  sustained  an  injury  of  the  leg  with 
out  the  least  evidence  of  jiain.  The;  following  day 
Wells  inhaled  the  gas  and  had  a  large  molar  tooth  ex 
tracted.  As  he  recovered  consciousness  he  stated  that 
it  had  not  hurt  him  "more  than  the  jirick  of  a  pin."  and 
that  it  would  create  "a  new  era  in  tooth-jHilling."  a  pri'- 
diction  that  has  l)een  fully  realized,  although  Wells  diii 
not  live  to  see  it.  After  his  own  e.\])erience  he  immedi 
ately  tried  the  gas  in  Ids  |iractice  witli  great,  though  not 
invariable,  success.  In  ,-i  public  demonstration  of  its  ac 
tiou  at  the  Harvard  Jledical  School  a  short  lime  later, 


"      ,  I'l  -owing  no  doubt  to  the  imperfect  method  of 

administration  (-inployed— gave  unmistakable  signs  of 
pain  upon  the  extraction  of  a  tooth.  Wells  was  hissed 
and  ridiculed  by  the  students  i)resent :  and  jdthougli  dis- 
couraged and  believing  the  gas  to  be  uncerlain  in  its  ac- 
tion.  lie  continued  to  use  it  in  his  juaclice  for  a  uuinber 
of  years. 

Wells  died  in  l-^^ls.  and  nitrotis  ovide  was  generally 
diserediled  till  IstiT.  when  Colton  reported  twenty  thou", 
sand  successful  administrations.  After  this  it  Vapidly 
assumi-d  its  present  status  as  an  ana'stlietic.  This  deni- 
onstration  of  the  action  of  nitrous  oxide  is  not  gener- 
ally looked  upon  as  the  discovery  of  ana'slhesia.  tiiough 
in  Hartford  a  monument  erected  to  Wells  is  thus  in. 
scribed : 

Horace  Wells,  who  discovered  Ana-sthcsia, 
December  lb,  l«4-l. 

William  T.  G.  Morton,  a  dentist  of  Boston  and  a  parlner 
of  Wells  in  lS-l'.2-4:!.  devised  an  improvement  in  making 
artilicial  teeth  which  necessitated  the  extraction  of  all 
old  roots,  over  Which  the  jdates  were  made  and  worn  at 
that  lime.  (Jreat  dilticulty  was  experience<l  in  inducing 
patients  to  submit  to  this  operalion  on  account  of  the 
pain,  and  Morion  sought  diligently  for  betler  melliods  of 
picvenling  it  than  by  tin;  administration  of  ciiormotis 
doses  of  alcohol  or  opium,  commonly  used  at  this  time 
for  such  purposes.  Familiar  with  the  aclion  of  nilrotis 
oxide,  and  knowing  the  similar  cU'ecIs  of  ether,  he  was 
le<l  to  experinieiit  wilh  the  latter  upon  himself  and  on 
animals.  Afler  succeeding  in  <-oniplelc.'ly  etherizing  a 
dog,  h(!  ri'iidered  himsc'lf  unconscious  for  over  seven 
minutes  by  inhaliiiir  ether  from  a  handkerchief.  This 
occurred  on  Seplc-mber  ;!0.  IS4(I.  and  the  same  evening 
111'  administered  it  to  a  |iatient  for  tooth  cxtraclion  with 
perfect  success.  Within  a  week  he  reipiested  Dr.  John 
Collins  Warren,  a  prominent  surgeon  of  Boston,  to  per- 
mit him  to  administer  the  agent  for  him  in  a  surgical 
oiieralion.  and  this  was  done  at  the  Massachusetts  (icu 
eial  Hospital  on  Oclober  10.  1840.  with  such  success  that 
Dr.  Warren,  a  very  conservative  man.  exclaimed  to  the 
large  audience  of  medical  men  and  sludenls  present: 
"(lenllemen.  this  is  no  humbug!  " 

This  was  Ihelirst  public  demonsl ration  of  the  action 
of  elher  as  an  aniesthetic,  iind  although  numerous  claims 
of  priority  have  been  nuide.  Morton  is  generally  credited 
wilh  giving  the  inestimable  .irift  of  ana'Stliesia  to  the 
world.  The  knowledge  of  this  discovery  and  its  use 
in  dentistry  and  surgery  spread  witli  great  rapidity. 
Elher  was  lirst  administered  in  England  on  December 
lit.  IS40;  a  few  il.ays  later  it  was  employed  in  France, 
and  in  a  remarkably  short  time  its  use  became  almost 
universal.  On  January  lit.  1847.  Simp.son  first  emiiloyed 
elher  during  labor  for  forceps  delivery,  and  a  few  days 
later  to  relieve  the  jiain  of  ordinary  labor.  He  immedi- 
ately called  the  attiiilion  of  the  ju'ofcs.sion  to  the  subject, 
and  not  withstanduig  widespread  and  outspoken  objec 
lions  to  ana'sthetics  in  these  cases,  and  even  in  surgery, 
upon  the  religiousopinion  that  ]iain  under  these  circum- 
stances was  the  w  ill  of  God  and  should  therefore  be 
borne,  their  use  has  become  almost  a  routine  i)ractice 
the  world  over. 

The  success  of  ether  as  an  ana'Sthctic  incited  a  large 
amount  of  experimentatiou  with  almost  every  substance, 
in  the  hope  of  discovering  a  betler  agent  for  lliis  piir- 
|iiise,  and  on  November  4,  1847,  the  an.-esthctic  )uopeity 
of  chloroform  was  discovered  by  Dr  James  V.  Simpson, 
who.  wilh  his  assistants  Dr.  George  Keilh  and  Dr. 
Matthews  Duncan,  inhaled  il  from  tumblers  and  were 
all  rendered  unconscious  thereby.  On  the  Ullh  of  the 
same  monlh  Simpson  read  a  iiaper  on  chloroform  before 
Ihe  Medico Chiriirgical  Society  of  Edinburgh,  and  on 
the  l.")lli  published  a  pamphlet  on  Ihe  subject,  reporting 
about  lifty  successful  administrations.  The  a|iparcn1 
.'idvanla.ires  of  chloroform  over  ether  caused  il  largely  to 
replace  the  latlerthroiighout  the  world,  wilh  the  notable 
exception  of  tin-  northeastern  part  of  the  rniieil  States, 
where  faith  iu  ether  has  uevcr  beeu  shaken  and  (  hloro 
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form,  tlioiijtli  tried  at  the  time  of  its  (iiscovcry  as  an  an- 
a'sllietie,  was  ((uickly  dropped  on  aecount  of  its  danger- 
ous aelion. 

On  January  28,  1848,  less  than  three  niontlis  after  the 
introduetion  of  chloroform,  a  death  diiriny  its  adniinis 
tration  oceurred,  and  this  was  soon  followed  by  reports 
of  others  from  every  quarter  of  tlie  f!:U)be. 

From  tliat  time  to  the  jiresent,  ohlcnoform  fatalities 
have  been  recorded  witli  great  and  apparently  increas- 
ing frequcney,  while  deaths  from  ether  liave  i)een  com- 
paratively rare.  To  these  fads  may  be  attributed  in 
great  part  the  steady  gain  of  ether  throughout  tlie 
world. 

Since  the  introduction  of  nitrous  oxide,  ether,  and 
chloroform  as  ana'stheties,  a  large  number  of  similar  sub- 
stances have  been  found  to  possess  this  property,  and 
several  of  these  have  been  u.sed  to  some  extent.  None, 
however,  has  stood  the  test  of  time  as  have  the  three 
above  mentioned,  which  to-day  constitute  practically 
the  only  agents  in  general  u.se. 

Methylene  bichloride,  discovered  by  Regnanlt  in  1840, 
recommended  as  an  an.a>sthetie  tiy  Sir  B.  W.  Richardson 
in  1807,  and  warndy  advocated  by  Sir  Spencer  "Wells, 
was  u.sed  very  consideraljly  in  Europe  for  a  number  of 
years.  Its  favorable  features  were,  agreeable  odor,  rapid 
action,  prompt  recover}^  and  freedom  from  after-effects; 
but  it  proved  to  be  unssafe  and  fell  into  disuse.  It  was 
furthermore  found  that  the  substance  commonly  used  as 
bichloride  of  methylene  was  really  chloroform  diluted 
with  one-fifth  of  methylic  alcoliol,  and  tliat  genvune 
"methylene"  acted  as  a  convulsive  poison  in  the  lower 
animals. 

Ethidene  dieldoride,  discovered  by  Regnanlt  and  used 
to  the  extent  of  one  thousand  eiglit  hundred  and  sev- 
enty-seven administrations  by  Clover,  enjoyed  some 
popularit_v  for  a  time,  but  its  use  never  became  general. 
Its  action  was  evidently  between  that  of  chloroform  and 
tliat  of  etlier.  Several  deaths  and  accidents  are  re- 
corded from  its  use. 

Ethyl  bromide,  discovered  by  Sendlas  in  1837,  was 
first  used  as  an  ansBstlietic  by  Nuunely  iu  1849  and  was 
employed  to  .some  extent  by  Turnbidl,  Chisholm,  J. 
Marion  Sims,  R.  J.  Levis,  Sir  B.  W.  Richardson,  Mr. 
Clover,  J.  F.  Silk,  and  other.s.  It  was  studied  experi- 
mentally by  Rabuteau.  Berger.  Wood,  Wolff,  Lee,  Ott, 
Lyman,  and  others,  and  was  found,  if  given  freely,  to 
he  a  powerful  circidatory  and  respiratory  depressant. 
It  was  very  apt  to  contain  liromic  impurities  and  was 
easily  decomposed.  Clinically  it  was  found  to  be  an 
exceedingly  rapid  ana>stlietic,  about  one  minute  being 
sutBcient  for  the  production  of  deep  ana>stliesia,  and,  if 
at  once  discontinued.  Silk  demonstrated  that  an  average 
anesthesia  of  46.3  seconds  resulted.  Recovery  was 
prompt  and  very  free  from  after-effects  in  the  short  ad- 
ministrations, though  headache,  faintness,  and  vcmiiting 
often  followed  its  prolonged  use.  ^luscular  rigidity 
was  often  encountered  during  its  inhalation.  It  caused 
"great  congestion  of  the  face,  neck,  and  upper  part  of 
the  chest,"  Tlie  pulse  and  respiration  were  usually  ac- 
celerated. Lachrymatiou  and  salivation  were  often  very 
great ;  tlie  pupils  were  usually  dilated.  Several  fatalities 
resulted  from  its  administration,  and  although  it  was  used 
by  many  with  great  satisfaction,  particularly  in  momen- 
tary or  short  operations,  its  present  use  is  not  extensive. 
and  it  is  not  generally  recommended  as  an  ana'sthetic. 
Fowler  has  recently  commended  its  use  in  one  or  two 
drachm  doses,  preliminary  to  etlier. 

Ethyl  chloride,  discovered  by  Ravelle  and  studied  by 
Basse,  has  been  successfully  employed  as  an  aua'sthetie 
by  Heyfelder,  Lotheisen,  Hacker,  Rodier,  Wcissner,  and 
others.  Ana>sthesia  is  induced  very  rajiidly,  from  half  a 
minute  to  two  minutes  being  refpiired.  according  to  the 
individual.  If  immediately  discontinued,  ana'sthesia 
lasting  from  half  a  minute  to  three  minutes  has  lieen 
obtained,  the  length  of  the  anresthesia  corresponding  to 
the  length  of  the  administration.  Recovery  has  been 
very  free  from  the  usual  disturbances.  ]\[uscular  re- 
laxation is  not  obtained  from  this  auajsthctic  and  the  pa- 


tient is  apt  to  regain  consciousness  during  the  operation. 
The  administration  of  ethyl  cliloride  as  a  general  an- 
assthetic  lias  not  been  extensive  u]i  to  the  present  time, 
and  further  reseanlies  will  be  neces.saiy  before  its  true 
value  is  determined.  As  a  local  ana-sthctic  its  properties- 
are  well  known.  Tut  tie  has  recently  recommended  its 
administration  preliminary  to  ether. 

Amylene,  tliscovered  by  Balard  in  1844,  was  carefully 
studied  by  Snow  in  18.")G-.'J7.  Two  deaths  occurred 
imder  its  influence  out  of  the  two  hundred  and  thirty- 
eight  cases  in  which  he  used  it,  and  it  was  discarded, 
although  it  had  been  given  rather  extensively  for  a 
while.  As  an  ana'Sthetic  it  was  not  very  satisfactory. 
It  did  not  produce  muscular  relaxation,  but  with  very 
light  narcosis  complete  analgesia  seemed  to  be  ines- 
ent,  and  most  of  Snow's  cases  were  operated  upon  iu 
this  .state.  The  vapor  of  amylene  is  not  pungent.  Init 
has  an  "offensive,  cabbage-like  odor."  It  is  no  longer 
u.sed. 

Rental  is  said  to  be  "a  pure  form  of  amylene  intro- 
duced into  commerce  by  ]\Iering."  It  has  been  used  to 
a  limited  extent,  particularly  for  short  operations.  Its 
action  is  similar  to  that  of  amylene,  though  quicker  and 
more  constant.  Dangerous  .symptoms  and  deaths  have 
occurred  under  it,  liowever,  and  it  is  little  used  at 
present. 

Nitrogen,  pure  or  in  combination  with  small  percent- 
ages of  ox\'geu.  produces  uuconseiousness  which  closely 
resembles  the  ana>sthesia  of  nitrous  oxide.  It  is  not  a 
true  anaesthetic,  however,  its  action  depending  solely 
upon  deprivation  of  oxygen  and  consequent  asTphyxia. 
Hewitt  has  enqiloyed  it  in  twenty-three  cases  of  tooth 
extraction,  prai-tically  pure  nitrogen  being  used  in  some 
and  in  others  nitrogen  plus  oxygen  in  tlie  proportions 
of  3,  r>,  6.6.  7.  and  7.5  per  cent.  Although  anaesthesia 
was  produced  in  all  of  the  cases,  it  was  not  as  satis- 
factory as  that  of  nitrous  oxide.  The  time  of  adminis- 
tration varied  from  fifty  to  ninety-five  seconds,  according- 
to  the  amount  of  fixygen  present.  The  resulting  ana-s^ 
thesia  was  somewhat  shorter  than  that  of  nitrous  o.xide 
and  the  after-effects  wei'e  greater. 

A  large  number  of  substances  similar  to  tliose  already 
mentioned  have  been  found  to  possess  ansesthetic  prop- 
erties, but  owing  to  disadvantages,  dangere,  and  the 
knowledge  of  better  agents,  they  are  not  used. 

In  the  hope  of  favorably  modifying  the  action  of  the 
more  commonly  employed  anaesthetics,  ether  and  chloro- 
form, various  mixtures  of  these  agents  with  each  other 
and  W'ith  other  substances  have  been  proposed.  The 
A.C.E.  mixture,  proliably  the  best  known  of  these,  con- 
sists of  alcohol  1  part,  chloroform  2  ]iarts.  and  ether  3- 
parts  by  volume.  jMartindale  states  that  ahnost  uni- 
form volatilization  of  tliis  mixture  results  if  the  specific 
gravity  of  the  alcohol  is  0.79.5,  tlie  chloroform  1.497.  and 
the  ether  0.730.  This  mixture,  originally  advocated  by 
Harley.  was  strongly  recommended  by  the  ana?stheti~c 
committee  of  the  Royal  Jledico-Cliirurgical  Society  of 
London,  its  action  being  fmind  by  them  to  be  about  "half 
way  between  that  of  cliloroform  and  etlier.  This  com- 
mittee also  recommended  a  mixture  of  chloroform  1 
part,  ether  3  parts,  and  another  of  chloroform  1  part, 
ether  4  parts,  but  gave  preference  to  the  first  or  A.C.E. 
mixture  on  account  of  its  "uniform  blending"  and 
"  probably  the  more  equable  escape  of  the  constituents 
in  vapor." 

Other  well-known  mixtures  are:  The  Vienna  mixture 
— chloroform  1  part,  ether  3  parts:  Billroth's  mixture- 
chloroform  3  parts,  alcohol  1  part,  etlier  1  part ;  Linhart'a 
mixture — chloroform  4  parts,  alcohol  1  part;  Sansom"s 
mixture — chloroform  and  alcohol  equal  parts. 

In  189.5,  Schleich,  of  Berlin,  advanced  the  tlieory  that 
an  anaesthetic  mixture  the  boiling  jioint  of  which  closely 
approximated  the  temperature  of  tlie  body,  would  pos- 
sess great  safety  and  cause  the  minimum  of  afler-disturb- 
anee  by  reason  of  thedefiuite  and  suitalile  nlations  llius 
establislied  between  absorption,  cliiiiiiiation,  and  the 
amount  of  the  agent  retained  iu  the  circulation.  lie 
suggested  three  dill'urent  mixtures,  as  follows: 
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AuirNtlii'lli'M. 
Aii:rsili4-il<-h. 


No.  1.— Boils 

.38°O.(100.4°F.i 

For  lifrht 

naiY'tisis. 


Chloroform 

Sulphuric  ether.. . 
Petroleum  ether.. 


4.">  volumes. 
1H(I 
1.5 


No.  2.— Bolls    !    No.  3.— Bolls 
W  C.  (1(«°  F.).  42°  ('.(llir.ti"  ¥.). 
For  medium  For  deep 

narcosis.  narcosis. 


•t.'i  volumes. 
1.1(1 


3(1  volumes 

m 

1.5 


TIk"  iH'li'oli'iiiii  ctlicr  used  sliinilil  bciil  al  ffiiii  Cil)  to 
6.")    C. 

These  mixtures  enjoved  si  lirief  pnpularily,  and  were 
eiiruestly  reeoniniended  in  the  United  States  by  Madiiro, 
Meyei',  and  (itlieis.  !Many  advantaires  were  at  first 
■<-lainied  for  tliis  t'oi'ni  of  ana'Sthesia — i.e..  safely,  marked 
freedom  from  excitement,  cyanosis,  flow  of  iiimciis, 
broneliitis,  iinenmoiiiii,  voniitiiin:.  V'erv  rapid  recovery 
and  slijilit  effects  upon  the  lieart,  lun.<;s,  or  kidneys  were 
(iliserved.  Cliniciil  evidence,  liowevei",  soon  dispidved 
tlicse  claims.  aii<l  cases  of  deej)  cyanosis,  alarmiim;  stales 
of  tlie  res]iii'ation.  and  cireidation.  nearly  fatal  accidents, 
excessive  vonlitinjr,  bi'oncho  inieumonia.  albnmiiiiiiia, 
etc..  occnrred  wifli  >siicli  frequency  that  a  iiumlier  of 
those  who  liad  at  first  advocated  the  metlK^il  with  en- 
thusiasm later  iiublisiied  their  reversed  conclusions, 

III  1S!I8  Dr.  Willy  Meyer  brought  forward  a  new  mix- 
ture "ou  the  basis  of  the  Isclilcicb  iirincijde."  as  follows; 


Ethvl  chl.irlde. . 

■•M.S." -'!•;."."■':• 


.5(;.7.5  volumes  ( 
'( Chloroform,  4;}.2.5       "        t 


17  volume 


The  mixtui'e  of  ether  and  chloroform  desiirnatcd  "  ^t. 
S."  is  said  to  be  a  true  molecular  solution  containinj;  no 
free  ether  or  chloroform.  Tlie  boilinj,^  point  of  the  total 
mixtui'e  is  40"  ('.  (104  F.).  Dr.  Meyer  considers  this 
single  mixture  a  sfreat  improvement  on  those  of  Schlcich, 
and  in  its  use  he  has  observed  little  general  distiirli- 
ance,  no  strus.srline,  infn'quent  vomiting,  rapid  recov 
cry,  and  no  disturbance  of  the  lungs  or  kidneys. 

Many  are  opposed  1o  the  use  of  an;esthetic  mixtures 
on  the  ground  that  their  action  is  indefinite  and  that, 
owing  to  the  marked  difference  in  the  rate  of  evaporation 
of  their  respective  ingredients,  the  first  elfect  is  chietiy 
<lue  to  the  more  volatile  agent,  the  later  elfect  to  the  less 
volatile. 

These,  and  many  other  theoretical  olijeclions  to  the 
use  of  ana'stlielic  mixtures,  are  not  l)orne  (uit  by  prac- 
tical experience,  and  tliey  are  extensively  used  and  have 
liecn  given  a  definite  place  by  most  writers  on  aiia'slhesia. 

Minor  and  others  have  demonstrated  that  the  boiling 
point  of  a  given  ami'sthetic  mixture  is  not  constant  on 
its  evaporation.  It  is  probable  that  the  action  of  such  a 
mixture  is  tlnit  of  its  most  ])Owerful  ingredient  moditied 
by  dilution  and  by  the  cfTcct  of  the  other  ingredients. 

Tyrrell  has  advocated  the  administialion  of  mixtures 
of  lUv  rit/nirs  of  etlier  and  chlorofoim  in  ]iro])orti<ins  to 
suit  the  elfect  desired,  and  has  devised  an  apparatus  for 
this  purpose  consisting  of  two  .Tunker  bottles,  a  single 
bellows,  and  a  mechainstn  for  regulating  the  jiroporlions 
of  the  vapors 

The  administration  of  an;estbctics  in  succession  to  one 
anotiicr  forms  a  distinct  method  of  practice,  and  th<' 
plan  is  attended  with  numerous  advantages.  "Gas  and 
ether."  which  consists  in  the  administration  of  nitrous 
oxide  before  eflier.  is  ]ierhaps  the  br>st  example  of  this, 
and  its  advantages  are  as  follows:  the  induction  of  un- 
consciousness is  almost  ideal,  being  accom|ilishcd  in  from 
ten  to  twenty  seconds  with  practically  no  discomfort. 
such  as  attends  the  breathing  of  agents  which  liave  a 
strong  and  more  or  li'ss  pungent  odor;  complete  ether 
narcosis  may  be  oblaincd  in  from  two  to  four  minutes 
from  the  beginning  of  the  gas.  with  entire  absence  of  a 
stage  of  excitement.  Chloroform  before  ether  is  fre- 
quently resorted  to  in  order  that  the  patient  may  have 
the  (Oinfort  of  the  more  agreeable  and  less  |iungent  odor 
of  the  former  and  to  avoid  the  mental  effect  often  |iro 
<luced  ii|)on  the  patient  by  the  more  formiilable  look- 
ing ajjparatus  used  for  the  administration  of  tlie  latter. 


In  tliis  iilaii  it  should  not  be  forgotten  that  a  large  per- 
centage of  the  deaths  from  chloroform  have  occurred 
during  the  early  part  of  its  administration. 

Chloroform  mixtures  before  ether  are  less  dangerous 
and  nearly  as  pleasant.  Ethyl  bromide  and  ethyl  chlo- 
ride l>efore  ether  iiroduce  unconsciousness  nearly  as 
([iiiekly  as  gas,  but  are  less  pleasant  to  inhale.  "The 
succession  of  gas,  ether,  and  chloidfoiin  is  suitable  for 
those  cases  in  which  the  latter  agent  is  indicated  and 
in  which  it  is  desirable  to  avoid  thi'  conditions  jiresenl 
during  the  stage  of  cxcitenuait.  The  condition  of  the 
respiration  anil  circulation  under  nitrous  o.xide  renders 
till' succession  of  gas  and  chloioform  a  dangerous  pro- 
cedure, and  it  shmild  not  lie  undertaken. 

A  change  from  one  ana'sthetic  to  another  is  often  ad- 
vantageous dnring  an  aclminisi  ration.  Thus  the  sedative  - 
and  depressing  etfects  of  chloroform  are  counteracted 
by  the  previous  or  subsequent  administration  of  etlier; 
and  the  irritation  or  excessive  stimulation  of  ether  is 
overcome  by  changing  to  chlcMdform. 

A  distinct  method,  often  referred  to  as ''mixed  an.TS- 
thesia,"  consists  in  the  administration  of  morphine,  alone 
or  with  atro|)ine,  in  conjunction  with  ether  or  chloro- 
form. The  plan  is  the  outcome,  in  great  part,  of  the  ex- 
perience of  Xiissbaum.  liernard.  (iuyon.  Labbe.  Kappe- 
Icr.  .lu  Ilia  I'd.  Dartri',  and  others.  The  ad  vantages  claimed 
for  this  method  are.  that  the  narcosis  is  strikingly  (piiet 
and  smooth,  free  from  excitement,  strugglini!-,  salivation, 
and  the  usual  aftereffects,  and  that  narcosis  iseslabli.shed 
and  maintained  by  a  very  small  amount  of  tlieana'sfhetic. 

These  advanlages  are  undoubtedly  Jironounced.  and 
the  method  isemiiloyed  by  many  with  great  .satisfaction. 
.Morphine  given  subcutiineoiisly  an  hour  or  two  before 
the  oiicralion,  so  that  the  full  elfect  is  well  established 
by  that  time,  usually  renders  the  patient  calm,  sleepv', 
and  in  an  admirable  frame  of  mind  for  taking  the  anajs- 
thelic. 

rnfortunalely,  the  plan  presents  certain  disadvantages. 
The  action  of  morphine  is  greatly  intensified  in  llie  pres- 
ence of  ether  or  chloroform,  and  its  excessive  action  is 
not  infre(|uenlly  undesirable  or  dangerous.  Alarining 
respiratory  dcju'cssion  and  iirolonged  deep  stupor  have 
followed  its  use.  as  observed  liy  Dartre,  Dem.'ircpiav, 
IJegnicr.  I.iicas,  Hewitt,  and  others.  Kcgiiier  and  Lucas 
li.'ive  wilnesseil  a  number  of  deaths  which  they  attribute 
to  this  method,  and  others  have  abandoned  it  on  account 
of  these  disadvanl;iges.  'I'he  action  of  the  an:estlictic  is 
also  increased  in  the  presence  of  morphine  and  an  over- 
dosi'  is  more  easily  administered.  Hegnier  asserts  that 
inor])liine  lessens  the  elimination  of  chloroform  and  thus 
favors  its  dangerous  accumulation  in  Ihe  system.  In 
view  of  these  facts,  it  is  the  writer's  ojiinion  that  this 
inodilication  of  aineslhesia  is  nol  suilable  as  a  routine 
practice,  although  in  selected  cases  it  may  often  be  of 
great  value.  Clinical  experience  lias  demonstrated  that 
till'  method  is  contraindicjited  in  weak  subjects,  in  fliose 
presenting  respiratory  insuniciency,  and  particularly  if 
dysiJiKva  from  any  cau.se  is  present;  in  patients  present- 
ing any  degree  of  stupor;  in  o|ierations  likely  to  be  at- 
tended by  excessive  hemorrhage,  Jinil  in  ]iatieuts  who 
are  very  susceptible  to  the  action  of  morphine. 

Its  application  would  si>ein  to  be  particularly  advan- 
tageous in  highly  excitable,  vigorous,  and  neurotic  in- 
dividuals, in  iilcoholics,  anil  in  those  in  whom  it  would 
be  especially  desirable  to  adminisier  the  least  possilile 
amount  of  the  ana'sthetic.  on  account  of  acute  or  ad- 
vanced cardiac,  pulmonary,  or  renal  disease.  It  lias 
been  recommended  for  operations  about  the  mouth  on 
account  of  ihe  slow  recovery  jiermitling  the  removal  of 
the  inhaler  for  |H'oloiigeil  periods.  It  must  be  remem- 
bered, however,  thai  morphine  all.-iys  the  reflex  ex- 
cilability  of  the  air  pa.ssages,  and  that  danger  of  the  en- 
trance and  loleralion  of  products  of  the  operation  or 
other  foreign  matter  in  the  lungs  is  thereby  increased. 
.Morphine  in  doses  ranging  from  gr.  J  to  gr.  '.  alone,  or 
combined  with  fi'om  gr.  [!„  to  gr.  j,',,,  of  atropine,  are 
ihose  usually  rceommended  foilhis  purpose.  It  is  obvi- 
ous tliat  the  dose  should  be  chosen  to  meet  the  condilious 
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presented  by  each  case  ami  tlie  effect  desired,  ratlier  than 
tliat  a  slated  ainount  should  be  acbiiiiiisleied  in  the 
iisnal  dojrmatic  way.  In  view  of  the  auirnienled  action 
of  nimpliiMc  in  the  presence  of  ether  or  chloroform,  sat- 
isfactory eU'eets  are  usually  produced  by  the  exhibition 
of  much  smaller  doses  than  those  commonly  employed, 
and  it  will  lie  found  that  from  gr.  ^',|  to  gr.  J  is  usually 
suthcient.  (.'bloral  has  also  been  used  beb>re  ana'sthesia 
on  the  same  principle  as  that  governing'  the  use  of  mor 
phine.  but  the  results  have  not  been  favorable;  danger 
of  collapse  being  rather  increased  in  the  case  of  chloro- 
form and  the  after  effects  being  exaggerated  in  the  case 
of  ether.  Other  hypnotics  have  been  tried  in  this  way 
with  some  success,  but  the  results  liave  not  been  pro- 
nounced enough  to  lead  to  their  general  ado|)tion. 

The  administration  of  o.X3-gen  during  antvsthesia  has 
received  much  attention,  especially  its  use  in  conjunc- 
tion with  nitrous  oxide,  the  administration  of  which  in 
a  jiure  .stale  is  complicated  by  aspliyxia  resulting  from 
dejirivation  of  oxygen.  The  investigations  of  Bert, 
Hellischer.  Hewitt,  and  others  have  demonstrated  that 
this  asphy.xia  may  be  eliminated  by  combining  oxygen 
with  nitrous  oxide,  without  interfering  with  the  produc- 
tion of  narcosis.  In  1878  Bert  produced  perfect  and 
long-continued  an;vsthesia  in  dogs  with  a  mixture  of 
about  eighty  three  per  cent,  nitrous  oxide  and  seventeen 
per  cent,  oxygen  administered  under  an  atmospheric 
pressure  increased  by  one  fifth.  The  year  following, 
the  method  was  successfully  employed  in  human  sub- 
jects and  attracted  much  attention,  Bert  later  suc- 
ceeded in  narcotizing  animals  with  gas  and  oxygen  at 
the  normal  atmospheric  i)ressure.  Hilliscber  made  use 
of  the  comljination  with  great  success  in  over  tifteeu 
thou.sand  dental  cases.  Hewitt  has  made  a  particular 
study  of  this  subject,  and  has  demonstrated  that  allliough 
no  definite  mixture  of  these  ga.ses  will  luoduce  antes- 
thesia  without  asphyxia  in  all  cases,  one  containing  ten 
or  twelve  and  one  half  per  cent,  of  oxygen  proved  quite 
satisfactory  in  average  cases.  The  best  lesults,  how- 
ever, were  obtained  liy  using  a  regulating  apparatus  by 
means  of  which  the  gases  could  be  adiuinistered  in  pro- 
portions to  suit  the  case  in  hand  and  the  conditions  as 
they  arose  during  the  narcosis.  Oxygen  has  been  recom 
mended  in  conjunction  with  ether  and  chloroform  by 
niunerous  observers  (Neudorfer.  Foy,  Kreutzmann,  Nor- 
throp, Cole,  Bu.xton,  and  others),  and  while  it  is  prob- 
able that  oxygen  is  not  an  antidote  to  tliese  agents  and 
will  not  prevent  their  fatal  effects  when  administered  in 
an  overdose,  there  is  no  doubt  that  its  use  will  obviate 
the  asphyxia  which  frequently  comjilicates  their  admin- 
istration, tliereby  removing  an  unpleasant  and  occasion- 
ally dangerous  element  of  the  narcosis. 

Experience  has  demonstrated  that  chloroform  and  ether 
may  be  administered  in  such  a  manner  that  the  patient 
does  not  suffer  from  lack  of  oxygen,  and  it  is  therefore 
evident  that  the  roiitine  u.se  of  this  agent  during  anscs- 
thesia  is  vuicalled  for.  Buxton  calls  attention  to  a  pos- 
sible danger  in  its  use  as  follows :  "  The  supjily  of  oxygen 
keeps  the  patient  of  a  cherry-ri'd  coloi-,  and  chloroform 
is  pumped  on  until  the  respirations  stop  through  jioison- 
ing  of  the  medulla.  No  peripheral  duskiness  or  gradual 
failure  of  respiration  appears,  as  the  tissues  remain  re<l 
until  circulation  and  respiration  cease."  It  lias  been 
suggested  that  a  small  proportion  of  ainyl  nitrite  added 
lo  chloroform  might  offset  the  dangerous  effects  of  the 
latter,  and  this  eoml)ination  has  been  highly  sjioken  of 
by  Sanford,  Fialliet,  Sir  B.  \V.  liichardson.'and  others. 
The  ana-stliesia  is  said  to  hr.  characterized  by  greater 
circulatory  stimulation  than  when  chloroforiii  is  used 
alone.  Sanford  employed  a  mi.xtun;  of  two  drachms  of 
amy!  nitrite  lo  a  (lound  of  chloroform,  Balliet  a  mixture 
containing  sixteen  drops  to  the  ounce. 

In  view  of  Ihe  jihysiological  action  of  amyl  nilrile,  it 
woidd  seem  that  while  ils  use  in  this  way  with  chloro- 
form miglit  be  very  salisfaclory  for  brief  administralious, 
the  powerful  primary  slimulaiion  of  the  former  counter- 
acting the  not  infrei|uent  ])riniai'y  <l<'|>ressiou  of  the 
latter,  its  prolonged  use  would  be  hazardous  on  account 


of  its  later  paralyzing  action  on  the  vessel  walls  and  its 
depressing  effect  upon  the  heart, 

PiivsioLooRWL  Action. — Before  taking  up  the  action 
of  ana'Sthetics  in  the  jiroduction  of  narcosis,  it  may  be 
of  interest  and  significance  to  consider  other  instances  of 
their  power.  The  huniuous  oxidation  of  phosphorus  iu 
air  is  suspended  in  an  atmosphere  slightly  impregnated 
with  chloroform  or  ether,  and  in  like  manner  the  Hame 
of  a  candle  may  lie  extinguished  by  the  addition  of 
chloroform  vapor  to  the  surrounding  air.  In  the  pres 
ence  of  ana'slhetic  substances  fermentation  does  noG 
occur,  certain  cheiuical  reactions  are  prevented,  move- 
ment of  the  leaves  and  resjiiration  in  plants  are  arrested, 
and  the  germination  of  seeds  and  the  hatching  of  eggs  are 
clieeked.  These  effects  are  transient  if  the  exposure  has 
not  been  too  long  continued  or  the  strength  of  the  vapor 
too  great.  In  the  latter  event  the  life  of  organic  matter 
of  any  kind  may  be  dcstro.ved. 

The  effect  of  aniBsthetics  upon  isolated  tissues  of  the 
animal  economy  demonstrates  that  they  have  the  power 
of  arresting  the  functional  activity  of  all  its  parts.  The 
nature  of  this  action  is  not  clearly  understood,  but  it  ap- 
parently consists  in  paralysis  or  immobilization  of  the 
ultimate  cellularelemenls.  Claiule  Bernard  demonstrated 
that  the  posterior  extremities  of  the  frog  can  be  com- 
liletely  paralyzed  by  their  immersion  in  a  weak  chloro- 
form solution,  and  that  if  means  are  employed  to  exclude 
these  parts  from  the  general  circulation  the  anterior  por- 
tions of  the  body  remain  unaffected.  Experiments  by 
Simpson,  Nunnely.  and  others  on  earthworms,  leeches, 
centipedes,  rabbits,  and  other  animals  prove  that  entire 
members  or  segments  of  their  bodies  may  be  completely 
ana-sthetized  apart  from  the  remaiuder.  Gaskell  and 
Shore  protluced  fatal  cessation  of  respiration  by  the  ap- 
plication of  a  small  amount  of  chloroform  to  the  fourth 
ventricle.  Waller's  experiments  relative  to  the  action 
of  ana'sthetics  on  nerves  are  of  great  interest.  Isoiat<'d 
nerves  were  exposed,  in  a  moist  chamber,  to  intermittent 
(dectrical  excitation  the  respjonses  being  recorded  by  Ihe 
.galvanometer.  Under  normal  conditions  the  nerves  re- 
sponded with  remarkable  i-egularity  and  endurance,  but 
when  exposed  to  ana-sthetic  vapors  of  various  strengths 
the  responses  to  excitation  failed  more  or  less  completely. 
The  nerves  were  now  said  to  be  "anaesthetized  or  tempo- 
rarily immobilized."  After  brief  exposure  to  air  their 
electromobility  was  restored,  unless  the  strength  of  the 
vapor  had  been  too  great,  in  which  event  there  was  no 
recover\-,  the  nerve  being  "  permanentlv  immobilized  or 
kill<-d."' 

Coats  has  demonstrated  that  "the  heart  of  the  frog 
is  very  sensitive  to  chloroform  vapor.  When  the  heart 
is  exposed,  under  a  bell  jar,  to  air  charged  with  chloro- 
form, the  heart  became  rapidly  weaker,  till  it  ceased 
healing:  to  recover  when  the  chloroform  atmosphere  was 
removed.  In  this  respect  chloroform  contrasted  with 
ether." 

The  inhalation  of  ana'Sthetic  vapors  brings  them  iu 
intimate  contact  with  the  blood  through  the  enormous 
surface  of  the  )ndnionary  air  cells.  Here  they  are  ab- 
sorbed by  Ihe  liquor  sanguinis  and  by  the  blood  corpus- 
cles, and  are  carried  to  every  pari  of  the  body,  affecting 
each  in  proportion  to  ils  susceptibility  or  to  its  special 
affinity  for  these  substances.  AVhile  it  is  thus  evident 
that  all  of  the  tissues  must  be  influenced  to  some  ex- 
tent, the  phenomena  of  ana'sthesia.  as  induced  by  in- 
halation,  are  (hie  almost  entirely  to  Ihe  action  of  the 
narcotic  u|ion  Ihe  nervous  sysleni.  which  exhibits  strik- 
ing susceptibility  lo  Ihe  action  of  all  of  this  class  of 
drugs.  This  siisceplibilily  is  no  doubt  to  he  ex]ilained 
by  the  selective  action  of  ana'slhelics  upon  the  tissues  of 
the  nervous  system  according  to  the  principle  of  a  chem- 
ical allinity  between  certain  drugs  and  cerliiin  organs, 
as  pointed  out  by  Khrlich  and  continued  in  the  i>resent 
instani'c  by  the  observations  of  Lallemand,  Perrin,  and 
Duroy.  that  the  brain  and  spinal  cord  of  jiersons  killed 
by  cliloroform  contain  a  larger  i)roportion  of  it  than 
other  tissues. 

In  the  production  of  narcosis  it  is  evident,  from  the 
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progressiva-  iimniicr  in  which  tlio  sigus  uiipi'tir.  that  the 
(iilTiTcnt  jmrts  of  tlic  nervous  system  possess  (lillerent 
degrees  of  resistanee  to  tliis  iiiHueuee.  ami  ai<-()i(liiig  to 
the  observations  of  Floureus.  Suow,  ami  otliers  they  are 
overcome  in  the  following  order:  1.  The  eerelirum.  '-i 
The  eerelielUnn.  ;i.  The  sensory  centres  of  the  cord. 
4.  The  motor  centres  of  iIk' cord.  T).  The  medulla.  Ac- 
cording to  Anstic,  ei-rtain  signs  point  to  an  early  involve- 
ment of  the  symjiathetic  nervous  system. 

While  the  ultimate  elTeet  of  anu'sthetics  upon  the  ner- 
vou.s  .system  is  to  paralyze  its  various  (larts.  it  is  a  con- 
spicuous clinical  fact  that  this  is  usually  preceded  liy 
some  degree  of  e.Ncitcment  and  fun<'t!onal  jicrverslon. 
This  is  due  to  Ihe  fact  that  all  ana'sthctics  act  as  stitnu 
huitsinless  than  narcotic  doses;  and  since  it  is  necessary, 
in  view  of  safety,  that  certain  (d'  Ihesc.  as  chloroform 
and  ether,  should  he  admiiustered  grailually  in  a  diluted 
foi-ni,  a  period  of  (■xcitation  and  partial  narcotism  is  fre 
(luently  ohserved.  With  introus  o.xide — which  is  admin- 
istered [line  and  the  action  of  which  is  rapid — such  a 
period  is  exceedingly  rare,  and  when  it  occurs,  is  usually 
due  to  the  admisi-sidn  of  a  considerable  percentage  id' air 
with  the  gas. 

The  period  of  complete  narcosis  as  i-ciiuircd  foi-  sur 
gical  purposes  is  characterized,  so  far  as  the  nervous 
.system  is  concerned,  by  loss  of  {-onsciousness  and  by 
paralysis  of  the  ci-ntres  governing  sensation  and  motion, 
while  those  which  control  circulation  and  respiration  .ire 
but  slightly  affected.  Mere  loss  of  consciousness  is  a 
prominent  factor  in  ordinary  surgical  ana'sthesia.  and 
many  operations  may  be  satisfactorily  jierformed  w  ith 
cmly  enough  of  the  ana-sthetic  to  pmduce  this  condition. 
which  is  one  of  the  earliest  manifestations  of  their  action. 
Painless  operations  during  the  imconseiousness  of  "pri- 
mary ana>sthesia  "  and  of  fainting  are  examples  of  this 
fact. 

Sensory  paralysis  is  also  one  of  the  earliest  and  most 
potent  factors  in  general  ana'sthe.sia.  and  occurs,  accord- 
ing to  Anstic.  as  follows  "It  will  be  found,  in  the  great 
majority  of  cases,  that  it  conunences  In  the  posteiior  ex- 
tremities (at  least  in  vert<'brated  animals),  and  advances 
slowly,  enga.ging  successively  the  jiarts  supplied  by 
nerves  more  and  more  frotn  the  anterior  portions  of  the 
spinal  cord."  As  showing  the  relation  of  loss  of  con- 
sciousness to  sensory  paralysis  the  following  observation 
of  Anstie  is  pertinent  -.  "Th<'  main  dilliculty  of  tracing  ac 
curately  the  comparative  eom'.se  of  the  sensory  paralysis 
produced  l)y  different  narcotics  is.  that,  in  the  ease  of 
those  which  affect  the  hr.un  powerfully,  unconsciousness 
arrives  so  early  as  to  vitiate  the  investigation,  unless  the 
circumstances  of  the  experiment  are  partictdarlv  favor- 
able." 

It  is  probable  that  in  the  usual  depth  of  surgical  nar- 
cosis, <iuiescence  of  the  motor  api)aiaHls  is  for  the  most 
part  dependent  upon  these  two  conditions,  loss  of  eon - 
sciou.sness  and  sen.sory  paralysis.  Numi-rous  facts  arc 
observed  during  o|)erations  under  general  ana'sthesia 
which  show  that  the  motor  parts  of  th(>  nervous  system 
are  not  incapable  of  response  to  direct  stimulation  at 
that  time:  in  fact,  from  the  vigt)r  of  the  action  thus 
caused,  it  would  seem  that  they  are  but.  slightly  afVecteil. 
Of  these  facts  the  following  are  the  more  common  In 
de<'ply  ana'sthetizeil  subjects,  violc'ut  muscular  action  is 
evoked  by  irritation  or  section  of  the  motor  nerves.  Ex- 
amples of  this  are  found  in  tlu-  twitching  td'  the  muscles 
of  the  face  which  not  infreijuently  occurs  in  mastoid 
operations  from  irritation  or  injury  of  the  facial  niMve 
in  the  Fallopian  canal,  and  in  similar  movements  (d'  the 
muscles  of  the  back  and  arm  from  injury  of  their  nerves 
during  extensive  breast  o|ierations.  Electrical  excita- 
tion of  the  phrenic  nerves  results  in  powerfid  movements 
of  the  diaphragm,  even  in  the  most  alarunng  depths  of 
narcosis.  The  various  motor  centres  of  the  lirain  ar<' 
capable  of  causing  movements  in  the  parts  they  control 
upon  proper  excitation  during  deep  ana'stlu'sia.  and  all 
of  the  phenomena  of  epileptic  seizures  may  be  induced 
in  certain  epileptic  subjects  (i)articularly  in  cases  of 
traumatic  origin)  bj'  such  irritation   of   tlie  area  corre- 


sponding to  the  ]iart  in  whi<li  the  motor  manifestations 
of  a  |)aroxysni  begin.  Ankle  (lonus  and  many  similar 
motor  rellexes  frequently  occur  from  certain  positions  of 
the  jiarts  in  comi)let(dy  ana-sthetized  subjects.  These 
and  other  examples  of  the  non-paralyzed  condition  of 
the  motor  nervous  apparatus,  in  complete  and  even  deep 
ana'sthesia.  would  .seem  to  contirm  Ihcopiinon  that  the 
action  of  the  narcotic  is  chielly  u|)on  the  .sensoiy  parts 
and  tho.se  govcridng  consciousness. 

As  has  been  seen,  tlu;  last  |)ortion  of  the  nervous  system 
to  be  ovei'conie  by  the  paralyzing  iidbience  (d'auicsthetics 
is  the  medulla,  and  it  follows  that  i'es|iiration  and  circu- 
lation ari'  thus  maintained  after  practically  all  other  body 
functions  have  been  abolished.  Joseph  Coats  has  clearly 
stated  that:  "The  object  of  an  ana'sthetic  is  to  suspend 
the  action  of  the  nerve  centi'<'S  which  have  to  do  with 
sensation  anil  motion  while  leaving  the  respiratory  and 
<'arillac  ceidres  intact.  It  is  not  surprising  that  these 
latter  centres,  which  continue  under  all  circumstances 
throughout  life  their  rh\lhmic  action,  should  be  more 
resistant  than  others,  and  that  they  should  persist  in 
their  function  after  other  centres  have  succumbed.  We 
may  expect,  however,  that  any  agent  which  suspends 
the  function  of  the  centres  of  sensation  and  motion  will 
have  some  cH'eet  on  those  of  the  respiratory  and  cardiac 
centies.  and  there  is  abundant  evidence  to  show  that  all 
anastheties  which  pKiduce  their  action  by  being  intm. 
dueerl  by  some  method  into  the  blood  are  capable  of 
alfecting  both  the  respiratory  and  the  cardiac  centres." 

It  is  now  a  proper  time  to  consider  the  action  of  aiia'S- 
thetics  uiion  the  respiration  and  circtdation. 

Alii, III  nil  tin:  Ji'ix/iiriilioii. — In  the  early  stages  of  the 
induction  of  ana-sthesia  the  resjiiiation  takes  part  in  the 
general  stinudation  or  excitation  w  Inch  is  usually  present 
at  this  time.  We  therefore  observe  an  increase  in  the 
late.  depth,  and  vigor  (d'  the  icspirator)'  movements.  As 
nai'cosis  appears  these  subside,  beconung  progressively 
shallower  and  shallower  as  the  action  of  the  anaesthetic 
increases,  and  finally  ceasing  altogethi-r  after  a  period  of 
irregidarity  as  the  medulla  is  |)aralyzed.  These  state- 
ments r<'fer  to  the  simple  action  of  an.-esthetics  u]n>n  the 
function  of  n'spiration.  and  ilo  not  take  into  account  the 
coniplieations  which  ari.se  from  ceitain  states  of  the  cir- 
culation and  from  alti'iations  in  the  suppl}' of  oxygen, 
as  nu't  in  actu.-d  juactiee 

'I'he  ell'ect  of  these  factors  will  be  considered  in  the 
following  paragraidi.  and  later  imdcr  the  heading, 
I'henomena  of  Ana'sthi-sia. 

Ar/iiiii  "II  the  CuT'i/iitiiiii. — The  maintenance  of  the 
circulation  deix'iids  upon  the  integrity  of  a  nundier  of 
factiprs:  the  action  of  the  heart,  its  nervous  control,  in- 
trinsic and  central,  the  tone  of  the  vasomotor  mechanism, 
and  the  continuance  of  the  res|)iration.  Ana'sthctics  are 
apparently  capable  of  alTecting  the  circulation  through 
each  of  tlu'se,  and  the  matter  is  consecjuently  a  complex 
one.  An  admiidsiration  so  conducted  as  to  produce  un- 
complicated narcotism,  gradually  increased  till  death, 
would  cause  the  following  changes  in  the  circulation: 
After  a  period  of  stinuilation.  in  which  the  heart's  action 
was  increased  in  rate  and  force,  it  would  subside  to  nor. 
mal  and  below:  the  l)iood  prcssm-c,  at  hist  elevate(l, 
would  fall  from  vasomotor  jiaraly.sis  and  cardiac  en 
IVeblement.  and  with  sto]ipa,geof  the  respiration  the  heart 
would  sutler  from  the  withdrawal  of  this  effective  aid  in 
maintaim'ng  the  circulation,  from  the  I'esistance  due  to 
stoppage  (d'  the  circidation  in  the  lungs  and  from  non 
aeration  of  the  blood.  Already  iidlucn('e<l  by  the  ii^.^rcas-  ^ 
ing  ])aralysis  of  the  meilulla  ami  its  own  intrinsic  ganglia, 
the  beait's  action  wonl<l  now  become  more  and  more 
inetlicient,  and  wotdd  cease  afti'r  a  period  of  iriegidarity. 

Such,  in  brief,  wmdd  seem  to  be  the  mode  of  action  of 
an.-esthetics  on  the  I'l-spiration  and  circulation,  but  clinical 
experience  has  furnished  an  abundance  of  facts  indicat- 
ing that  un<ler  certain  conditions  Ibis  sequence  of  events 
may  be  strikingly  alli'fed.  Deaths  have  occurred  at  all 
periods  of  the  narcosis,  in  many  instances  before  loss  of 
consciousness  ami  from  but  a  few  "whilTs"  of  the  ana-s- 
tlietic.      Some  of  these  cases  have   presented  primarj- 
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failure  of  the  respiiatioii.  Iiut  in  others  tlie  eireulation 
lias  (listiiietly  failed  first.  In  the  hope  of  eleariiif;  up 
these  points,  numerous  experinu-ntiil  iiivesti;;ations  have 
been  undertaken,  notably  those  of  the  Koyal  Medieal  and 
Cliirurgieal  Society  of  [iondon.  the  Glasgow  eoniniittee 
of  the  British  Medical  Association,  the  Ilyderaliad 
Clilorofoi'ni  Commissions,  as  well  as  those  of  Keiehert, 
"Wood.  MacWilliani,  Gaskell,  Shore.  Hare.  Hill,  and 
others.  These  investijiations  all  relate  to  the  action  of 
ana'stheties.  iiartieularly  of  chloroform,  on  the  circula- 
tion and  respiration ;  and  while  on  many  points  they  are 
in  perfect  accord,  there  is  jrreat  ditfcrence  of  opinion  as 
to  whether  deaths  from  anaesthetics  are  due  primarily  to 
action  on  one  or  the  other  of  these  functions,  some  con- 
tending that  the  respiration  invariably  fails  first,  other.s 
that  the  heart  may  lie  directly  jjaralyzed  and  fail  before 
the  respiration.  The  conclusions  of  the  Hyderabad 
Chlorofoi-m  Commissions  on  this  point  are  thus  clearly 
expressed : 

"The  inhalation  of  ehloroft)rm  vajior.  no  matter  in 
what  doses  or  in  what  manner  carried  out.  cannot  kill 
a  dog  by  acting  directly  upon  its  heart.  We  must 
invariably  affect  the  nervons  mechanism  of  resjiira- 
tion  before  involving  the  cardiac  centres  of  the  medulla 
oblongata  or  affecting  the  contractions  of  the  ventricles 
and  auricles  to  any  extent.  The  conuiiission  further 
consider  that  chloroform  vapor  administered  to  dogs 
never  kills  by  acting  on  the  intracardiac  ganglia  either 
primarily  or  .secondarily.  It  is  impossible  to  produce 
syncope  from  chloroform  in  dogs.  The  commission  are 
of  the  opinion  that  in  the  dog  the  danger  to  life  from 
chloroform  inhalation  arises  only  when  the  cells  of  the 
respiratory  centres  (both  respiratory  and  exjiiratory)  of 
the  medulla  oblongata  have  their  fun<-tions  interfered 
with." 

These  positive  assertions  of  the  tirst  Hyderabad  Chloro- 
form Commission  were  the  outcome  of  ("irefully  and  ably 
conducted  experiments  on  one  hundred  and  forty-one 
dogs  in  the  year  1888.  They  were  so  ojiposed  to  clinical 
evidence  and  to  the  results  of  the  experiments  of  the 
Glasgow  Committee  and  others,  that  their  deductions  were 
not  generally  aece]ited  as  ap]iliealile  to  man.  A  second 
Hyderabad  Chloroform  Commission  was  held  in  the  fol- 
lowing year.  The  ex|)eriments  nvmibered  five  hundred 
and  eighty-eight.  They  were  conducted  chiefly  upon 
dogs  and  monkeys  on  thoroughly  scientific  jirinciples 
and  "were  designed  to  show  the  effect  upon  the  blood 
pressure,  heart,  and  respiration  of  the  inhalation  of  chloro- 
form, ether,  and  the  A.  C.  E.  mixture,  administered  in 
various  ways  and  under  varying  conditions."  The  re- 
sults of  this  conunission  were  the  same  as  those  of  the 
first,  and  the  following  conclusions  relative  to  the  action 
of  anaesthetics  upon  the  respiration  and  circidation  are 
sufflcient  for  the  present  pinpose : 

"Chloroform,  when  given  continuously  by  any  means 
which  insures  its  free  dilution  with  air,  causes  a  gradual 
fall  in  the  mean  blood  pressure,  provided  the  animal's 
respiration  is  not  impeded  in  any  way,  and  it  continues 
to  breathe  quietly  without  struggling  or  involuntary 
holding  of  the  breath,  as  almost  always  hapjiens  when 
the  chloroform  is  .sufficienlly  diluted.  As  this  fall  con- 
tinues, the  animal  first  becomes  insensible,  then  the  respi- 
ration gradually  ceases,  and  lastly  the  heart  stojis  beat- 
ing. If  the  chloroform  is  less  diluted  the  fall  is  more 
rajiid,  but  is  always  gradual,  so,long  as  the  other  condi- 
tions arc  maintained;  and  however  concentrated  the 
chloroform  may  be,  it  never  causes  sudden  death  from 
stoppage  of  the  heart.  The  greater  the  degree  of  dilu- 
tion the  less  rapid  is  the  fall,  until  a  degree  of  dilution 
is  reached  which  no  longer  appreciably  lowers  the  blood 
pressure  or  produces  ana-sthesia.  If  the  administration 
of  the  chloroform  is  stopped  at  an  early  sta.ije,  the  pres- 
sure very  soon  begins  to  rise  again,  and  gradually  lie- 
comes  normal:  but  if  the  chloroform  is  pushed  further, 
there  comes  a  time,  not  easy  to  define,  when  the  blood 
pressure  and  respiration  will  no  longer  be  rcsloreil  spon- 
taneously, allliough  the  heart  continues  to  lieat  after  the 
inhalation  is  stopped.  .   .  .  Comiilete  stoppage  of  respi- 


ration always  means  tliat  an  overdo.se  has  been  admin- 
istered." 

The  experiments  of  this  commission  with  ether  were 
few  and  unsatisfactory. 

Laurie,  who  was  a  member  of  both  Hyderabad  chloro- 
form commissions,  has  very  conci,sely  stated  his  views  on 
the  action  of  chloroform  relative  to  the  resi^iratiou  and 
circulation  as  follows: 

"  1.  Dnrhig  the  first  stage  (from  the  commencement  of 
the  inhalation  to  the  point  where  ana'sthesia  is  complete) 
chloioform  narcosis  affects  inimarily  ami  immediately 
the  vasomotor  centre.  This  dilates  the  arterioles,  and  the 
blood  pressure  falls  continuously  throu.ghout,  and  as  the 
narcotic  action  of  the  chloroform  increases,  consciousness 
is  abolished,  the  reflex  functions  of  the  brain  and  spinal 
cord,  other  than  those  necessary  to  sustain  life,  are  also 
aboli.shed,  and  the  jicriod  terminates  with  complete  amcs- 
thesia,  with  or  without  some  narcosis  of  the  respiratory 
centre.  We  all  know  that  .sometimes  before  auiesthesia 
is  complete,  stertorous  breathing  is  set  up. 

"  2.  During  the  .second  stage  (between  the  point  of  com- 
plete anaesthesia  and  sto])page  of  the  reS]nration).  while 
the  narcosis  of  the  vaso-inotor  centre  continues  and  be- 
comes fully  developed,  the  resjiiratorv  centre  is  gradually 
completely  narcotized.  During  this  stage,  the  fall  of  the 
blood  pressiu'e  is  ilue  in  the  first  instance  to  the  comijle- 
tion  of  vasomotor  narcosis,  and  in  the  second  to  weaken- 
ing of  the  heart  from  narcosis  of  the  respiratory  centre 
and  failure  of  the  respiration.  It  is  not  possible  to  say 
exactly  when  the  vasomotor  fall  ends  and  the  cardiac  fall 
begins;  a  great  deal  will  depend  on  the  strength  of  the 
heart  at  the  beginning  of  the  period  at  which  narcosis  of 
the  respiratory  cent  re  sets  in. 

"■J.  During  thethird  period  (from  the  point  of  stoppage 
of  the  respiration  to  death  from  failure  and  stojipage  of 
the  heart),  the  respiration  having  ceased,  the  nutrition  of 
the  heart  fails,  and  with  completion  of  cardiac  failure 
the  blood  pressure  falls  too,  and  terminates  in  death  at 
zero.  Death  is  not  due  to  asphyxia  or  to  syncope,  but 
to  failure  of  the  nutrition  of  tlie  heart  after  stoppage  of 
the  respiration  just  as  it  is  in  bullet  wounds  of  the  brain." 

Brimtoii.  w  ho  was  a  member  of  the  second  Hyderabad 
Chloroform  Commission,  lias  thus  expressed  his  opinion 
on  the  points  under  consideration:  "I  have  stopped  the 
pulsiitions  of  an  animal's  heart  li}-  blowing  chloroform 
vapordirectly  into  the  lungs.  But  what  I  wish  to  main- 
tain is.  that  notwithstanding  all  this,  when  chloroform 
vajior  is  inhaled  in  the  usual  way  by  inspiratory  efforts 
of  the  ]ialient  himself  it  does  not  stop  the  heart,  but  first 
acts  uiion  the  respiratory  centre,  and,  by  stopping  the 
breathing,  prevents  a  quantity  of  chloroform  sufficient 
to  stop  the  heart  from  reaching  that  organ." 

The  elaborate  ex]ierinients  of  Mac'\Villiam  followed 
closely  those  of  the  Hyderabad  Chloroform  Commission, 
and  his  conclusions,  from  ex|ierinients  performed  mostly 
on  cats,  are  at  considerable  variance  with  theirs.  A 
number  of  the  more  important  ones  ar<'  as  follows:  "  Dur- 
ing chloroform  ana'sthesia  the  blood  pressure  is  lowered 
and  the  heart's  action  is  weakened.  Dilatation  of  the 
heart  occurs  to  an  appreciable  extent,  even  when  chloro- 
form is  administered  gently,  mixed  with  abundance  of 
air  (under  four  per  cent,  of  chloroform  vapor  in  the  air). 
Dilatation  may  occur  even  before  the  conjunctival  reflex 
is  abolished.  The  dilatation  affects  all  parts  of  the  heart, 
more  or  U'ss — the  left  side  as  well  as  the  right.  It  is  not 
due  to  changes  in  the  pulmonary  circuit.  The  dilatation 
is  not  due  to  th<'  accom]ianying  fall  of  pressure,  to  the 
diminisheil  resistance  to  the  ventricular  systole,  or  to  the 
diminished  blood  supply  through  the  coronary  arteries. 
Dilatation  does  not  result  from  a  similar  fall  of  pressure 
brought  about  liy  means  other  than  chloroform — for  ex- 
ample, arterial  relaxation  caused  by  section  of  vaso-motor 
nerves.  Dilatation  under  chloroform  often  occurs  very 
quickly,  bet'oie  there  is  any  fall  of  pressure,  iloreover, 
when  the  <lil:italion  has  followed  a  fall  of  pressure, 
it  is  not  removed  by  artilicially  raising  the  pressure — 
for  cxamiile,  by  compression  of  the  abdominal  aorta. 
There  is  no  distinct  change  in  the  rate  of  the  heart's 
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aftion  wlicn  (lilatatioii  (iciiiis.  A  sudden  and  ((iiii- 
plcte  cessation  of  tlic  t-ardiac  iliyllim  is  ncviT  cavised 
by  the  inlialalion  of  cldorofomi.  Canliac  failiuc  occurs 
l)y  a  more  or  less  sudden  enl'eelilenient  and  dilatation  of 
the  orjiaii.  not  by  a  sudden  complete  cessation  of  ihyllun. 
The  tone  of  the  heart  nluscle  is  depressed,  the  cardiac 
walls  become  ridaxeil,  and  llie  functional  eHlcieney  of 
the  orpin  is  im|iaire\l.  WIkmi  the  hearl  becomes  greatly 
dilated  it  fails  to  be  an  elfeclive  force  in  ki'epinj:  up  the 
cir<ndation,  while  its  rhylhmie  moveineni  slid  contiiuies 
— thouirh  so  feebly  as  to  be  inelHeienl.  Cardiac  fail u re 
sometimes  occurs  in  this  way  a  C'onsiderable  time  before 
the  respiration  stops,  thouuh  i;-enerally  the  respiration 
stops  before  the  lieart  has  become  ini-apacitated.  The 
depressini;  influence  of  chloroform  on  thi'  heart — leading' 
to  dilatation  of  its  cavities — is  not  exerted  llirou;;h  the 
vauus  nerves,  Init  is  a  direct  cll'ecl  id'  the  dru;:  upon  the 
<'ardiac  mechanism.  Section  of  both  \airi  does  not  <ib- 
viate  the  weaUeninir  and  dilatius  iidluence  of  chloroform 
upon  the  hearl.  The  weaUcuin?;  and  dilatin,!X  effects  of 
chloroform  are  sometimes  manifested  in  tolerably  ei|\ial 
de,!;rces  on  both  auricles  and  ventricles;  but  sometimes 
more  readily  upon  the  auricles,  and  at  other  tiniis  upon 
the  ventricles, 

"The  contrasi  between  the  relation  to  the  h<'ait  s  ac 
lion  <<(  chloroform  and  ether  in  ana'slliclic  doses  is  very 
marked,  Willi  chloroform,  cardiac  dilatation  frecpUMilly 
occurs — and  often,  indeed,  a  very  marked  dilatation — 
before  the  coiijunclival  retlex  is  abolished.  With  ether, 
the  induction  of  ana'sthesia  with  complete  abolition  of 
the  conjunctival  reflex  has  not  been  attended  by  any 
noteworthy  dilatation;  indeed,  elfeets  of  a  stimidatiiijr 
character  have  sometimes  been  observed,  and  the  iiecul- 
iar  periodic  ventricular  dejiression  sometimes  follcjwini; 
chloroform  has  been  seen  to  be  removed.  The  occur- 
rence of  fibrillar  contraction  (delirium  cordis)  does  not 
ajijiear  to  be  a  primary  mode  of  cardiac  failui-e  from  the 
inhalation  of  chloroform  in  the  healthy  animal,  though 
it  may  sometimes  supervene  when  the  heart  has  become 
distended  and  inca]iaeitated  by  chlorofoiiii.  The  fall  of 
tdood  pressure  under  chloroform  is  in  its  earlier  staii'es  due 
mainly  to  the  depressing'  efTecl  of  the  anasthelic  on  the 
vaso-motor  centre,  preceded  (d'len  by  a  slinlit  stimulation  ; 
the  laterstai^es  are  associated  with  failure  of  the  hearl  as 
■well  asof  till'  vaso  molorceiilre.  The  rc'lalive  occurrence 
of  cardiac  dilatation  ami  vasomotor  depression  varies 
Sometimes  the  heart  liefrins  to  dilate  early — before  there 
is  any  fall  of  pressure,  at  other  times  a  larjre  fall  of  )ires- 
sure  may  occur  before  cardiac  dilatation  becomes  marked. 
In  certain  circumstances,  when  chloroform  is  very  sud- 
denly taken  in,  a  danf;erous  dose  may  be  idisorbi-d,  and 
the  heart  may  become  seriously  alTecteil  Infun-  the  vaso 
motor  centre  lias  had  lime  to  be  much  depressed," 

H.  C'.  Wood  hastriiinhtfor  years;  "  First,  thai  alllion,i:h 
ether  in  moderate  doses  acts  as  a  stimulant  to  the  circula- 
tion, yet.  in  overwhelmiii!;  amount,  it  is  ("i]iable  of  de- 
pressin,!;  the  heart;  but  that  such  depression  of  the  heart 
is  always  less  than  the  depression  of  the  respiration,  and 
therefon-  ether  kills  always  tliroiii;li  the  res|iiralioii. 
Secondly,  that  chloroform  may  produce  death  by  par- 
alysis of  the  respiratoiy  centre,  or  by  a  siniiiltaneous 
arrest  of  respiration  and  circnlation.  bul  that  ]iriiiiary 
jiaralysis  of  the  heart  may  occur,  and  is  especially  pronc' 
to  do  so  when  the  chloroform  vapor  has  been  ,!,'-i\cn  in 
concenlrated  form," 

Reichert,  Wood,  and  Hare  a;,'reed  that  "chloroform  is 
a  cardiac  paralysant  and  often  does  kill  doas  by  a  direct 
action  upon  the  heart  or  its  contained  ,!;an^■lia."  The 
coni-lusions  f)f  the  Ilyderaliad  Chloroform  Commissions 
induced  the  two  last  named  to  restudy  the  subject,  ^vith 
the  result  that' they  "detinitely  jiroved  that  in  the  dog 
chloroform  has  a  distinct,  direct,  paralyzing  inllnence  on 
both  respiration  ami  circulation  ;  that  the  respiralion  may 
cease  before  the  heartbeat,  or  the  two  functions  be  simu- 
tiineously  abolished;  liut  that  in  some  cases  (he  heart  is 
arrested  before  resiiiration.  We  have  several  times  .seen 
the  respiration  contiinu^  as  long  as  one.  and  even  two 
mimites  after  the  blood  pressure  has  fallen  to  zero,  and 


the  pulse  lias  completely  disiippeared  from  the  carotid 
artery.  ...  In  a  series  of  experiments  1  have  recently 
made  myself  jWood]  to  determine  the  changes  in  the  cir- 
culation produced  when  ether  amesthesia  is  carried  on  to 
death.  I  have  found  that  in  the  tirsl  periods  of  anieslliesia 
the  blood  pressure  is  usually  elevated,  and  that  it  is  usu- 
ally ipiite  hiuli  at  the  lime  when  I  he  respirations  ari' very 
shallow  and  imperfect,  and  tin-  dark  color  of  the  blooil 
shows  that  it  is  heavily  charged  with  carbonic  acid.  It 
is  not,  however,  very  rare  for  the  blood  pressure  lore- 
main  near  the  normal,  and  I  have  seen  the  blood  pressure 
begin  to  fall  in  the  very  first  sUi.ges  of  ether  amesthesia: 
moreover,  in  at  least  two  experiments,  dealli  occurred 
from  syncope,  the  respiration  contiiiuiiig  for  one  or  two 
minutes  after  the  complete  cessation  of  the  respiration. 
...  So  far,  then,  as  r-oncerns  the  method  in  which  ether 
and  clildi'id'orm  kill.  I  claim  most  urgently  that  there  is  no 
conlradiclion  belueen  the  results  as  obtained  by  the  bed- 
sides and  in  the  physiological  laboratories,  and  that  a 
coniplete.  bniad  study  of  the  clinical  and  cxiierimental 
evidence  leads  to  one  conclusion,  nauKdy,  that  chloroform 
and  el  her  are  cajiable  of  iiaralyzing  the  respiralion  and 
ilie  circulation ;  that  in  some  cases  one  function,  in  other 
eases  the  other  function,  is  primarily  arrested;  but  that 
el  her  is  less  prone  to  produce  a  primary  arrest  of  the 
heart  than  chloroform.'' 

Leonard  Hill  has  ma<le  a  large  number  (d'  valuable  ex- 
periments and  observations  on  the  action  of  ana'slhetics 
with  reference  to  the  respiration  and  circnlalion,  the  re- 
sult of  which  is  indicated  by  the  following  conclusions; 

"  Chloroform  acts  upon  three  jiarts  of  the  economy  ;  (1) 
the  heart,  (i)  the  respiratory  centre,  (li)  the  arterioles. 
I!y  itsaclion  on  the  arterioles,  chloroform  docs  not  pro- 
duce directly  fatal  results,  but  inasmuch  as  it  dilates 
these,  it  lowi'i's  llie  blood  pressure  and  produces  ameniia 
of  the  res|)iralory  centre.  This  is  a  most  imi)ortant 
factor  in  regard  to  (he  sloppa,ge  of  respiration.  .  .  .  The 
acticiii  of  chloroform  UI1011  the  respiratory  centre  is  two- 
fold. It  is  partly  indirecl.  as  we  have  just  sttited,  and 
p:iilly  a  direct  action  of  the  chloroform  ilsi-lf  upon  the 
centre'.  Arrest  of  respiration  will  be  most  easily  jiro- 
duci'd  whi'ti  both  these  conditions  of  aiia'inia  and  cliloro- 
form  act  togelher  on  the  centre.  If  the  centre  lie  much 
damaged  by  aiKemi.-i.  far  less  chlondorm  will  arrest  its 
action  than  wlii'ii  it  is  well  supplied  with  blood.  And 
both  these  conditions  are  presentduring  prolonged  anses- 
tliesia.  This  is  tlieexplanation  of  death  from  res|urat<)ry 
failure  after  chloroform  li;is  been  administered  for  .some 
time.  Partly  from  the  shock  of  operation,  jiartly  from 
IIh'  |irolonged  action  of  chloroform  on  the  heart  anil 
arlerioles,  the  circulation  through  tlii'  respiratory  centre 
has  been  ebbing  and  ebbing  unlil  the  centre  is  no  longer 
aide  to  bear  up  under  the  degree  of  ana'inia  so  produced, 
combined  with  the  ile]U'essing  elTccls  of  the  amount  of 
chloroform  which  happens  at  that  moment  to  bi- admin- 
istc^red.     Thus  the  respiration  ceases,   ,    , 

"lint  tli<'  action  of  chloroform  upon  the  heart  is  a 
mueli  nior<' serious  matter.  When  chloroforni  dilates  the 
cavities  of  the  hearl.  the  ])ower  recpiired  lo  empty  llu'in 
ini-reases  as  the  cube  of  their  radius,  yet  at  the  same  time 
the  power  of  the  jioisoiied  muscle  is  directly  diminished. 
There  are  thus  two  factors  acting  in  the  arrest  of  the 
heart;  (I)  the  distention  of  its  cavities  and  {'i)  the  direct 
weakening  of  its  muscle." 

In  the  cross-circulation  ex]ierimenls  of  (Jaskcll  .and 
Shore,  in  which  the  brain  of  oncsinimal  was  .supplied  with 
blood  from  another,  whereby  "chloroform  could  be  sent 
lo  the  vasomotor  centre  witlioul  being  siMit  to  the  heart, 
or  lotlie  heart  without  reaching  the  vaso  motor  cenlre.  it 
was  shown  that  the  vaso  motor  cenlre  was  not,  at  any 
rate  at  first,  (le])ressed  by  chloroform,  while  the  heart  was 
primarily  alTected.  and  that  this  weakening  was  the  cause 
of  the  fall  of  blood  pressure."  Kirk  has  advanced  a 
theory,  acconntiiig  for  "  primary  chloroforni  syncope," 
f>f  wiiic'h  he  has  given  this  bri<d' description ;  "The  way 
to  jiroduce  the  jirimary  synco|ie  with  certain  ameslhelic 
vapirrs,  more  especially  with  such  chlorine  compounds 
as  bichloride  of  niethvleuc  and  cliloiofurm.  is  to  charge 
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(Ill' air  ill  llic  luug.s  witli  a  certain  jiroportioii  of  tlic  vapor 
dl' llicsc  siilistanccs.  to  allow  it  a  short  time  to  act,  and 
then  to  let  it  escape  b_v  perinittins  the  patient  to  lircathc 
ti'esli  air.  Tlie  escape  of  tlie  vapor  under  these  circuni 
stances  is  iininediately  fiilliiwed  by  a  violent  reaction  in 
the  circulation,  alli'iidcd  with  a  dangerous  liability  to 
syncope;  this  reaction,  ill  fact,  does  lead  to  syncope  in 
nuineidus  instances,  and  the  syncope  so  induced  may 
prove  fatal."  H(^  further  refers  to  this  reaction  as  a 
"reverse  movement  of  the  reflex  meehanisni."  and  states 
that  "  here  is  to  lie  found  the  solution  of  the  enigma  of 
chloroform  synco]ie  and  of  all  supposed  anomalies  in  the 
action  of  chloroform." 

The  investijiations   referred  to,   anil    many   others   of 
wliicli  the  limitations  of  this  article  will  not  permit  men 
tiini.    .seem   lo   prove    that  ana'sthetics  are   capable   of 
dangerously  atf'ecting  the  heart  by  reason  of  their  direct 
action  uiKin  it. 

The  local  action  of  anaesthetics  upon  the  lungs  has  re- 
ceived considerable  attention.  The  Glasgow  Comuiittee 
noted  the  fact  that  "  chloroform,  when  administered  by 
the  lungs,  produces,  as  a  direct  local  action,  such  a  change 
in  the  walls  of  the  ves.scls  as  to  cause  ...  a  retardation 
and  stoppage  of  the  circulation  in  the  lungs,  first  in  the 
capillaries,  then  in  the  arterioles,  and  subsecjueutly  in 
the  larger  vessels  "  ;  in  this  way  acting  as  an  obstruction 
to  both  respiration  and  circulation. 

Holsclier  has  arrived  at  the  following  conclusions  re 
garding  the  action  of  ether  upon  the  lungs  "Aside  from 
a  .slight  increase  of  mucous  secretion,  etlier  vapor  has  no 
other  irritative  action  on  the  traclieo  bronchial  mucous 
membrane.  The  glLstening  appearance  of  the  brmi 
chial  and  ti-aclieal  epithelium  is  not  altered  during  nar 
cosis. " 

The  action  of  ana-sthetics  on  the  kidneys  has  been 
extensively  studied  both  clinically  and  exiierinientally. 
Clinically  it  has  been  shown  that  in  the  deeper  degrees 
of  aniesthesia  the  urine  is  more  or  less  suppressed  and 
contains  albumin  in  a  considerable  percentage  of  eases. 
Weir  has  reported  observations  on  the  urine  in  ^4  care 
fully  selected  cases,  excluding  operations  upon  the  ab 
domen  and  the  genito-uriiiaiy  nrgaiis.  All  were  free  from 
albuminuria  before  etherization,  afterward  9  presented 
a  trace  of  albumin,  the  remaining  S.'j  being  unchanged. 
In  5  cases  presenting  evidence  of  diseased  kidneys  before 
operation,  there  was  no  increase  of  albuminuria  in  3, 
slight  increase  in  2  after  etherization. 

Legrain  fuund  albuminuria  in  10  out  of  54  persons 
after  chloroform  and  in  12  out  of  41  after  ether.  Fnim 
experiments  on  dogs  this  wrilerconsidered  that  thcettccts 
of  ciiloroform  upon  the  kidneys  were  more  lasling  than 
those  of  ether.  Popolf  found  occasional  transient  al- 
buminuria after  ether,  but  in  140  carefully  observed  cases 
he  saw  no  permanent  damage  even  in  those  with  evidence 
of  kidney  disease  before  the  administralion. 

Patein  noleil  transient  albuminuria  after  chloroform 
in  one-third  of  the  cases  observed. 

Thiimpson  and  Kemp,  in  .some  elaborate  experiments 
on  the  "elTccts  of  dilTereiit  aiKvsthctics  on  the  kidneys," 
arrived  at  the  following  conclusions:  "As  regards  ether, 
it  would  appear  that  this  agent  produces  a  xpeeiiil  eon- 
Intctioii  'if  t/ie  niiiil  ivieriolex.  with  a  consequent  damag- 
ing effect  ujion  the  renal  secretory  cells,  similar  to  those 
which  follow  clain]iing  the  renal  arter\'.  The  kidney 
shrinks  in  bulk,  with  consequent  fall  of  the  oncomelric 
tracing,  and  accom])anicd  by  diminution  of  secretion, 
marked  albuminuria,  and,  finally,  suppression.  .  .  .  This 
condition  of  the  kidney  is  nol  due  lo  any  change  in  the 
general  arterial  circulation,  .since  it  occurs  not  only  when 
pure  ether  is  administered,  but  also  in  the  mixtures  in 
which  it  is  a  constitueni,  if  the  semi-closed  or  closed 
method  is  emjdoycd.  .  .  .  Thecffect  of  chloroform  upon 
the  kidneys  seems  to  be  in'/.  The  oncometric  curves  are 
nearly  normal,  and  are  alTeclcd  only  lliroiigh  sharing  in 
general  circulatory  changes.  The  .secrclioii  of  urine  con- 
tinues iqi  to  the  lasl  moment  of  life,  and  the  alliumiiiuria 
is  so  slight  that  its  iircscnce  at  all  is  appareutlj*  due  only 
to  respiratory  interference." 


Chloroform  mixtures  containing  ether  were  found  to 
affect  the  kidneys  in  the  same  inanner  as  chloroform,  if 
administered  by  the  open  method,  as  ether  if  by  the 
closed  method.  Popoll,  Schiif,  Knoll,  and  Wunderlich 
believe  that  the  renal  disturbances  accompanying  etheri- 
zation are  due  "to  general  vaso-motor  disturbance,  and 
not  to  local  kidney  changes  " 

In  heallhy  kidneys  chloroform  is  said  to  cause  albumi- 
nuria more  frcquenlly  than  ether,  wliile  in  diseased  kid- 
neys the  use  of  ether  is  said  to  be  more  dangerous  than 
chloroform. 

These  renal  disturbances  after  ana'stliesia  are  in  direct 
proportion  to  the  amount  of  the  anaesthetic  the  patient 
receives.  The  researches  of  Parasporo.  Thieiii.  Fischer. 
Sclienk,  and  others  show  that  both  ether  and  chloroform, 
particularly  in  their  iirolonged  administration,  are  capa- 
ble of  causing  dcgenei-ative,  inflammatory,  or  necrotic 
changes  in  the  internal  organs, 

A  destructive  action  of  anajsthetics  upon  the  blood 
corpuscles  has  been  disproved,  at  least  in  the  case  of 
ether,  Ijy  the  investigation  of  von  Lerber.  "In  101  eases 
the  blood  was  examined  and  the  hfemoglobin  was,  in  the 
majority  of  instances,  unaltered;  the  corpuscles  were 
found  to  be  liiit  little  changed  either  in  number  or  in 
appearance,  all  hough  some  leucocj'tosis  was  present. 
Spectroscopic  examination  of  the  urine  showed  no  in- 
crease of  urobiliu."  He  concludes,  therefore,  that  ether 
does  not  exert  any  deleterious  effect  upon  the  blood,  as 
claimed  by  Ilermaun,  Da  Costa,  and  others.  The  body 
temperature  under  anaesthetics  lias  been  studied  by 
Kappeler,  Bert,  Hare,  and  others.  Kappeler  found  that 
with  ether  and  chloroform  a  slight  rise  of  temperature 
was  often  oliservcil  during  the  sta.ge  of  excitement. 
Later,  the  temix-rature  fell  from  0.3°  C.  to  1.1°  C.  under 
chloroform,  and  from  O.'d'  C.  to  l.o"  C.  under  ether. 

According  to  the  researches  of  Angelesco  the  tempera- 
ture falls  "during  the  whole  time  an;i;sthesia  lasts.  Tlie 
variation  in  temperature  is  most  marked  during  the  first 
and  second  fifteen  minutes.  The  temperature  fall  con- 
tinues, though  slight,  during  the  deep  sleep  following 
an;esthesia.  Temperature  begins  to  ri.se  at  the  moment 
of  waking." 

The  anesthetics  are  eliminated  almost  entirely  by  the 
breath.  Small  quantities  of  chloroform  have  been  found 
in  the  urine  and  milk  after  ana'stliesia. 

T/ic  Plieiioiiii  lui  (if  Ana-sihesia. — These  depend,  for  the 
most  part,  ujion  the  successive  involvement  and  final 
jiaralysis  of  the  dili'erent  parts  of  the  nervous  s_vstem. 
Narcotics  which  act  rapidly,  as  nitrous  oxide,  allow  few 
]ilienomena.  while  slow-acting  agents,  as  alcohol  or  opium, 
furnish  a  great  many.  Ether  and  chloroform  occupy  an 
intermediate  position  in  this  respect.  While  these  phe- 
nomena are  modified  greatly  by  the  rapidity  with  which 
the  ana'sthetic  is  administered,  their  sequence,  in  usual 
cases,  is  marked  by  several  prominent  jihysiological 
changes,  according  to  which  the  narcosis  has  been  divided 
into  degrees  or  stages.  Of  these  terms,  "degrees"  is  the 
better,  for,  as  Snow  has  pointed  out,  "  the  slighter  degrees- 
of  narcosis  occur  in  the  later  stages  of  the  process,  dur- 
ing the  recovery  of  the  patient,  as  well  as  in  the  begin- 
ning." 

Although  different  authorities  variously  divide  narco- 
sis into  from  two  to  five  stages,  the  four  as  described  by 
Hewitt  present  the  most  distinct  limitations.  Brictiy 
outlined  they  are  as  follows:  1.  The  period  of  conscious 
inhalation.  2.  The  period  of  unconsciousness  wilh  im- 
perfect anaesthesia.  ;S.  The  period  of  perfect  ana'stliesia. 
4.  The  period  of  excessi\e  and  dangerous  narcosis.  The 
phenomena  of  these  periods,  briefly  stated,  are  as  follows: 

1.  J'/ie  Peri od of  Voniicionx Inhahit lull. — The  odorof  (he 
agent  is  first  apjireciated.  and  if  it  be  |iungeiit  and  strong, 
the  regularity  of  the  respiration  will  be  interrnplcd  by 
delayed,  hi'silaling,  and  imperfect  insiiinitious,  closure 
of  the  glottis,  swallowing  movements,  choking,  cough, 
smothering  and  sulTocativc  sciKSJitions  with  consequent 
fear,  struggling,  and  resistance.  After  a  few  rcs]iira(ion.s 
(he   following  maybe  experienced:  gcuenil  exbilanilion 
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the  ears,  dizziness,  exaggeration  of  liearina;  (renderiiiir 
normal  soumls  .excessive),  Mashes  of  lijilit.  ninii1)iii'ss. 
linglin.s,  and  a  fVeling  of  weight  and  .stilfness  in  the  e.\- 
treniities,  emotional  feelings,  sinking  sensiitioiis.  and  a 
feeling  of  impending  iineoii.scionsne.ss.  Inereased  tlow 
of  tears  and  saliva  is  common  iu  tliis  stage,  due  most 
likely  to  the  pnngeney  of  the  vapor. 

'I'lie  i)ulse  at  this  time  dei)ends  more  upon  the  mental 
state  of  the  jiatienl  tlian  upon  any  action  of  thcanius- 
tlietic.  The  ra]iid  heart's  action  commonly  noted  is  diu- 
to  nervousness  or  fright.  an<l  if  the  latter  is  excessive, 
more  or  less  shock  may  be  present,  wilh  rapid,  small 
pulse,  |)allor,  and  jirostralion. 

The  respiration  is  usually  normal  excei)t  as  above  noted. 
The  pupil  is  variable,  beingaffected  by  other  thingsthaii 
tlieana'stlietic.  Dilatation  of  the  pupil  is  not  uneonnnon 
at;  this  time,  particularly  in  nervous,  apprehensive  pa- 
tients. 

2.  The  Periiitl  of  UiiconscioHsncsx  irilh  Jiiip(  rj'irf  Aikvk- 
l/iiniii. — Consciousness  is  lost  suddenly,  as  a  rule,  and 
at  about  the  same  time  disordered  cerebration  becomes 
manifest  through de'iirious  expression  and  action,  includ- 
ing laughing,  crying,  irrational  talking,  shouting,  sing- 
ing, hallucinations  of  sight  and  hearing,  struggling, 
tigliting,  etc.  These  manifestations  may  increase  to  a 
certain  point  and  then  subside  gradually  or  sndilenly; 
speech  becoming  more  and  more  ineohen'nt  and  inaitic 
ulate.  and  linally  ecasingaftera  ])eriod  of  mere  [ilionation. 
Muscular  action  becomes  more  and  more  incooidinate, 
and  a  jieriod  of  general  muscular  rigidity  of  a  tonic  char- 
acter frequently  precedes  the  tinal  relaxalion.  Occasion- 
ally, clonic  movements  and  tremors  oceui-  during  Ihis 
pcuiod. 

There  is  usuiilly  an  increased  How  from  the  lachiymal 
and  salivary  glands.  Tlie  pulse  becomes  full,  bounding. 
and  rapid, 'often  reaching  the  rate  of  140  (jr  Hid,  anil, 
under  cldoroform.  often  invsents  considerable  irregular- 
ity. The  l)lood  pressure  is  increased  and  the  body  tem- 
perature elevated.  The  color  is  heightened,  es])(.'cially 
about  the  face,  neck,  and  chest,  and  a  bright  red  sjiottcd 
rash  (similar  to  the  eruption  of  measles)  not  infrecpiently 
appears  on  these  jiarts  from  ether,  and  has  been  called  the 
■'(!lher  rash."  Profuse  ])erspinition  is  common.  The 
respir.ilion.  sharing  in  the  general  excilation.  becomes 
exaggerated,  often  excessively,  and  is  liable  to  some  de 
gree  of  o!)struetion  from  one  or  more  of  the  following 
causes;  (I)  Stertor:  (2)  stridor:  (S)  rigidity  of  the  res- 
piratory muscles;  (4)  valve-like  action  of  the  pharynx, 
cheeks."  lips,  and  nostrils;  (."))  foreign  matter  in  tlu'  air 
passages. 

(1)  The  stertor  present  at  this  time  is  usu-illy  of  a  re 
fl(\\  character  and  is  frequently  assiK'iab'd  willi  dcpriva 
tion  of  oxygen  from  loo  rajiid  aihniniNtration. 

(2)  .Stridor  is  also  retlex  and  is  due  to  spasmodic  closure 
of  tin;  glottis.  It  may  be  caused  by  the  pungency  of  the 
vaiMir  or  other  irritation. 

(3)  The  respiratory  nuiscles  may  take  part  in  the  gen- 
eral tonic  muscular  "rigi<lity.  to  the  extent  of  preventing 
the  rcs]iiiatory  movements  more  or  less  completely,  and 
alarming  asphyxial  stales  maybe  brought  about  in  this 
way.  This  phenomenon  is  usually  associated  wilh  too 
rapid  administnition  of  the  aiucstiielic'  and  conseipient 
limitalion  of  air. 

(4)  Mechanical  obstruction  to  respiration  may  r.'sull 
from  valve  like  action  of  the  pharynx,  cheeks.  Ii|is,  and 
nostrils,  favored  by  the  vigorous  respiration  present,  if 
tlu'  oral  airway  is  obstructed  by  reason  of  closuri'  of  the 
jaws,  the  presence  of  perfect  teeth  and  rigidity  of  the 
lips  and  clu'eks,  the  nasal  apertures  will  often  be  inade 
((uate  to  the  rush  of  air  on  inspiration  and  the  normal 
action  of  tin;  dilator  muscles  of  these  oriliei'S  will  be 
overcome!  by  the  resulling  suction  force.  The  ale  na>i 
will  be  drawn  together,  and  there  is  then  a  tendency  to 
the  production  of  a  vacuum  in  the  cavities  of  the  nares, 
the  mouth,  and  the  pharynx  on  ins|iiration.  In  conse 
((uence  of  this  the  tongue,  the  epiglottis,  and  the  walls  of 
the  pharynx  are  drawn  together  over  the  laryngeal  ojien- 
ing,  and  complete  meehauieil  obstruction  may  thus  be 


brought  about,  favored  by  the  hypera-mia  and  swellinir 
of  all  of  these  parts  which  lake  place  at  this  time,  as 
pointed  out  by  Ib'witt.  Obstrnclion  to  exjiiration  is 
often  ob.served  at  this  stage.  It  is  the  result  of  clo.sure 
of  the  mouth  and  forward  movement  of  the  t<ingue 
against  Ihe  teeth,  coupli-d  wilii  a  valve  like  action  of  the 
soft  palate  resulting  in  closureof  the  naso  pharyngeal  air- 
way. 'I'll is  produces  a  ]iulling  form  of  exjiiration  accom- 
panied by  blowing  uj)  of  Ihechecks  and  not  iid'requeully 
by  ex|iiralorv  sterlor.  .Muscular  rigidity  of  tlie  parts  in 
iiuestion  plays  a  prominent  part  in  lliese  forms  of  respira- 
tory ob.struction.  The  jaws  are  often  s<'t  by  spasm  of 
Ihe  massc'ters,  IIk!  cliecUs  rigid,  and  the  lijis  lirinly  closed 
or  ]iursed  up  by  muscidar  action. 

(■"i)  -Mucus  and  saliva — which  are  formed  freely  in  this 
jieriod — often  produce  soiiu-  degree  of  obstrnclion  lo  res- 
plrati<iti  by  being  drawn  inio  the  larynx  and  trachea. 
The  same  is  true  of  products  of  vomiting  which  may 
oeeurat  this  lime.  Duskiness  or  cyanosis  ajipearsin  pro- 
porlion  to  the  amount  of  obstruction  iiredueed  in  these 
various  ways.  During  Ihis  period  the  retlexes are  active, 
allhough  in  its  later  stages  they  become  sluggish.  The 
pupil  is  variable.  There  is  a  tendency  towarrl  dilatation 
in  Ihe  eai'ly,  and  toward  contraction  in  the  later  stages 
of  Ihis  period. 

.\s  Ihe  narcosis  deeliens,  these  phenomena  of  excitation 
subside.  The  muscles  relax,  IIk^  pulse  and  respiration 
assume  more  normal  charaet<-rislics,  aiucsthesia  becomes 
complete,  and  the  patient  passes  into  Ihe  third  period  of 
narcosis. 

;'.  77ie  jii'i'i'iil  iif  pirfii-f  (iiKi'Kllitsiii  is  characteri/ed  l)y 
complele  muscular  n4axat  ion  ;  by  absence  or  marked  slug- 
gishness of  the  lid  and  of  conjunelival  or  corneal  retlex: 
by  a.  stale  of  Ihe  impil  wlii<h  under  ether  is  somewhat 
<lilated,  under  chlorororm  si>mewhal  eonlrai-leil.  and  ihe 
reaelion  of  which  lo  light  is  sluggish  or  absent,  and  by 
a  slale  of  the  respiialioii  and  cireulalion  not  markedly 
dilferent  from  normal,  the  n-spiration  being  inclined  to 
sterlor  of  a  jialaline  or  snoring  character.  In  the  early 
stages  of  Ihis  degree  tin' sensibility  of  ordinary  jiarts  is 
abolislied.  but  ceiiain  special  localilies.  as  the  anus,  peri- 
neum, bladder,  malrix  of  greal  loe  nail.  elc.  are  not  in- 
eajKible  of  causing  relii'X  res]ionsc  lo  irrilalion  and  are 
only  overcome  in  the  more  advanced  stages. 

Tlu'  body  temperalure  is  lowered,  the  heightened  color 
lessens,  and  the  spotted  rash  of  elhcr  lieconies  confluent. 

4.  The  jioiiid  of  ijtissuv  mid  diiiifievima  udrrdxix  is 
chara(;lerized  by  dilated  and  fixed  pupils,  entire  absence 
of  conjunelival  or  corneal  reflex,  a  half-open  condition  of 
llii-  eyelids,  anil  gradual  failure  of  Ihe  res|)iralion  and  cir- 
culalion.  .\s  this  period  a]ipioaches.  the  res])iralion  fre- 
queiilly  lakes  on  a  gasping  charaeler,  with  very  quick, 
short  inspiialions,  each  of  which  is  ac<'ompanied  by  a 
downward  movement  of  tlu^  lower  jaw  causing  Ihe 
mouth  to  oi)cn.  This  is  Ihe  form  of  breathing  usually 
seen  in  nearly  all  dying  persons  and  is  dislinetly  charac- 
teristic of  impending  dealh.  The  breathing  may,  how- 
ever, simply  beccane  more  and  more  feeble,  shallow,  and 
irregular;  it  may  bi'  rapid  or  slow,  and  it  may  cease 
gradually  or  suddenly.  The  pulse  is  usually  slowed  in 
Ihis  Jieriod,  allhough  it  may  remain  rapid.  It  gradually 
loses  volume  and  slieiiglh.  and  before  ceasing  becomes 
iiregularand  inlermiltent.  If  this  degree  of  narcosis  has 
been  brought  about  slowly,  Ihe  pulse  jiersisls  till  after 
respiratory  failure  li:is  become  complele.  It  is  then  rap 
idly  alfecled  by  Ihe  resulling  as]ihyxia. 

This  general  account  of  the  ]ihenomena  of  ana'Sthesia 
is  based  upon  a  gradual  and  uncompliealed  adminislra- 
tioM.  It  h;is  been  elsewhere  shown  that  if  this  is  too 
rapidly  conducled,  an  overwhelming  elfect  upon  the  res- 
jiiration  or  cireulalion  may  be  |)roduced  suddenly  ar.d 
williout  reference  lo  the  usual  succession  of  signs.  While 
the  phenomena  above  noted  are  tho.se  of  narcosis  in  gen- 
eral, the  dilferent  ana'slhelic  agents  possess  individual 
])eeuliarilies  of  action  which  serve  to  make  their  narcosis 
characlerislie.  The  narcosis  of  nilrous  oxide  is  ch.arac- 
terized  by  Ihe  great  rapidity  wilh  which  complele  ana'S- 
thesia is  established,  theap|)arcnl  absence  of  stages,  the 
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sciircity  of  phcuonicna,  tlit-  lack  of  muscular  relaxation, 
and  tlie  groat  tendency  to  the  production  of  aspliyxial 
states.  The  narcosis  of  ether  is  ciiaracterized  by  phenom- 
ena of  irritation  and  stimulation,  by  a  moderate  tendency 
to  the  production  of  aspliyxial  slates,  and  by  the  marked 
absence  of  ])lienomena  of  depression  as  compared  ■with 
<-hloroforin.  The  narcosis  of  cldoroform,  as  compared 
with  that  of  ctlicr.  is  cliaracti'vi/cd  by  the  absence  of  irri- 
tation and  stimulation,  l>y  a  tendency  to  the  production 
of  mechanical  asphyxia,  and  by  t  he  occurrence  of  plienom- 
<'na  of  depression. 

(For  details  of  the  administration  of  the  several  ana's- 
thctics  for  surgical  purjioses,  th<'  reader  is  referred  to  the 
jiuthor's  article  on  Clilnrofdriii,  Etliir.  and  Other  Aiia'.i- 
/iit'tie  Ar/eiitu,  Adiiiiiiutration  of.) 

Thomas  L.  Beiuidi. 

AN/CSTHOL.— This  is  an  anaesthetic  recently  intro- 
duced by  Willy  Jleyer,  of  New  York,  to  replace  the 
A.C.E.  'mixture.  He  mixes  chloroform  and  ether  in 
molecular  proportions,  i.e.,  4B.2.T  percent,  of  chloroform 
jind  .56.7.1  per  cent,  of  ether  l)y  volume,  and  calls  the  nux  - 
ture  "M.  S."  Of  this  he  takes  S8  volumes,  and  adds  to 
it  17  volumes  of  ethyl  chloride.  The  mixture  has  a  boil- 
ing point  of  40"  ('.  (1114'  F. ).  and  would  seem  to  be  open 
to  the  olijection  urged  against  the  A.  C.  E.  mixture,  that 
con.stituents  of  different  V(datilities  do  not  volatilize 
equally.  We  might  expect  the  ethyl  chloride  to  vaporize 
more  rapidly  than  the  ether,  and  this  more  rajpidly  tlian 
the  chloroform.  11'.  ^-1.  BasteOo. 

ANAKHRE.     Sec  fu.intfjon. 

ANAPHRODISIACS.— This  is  a  term  apidied  to  agents 
which  are  used  to  lessen  an  immoderate  ormorbid  sexual 
desire,  but  the  treatment  must  be  of  wiile  scojje  and  in- 
<?lude  the  moral,  dietetic,  and  hygietuc  management  of 
the  case,  while  not  infrequently  siu-gery  must  be  called 
upon.  The  causes  of  ajihrodisia  are  many,  and  not  the 
least  important  is  reflex  irritation  of  the  genitalia,  caused 
l)y  ])hvsical  peeuliariti<'S  or  deformities,  phimoses,  strict- 
ures of  the  \u-ethi'a.  diseases  of  the  jirostate.  chronic  con 
stipation,  fissures  or  hemorrhoids  of  the  anus,  eczema, 
highly  concentrated  lu'ine.  etc.  In  other  cases  the  reflex 
irritation  may  be  caused  by  the  presence  of  worms  in  the 
rectum  or  in  the  vagina,  in  the  ease  of  female  children, 
and  by  excessive  exercise  causing  friction  of  the  thighs  in 
young  children  (horseback  riding.  Iiieycle  riding).  These 
conditions  will  eacli  call  for  its  own  special  treatment  in 
addition  to  the  general  measures  which'should  be  adopted  ; 
for  the  detection  and  relief  of  tliC  exciting  cause  are  difli- 
cult  problems  antl  far  more  important  than  the  exhibi 
tiou  of  drugs.  For  another  class  of  patients,  those  suf- 
fering from  diseases  of  the  nervous  system  or  those  with 
psychical  perversion,  the  essential  of  treatment  is  con- 
fidence in  the  physician,  on  the  part  of  the  patient,  and 
suggestion,  liypnotii'  or  otIierwi.se.  Jlany  authenticated 
cases  have  been  recorded  of  permanent  cures  based  ujion 
the  treatment  by  suggestion,  and  it  is  invaluable  in  cases 
of  neurastheina. 

In  general,  for  the  treatment  of  aphrodisia  nothing 
will  lie  found  better  than  physical  and  particularly 
mental  work  to  the  point  of  fatigue.  The  latter  accom- 
plishes its  results  in  two  ways:  tirst,  by  exhausting  the 
brain  where  the  sexual  imjiulse  (if  not  reflex)  has  its 
origin:  and  secondly,  by  soabsorbing  the  |iatient's  inter- 
est as  to  preclude  the  oee\ipation  of  his  mini  I  by  lascivious 
thoughts,  pictures,  and  mental  inqiressions.  The  an- 
u]du-odisiae  effect  of  mental  activity  is  easily  exjilained 
when  we  consider  the  larg<'  amoimt  of  nervous  energy 
which  accompanies  each  conjugal  act. 

In  the  general  management  of  a  case  the  ]ihysician 
should  advise  a  non  sedentary  life,  as  much  as  possible 
in  the  ojien  air.  light  diet,  with  an  absence  of  meals, 
coffee,  highly  seasoned  foods,  and  alcoholic  stimulants: 
the  kidneys  shoidd  be  ke|il  well  flushed,  the  bowels  well 
o])en.  and  the  |)atient  should  slee|i  on  a  hair  mattress, 
with  light  covering,  in  a  cool,  well-ventilated  room.     As 


a  full  bladder  is  frcipiently  a  cause  of  irritation,  it  should 
be  emptied  upon  going  to  bed  and  the  first  thing  in  the 
morning.  The  patient  should  arise  early  and  take  a  cold 
douche  or  s]5onge  bath.  The  only  mechanical  contriv- 
ance which  seems  to  be  of  much  benefit  is  one  that  will 
|irevent  the  patient  from  sleeping  on  his  back,  and  for 
this  ]iurp(ise  a  towel  knotted  at  the  back  may  he  used. 
The  insertion  of  rings  in  the  prepuce  or  labia  and  the 
local  a|iplication  of  caustics  are  to  be  condemned.  Drugs 
which  may  be  used  are  the  bromides,  gr.  x.  to  xx.  three 
times  a  day.  and  antimony,  chloral,  salicin,  conium,  and 
other  depressants:  nauseants  may  b(!  used  with  care,  and 
are  eft'ective  sometimes.  (Jhiities  Adams  Holder. 

ANAPLASIA. — This  word  is  used  by  some  writers 
synonymously  with  anaplasty,  having  the  meaning  of  a 
re|iair  of  injui'ed  ]iarts  by  means  of  plastic  operation. 
In  ly93  its  use  in  an  entirely  difl'ereut  sense  was  intro- 
duced by  Hansemann.  who  wished  to  designate  hy  some 
specific  term  the  morphological  and  phj'siological  differ- 
ences which  exist  between  the  cells  of  malignant  tumors 
and  those  of  the  normal  parent  tissue. 

The  type  and  character  of  the  parent  cells  are  usually 
jireserved  to  some  extent  in  the  tiunor  cells  which  arise 
fi'om  them:  as,  for  example,  the  cells  of  a  squamous-cell 
carcinoma  of  the  skin  may  undergo  a  horny  change: 
those  of  anadeno-careinoma  arising  from  cylindrical  cells 
are  more  or  less  cylindrical  in  shape;  the  cells  of  an 
adeno-carcinoma  of  the  thyroid  may  produce  a  colloid- 
like substance ;  metastases  of  an  adeuo-carciuoma  of  the 
liver  may  secrete  a  bile-like  fluid ;  and  the  sarcomatji 
arising  from  the  chromatophores  of  the  skin  produce 
melanin.  These  resemblances  of  tumor  cells  to  their 
parent  cells  are  not  so  marked  as  the  diffcrt'necs  which 
exist  betwten  them,  both  in  morphological  and  physio- 
logical characteristics.  The  latter  are  shown  by  striking 
variations  in  size  and  form ;  by  changes  in  the  finer  struc- 
ture of  the  nucleus  and  cell  body  as  shown  by  staining 
reactions  (hyperchromatosis.  hypochromatosis,  etc.):  by 
abnormal  cell-division  forms:  by  the  changed  cheniical 
character  or  total  absence  of  cell  function;  and  by  the 
tendency  to  undergo  degeneration.  To  all  of  these 
alterations  in  cell  chai'aetcr  which  constitute  malignancy 
Hansemann  wo\dd  apjily  the  term  anajtlasia.  as  oppo.sed 
to  lietero]dasia  anil  metaplasia.  According  to  his  view. 
the  significance  of  these  changes  must  be  that  the  cells 
of  malignant  tumors  have  lost  in  ditferentiation  and  so 
have  acquired  the  power  of  individual  existence.  The 
manner  in  which  the  cells  have  imdergone  this  change 
or  the  etiology  of  malignant  tumors  is  not  included  in 
the  meaning  of  the  term.  There  can  be  no  doubt  that 
the  use  of  tlic  term  anaplasia  in  this  apjdication  is  of  great 
service;  and  though  Hansemann's  views  have  met  with 
much  oiipositiou,  it  has  gained  a  wide  acceptance  in 
modern  pathology.  Aldred  Scott  WartMn. 

BlBLIOOKAPHV. 

Hansetiiaiiii :  Stiulien  iiber  Speoitlritat.  .\Itniismus  imd  .\naplasia 
der  Zellen,  Rerlin,  189;j.  Die  niikroscopiselie  Diairnose  der  bosarti- 
gen  iiesclnvi'ilste,  Berlin,  1S97. 

ANASARCA.     See  Cirrnhitioit.  Di.vmkivof. 

ANATOMY.  HISTORY  OF.— Considering  the  necessity 

of  I  lie  ;iiiali>inir:d  sciiiucs  as  a  basis  for  the  proper  study 
of  the  healing  art,  and  llie  high  position  assigned  them 
in  modern  times,  it  may  seem  strange  that  their  early 
development  was  slow,  and  the  knowledge  of  the  an- 
cients concerning  the  siruclure  of  Ihc  human  body  crude 
and  superficial.  The  principal  cause  of  this  was  tlie 
prevalence  of  animistic  ideas,  it  being  thought  that  spirits 
inhabited  or  controlled  the  body  in  some  mysterious  way. 
Involuntary  movements,  sucli  as  the  pulsjition  of  the 
heart  and  arteries,  the  twitching  of  nniseles.  the  phenom- 
ena of  rcs]iiration  and  bodily  heat,  were  all  considered 
indubitable  signs  of  the  presence  of  such  s]iirils.  to  which 
were  ascribed  mosi  cases  of  disease  and  <lisordered  action. 
After  leaving  Ihe  body  the  spirit  was  llioughl  to  main- 
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tain  some  occult  relation  to  it.  Ilcncc  tlic  corporeal  re- 
mains were  cither  jncservcd  witli  pious  ciire.  or  huniiil 
or  <MitoTnlie(l  to  prevent  llicir  sulTerins  insult  orinjuiv 
that  inijihl  iitt'ect  the  career  of  the  spirit  in  tlie  other 
world.  Mingled  with  these  superstitious  ideas  were 
others  derived  Irom  horror  of  death  and  repulsion  from 
corrni)tinf;  flesh.  Contact  with  a  dead  body  was  usually 
held  to  he  adetilcmciit  re(|nirins  lonjr  purilieation.  and  to 
attempt  to  inspect  its  internal  structure  was  a  .sacrile,i;e 
meritin.ir  the  severest  ijtuiishnient.  Dissection  was.  under 
such  eirc\imstaiu-es,  pnietieady  imjiossihle.  It  is  certain 
that  hut  few  writers  of  aniicpnty  werealile  to  avail  them- 
selves of  this  method  of  resi'arch. 

The  sources  of  information  wer(!  therefore  indirect. 
Animals  killed  either  for  food  or  sacrilice,  the  occasional 
examination  of  persons  severely  wouiuled  or  sulVcrini; 
from  erodinj;  diseases,  the  nolin;^  of  the  eirects  of  jmire 
faction  wliich  displayed  the  deei)er  structures,  especially 
the  Ixmes.  were  the  usual  means  emjiloycd  for  the  in- 
vestiiiation  of  the  human  body.  In  Euypt,  it  is  true, 
bodies  were  cviseeRited  for  tlu^  purpose'  of  preservinu; 
them  as  mummies;  but  this  appears  ti)  have  been  done 
by  a  low  class  of  servants  umler  the  direction  of  priests 
w'lio  rejrarded  the  interests  of  the  spirit  in  the  other 
world  as  the  only  essential,  and  who  therefore  gave  no 
tnouglit  to  exact  anatomical  know-ledge. 

Yet  among  the  ancient  ICgvptians  are  found  som<'  of 
tlic  earliest  attempts  at  recording  anatomical  data.  The 
Ebers  jiapyrus,  of  atioul  l."),"i()  n.c.,  and  s:d<l  to  be  the 
oldest  complete  book  e.xtant,  relates  to  the  healing  art 
aii<l  contains  incidental  allusion  to  the  structure  of  the 
bodv.  Vessels  and  nerves  are  together  designated  as 
"inetu";  of  which  four  are  distribute<l  to  the  nostrils, 
four  to  tlie  temples,  foitr  to  the  head,  two  in  each  hand 
and  foot,  etc.  The  heart  is  regarded  as  the  centre  of  the 
vascular  system,  and  vessels  containing  blood,  air,  water 
anfl  other  fluids  pass  from  it  to  all  parts  of  the  body. 
Vital  s|iirits  are  s;iid  to  enter  one  nostril  atid  jienetrate  to 
th(!  heart ;  an  idea  which  was  to  have  a.  great  elfeel  upon 
anatomy  and  physiology  as  far  down  as  tin'  seveiiteentli 
century.  Similardeterminations,  of  no  greater  value,  are 
found  in  papyri  of  a  soinewiiat  later  date. 

Contemporary  with  th<'  Egyptian  culture,  or  possibly 
anterior  to  it.  was  that  of  Chahheaand  Assyria  from  which 
the  Ph(enicians  and  Hebrews  <lerived  nuieh.  One  of  the 
contributors  to  Uu:  Elicrs  papyrus  is  staled  to  be  from 
]?yblus,  a  town  of  Pho'iiicia.  Certain  cuneiform  inscrip- 
tions indicate  that  the  situation  of  th<'  vessels  of  the  neck 
was  known,  as  they  ilescribi'  the  com|U'ession  of  these 
structures  to  relieve  the  i)ains  of  circiuncision. 

The  anatomy  of  the  Hebrews  was  |iroliabIy  derived 
mainly  from  Chaldean,  Assyrian,  and  Egypt i.an  sources. 
The  principle  of  life  was  believed  to  reside  in  the  blood 
(Gen.  ix.  4;  Lev.  xvii.  II),  which  was  accordingly  for- 
t)idden  as  food  and  used  as  a  propitiatory  oll'eiing.  The 
heart  was  supjiosed  to  be  tlie  seat  of  the  understanding, 
{•oiirage,  and  love;  to  dilate  with  joy,  <'ontraet  with  .sad- 
ness, harden  or  soften  with  the  |)a,ssious.  These  expres- 
sion.s,  which  have  become  wholly  figurative  in  modern 
times,  were  formerly  believed  to  be  literally  true.  The 
later  Talmudists  had  some  anatomical  knowledge  of  the 
female  genitalia,  the  oesophagus,  the  lungs,  the  kidneys. 
the  spinal  cord,  and  the  cauda  e(pMna.  One  of  the  rab- 
l)is,  at  the  close  of  the  lirst  century,  is  .sai<l  to  havelioiled 
a  body  for  the  purpose  of  ohtaining  the  skeleton.  A 
fabulo\is  bone,  '•luz."  was  thought  to  liecomc  the  seed  of 
the  body  from  which  it  is  to  be  renewed  at  the  resurrec- 
tion. 

The  early  writings  of  India  contain  no  anatomical 
knowledge" except  names  of  a  few  parts  of  the  body. 
Som(!what  later  (90()-2()0  li  c.)  there  are  rude  attempts 
at  the  eiuimeration  of  structures.  To  what c.Ntent  these 
enumerations  are  based  upon  actual  c.v.unination  and 
misinterpretation  of  anatomical  facts  it  is  impossible  to 
S!iy.  In  them  the  primitive  elements  of  the  body  are  air, 
bile,  and  ]ihlegm,  air  having  its  seat  below  the  navel,  the 
bile  l)i'twecn  the  navel  and  the  heart,  the  ])hlegiii  above 
the  heart.     Seveu  organic  products  were  believed  to  be 


formed  from  these  jirimitive  elements:  watery  cliylc 
which  in  the  liver  and  spleen  forms  blood,  from  whicli 
arises  llesh  which  forms  cellular  tissue,  from  whence 
comes  bone  which  generates  marrow,  which  gives  origin 
to  semen  and  menstrual  lihjod.  The  ancient  Hindoos  are 
said  to  have  practised  dis.section,  it  being  held  law  fnl  [a 
pursue  such  investigations  for  scientitic  i)tirposes,  though 
under  many  limitations  and  restrictions;  bill  the  sculp- 
ttucs  of  the  rock  cut  temples  of  Elephanta  and  Ellora 
show  ignorance  of  the  anatoiny  of  muscles.  Later  aii- 
tlxirs  app<'ar  to  have  had  a  vague  idea  of  the  circulation 
of  the  blood,  as  they  state  that  the  watery  chyle  circu- 
lati-s  through  the  vessels  .and  irrigates  the  system  as  water 
doi'S  a  tield. 

The  Chinese  nave  not.  even  at  the  |)reseiit  day,  any 
exact  anatomical  knowledge.  The  tracing  of  their  crudt^ 
notions  back  to  the  mists  of  the  past  is  of  purely  archeo- 
logie  interest,  and  it  is  dillicult  to  say  whetlier  the  allega- 
tions tjf  great  antiipiity  made  for  some  of  their  medical 
w  ritingsare  based  upon  authentic  facts.  They  considered 
the  elements  of  the  body  tci  be  air.  water,  •'metal."  and 
"wood";  the  liver  to  be  tin- seat  of  the  intelligence,  the 
seat  of  life  to  be  in  the  nuddleof  the  breast.  Arteries  and 
veins  were  not  sei>arately  distinguished,  but  some  notion 
of  a  circulation  or  translation  of  the  blood  appears  to 
hav('  been  advanced,  as  it  is  stated  that  it  comjiletesa 
course-  throughout  the  borly  live  times  in  twenty-four 
hours. 

The  .lapanese  in  matters  of  anatomy  cojiied  froni  the 
Chinese.  Their  older  writings  are  curious  nii.\tures  of 
fact  and  error.  They  teac'li  that  the  heart  contains  blood, 
rules  all  the  other  viscera,  and  is  connected  with  the 
livei',  lungs,  spleen,  an<l  kidneys;  that  blood  is  prepared 
in  three  "cond)ustioti  organs"  of  rather  m^-thical  char- 
acter, ])erhaps  the  thoracic  duct,  the  pancreas,  and  the 
lacleals.  They  assert  the  structure  of  the  lungs  to  be 
like  that  of  a  honeycomb,  and  state  that  they  contain 
a  nourishing  gas  which  pen<'trates  the  whole  body  out- 
side the  vessels  that  carry  the  blood.  The  biain.  the 
siiinal  ci}rd,  and  the  marrow  are  siaid  to  be  of  one  nature, 
the  brain  having  the  highest  rank.  The  .seat  of  the  soul 
is  stated  by  most  authors  to  be  tli<'  heart,  as  it  has  been 
seen  in  somc^  aniniids  to  beat  after  the  severing  of  the 
head  fnern  t he  body.  Others  |ilaee  it  in  the  biain,  the 
spleen,  thi^  lungs,  the  kidneys,  or  the  liver.  The  nerves 
are  often  confouniled  with  the  tendons,  often  described  as 
tubul.-ir  <-anals.  In  the  nuddh' of  the  cightei'nth  century, 
a  physician  named  Vamawaki  obtained  permission  from 
his  [irince  to  dissect  a  body,  an  illegal  act  that  could  be 
done  only  under  powerful  protection  lie  published  his 
observations  anil  declared  that  the  older  teaching  should 
no  longer  be  thoughtlessly  followed.  Diss<'Ction  was 
thereafter  surreptitiously  jiractised.  and  very  accurate 
wooden  models  of  the  .skeleton  were  made.  After  this 
atiatomical  wfirks  fiom  the  Dutch  were  tran.slated  into 
.lapanese. 

It  is  atuongthe  (Jrecks  that  wefirst  meet  with  a  knowl- 
edu-e  of  anatomy  that  can  be  called  scientilic.  With  keen 
and  active  intelligence  they  examined  and  speculated 
upon  all  things  in  the  world  around  them.  Pic|)os- 
sessed  with  the  aTUhro]iocentric  theory  of  the  utiiverse. 
they  attained  only  a  jiartial  and  distorted  view  of  natural 
phenomena,  but  often  showed  astonishing  powers  of  gcti- 
eralization  in  speculative  theories.  Among  them  arose 
the  group  of  .so-called  "natural  philosophers."  at  the 
Iwadof  whom  we  lind  I'ytliagoras  (.")S4-."ill4  n.c.).  He 
attempted  to  explain  natural  phenomena  by  means  of 
harmonic  numbers  which  he  considered  as  actual  entities 
having  mysterious  ])owers.  the  elements  of  the  body 
being  comprised  in  the  niitnber  ID.  each  single  nmnber 
;  l-fj-f-a-f4)  having  therein  a  counterpart.  He  was  the 
lirst  to  deny  the  spontaneous  generation  of  animals, 
holding  that'  all  life  nuist  spring  from  gi^rms  preexist- 
inu  in  the  semen  which,  formed  from  tlie  bndn  of  the 
male,  combines  with  moi.sture  frotn  tin:  brain  of  the 
female,  being  the  perfected  foam  of  the  blood.  This 
idi'a  is  perhaps  connected  with  that  of  the  origin  of  the 
goddess  of  generation,  Aphrodite  (aippv^,  foam),  from  the 
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foam  of  the  sea.     To  the  successois  of  Pythagoras  are 

assigiu'd  by  lati-r  writers  some  aiiiitomiciil  investigations 
and  diseoverirs,  'I'lius  10ni]H'd(ieles  (al)(mt  5011  i).(.)  dis- 
covered the  lahyriiitii  of  the  ear.  Ah-nKeon.  his  coiiteni- 
fiorary.  tlie  ICuslaeliian  tuboand  the  ojilie nerve,  Diogenes 
of  Apollonia  (4r)()  r,.i-. )  described  llie  great  vessels,  all 
after  the  tlisseetion  of  animals.  It  is  to  him  we  owe  the 
names  of  the  amnion  and  the  eliorion.  membranous  en- 
velopes of  the  t'a>tus.  Empedoeles  is  said  to  have  ad- 
vanced some  crude  ideas  of  the  modern  ihjctrine  of  the 
survival  of  tit  and  a(hiiited  animal  forms.  Demoeritus 
(about  400  B.C.)  studied  and  eompaied  tlie  organs  of  man 
with  those  of  lower  animals  and  ob.served  that  the}'  be- 
come adapted  to  certain  purposes. 

As  iu  many  primitive  nations,  the  phy.sicians  of  the 
Greeks  became  .segregated  into  a  guild.  This  was  known 
as  the  Asclepiada\  after  the  god  Asclepias  or  .^Esculapius. 
from  whom  they  claimed  descent.  With  the  atlvance  of 
culture,  the  need  of  a  more  careful  investigation  of  the 
human  body  became  evident,  and  about  480  is.c.  a  group 
of  physicians  of  this  guild  arose  who  pursued  a  more 
rational  method.  The  principal  of  these  was  the  cele- 
brated Hippocrates,  often  called  the  "'  father  of  medicine." 
xV  large  body  of  writings  formerly  ascribed  to  him  has 
been  shown  by  modern  research  to  be  the  product  of  his 
school  rather  than  his  individ\ial  work.  The  anatomical 
data  foimd  therein  are  evidently  obtained  maiidy  from 
the  dissection  of  animals,  although  the  osteology  is  that 
of  man.  Tlie  statement  s  concerning  the  bones  anil  sutures 
of  the  skidl  ai'e  fairly  accurate,  as  are  also  those  concern- 
ing the  larger  bones  and  joints.  The  heart  (apparently 
described  from  that  of  man)  is  recognized  as  forcing  the 
blood  and  pneuma  or  vital  spirits  of  the  air  tlu'ough  the 
vessels,  and  the  brain  is  iu  some  writings  distinguished  as 
the  organ  of  thought  and  conscious  sensation.  Tolerably 
accurate  though  these  facts  may  be,  the  concejitions  ot 
the  elementary  constitution  of  the  body  were  erroneinis 
in  the  extreme,  being  similar  to  the  specidations  of  the 
natural  philosophers.  It  was  believed  that  the  liodies  of 
living  tilings  were  composed  of  four  elements — earth, 
•water,  air,  and  fire — iiroper  mi.xtures  of  which  produced 
the  so  called  elementary  fluids  blooil.  mucus,  black  and 
yellow  bile;  that  yellow  bile  was  formed  in  the  liver, 
black  bile  in  the  spleen ;  that  the  different  organs  were 
jiroduced  by  the  action  of  "innate  heat"  upon  the  ele- 
mental tliiids.  the  food  stuffs,  and  the  aqueousand  earthy 
bases  of  the  liody.  JIuscles  were  not  usually  recognized 
as  distinct  from  the  general  mass  of  the  flesli.  Arteries 
were  not  distinguished  from  veins,  both  being  described 
under  the  common  name  of  tp^sjii^.  Under  the  term 
vcvpn,  nerves  were  likewise  confounded  with  tendons  or 
even  .sometimes  w  ith  vessels.  The  brain  is  described  in 
some  passages  as  an  organ  for  the  absoi'ption  of  super- 
fluous mucus  which  it  again  gives  out,  mid  for  the  secre- 
tion of  semen  which  is  conveyed  to  the  testes  by  the 
spinal  cord.  The  lungs  are  s;iid  to  take  up  cold  air  and 
pass  it  through  tubes  (a/)7;/p(>/)  to  the  heart  for  the  pur- 
poseof  cooling  that  organ.  Thesecharacterizationsshow 
that  the  ideas  then  prevalent  as  to  the  structure  of  tlie 
body  were  largely  imaginary,  the  necessity  of  controlling 
hypotheses  by  exact  observation  not  yet  being  fully 
realized. 

The  conceptions  of  Plato  as  to  the  constitution  of  the 
body  and  its  union  with  a  mortal  and  an  immortal  essence 
were  founded  u]ion  the  Hiiijiocratic  anatomy.  He  im- 
agined the  seat  of  the  immortal  soul  to  be  in  the  head, 
that  of  the  higher  ptissions  in  tlic  upper  tliorax,  and  the 
heart  to  be  "the  centre  or  knot  of  the  blood-vessels,  the 
spring  or  fountain  of  the  blood  which  is  carried  impetu- 
ously aroimd  "  ;  and  tiiat  it  is  cooled  by  the  soft,  spongy, 
and  bloodless  lungs.  The  lower  jiassious  he  supposed  lo 
be  placed  in  the  thorax  below  the  diaiihragm.  "in  the 
same  house"  with  the  liver,  which  is  "solid  and  smootli 
and  bright  and  sweet,  and  also  bitter,  iu  order  that  the 
power  of  thought  whicli  originates  in  the  mind  may  be  re- 
flected as  in  a  mirror."  The  uterus  be  considered  a  wan. 
dering  organ,  that,  like  a  wild  beast,  se<'ks  satisfaction  for 
its  inordinate  desires.     Death  lie  thought  to  be  caused  by 


the  separation  of  the  soul  from  the  marrow,  of  which  the 
brain  is  the  most  perfect  part,  and  whose  basis  is  "  tri- 
angles"— a  Pythagorean  conception. 

In  these  remarkable  speculations  we  discern  an  attempt 
to  ascertain  by  imagination  alone,  without  any  careful 
examination,  the  purpose  or  end  for  wliicli  structures  are 
formed.  This  teleological  error,  the  belief  that  the  mind 
can  discern  the  "final  causes"  of  structure,  tinctured  all 
the  anatomical  investigations  of  the  ancients. 

Aristotle  (384-323  B.C.),  a  pupil  of  Plato,  opposed  the 
idealism  of  his  master,  insisting  that  the  proper  method 
of  advancing  science  is  to  first  collect  all  the  facts  or 
particulars  and  afterward  deduce  from  them  causes  and 
ininciples.  His  extraordinary  industry  and  activity  and 
ids  penetrating  intelligence  had  a  great  influence  not  only 
upon  his  own  time,  but  upon  the  scientific  thought  of  all 
subsequent  ages.  He  may  lie  said  to  have  originated  the 
sciences  of  comparative  anatomy  and  morjihology.  and 
was  the  first  to  conceive  the  animal  kingdom  as  a  con- 
nected genetic  chain.  By  the  aid  of  Alexander  the  Great 
he  was  able  to  collect  vast  stores  of  mat('rial,  which  he 
utilized  as  far  as  the  limited  resources  of  that  age  would 
permit.  He  dissected  numerous  animals  and  gave  a  fairly 
accurate  idea  of  their  constitution.  A  great  deal  of  his 
classiticatory  work  lioUls  good  to  the  present  day.  He 
distinguished  arteries  from  veins  b)'  their  structure,  but 
grouped  them  together  as  (p/tiSi^,  correctly  describing 
many  of  their  principal  branches.  He  considered,  how- 
ever, that  some  of  the  arteries  carried  only  "pneuma." 
Certain  of  the  iieives  he  distinguished  from  tendons, 
supjiosing  them  to  lie  hollow  tubes  {-opoi),  a  name  which 
he  also  applied  to  the  ureters.  Vessels  and  nerves  he- 
believed  to  arise  from  the  heart,  which  he  therefore  con- 
sidered as  the  seat  of  movement  and  of  the  soul.  Differ- 
ent from  the  usual  four  elements  is  his  principle  of  life, 
a  tifib  element  {(/iiintii  c.ifi/ nt/'n,  of  after  writers)  which 
lirodtices  heat  and  cold.  He  appears  to  have  considered 
this,  however,  as  a  function  of  the  organized  body.  He 
seems  to  have  been  aware  of  the  lacteals  and  to  have  sup- 
posed tliern  to  empty  into  the  inferior  vena  cava  and  tlie 
aorta.  His  divisiim  of  the  bcidy  into  structures  and  prod- 
ucts composeil  of  parts  similar  to  each  otlier  and  the 
whole  which  they  compose  (homn'omeria)  and  of  others 
formed  of  dissimilar  parts  is  an  adumbiation  of  the 
modern  conception  of  tissues  and  organs.  In  the  domain 
of  purely  human  anatomy  he  depends  upon  otherauthors. 
and  expressly  .says  "  the  internal  parts  of  the  human  body 
are  unknown  orare  supposed  tobe  the  same  as  the  similar 
or  analogous  parts  of  animals."  He  studied  the  develop- 
ment of  the  chick  iu  the  egg,  aud  held  that  it  was  an 
advance  from  a  simple  to  a  more  complicated  form.  Ob- 
servations of  putrefying  matter  and  of  many  cases  in 
which  germinal  development  is  obscured  led  liim  to  the 
view  that  animals  may  be  generated  spontaneously — 
"  Ciirftiplio  iiiiiiis  est  (H'lui-dtio  (iltrrhiK."  These  views 
were  destined  to  Jiave  a  jiowerful  influence  upon  subse- 
(luent  speculation. 

A  conteniiiorary  of  Aristotle,  Praxagonis  (about  335 
I!  c  ).  appears  to  have  been  the  first  clearly  to  distinguish 
arteries  from  veins  both  by  structure  and  function.  He 
held  that  arteries  normally  contain  air  during  life,  but 
when  w<iundeil.  blood  is  drawn  into  them  from  the  sur- 
rounding parts.  The  brain  he  supposed  to  be  an  ap- 
pendage to  the  spinal  cord 

Under  the  patronage  of  the  Ptolemies  the  natural 
sciences  flourished  greatly  in  Egypt  during  the  third  cen- 
tury before  Christ.  At  Alexauilria  the  "  Museum  "  was 
founded,  an  institution  very  like  a  modern  university, 
provirled  with  a  large  liody  of  teachers  and  having  stu- 
dents from  the  entire  civilized  world.  Here  dissection 
was  iiubliely  practised  for  the  tir.st  time;  the  Egyptian 
custom  of  embalming  the  dead  ])robably  aiding  to  break 
down  the  prejudice  against  it.  A  large  number  of 
anatomical  specimens  were  made  and  a  vast  library  col- 
lected. The  advances  were  con.siderable.  Heroiihilus 
(33.5-280  n.c),  called  by  Fallopius  "the  evangelist  of 
anatomists,"  especially  investigated  the  bi-ain.  which  he 
believed  to  be  the  organ  of  thought  aud  motion.     He 
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named  tlip  caUinuis  sciiptorius.  suniiisinjr  it  In  bi'tlic  scat 
of  the  soul,  discovered  tlic  siinisis  of  the  dura  mate!',  Ilic 
coiitluciioi'  of  till'  sinuses,  wliieli  still  liears  ins  tianic 
(turc'tl///-  Jh'i-oj'/iilf)-  tl"'  reliiia,  tlic  uvea,  and  eiliarv  pinc- 
t'sses  of  the  eye.  tlie  liyoid  bone,  the  laeteals  and  1\  ni- 
pliaties.  Ik'  gave  the  duodenum  its  picseiit  (lesiL;nation 
(()<jiU«((SaK7i'/»i' =;  duodeiumi).  distiiiiiuished  the  aiteiies 
from  the  veins,  and  admitted  that  liolli  contained  hlnorl 
It  is  said  tliat  he  even  vivisected  criminals  to  obtain  a 
kiiowled_i,'e  of  the  soul. 

His  couteinporary  and  rival.  Erasistralus.  was  no  less 
famous.  He  also  Ww  the  laeteals.  and  distinguished 
nerves  of  sensation  from  those  of  motion.  He  held  that 
the  vital  siiirits  received  from  the  air  \ver<'  changed  to 
animal  sjiirits  in  the  brain,  described  well  the  heart  and 
its  valves,  assumed  a  virtual  connection  between  the 
arteries  and  the  veins,  holdinjr  that  tlu'V  disehar.ire  op- 
posite each  other.  The  arteries  he  supiiosed  to  carry  air, 
blood  being  drawn  into  them  when  wounded.  The  sub- 
stance of  glaialular  organs  he  named  the  liarenehyina 
(t(i/«';,  ii'Hfi.  |ioured.  in  lieside),  holding  that  it  is  formed 
from  altered  blimd  eltused  from  the  blood  vessi'ls.  The 
name  still  remains.  lie  held  that  lhedevelo|iment  ol'  the 
fielusisby  epi.irenesis  or  new  fiu'inatioii.  insteail  of  by 
preformation.  He  remarked  the  induration  of  the  liver 
in  dropsy,  and  may  thus  be  said  to  liave  been  the  first  to 
make  observations  in  pathological  anatomy 

The  school  of  Alexandria  gradually  <leeli?ieil  and  maile 
no  further  progress  in  anatomy,  it  even  being  held  by 
certain  of  its  teachers  that  a  knowled.ire  of  tliat  science 
was  unnecessary  for  the  healing  art.  The  intluence  i>f 
the  anatomical"  teaching  of  IIero|)hilus  and  ICrnsisI  inlus 
was,  however,  of  wide  extent. 

Asclepiades  (12S-.")()  li.c. )  revived  the  atomic  theory  of 
T.eucippus.  Democritus.  and  Epicurus,  applyin.g  it  to  the 
structure  of  the  body,  which  he  conceived  ascomjiosed  of 
innumerable  miiuite  particles,  the  "  lc])tomeres,"  cogiuz- 
able  by  the  imderstanding  though  not  by  the  senses,  be- 
tween'wliose  interstices  (be  tin  ids  of  the  body  move.  This 
appears  to  be  the  tirst  hint  of  the  modern  cell  theory. 

Tin;  rise  of  the  Roman  empire  transferred  the  ecu 
tre  of  civic  activity  from  the  Eastern  cities  to  Rome 
Among  the  earlier  Roman  writers  on  medical  subjects  we 
find  Celsus.  wlio  lived  under'I'iberiusand  ('lau(lius(;ibout 
50  B.C.  to  7  A.l>. ).  8ucli  of  his  works  as  have  survived 
are  interesting  as  showing  the  value  placed  upon  .anatom- 
ical stuilies  at  this  jieriod.  He  sjieaks  decidedly  as  to 
dissection;  "The  examination  of  dead  subjects  is  ini)iera- 
tivcly  necessary  for  students,  as  they  ougjit  to  know  the 
position  and  onler  of  the  parts."  Of  osteology  and  the 
larger  viscera  lie  shows  some  accurate  knowledge  mancd 
by  numerous  errors. 

IMarinus  (under  ?sero)  is  known  to  us  oidy  through  the 
writingsof  Galen,  who  praises  his  anatomical  kiiou  ledge. 
He  is  sjrid  to  have  given  excellent  descriptions  of  the 
muscles  and  glands.  Ho  distinguishe<l  seven  pairs  of 
(tranial  nerves,  ap])arently  (liose  mentioned  by  (hileii.  as 
follows:  I.  Ojilie;  II.  oculomotor  and  pathelicus;  111. 
oiihthalmie  branch  of  the  tri.gemiuiis  .  IV.  sujierior  and 
inferior  maxillary  branches  of  the  trigemitius:  V  facial 
and  auditory;  VI.  glossopharyngeal,  vagus,  spinal  ac- 
cessory and  sympathetic-  VII   liypoglossal  {'!). 

Rnfus  of  Ephesus  (under  Trajan)  had  eonsirhndile 
reputation  as  an  anatomist.  Ilediseovered  the  I'allopian 
tube  (in  the  slice])),  the  optic  chiasm,  and  the  capsule  of 
the  crystalline  lens.  He  wrote  a  work  intendiMl  for  stu- 
dents''u.se.  giving  the  names  of  parts  of  the  body,  but 
only  fragments  of  this  remain. 

Sorauus  of  ICphesus  (under  Trajan  and  Hadrian,  some 
twenty  years  before  Galen)  described  with  consideralile 
accuracy  the  internal  genital  organs  of  the  feinali'.  and  il 
seems  clear  that  he  must  have  dissected  sulliciently  to 
inspect  them.  He  distinguished  the  vtigina  from  the 
uterus,  stated  th.at  the  latter  has  the  form  of  a  cupping 
glass,  and  is  connected  with  contiguous  parts  by  means 
of  membranes,  so  that  it  isimpossible  that  it  should  be  en- 
dowed with  independent  movement.  His  statements  eon- 
cernicg  the  ovaries  and  oviducts  are,  however,  obscure. 


Far  surpassing  these,  and  indeed  excelling  all  other 
writers  of  antii(iiily  in  analoniical  exacliiude.  was 
Claudius  (Jaleii  of  I'ergamus,  a  |iliysician  at  Rome  under 
the  Antonines  (,\.i)  lot  :.'0I).  He  studied  at  Alexandria, 
and  esteemed  himself  especially  lortiinate  in  having  there 
Seen  a  complete  liuiiian  skeleton.  He  was  an  arduous 
investigator,  dissi'cting  many  animals  and  even  vivisect- 
ing some  in  order  to  ascertain  the  functions  of  nerves. 
He  may  indeed  be  siiiil  to  have  been  the  tirst  physio- 
logie;il  anatomisl.  Kumerous  errors  of  description  make 
il  certain  that  he  never  dissected  the  human  body,  but  it 
is  evident  that  he  investigated  that  of  lli<'  monkey,  prob- 
ably Miinifiix  inniihitiiH  (GeolVr. )  of  the  north  coast  of 
.\friea.  Many  of  his  desciiptions  hold  good  to-day.  and 
all  are  of  such  value  that  his  authority  in  anatomy  was 
dominant  for  more  than  thirteen  hundred  years.  He  was 
strongly  prepossessed  with  teleological  ideas,  and  assumed 
fal.si'  physiological  notions  (usually  derived  from  his 
jiredeecssors)  asa  basis  for  the  interiii'etati<jn  of  .structure. 
He  was  greatly  imjiressed  with  tin-  dignity  and  impor- 
tance of  his  work,  calling  it  "a  religious  hymn  in  honor 
of  the  Creator  ■' 

He  held  that  the  food  undergoes  "coction"  in  the 
stomach,  from  whence  it  pa.sses  to  the  liver,  where,  by 
the  intluence  of  '■natural  spirits."  it  is  converted  into 
blood  which  enters  the  vena  cava,  part  of  it  proceeding 
periplierally  to  give  alimenlation  to  the  linilis,  jiart  to 
tlie  left  sideof  the  heart  wherethe  "innateheat  "  removes 
from  it  IIk'  part  unsuitable  fia'  the  nulrilion  of  the  more 
delicate  organs  of  tin;  body  (smoke,  fuliginous  matter) 
wliich  isexjielled  by  the  lungs.  He  supposed  the  greater 
part  of  the  blood  to  be  distributed  by  a  to  and  fro  oscil- 
lation in  the  veins  tiiroiighout  liie  body,  while  a  portion 
passes  through  minute  holes  in  the  interventricular 
septum  into  the  left  ventricle,  where  it  mingles  with 
]iiieuma  received  from  the  lungs  with  the  lilood  in  the 
pulinoiiary  veins  foriniiig  "vital  spirits"  (Hip|)ocrates); 
the  mingled  lilood  and  vital  spirits  then  pass  into  the 
aorta  and  the  arieries.  in  which  they  oscillate  to  and  fro, 
givinir  life  to  the  body  He  adopted  the  view  of  Erasis- 
tratus.  that  pore  like  openings  at  th(^  lermination  of  the 
arteries  communicate  with  the  veins.  Hi'  taught  that 
there  are.  therefore,  two  kinds  of  lilood;  one.  contained 
within  the  veins,  suitable  for  nutrition  and  growth,  the 
other,  in  the  arteries,  suitable  for  the  niainteiiance  of  life. 
The  blood  that  goes  to  the  brain  there  undergoesa  further 
change;  by  thechoroicl  |ilexus<'Sof  the  ventricles  its  vital 
s|iiiils  are  further  relined  to  "animal  spirits"  suitable  for 
piddueing  motion  arid  activity  {  Erasistratus):  the  unused 
residue  is  expelled  through  the  eribrilorm  ]ilate  of  the 
ethmoid  bone;  llieanimal  spiritsbeing  distributed  to  vari- 
ous jiarts  of  the  body  by  means  of  the  tubular  nerves 
(Aristotle).  The  brain  he  deemed  an  organ  for  the  secre- 
tion of  mucus  and  at  the  s;une  time  the  seat  of  the  .soul, 
of  which  the  natural  spirits,  the  vital  spirits,  and  the  ani- 
mal s]iiritsare  all  modalities. 

Notwitlistat'ding  these  faulty  assumptions,  which 
greatly  retarded  the  development  of  correct  ideas  con- 
cerning the  actual  functions  of  the  body,  the  services 
that  Galen  rend<-red  to  anatomy  wer<'  r<al  and  imjiortant. 
His  descriptions  are  clear,  exact,  and,  liarring  ,some 
errors  di'rived  from  his  preeonc<i)tions  or  the  material  he 
used,  fairly  accurate. 

In  osteology  and  arthrology  he  is  at  his  liest.  and  many 
of  his  designations  of  bones  and  jointsare  still  in  use  In 
the  muscular  system  he  descrilu'd  for  the  tirst  time  the 
muscles  of  the  face,  larynx,  tuid  tongue.  The  muscles  of 
the  limbs  he  separated  nearly  as  is  now  done.  I  le  omitted 
the  opjionens  ]iollicis  (not  found  in  apesK  while  in  his 
deseiiption  of  the  muscles  of  the  foot  he  included  some 
ape  like  characters.  His  (lescri])tioiis  of  the  vascular 
svstem  are  marred  by  his  preconceiitions  He  made  the 
veins  arise  from  the  liver,  the  arteries  from  the  heart, 
whicli  he  did  not  consider  to  be  muscular  although  eom- 
])osed  of  libres.  He  considered  the  siiiiial  cord  to  be  an 
appendage  to  tlie  brain  and  develo]ied  from  it,  that  nerves 
of  sensation  arise  from  the  brain,  those  of  motion  from 
the  spinal  cord,  and  mixed  nerves  from  the  medulla  ob- 
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loiigatM.  He  iiiilnl  tliiit  tlio  sensory  nerves  are  soft,  the 
motor  harder.  The  olfiietory  bulb  anil  tract  he  correctly 
considered  as  an  c.\lcn.sion  of  the  brain,  and  hence  ex- 
cluded it  from  liis  enumeration  of  tiie  cranial  nerves 
(MarinusV).  He  knew  the  ventricles  of  the  brain,  the 
forni.x,  the  corpora  quadrigeniina.  the  terms  nates  and 
testes  ajiplied  to  the  latter  being  his  own.  He  was  ac- 
<Hiainled  with  the  meniliranes  of  the  brain,  with  the 
plema,  the  pericardium,  and  the  peritoneum.  The  divi- 
sions of  the  alimentary  canal  he  accurately  described. 
The  genital  organs  of  the  male  and  female  he  considered 
essentially  the  .sjimc,  the  ovaries  corresponding  to  the 
testes  and  secreting  a  seminal  fluid  that  is  couveyed  to 
the  uterus  by  the  Fallopian  tubes. 

The  decline  of  tlie  Roman  ejnpire  caused  a  gradual  de- 
cay of  intellectual  culture  and  a  total  neglect  of  all 
sciences  of  investigation.  It  is  only  occasionally  that  we 
tind  ill  the  writings  of  some  compiler  like  Oi'ibasius  (A.u. 
32(1-40:!)  an  indication  of  a  new  discovery.  He  is  said  to 
have  been  thelirst  to  dcscrilie  themembrana  tympaui  and 
the  salivary  glands.  The  cultivation  of  literature  gradu- 
ally declined  and  but  few,  even  of  the  clergy,  could  read 
or  write.  Superstition  and  vague  tradition  usurped  the 
placeof  science.  Noone  thnught  it  necessary  to  ascertain 
the  structure  of  tlii^  human  body  when  it  was  universally 
held  that  it  was  controlled  by  spiritual  influences  wholly 
independent  of  physical  or  natural  laws.  Anatomy  was 
forgotten  and  the  treatisesof  its  fouuder*citlier  destroj'ed 
or  suffered  to  remain  in  almost  complete  oblivion.  Al- 
most, not  quite,  for  the  torch  of  science,  laid  down  by  the 
rude  hands  of  the  We.st,  was  taken  up  and  relighted  by 
the  scholars  of  the  East. 

The  Arabians  now  began  to  take  an  active  (lart  in  in- 
tellectual culture.  In  imitation  of  the  scluiol  of  Alexan- 
dria they  founded  great  universities  at  ISagdad,  15assorali. 
Damascus,  Alexandria,  C'ordo\a.  and  Grauada.  Forbid- 
den by  the  Koran  to  dissect  the  human  body,  or  even  to 
make  any  represeniatiou  of  it,  the  physicians  of  these 
schools  had  recourse  to  Greek  authors,  particularly  to 
Hippocrates,  Aristotle,  and  Galen.  On  these  they  made 
long  commentaries,  their  remarks  often  showing  per- 
spicacity and  judgment.  The  most  important  autlxirs  of 
the  Arabian  school  who  treated  of  anatomv  are  lihazes 
(Abu  Bekr-Al  Razi,  .s.-,0- !C33  .\.D.),  Ali  Abbas  (All  ben 
el-Abbas,  Haly  Abbas,  !t:Jll-904),  and  Avicenua  (Abu-Ali- 
Ibn  Sina,  9yi)-10y7).  Their  direct  contrifnitions  to  anat- 
omy were  not  great,  but  their  nomenclature  was  for  a 
time  adopted  by  Euro|K'an  writers.  A  translation  of  Ali 
Abbas'  work  into  Latin,  liy  Constantinus  Afer,  a  Bene 
dictine  monk  {rhrii  KISO),  is  probably  the  lirst  work  on 
anatomy  in  that  language  (Hyrtl). 

The  leavening  influence  of  the  crusiides  now  began  to 
be  felt.  The  uniting  of  the  scattered  ]ieoples  of  Western 
Europe  into  vast  armies  that  made  long  journeys  by 
land  and  sea,  and  came  in  cimtact  witli  nations  of  totally 
difl'erent  culture  and  habits  of  thouglit.  had  great  efl'ect  in 
combining  the  small,  warring,  feudal  factions  into  larger 
social  units  more  su.sccptible  of  advancement,  in  opening 
new  avenues  of  commerce,  in  dilfusing  a  knowledge  of 
the  learning  of  the  East,  and  in  biinging  about  a  revival 
of  intellectual  activity.  New  universities  were  founded 
throughout  Europe;  at  Bologna  in  1110,  at  Padua  in 
1328,  at  Salamanca  in  1289,  at  the  Sorbonne  in  12.')3. 
Others  whose  foundations  dated  back  to  the  Roman 
period  received  new  accessions.  Among  the  latter  were 
Salerno  and  Montpellier,  at  each  of  which  an  active  medi- 
cal school  was  established.  At  Salerno  was  sc<ai  the  first 
.symptom  of  a  n'vival  of  practical  anatomv.  for  it  is  said 
that  the  Emperor  Frederick  II.  (Il!t4-12.")'ib  made  a  law 
that  no  one  .should  practise  surgery  without  having  been 
previously  examined  in  anatomy,  and  ]irovided  that  a 
dissection  of  the  luiman  body  should  be  made  at  Salerno 
once  every  five  years,  inviting  iihysicians  and  surgeons 
from  all  parts  of  the  empire  to  Avitness  it.  It  hasbeeii 
erroneously  stated  that  the  bull  of  Pope  Boniface,  (!<• 
Sepiiltiiris,  issued  in  i;!00.  was  an  interdict  against  dissec- 
tion; but  it  was  really  intended  to  prevent  the  practice 
of  dismembering  and  boiling  dead  crusaders  for  the  \mv- 


pose  of  more  easily  transporting  their  bones  to  their 
native  land.  The  Senate  of  Venice,  in  1308,  decreed 
that  a  human  body  should  be  dissected  annually.  It  is 
uncertain  to  what  extent  these  dis.sections  were  carried, 
but  it  is  probable  that  only  the  larger  \-iscera  were  ex- 
amined. 

Among  the  produc-ts  of  the  school  of  Salerno  that  have 
survived  are  the  "  Anatome  Porci "  of  C'opho,  and  the 
anonymous  '"  Demonstratio  Anatomica."  These  are  both 
ba.sed  wholly  upon  dissection  of  animals. 

There  is  evidence  that  at  this  period  autopsies  were 
occasionally  held  to  determine  the  cause  of  death,  whether 
by  poisoning  or  otherwise.  It  is  alsosjud  that  the  bodies 
of  those  who  liad  been  hanged  were,  in  Italy,  not  infre- 
quently given  over  to  physicians  for  dissection.  Occa- 
sionally bodies  were  stolen  for  anatomical  purposes. 

It  is  at  about  this  time  that  occurred  the  first  attempts 
at  pictorial  representations  of  bodily  structure.  These 
are  founil  in  a  translation  of  Galen  made  by  Nicholas 
Regio  and  published  at  Dresden  in  the  fourteenth  century. 
Two  manuscripts  on  anatomj'by  Moudevilleand  JIagistcr 
Ricardus  that  have  survived  from  the  school  of  jlont- 
pellier  also  contain  crude  drawings  of  structures. 

The  credit  of  first  establishing  systematic  public  dem- 
onstrations of  anatomy  belongs  undoubtedly  to  JIundinus 
(Raimondo  da  Luzzi.  ^Inndinn,  127(i-123(i).  who  taught  at 
Bologna.  Not  content  with  exiiounding  Galen,  Abbas, 
and  Avicenna,  he  brought  the  science  back  to  the  correct 
path  of  ocular  investigation.  At  least  three  bodies  of 
women  were  publicly  dissected  by  him.  and  there  is  reason 
to  believe  tliat  the  number  was  considerably  greater.  He 
is  the  autiior  of  a  small  work  known  as  the  "  Anathomia 
JIundini.  "  that  was  circulated  extensively  in  manuscript 
before  tiie  invention  of  printing,  and  afterward  ran 
through  at  least  twenty-three  editions.  Althougit  very 
incomph'te  and  containing  numerous  errors,  it  was  used 
as  a  textbook  for  two  hundred  years.  It  is  ver_v  difli- 
cult  to  read,  as  much  of  the  nomenclature  is  borrowed 
directly  from  Arabian  authois.  The  abdomen  appears  as 
the  "myraeh,"  the  peritoneum  the  "cyphach."  the 
omentum  the"zirbus."  the  sternum  "the  shield  of  tlie 
moutliof  the  stomach."  Some  of  his  appellations  arc  still 
used,  as  "  nucha  "  for  the  nape  of  the  neck.  "  saphena"'  for 
the  .great  superficial  vein  of  the  thigh.  His  anatomy  is 
crude  and  incomplete  rather  than  positively  erroneous. 
He  held  that  the  body  has  three  cavities  (ventres'):  the 
head,  containing  animal  members:  the  thorax,  spiritual 
members;  the  abdomen,  natural  memtjers.  His  anatomy 
of  the  heart  is  fairly  accurate,  and  he  nearly  discovered 
the  lesser  circulation,  as  he  says  that  lilood  is  carried 
from  the  heart  to  the  hmgs  by  the  pulmonary  artery. 

In  view  of  the  imperfect  and  incomplete  character  of 
this  treatise  of  Mundinus,  it  is  dillkult  to  understand  its 
great  influence  upon  the  anatomical  instruction  of  that 
age.  It  was,  however,  the  first  work  since  Galen  avow- 
edly based  upon  personal  inspection  of  the  human  body, 
and  it  appealed  to  the  niedia>val  spirit  of  curiosity  that 
now  began  to  manifest  itself.  The  same  impulses  that 
led  ^larco  Polo  to  the  territories  of  the  Great  Klian  and 
impelled  the  alchemists  to  new  discoveries  in  their  search 
for  the  transmutatiim  of  metals,  animated  many  physicians 
of  that  time  in  their  examination  of  the  body  of  man.  A 
zeal  for  anatomical  studies  arose,  first  in  the  Italian, 
afterward  in  the  French  and  German  universities.  At 
jMundinus'  own  univer.sity  of  Bologna  definite  rules  for 
dissection  were  established.  At  Moiitpellier  the  medical 
faculty  obtained  from  the  Duke  of  Anjou  a  regular  license 
to  dissect  the  cadavers  of  criminals,  which  was  succes- 
sively continued  liv  the  kings  of  France  (Charles  VI.. 
1396";  Charles  VIIL,  149()).  "^In  Prague  dissection  was 
practised  from  the  very  foundation  of  the  university  in 
1348,  and  a  building  was  given  for  that  special  purpose 
in  146t).  At  Vienna  dissection  was  practised  as  early  as 
1404,  and  made  a  definite  part  of  tbe  medical  curriculum 
in  1433.  Pope  Sixtus  IV.  granted  special  authority  for 
dissections  at  Ti'ibingen  in  14S2.  The  first  anatomy  act 
was  passed  in  1.540,  allowing  the  company  of  barbers  and 
surgeons  of  London  four  bodies  annually  for  dissection. 
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Yet  tliis  was  nowlicFc  oanicd  on  uitli  the  care  and  pre- 
cision that  cliaraitcrizi'  work  in  nuxlcrn  scliools.  'I'lic 
freeing  of  nuisclcs,  vessels,  and  nerves  from  liie  tissui'S 
that  envelop  tlieni  seems  not  to  liave  been  iindi'rslood. 
Usually  llie  j;reat  cavities  of  the  body  were  opened  and 
the  ])rineipal  viscera  therein  contained  were  displayed 
and  demonstrated.  Slices  were  removed  from  tliecadaver 
by  a  razor  in  the  iiands  of  an  nttendaut.  The  modern 
metliods  of  injection  and  preserviition  were,  of  eonrse. 
unknown;  and  a  cadaver  was  soon  a  mass  of  disirnstiiii;- 
and  noxious  putrescence.  Tliere  was  as  y<'t  no  ajiproacli 
to  exact  and  complete  anatomical  invest isalion. 

That  anatomy  was  but  of  sli.i^lit  assistance  to  either 
medicine  or  surgery  is  amply  show  n  by  the  records  of  the 
time.  Indeed,  it  fell  into  such  disrepute  that  Paracelsus 
(Theoplirastus  Bombustus  von  IIoluMdieim,  l4'.Ki-l.>ll) 
declared  it  to  be  useless  to  know  the  internal  siruelure  of 
the  body,  that  a  kuowledse  of  the  shape  or  situation  of 
the  huiLCS,  heart,  or  stomach  was  of  no  value  in  the  diag- 
nosis or  treatment  of  di.sease.  In  \'>'2~>  he  burned  the 
works  of  Galen  aucl  Avieeuna  before  his  pupils  at  IJasle. 
denonncinjr  these- teachers  as  blind  i^uides.  Some  of  the 
doctrines  of  Par-aeelsus  reapp<'ar  at  later  periods,  lie 
considered  the  body  to  be  a  microcosm  rei)resentini;  the 
entire  external  universe.  forme<l  from  pre-existim;  and 
indestrnctible  germs  (Weismann"s  iierni  plasm),  and  sov- 
erneil  by  astrolojrical  inlluenc<s.  the  sun  alTeclinj;  the 
heart,  the  moon  the  brain.  .Mercury  the  liver,  etc.,  etc. 
The  functions  of  the  bmly  he  supposed  to  be  carried  on 
by  the  (irchaux,  a  sort  of  (huts  in  iDKr/iuin,  that  resided  in 
the  belly. 

Among  those  who  carried  on  the  work  started  by 
Miindinus  and  somewhat  extended  the  domain  of  anatomy 
arc: 

Gabriele  de  Zerbi  (146.S-1.505),  professor  at  I'adua. 
Bologna,  and  Rnnie.  who  tirst  separated  the  organs  inio 
s3-stenis,  described  the  inuseulature  of  the  stomach,  and 
tlie  iiuncta  lachrymalia.  He  knew  that  the  tunica  vagi- 
nalis testis  is  derived  from  the  peritoneum. 

Achillinus  (Alessaiulro  Achillini.  14(i:>-1.51'.3).  professor 
at  Bologna  and  Padua,  aiulior  of  a  commentary  on  .Mim- 
dinus.  who  discovered  the  malleus  and  the  incus,  the 
labyrinth  of  the  ear.  the  patheticus  nerve,  the  ilco  (a'cal 
valve,  and  the  entrance  of  the  bile  duet  into  the  duo- 
denuiu. 

Alcssandro  Benedetti  ( 1460-1. 5'.J5),  professorai  Padua  in 
1490,  afterward  at  Venice,  who  built  the  tirst  anatciini(al 
amphitheatre.  His  demonstrations  wi-re  i)ubli<'  and  hi- 
complains  of  the  "numerous  populace"  that  ci-owded  to 
them.  He  w- rote  a  work  on  anatomy  that  is  imi-of  the 
very  best  of  the  period. 

Berengaiius  Carpensis  (Jacojio  Beiengario  Carpi,  14T0- 
1.5H0),  professor  at  Pavia  and  Bologna,  author  of  a  com- 
mentary on  Mundinus.  Heshowed  themytlii(-al  character 
of  the  rile  luinthllr  which  Galen  had  desc-tibed  as  existing 
on  the  internal  carotid  arteries  (as  in  the  herbivora).  and 
was  the  lii-st  to  deny  that  orifices  existed  in  the  intcrven 
tricniar  septum.  He  stated  that  he  had  dis.sected  more 
than  a  hundred  cadavers,  but  does  not  say  that  thesr. 
wen'  all  human. 

Marcus  Anlonius  (Marc  .\nlonio  della  Tori-e.  H.-^l 
1512),  professor  at  Padua  and  Pavia,  the  pupil  of 
Lionaido  da  Vinci  who  is  siiid  to  have  designed  )ilatesfor 
his  wtn-k.  Lioiiardo  was  himself  an  anatomist  fully 
eipial  to  any  of  the  pre-Ve.salian  epoch.  Wa  made  many 
dissections  and  carefully  reproduced  them  in  drawings 
that  show  a  great  deal  of  anatomical  knowlcdgi..  He 
seciTis  to  have  come  nearer  to  the  circulation  of  the  blo<id 
than  any  of  his  conlemponirics.  "The  heart."  he  .says, 
"is  a  nuisele  of  great  strength,  nmcli  stronger  than  the 
other  muscles.  The  blood  that  returns  wIk-u  the  heart 
opens  aiiain  is  not  the  sjuue  as  that  whic-li  closes  the 
valves."  It  shoidd  be  remembered  that  both  liajihael 
and  Jlichael  Angelo  studied  anatomy  and  left  anatomical 
drawings.  Concerning  Michael  Angelo.  tlie  slandeious 
Story  was  circulated  that  he  had  practised  vivisection  on 
a  crindnal  in  order  to  get  the  expression  that  he  desired 
to  portray  in  a  picture  of  the  crucitixion. 
Vol..   I.— 20 


Vidus  Vidins  ((Juido  Gnidi.    1.54.5-1 569),  jjliysician  to 

FraiK-is  I.,  anil  iirofessorat  Palis  and  Pisa,  whose  name  is 
|-elaincd  in  the  Vidian  canal  and  the  Vidian  nerve;  Giiin. 
therus  Andernacensis  ((Jiinthei-  von  Andci-nach.  1487- 
1574),  profes.sor  at  Louvain  and  Paris;  and  Jacobus 
Sylvius  (.Jacques  Dubois,  147S-1.5.55).  professor  at  Paris, 
ai-e  all  chielly  famous  as  being  the  instructors  of  Vesii 
lins.  (iiinther  had  both  Vesaliusand  Servetnsas  prosec- 
tors in  his  laboratiuy  at  the  same  lime.  His  description 
of  the  valves  of  the  heart  is  good.  an<l  he  appears  to  have 
be<.n  the  first  to  discover  that  bothairand  blood  tmdergo 
(-hanges  in  passing  thiongh  the  lungs.  Sylvius  greatly 
improved  nomenclatui-e.  assigning  designations  to  iniis- 
eles  and  vessels,  distinguishing  voluntary  fiom  involun- 
tary muscles,  and  denionst  rating  moi-c  by  personal  dissec- 
tion than  was  done  in  other  schools.  Ilcdi.scovered  valves 
in  some  of  the  veins,  but  appears  to  liave  had  no  idea 
of  their  function. 

The  time  was  now  lipe  b.r  a  new  advance.  The  in- 
vention cjf  printing  and  (-nnse(|iient  general  diiTusion  of 
ancient  lit<-rature,  the  diseoveiy  of  new  (-ountries  and 
eontiiK-nts,  the  progn-.ss  of  invention  tind  the  lloiu'isliing 
(ondition  of  pictorial  and  plastic  art,  created  an  intei- 
li-(-tual  activity  that  would  no  longer  bi-ook  the  restraints 
of  schools  and  the  unsup])orteil  dicta  of  the  ancients. 
The  power  of  tradition,  which  had  weighed  like  an  incu- 
bus u])on  anatomical  teaching  for  ovet-  thirteen  hundred 
yeais.  was  now  to  be  rudely  shaken.  There  arose  agioup 
of  analonusts  w  ho  were  tojiursue  theirwork  a.iraiu  in  the 
pioper  spirit  of  free  imiiiiry  and  to  institute  for  the  first 
time  in  the  histoiy  of  the  science  a  careful  examination  of 
the  luinian  bod}'  made  with  thonniglmess  and  skill.  The 
chief  of  these  was  .\udrew  Wi-sel,  more  commonly  known 
by  his  I /at  in  api)ellative  of  Andreas  Vesalius,  who  was  born 
at  Hrussels,  Dec-ember  :!l,  1514.  He  was  the  .son,  grand- 
son, and  great-grandson  of  distinguished  physicians,  a 
fact  of  which  he  was  justly  pi-oud.  He  showed  a  taste 
for  analomi(-al  investigations  at  an  early  age.  and  after 
an  excellent  ti-aiidng  in  Latin.  (Jreek,  and  perliaps  in 
.\rabic,  at  the  univetsity  of  Louvain,  he  went  to  Paris  to 
work  in  the  lalioratoty  conducted  by  Vidiiis  and  after- 
ward by  Sylvius  at  tiieschool  founded  in  15;jO  liy  Francis 
L  His  des(-ri|ition  of  the  way  in  which  anatomy  was 
pursued  tlu-re  shows  the  state  of  t(-aching  at  that  time. 
The  demonstrations  wc-ie  mostly  upon  animals,  and  upon 
those  rare  oec-asions  w  Ik-ii  the  human  lioily  was  examined 
it  was  hurried  over  in  thi-ee  lessons,  the  teacher  merely 
opening  the  great  cavities  and  so  hastening  over  the  dem- 
onstration that  "tnore  anatcany  might  be  learned  in  the 
shop  of  a  but(-lier  than  in  such  a  dissecting  room."  Ex 
cept  the  eight  inusc-les  of  the  abdomen  which  were  badly 
mangled  and  impi-operly  pi-cpared,  not  a  nuisele  was 
demonstiated,  nor  were  any  bones  shown,  much  less  were 
ncrvc's,  veins,  and  arteries  |iroperly  dissected  and  dis- 
played. 

At  odd  times  Vesalius  haimted  the  city  cemeteries  to 
])ro(aire  chanc-e  bones  turned  uj)  by  the  spade  of  the 
sexton.  He  early  noted  errors  in  the  desci-iptious  of 
(Jalenand  Mundinus.  Beturningto  Louvain  he  conducted 
anatomical  demonstrations  there,  and  possessed  himself, 
it  is  .said,  of  an  entire  human  skeleton  by  remaining  all 
night  beyond  the  city  gates  and  robbing  the  gilibet  of  a 
body  partially  destroyed  by  bii-ds.  He  afterwaid  wen* 
to  Italy,  and  l-eceived,  in  15:17.  at  twenty  three  years  of 
age,  the  appointment  of  professor  of  anatomy  at  Padua, 
ali-eady  famous  for  its  anatomical  instruction.  Heie  he 
at  once  achieved  a  striking  success.  His  demonstrations 
w-ere  crowded:  the  clergy,  the  laity,  even  women  throng-- 
ing  to  hear  him.  He  i-emained  in  Italy  seven  y eats,  de- 
livering courses  in  Pisii  and  Bologna  as  well  as  at 
Padua,  a  proceeding  n-nderc-d  po.ssiljle  by  the  short  dura- 
tion of  each  course,  vi/.,  sevc-n  weeks.  ^Vhile  not  em- 
ployed in  teaching  he-  gave  his  lime  to  the  com]iosilion  cf 
his  great  work.  "De  llumani  Corporis  Fabric-a,  Libri 
VIL,"  the  tirst  attempt  at  a  comi)lelc.  exposition  of  the 
structure  of  the  human  body. 

In  this  we  find  the- result  of  his  own  personal  researches, 
a  careful  and  generally  acc-tu-ate  description  of  the  anatom- 
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ical  features  of  man  made  for  the  tirst  time  from  actual 
insppcticin.  As  Vesiliiis  liimself  says,  it  is  an  attempt  lo 
demonstrate  tlie  structure  of  man  upon  man  liimselt. 
Galen's  many  errors,  caused  by  his  almost  exclusive  study 
of  inferior  animals,  were  unsparingly  noteil.  Excellent 
plates  made  from  drawings  of  preparati(ms  illustrated 
the  work.  These  were  so  gootl  that  they  were  often 
ascribed  to  Titian,  hut  they  were  probably  the  work  of 
Stephen  von  Calear.  one  of  Titian's  pupils,  witli  perhaps 
some  aid  and  advice  from  tlic  master  and  an  occasional 
drawing  from  Vesalius  himself,  who  was  skilful  with  the 
pencil. 

From  this  epocli-making  work  modern  anatomy  may 
be  said  to  have  its  birth.  It  is,  however,  by  no  means 
free  from  errors,  both  tho.se  due  to  hasty  preparation,  and 
those  arising  from  the  preconceptions  then  current 
Vesalius  still  supposed  that  mucus  pas.sed  through  the 
holes  in  the  cribriform  plate,  tliat  the  tubular  nerves  dis- 
tributed animal  spirits,  etc.  .Many  of  liis  errors  were 
poiuted  out  by  his  contemporaries. 

This  new  departure  should  he  considered  as  helou.ging 
to  the  movement  of  the  age.  As  has  been  ali'eady  noted, 
the  world  was  Ijecomiiig  impatient  of  traditionary  au- 
thority and  seeking  for  facts  by  personal  observation  and 
research,  Vesalius'  .great  woi-k  appeared  in  1.j4:j,  in  the 
same  year  that  Copernicus  jiublished  his  treatise  "  On  the 
Motions  of  the  Heavenly  Bodies";  it  was  in  1.521  that 
Luther  made  his  memorable  appeal  befcnv  the  Diet  of 
AV'orms,  and  in  1.534  that  he  completed  his  translation  of 
the  Bible. 

The  adherents  of  ancient  tradition  did  not  yield  with 
out  a  struggle.  V'esalius  was  denounced  liy  many,  his 
former  teacher  Sylvius  calling  him  an  impious  madman 
whose  breath  poisoned  Europe.  The  eri-ors  of  Galen 
which  Vesalius  had  pointed  out  were  explained  in  the 
most  grotesque  manner,  either  by  supposing  a  corruption 
of  Galen's  text,  or  bj-  the  hypothesis  that  the  human 
body  hiid  changed  since  Galen's  time.  The  seven  pieces 
of  the  sternum  which  Galen  had  descrilied  (from  ajies) 
were  supposed  to  indicate  liow  much  lai'ger  and  more  de 
veloped  the  thorax  was  in  Galen's  time;  the  curvature 
of  tlie  thigh  bones,  not  seen  in  modern  man.  was  said  to 
be  their  natriral  free  condition  liefore  they  were  straight- 
ened by  tlie  wearing  of  tight  breeches.  More  important 
were  criticisms  directed  toward  Vesalius'  own  demon- 
strations by  Eustachius,  who  pointed  (jut  a  number  of 
errors,  and  thoroughly  disapproved  of  the  conduct  of 
Sylvius.  Vesalius  seems  to  have  taken  this  opposition 
very  much  to  heart.  He  had  previousl)'  resigned  his 
chair,  and  now  he  went  to  Aladrid,  where,  in  the  gloomy 
court  of  Philip  II.,  he  found  a  most  luicongeuial  atmos- 
phere. He  was  surrounded  by  enemies  wlio  attempted 
to  stop  his  work  by  the  jiower  nf  the  Lnpiisition.  Pliilip 
asked  from  the  University  of  Salamanca  an  ojiinion  as 
to  the  permissibility  of  dissection,  and  the  reply  of  the 
learned  doctors  was  that  since  it  is  useful  to  man  it  may 
be  allowed  (1556),  Restless  and  ill  at  ease,  Vesaliiis 
wished  to  return  to  his  chair  in  Italy,  now  vacant  by  the 
death  of  Fallopius.  He  was  destined  never  to  do  this. 
Making  a  vo_vage  to  Palestine  in  the  fullibnent  of  some 
vow,*  recalled  while  there  by  the  Senate  of  Venice  lo  re- 
sume his  cliair.  he  was  shi]iwrecked  on  the  island  of 
Zante,  and  suffered  so  nuieh  from  exposure  that  he  died 
there,  October  15,  1564.  He  was  one  of  the  great 
pioneers  and  jiathmakers  of  science,  worthy  to  i-ank  \vith 
Copernicus  and  Columbus.  Anatomy  has  never  lost  the 
impidsion  due  to  his  arduous  efforts.  He  found  it  a  mass 
of  crndi' speculations  based  on  ancient  authority,  he  left 
it  a  recognized  .science  having  for  its  basis  actual  oliserva- 
tion  of  structure. 

Vesalius  was  by  no  means  alone.  Two  othi'r  great 
figures  stand  out  at  this  epoch,  Euslachius  (Bartolonnnco 
Eustacchi,  1520-1574),  professor  of  anatomy  at  Rome,  and 

*The  report  ttiat  In*  was  coniit'iinHMl  tt>  rlcath  hv  tlip  Imiiiisitiun  for 
openniff  hy  accident  tlie  liodyofa  liviiiir  iiiati,  ami  that  his  scnlt^m-e 
wjis  by  I'liilip  ooiiinmtert  to  a  piiirriina^e.  appears  to  be  wlioliy  witli- 
out  foundation,  unsupported  by  the  records  ot  the  Inquisition  or  of 
tlie  royal  archives. 


Fallopius  (Gabriele  Fallopio,  1533-1562),  jirofessor  at 
Ferrara,  Pisa,  and  Padua.  It  is  to  Eustachius  that  we 
owe  I  he  lirsl  idea  of  investigating  the  tissues,  also  the 
conception  that  to  understand  ailulf  structures  we  should 
examine  the  fetal  ones.  To  correct  the  current  errors  in 
Vesalius  and  others,  he  prepared  a  great  illustrated  work 
on  the  controversies  of  anatomists,  but  it  w-as  never 
published,  and  the  jilatcs  that  he  had  made  for  it  at  great 
ex]iense  were  long  supposed  to  be  lost,  but  were  linally 
discovered  in  the  Vatican  lilirary  anil  presented  by  Pope 
Clement  XI.  to  Lancisi.  who  published  them  in  1714. 
They  were  the  first  eopiier  plates  used  for  anatomical 
illustrations,  and  sliow  lliat  their  author  had  anticipated 
many  of  the  iliscoveries  of  his  successors.  The  Gasserian 
ganglion  and  the  pancreatic  duct  sue  clearly  shown,  and 
the  ciliary  muscle  not  onlj-  figured  but  given  its  modern 
designation.  The  name  of  Eustachius  is  preserved  in  the 
Eustachiau  tube,  said  to  have  lieen  first  discovered  by 
Alcma'on.  and  the  Eustacliiau  valve  of  the  fetal  heart. 
He  tirst  described  the  membranous  cochlea  and  the  tensor 
tympani  muscle,  the  origin  of  the  optic  nerve,  the  ab- 
ducens  nerve,  the  suprarenal  capsules,  and  the  ventricles 
of  the  larynx. 

Fallopius  was  especially  renowned  for  his  exact  de- 
.scription  of  the  organs  of  hearing.  He  discovered  the 
aqueductus  an<l  hiatus  Fallopii,  the  communication  of 
the  mastoid  cells  with  the  middle  ear.  the  stapes  (also 
claimed  by  Eustachius),  the  fenestra  ovulis,  the  chorda 
tympani,  the  aqueductus  vestibuli,  and  the  lamina  spira- 
lis. He  .gave  the  nienibrana  tympani  its  preseut  name  and 
named  the  Fallopian  tithes  (previously  discovered  by 
IIero]iliilus)  the  tub;e  seminales,  Poujiart's  ligament 
was  first  described  by  him,  as  also  the  hymen,  the  clitoris, 
the  seminal  vesicles,  and  the  uriniferous  tubules.  He 
also  described  the  ileo-ca'cal  valve,  which  was,  however, 
probably  known  to  Achillinus,  He  discussed  the  de- 
velopment of  bones  and  teeth,  and  knew  the  ganglia  of 
the  spinal  nerves. 

In  their  zeal  for  knowledge  the  anatomists  of  that  a,ge 
are  reputed  to  have  not  infrequently  overstepped  the 
bounds  of  common  humanity.  Vesalius.  following  the 
examjile  of  Ilerophilus,  is  sjiid  to  have  vivisected  crimi- 
nals, and  the  records  found  in  the  criminal  archives  of 
Florence  (154.5-1570)  show  beyond  dispute  that  it  was  by 
no  means  uncommon  to  send  living  persons  to  Pisa  "to 
be  made  an  anatomy. "  "While  this  language  seems  to  in- 
dicate that  such  subjects  wete  dissected  alive,  there  is, 
on  the  other  hand,  some  evidence  to  show  that  Ihey  were 
first  executed  by  smothering  or  otherwise. 

JIany  other  almost  eiiually  famous  men  contributed 
to  the  anatomical  knowledge  of  the  period.  Among 
these  are  the  following: 

Servetus  (Miguel  Serveto,  1509-1553),  a  Spaniard  from 
Villanova,  in  Arnigon,  buined  at  the  stake  by  Calvin,  at 
Geneva,  for  heretical  opinions.  He  was  the  first  clearly  to 
describe  the  pulmonary  circulation  and  the  change  from 
venous  to  arterial  blood  that  -occurs  in  the  lung.  This 
description  occurs  in  the  rare  work  "Christianismi  Resti- 
tutio, "  published  by  him  at  Vienne  in  1.5-53.  In  this  he 
clearly  states  that  air  mixed  with  blood  passes  from  the 
lungs  to  the  heart.  "  A  piiliminihiK  nd  cur  nou  ximplcr 
fiir  ncd  7)i!.rt>is  mntr/nine  wHtitnr  ad  nrierinm  renosnm.''' 
He  had.  however,  no  idesi  of  the  greater  or  general  cir- 
culation. 

Columbus  (Matleo  Realdo  Colombo,  1494-1559).  the 
warm  friend  of  Vesalius.  and  who  immediiitely  succeeded 
him  at  Padua  and  afterward  taught  at  Pisa  and  Rome. 
He  dissected  with  great  assiduity,  completing  at  least 
fourteen  bodies  in  a  year.  He  also  ransicked  old  cliar- 
ucl  houses  for  hones  and  compared  about  half  a  mil- 
lion of  .skulls.  He  was  an  ardent  investigator,  demon- 
strated ex|ierimentally  the  lesser  circulation,  probably 
without  any  knowledge  of  the  jirior  work  of  Servetus, 
and  had  an  accurate  idea  of  the  functions  of  the  valves 
of  the  h(7trt. 

Ingrassias  (Giovanni  Filipo  Ingrassia,  1510-1.580),  pro- 
fessor at  Naiiles.  of  hi.gh  rank  as  an  osteologist,  who 
studied  the  siihcnoid  and  ethmoid  bones. 
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Cunamis  (Giambatlista  Canauo.  1513-1.57!)),  one  of  tlic 
earliest  to  incntioii  tlu-  valves  of  the  veins  (1517). 

C;es;ili)iiius  (Aiiilreas  (.'a>saiiiini,  1517-l()(lo),  tlie  tirst  to 
use  the  term  (•//•'■'//I'^fo  iu  speal<ing  of  tlie  movement  of 
the  hlood.  lie  liafl  no  <-leai' and  detinite  ideas  on  tlie 
subject,  believiny  that  the  movement  was  oseillatoiy. 

Arantiiis  ((Jiulio  Cesare  Aianzio.  I.5;!0-15si)),  professor 
jit  liologna.  wlio  diseovered  tlie  duetus arteriosus,  the  cor- 
pora Arantii.  named  the  hippocampus  major,  carefully  de- 
scribed the  jrravid  uterus,  which  iu-  considered  a  nuiseular 
or.n'an,  and  Urst  spoke  of  a  separation  of  the  uialernal 
and  fetal  blood. 

Coiterus  (Voleher  Koytcr,  1534-l(i00),  of  Gii'minjrcn, 
who  investiicatcd  the  osteology  of  the  fu'tusand  tlio<le- 
velopment  of  the  bones. 

Varolius  (Constanzo  Varolio.  1543-1575),  professor  at 
Rome,  who  made  special  researchesinto  the  brain  and  iii'r- 
vous  system,  describing-  the  base  of  the  brain  and  the  ap- 
parent origin  of  the  cranial  nerves.  His  name  is  pre- 
served in  the  pons  Varolii. 

liauhinus  (Caspar  ,I?aiiliin,  15(10-1  (!'.24),  luofissor  at 
I'asle,  who  made  iniprovenient  sin  terminoloL'y.  (The  dis- 
covery of  the  ileo-ca'ca-l  valve,  ascribed  to  him,  is  due  to 
Fallopius.) 

Spiifclius  (Adrian  van  den  Spie,i^hel,  157S-1()'.>5).  of 
l?russels,  who  made  a  special  .study  of  the  liver,  one  of 
whose  lobes  still  bears  his  name. 

Fabricius  ab  A(|uapeiidente  ((Jirolamo  Fabri/.io,  15:)7- 
1G19,  so  called  to  distin>;uibli  him  from  Fabricius  llil 
danu.s,  a  cc4ebrated  surireou  of  the  period),  who  was  tlje 
.successor  of  Fallo]nus  at  Fadua,  and  worthily  mainlaiiic(l 
the  reiiutation  of  that  celebrated  school,  lie  erected  at 
liis  own  cxjicnse  an  anatomical  amphitheatre  which  still 
remains.  It  is  a  small  dark  pit  with  seats  risinu;  almost 
perpendicularly  about  it,  e.xeludinir  the  lij;lit  so  that  jill 
dissections  must  have  been  by  candle  light !  It  was  here 
that  Harvey  learned  anatomy  and  obtained  from  Fabricius 
the  germs  of  the  knowlcilge  which  was  to  result  in  the 
discovery  of  the  circulation  of  the  blood.  Fabri<aus  was 
till'  tirst  to  demonstrate  in  a  complete  manner  tin-  valves 
of  the  veins.  The  tirst  mention  of  these  is  by  Stc|)lianus 
(Charles  fitiemie)  of  Paris  in  1845,  who  refers  to  them  as 
'"apophyses  membranaruni,"'  intended  to  prevent  the 
regurgitation  of  the  blood.  Sylvius  (1555)  noted  them  in 
several  veins,  Kustacliius  in  the  coronary  vein  (15l';i). 
Vesalius  seems  not  to  have  realized  their  importance, 
but  figures  tlieni  in  the  heiiatic  veins.  Fabricius,  how 
ever,  wrote  a  complete  treatise  upon  them  ("  I>e  Vcnarum 
Osliolis,"  IGO:!),  and  states  that  they  ju-evcnt  the  overdis- 
tention  of  vessels  when  blood  passes  from  the  larger  to 
tlie  smaller  veins.  He  alsostudied  thedevelopnicnt  of  the 
liuman  tu'tus  and  of  tli<>  embryo  chick,  the  muscular  coat 
of  the  bladder,  the  a'sopliagus,  stcJinach,  and  intestines, 
particularly  the  ap])emlix  vermiformis,  lit-  was  suc- 
•ceeded  at  Fadua  by  Casserius  (Ginlio  Casserio,  15(il  -ll!Hi), 
who  paid  espeeiar  attention  to  tlie  organs  of  voice  and 
hearing  and  diseovere<l  the  sta|)edius  nuiscle.  'I"he  mus- 
<-ulo-(-ulaiieous  nerve  of  the  arm  is  sometimes  called  the 
nervus  perforans  Casserii. 

Tlie  zeal  for  investigation  instituted  by  Vesidius  and 
carried  on  liy  liiscontcinporariesand  immediate  succcs.sors 
was  undoubteilly  a  great  advance  over  the  ignorant 
apathy  that  ]ireceded  it,  but  it  was  not  so  much  a  lU'W 
movement  as  a  revival  of  an  old  one.  'I'hc  anatomy  of 
that  time  was,  after  all.  the  anatomy  of  the  (Jreeks,  car 
ried  to  a  greater  degree  of  detail,  it  is  true,  but  marred 
by  the  sime  teleological  errors.  'I'lie  spiritualistic  theo- 
ries of  Hippocrates,"  Aristotle,  and  Galen  still  jirevailed 
and  blinded  the  eyesof  anatomists  to  the  truesigniticanee 
of  structure.  The  doctrine  of  the  tissues,  hinted  at  by 
Aristotle,  and  dimly  grojied  after  by  En.stachius  and  Fal- 
lopius, had  borne  as  yet  no  fruit.  The  development  of 
the  embryo  had  been  but  little  studied  and  its  details 
were  imperfectly  known.  In  ostiuilogy  and  artlirology 
the  advances  were  greatest,  the  general  features  of  the 
bones,  joints,  and  ligaments  being  well  described;  but 
their  nomenclature  was  as  yet  undeveloped,  they  being 
designated  in  each  region  by  numbers.     In  the  vascular 


system  the  veins  were  considered  the  most  iniporlanl  ves- 
sels, it  being  supposed  that  the  blood  in  them  had  an  os- 
cillatory movement  which  the  valves  modilied  without 
absolutely  controlling  its  direction.  The  heart  had  been 
lairly  well  describc-d,  but  as  no  one  had  shown  experi- 
nienially  the  imjiossibilily  of  regurgitation  of  blood  into 
it  from  the  aorta  and  lliif  i)ulmonary  artery,  it  was  still 
sn|i]iosed  to  be  a  sort  of  mi.ving  reservoir  for  (he  blood 
and  animal  sjiirils.  The  ]iernieability  of  the  interventric- 
ular septum  was  still  in  dispute,  it  being  liekl  necessary 
for  th(^  mixing  of  tlii!  blood.  The  ]iowerful  muscular 
character  of  the;  heart  was  still  unrecognized,  and  though 
the  lesser  cm'  pulmonary  circulation  had  been  mentioned 
by  N-rvet  us  and  Columbus,  it  was  not  generally  accepted. 
The  lympliati<'S,  although  seen  and  vaguely  mentioned  by 
several  ancient  authors,  were  not  understood. 

Tlunnaeroscopie  anatomy  of  the  brain  was  not  yet  well 
known;  the  ventricles  were  siipjioseil  to  be  thi^  reservoirs 
of  the  vital  spirits,  and  the  lu'rves  to  be  tubular  in  char- 
acter. The  <listribution  of  the  cranial  nervi-s  was  not 
clearly  made  out. 

In  sphmclmology  vague  ideas  prevailed.  The  liver 
and  spleen  were  thought  to  be  jiolent  organs  lor  the 
elaboration  of  blood,  which  was  ma<le  in  them  as  fast  !is 
it  was  distribntcd  by  tli<:  lieart  through  the  veins  and 
arteries  to  be  poured  out  into  tlie  substance  of  the  organs. 
The  pancreas,  although  discovered  by  Galen,  was  over- 
looked, as  it  is  eviileiit  that  Vesiiliiis  mistook  lor  that 
organ  the  collectivi'  mesenteric  glands.  The  ovaries 
wi'K;  believed  to  produe(^  a  b-niale  semen. 

Anatomical  instruction  was  still  carried  on  mainly  by 
demonstnitions  by  the  professor.  The  prosectors  usu- 
ally made  dis.sections  in  sight  of  the  pu])ils.  the  professor 
siliing  o])posite  and  with  a  little  wand  jMiinting  out  the 
part  described.  The  muscles  were  dissected  in  one  day. 
the  contents  of  the  head,  chest,  and  abdomen  in  a  second, 
the  bones  and  ligaments  in  a  third.  It  was  not  usually 
practicable  to  extend  this  time  on  account  of  the  rapid 
decay  of  the  body.  .\s.  however,  the  whole  day  was 
occupied  by  each  demonstration,  the  work  was  not  as 
superlicial  as  might  at  tirst  appear. 

.\iiotlier  great  advance  was  now  made  iu  a  domain 
which,  although  iihysiologieal  in  its  scope,  yet  reacted 
pou-erfully  upon  anatomy  by  alTecting  conceptions  of 
boilily  structure.  This  wasthecareful  inductive  demon- 
stration (conuiionly  called  discovery)  of  the  circulation 
of  the  blood  made  by  the  renowned  William  Harvey  who 
was  born  .\pril  I,  157.'^.  He  studiecl  at  Cambridge  and 
I'adua,  graduating  from  both  universities  in  KiO'i.  In 
Italy  he  became  acquainted  with  the  views  of  Fabricius 
who.se  pujiil  he  was,  as  to  the  wiih;  distribution  of  the 
valves  of  the  veins,  and  those  of  Columbus  regarding 
the  pulmonary  circulation.  It  was  not,  however,  until 
he  had  madit"  many  vivisi'Ctions  and  studied  the  move- 
ments of  the  lieart  in  many  living  anim.-ds,  under  vary- 
ing con<litions,  that  he  attained  to  a  correct  idea  of  the 
double  circuit  made  by  the  blood. 

Harvey  began  to  teach  the  new  doctrine  in  his  lectures 
at  the  Royal  College  of  I'hysieians  as  early  as  1()15,  but 
did  not  ]iublish  them  until  UiiH,  when  aiipeared,  at 
Frankfort,  his  "  Kxeicitatio  Anatomieade  Motu  Cordis  el 
Sanguinis  in  .\niiiialibus"  (.\n  anatomical  treatise  on  the 
inovementsof  the  heart  and  the  Ijlood  ill  animals).  In 
this  he  frankly  breaks  with  traditional  teaching:  "I  pro- 
fess to  learn  and  teach  anatomy  not  from  books,  but  from 
dissections;  not  from  the  suppo.sitions  of  philosophers, 
but  from  the  fabric  of  nature."*  Showing  that  the  ana 
tomieal  arrangement  of  the  valves  of  the  veins  and  of 
the  heart  neees.sarily  implies  a  movement  of  the  blood 
from  the  veins  toward  the  heart  ami  from  the  heart  into 
the  arteries,  he  demonstrateil  such  moveinenl  liv  a  coiii- 
jiression  of  veins  and  arterii'S  and  by  various  other  ex- 
Ijcriments  in  living  animals,  making  an  earnest  plea  for 

•  In  the  posse.ssion  of  ttie  Uoval  t'cillOBe  of  I>tiysli-i:ins  of  Lyiiiion 
lire  preparal Ions  of  tlie  lilood-vcssi-ls,  inonnlcd  on  ijoanls  unci  sliow- 
liilf  tlie  iiortie  viilve-;.  Iliiil  an-  said  to  liiive  Ix-cn  nrepan-d  li.v  Harvey 
wlKMi  a  student  in  llalv  anil  iisi'il  for  doinonsti-ition  to  liis  classes. 
HyrtI  believes  the  in  to  be  tlie  oldi-st  analoinlcal  pieparations  extant. 


301 


Analonif. 
Aiialoiiiy. 


KEFERENCE   HANDP.OOK   OF  THE  MEDICAL   SCIENCES. 


comparative  anatomy:  "Had  auatomisls  only  been  as 
ronvers;int  willi  llie  (iisscetion  of  the  lower  animals  as 
they  arc  with  lliut  of  the  luniian  body,  the  matters  that 
have  liilherto  kept  them  in  a  perplexity  (jf  doubt  would. 
in  my  opiiuon.  have  met  tliem  freed  from  every  kind  of 
difficulty."'  For  the  tirst  time  we  see  doubt  cast  upon 
the  doctrine  of  "spirits."  Says  Harvey;  "We  are  too 
much  in  the  habit  of  worshippiutr  names  to  the  neglect 
of  thiug.s.  Tlic  word  blood  has  not  liing  i  if  grandiloquence 
about  it,  for  it  signifies  a  substance  wliieh  wi'  liave  before 
our  eyes  and  can  touch;  but  before  such  titles  as  spirit 
and  innate  heat  we  stand  agape." 

The  new  doctrine  was  at  first  universally  rejected, 
especially  in  Italy  where  most  of  the  preliminary  dis- 
coveries had  been  made  that  led  to  Harvey's  conclusions. 
As  in  the  case  of  Vesalius,  the  innovator  was  greeted 
with  abuse  and  detraction  instead  of  demonstration  and 
legitimate  argument.  Harvey  received  this,  however, 
witha  singularly  calm  and  judicial  spirit.  He  siiys:  "To 
return  evil  speaking  with  evil  speaking  I  hold  to  be  un- 
worthy in  a  jihildsopher  and  .searcher  after  truth.  I  be- 
lieve that  I  shall  do  better  and  more  advisedlj*  if  I  meet 
so  many  indications  of  ill-breeding  with  the  light  of  faith- 
ful and  conclusive  observation."  The  only  opponent  he 
deigned  to  answer  was  Jean  Riolan  (Riolanus,  Jr.,  1577- 
1657),  professor  at  Paris,  so  renowned  for  his  acerbit)-  in 
controversy  that  it  was  said  of  him  that  he  would  rather 
give  up  a  friend  than  vield  an  o|iini(in.  Harvey's  reply 
was  judicial  and  complete,  but  failed  to  convince  Riolan, 
who  (ilitained  a  ilecree  from  the  Faculty  at  Paris  forbid- 
ding the  teaching  of  the  new  doctrine,  and  opposed  it  up 
to  the  time  of  his  death.  Harvey  lived  to  see  his  views 
almost  universally  accepted,  dying  in  1657,  a  few  years 
before  Malpighi  discovered  the  capillaries  and  thus  placed 
the  anatonueal  basis  of  the  circulation  beyond  cavil  (1661 ). 

Harvey's  work  called  more  attention  to  the  heart,  and 
many  points  in  its  gro.ss  anatomy  were  now  established. 
Among  those  a\  ho  worked  to  this  end  may  be  mentioned 
Richard  Lower  of  London  (16;31-lti91,  tuberculum  Low- 
cri),  Raymond  Vieu.ssens  (1641-1718,  fossa  ovalis),  pro- 
fessor at  Montpellier,  Kits  Stensen  (Nicholas  Stenonis, 
1638-1686),  professor  at  Copenhagen,  who  worked  at  the 
musculature  and  looped  fibres,  and  Adam  Christian  The- 
besius(1686-1732),  wlio  discovered  the  foramina  Thebesii. 

As  a  consequence  of  the  doctrine  of  the  circulation, 
the  distribution  of  blood-vessels  was  more  accurately 
studied.  A  passage  in  Sylvius  is  sometimes  cited  to 
show  that  he  suggested  injections,  but  it  is  clear  that  he 
could  not  have  made  any  effective  use  of  them.  The 
first  to  do  this  was  Stephen  Blancaard,  of  JVIiddleburg, 
Holland  (16.50-170;2),  who,  in  1675.  succeeded  in  inject- 
ing the  blood-vessels.  Others  obtained  great  success  with 
this  method,  espe(  ially  P"'rederiek  liuyseh  (1638-1731). 
professor  at  Amsterdam,  whose  jireparations  were  justly 
famous.  It  is  to  him  we  owe  the  demonstration  of  the 
vascular  distribution  in  the  choroid  of  the  eye  (timica 
Ruyschiana  —  chorio-capillaris)  Using  fine  injections  he 
found  vessels  in  every  jiart  of  the  body  in  such  numbers 
that  he  inclined  to  tl'ie  belief  that  the"  body  was  mainly 
composed  of  them,  'Until m  corpus  ex  nisciilfx." 

Closely  associated  with  the  anatomy  of  the  blood- 
vascular  .system  is  that  of  the  lyniphaties.  These  struc- 
tures were  jirobably  seen  in  goats  by  xVristotle  and  He- 
rophilus,  but  as  their  course  and  termination  were  not 
determined,  the  remarks  of  those  authors  concerning  them 
were  overlooked  or  misunderstood.  Enstachius  saw  and 
described  the  thoracic  duct  in  the  horse,  supposing  it  to 
be  a  vein  for  the  nourishment  of  the  thorax.  The  eliylif- 
erous  lym]ihalies  were  first  observed  in  16'23  bv  Gasjiare 
Aselli(1.581-16','6),  professor  ;it  Pavia,  in  the  mesentery  of 
a  dog  lately  fed.  ^lisled  by  I  lie  prevalent  conceptions  as 
to  blood  formation,  he  tlionglit  tiiey  eoidd  be  traced  to  the 
liver.  His  discovery  was  not  imblislied  initil  1637,  and 
the  next  year  such  vessels  were  demonstrated  in  the 
mesentery  of  a  criminal  two  hours  aftcrdealb  by  Fabrice 
de  Peiresc,  a  .senator  of  Aix,  to  whom  Gass'eiidi  hiid 
communicated  Asellius'  discovery.  In  1647,  .Jean  Pec- 
quet (1632-1674),  a  student  at   Montpellier,  accidentally 


discovered  the  thoracic  duct  in  a  dog  and  traced  it  through 
the  diaphragm  to  the  receptaeulum  eliyli  (reservoir  of 
Pee((uet).  It  was  still  eonsideieti  ;i  vein,  though  further 
research  showed  its  eoimeetion  with  the  mesenteric 
glands.  The  distinction  between  the  lymphatics  and  the 
mesenteric  veins  was  first  made  by  Nathanael  Highmore 
(1613-1684),  of  Shaftesbury.  Jan  Van  Home  (1631-1670), 
professor  at  Leyden,  was  the  first  to  observe  the  thoracic 
duct  in  man,  though  Glaus  Hndbeck  (1630-1703),  pro- 
fessor at  Upsala,  noted  it  about  the  same  time.  The  latter 
also  discovered  the  general  lymphatics,  distinguishing 
them  as  vasa  serosa  in  1651,  their  iiresent  name  being 
given  by  Thomas  Bartholin  (1616-1680),  professor  at  Co- 
penhagen, who  greatly  extended  the  knowledge  of  them. 
Finally  Anton  IS  nek  (1650-1693),  professor  at  Leyden,  in- 
vented the  method  of  injecting  these  vessels  with  mer- 
cury and  traced  tliem  to  nearly  all  parts  of  the  body. 

It  was  at  about  this  period  that  anatomical  science  ob- 
tained great  assistance  by  the  invention  of  the  microscope. 
As  an  instrument  of  research  the  simple  microscope  was 
not  used  until  the  .seventeenth  centuiy,  although  the 
magnifying  power  of  lenses  seems  to  have  been  known 
in  remote  antiquity.  The  greater  power  of  the  com- 
pound raieroscoi)e  invented  about  1590  by  Hans  and 
Zacharias  Jaussen,  of  Middelburg,  Holland,  still  further 
.stinudated  investigation  and  led  to  the  discoveries  of 
Malpighi.  Leeuwenhoek.  Redi  and  others.  The  imper- 
fection of  the  instrument  so  greatly  affected  its  utility 
that  many  anatomists  distrusted  the  results  obtained  from 
its  use.  After  many  attempts  and  partial  successes  by 
others.  Chevalier  of  Paris  (1834)  and  Amici  of  Modena 
(1837)  finall}'  succeeded  in  correcting  chromatic  and 
spherical  aberration,  thus  producing  an  instrument  by 
which  nunute  structure  can  be  aceiu'ately  investigated. 

The  immediate  result  of  microscopical  investigation 
was.  on  the  one  hand,  greatly  to  extend  the  knowledge 
of  structure,  and,  on  the  othi-r,  to  intnuluee  novel  ideas 
regarding  generation  and  the  diffusion  of  animal  life. 
Marcello  Malpighi  (1638-1694),  professor  at  Bologna, 
Pisa,  and  Messina,  a  man  of  great  scientific  force,  laid  the 
foundations  of  modern  botany,  of  histological  anatomy, 
and  of  embryology.  His  discovery  of  the  capillaries  in 
the  lung  of  the  frog  has  already  been  mentioned.  Moly- 
neux  (1683)  and  Leeuwenhoek  (1688) almost  immediately 
extended  this  by  finding  them  in  the  extremities  of  liz- 
ards and  tadpoles.  Malpighi  discovered  the  red  cor- 
puscles of  the  liloiid  in  1665.  He  published  the  first  ac- 
curate account  of  the  consecutive  development  of  the 
chick,  carrying  his  investigations  as  far  as  the  imperfect 
instruments  and  methods  of  his  time  would  permit.  He 
greatly  advanced  the  knowledge  of  glands,  showing  the 
structure  of  acini  and  ducts,  demonstrated  the  glomeruli 
of  the  kidney  and  the  splenic  corpuscles  which  still  bear 
his  name,  and  by  inflating  the  air  vesicles  showed  the 
glandular  structvire  of  the  hmgs  and  the  impossibility  of 
air  passing  into  the  vessels  by  meehanii-al  means.  Misled 
l)y  his  imperfect  instruments  aird  crude  methods  of  prep- 
aration he  c^ndeavored  to  show  that  the  brain  also  has 
a  glandular  character.  Having  cooked  the  organ  he 
thought  that  the  gray  matterap]ieared  on  examination  to 
be  composed  of  miiuite  siiherules  connected  with  the 
fibrous  central  jiortion.  He  assumed  that  these  spherules 
secreted  the  nervous  fliuil  which  was  distriluited  by  the 
nerves.  This  accorded  with  the  prcxalent  ideas  and 
greatly  retarded  a  true  apineeiation  of  the  structure  of 
the  brain. 

Many  other  anatomists  added  to  otu-  knowledge  of 
glands:  Francis  Glisson  (1597-1677),  professor  at  Cam- 
bridge, gave  a  description  of  the  liver  that  is  the  basis  of 
our  knowledge  at  the  jiresent  day;  Johann  Georg  Wir- 
sung,  professor  at  Padua  in  1643,  discovered  in  man  the 
pancreatic  duct,  previously  found  in  the  fowl  by  IlIs 
pupil  Moritz  Hofmann  (1631-1698),  afterward  professor 
at  Altorf.  a  disco\"ery  that  retarded  rather  than  advanced 
anatomical  science,  for  the  pancreas  was  .supposed  to  be 
a  lymphatic  gland  and  the  duct  a  lymphatic  leading  from 
the  intestine  to  the  livcr,  and  thus  confirmed  erroneous 
views  of  lymphatic  distribution;  Thomas  Wharton  (1610- 
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IfiTS),  of  LoiHloii,  wrote  of  the  imliilr  ;uhI  classiticat  ion 
■of  glands,  iuid  <lisi-ovcrc(l  the  iluti  of  tlii-  siihinaxillaiy 
jjhuul  that  bears  liis  name. 

At  Paris  a  reiiiaiUalile  advance  was  made  by  Ilie  es 
tal)lislinienl  liy  .lean  liiojan.  Jr.,  of  llie  .lardin  dii  Hoi. 
;ifterward  the  .lardin  di-s  Flantes.  which  was,  in  elTeet,  a 
biolojjical  lalioratoi-y  wliere  various  problems  of  human 
and  ccimjiaralive  anatomy  eonl<l  be  studied.  Jean  (!ui- 
<'hard  Duverney  (I()4.S-n:i())  was  an  al)lc  demonstrator 
tliere.  so  jiopnlar  thai  noblemen  tlociied  to  liear  Idm.  lie 
discovered  tlie  vulvo-vaitiiial  i;'lands  (in  tlie  cow ),  to  which 
Caspai'  liartholin's  name  was  afterward  altaclicd.  lie 
jdsoconlinned  the  c.\islence  of  the  l)u]bo  un  tiiral  glands, 
lirst  discovered  by  Mery  ( 1 04")- 1 T',':.' )  anil  named  atlei'  tlii' 
English  anatomist  Cowpcr. 

Ale.xis  Eitti-e  (Ki.'ilS-lT'J.'))  described  tlie  uretlnal  fflands 
that  bear  his  name,  and  JIartin  Kaboth  ( HiT.")-l7'Jl )  the 
jrlaiids  of  the  neck  of  the  uterus  and  the  closed  follicles 
of  the  same  region.  Lorenzo  B<llini  ( l(i.|;!-17(»4).  jiro- 
fe.ssor  at  I'isa,  examined  more  carefully  the  structure  of 
the  kidney  (uriniferous  tubules).  Thomas  Bartholin 
(UiKi-HiHD).  professor'  at  Copeuliageu,  one  of  the  most 
distinguished  anatomists  of  the  seventeenth  centmy,  dis- 
covered tli(^  duct  of  tlie  sublingual  gland  which  joins 
Wharton's  duct,  while  the  ducts  of  that  gland  that  op<  n 
.separate  ly  into  the  moulh  were  found  by  August  (^uirin 
I'achmaiui  (Rivinus,  Ki.'i'.i-lT.'JiJ),  professor  at  Li'ipsic. 
The  duct  of  the  parotiil  gland,  seen  and  described  as  a 
ligament  by  Casscrius.  was  first  rccogni/.ed  as  a  duct 
by  Walter  Neeilliam.  of  Lonilon.  in  lli.V).  Nils  Sicn- 
sen  (Xieholas  Steiionis.  Kiliti-KiWi).  professor  at  Copen- 
hagen, mentioned  it  in  his  inaugural  thesis  in  Ki-")!^.  and 
its  discovery  is  oflcMi  assigned  to  him.  Stensen  was  one 
of  the  most  able  thinkers  of  his  time.  lie  held  th.Lt  in 
order  to  understan<l  the  function  of  organs  we  nmst 
first  detcrndne  their  siructurc.  and  tliat  no  accurate 
knowledge  of  the  brain  can  be  had  until  we  iniderstand 
its  conducting  tracts.  He  declared,  contrary  to  the  ])re- 
vailing  o|)inion,  that  petrifactions  arc  not  mere  eriatic 
freaks  of  nature,  but  the  remains  of  plants  and  ainmals 
that  formerly  livcil.  The  glands  of  the  intestinal  tract 
were  investigated  by  Johann  (.'(jnrad  Bruiuier  (!()."):!- 172 7) 
and  Johann  Coinad  Peyer  ( tli.V>-17r.i);  those  <if  the  eye- 
lids by  lleiiuich  .Meiliom  (H>:!S-17(I0).  Iirofcssor  at  Ilclm- 
-stadt;  while  Coinad  Victor  Selmeider  ( 1014-I()N0),  |)ro 
fcs.sor  at  Witteiiburg,  demonstrated  the  true  nature  of  the 
lining  membrane  of  the  nasiil  fossa\  and  thus  overthrew 
the  ancient,  tloctrinc  of  the  secretion  of  mtieus  (pituila) 
lij'  the  brain  and  of  the  cerebral  origin  of  catarrhal  dis- 
■orders.  Antonio  Paeehioni  (]0(i.")-i7'Jfl),  professor  til 
Rome,  discovered  the  bodies  that  bear  his  name,  situated 
near  the  superior  longitudinal  sinus;  and  the  synovial 
fringes  and  so-called  svnovial  glands  were  described  by 
Clopton  Havers  (UiU'i)." 

The  Pythagorean  and  Galenical  doctrine  that  I  he  em- 
bryo is  formed  from  two  kinds  of  semen,  generated  re- 
spectively by  the  male  and  female,  was  generally  held 
Harvey,  following  in  the  footstepsof  his  master  Fidiricius. 
investigated  the  course  of  development  not  only  in  fowls 
but  in  mammals,  and  [)ublislied  (Ki.-)!  l  a  treatise  on  de- 
velopment in  which  he  formulated'  the  famous  projiosi 
tion  that  the  egg  is  the  primary  stage  of  developmenl  for 
all  animals.  The  original  [ilirase  is.  "  Otiiiii  i.ikc  iin'ii>->r- 
iliniii  fniniiuine  oinnibiin  aiiiiiiiilihiix,"  afterward  currently 
abbreviated  as,  "  Owiie  rinim.  (.r  oi-n."  According  to  this 
view  tlie  ovum  is  the  essential  element  in  the  genera- 
tive process.  This  belief  was  shaken  liy  the  discovery, 
iu  1677,  by  .Tohann  Ham,  a  jiupil  of  Leeuwenlioi'k,  at 
Leyden,  of  the  spermato/.oa,  which  were  at  once  accepted 
by  many  as  the  triic'  geiunilive  elements,  and  were  even 
considered  to  be  minute  liut  comiiletely  formed  creatures, 
possessing  in  miniature  all  theorgiuisof  the  adult.  There 
thus  arose  two  schools,  the  Animalculists  and  the  Ovists, 
that  respectively  maintained  the  edlcacy  of  the  male  and 
female  products.  Xathanael  Highmore  ( 1  (i  1 1!- H)S4 1.  a 
jihysician  of  Shaftesbury.  England,  investigateil  the  tes- 
ticle, the  seminal  (bicts,  and  the  epididymis.  Mis  name  is 
preserved  iu  the  corpus  Highmoriauum  and  tlie  antrum 


of  Highmore.  Wharton  described  the  round  ligament  of 
the  uterus  as  the  excretory  duct  for  the  female  seiiieu, 
but  Ihe  c|ucslion  of  the  hy  potheiical  prodm  I  was  tinallv 
,setllcd  by  Caspar  Bartholin,  who  correctly  described  l!i'e 
functions  of  the  vulvovaginal  glands.  The  manmialian 
ovum  eluded  research  for  a  long  time.  The  ovisacs 
(tiraatian  follicles)  were  discover<-d  liy  Hegnier  de  Graaf 
(  Hi41-Ui7:i),  whosiijiposed  them  at  tirst  to  lie  ova,  though 
be  seems  later  to  havi'  had  a  correct  i<lea  of  their  nature. 
When  Nalioth  diseovercil  tlic  closed  follicles  of  the  neck 
of  the  uterus,  he  too  su)iposed  that  he  had  founri  Ihe  ova 
(ovula  Nabothi),  It  is  said  that  Van  ll<.rne  ( |(i'Jl-l()70), 
lu'ofessor  at  Leyden,  saw  the  ovum  in  Hi(is,  but  it  was 
not  delinilely  and  un(|uestional)ly  rei-ognizcd  until  von 
Baer  demonstrated  it  in  IS27,  Nicolas  Andry  de  Bois 
regard  (lli."),S-174',')  was  Urn  first  to  note  the  entrance  of  a 
s]iernialozoon  into  an  ovum,  and  believed  that  it  did  this 
in  order  to  feed.  Antonio  Vallisneri  (10G1-17MO),  pro^ 
fessor  at  Padua,  held,  on  the  contrary,  that  the  ovum 
was  neces.sary  for  generation,  and  suppo.sed  the  spermat- 
ozoon to  be  unessential.  Ncedham  lirst  showed  that  the 
fietus  was  nourished  by  maternal  blood. 

In  the  nervous  system  considerable  advances  were  made 
during  this  |KTiod.  Although  Harvey  statc'd  that  be  was 
unable  to  discover  the  animal  s|iirits.  yet  he  does  not 
seem  to  have  been  able  wholly  to  free  himself  from  the 
inlluencc-  of  the  prevailing  doctrine.  Rene  Descartes 
(Cartesius.  l.-itlli-Ui."!!)).  the  eminent  inatheniati<ian,  held 
that  although  the  soul  was  immanent  throughout  the 
whole  body,  it  must  be  specially  centralized  in  the  pineal 
gland,  that  being  the  only  uii]iaireil  organ  of  the  brain 
and  situated  so  as  elTectually  to  control  the  animal  spirits 
(contained  in  the  ventricles.  He  held  that  the  brain  is  the 
seat  of  sensation,  motion,  and  thought,  sensation  being 
due  to  impulses  transmitted  to  th:it  organ  by  nerves, 
motion  to  thec^ontraclionof  muscles  induced  by  impul.ses 
also  transmitted  by  the  nerves.  He  .seems  to  have  been 
auare  of  reflex  action,  noting  that  sensation  may  cause 
motion  independently  of  the  will.  He  thus  anticipated 
discoveries  made  nearly  two  hundred  years  later  and 
was  the  first  to  attempt  to  explain  Ihe  phenomena  of  life 
liv  puridy  [ihysical  causes.  He  was  a  warm  adherent  of 
Harvey's  doctrine  of  the  circulation.  .loliann  Jacob 
Wepffer  (Ki'^'O-Kiit.-))  was  the  first  distinctly  to  deny  that 
spirits  were  generated  in  the  cavities  of  the  brain. 
Paechioni  considered  the  dura  mater  as  an  organ  for 
ctTecting  the  circulation  of  the  siiirits,  and  provided  it 
with  three  mu.scles  and  four  tendons. 

Fi'aii(;ois  de  le  Bi'ie  ( Franci.sciis  Sylvius,  1014-l(i73), 
professor  at  Ijcyden,  cai'efully  studied  the  brain  and  gave 
true  ideas  of  its  interior  spaces.  His  name  is  preserved 
in  the  aipieduct.  lissui'e,  fossa,  and  artery  of  Sylvius, 
The  lift h  vi'iitricle  is  sometimes  called  the  Sylvian  vi'u- 
tricle,  Raymond  Vieusseiis  ( I(i4l-171.")).  of  Montiiellier. 
also  investigated  the  brain.  He  was  the  first  to  describe 
the  anterior  jiyramids  of  the  medulla  oblongata,  the  olive 
and  the  centrum  ovale.  His  name  remains  in  the  valve 
of  Vieussens  or  anterior  medullary  velum.  Duverney  fle- 
scribed  the  decussation  of  the  ]iyramids  and  the  connec- 
tion of  the  jugular  sinuses  willi  the  jugular  vein;  while 
Humphrey  Ridley  (Ui.'il! -17USi  described  the  resliform 
body  and  the  circular  sinus.  Jfalpighi  recognized  the 
functional  iniporlance  of  the  gray  matter  of  the  brain, 
and  Burrhus  (KiHi-Hiit.-))  showed  that  one-fourth  of  the 
cerebral  substance  was  a  spermaceti  like  fat.  JIucli  ad- 
vance was  made  by  the  investigations  of  Thomas  Willis 
{ll>2'2-lfl7.")),  jirofessor  at  Oxford,  who  showed  that  tin' 
br;iin  gradually  increases  in  complexity  as  we  asciMid  the 
aninial  series,  and  considered  that  its  anatomy  couM  only 
lie  properly  understood  by  com|>arative  studies.  He  re- 
named and  rearranged  the  cranial  nerves,  separating  the 
nervus  inlercostalis  or  sympathelie  from  the  vagus.  In 
his  enumeration  he  made  ten  jiairs.  including  the  first 
cervical  nerve,  and  classing  as  single  jiairs  the  auditory 
and  facial,  and  the  glosso-plmryngeal,  vagus,  and  .'^pinal 
accessory.  He  described  the  optic  tbalamus  and  the  cor- 
pus striatum. 

Osteology  continued  to  be  assiduously  cultivated      It 
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is  fi'Diii  Ole  Worm  (1588-16o4).  professor  at  Copenhagen, 
that  the  AVorniian  bones  are  named;  and  Cloplou  Havers 
(ll>!):i).  an  Knjilisli  physician,  demonstrated  the  structure 
of  boue  (Haversian  canals  and  systems).  The  .structure 
and  action  of  muscles  were  specially  investigated  liy  Slen- 
sen,  by  Horclli  (I(i()8-1G7!)),  the  celebrated  mathematician, 
and  by  lIool<e  ( l(i8>-17oy),  who  was  the  first  to  recognize 
the  primitive  tibrilla\ 

Knowledge  of  the  viscera  was  essentially  advanced 
by  John  jNIayow  (l()45-l()Ty),  of  0.\ford,  who  was  the  tir.st 
to  recognize  the  true  function  of  the  lungs;  by  Theodor 
Kerkring  of  Amsterdam  (1(540-1098),  who  described  the 
valvulse  conniventes  of  the  intestine ;  by  Jacques  Benigue 
Winslow  (l(i(i9-lT(iO),  of  Paris  (forameii  of  Winslow,  pos- 
terior ligament  of  knee  .ioint),  and  by  James  Douglas 
(lGT."i-1742),  of  Loudon  (Doughis'  pouch  of  peritoneum, 
semilunar  fold,  etc.). 

Tlie  eye  was  specially  examined  by  several  investi- 
gators, who  considered  it  because  of  its  interest  as  an 
optical  instrument.  Among  these  we  may  mention 
Johann  Kepler  (l.")Tl-163(.))  the  astronomer,  who  demon- 
strated tlie  optical  properties  of  the  ciTstalline  lens  and 
showed  that  it  is  not  the  .seat  of  vLsion,  as  was  lield  by 
Hippocrates;  C'hristoph  Scheiner  (1.^7.5-1().50),  who  de- 
monstrated the  image  on  the  retina  and  studied  the  move- 
mentsof  the  pupil  and  the  mechanism  of  accommodation  ; 
Descartes,  wlio  compared  the  eye  to  a  camera  obscura 
and  suggested  that  accommodation  for  near  vision  ^vas 
affected  by  changing  the  figure  of  the  lens;  and  Edmc. 
Mariotte  (died  1(JS4),  who  discovered  the  "  blind  spot  "  of 
the  retina. 

Another  great  result  of  the  introduction  of  the  micro- 
scope was  a  vast  increase  in  tlie  knowledge  of  living 
things.  The  source  of  life  and  tlie  "  vital  principle  "  had 
been  favorite  subjects  for  speculation  among  the  phi- 
losophers and  poets  of  anticjuit}-,  and  the  generation  of 
living  from  non-living  matter  was  held  to  be  demonstrated 
by  many  ordinary  phenomena,  such  as  the  ai)i)earaiice 
of  maggots  in  putrefying  meat  and  of  other  insect  larva- 
in  stagnant  water,  Aristotle  even  held  that  tadpoles  and 
snakes  were  generated  from  the  mud  of  the  Nile.  As 
the  laws  of  development  were  more  carefully  studied  this 
■'generatio  icquivoca  "  was  controverted,  especially,  in 
the  case  of  the  chick,  by  Harvey  and  Fabricius.  Fran- 
cesco Red  i  (16i(j-lti94).  professor  at  Pisa,  b}' a  series  of 
well-conducted  experiments,  .showed  that  meat  did  not 
produce  maggots  when  protected  from  flies  by  means 
of  gauze.  The  doctrine,  discarded  for  the  higher  forms 
of  life,  was,  however,  revived  by  the  discoveries  of  the 
microscope.  Antony  van  Lceuwenhoek  (1632-1723),  of 
Dejft,  discovered  that  stagnant  water  and  infusions  con- 
taining animal  or  vegetabU'  matter  swarmed  in  a  few 
days  with  minute  forms  of  life,  the  "  infusoria.  "  Nicolaas 
Hartsoeker  (16.)t)-172.")),  extended  these  researches  and 
held  that  the  air  was  filled  with  animaleula  that  settled 
tipon  plants  and  from  them  passed  into  infusions.  This 
view,  afterward  conclusively  demonstratetl  by  Spallan- 
zani,  became  known  as  "  pans]iermatisin  "  and  is  the  fore- 
runner of  the  modern  "germ  theory.  " 

The  eighteenth  century  was  distinguished  rather  for  its 
work  in  elaborating  and  defining  what  had  previously 
been  discovered  thau  by  any  great  advances  in  anatomical 
science,  A  few  remarkable  men  aiijx'aretl  who  advanced 
generalizations  that  were  afterward  to  bear  fruit,  but 
they  were  in  advance  of  their  time  and  had  but  little  in- 
fluence upon  their  contemporaries.  The  microscope  was 
still  very  defectiveand  felt  to  be  a  wholly  untrustworthy 
instrument  when  used  with  the  higher  powers.  Specu- 
lation was  rife,  and  in  the  absence  of  direct  observation 
philosophers  held  the  field.  Of  these  should  lie  men- 
tioned Leibnitz  (l(!46-171(i),  who  shares  with  Newton  the 
renown  of  inventing  ealculu.s.  He  supi>osed  tlie  universe 
to  be  composed  of  monads,  minute,  invisible,  intellig<'iit 
constituents  of  all  bodies  and  beings,  that  in  the  human 
body  are  governed  b}'  a  central  monad,  the  soul;  as  the 
universe  is  governed  by  a  central  monad,  (!od.  He  was 
a  lirm  believer  in  the  uniformity  of  action  of  natural 
causes  and  the  author  of  the  celebrated  aphorism,  "  JVatura 


niw  fai'it  saltum."  Like  Paracelsus.  Georg  Ernst  Stahl 
(1600-1734)  scorned  anatomy  and  physiology,  holding 
tlie  soul,  which  eludes  investigation,  to  be  the  supreme 
principle.  This  doctrine  was  termed  "animi.sm."  Fried- 
rich  HolTmann  (1(;6(J-1742).  professor  at  Halle,  taught 
that  the  medulla  oblongata  is  the  chief  reservoir  of  at/icr, 
an  extremely  volatile  jirinciple  circulating  through  the 
ves.sels  and  nerves.  David  Hartley  (170.")-17.57)  consid- 
ered the  white  medullary  substance  of  the  brain  as  an 
organ  for  the  secretion  of  thought,  and  explained  mental 
processes  as  caused  by  minute  vibrations  (vibratiuncles) 
of  particles  in  the  nerves.  Cabanis  (1757-1808)  hail  a 
similar  idea,  which  he  expressed  rather  gro.ssl)',  compar- 
ing the  brain  to  the  stomach,  sense  impressions  to  food, 
thought  to  excrement,  etc,  Theophile  de  Borden  (1722- 
1776)  considered  the  stomach,  heart,  and  brain  as  the 
"Iripod  of  life,"  regulating  the  other  organs.  Penally, 
there  should  be  mentioned  among  these  speculative  phi- 
lo.sophers  Lorenzo  Oken  (1776-INjI).  who  held  that  the 
entire  organic  world  originated  from  sea  slime  formed  of 
microscopically  minute  vesicles.  This  is  apparently  an 
adumbration  of  Bathybins  and  the  cellular  theory,  but 
appears  to  be  only  a  chance  hit  not  derived  from  obser\'a- 
tion.  Oken  also  independently  worked  out  a  theory  of 
the  vertebral  character  of  the  skull,  but  many  of  his 
speculations  were  wild  and  absurd. 

It  is  in  this  century  that  we  first  see  the  influence  of 
speculative  ideas  concerning  the  relation  of  the  structure 
of  man  to  that  of  other  organisms — ideas  which  have  had 
a  powerful  effect  ujion  modern  anatomical  science.  The 
collection  of  materials  in  the  liekl  of  biology  had  become 
so  vast  that  some  system  of  classification  became  neces- 
sar.y.  Steps  toward  this  were  iirst  taken  in  the  realm  of 
plants  b\'  John  Ray  (1028-1705).  who  revived  the  Aris- 
totelian idea  of  genera  and  species  and  established,  as 
criteria  for  species,  immutability  of  form  and  non-fertility 
with  other  species.  Tournefort  (1650-1708)  gave  a  clear 
definition  of  a  sppcies  as  individuals  having  some  dis- 
tinct characteristic,  and  of  a  genus  as  a  collection  of  species 
resembling  each  other  in  structure.  It  was  however, 
Ivarl  von  Linne  (Linnanis,  1707-1778),  of  Rashult  in 
Smaland,  Sweden,  profe.ssor  at  l'p.siila.  who.  by  invent- 
ing the  binomial  nomencIa<urc  and  applying  it  widely  to 
all  known  species  of  animals  and  iilants.  finall_y  estab- 
lished firmly  the  idea  of  the  immutability  of  species.  He 
even  extended  his  system  of  classification  to  diseases,  of 
which  he  described  three  hundred  and  twenty-five  gen- 
era. His  earlier  view  was  that  all  the  species  of  plants 
and  animals  were  immutably  created  at  the  beginning  of 
the  world,  but  in  his  later  works  he  appears  to  admit  a 
certain  amount  of  variation.  In  the  classification  of  Linne 
man  was  placed  at  the  head  of  the  order  Primates,  com- 
prising also  apes,  lemurs,  and  bats.  The  recently  discov- 
ered orang  was  classified  in  the  same  genus  with  man  as 
"  Homo  silvcstris,"  and  the  great  naturalist  declares  him- 
self unable  to  discern  any  character  by  which  the  great 
apes  can  be  made  genericallV'. distinct  from  man.  The 
race  of  man  himself.  Homo  .\npii?ix.  he  sulidivided  into 
six  groups:  H.  ferns  (savage) ;  II.  Americauus;  H.  Euro- 
panis;  H.  Asiaticns;  H.  asser  (negroes);  H.  monstrosus 
(abnormal). 

The  great  rival  and  contemporary  of  Linne  was  George 
Louis  Leclercde  Bufi'on(  1707-1788),  director  of  the  Jardin 
dn  Roi  at  Paris,  and  a  very  prolific  writer  in  all  domains 
of  natural  hi,story.  At  first  Buffon  agreed  with  Linne  as 
to  the  immutability  of  species,  but  in  his  stuili<'S  of  eoni- 
])arative  anatomy  he  met  with  many  ditliculties,  and  soon 
admitted  that  many  variations  may  arise  through  changes 
of  climate,  food,  etc.  :  that  the  least  perfected  species  dis- 
apjjcar;  and  finally  he  even  hinted  at  the  possibility  that 
all  .species  of  animals  were  derived  from  a  common  .stock. 
While  he  by  no  means  clearly  worked  out  these  ideas, 
they  contain  the  germs  of  the  doctrine  of  adaiitation  and 
the  survival  of  the  fittest,  and  it  is  evident  tliat  he  real- 
ized that  genera  and  siiccies  are  merely  human  inventions 
made  for  com  enience  in  classification. 

In  like  manner  we  may  discern  iit  Maupertuis  (1698- 
1759),  president  of  the  Berlin  Academy,  and  a  celebrated 
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iiuitlicmiUii-ian  and  astronomer,  an  approach  to  sonic 
niodcru  theories  of  licreility  anil  variation.  He  lield  thai 
all  matter  has  psyeliie  (jualities,  that  tlie  particles  of  the 
embryo  retain  and  transmit  impressions  derived  t'roiTi 
their  parents,  chance  eombinations  liroducin;;  dilVcrenecs 
which  accumulate  and  thus  form  new  s]jecies.  It  was 
I'harles  Bonnet  (ITvJtl-lTiKi)  who  lirst  advanced  the  view 
thai  animals  can  Ik-  arranired  in  a  i;radcd  series  v\  ilh  man 
at  tlie  head.  His  conception  of  tlie  series  was  that  il 
was  necessjirily  linear.  Erasmus  Darwin  ( I7ol-HS()2),  the 
jirandfather  of  the  irreat  naturalist,  anlici|)ated  some  (jT 
the  views  that  afterward  made  his  !;raialson  famous,  lie 
show<'d  that  the  structure  of  animals  chaii.!;('S  because 
of  their  exertions,  that  many  of  these  chaniresare  trans 
nntleil  to  |)osterity  (transini.ssion  of  aciniired  charac- 
t<'rs),  and  that  many  anatomical  features  of  man  iniiieale 
that  his  jirinnlive  alliludi'  was  ((uadrupedal.  Keasoii- 
inj;  from  such  data,  he  maintained  that  all  warm-blooded 
animals  may  have  arisen  from  a  .simple  livinf;  lilamenl 
which  impi-oved  and  transmitted  its  improvemenis  to 
posterity. 

The  poet  Ooetho- (1749-18:!:^)  was  also  l'ani(.us  foi-  liis 
inorpholojrical  researches.  Besides  the  n-iiiarkable  con- 
tribution to  botany  in  which  he  advanc-ed  the  bypolhesis 
of  the  metamorphosis  of  leaves  into  i)arts  of  the  tlower 
and  fruil,  he  also  sufr.irested  that  the  sUull  of  verli-brates 
is  comiKised  of  moditied  vertebra'.  lie  reeoirni/ed  the 
importai\ce  and  sijrniticancc'  of  vestijjial  structures  and 
predicted  that  a  premaxillary  bone  would  \w  found  in 
the  human  fietus. 

Wiilely  dilVerent  from  thes<'  philosophc-rs  who  sniiLfhl 
to  ex|)lain  the  (-iim|ilicated  struelure  of  man  by  tin- 
o])eralionof  natural  forci-s,  were  tin-  viewsof  the  emineni 
philosopher  and  metaijhysician  Emmaimel  Kant  (17-1 
1804),  who  held  that  a  great  gap  m-cessarily  exists  be- 
tween organic  and  inorganic  matter,  and  that  while  iu  the 
latter  natural  causes  jn-evail,  the  former  is  the  product  of 
preordained  intention,  beyond  the  power  of  man  to  com- 
prehend. 

Closely  allied  w  ith  these  theories  of  the  relation  of  llie 
structure  of  man  to  that  of  other  animals  are  others  re 
garding  his  individual  de\  (lopment.  The  iinpi-rl'cclions 
of  tli(!  nueroseope  and  of  technical  metlioils  prevented  an 
accurate  determination  of  the  earlier  embryonic  stages, 
and  it  was  imagined  that  all  details  of  the  com])leted 
structure  are  prefigured  in  the  impregnated  ovum.  This 
necessarily  involved  the  conclusion  that  the  successive 
generations  of  ofrsi)ring  must  also  be  ]ireligured  in  the 
siime  manner.  I'ordeu  accordingly  declared  thai  the 
semen  of  Adam  must  ha\e  contained  the  archetyiie  of  all 
mankind.  The  whole  of  the  past  and  present  organic 
life  of  the  globe  was  h<-ld  to  have  been  containcil  in 
miniature  in  the  lirst  created  beings,  the  successive  indi 
viduals  merely  developing  by  growth  from  these  pre- 
fia'ined  and  structurally  complete  ndniatures.  This  is 
the  celebrated  theory  of  preformation  or  encasement  (cw- 
iKiitniii III)  which  has  profoundly  interested  biologists  for 
the  past  on<>  hundred  and  fifty  years.  It  was  t^)  this  im 
folding  that  l>onuet  applied  the  Wrxneri'I'ilinii.  a  meaning 
widely  dilferent  from  that  now  in  conmion  use.  The 
great  weight  of  authority  at  tirst  favored  this  view,  and 
the  celebrated  Albrechl  von  Haller  ( 17b.S-1777),  prores.s<.r 
at  Berne  and  Ciiittingen.  a  nio.st  learned  and  acute  ob- 
server, whose  reputation  was  .so  great  that  he  practically 
controlled  the  sejentitie  thought  of  the  latter  half  of  the 
eighteenth  century,  even  calculated  themindierof  beings 
encased  in  the  ovar\'  of  Eve.  the  mother  of  mankind, 
placing  it  at  about  iiKt.omi.OOb.t.Klb. 

In  op])ositi()n  to  this  is  the  theory  of  post-formal  ion  or 
epigeiicsis  advanced  by   Ilipjiocrates  and  Aristotle,   ac 
cording  to  which  the  human  body  develops  from  a  strue 
tiirclcss  blastema  by  successive  stages  not  necessarily  re 
sembling  the  adult  individual.     This  view   was  re\  ived 
by  Caspar  Friedrich  Wollf  (173.5-1794),  who  ]inblislied. 
in  17.")!),  his  now  celebrated  thesis,  "Thcoriatieiu-ratinnis, " 
which   contained   an    account   of  accurate  oliservations 
,showing  that  the  organs  of  the  body  are  not  ]ireformed  in 
the  fa>tus,  but  developed  from  membranous  sheets  (the 


blastodermic  membranes  of  later  einbryolog-ists)  which 
are  them.si-lvt-s  composed  of  globules  or  vi-sicles  (cells). 
These  ideas  were  not  accepti-d  by  the  anatomists  of  hi.s 
day.  Oppo.scd  to  them  was  the  great  authority  of  lialler, 
who  declared,  "  SnUii  i.sl  </«>/<  ;ir.v/.v,'' and  they  were  quiti' 
forgotten  until  tifly  years  later  when  Meckel  calleil  at- 
tention to  them.  \Voilf's  name  remains  to  ns  iu  the 
Wollhan  bcidies  or  primordial  kidneys. 

It  was  from  lialler  that  the  doctrine  of  the  vital  and 
animal  sjiirits  linally  receive<l  its  rmi/i  i/e  f/nirc.  By  a 
seiies  of  most  carefully  conducted  exjierimenls  he  showed 
that  there  exists  in  living  issms  a  projierty  of  motility 
independent  of  the  nervous  or  vascidar  systems.  This 
he  termed  irritability,  lialler  is  oflen  justly  termed  the 
lallier  of  |)hysiology,  which  he  himself  loved  to  call  liv- 
ing anatomy.  His  works  abound  in  most  excellent  au- 
.■ilondcal  observal  ions.  He  was  an  ind(  fatigable  worker 
dissccliiig  as  many  as  fo\ir  hundred  bodies  in  the  sjiace  of 
seventeeu  years.  He  classitied  structures  according  to 
their  ])ropertiesand  thus  paved  the  way  forliichat.  Many 
structures  have  been  at  one  time  or  anothi-r  nam<'d  after 
him.      lie  was  the  tirst  to  describe  the  jies  hiiiiiocamiii. 

The  <loclrine  of  spontaneous  generati<]n  conliimed  to 
be  discu.ssed.  Antonio  .Maria  \'alsalva  ( llititi-n^^o),  jmo- 
IVssor  at  Bologna,  a  ]iupil  of  Malpighi  and  a  teacher  of 
Morgagin,  linding  that  living  forms  slill  ai)|ieared  in 
li<|uids  that  he  had  heated  and  then  enchised  in  vessels, 
concluded  that  they  must  have  originated  from  the 
liipiids  themselves:  hut  this  was  overthrown  by  the  ex- 
periments of  La/.zaro  S])allan/.ani  (17'.3!I-17SI9),  professor 
at  lieggio,  .Modena,  and  I'avia,  who  repeated  the  experi- 
ments withcafeftd  )Mecau1ionsand  failed  to  produce  life. 
It  w:is  to  this  ob.server  that  we  owe  the  demonstration 
that  the  spermatozoa  are  the  constituentsof  semen  es,sen- 
lial  lo  fertilization.  He  show<'d  that  the  lluid  obtained 
by  liltcring  .semen  has  no  ell'ect.  also  that  no  exhalations 
from  semen  can  cause  impregnaticai.  Thus  were  over- 
thrown some  of  the  more  fanciful  hypotheses  of  genera- 
tion. 

Throughout  theeighlei-nlh  century  we  find  isolated  at- 
tempts at  generalizing  the  complicaicd  strnclures  of  the 
body  uniler  a  few  categories.  Almost  ei|ually  famous 
with  lialler  for  his  eru(liii<jn  was  Hermann  Boerhaave 
( l(i(iS-173M),  ijrofessor  at  Eeyden,  a  skilful  anatomist  who 
discovered  the  sudorijiarous  glands  of  the  skin,  and  held 
that  the  elementary  structures  composing  the  body  are 
vessels  and  tihres.  In  .\ndreas  Borm  (17:i.S-181«),  pro- 
fessor at  .\mslerdam.  ^w■  discern  a  decided  advance.  He 
endeavored  to  show  that  all  structures  can  finally  be  re- 
duced to  membranes.  Of  these  he  made  four  classes:  (1) 
the  tecloiial — skin,  mucous  membrane,  etc.;  (2)  fibrous — 
fa.scia  and  aiioneuroses;  (:!)  synovial,  and  (4)  serous. 

The  real  fotmdcr  of  the  science  of  general  anatomy 
was,  however.  Jlarie  Fran(;ois  Xavier  Bicliat  (1771-1802), 
who.  by  his  i)hil(jso|ihi(al  insight  and  great  energy  iu  re- 
s<.arch,  detnonstrated  the  existence  of  the  tissues  of  the 
body  in  a  complete  and  delinile  mamiei.  Distrusting 
the  microscojje,  he  made  his  distinctions  by  the  chemical, 
physical,  or  vital  i)roperlies  of  ciich  tissue — i.e.,  by  its  be- 
liavior  with  various  reagents;  by  its  color,  density,  etc.; 
or  by  its  alterations  in  health  ami  disease.  Of  these 
tissues  or  tissue  systi-ms  he  made  twenty-one,  such  as  the 
cellular,  the  osseous,  the  fibrous,  the  arterial,  etc.  As 
these  ti.ssuesare  everywhere  the  same,  their  diseases  must 
be  identical,  hence  this  separation  is  a  ]iroper  foundation 
for  pathological  anatomy.  He  considered  life  lobe  the 
composite  elTect  of  1  he  sei)arale  interaction  of  the  forces 
resident  in  these  tissues,  lie  died  at,  the  early  age  of 
thirly  ora'.  from  overwork  and  disease  contnicted  iu  the 
putrid  dissecting  rooms  of  his  day.  having  elTecled  Ihe 
greatest  advance  in  anatomical  knowledge  ma<h-  since  the 
time  of  VeSJlIius. 

The  anatomy  of  diseased  organs  was.  prior  to  liichat. 
specially  investigated  by  the  illustrious  (iio\anni  Battista 
.Morgagni  (lt;82-177I ),  who  may  be  slid  lo  be  the  founder 
of  pathological  anatomy.  lit'  was  likewise  an  ardent 
investigator  in  the  normal  (ield.  as  will  ajipear  from  the 
large  uiimber  of  structures  that  bear  his  name:  as  the 
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oiiniiicuhi  M()r!jim;iii  (miiUilo  lobo  of  prostate),  frenum 
AIi)V.i;a,^ui  (nwirilt-ii-ca'cal  valve),  fossa  Morgagui  (luivicu- 
liir  fossa  of  urellira).  liy<hiliils  of  iMorgagni  (on  tinibriii;  of 
Fallopian  tube),  columns  of  Morgagui  (in  the  rectum), 
etc..  etc. 

C'losely  allied  lo  palliologieal  anatoni}'  is  surgical  an- 
atomy, wliieli  made  many  important  advances.  John 
llunler  (17:38-17!t3),  an  indefatigable  investigator,  is  said 
lo  have  dissected  some  thousands  of  bodies.  It  is  to  liiin 
that  we  owe  a  demonstration  of  the  ease  with  which  col- 
lateral circulation  is  established  after  ligal  ion  of  vessels, 
and  Ihc  reparative  signitieance  of  intlammation.  lie  also 
appears  to  have  been  aware  of  the  law  of  recapitulation 
in  embryology,  by  which  the  tVetus  of  an  animal  succes- 
sively jiasses  through  forms  re.sembling  creatures  below  it 
in  theaiiimal  scale.  During  Ihirty  years  he  woike<l  atcol- 
Iceting  a  museum  illustrative  of  comparative  and  human 
anatomy  and  iiathology.  which  finally  comiirised  some 
fourteen  thousand  specimens.  It  is  still  considered  one 
of  the  best  extant.  It  is  fiom  him  that  is  named  the 
canal  traversed  by  the  femoral  artery  under  the  adductor 
magnus. 

Other  workers  in  surgical  anatomy  were  Antonio 
Scarpa  (17.^2-1832).  professor  at  Modena  (Scarpa's  tri- 
angle, fascia,  nerve,  ganglion,  etc.);  Franz  Caspar 
He.sselbach  (17.19-1816).  professor  at  WUrzburg  (Hessel- 
bach's  triangle);  Antonio  de  Giml.ernat  (17(52-1774),  pro- 
fessor at  Barcelona  (Gimbernat's  ligament). 

Certain  beginnings  were  now  made  in  the  study  of  the 
comparative  anatomy  of  the  races  of  man.  Pictcr  Camper 
(1722-1789).  professor  at  Amsterdam,  Franeker,  and  Gron- 
iugen.  was  a  widely  Iciuned  man ;  at  once  an  anatomist. 
a  zoologist,  a  geologist,  and  an  artist,  he  published  in  al- 
most every  branch  of  natural  history  e.ssiiys  remarkable 
for  tlieir  originality  and  research.  He  was  the  first  to 
show  that  the  hollow  bones  of  liirds  are  connected  with 
their  respiratory  apparatus,  and  wrote  an  important  me- 
moir on  the  anatomy  of  the  oi'ang,  showing  that  that 
animid  could  not  be  considered  as  degenerated  from  man, 
as  had  been  supposed  by  some.  Noticing  that  painters 
took  no  pains  to  depict  the  special  physiognomy  of  the 
races  of  mankind,  he  began  to  study  racial  types  and  in- 
vented the  celebrated  "  facial  angle,  "  formed  by  a  plane 
tangent  to  the  most  prominent  points  of  the  forehead  and 
face  and  another  drawn  through  the  auditory  openings 
and  the  alfe  of  tlie  nose.  He  found  that  this  angle  gradu- 
ally decreases  as  we  descend  through  the  animal  king- 
dom, and  concluded  that  the  dilferent  races  of  mankind 
might  be  distinguished  by  it.  A  wider  examination  has 
shown  that  this  view  is  incorrect,  but  the  method  insti- 
tuted by  him  of  measuring  portions  of  the  skvdl  by  means 
of  angles  has  been  extensivclj'  used  in  other  directions. 

Another  famous  angular  measurement  was  that  of  the 
occipital  angle  of  L..I.  M.  Daubentou  (1716-1799).  the 
curator  and  almost  the  creator  of  the  splendid  muse- 
um of  the.Iardin  desPlantes.  This  was  inti-iuled  tnmeas- 
ure  the  inclination  of  the  foramen  magnum,  which  also 
varies  very  much  in  the  animal  scale,  and  has  relation  to 
the  erect  position  of  tlie  body. 

The  comparison  of  crania  was  syst(>maticall_v  pursued 
by  Johann  Friedrich  Blumenbaeh  (17.')2-1840),  professor 
at  Gottingen,  who  prescribed  for  the  examination  of 
skulls  certain  po.sitions  that  are  still  in  use.  He  possessed 
n  very  large  colled  ion  of  crania,  and  made  important 
generalizations  regarding  the  races  of  men.  AVhilc  con- 
sidering these  as  very  numerous,  he  grou]M-d  them  in  live 
principal  divisions,  to  which  he  applied  designations  that 
held  for  more  than  a  century.  Three  of  these  he  consid- 
ered primary;  the  Caucasian,  Mongolian,  and  Ethiopian; 
two  secondary  or  intermediate;  tlie  American  and  Ma- 
layan. 

Logically  connected  with  this,  although  not  developed 
witil  early  in  the  nineteenth  century,  was  the  curi- 
ous doctrine  widely  known  as  "phrenology,"  Ihough  its 
founder,  Franz  Joseph  Gall,  of  Baden  (17H,S-l,S28),  called 
it  "organology."  Gall  was  by  no  means  ignorant  of  the 
gross  anatomy  of  the  Imnn.  but  he  knew  nolhing  of  its 
histology  anil  sui>poscd  the  white  substance  lo  be  eiiually 


active  with  the  gray  in  intellectual  lu-ocesses.  Noticing 
the  eonverixent  lihres  of  the  corona  radiata.  he  conceived 
the  idea  that  the  brain  was  a  series  of  p.yramidal  "organs" 
whose  bases  were  superficial  and  whose  apices  were 
deeply  buried  in  the  medulla  oblongata.  These  organs 
coi'respond  tiisupjioscd  functions  of  the  mind,  concerning 
which  he  appears  not  to  have  hail  any  well-digested 
philosophical  ideas.  He  believed  that  he  had  demon- 
strated that  the  organs  varied  in  size  and  external  promi- 
nence in  dilTerent  individuals  lo  such  an  extent  that 
character  and  mental  aptitudes  could  be  told  by  palpation 
of  the  protuberances  of  the  cranium,  due  allowance  being 
made  for  the  natural  bony  prominences  common  to  ali 
skulls.  Gall  described  twenty-seven  organs,  his  pupil 
Spurzheim  added  ten  more,  and  his  followers  in  this 
country  increased  these  by  six,  making  a  total  of  forty- 
three.  When  the  nerve  ceils  were  discovered  and  it  was 
seen  that  the  gray  matter  was  the  effective  working  ele- 
ment of  the  brain,  and  that  the  surface  projecting  exter- 
nally was  only  a  small  portion  of  the  cortical  area,  phre- 
nology had  no  longer  a  satisfactory  reason  for  existence 
as  a  doctrine.  However,  it  retained  a  considerable  vogue 
for  a  time,  being  especially  diffused  by  peripatetic  lectur- 
ers whose  influence  in  spreading  among  the  people  a 
knowledge  of  tlie  physical  basis  of  mind  was  often  con- 
siderable. 

A  correct  appreciation  of  some  parts  of  the  body  was 
now  greatly  aided  by  the  advancement  of  chemistry. 
Oxygen  was  discovered  by  Priestley  in  1774.  Its  true 
significance  was  not,  however,  understood  until  the  dem- 
onstrations of  Lavoisier  (1743-1794),  who  showed  its 
importance  in  combustion  and  respiration.  Antoine 
Franf;ois  de  Fourcroy  (17.J.5-1809)  was  the  first  to  in\-esti- 
gate  the  composition  of  organic  pi'oducts.  and  William 
C.  Cruikshank  (174.'>-1800)  discovered  urea. 

The  delimitation  of  the  organs  of  the  bodj-  in  the  liv- 
ing, wliich  may  be  said  to  be  an  anatomical  art.  was  now 
much  advanced  by  the  invention  of  percussion  by  Joseph 
Leopold  Auenbrugger  (1722-1.8119).  a  physician  of  Vienna. 

The  advances  made  in  the  knowledge  of  the  grosser 
structures  were  rather  refinements  upon  what  was  already 
roughly  sketched  out  than  incursions  into  new  fields. 
Josias  Weitbrecht  (1702-1747)  was  the  author  of  a  cele- 
brated treatise  upon  syndesmology  that  contains  the  ele- 
ments of  our  knowledge  of  ligaments  to-day.  Exupere 
Joseph  Bertin  (1712-1781),  an  academician  of  Paris,  de- 
scribed the  ilio-femoral  ligament,  the  sphenoidal  turbi- 
nated bones,  and  the  septa  of  the  kidney.  Bernhard  Sieg- 
fried Albinus  (Weiss,  1697-1770).  professor  at  Leyden. 
greatly  improved  mj'ology  by  the  jjublication  of  mag- 
nificent colored  plates  showing  the  muscular  system  most 
carefully  delineated.  He  was  also  the  first  to  demon- 
strate by  injections  the  connection  between  the  vascular 
systems  of  the  mother  and  the  foetvis. 

In  the  vascular  s_ystem  considerable  advances  were 
made.  Gilbert  Brescbet  (17.'^4-1S4."))  described  the  veins 
and  canals  of  the  diploP;  William  Hunter  (1718-1783). 
brother  of  John  and  lecturer  at  Middlesex  Hospital,  de- 
monstrated the  arrangement  of  the  lymjihatics  and 
showed  them  to  be  absorbents.  He  was  also  the  author 
of  a  paper  on  the  anatomy  of  the  gravid  uterus  which  is 
the  basis  of  all  subsequent  descriptions.  It  iiarticularly 
notes  the  changes  in  the  cavity  and  the  formation  of  the 
decidua.  He  carefully  described  the  descent  of  the  ti'stes. 
and  his  name  is  often  coupled  with  the  round  ligament 
of  the  •uterus  and  the  gubernaculum  testis.  William 
Hewson  (1739-1774)  also  contributed  to  knowledge  of  the 
lactealsand  lymphatics,  tracing  them  in  birds,  fi.slies.  and 
reptiles.  Paolo  JMascagni  (17.V2-181,"))  professor  at  Siena. 
Pisa,  and  Florence,  published  elaborate  studies  of  the 
lymphatics  which  were  afterward  continued  by  Vincenz 
Frohmann  (1794-1837),  professor  at  Heidelberg  and  Lou- 
vain. 

In  the  realm  of  the  nervous  .system  considerable  ad- 
vances were  made.  Giovanni  Maria  Tjancisi  (lti.-)4— 1720). 
the  teacher  of  Morgagui  and  iihysician  lo  the  Pope,  de- 
scribed more  carefully  than  had  been  done  before  some 
features  of   the   brain   (nerves  of  Lancisi).      Alexander 
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Monro  I.  (1097-1 7G7).  one  of, Booiliauve's  favorite  inipils, 
professor  at  Eiliiiliurgli.  irave  an  excellent  ilesciiptiDn  of 
the  bones  and  nerves;  liiii  his  fame  was  eclipsed  by  that 
of  liisson.  Alexander  Monro  II.  (17;io-l><17).  alsii  [inifessor 
at  Ediiil)urj;h,  who  was  especially  noted  for  his  work  in 
the  anatomy  of  the  brain  ( foramen  of  Miinro.  sulcus  of 
Jlonro).  He  was  the  liist  to  altem|)t  a  description  iif  all 
the  bursa'  miicosie  of  the  body.  Felix  Vicq  d'Azyr 
(174S-17!)!).  an  acadeinician  of  Paris,  demonstrator  at  liie 
Jardin  dii  Roi,  and  excellently  versed  in  comparative  and 
veterinary  anatomy,  also  studied  the  brain  and  add<'d  to 
our  knowlcdije  of  the  minute  structure  <if  the  white  and 
gray  matter  (line  an<l  bundle  of  Vicq  d'Azyr).  .lohaim 
Chi'istian  lieil  (17.")9-1813)  lirst  described  the  insula  or 
island  of  Reil.  I.uigi  Rolando  (177;!-is:!l).  jirofessor  at 
Turin,  distinjruished  himself  by  careful  rescarclies  in 
both  tli(^  brain  and  spinal  cord  (lissui'c,  gelatinous  sub- 
stance, and  tubercle  of  Rolando). 

The  cranial  n<'rvcs  received  renewed  attention.  It  was 
Johann  Jacob  Huber  (1707-177W).  profes.sor  at  (ji'ittingeii 
and  Cassel,  who  clearly  pointed  ovit  the  error  of  Willis  in 
placing  tile  snboceiiiita!  nerve  among  liie  cranial  nerves, 
though  Haller  also  commented  upon  this.  Carl  Samuel 
Andcrseli  (17:!'J-1777)  distiniitiislieil  from  each  other  for 
the  first  time  the  ninth,  tenth,  and  eleventh  nerves,  and 
discovered  the  |)etrous  ganglion.  Samuel  Thomas  .Siim 
mering  (K.WlNyO)  was  the  first  to  sejiarate  the  facial 
and  tlie  auditory  nerves,  thus  establishing  the  twelve 
cranial  nerves  as  wc  now  enumerate  them.  This  enumer- 
ation, usually  ascribed  to  .Sommering.  was  really  lirst 
delinitely  jjroposcd,  in  1794,  by  Johann  Christoph  Mayer 
(1747-lSOl).  The  little  intermediary  nerve  that  makes 
th(!  tale  of  the  cranial  nerves  absolutely  complete  was 
first  described  by  Heinri<h  August  Wiisb'erg  ( 17:!9-1«(IH), 
professor  in  (iottingeii,  who  also  made  other  discoveries, 
his  name  remaiinng  in  the  lesser  cutaneous  nerve  of  the 
arm,  in  one  of  the  cartilages  of  the  larynx,  and  in  a  small 
ganglion  in  the  substance  of  the  licarl. 

Johaiui  Fricdrich  .Meckel,  the  fir.st  in  a  sntce.ssion  of 
famous  anatomists  of  the  name  (1714-1774),  jirofessor  at 
Berlin,  gave  es])ecial  attention  to  the  trigemimis  and 
facial  nerves  and  was  the  first  to  describe  the  spheiio 
palatine  ganglion  and  the  space  in  the  dura  mater  that 
contains  the  ganglion  of  the  trigeminus.  The  latter 
struct  lire  appears  to  have  been  lirst  recognfzed  as  a 
ganglion  by  J.  Loieiiz  Gasser.  of  Vienna,  about  17511. 
Meckel  had  previously  described  it  as  a  ta'iiia  nervosa, 
and  Vieussensasa  iilexusganglioniformis,  and  iMislachius 
had  ligured  it  in  his  celebrated  plates.  It  was  named  by 
Hirscli  as  tlie  ganglion Gasserianum.  in  honorof  his  illus 
trious  master. 

The  tympanic  nerve  and  the  jngtilar  ganglion  of  the 
glossopharyngeal  nerve  were  first  described  by  Johann 
Ehreiuitter  (about  177.J).  professor  at  Vienna,  although 
from  the  exact  researches  of  L.  L.  Jacobson  (17n:i-lH4o), 
professor  at  Copenhagen,  the  nerve  usually  bears  his 
name.  To  llie  latter  author  is  also  ascribed  the  discov- 
ery of  Jacobson's  organ  in  the  nasal  fossie  of  the  sheep 
and  of  its  vestiges  in  man. 

A  physiological  discovery  of  nmeh  importance  in  the 
elucidation  of  the  anatomy  of  the  nervous  system  was 
that  of  the  distinction  between  the  motor  and  the  sensory 
roots  of  the  spinal  nerves  made  by  (Jeorg  Piochaska 
(1749-1><20).  professor  at  Prague.  This  was  afterward 
clearly  established  by  the  Ixlinburgh  anatonnst.  Sir 
Charles  Bell  (1774~1S4'2).  who  also  showed  conclusively 
the  motor  function  of  the  facial  nerve.  Tlic  jjosterior 
thoracic  nerve  is  often  called  the  external  respiratory 
nerve  of  Hell. 

In  the  anatomy  of  the  viscera  there  should  be  men 
tioned  the  investigations  of  Lorenz  Heister  (l(iM;!-17.')S). 
professor  itt  Altorf  and  Ilelmstadt,  who  discoverc'd  tlu' 
spiral  valve  in  the  neck  of  the  gall  blaihler;  Antoine  Fer- 
rein  (1()9:!-17()9),  professor  at  Paris,  who  investigated  the 
kidney  and  the  organs  of  voice:  Joseph  Lient;iud  (17ti:'i- 
1780),  who  described  anew  the  bladder,  mentioning  lor  the 
first  time  the  trigone.  He  was  famous  in  pathological 
anatomy,  publishing  a  work  based  on  the  examination  of 


twelve  hundre<l  bodies.  Johaim  Nalhanael  Lieberkiihii 
( I7I1-17(;."))  was  famous  for  injected  preparations  and 
made  some  excellent  observations  on  the  minute  anatomy 
of  the  inli'Stinal  mucous  inembrane,  including  the  villi 
an<l  glands.  Johaim  Christian  Rosennddler  ( i77l-1.8'>()), 
l>rofessor  at  Leipsic.  investigated  the  nasid  fo.ssic  and  the 
annexes  of  the  uterus.  The  anatomy  of  the  vocal  organs 
was  also  investigated  by  Kenis  Doilart  ( ItiliJ- 17(17).  who 
held  that  the  voice  was  caused  by  a  vibration  of  the  air 
in  the  larynx,  wliile  Ft'rrein  held  that  it  was  due  to  a  vi- 
bration of  the  vocal  chords.  Giovanni  Domenico  Sau- 
lorini  ( 1081-17;!7)  also  jiaid  es|)ecial  attention  to  the  organs 
of  voice,  to  th('  emi.ssiiry  veins  of  the  cranium,  and  to  the 
muscles  of  the  I'ace  (corpuscula  Santorini  of  tla^  larynx, 
einiss:uia  .Santorini.  cartilage  of  Sanlorini  in  the  nose, 
nnisculus  risorius  Santorini  of  the  face). 

The  anatomy  of  the  eye  was  especially  enriched  by 
importai]t  discoveries  during  this  period.  Franc;ois 
Pourfour  du  Petit  (l(i()4-1741 )  |iaid  especial  attention  to 
the  lens  and  described  the  lacunar  spaces  in  the  suspen- 
sory ligament,  often  calleil  the  (anal  of  Petit.  Jacob 
lh)vius,  a  Dutch  anatomist  (about  17b'i).  a])pears  to  liave 
discovered  the  chorio-capillary  layer  of  the  ehorioid.  af- 
terward accredileil  to  Kuy.sch  (tunica  l!uys<'hiana).  lie 
also  describeil  the  vena'  vorticosa'.  Kbeiliard  Jacob  von 
\Vaehen<loitV  discovered  the  pupillary  nuinbrane  in  1740. 
though  it  is  possible  that  it  may  have  been  pre\iously 
known  to  Albinus.  Jacques  Rene  Tenon  (1724-181(;),  an 
academician  at  Paris,  described  the  fa.scial  attachments  of 
the  eyi-ball  moreaecuratcly  than  had  been  heretofore  done 
(eaiisule  of  'I'enon.  space  of 'I'enon).  In  some  cases  con- 
troversies aro.se  as  to  priority  of  discovery  :  the  sejiarable 
posterior  layer  of  the  cornea,  which  was  apparently  seen 
and  described  by  BencdicI  Duddcll.  an  oculist  of  London 
in  17'.J9.  was  rediscovered  by  Jean  Desccmet,  professor  at 
Paris  {17;i--!81(l),  and  at  about  the  same  time  by  Pierre 
Deinours  ( 1 7l)i- r79.'> ),  demonstrator  al  the  Jardin  du  Roi. 
The  most  imiiortant  treatise  on  the  anatomy  of  the  eye 
that  appcarc'd  during  the  last  century,  and  the  liasis  of  all 
that  has  since  been  published,  is  that  of  Johann  G<ittfried 
Ziim  ( 1727-1 7.")9).  lirofessor  at  Gi'ittingcn  (zonule  of  Ziim. 
ligament  of  Zinn).  Felie<'  Fontana  ( 17:'(H8(i,")i.  jirofessor 
at  Pisa,  dcscrilied  the  atlaehmcril  of  the  iris  anil  the  trabec- 
ular tissue  .since  known  as  the  sjiaces  of  Fontana.  Johami 
Gottfried  Bcrgcr  (H)."i9-17;'>(i)  was  i)robably  the  first  to 
indicate  the  existence  ol  the  oiliieular  muscular  fibres  of 
the  iris. 

TIk'  profound  and  exact  risearches  in  the  anatomy 
of  the  internal  ear  made  by  Domenico  Cotugno  (Cotun- 
nins,  17:i(!-18",'2),  professor  at  Naples,  were  jn'oliably 
the  most  significant  of  any  made  in  this  region  dur- 
ing the  c(-ntury.  He  also  investigated  the  pathological 
anatomy  of  the  skin,  and  was  the  tirst  to  demonstrate  by 
boiling  the  existence  of  albumin  in  urine.  His  uame.re- 
mains  in  the  liquor  of  Cotunnius  or  perilymjih,  the  aque- 
duct of  Cotunnius  (a(|ueduetus  vestibuli),  and  the  nerve 
of  Cotuimius  (naso  palatine  nerve). 

Tli<'  great  ailvance  in  the  anatomical  sciences  during 
the  luncleenth  century  has  been  primarily  due  to  what 
may  be  termed  their  secularization,  that  is  to  s;iy,  to  the 
extension  of  re.seardi  by  placing  it  in  the  hands  of  all 
students  inclined  to  pursue  it.  At  the  begininng  of  the 
century  the  old  methoil  of  leaching  by  means  of  demon- 
stration was  still  almost  everywhere  |nirsned.  Students 
were  rarely  able  to  dissect,  and  the  procuring  of  bodies 
for  anatomical  purposes  was  beset  with  dilliculties.  In 
1827  the  University  of  Eilinburgh,  with  nine  hundred 
students,  made  dissection  compulsory,  and  this  excellent 
example  was  immediately  followed  by  London,  Liver- 
pool, and  Dublin. 

In  consequence  of  tin's  the  demand  for  human  cadavers 
was  greatly  increased  and  the  price  so  eidianced  that  mi- 
scrupulous  ])ersons  were  temi>ted  to  procure  them  In- 
surreptitious  means.  (irave fobbing,  hitherto  excep 
tional.  now  became  common,  and  in  every  lar:_'e  city 
where  medical  schools  tlourished  tla're  became  established 
a  set  of  rufiians  who  made  it  their  business  to  supply 
dissecting  tables  with  bodies  ruthlessly   torn  from  the 
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.graves  to  which  tliey  had  been  consignod  by  son-owing' 
friends.  Tlic  largf  iron  cages  l)niit  over  many  grave* 
and  I  he  formidable  enclosures  of  cemeteries  of  tliisix'riod 
in  Kngland  and  Scdtland  testify  to  a  widespread  fear, 
and  a  glance  at  the  literature  of  the  early  part  of  this 
century  will  show  what  an  effect  this  ghastly  )iracUce 
had  upon  the  popular  mind.  It  would  be  easy  to  give 
many  antlK'ntic  examples  which  were  not  confined  to 
common  law-breakers,  for,  led  by  a  youthful  love  for 
adventure  or  perhaps  in  some  cases  by  a  real  zeal  for 
knowledge,  bands  of  students  and  even  of  professional 
men  broke  into  cemeteries  and  violated  graves.  The  law 
required  of  medical  practitioners  a  competent  knowledge 
of  an.-itomy.  and  yet  denied  them  the  means  necessary  for 
atl;niiing  it. 

The  absurdity  of  such  a  position  was  not  realized  until 
the  shocking  disclostu'cs  of  the  trial  of  Burke  and  Hare 
at  Edinburgli  in  Decemlier,  183S,  It  was  shown  that 
these  scoundrels  had  murdered  at  least  sixteen  persons  for 
the  purpose  of  selling  their  bodies.  Similar  cases  were 
those  of  Bishop  and  \Villianis.  executed  in  London  in 
18;!1.  Bishoii  had  followed  his  nefarious  trade  for  twelve 
years,  and  had  sold  to  the  colleges  at  least  five  hundreil 
bodies,  some  of  which  were  doubtless  those  of  murdered 
victims.  The  excitement  occasioned  by  these  trials  led 
to  a  parliamentary  iiuiiiiry  and  the  passjige  of  the  ^Var- 
burton  anatomy  act.  August  1,  1832,  which  legalized  dis- 
sectif)U  under  certain  restrictions  and  pro\ided  for  turn- 
ing over  to  the  medical  schools  the  bodies  of  unclaimed 
paupers.  Upon  tlie  continent  of  Europe  similar  regula- 
tions had  already  been  for  some  time  established. 

The  cooperation  of  a  large  ntimlier  of  additional  work- 
ers led  to  greater  precision  in  all  anatomical  work,  to 
the  aecuniulation  of  a  vast  body  of  additional  facts,  and 
finally  to  a  more  comprehensive  and  satisfactory  generali- 
zation of  the  principles  that  underlie  and  affect  anatomi- 
cal structure.  The  idea  of  the  filiation  and  jjrogressive 
development  of  all  organic  beings — considered  a  wild  and 
unsnbstantial  hypothesis  during  the  eighteenth  century 
— has  constantly  gained  in  weight  and  lorce  by  increas- 
ing knowledge  of  existing  forms — comparative  anatomy; 
of  extinct  forms — paleontology;  and  of  individual  de- 
velopment— embryology.  This  increase  in  knowledge 
has  been  greatly  aided  by  impro\-ement  in  the  microscope, 
which  has  become  an  ellicient  and  reliable  instrument  of 
research,  and  by  the  application  of  chemical  and  mechan- 
ical methods  to  the  jireparation  of  tissues  for  microscopi- 
cal examination,  which  methods  are  grouped  together 
under  the  term  of  microscopical  technology. 

Fragments  from  the  writings  of  some  of  the  ancient 
philosopliers,  notably  Emiiedocles  and  Democritus,  sliow 
that  ideas  of  adaptation  and  mutability  of  forms  had 
occurred  to  them.  So.  too.  we  find  traces  of  such  sjiecii- 
lations  in  the  writers  of  the  last  centuiw:  Buffon,  Eras- 
mus Darwin,  and  Goethe.  These  ideas  were  developed 
into  a  coherent  system  by  Jean  Lamai'ck  (1744-1829).  pro- 
fessor of  natural  history  at  the  Jardin  des  Plantes  and  one 
of  the  most  acute  minds  of  his  age.  His  force  as  a  nat- 
uralist will  be  appreciated  when  we  recall  that  we  owe 
to  him  the  division  of  animals  into  vertebrates  and  in- 
vertebrates, and  also  the  separation  of  the  gronjis  Crus- 
tacea, arachnida.  and  annelida.  He  inventeil  the  term 
biology  for  the  sciences  of  life,  though  Treviranus  sug- 
gested it  during  the  same  year  {18(12).  In  his  "  Philosophic 
zoologique  "  is  first  scientitically  stated  and  systematically 
supported  the  mutability  of  species  and  their  origin  by 
adaptation.  Lamarck  thought  that  such  changes  were 
caused  mainly  by  the  needs  of  the  animal  and  the  use 
and  disuse  of  organs,  becoming  cumnlati\'e  in  the  race 
by  the  transmission  of  actpiired  characters.  For  these 
changes  three  factors — space,  time,  and  matter — are  req- 
uisite; and  these  are  ]iroduced  by  nature  in  unlimited 
quantities,  lience  the  multiplicity  of  organic  forms.  He 
was  the  first  to  conceive  the  ancestral  record  of  man  as  a 
branching  tree  instead  of  a  series  of  ascending  steps. 
The  formation  of  the  lowest  animals  from  mucilaginous 
matter  was  suggested  by  him,  prior  to  Oken's  sea-slime 
theory 


The  views  of  Lamarck,  although  widely  accepted  in  a 
modilii'd  form  by  the  naturalists  of  to-day.  were  very 
coldly  received  at  that  time.  This  was  largely  due  to  the 
powerful  oppo.siiion  <if  Geia-ges  Cuvier  (1769-1832),  pro- 
fes.sor  at  the  Musee  dilistoire  Naturelle  at  Paris,  and  the 
foremost  naturalist  of  his  time.  He  greatly  advanced 
knowledge  of  both  living  and  extinct  forms  of  animal 
life  and  has  been  called  the  foumler  of  comparative 
anatomy  and  of  pala-ontology.  From  a  modern  point  of 
view  his  work  is  most  contradictory.  Wliile  he  founded 
a  true  natural  .system  in  zo(]log_y,  showing  that  the  forms 
of  file  animal  world  may  be  Veduced  to  a  few  distinct 
types,  he  yet  upheld  the  absolute  tixity  of  .species. 
While  investigating  fossil  remains  with  an  ardcn-  and  suc- 
cess never  before  e(|ualled,  he  advanced  the  theory  that 
all  organic  living  forms  had  been  rejitaledly  wijied  out 
of  existence  by  unexplained  cosmic  catastro]ilies.  In  op- 
position to  the  cpi.genetic  views  of  Woltf  and  others,  he 
also  upheld  the  evolution  of  the  embryo  from  a  preformed 
miniature.  Throwing  the  weight  of  liis  great  influence 
against  the  development  theory,  he  was  able,  owing  to 
the  lack  of  data,  to  discredit  it  almost  wholly,  and  to 
control  the  trend  <jf  biological  thought  until  after  the 
middle  of  the  century. 

A  growing  revolt  against  this  domination  was.  how- 
ever, caused  by  tlie  advances  of  knowledge.  Gottfried 
Treviranus  of  Bremen  (1776-1837)  was  among  those  who 
protested  again.st  making  the  biological  sciences  a  mere 
catalogue  of  names,  as  was  done  by  Linne  and  Cuvier, 
holding  that  it  is  possible  to  discover  a  philosophy  of 
natine.  He  su.ggested  tlu^  theory  of  coiupensatory  de- 
velopment, deficiency  in  one  part  being  made  tip  by  ex- 
cess in  another,  and  recognized  that  the  environment 
reacts  upon  the  individual.  The  wid<'r  and  more  com- 
plex the  envircamient  the  higher  must  be  the  grade  of 
the  organism. 

fetienue  Geoffroy  St.  Hilaire  (1772-1844).  professor  of 
zoology  at  the  Jartlin  des  Plantes,  and  tlie  author  of  re- 
markable treatises  on  teratology  and  philosophical  an- 
atomy, was  also  an  o]iponent  of  (Uivier's  views.  He 
held  that  the  principal  factor  in  the  transformation  of 
species  is  changing  en\ironnieut.  acting  particularly 
through  its  effect  upon  respiration.  His  teratological 
studies  led  him  to  conclude  that  the  course  of  develop- 
ment of  Organic  forms  is  not  necessarily  gradual,  Vmt 
that  sudden  and  considerable  changes  may  occur,  thus 
opposing  the  Leibnitzian  doctrine  in  favor  of  so-called 
"saltatory  "  ev<ihition. 

A  collateral  influence  in  favor  of  uniformity  of  action 
was  alforded  by  Sir  Charles  Lyell  (1797-1875),  who  by  a 
cogent  marshalling  of  ascertained  facts  tinall)'  overthrew 
(1830)  theCuvierian  doctrine  of  catastrophes  in  geology. 
He  also  luiblished  in  1863  an  important  treatise  on  the 
"Antiquity  of  !Man."  in  whicli  he  showed  that  human  re- 
mains are  found  in  the  strata  of  quarternary  or  perhaps 
earlier  times,  and  that  they  in  general  indicate  a  lower 
organization  than  that  of  modern  Europeans. 

Advances  in  knowledge  of  eriibryological  development 
continued  and  alTordcd  suiiport  to  the  new  hypotheses. 
Johann  Friedrich  ileckel  (1781-1833),  professor  in  Halle, 
grandson  of  the  iirevious  anatomist  of  the  same  name, 
called  to  notice  the  forgotten  writings  of  Wolff,  and  him- 
self made  important  observations.  To  him  is  due  the 
discovery  of  Meckel's  cartilage  in  the  lower  jaw.  and  of 
Meckel's  diverticulum,  the  vestigial  stem  of  the  omphalo- 
mesenteric duct.  lie  seems  to  have  been  the  first  clearly 
to  formulate  what  is  now  known  as  the  law  of  re- 
capitulation, staling  that  the  original  form  of  all  organ- 
isms is  the  same,  and  that  in  process  of  development  the 
higher  assume  as  transitory  stages  the  permanent  forms 
of  the  lower.  This  was  even  more  detinitely  stated  by 
Serres  (1842)  in  his  "Precis  d'aiiatomie  transcendente." 
who  declared  comparative  anatomy  to  be  an  ai'rested  em- 
bryology, and  embryology  a  transitory  comparative  anat- 
omy. Hacckcl  calls  this  the  "  fundamental  biogenetic 
law,"  and  stales  it  thus:  "  Ontogeny  is  a  short  and  quick 
repetition  or  recapitulation  of  phylogeny,  determined  by 
the  laws  of  inheritance  and  adaptation." 


314 


REFERElSfCK   HANDBOOK   OF   Till:   MEDICAL  SCIENCES. 


Aiiat«»iiiy, 
Allal<»lii)  . 


Untlor  the  infiuciK-i' i>r  Iirnalz  I)olliiij;cr,  iil  \Vuizlmr<;. 
who  was  an  anient  ciiiliryiilii.U'ifit.  and  ulm  revived  the  use 
of  tlip  iiiicroseope.  arose  Clirist.  I'uiiiler  ( ITiKJ-USO")).  who 
sluilied  the  dcvelopiiieiu  of  llie  eliiek  and  coiitirmed 
Wolll's  theory  of  llie  ncrininal  layers,  and  Carl  Ernest 
von  I?aer(17H2-18T(;).  i)rol'es.sor  in  Dorpat,  Si.  I'elersburg, 
and  KiUiigsbers,  who  di.seovered  Ihe  nianunalian  ovurji 
and  the  chorda  dorsiilis.  He  poinied  ont  that  the  d<'- 
velopinent  of  the  individnal  is  an  advance  from  a  irener- 
allzed  to  a  more  specialized  form,  and  lironjiht  the  theory 
of  the  lilastodermic  layers  1o  nearly  its  present  eondi- 
tif>u. 

The  correction  of  chromalie  and  spherical  alierration 
in  the  microscope  was  linally  pra<-tically  cll'ected  aliout 
1!S24,  and  Ihc  instrnment  was  soon  used  in  research  with 
more  certain  res\dts  than  had  hilhcrto  been  possil<lc. 
This  led  (o  a  reinvestin'ation  of  Ihe  tissues  of  Ihe  body 
and  the  formulation  of  Ihe  imporlani  doclrini'  known 
as  the  i-iil  Ihconj.  That  orj;aiii(-  forms  had  for  their 
basis  minute  <'lementary  nnils  hail  been  snspeeled  by 
many  observers,  cspcc-ially  in  the  domain  of  veudal  an- 
atomy. th(^  cellular  stcuctuie  of  plants  being- more  ajipar 
cnt  than  that  of  anin.als.  The  speculations  of  Ihe  Greek 
philosophers  in  this  field  were  wholly  mela|ihysical.  and 
it  was  not  until  after  the  invention  of  the  microscope 
(IGt)."))  thai  Uolierl  llooke  lirst  saw  and  linurcd  the  s'ruc 
tiire  of  cork  as  a  serii'S  of  minnle  honeycomi)  like  cavities, 
to  which  heap])lied  Ihe  name  of  fv //.v.  In  HiTl,  Gn^w  and 
Malpighi  separately  presented  to  the  I'oyal  Socicly  of 
London  papers  advancinj;  the  view  that  jilanls  arc  com 
posed  of  vesicles  with  fluid  contents  and  riyid  walls,  and 
of  vessels  or  tubes.  WollT  (1T.~>!))  supposed  the  jirimitive 
olements  of  plants  to  \w,  i^elatinous  globules  or  droplets. 
Moldenhawer  (isr,>)  showed  that  each  )ilanl  cell  has 
its  own  distinct  wall.  Turpin  (1S'.3<>)  held  llial  each  lias 
an  individualily  of  iisown,  Leeuwenhoek.  I'Vinlaua.  and 
others  appear  to  have  seen  the  cell  nucleus,  wliile  IJobert 
Brown  (1S31)  was  the  lirst  to  rccounizc  it  as  a  constant 
normal  constituent.  Schleiden  (l^i:iS)  considered  the  \\\\ 
cleus  lo  be  the  generator  of  the  cell.  calliii,i;  it  the  cy- 
toblast.  and  also  showed  that  all  i)arls  of  plants  are 
composed  of  cells  or  their  derivalivis.  Dutrocliet,  as 
early  as  1834.  advanced  the  idea  that  anir'.ials  and  plants 
are  composi'd  of  cells,  but  it  was  resi'rved  for  Tlieodor 
Schwann  (1810-1883),  professor  at  Louvain,  to  demon- 
strate this  in  a  satisfactory  manner  in  18:!«-;!9.  At  this 
time  a  cell  was  supposed  to  be  a  hollow  vesicle  havin:; 
a  wall  and  a  cavity  conlaininu  fluid. 

The  constitution  of  the  cell  now  received  attention. 
The  name  mimxh',  was  applied  by  Dujardin  (18:!."))  lo  Ihe 
arelatinous  matter  composiuij;  the  body  of  rhizopods. 
while  a  similar  subslanee  in  |ilants  was  called  liy  ilirbel 
riiinhiiiiii,  by  Schleiden  iiiiiriliiii( .  and  linally  by  IIiiiio  von 
Mohl  prntdjilasm.  a  term  iireviously  used  by  rurkinje  for 
the  forn\ative  tissue  of  youiii;  embryos.  The  jtractical 
identity  of  these  substances  was  shown  by  .Ma.\  Schultze 
and  Dc  Bary.  and  the  name  proto])lasin  was  hcnceforlh 
used  for  the  active  livin.s;  matter  of  both  ]ilaiit  and  ani 
mal  cells. 

Further  observation  of  young  cells  now  showed  not 
only  that  they  had  no  permanent  cavity,  but  that  the 
cell  wall,  supposed  by  earlier  oljservers  lo  be  es.scntial, 
was  often  absent,  licduced  lo  its  simplest  e.v|)ression  the 
definition  of  a  cell  was  then  fonnulaled  by  Lcydi,^  (18.")(i) 
as  "a  mass  of  protoplasm  provided  with  a  nucleus." 

Schwann  and  Ihe  earlier  observers  believed  that  cells 
oriirinate  in  a  structureless  blastema  as  crystals  form  in 
a  mother  litpior.  Cellular  division  was  lirst  observed  by 
Mold  in  alfra^  (183.i).  in  other  jilants  and  in  aniin.-ils  by 
Nil.ireli.  Kolliker,  Bischoir,  and  others,  and  linally,  in 
185.'),  Virchow  was  able  to  formulate  his  himous  ma.xini. 
"  Onuiis  eeUnlfi  e  cdliila.  "  which  had  been,  however,  antic- 
ipated by  Goodsir,  who  declared  in  l.s-l."),  "  No  cells  with 
out  pre-existing  cells. " 

The  phenomena  of  embryoloiry  were  now  brou^'ht 
under  the  category  of  cell  division.  The  ovum  was 
recognized  as  a  cell  by  the  immediate  followers  of 
Schwann,  with  the  "  germinal  vesicle"  of  Purkinje  (183.J) 


as  its  nucleus.  The  segmentation  of  the  ovum,  iirsi 
delinilely  described  (in  frog's  eggs)  by  Frevost  and 
Dumas  ( 1S3-1),  was  now  seen  lo  be  a  case  of  cell  division. 
Ova  were  already  known  to  develop  Irom  the  body  of 
Ihe  mother — a  siniilai'  di'Velopincnt  was  shown  for  the 
spermatozoa  by  Kiilliker  (1841).  The  structure  of  the 
body  was  thus  shown  to  depend  upon  cells  derived  from 
the  parents. 

The  resemblance  of  infusoria  lo  cells  was  lirst  noted  by 
Meyer  in  l.'^IJ!),  and  in  IS4.")  Siebold  cla.ssed  them  as  unic(-i- 
lular  beings,  naming  Ibeni  protozoa. 

The  cell  tlx'ory  as  formulated  by  Schwann  and  his  ini- 
mediale  successors  may  ihen  be  formulaled  as  follows: 

1.  .\ll  organized  beings,  including  man.  are  composed 
of  minute  micro.scopieal  units  that  have  inde|)eiidenl  life 
and  multiply  by  division. 

3.  The  primitive  form  of  each  individual,  as  well  as 
Ihe  permanent  form  of  the  lowest  creatures,  is  a  single 
cell. 

The  intliienee  of  this  doctrine  tipnn  all  departments 
of  anatomy  was  very  great.  The  human  body  was 
w  holly  reexamined  lo  ascertain  thc^  arrangement  and  re- 
lations of  itselemeiits.  Thiisthcdepartmentof  histology 
became  elevated  lo  a  high  rank,  affording  scope  for  thou- 
sands of  investigators.  In  pathological  anatomy  also 
great  aihanees  wei'e  made,  and  the  investigation  of  (lis 
casi'  was  placed  uiion  a  .sound  .scientilic  basis.  In  tlii.s 
lielil  Kudolph  N'irchow,  by  the  publical  ion  of  his  classical 
treatise  ■•  Celbdar  I'alhology,"  jierformed  most  valuable 
service. 

Hand-in  hand  with  the  investigation  of  the  anatomical 
constitution  and  the  relations  of  cells  ]iroeccded  the  de 
velcipmcnl  nf  Icelinical  methods  and  the  discovery  of  the 
b.ehavior  of  cells  toward  various  reagents.  These  have 
greatly  aided  microscopical  research,  and  account  in  a  ver}' 
large  measure  for  llie  immense  iirogre.ss  in  this  Held  as 
comi)ared  with  any  jireviims  ]ieriod  of  i'i]iial  extent.  In 
1S43  Stilling  invented  the  cutting  of  Ibin  serial  sections 
which  can  be  examined  liy  transmitted  light.  By  Ibis 
means  it  became  possible  loreconslrnct  Ihe  interior  fabric 
of  the  most  delicate  organs.  By  the  imi)roved  instru- 
ments of  recent  times  there  can  now  be  cut  .sections  as 
thin  as  from  ."> //  to  I  //  (,,,}„,,  lo  jb'.u,,  of  an  iiu-li).  The 
clearing  and  mounting  of  .sections  was  invenled  by  Lock- 
hart  Clarke  in  l.s.")l.  hardening  by  dehydration  with  ab- 
.solute  alcohol  by  II.  .Muller  in  18.50.  These  at  once 
greatly  facilitated  mani[iulalion  and  a  wider  study  of 
microscopical  prei)arations.  The  immediate  result  was 
the  discovery,  by  Uemak  and  Dciters,  of  the  processes 
of  nerve  cells.  Carmine  staining  was  invented  by  Ger- 
laeh  in  18.5H,  and  led  to  knowledge  of  nuclear  structure 
and  the  discovery  of  nuclei  where  none  had  been  hith- 
erto suspected.  Silver  staining  in  solulion  appears  lo 
h.ive  been  lirst  invented  by  von  Hecklingbausen  in  ISiil), 
although  staining  by  the  solid  stick  had  been  previously 
used  by  His  and  others;  it  led  lo  a  clearer  knowledge  of 
cell  boundaries  and  contents.  The  staining  by  aniline 
dyes  and  the  method  of  double  staining  were  lirst  ap- 
plied by  Waldeyer  in  ISti:!,  and  led  to  important  ad- 
vances in  knowli'dge  of  cell  structure  and  cell  division. 
Max  Sehullze.  in  l.sti."),  liisl  devi.sed  sbdiiin.i;  by  perosmic 
acid,  which  resulted  in  clear  conceptions  of  Ihe  niedul 
lary  sheath  of  nerve  libres.  Other  means  of  dill'ercn- 
tiafin.g  nervous  ti.ssue  were  found  in  Ihe  gold  slain  of 
('ohniieim  (18G0),  the  |)alla<lium  slain  of  F.  E.  Schultze 
(18{)T),  and  the  remarkable  biehrom;de  of  silver  .slain  of 
Golgi  (1873').  These  have  made  it  possible  lo  trace  the 
processes  of  nerve  ( ells  lo  their  tinest  ramilications  and 
have  given  to  neurology  the  remarkable  jirecisioi.  i)os 
sessed  by  it  to-day.  a  precision  never  dreamed  of  by 
Ihe  anatomists  of  the  last  century.  Embedding  in  cell- 
oidiii  was  invented  by  Scbicffcrdecker  in  1883.  the  Irema- 
toxylin  mordant  method  which  has  given  suih  excel- 
lent results  in  tracing  nerve  tracts,  by  Weigert  1 1884) 
and  Pal  (1887).  The  inelhyleiu'  blue  method  of  Ehrlicli. 
to  which  !ire  due  some  of  the  most  important  of  thencent 
discoveries,  was  invented  in  1880.  Finally  should  be 
mentioned  the  miprovemeuts  in  the  iustrumeut  itself  by 
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the  invoutiou,  in  ISST.  liy  Abbe  of  .Icnn,  of  apocliromatic 
li'nsfs  of  Avide  rtpci'Iure  uiiil  liiiiuoyoiieous  ininu'ision,  by 
wliicli  ck'arer  detinition  is  obbiiiicd  tojrcther  witli  more 
aieunite  correct  ion  of  clironiatic  aberration  The  mag- 
nifyinj;'  power  witli  good  deliintioii,  wliieh  was,  in  tlie 
earlier  lialf  of  llie  centnry.  limited  to  less  than  oUO  diam- 
eters, is  now  from  1,000  to  1,.")00  diameters. 

Besiiles  the  nneroseopi'.  other  optical  inventions  and 
discoveries  have  greatlv  aided  the  I'xtension  of  anatomical 
knowledge.  Among  these  shoidd  be  mentioned  the  oph- 
thalmoscope, invented  in  If^ol  by  Hermann  von  llelm- 
holtz  (liS21-1894),  professor  at  Berlin;  the  laryngoscope, 
invented  in  ISoH  by  Johann  Nepomuk  Czermak  (1828- 
1ST3),  professor  at  Prague  and  I>eipsie;  and  tlie  astoimd- 
ing discovery,  made  in  ISlt.")  by  Wilhelm  Konrad  Rontgeu 
(born  18451"  professor  at  WUrzbnrg.  of  the  so-called  .c- 
rays.  l\v  which  actinic  shadows  of  the  moi-e  .solid  parts  of 
the  living  human  body  can  be  cast  upon  a  photographic 
plate 

The  (piestion  of  the  spontaneous  generation  of  the  cells 
of  the  body  and  of  unicellular  forms  of  life  was  naturally 
considered  in  connection  with  theories  of  development 
and  structure.  The  experiments  ot  Spallanzani  and 
Needliam  on  the  generation  of  infusoria  were  found  to 
be  not  always  conclusixc  when  rejieated  by  others,  and 
it  was  generally  held  that  cells  might  generate  de  itum 
in  the  bodily  fluids.  This  had  great  bearing  upon  cjues- 
tions  in  pathological  anatomy. 

A  new  light  was  thrown  on  this  by  the  discovery,  in 
1836.  by  Cagniard  de  la  Tour  and  by  Schwann,  of  the 
yeiist  pkiDt.  which  by  its  rapid  midtiplication  spreads 
from  a  small  cpiantity  of  leaven  throuirhoiit  a  large  mass. 
F.  E.  Schultze  had  previously  shown  that  exclusion  of 
air  prevented  fermentation.  This  led  to  the  theory  of 
chemical  ferments  (Liebig).  which  was  in  1S.">7' overthrown 
by  Louis  Pasteur  (1S22-1S9.)).  who  showed  that  fermen- 
tation and  putrefaction  are  due  to  the  jiresence  of  minute 
living  spores.  Tlie  parasitic  character  of  many  disorders 
was  shown,  and  it  was  also  proved  that  the  supposed 
formation  of  pus  cells  in  the  tissues  of  tlie  body  was  due 
to  the  nuilti]ilieation  of  living  corpuscles  already  existing 
there  or  the  transmigration  of  others  from  the  blooil-ves- 
sels  (diapedesis.  Cohnheim.  1807).  The  experiments  of 
Pasteur,  Tyniiall,  and  others  served  to  show-  that  ordi- 
nary air  is  crowded  with  living  particles  that  reproduce 
their  kind  when  placed  in  suitable  conditions.  Hence 
arose  the  so-called  "  germ  theory  "  of  the  origin  of  many 
diseases,  whicli  has  had  an  important  influence  upon  the 
■development  of  ])athologieal  anatomy. 

As  an  offset  to  the  all-iiervading  germs  came,  in  1884, 
the  discovery  by  Metschnikolf,  ]irofessor  in  Odessa,  that 
white  blood  corpuscles  and  cells  of  lymphoid  organs  have 
the  property  of  destroying  foreign  organisms  that  may 
■be  introduced  into  the  body  (pha.gocytosis). 

The  most  significant  event  in  the  history  of  anatomy, 
as  in  that  of  other  biological  sciences  during  the  nine- 
teenth century,  was  doubtless  the  iniblication,  in  IS.")!),  of 
the  "Origin  of  Species"  by  Charles  Darwin  (180it-lS82). 
As  early  as  1837  Darwin  began  to  collect  data  with  refer- 
ence to  the  variation  of  structure  in  animals  and  ])lants. 
and  with  a  reticence  as  luiusual  as  rare  w  ithheld  his  specu 
lations  until  thej'  were  ripened  by  mature  thougiit  and 
corroborated  by  numerous  experiments.  Tlie  great  ad- 
vance that  he  made  upon  the  theory  of  Lamarck  was  in 
recognizing  the  "struggle  for  existence"  as  the  potent 
factor  in  jiroducing  change  by  inducing  the  "survival  of 
the  littest  "  forms  to  re))roduce  their  kind.  Similar  views 
were  produced  at  about  the  siime  time  by  Alfred  Russell 
Wallace,  the  distingni.shed  naturalist.  Darwin  apjilied 
his  principles  to  the  .structure  of  man  in  his  work  "The 
Descent  of  Man,"  published  in  1871. 

The  careful  and  cautious  character  of  Darwin's  work, 
fortified  as  it  was  by  the  most  exhaustive  and  minute  in- 
vestigations, cau.sed  it  to  lie  received  far  differcnlly  from 
that  of  his  predecessors.  The  human  organism  evolved 
throughout  countless  ages  was  now  seen  to  be  a  cosmic 
phenomenon  of  vast  imiiortance  and  signilicance.  not  an 
i.solated  and  special  matter  dependent  on  the  action  of 


some  unknown  and  incomprehensible  power.  The  in- 
fluence exerted  upon  all  departments  of  anatomy  was 
very  great.  No  longer  could  the  structure  of  man  be 
considered  by  itself,  it  must  be  illustrated  and  interpreted 
liy  that  of  all  other  creatures.  The  blurred  and  forgotten 
pages  of  the  book  of  life  on  the  globe  must  be  decijihered 
to  give  man  a  clew  to  the  meaning  of  his  own  bodily 
form.  Comparative  anatomy  and  paUeontology  thus 
became  powerful  coadjutors  to  human  anatomy,  and  the 
study  of  development,  under  Meckel's  law  of  recapitula- 
tion, became  more  essential  than  ever. 

The  study  of  the  varieties  of  man  assumed  a  new  im- 
portance. The  groundwork  of  a  rational  anthropology 
had  already  been  laid  by  Andreas  Adolf  Retzius  (179(j- 
ISCO),  professor  at  Stockholm,  who  invented  the  cephal- 
ic index  and  introduced  the  principle  of  indexes  for  the 
clas.sitieation  of  measurements.  Other  workers  in  this 
field  were  the  Americans;  Samuel  G.  Morton,  J.  Aitken 
Meigs,  Nott  and  Gliddon,  and  Jeffries  "Wyman;  the  Brit- 
ish; Pritchard,  Lawrence,  Barclay,  Flower,  and  Tylor; 
the  Germans;  Sjiix,  Lueae,  AVelcker,  lianke,  Ihering,  and 
Schmidt ;  and  in  France ;  Dumoutier,  Jacquart,  Quatre- 
fages,  and  especially  Paul  Broca  (1824-1880),  who  founded 
the  Paris  Societe  d' Anthropologic  (18.59),  and  by  his  great 
intellectual  activity  reduced  to  systein  the  somewhat 
irregular  methods  in  use  before  his  time.  Similar  sij- 
cieties  were  formed  at  most  scientific  centres:  London — 
1863,  Berlin— 1869,  Vienna— 1870,  'Washington— 1880. 

A  more  careful  search  disclosed  the  remains  of  man 
in  strata  of  geologic  epochs  far  more  distant  than  bad 
hitherto  been  imagined.  Thus,  in  the  grotto  of  Engis, 
near  Liege,  they  were  found  (1835)  in  conjtuiction  with 
the  bones  of  the  mammoth  and  the  lave  bear;  in  the  val 
ley  of  the  Soinme,  Boucher  de  Perthes  discovered  (1846) 
implements  of  human  manufacture  in  strata  of  unques 
tionable  quaternary  origin ;  in  the  Neanderthal,  near  Dlis- 
seldorf,  there  was  found  (1857)  a  remarkable  ape-like  skull 
associated  with  liones  of  the  cave  bear;  at  La  Nauletle. 
in  Belgium,  near  Dinant,  a  fragment  of  a  human  jaw  of 
■I'ery  low  type,  together  with  bimes  of  the  mammoth  and 
woolly  rhinoceros;  and  in  18S6.  in  the  grotto  of  Spy,  bank 
of  the  Onieau  River,  in  Belgium,  were  unearthed  two 
skeletons  associated  with  similar  bones  of  extinct  animals. 
Other  discoveries  of  like  nature  were  made  in  Kent,  Eng- 
land, near  Prague,  in  iIora\'ia,  in  the  Balkan  peninsula, 
in  Bohemia,  at  many  places  in  France,  in  the  pampas  of 
South  America  and  in  Patagonia,  the  latter  being  associ- 
ated with  the  huge  carapaces  of  the  gly  ptodon.  The  most 
remarkable  find  of  all  was.  however,  that  of  Dr.  Eugene 
Dubois,  who  during  explorations  in  Java  (1890-1895)  dis- 
eo\eri'd  a  fossil  skull  caji.  a  fenuir.  and  two  molar  teeth 
embedded  in  rock  and  associated  with  the  remains  of  ex- 
tinct animals  belonging  to  the  Pliocene  epoch.  These 
remains  appear  to  be  transition  forms  between  those  of  the 
higher  ajies  and  the  lowest  existing  men. 

At  the  time  of  Darwin  the  intimate  structure  of  the  cell 
was  little  understood  or  considered,  but  the  researches  of 
Oscar  llertwig.  van  Beneden,  Flemmiug,  and  many  others 
have  show  n  tlie  great  importance  of  this  branch  of  ana- 
tomical inquiry,  and  it  is  abcmt  the  problems  here  found 
that  the  jirincipal  discussions  of  more  recent  times  have 
been  raised. 

In  1866  the  lowest  form  of  a  cell  was  considered  to  be 
simply  a  mass  of  structureless  protoplasm  endowed  with 
vital  properties,  the  cell  membrane  and  the  nucleus  hav- 
ing been  successively  dismissed  as  non-essential  elements. 
Protoplasm  was  considered  as  a  homogeneous,  semi  fluid 
substance,  with  little  or  no  trace  of  organization,  whose 
chemical  constitution  was  only  approximately  known, 
but  was  believed  to  be  highly  complex.  Some  daring 
spirits  ventured  to  surmise  that  it  might  be  possible  to 
produce  protojilasm  in  the  chemical  laboratory. 

The  elaborate  investigations  of  recent  years  have  shown 
the  futility  of  such  a  preten.sion,  indicating  that  jiroto 
plasm  has  an  almost  inconceivable  instability,  tliat  it 
differs  in  composition  in  different  cells,  in  different  jiarts 
of  the  body,  and  under  different  stimuli.  The  substances 
of  which  it  is  composed  are  among  the  most  complicated 
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knowu  to  chemistry,  and  there  is  reason  to  suppose  Uiat 
in  the  liviiisr  lioily  it  is  nmeh  more  iinstiilile  than  in  tin- 
cadaver.  Tlierc  ujipears  to  be  a  wide  distinctiiin  to  he 
made  between  tliose  orijdiiic  bodies  tliat  are  products  (d' 
sccrelion  and  excretion  sucli  as  sujiar.  starch,  and  urea. 
and  tlie  orr/iiiini</  bodies.sucli  as  tlieditVerenl  protoplasms 
tliat  are  pnjduird  by  the  slow  and  peculiar  processes  cd' 
biotic  growth. 

The  morphological  character  of  proto))lasMi  has  also 
been  found  to  be  much  more  complicated  than  had  been 
supposed.  First  granules  -were  observed,  then  stiiations. 
then  vacuolizations.  The  aiipearances  being  ofti'ti  con 
tradictory  and  vaiying  much  with  varying  coiiditioiis.  it 
is  not  siu'pri.sing  that  they  have  led  to  diverse  views  as 
to  its  .structure.  These  are  by  uo  means  settled  as  yet, 
but  they  may  be  succinctly  grouped  as  follows: 

1.  The  nticiilar  theory,  first  brought  clearly  forward 
by  Karl  Ileit/.niann  ( lN;io-189())  in  1ST:!,  and  still  main 
tained,  under  various  modilications,  by  a  great  numliercd' 
cytologists.  According  to  thisall  ]M'otoidasni  is  compose<l 
of  two  sidjstances:  ^1  more  solid  network — the  cylorelicn 
liim  or  spongiopl'asin,  and  a  more  lluid  interstitial  sub 
stance — tiieeytolymph,  Jiyaloplasma,  orenehylema.  The 
gramdes  ob.served  in  cells,  wlien  not  foreign  inclusions  or 
ma.sses  of  dead  protoplasm,  are  the  intersections  of  this 
network.  There  is  no  doubt  but  that  the  great  majority 
of  cells,  when  ti.xed  by  the  usual  methods  and  treated 
with  staining  reagents,  show  some  traces  of  such  a  re- 
ticidum. 

'i,.  The//'//' theory,  advocated  by  FlenuningI  1KH7).  who 
by  studying  cells  unaffected  by  reagents  concludi's  that 
tliey  are'  structurally  composed  of  free  threads,  the  cyto- 
mit"om.  not  condjined  into  a  reticulum  but  (dtcn  contain 
ing  niuneroiis  nodosities. 

3.  The.i//v/y/H///ctheory.  first  brought  forward  by  .\riidl. 
and  afterward  advocated  by  Aitmann  (1SS7).  Thissuii 
poses  iirotoplasin  to  be  formed  of  granulations  embedded 
in  a  homogeneous  basis  substance.  These  granides.  Alt 
matin's  liioldasts,  are  held  to  be  themselves morjiliological 
imits  of  a  still  lower  order  than  the  cells.  Special  means 
of  preparation  are  reqinred  to  demonstrate  them 

4.  The  iilrco/iir  theory,  of  Bi'itschli  (professor  at  Ilci 
d(dberg,  18S9)  and  his  school,  who  hold  tliat  the  structure 
of  protopla.sm  is  like  that  of  a  tine  viscous  froth  or  foam. 
that  is  to  sjiy,  composed  of  alveoli  with  extremely  thin 
walls.  This  structure  is  believed  to  be  a  physical  con- 
seipii'iiee  (d'  the  peculiar  conditions  of  tension  .-iiid  sur- 
face tiow  |iossessed  by  the  substance,  and  may  be  imitated 
by  emulsions  of  thicken(^l  oil  and  various  s;d Is.  'I'll is  view 
attempts  to  explain  the  appearances  of  the  other  theories 
either  by  the  optical  conditions  under  which  tlie  alveoli 
are  viewed  or  by  the  reaction  of  the  reagents  employed. 
To  demonstrate  the  alveoli  in  perfection  the  protoplasm 
must  be  living  and  tlie  best  attainable  ojitical  conditions 
secured.  Under  such  circumstances  they  are  seen  act  i  vely 
to  change  their  forms  and  relations  to  each  other,  these 
phenomena  being  so  swiftly  evanescent  that  it  is  impossi- 
ble accurately  to  represent  them  in  a  camera  drawing, — 
wdiili!  the  hand  is  tracing  one  part  another  is  rapidly 
clianging. 

Attempts  have  lieen  made  to  reconcile  these  conflict  ing 
views.  KoUiker  considers  that  the  dill'erent  appearam-es 
are  due  to  dilTcrent  states  id'  development  of  the  jiroto- 
plasm.  In  young  cells  he  supposes  it  to  be  homogeneous 
and  without  structure,  formed  of  a  mi.xture  of  various 
substances  possessing  ditTerent  degrees  of  eontraetllity 
and  solubility  in  acids.  In  such  a  medium  vacuoles  will 
sooner  or  later  appear.  If  these  are  numerous  and  small 
the  structure  of  the  protoplasm  will  be  alveolar;  if  the 
walls  of  the  alveoli  break  it  becomes  reticular:  if  tiie 
threads  of  the  leticulum  break  it  becomes  lilar.  Doubt 
less  this  view  may  assist  us  in  certain  interpretations, 
yet  it  must  be  said  that  recent  observations  tend  to  show 
that  even  the  earliest  ovum  does  not  possess  a  homogc-ne 
ous  structure. 

Among  the  differentiations  of  the  protoplasmic  mass  of 
the  cell  the  nucleus  has  been  the  most  successfully  in- 
vestigated.    Flemming  was  the  first  to  show  that  it  con- 


tains .several  substances,  one  of  which,  from  its  affinity 
for  coloring  matters,  he  named  chromatin.  Tlie  jdie- 
nomeiia  i>{  Indirect  cell  divlsinn  (mitosis,  karyoklnesis) 
were  llrst  connectedly  observed  by  Anton  Schneider  in 
IHT^i,  although  Halbiani  and  others  had  previously  noted 
.separate  stages.  The  nuclear  iilieuluiu  w  hicli  jilays  so 
important  a  part  in  this  process  was  tirst  noticed  by 
Frommaim  in  \HV>o.  The  fra.srmentation  of  this  into 
separates  sections  or  chromosomes  was  shown  by  Balbiani 
an<l  Carnoy.  Thesi;  again  are  separable  into  granular 
bodies,  to  w  hicli  the  nannt  of  chroniomeres  has  been  given 
by  Fol(l.s'.)l).  Other  lnvestlg;itors  who  have  greatly  ad 
vaiiced  the  knowledge  (<(  this  process  are  Strasburger. 
Hovcrl,  Cscar  and  Klehard  llcrtwig,  van  Benedcu,  and 
Kabl. 

The  great  advance  made  in  theoretical  chemistry  by 
the  atomic  theory  of  Dalton  ( IMOH)  is  widl  known.  Al- 
though atoms  and  molceules  have  never  been  seen,  the 
hypothetical  constitution  of  bodies  supposed  to  be  formed 
by  them  is  now  di-tinilcly  stated  and  ]n'edlcted.  The 
signal  success  of  this  theory  has  h'd  to  similar  specula- 
tions regarding  the  constitution  of  piotuplasm.  The  tirst 
of  these  was  that  of  Xiigeli,  who  in  l.s.s4  inopounded  his 
iiiiriltiir  lii/iiiilhish.  According  to  this,  |>rotiijdasni  is  com- 
posed of  an  iimnense  number  of  "miccllic,"  elementary 
units  of  a  crystalline  character,  far  beyond  the  limits  of 
miero.scopie  vision.  As  molecules  are  formed  of  atoms, 
so  micella',  units  of  a  next  higher  order,  are  formed  of 
molecules.  The  iieeuliar  physical  iiroperties  of  proto- 
plasm, its  imliililtion  of  water,  etc..  are  explained  by  the 
arrangement    and  atlliiltles  of  the  micelUe. 

The  hypothesis  of  Niigeli  has  li'd  the  way  to  a  ntimber 
of  others  of  a  similar  character  liy  De  Vries.  Wiesner, 
llaeckel,  llertwig.  Ronx,  and  \Veismann.  These  have 
generally  ln'cn  directed  toward  explaining  by  this  means 
the  phenomena  of  heredity.  By  n  series  of  beaullful  I'X- 
periments(  1.SS4)  Oscar  llertwig  has  apparently  succeeded 
In  show  lug  that  the  physical  substance  upon  which  this 
transiulsslon  of  characters  depends  is  the  chromatin  found 
ill  tlie  cell  nucleus. 

Starting  with  this  for  a  basis  Weistnaun,  in  various 
publications  from  IS?,")  to  IWM,  has  ]iropounded  an  elabo 
rate  theory  by  which  he  altemiits  to  explain  the  iihenom 
eiia  of  hereditary  resemblance.  Aeeordlng  to  this,  the 
chromatin  is  a  structure  of  almost  Ineoiiceivable  arclii 
tectural  i-omplexlty.  In  his  system  Weismann.  following 
Niigeli,  names  It  "  idioiilasm,"  and  sujipo.ses  it  to  be 
eoiniioscd  of  groups  called  "ids,"  corresponding  to  the 
cliromomeresseen  under  the  microscope.  During  the  seg- 
mentation of  the  ovum  or  any  other  cell  division,  tliese 
ids  also  divide,  so  that  lliey  are  distributed  to  each  cell 
throughout  the  bod_v.  The  ids  are  themselves  composed 
of  lesser  iiiiits  calleil ''determinants,"  because  they  deter- 
mine the  histological  character  of  the  cells  within  which 
lliev  dwell.  There  are  as  many  kinds  of  determinants  as 
there  are  jiarts  of  the  body  capable  of  being  dill'erent. 
Detertninants  iir<'  themselves  compound,  being  composed 
of  "biophores,"  or  ultimate  units  that  control  the  vital 
activities  of  the  cell. 

In  the  segmentation  of  the  ovum  certain  of  the  cells 
divide  .so  that  ea(  h  divi-sion  retains  exactly  similar  deter 
minantsand  thus  remains  e(|ual  ineaiiaeity  to  the  original 
ovum.  Such  ihijilinitiii  division  produces  the  tissue 
denominated  "germ  ]dasm "  found  in  the  nuclei  of  the 
germliKd  cells  of  the  ovary  and  testis.  Other  id'  the  cells 
divide  by  a  tUfffvential  division  by  which  determinants 
of  different  kinds  are  .sorted  out.  grouped  together,  and 
ri'legated  to  dllVereiit  cells.  These  are  the  somatic  or 
body  cells  from  which  the  general  tissues  of  the  body  are 
forn'ied.  Since  the  germ  ei'lis  and  body  cells  se|)arate  at 
the  earliest  stage,  no  inoditieatlnn  of  the  latter  can  alTeet 
the  germ  plasm,  hence  It  Is  denied  tli;il  cliaract<rs  ac- 
(luired  by  the  body  cells  c;in  be  transmit teil  to  tli?  olV- 
sprlng. 

Tlu' arrangement  of  the  <letermiiiants  liy  which  bodily 
charticters  are  affected  is  caused  by  archlteetunil  pecu- 
liarities inherent  in  the  original  ovuin  and  spermatozoon. 
There   is  contained    within   each    feeundau'd    ovum  an 
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entirely  closed  system  of  interrelated  units  that  can  only 
develop  in  a  predetermined  manner.  We  have  here  a  re- 
appearance, under  a  new  form,  of  the  theory  of  pre- 
formation sustained  liy  Haller  and  romliated  by  Wolff. 

Closely  connected  with  this  is  His's  theory  of  germinal 
foci  (187-1),  which  .supposes  that  within  the  protoplasm  of 
the  egg  the  different  parts  of  the  adidt  body  are  pre- 
localized  and  distinct,  although  not  yet  formed.  To  this 
view  many  eminent  anatomists  and  eml}ryologists  have 
adhered,  but  recent  experiments  of  Hertwig,  wliieh  show 
that  when  the  segments  of  a  dividing  ovuui  are  shaken 
apart  each  may  develo))  into  a  complete  individual,  ap 
pear  to  have  dissipated  these  ingeniously  devised  theories 
as  a  jiuff  of  wind  lays  prostrate  a  house  of  cards. 

Among  the  most  ardent  and  indefatigable  investigators 
in  the  domain  of  general  anatomy  during  the  nineteenth 
century  should  be  mentioned  Jacob  Henle  (1S(H)-1S85), 
professor  at  Zurich.  Heidelberg,  and  tinally  atGiiltingen. 
He  was  among  the  first  to  realize  the  importance  of  the 
cell  theory  and  did  much  toward  its  establi.shment.  He 
also  advanced  what  may  be  called  the  modern  theory  of 
pathological  processes,  holding  tliat  the_y  are  merely 
modifications  of  those  of  health. 

Albert  von  Kiillikcr  (l)orn  1817),  professor  at  Zurich 
and  Wiirzbiirg.  still  living  full  of  years  and  honors,  has 
also  had  great  intluence  upon  research  both  in  general 
anatom_v  and  embryology. 

In  comparative  anatomy  should  be  mentioned  Richard 
Owen  (180-4-1892),  the  author  of  a  ctuious  theory  of  the 
vertebral  origin  of  the  skeleton,  and  Thomas  H.  Hu.xley 
(183.'j-1895),  who  by  his  writings  and  researches  greatly 
furthered  the  doctrine  of  development  by  descent,  and 
Carl  Gegenbaur  (born  1H26),  at  Heidelberg,  whose  re- 
searches upon  the  morphology  of  tlie  head  and  limbs 
are  .iustly  famous.  In  the  ]iala;ontologieal  field  great 
advances  have  lieen  made  by  the  iliscovery  in  America 
of  fossil  deposits  of  great  extent,  and  of  importance  far 
surpassing  anything  hitherto  known.  These  have  been 
especially  investigated  by  Joseph  Leidy  (1823-1891),  pro- 
fessor in  the  University  of  Pennsvlvania:  by  O.  C  Marsh 
(1831-1899),  professor  in  Yale  'Uni\-ersify";  Edward  D. 
Cope  (1840-1897),  professor  in  the  University  of  Penn- 
sylvania; Henry  F.  Osborn  (born  18.57),  professor  in 
Columbia  University ;  and  G.  Baur.  professor  in  the 
University  of  Cliicago.  They  have  thrown  great  light 
upon  human  anatomy  by  contii'ming  in  a  striking  degree 
the  theories  of  development  and  the  morphological  laws 
controlling  the  formation  of  the  human  body.  The  an- 
atomy of  the  head,  of  the  teeth,  and  of  tlie  vertebral 
column  have  been  especially  elucidated. 

The  advancement  of  embryology  has  been  greatly  aided 
by  the  anatomists  whose  names  have  been  already  given, 
and  also  by  Johannes  .Midler  ( ISO  1-1858),  profcs.sor  at  Bonn 
and  Berlin,  one  of  the  most  learned  men  of  his  day,  who 
especially  studied  the  development  of  the  genital  organs, 
the  glands,  and  the  peritoneum,  and  by  Francis  M.  Bal- 
four (18.51-1882),  professor  at  Cambridge,  whose  tragic 
death  on  the  Aiguille  Blanche  of  the  Alps  was  a  great 
loss  to  science.  An  important  advance  in  the  establish- 
ment of  the  phyletic  liistorv  of  m.-m  and  other  animals 
was  made  in  1874  by  Krnst  llaeckel  (born  1834).  professor 
at  Jena,  who  attempted  to  show  that  all  animals  ]iossess- 
iu.g  a  food  sac  or  intestinal  cavity  are  descended  from  a 
common  ancestor  (as  yet  hypothetical),  the  On.ilrim.  and 
that  this  is  represented  in  embryologieal  development  by 
a  stage  whieli  may  be  termed  the  gastrula,  formed  l)y 
the  invagination  of  the  blastodermic  vesicle  or  blastula. 
This,  the  celelu'ated  (/(islrnii  Ihcurn.  aroused  violent  op- 
position from  the  opponents  of  the  development  hypotli 
esis,  but  is  now  (piite  generally  accepted. 

The  details  of  the  intracellular  phenomena  of  the 
fecundation  of  the  ovinn  were  first  observed  by  Oscar 
Hertwig  in  187:5,  in  the  transparent  eggs  of  the  sea 
urchin. 

In  osteology  during  thi'  century  there  slKndd  lie  noted 
the  work  of  John  (iocidsir  (1,'S1-I-1,S(17)  (}ii  tlie  structure  and 
development  of  bone,  the  discovery  of  the  lacun.T  and 
-canaliculi  by  Purkinje,  and  that  of  the  o.steoblasts  by 


Gegenbaur  (1804),  William  Sharpey  (1802-1880)  did  much 
to  increase  the  knowli'dge  of  the  structure  and  develop- 
ment of  bone,  as  also  did  Oilier  and  Robin  in  France  and  H. 
,M  idler,  Gegenbaur,  and  Kolliker  in  Germany.  The  archi- 
tecture of  the  sjiongy  tissue  of  bones  has  received  especial 
attention  from  Jelfries  Wy man  of  Harvard  University  and 
from  H.  von  JMeyer  of  Zurich.  The  development  of  limbs 
in  vertebrates  has  been  studied  by  R.  'W'iedersheinr  of 
Freiburg,  the  form  of  the  skull  by  R.  Virchow  of  Berlin, 
and  Welcker  of  Halle,  the  general  morphology  of  the  skull 
by  Gotte  of  Strasburg,  and  Gegenbaur  (1.^87),  The  ver- 
tebral column  has  been  investigated  by  Cunningham  of 
Dublin,  Merkel  and  Heuke, 

Arthrology  has  made  important  advances  in  precision 
and  knowledge  of  the  meclianism  of  joints.  Especially 
worthy  of  mention  are  the  works  of  .Meyer  of  Zurich, 
Brauue  of  Leipsic,  Jlorris  of  London,  Heiberg  of  Chris- 
tiaida,  and  Bigelow  and  Dwight  of  Boston.  Bland  Sut- 
ton, of  London,  has  investigated  the  nature  of  ligaments, 
Bernays,  of  St.  Loins,  the  development  of  joints. 

In  myology  the  minute  anatomy  of  muscle  has  received 
particular  attention,  but  cannot  yet  be  said  to  be  settled, 
as  a  knowledge  of  the  intimate  .structure  of  protoplasm 
is  as  yet  imperfect.  Bowman,  in  1840.  was  the  first  to 
tiirow  any  clear  li.ght  on  the  subject.  He  was  followed 
by  Leydi.g  and  Cohnheim.  Afterward  Krause  (1868) 
brought  forward  his  theory  of  "muscle  caskets."  Hensen 
.showed  new  details,  and  Merkel,  Eugelmaun,  Rollett, 
and  Ranvier  respectively  advanced  their  views.  The 
general  morphology  of  "the  nmsciilar  system  has  been 
advanced  by  the  researches  of  Huxley,  Humphry  of 
Cambridge,  and  Gegenbaur ;  the  study  of  muscular  anom- 
alies has  been  pursued  by  Wenzel  Gruber,  Theile,  AVood, 
JIacalister,  Struthers,  Chudzinsky,  Testut,  and  Ledouble. 
Special  groups  of  muscles  have  also  received  attention, 
Fiirbringer  stiulying  those  of  the  larynx  and  of  the 
shoulder,  von  Bardeleben  and  Cunningham  those  of  the 
hanil  and  foot,  Ruge  those  of  the  face. 

In  the  earlier  part  of  the  century  the  structure  of  the 
capillaries  was  not  understood,  it  being  believed  that 
they  were  interstitial  lacuna;  without  walls.  The  demon- 
stration of  their  independence  and  continuity  was  first 
made  by  Treviranus  in  183(;.  The  endothelium  of  the 
blood-vessels  was  first  demonstrated  by  Henle  in  1838. 
Johannes  Miillcr  made  important  discoveries  in  the 
vascular  system,  especially  that  of  the  helicine  arteries  of 
erectile  tissue,  in  1835. 

The  study  of  the  formed  elements  of  the  blood  has 
greatly  advanced,  but  still  leaves  much  to  be  desired. 
The  blood  platelets  (ha?matoblasts  or  third  corpuscles) 
were  first  discovered  l>y  Max  Scludtze  in  1865,  and  were 
afterward  stvidied  b\-  Bizzozero,  Hayem,  and  Pouchet. 
Elirlich  (1S91)  carefully  studied  the  white  corpuscles  and 
separated  them  into  varieties  that  appear  to  be  of  great 
value  in  patholo.gical  anatomy.  Neiunann  and  Malassez 
have  investigated  the  origin  and  formation  of  the  red 
blood  corpuscles. 

Other  angiologieal  studies  of  note  are  those  of  His 
and  Bernays  on  the  development  of  the  heart,  of  Braune 
on  the  venous  system,  and  of  Bardeleben.  Thoma  and 
Bonnet  on  the  variations  in  the  structure  of  the  vascular 
walls.  Heubner  (1872)  greatly  elucidated  the  vascular 
distribution  in  the  brain.  A  profound  study  of  vascular 
anomalies  has  been  made  liy  W.  Krause. 

The  lymiihatics.  formerly  believed  to  originate  from 
the  interstitial  spaces  of  connective  tissue  (Ludwig. 
Bri'icke),  wen'  shown  by  Recklinghausen,  Kolliker,  and 
Ranvier  to  form  a  closed  system.  The  true  nature  of  the 
lymphatic  glands  has  been  elucidated  liy  the  labors  of 
His,  Klein,  Ranvier,  and  others.  Important  investiga- 
tions into  the  origin  of  the  lymphatics  have  been  made 
by  P.  C,  Sappey  U8I0-189()),  iirofessor  at  Paris,  and  by 
Ranvier.  The  connection  of  the  serous  cavities  of  the 
body  with  the  lymjihatic  .system  has  been  studied  by 
Schweigger-Seidel.  Klein,  Tourneux.  and  Kolossow.  The 
lymiihatie  fissiu'  of  flic  throat  (iiharyiigcal  tonsil,  etc) 
has  been  the  object  of  research  by  KiUian,  Stiihr,  Flesch, 
and  others;  and  von  Davidoff  and  Klatsch  have  shown 
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that  the  lymphoid  tissue  of  the  intestine,  the  niesenterie 
shinds.  aiid  I  lie  spleen  are  all  developed  from  the  intestinal 
♦■pitheliiun,  a  eoneejilion  uliieli  Stieda  lias  extended  to 
the  thvnnis  jrland.  Finally  Heideiiliaiii  liasdiiiionsliated 
the  waiiderinjjof  leueoeytes  throughout  glandular  tissues. 

'I"he  eonvoiulions  of  the  brain  were  thought  liy  the 
earlier  anatomists  to  be  arranged  without  detinitr  oidrr. 
being  compared  to  the  irregularities  of  the  coils  of  the 
small  intestine.  In  ISoo  Gratiolei  (INl.Vlsti'i),  by  a  care 
fill  comparative  study  of  the  brains  of  man  and  animals, 
showed  that  the  ai)parently  confused  com]ile.\ily  can  lie 
reduced  to  a  coniparaliM-ly  simjile  plan.  'I'his  was  fur- 
ther developed  by  Fozzi.  Leurel.  Ecker,  (.iiaeomiiii.  and 
others. 

Closely  connected  with  this  is  the  discovery.  lirst  made 
by  Broeit.  that  certain  motor  and  sensory  activities  can 
be  located  in  detinite  areas  of  the  cerebral  corle.x  lie 
noted  that  the  loss  of  articulate  speech  known  as  a]iliasia 
is  usuallv  associated  with  a  lesion  of  thi'  left  third  frontal 
convolution  (Broca's  convolution).  This  doctrine  has 
been  greatly  expanded  by  the  experiments  of  Fritscli  and 
Ilitzig.  Ferrier,  ('liarcdt.  Horseley.  and  m;iny  others,  and 
has  become  of  great  diagnostic  value.  It  will  be  |ier 
<'eived  that  it  oidy  suiierticially  resembles  the  older  doc 
trine  of  Gall  and  Spurzheim. 

The  nerve  cells  in  the  brain  and  stiinal  cord  were  pn.b 
ably  lirst  mentioned  in  1S:!3,  by  Christian  (jotlfried  V.h 
ren'berg  (ITO.'i-l.sTlJ),  professor  at  Berlin.  They  were 
better  described,  however,  in  183(j.  both  by  Gabriel  (!us 
tav  Valentin  ( |Sll)-lS33).  professor  at  Berne,  and  .lohan- 
nes  Evangelista  Purkinje  (ITST-ISOO),  |irofessor  at 
Breslau  and  Prague,  from  whom  are  named  the  cells  or 
wiriniscles  of  Puikinje  in  the  cerebellum.  They  were 
for  some  time  misunderstood,  Magendie,  in  18oil,  describ 
ing  them  as  infusoria  Their  nervous  character  was  es- 
tablished in  lS4-t  by  Robert  Remak  (IKlo-lStrj),  |n-ofessor 
sit  Berlin,  who  at  the  siime  time  suggested  their  connec- 
tion with  nerve  tiliies. 

The  tirst  to  note  the  a.xis  cylinder  process  or  axone  of 
nerve  cells  apjiears  to  liave  been  Rudolph  Wagner  ( IHO.V 
18()4),  professor  at  Gottiugen,  but  its  true  nature  was 
tirst  shown  by  Otto  F.  K.  Deiters  (1834-1803),  profe.'^sor 
at  Bonn,  in  18().").  Although  unable  to  demonstrate  its 
actual  continuity  with  the  axis  cylinder  of  a  nerve  fibre. 
he  gave  to  the  process  the  name  by  wliich  it  is  generally 
known  and  also  named  the  ]irotoplasniic  processes  or 
dendrites.  The  conneclion  of  nerve  cells  with  nerve 
fibres  remained  for  some  time  obscure.  Counting  experi- 
ments instituted  by  Benedict  Stilling  (i81(l-isTit).  of 
Kassel,  showed  that  at  the  level  of  the  second  cervical 
nerve  there  are  found  not  more  than  half  the  number  of 
fibres  that  reach  the  cord  by  the  posterior  nerve  roots. 

Since  th<' direct  methods  of  anatomical  research  failed 
to  resolve  the  comjilex  architecture  of  the  nervous  sys 
tem,  recourse  was  had  to  the  indirect  methods  of  physio 
logical  experimentation,  pathological  lesions,  and  embry- 
ological  development.  In  1833  Marshall  Hall,  of  London 
(1T!HI-1S.")7).  first  clearly  demonstrated  refiex  movements 
and  the  independent  action  of  the  spinal  cord  and  the 
medulla  oblongata,  already  surmised  by  Descartes.  As 
early  as  18311  Nasse  showed  that  when  a  nerve  is  cut  its 
peripheral  end  degenerates,  and  in  18.")0  this  was  more 
cand'ully  studied  by  Augustus  Waller  (died  1870).  who 
showed  that  it  is  always  the  end  that  is  detached  from 
the  ni-rve  cell  that  |)erishes.  and  that  when  the  posterior 
root  of  a  spinal  nerve  is  severed  between  its  ganglion  and 
the  cord,  an  area  of  ascending  degeneration  will  ascend 
to  the  cord.  In  W'ri  Ludwig  Tiirck.  of  Vienna  (181U- 
1SG8).  showed  that  a  descenfling  degeneration  might  oc 
cur  from  a  lesion  of  the  cord.  Following  these  were 
similar  exiierinieiits  by  Burdach.  Goll.  Charcot,  Vuliiian. 
Kaliler  and  Pick.  Gowers,  and  many  others,  showing  the 
results  of  lesions  of  the  brain  or  cord  in  iirodncing  degen 
crations. 

Connected  with  these  are  the  experiments  instituted  by 
Bernhard  von  Giidden  (I824-18S()),  professor  at  .Mnnich, 
which  showed  that  when,  in  a  young  animal,  a  nerve 
root  or  nerve  tract  is  torn  away  or  injured,  the  group  ol 


cells  with  which  it  is  cent ndly  connected  suffers  atropliy. 
.\mong  the  experimenters  in  this  line  of  work  there  may 
be  mentioned  llayem,  Forel,  and  von  .\lonakow. 

.Many  investigators  had  notieeil  in  .sections  of  the  brain 
and  coni  a  dilference  in  coloration  between  fetal  and 
adult  structures  which  varied  with  advancing  growth. 
1 1  was  Paul  Flechsig.  of  l^eipsic.  who  lirst  showed  that 
this  was  due  to  the  fact  that  dilTeient  groups  of  fibres 
develop  their  myeline  sheath  at  djiferent  epoclis.  and  tliat 
liy  this  means  certain  tilire  systems  can  be  made  out  that 
correspond  in  general  to  the  results  obtained  by  degen- 
eralioiis.  Improvements  in  lechnical  methods  have  made 
this  means  of  re.si'arch  comparatively  easy,  and  such  in- 
vesligalions  of  the  nervous  system  have  been  carried  on 
by  Bechterew,  Edinger,  Darkschewitch,  and  others. 

Observations  in  the  comparative  anatomy  of  the  ner- 
vous system  have  also  led  to  im|iortant  results.  In  lliis 
field  should  be  mentioned  the  names  of  Theodor  Jleynert 
( l.S33-IS!)t!),  professor  at  Vienna,  Malhias  Dnval,  profes- 
sor al  Paris;  and  E.  C.  Spilzka,  professor  al  Xew  York. 

By  a  combination  of  these  methods  there  was  gradu- 
ally cvoIvimI  a  general  idea  of  the  arciiitecture  of  the 
ceiilral  nervous  system.  This  was,  however,  necessarily 
somewhat  vagtte  and  indefinite  as  long  as  the  minute 
anatomical  relations  coulil  not  be  actually  demonstrated. 
Power  to  do  this  was  at  last  obtained  by  the  inii.u'ove- 
nient  in  technical  methods  which  made  it  possible  to 
demonstrate  the  finest  ramifications  of  the  nerve  cells. 
Ilenee  arose  the  //( iin/ni'  t/nori/  as  achamcd  by  Ramon  y 
Cajal.  van  Gehuchteii.  l,enliossek.  and  siip|iorted  by  Kol- 
likeraiid  Waldeyer.  .\ccordin,g  to  Josejih  von  Gerlaeh 
(died  18!)()),  the  iirotoplasmic  processes  of  cells  unite  in  a 
fine  anastomotic  network  upon  which  all  sensory  impres- 
sions are  discharged  and  from  which,  in  some  mysterious 
manner,  all  motor  impulses  originate.  This  doctrine  was 
op])osed  by  His  (ISS(i)  on  embryological  grounds,  by 
l''orel  (18S7)  oil  pathological  grounds.  The  new  methods 
of  staining  showed  that  nerve  tibresare  merely  elongated 
processes  of  nerve  cells.  This  led  to  the  conceiilion  that 
the  nervous  system  is  coni])osed  of  histologiial  units 
Itermed  neurones  by  Waldeyer)  which  may  comprise  a 
cell  body  with  its  extensions,  the  protoplasmic  processes, 
the  axis-cylinder  processes,  the  nerve  lilires.  and  end 
organs.  These  units  are  held  to  be  substantiall_v  inde- 
|ieiident  of  each  other,  never  uniting  to  form  a  lil"XUs. 
This  view,  which  has  been  used  with  great  success  to 
eX]>lain  the  arehiteclure  of  the  nervous  system,  is  now 
accepted  by  most  histologlsts.  It  should  be  noted,  how- 
ever, that  the  recent  investigations  of  Apathy  (1897)  on 
the  earthworm  and  leech  seem  to  show  that  il  may  re- 
(piire  some  iiiodificalion. 

'I'lie  internal  structure  of  the  body  of  the  nerve  cell  has 
also  received  much  attention  and  is  still  under  discussion, 
lieniak  and  Max  Schiilt/e  considered  il  libi-illary  with 
iiilerslilitil  granules.  Franz  Nissl.  by  peculiar  methods 
of  staining,  thinks  that  he  has  shown  that  the  structure 
is  not  fibrillary,  but  that  two  substances  exist,  one  being 
masses  of  stainable  granular  substance  (Nissl  bodies,  ti- 
groid substance),  the  other  iinstainable.  He  considers 
that  dilTerent  tyjies  of  cidls  exist  distinguishable  by  the 
arrangement  of  these  substances. 

The  tiller  anatomy  of  the  organs  of  special  sense  is 
almost  wholly  the  work  of  the  niiieteentli  century  The 
development  of  the  eye  has  been  most  earefiilly  investi- 
L'ated  bv  Hatschek,  Ayers  (of  Cincinnati),  and  Ivuptl'er. 
and  the  curious  discovery  was  ni.ade  by  Ahlborn  (188G). 
Ralil  Huckhard,  and  Spencer  that  the  pineal  body  is  a 
vestige  of  an  eye  that  occurs  in  some  re]itiles.  The  ante- 
rior limiting  layer  of  the  cornea  was  discovered  by  Sir 
William  Bowman  (18Ui-18!)'J).  professor  at  London,  the 
scleral  sinus  (canal  of  Schlcmm)  was  first  described  by 
Sclileinm  (183(1).  but  was  previously  known  to  Albinus. 
as  ajipears  from  a  catalogue  of  his  |ne)iarations.  The 
ciliarv  muscle  was  first  demonstrated  as  such  (in  the 
shei'p)  bv  William  Clav  Wallace,  of  New  York  (183.1). 
Brfieke  (184(>)  and  Bowman  (1847)  afterward  described 
it.  Even  the  deep  circular  fibres  whose  discovery  is 
usually  ascribeil  to  H.  Mailer  appear  to  have  been  seen 
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by  WalUu'f.  The  action  of  the  muscle  was  first  correctly 
(li'scribcd  by  Helmholt/  (1.S.T1).  A  controversy  of  long 
standing  rcnurdini;  tin-  existence  of  a  dilatator  muscle  of 
the  ii'is  appears  to  have  l)een  settled  altinnatively  by  the 
researches  of  Kiilliker,  Ketzius,  and  Juler.  The  struc- 
ture of  the  liils,  the  lachrymal  ajijiaratus.  and  the  retina 
was  specially  studied  by  H.  Miiller  (Aliiller's  muscle, 
Mliller's  tilires).  The  layer  of  rods  and  cones  (Jacob's 
membrane)  was  discovered  by  A.  Jacob,  of  Dublin,  in 
ISIit.  the  visual  purple  liy  Boll  in  bSTC.  Recently  im- 
portant comparative  studies  of  the  retina  have  been 
made  by  \V.  Krause  and  Ramon  y  C'ajal. 

The  complicated  anatomy  of  the  ear  has  been  the  object 
of  research  by  a  great  uumber  of  ob.servers,  only  a  few 
of  whom  can  be  mentioned  here.  The  membrana  tym- 
pani  has  been  carefully  investigated  bv  O.  Shrapnell 
(1832),  Jos.  Toynbee  (1851).  Riidinger  (1867).  and  Prus- 
sak  (1868);  the  anatomy  of  the  auditory  ossicles  and  the 
mechanism  of  their  mo\'ements  lias  been  elucidated  by 
Helmhoitz  ( 1868):  the  Eustachian  tube  has  been  specially 
studied  by  Riidingi-r.  Ilu.schke,  and  KoUiker;  the  mem- 
branous labyrinth  by  Hiittcher,  Ilenle,  and  Hyrll.  The 
organ  of  Corti  was  discovered  by  the  JIarchese  di  Corti 
in  1851.  Additional  details  of  its  structure  were  estab- 
lished by  E.  Reissuer  (1854),  M.  Claudius  (1856),  O.  Dei- 
ters  (18(i0).  and  Hensen  (1863).  Special  memoirs  on  the 
anatomy  of  the  ear  have  been  written  by  RiUlinger. 
Wharton  Jones,  Avers,  and  Ret/.ius, 

As  to  the  organ  of  smell,  the  olfactory  cidls  were  first 
described  by  Max  Schultze  in  186'2.  although  they  were 
probably  seen  previously  liy  Ecker  and  Eckhardt.  The 
tracing  of  the  olfactory  tilircs  has  been  etfected  by  the 
labors  of  Kolliker.  van  Gehuchten.  and  Ramon  y  Cajal. 
The  general  anatomy  of  the  passages  of  the  nose  has  been 
carefully  studied  by  Zuekerkaudl. 

The  taste  buds  of  the  tongue  were  di.scovered  by 
Schwalbe,  of  Strasliurg,  in  l!S(i7,  and  at  about  the  same 
time  by  Loven,  of  Christiania. 

The  tactile  corpuscles  of  the  skin  were  first  seen  by 
Meissner  and  Wagner  in  1852.  the  end  bulbs  by  W. 
Krause  and  Kolliker  (ls.5(l-18.58).  Pacini  discovered  the 
corpuscles  that  bear  his  name  in  1836.  and  thej'  were  de- 
scribed by  Vater  somewhat  later  (1841).  Other  nerve 
endings  recently  described  are  those  of  Golgi  in  tendons 
(1878).  tiiose  of  Rutliiii  in  the  tingers  (18'J3).  and  the 
"muscle  spindles"  of  Kuhne  and  others  found  in  the 
substance  of  nuiscle. 

Most  of  our  accumte  knowledge  of  the  minute  anatomy 
of  the  viscera  has  been  developed  during  the  present 
centurj".  Space  does  not  permit  a  detailed  account  of  the 
discoveries,  but  mention  should  be  made  of  the  work  of 
Neumann,  r,ent,  and  Rose  upon  the  teeth,  and  the  at- 
temptsof  Ryder.  Osborn,  Cojie,  and  others  to  obtain  from 
paUlHintological  and  other  evidence  a  connected  account 
of  the  mechanics  of  their  development;  of  the  work  of 
Flemming,  of  Kiel,  upon  the  principles  of  gland  con- 
struction; and  that  of  Ileidenhain  of  Breslau  upon  the 
anatomy  of  the  pancreas,  the  salivary  and  peptic  glands. 
Investigations  of  the  development  of  the  peritoneum  by 
Toldt.  Ilis,  Treves,  Hrosike,  and  others  have  greatly 
aided  our  comprehension  of  that  complicated  struclure. 
The  liver  has  been  specially  investigated  l)v  Kiernan. 
Heiing,  Ileideidiain,  and  Ranvier,  and  in  the  anatomy  of 
the  kiilni'V  great  advances  liave  been  made.  Henle  dc- 
scril)ed  the  loops  of  lh<'  uriniferous  tubules  that  bear  his 
name  in  1862.  I,udwig  and  Heidenliain  have  done  much 
in  elucidating  the  structure  of  the  tubules,  and  Disse  has 
studied  the  changes  of  the  <'pithelia  during  secretion. 

In  tile  generative  organs  of  the  male  researches  in  sper- 
matogenesis have  been  C'lrried  on  by  f^a  Valette  St. 
George,  Nussbaum.  Flemming.  Hermann,  and  Minof.  In 
the  female  organs  PtUigcr  and  Waldeyer  have  investi- 
gated the  struetiu'e  of  the  ovary  and  the  development  of 
ovules,  and  Nagel  has  given  the  first  exact  description  of 
the  human  ovum.  The  situation  of  the  pelvic  organs 
lias  been  carefully  determined  by  li.  Schultze  and  Wal- 
deyer, and  an  exhaustive  examination  of  the  human  pla- 
centa has  been  made  bv  Minot.  Firnil-  Baktr. 
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ANDERSON  MINERAL  SPRINGS.— Lake  County,  Cali- 
fornia. 

Location. — Nineteen  miles  from  Calistoga,  five  miles 
from  Jliddletown,  and  ten  miles  from  the  Great  Geysers, 

Access. — By  stage  from  Calistoga  and  Cloverdale. 

The  worshipper  at  nature's  shrine,  the  lover  of  grand 
and  varied  scenery,  will  find  all  that  can  be  desired  at 
the  Anderson  Jlineral  Springs,  The  mountain  stage  ride 
is  one  of  the  most  ]iictures(iue  in  the  State.  The  ever- 
changing  picture  of  hill  and  dale,  of  forest  and  shrub- 
bery, ant.!  of  brooks  with  ferns  and  mosses  forms  one  of 
those  pleasing  panoramas  wliich  the  spectator  loves  to 
recall  in  after  days.  The  springs  with  tiie  hotel  and 
cottages  are  located  in  a  cozy  nook  in  a  small  carion 
surrounded  by  forests  abounding  in  pictiu'csciue  water- 
falls. The  cool,  leafy  dells  and  the  profound  silence  a-">d 
solitude  of  the  dense  forests  form  an  ideal  combination 
to  attract  the  early  morning  rambler.  The  atmosphere 
here  is  balmy  and  exhilarating  and  free  from  humidity. 
Fish  and  game  abound  all  the  year  round.  The  accom- 
modations offered  to  guests  are  excellent,  and  visitors 
come  by  the  thousand  to  enjoy  the  numerous  advantages 
of  the  .spot.  There  are  nine  important  spiings.  The 
principal  drinking-spring.  known  as  the  Cold  Sulphur, 
is  located  about  one  hundred  and  fifty  yards  from  the 
hotel.  It  was  analyzed  by  Dr.  AVinslow  Anderson  and 
found  by  him  to  have  the  following  com])osition : 

One  United  States  (i.\LLO\  Co.ntaixs: 
Solids.  Grains. 

Sodium  chloride 1.09 

Sodium  carbonate  9.27 

Sodium  sulpbate t».18 

Potassium  salt* Traces. 

Magnesium  carlnmate 11. *3 

Maffm-sium  sulpliate 16.95 

Calcium  carlinmite 30.40 

(  aUiuni  suli ilKUe 9.10 

FeiTuus  carliciQute 0.46 

Arsenious  salts Traces. 

Silica    • 2.4.5 

Organic  matter Traces. 

Total 77.6.3 

Cub.  in. 

,.  t  Carhonic  acid  gas 343.50 

CTdses  -J  >iuipi,„reted  hydrogen. 4.20 

This  may  be  characterized  as  a  saline  siiljiho-carbo- 
nated  water.  It  has  been  found  very  beneficial  in  chronic 
skin  diseases  of  strumous  and  syphilitic  origin.  In  liver 
and  bowel  troubles,  in  uterine  and  ovarian  engorgement, 
and  in  glandular  congestions,  the  water  has  also  proved 
to  be  of  much  value.  It  is  aperient,  diuretic,  and  altera- 
tive in  its  action. 

The  "  Sour  Spring  "  is  one  of  the  few  California  min- 
eral spiings  containing  free  suliihuric  acid.  Its  sour 
taste  is  sujiposed  to  be  due  to  alum,  but  the  following 
analysis  by  ilr.  George  E.  Colby,  of  the  California  State 
University  (1889),  shows  that  no  alum  is  present; 

OxE  United  States  (Jali.ox  coxtaixs: 
Solids,  Grains. 

SodiuiH  chloriile O.OS 

Soilinui  sulpbalc 0.49 

Pota,ssiuin  sulpliate 0.87 

MaLHiesium  sulphate 4.76 

Calfiiun  sutpbate 2.07 

Fi'lTlcsullillate  0.63 

AUuiiimim  sMiphiilo*  7.11 

Boric  acid  (witlispi'i-lroscopei  Strongtest. 

Lithium  (With  siHcir.iscope) Well-marked  test. 

Ammonia  tmaui^aunus  sulphate) 0.33 

Silica : 3.94 

Organic  matter Traces. 

Total 30.2S 


♦  A  microscopic  examination  of  the  ix'sidue  obtained  by  slow  evaiv 
oration  tiiil.s  to  show  characteristic  crystals  of  alum. 
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A  oonsklcnililc  (iiiantity  of  free  sulphuric  ju-id  was  also 
revealed  by  the  analysis.     Tlie  temperature  of  the  water 
is  (U.'S    F.     Il  possesses  tonic,  astriu.irent.  anil  ^^ently  la\ 
alive  properties,  and  has  ]iroved  heiieiieial  in  hemorrhages 
from  tlie  lunjrs.  menonhajria.  dyspepsia,  etc. 

Another  valuable  wat<'r  is  the  "  Iron  Sprinj;.''  The  fol- 
lowing is  Mr.  Colby's  analysis,  made  iu  1899: 

().\K   U.MTED   STATKS  ('■.4I.I.0N'   COSHl.VS; 

Soliiis.  Oriiins. 

Sodhiin  r-liloriilf n.is 

Soilimii  t.i';irlMinat« ii.H) 

SimIiuiu  slilpiiali* ;t.42 

Pr.la.-^siuiii  siilpliule 1.17 

Ma^'m-sunri  Mllplmte 7.:j;"> 

(  allium  sulpliale td.SS 

Cali-iiun  ptiDsphate o.l.i 

FeiTi-iis  i'arlHiimt« l.IS 

Aniniilia 0.93 

Borii  ai'iil  Iwllli  spectroscope)  StrimK  t<'st. 

Lithium  i  witli  spectroscope) Well-marked  test. 

Manjjaiious  carluinale 1.77 

Silica 4.23 

Organic  matter Small  quantlt.v. 

Total .-.■ yi.t-t 

Free  carlmnic  acid  8*a,s.  2.'>.H()  cubic  inches. 
Temperature  ut  water,  1;J4*  F. 

This  is  a  niilil  ealeieehalybeate  water  It  pos.sesses 
tonic  and  sliirl)tly  laxative  jiroperties.  and  is  useful  in 
aniemia  and  chlorosis  and  in  conditions  requirin.ij;  ivstora- 
tive  agents. 

Among  other  valuable  springs  in  this  group  may  l)e 
mentioned  tlie  "Co.sniopolitan."  an  excellent  drinking 
water,  po.ssessing  laxative  jiroperties;  the  "  Belniar '' 
Spring,  a  light  saline  sulphur  water:  the  ".Magnesia. 
Spring  "  (known  also  as  "Father  Joseph's  Sjiring").  a 
rich  saline  water  having  valuable  laxative  properlies; 
and  the  "  Hot  Sulpliurous  "  fir  bathing  spring.  These 
last  waters  have  a  teniperatuiv  of  14."i.r)  F. .  and  have 
been  found  very  benetiiial  in  rheumatism,  chronic  .ioiiit 
swellings,  and  skin  diseases.  It  is  elaimed  that  tlie 
inhalatiiDi  of  the  hot  sul|ihurous  steam  of  this  water  is 
highly  useful  in  eases  of  chronic  bronchitis,  incipient 
phthisis,  and  catarrhal  affi-ctions  of  tlie  nose  and  throat. 
There  arc  good  facilities  for  bathin.g.  The  incrusliitious 
formed  by  the  hot  sul]ihiirous  vapors  on  the  surrounding 
rocks  are  gathered  and  powdered  and  used  in  cases  of 
chronic  nasal  c;itnrrli,  as  well  as  for  acute  coryza  and 
colds  in  the  throat.  This  powder  represents  all  of  the 
solid  mineral  ingredients  found  in  the  water. 

Jnmeii  K.  f'riuik. 

ANDROMEDOTOXIN.     See  Ericacew. 
ANDROPOGON.     See  Ciirondla  Grass. 
ANELECTROTONUS.     See  Elu'trot„n<is. 
ANENCEPHALUS.     See  Tnrttuhyy. 

ANESON. — .Vnesin  ;  chloretone;  acetone-chloroform. 
(ClhJ.COll.CCls.  tertiary  trichlorbutylalcoliol.  Potas 
slum  liydroxide  is  slowly  added  to  a  mixture  of  eipia! 
weights  of  acetone  and  chloroform,  and  then  steam  is 
blown  through.  The  resulting  anesoii  forms  a  white 
crystalline  mass  resembling  camphor  and  having  a  cam 
phoraceous  odor.  It  is  sliglitly  soluble  in  cold,  more  so 
in  boiling  water,  is  fairly  solulile  in  strong  alcohol,  and 
freely  in  ether  and  chloroform.  It  is  decom|)oseil  liy 
strong  sulphuric  acid,  Init  is  not  alT'eelcd  by  weak  aeiils 
or  alkalies. 

Aneson  or  chloretone  is  antiseptic,  locally  an.-esl!ietic. 
and  hypnotic.  Coniliining  the  properties  of  an  antiseptic 
and  an  an;esthetic.  it  promises  to  be  of  considerable  value 
in  minor  surgery.  Kossiiw-uid  Vamossy  found  it  to  be 
slower  in  its  action  than  cocaine,  and  somewhat  less  pene- 
trating; yet  it  had  more  ana-stlietic  power,  as  a  one  jier 
cent,  solution  was  ei|nivalent  to  a  "2.8  percent,  solution 
of  cocaine.  A  lacerated  wound  or  a  burn  soaked  in  a 
weak  solution  of  aneson  .soon  becomes  ana'sthetic.  and 
Vol..  I.— •>! 


lieriuits  of  incision,  suturing,  etc.,  without  pain.  For 
other  minor  operations.  es]iecially  about  the  mouth,  nose, 
and  eye.  or  for  circumcision,  it  is  superior  to  cocaine,  anil 
is  used  in  such  weak  soiiilion  as  not  to  have  any  systemic 
effect.  It  is  non-irritant  ami  does  not  dilate  the  iiupil, 
!Uid  being  a  very  stable  compound  its  antiseptic  power 
may  be  increased  by  the  addition  of  mercuric  bichloride, 
phenol,  thymol,  etc. 

Houghton  and  also  Albrich  have  found  aneson  to  be 
readily  absorlieil  Iroin  the  stomach,  and  rapidlv  dis- 
triliuled  throughout  the  body.  It  tends  to  slow  the 
heart  without  weakening  it,  and  it  has  no  etTect  on  the 
arteries  or  on  the  blood.  In  animals  killed  after  large 
doses  the  greater  iimount  of  the  drug  is  found  in  the 
brain.  It  is  sedative  and  readily  pi-oduces  hy])nosis,  but 
has  little  or  no  elTect  on  the  imiiortant  centres  in  the 
iiiediilliiobloiig.ua.  Aneson  is  not  eliminated  assuch  by 
the  kidneys,  the  skin,  or  the  lungs,  and,  as  the  chlorides 
in  the  urine  are  increased  during  its  administration,  it  is 
lirobable  that  the  drug  is  liroken  up  in  the  system, 
(liven  by  moutli,  the  mucous  membrane  of  the  alimentarv 
canal  becomes  insensitive,  nausea  and  seasickness  are  re 
lieved,  and  in  gastric  cancer  or  ulcer,  the  pain  ami  per- 
sistent vomiting  are  overcome.  As  a  hypnotic,  it  does 
not  irritate  the  stomach  or  the  kidneys,  and  may  be  used 
with  safety  in  cardiac  and  respiratory  di.seases."  Five  to 
twenty  grains  may  be  given  in  powder  or  capsule  half 
an  hour  before  bedliine.  as  its  action  is  fairlv  ra|iiil. 
Sixty  griuiis  have  been  given  without  disagreeable  etVect. 
As  an  amesthetic  it  may  be  u.sed  in  one-per  cent,  solution, 
either  directly  applied  to  the  surface  or  subcutaneouslv. 

II .  .1.  Ildnlcdo. 

ANEURISM. — .\ii  aneurism  of  an  artery  is  a  circum- 
seiiliiil  luiiiiH-  composed  of  a  Stic,  the  cavity  of  which 
communicates  with  the  lumen  of  the  artery,  aiiil  contains 
liiiuid  or  eoa.n'ulateil  lilooil.  The  sac  may  be  formed  in 
whole  or  in  part  of  the  distended  wall  of  the  arterv.  or 
of  the  condensed  adjoiiiin.L'  li.ssnes. 

Dki-imtioxs  .\.M)  Cr,.\ssiKi<ATioN.— The  terminology 
of  the  alfection  has  been  much  confused  by  a  lack  lif 
agreement  in  the  u.se  of  terms  and  in  the  meaning  at- 
tached to  them.  Most  of  these  terms  are  intended  to 
indicate  dilTereiices  in  the  eompo.sition  of  the  wall  of  the 
sac,  some  of  which  cannot  even  be  reeo,>riiized  with  cer- 
l^iinty  on  direct  exaniination.  and  are  not  marked  by  any 
eorrespondin,!;  clinical  ilill'erences. 

liittriKil  1)11(1  Kr/t null. — Jiiltniiil  aneurisms  are  those 
situated  within  the  thoracic  orabdominal  cavity  ;  e.rternal 
aneurisms  are  tho.se  formed  at  the  expense  of  arteries 
lying  outside  these  cavities.  (Mtdicid  is  sometimes  used 
as  a  synonym  of  internal ;  smr/iral.  of  external.) 

SjiontintenifH  iiml  Trim ninlji'. — Sjiontiint'oiix  aneurisms 
are  those  that  have  iirisen  in  eoiisei|iience  of  disease  or 
gradual  clian.ire  in  thi'  w:ill  of  an  artery.  A  tramiKilic 
aneurism  is  one  which  has  lorined  in  conseipience  of 
sudden  mechanical  division  or  injury  of  the  wall  of  au 
arterv,  as  by  a  knife  or  sjilinter  of  bone. 

The  following  anatomical  classitication.  adopted  liy 
Holmes,  is  the  one  in  common  use.  The  distinction 
made  between  "  true  "  and  "  falsi'  "  aneurisms  is  anatomi- 
cally juslitied,  but  the  terms  are  likely  to  mislead,  for 
"true"  aneurisms,  in  the  narrow  sense  of  the  term — i.e.. 
aneurisms  whose  wallsareevery  where  composed  of  all  the 
coats  of  the  artery — are  rare  and  always  small.  The  com- 
mon form  of  aneurisi'i  belongs  to  the  class  termed 
"false,"  those  in  which  only  one  of  the  coals  of  the 
artery  takes  part  in  the  formation  of  the  wall  of  the  .sic. 

I.  Common  or  encysted  anenrism.  subdivided  into — 

((/)  Aneiirisinal  dilatalioii.  or  fusiform  aneurism.  The 
artery  is  dilated  for  some  distance,  and  the  wall  of  the 
dilated  jiortion  preserves  its  thiee  coals. 

{!')  True  aneurism.  Tlie  sac  is  formed  throughout  by 
all  the  coats  of  the  artery  dilated  at  only  one  poini. 

(c)  False  aneurism.  The  sac  is  formed  by  only  one  or 
two  of  the  coats  of  the  artery,  the  miildle  one  having 
disappeared  or  l)ci)ig  unrecognizable  in  cousciiuence  of 
change. 
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((f)  Consecutive  or  diffused  imoniisin.  Tlic  wall  of  (he 
sao  is  formed  of  the  condensed  adjoining  tissues,  and  the 
<'ninniinii<ation  of  its  cavity  with  the  artery  is  therefore 
llirou,i;'li  an  actual  opening  in  the  wall  of  the  latter.  A 
traumatic  aneurism  is  the  typo  of  this  class,  but  most,  if 
not  all.  large  aneurisms  would  lie  included  under  the 
<lctinitii>n.  rather  than  in  class  (c),  because  of  the  substi- 
tution  of  condensed  connective  tissue  in  the  wall  for  the 
(listended  external  coat  of  the  artery.  The  lu-esence  of 
a  lining  coat  similar  to  the  intiina  of  the  artery  is  not 
proof  of  the  persistence  of  the  latter;  it  may  be  of  new 
formation. 

II .  Arterio- venous  aneurism,  formed  by  abnormal  com- 
nuuncation  between  an  artery  anil  a  vein;  subdivided 
into — 

(o)  Aneurismal  varix,  in  which  there  is  no  sac  inter- 
mediate between  the  artery  and  the  vein;  and 

(b)  Varicose  auemism,  in  which  there  is  an  interme- 
diate sac. 

III.  Cirsoid  aneurism  ((U'  arterial  vari.x),  formed  by 
the  general  djlatatiou  of  an  artery  and  its  liranehes. 

IV.  Dissecting  aneurism,  formed  by  the  effusion  of 
blood  between  the  coats  of  an  artery  after  ulceration  of 
the  intima. 

I.  Common  Encysted  Aneurism  (mainly  Spont.\ne- 
ous). — The  formation  of  a  spontaneous  aneurism  appears 
to  be  preceded  liy  a  degenerative  change  in  the  wall  of 
the  arterv  by  which  lioth  its  elasticity  and  its  power  to 
resist  a  distendin,;;  strain  are  diminished.  This  change  is 
in  the  nature  of  an  endarteritis  and  mcsarteritis,  and 
consists  in  a  hyaline  degeneration  of  the  intima  and  a 
disintegration  of  the  elastic  and  muscular  tissues  form- 
ing the  middle  coat.  It  ma_v  begin  without  known  cause, 
orinav  follow  the  lodgment  of  an  embolus  or  some  me- 
chanical injury  to  the  vessel,  as  the  overstretching  of  the 
artery,  the  ap]ilication  of  a  ligature.*  or  even,  as  in  one 
ca.se,  prolonged  digital  pressure.  Under  the  influence  of 
the  blood  pressure,  increased  at  every  contraction  of  the 
heart,  the  degenerated  wall  yields,  and  becomes  stretched ; 
if  the  degeneration  has  involved  the  entire  cii'cumference 
■and  a  considerable  length  of  the  vessel,  the  dilatation  is 
uniform  (fusiform  anein-ism)  or  irregidarly  jioncheil ;  if 
only  a  small  jiortion  of  the  wall  is  involved,  it  expands 
and  forms  a  pouch  which  cmnnumicates,  cither  largely 
or  by  a  narrow  opening,  with  the  lumen  of  the  artery. 
Theelongated  forms,  or  dilatations,  are  common  in  the 
aorta,  the  ]iciuched  forms  in  the  arteries  of  the  limbs.  In 
small,  bud-like  aneiu'isms  the  persistin.g  three  coats  can 
he  iden titled;  in  the  larger  ones  the\' cannot  be  traced  for 
more  than  a  very  short  distance  beyonil  the  neck  of  tlic 
sac.  It  is  reported  that  llaller  produced  aneurisms  in 
frogs  by  dissecting  away  the  outer  coat  of  the  artery  (the 
mesentcrii'),  but  similar  attempts  made  by  Hunter  upon 
the  carotid  and  femoral  of  the  dog  were  imsuccessful. 
although  the  dissection  was  carried  so  far  that  the  color 
of  the  blood  c<iuld  be  seen  through  the  thin  remaining 
portion  of  the  wall.'  The  effect  of  local  inflammatory 
conditions  in  producing  aneurism  is  best  seen  in  the 
small  ones  due  to  infected  emboli  coming  from  the  heart 
in  endocarditis,  and  in  those  due  to  the  extension  to  the 
vessel  of  tuberculous  processes  on  the  outside ;  in  these  it 
appears  that  dissociation  of  the  elastic  bundles  of  the 
media  is  a  necessary  jireliininarv. 

Examination  of  the  Avail  of  a  sacculated  aneiu'isni  of 
considerable  size  (Fig,  198)  shows  that  it  is  composed  of 
condensed  connective  tissue,  with  a  lining  membrane  in 
its  inner  surface  that  resembles  tlie  intima  of  an  artery  to 
this  extent,  that  it  has  an  epithelial  surface  of  Hat  cells 
and  a  deeper  structuie  of  flat  cells  seiiarated  by  a  fibril- 
lary subslanr-e,  A  similar  structure  is  found  also  upon 
the  surface  of  thrombi,  as  after  the  ligature  of  an  artery, 
and  it  must,  therefore,  be  deemed  not  simply  a  distended 

*  See  rases  quotcHl  Ijy  Fellin  C  Patliolople  Externe,"  vol.  ii.,  p.  'iXD. 
in  one  of  wliieli  tliree  aiietn'isiiis  rnniu-d  after  rtirei;  suecessive  liga- 
tures, fif  whii-h  I  lie  llrst  was  in  an  amimt.ilirm  Just  iihiive  the  elliow, 
the  second  of  tlie  tirachial.  to  euri'  tlie  lli-si  ;  tlii'  third,  to  eure  the 
second  ;  a  fourth  ligatiu-e.  on  thi'  a.xillarv  arierv.  was  not,  followed  l)V 
dilatation.  The  ease  was  Warner's,  in  the  lli-st  half  of  the  eisrliteeutii 
eenlurv.  and  the  uneuri.sni  was  laid  open  in  each  opei'atiou. 


intima,  but  rather  a  layer  of  newly  formed  tissue.  Traces 
of  the  mi<ldle  coat  maybe  found  at  different  parts  of  the 
aneurismal  sac,  espeeially  in  tlie  nei.nhboi-hood  of  its  neck, 
where,  indeed,  they  may  form  a  continuous  layer  with 
that  of  the  artery;  but  in 
the  more  distended  portions 
of  the  sac  they  are  entirely 
absent,  and  it  appears  to  1)0 
well  established  that  there 
is  no  hyperidasia  of  the 
musiailar  and  elastic  tissues 
wliich  compose  this  coat, 
but  that  their  elements  uu- 
di'rgo  not  only  degeneration 
'  but  also  mechanical  separa- 
tion, and  they  have  practi- 
cally no  share  in  the  forma- 
tion of  the  wall. 

The  new  tissue  may  itself 
either  undergo  fatty  degen- 
eration, or  become  athero- 
matous or  calcified.  As  the 
sac  enlarges  it  may  become 
thinned  at  some  point  and 
burst,  with  escape  of  its 
Fic.  108.— .\neurismof  theFemo-    Contents  into  the  adjoining 


ral  .Artery.  The  walls  of  the  sac. 
consist  only  of  the  adventitia 
(a)  and  intima  (h) ;  the  mufi- 
ciilaris  (c)  remains  only  at  the 
entrance  of  the  sac.    (Weber.) 


latter  undergo  absorption. 


tissues  ("ruptured  aneu- 
rism"); and  when,  in  its 
growth,  it  reaches  and 
presses  upon  firm,  unyield- 
ing tissues,  like  bone,  the 
Bone  disappears  under  this 


pressure  by  rarefaction ;  that  is.  a  general  rai'cfying 
osteitis  is  set  up,  characterized  by  the  enlargement  of 
the  vascidar  canals  of  the  bone,  by  multiplication  of 
the  cellular  elements,  and  by  disajipearance  of  the 
earthy  salts,  but  without  production  of  pus.  Other 
tissues  may  become  inflamed  under  the  same  irritation, 
and  the  inflammation  may  be  plastic,  with  production 
of  adhesions,  or  ulcerative.  Thus,  adjoining  serous  sur- 
faces unite  (pleura,  pei-icardium.  peritoneum),  or  rupture 
may  take  jilace  through  ulceration  of  the  walls  of  the 
trachea  or  of  the  o'sophagus,  or  of  the  wall  of  any  other 
cavity  that  is  ]iiessed  upon.  These  openings  may  be 
large  or  small,  and  may  give  rise  to  repeated  small  hem- 
orrhages, or  may  cause  death  instantly  by  a  free  one, 
either  external  or  internal. 

The  growth  of  the  sac  takes  place  in  the  direction  of 
least  resistance,  but  this  direction  is  determined  rather 
by  the  distensibility  of  the  wall  itself  than  by  the  resist- 
ance of  the  surrounding  parts.  Thus,  the  wall  ma}'  be 
coiuparatively  firm  on  the  side  adjoining  a  cavity,  and 
growth  may  be  slow  in  that  direction,  wliile  at  another 
point  where  it  rests  against  bone  the  latter  may  be 
rapidly  absorbed  and  even  perforated,  as  is  seen  in  the 
sternimi,  and  this  perforation  will  be  followed  by  rapitl 
enlargement  of  the  aneurism  tlirougb  the  opening.  An- 
eurisms of  the  limbs  seldom  rupture  through  the  overly- 
ing skin,  probably  because  tlii'V  receive  treatment  before 
their  growth  has  reached  such  a  point;  but  those  of  the 
thoracic  aorta  and  innominate  not  infrequently  end  by 
ulceration  of  the  skin  and  fatal  external  hemorrhage. 
An  aortic  aneurism  reaches  the  siu'face  either  by  growth 
upward  into  the  neck  or  through  the  sternum,  or  be- 
tween the  ribs  to  the  surface  of  the  chest.  The  absorp- 
tion of  the  bodies  of  the  vertebnv  by  thoracic  or  ab- 
dominal aneurisms  gives  rise  to  some  of  thi'  most  jiaiiifnl 
symptoms  of  this  fatal  and  ]iainful  affection.  In  two 
cases  (pioted  by  Mr.  Holmes  from  Dr.  (iairdner  the 
spontaneous  opening  of  an  aneurism  through  the  skiu 
was  followed  by  the  healin.g  of  the  opening,  and  in  one 
of  them  apiiarently  by  the  cure  of  the  disease;  but  such 
a  result  is  so  entirely  exceptional  that  it  deserves  mention 
only  as  a  stu'gieal  cui-iosity.  When  an  aneurism  has 
ruiitured  externally  or  internally,  the  ]U'ogi-ess,  in  the 
immense  majority  of  cases,  is  from  bad  to  win-se  if  the 
hemorrhage  is  not  inuuediately  fatal.  The  bleeding  may 
be  arrested  by  syncope  or  by  the  plugging  of  the  orifice 
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by  a  clot,  but  it  recurs  again  and  a,<rain,  and  ultiniadly 
proves  fatal,  unless  tlie  recurrence  can  lie  preventril  liy 
treatment. 

'Pile  pressure  of  tlie  i^rowinjr  tumor  not  only  leads  to 
the  condensation  and  absorption  of  tbe  tissues  pressed 
upon,  but  it  also  causes  much  pain,  either  by  streleliinir 
nerves  or  by  provoking  a  neuritis,  and  it  may  interfere 
with  the  circulation  of  a  part  or  linil)  by  closinj;-  a  vein 
or  even  an  artery,  and  thus  k'ad  tt)  KJinun-ene. 

The  blood  contained  within  an  aneurism  is  usually  in 
part  li(iuid  and  in  part  clotted,  and  the  inner  surface  of 
the  wall  of  the  sac  is  lined  with  layers  of  gray  ish,  opacpie 
fibrin  of  irregular  thicUne.ss  and  extent.  These  layers 
may  be  comparatively  thin,  or  they  may  fill  tlie  givater 
part  of  llie  cavity.  They  are  pro<luceil  by  gradual  de- 
posit of  tbe  librin  on  the  wall,  so  that  those  layers  that 
arc  nearest  the  wall  are  the  oUlest,  and  also  the  shortest, 
because  the  sac  lias  usually  increased  in  size  since  they 
were  deposited.  They  occasionally  unilergo  degenera- 
tion and  break  down  into  a  granular  detritus,  forming 
small  cavities  filled  with  a  pulpy  mass.  Ordinarily  tin' 
comiection  between  the  wall  of  tlie  sac  and  the  adjoining 
layers  of  fibrin  is  one  merely  by  contact.  aii<l  there  is  no 
growth  of  tissue  from  the  former  into  the  latter.  This 
seems  to  be  true  at  least  of  all  growing  aneurisms,  but 
in  those  that  have  undergone  spontaneous  cure,  or  have 
been  cured  by  treatment,  the  development  (d'  new  tissue 
is  observed.  "  Tills  firm,  laminated  fibrin  is  called  the 
"active  clot";  the  soft,  dark  clot,  or  "passive  clot," 
which  is  frecpiently  found  loose  in  the  cavity  of  the  sac, 
is  probably  a  ]iosl -mortem  formation  in  most  cases. 

The  growth  of  an  aneurism  may  be  stayed,  and  a 
practical  cure  obtained,  bj'  the  dei>osit  of  sufiieient  lami- 
nated fibrin  either  to  fill  its  cavity  or  tlionniglily  to  jn-o- 
tect  its  wall  from  the  distending  ctTect  of  the  blood 
])ressure,  antl  this  is  thought  to  be  the  mode  of  cure  by 
most  methods  of  treatment.  It  seems  e.vtremely  im- 
probable that  this  laminated  fibrin  is  a  later  stage  of  a 
"passive"  clot;  there  is  every  reason  to  believe  that  it  is 
gradually  deposited  as  such  by  the  blood  in  consequence 
of  changes  or  peculiar  conditions  in  the  lining  membrane 
of  the  sac,  or  in  the  rajiidity  of  the  circulalioii.  I'nder 
ordinary  conditions  this  deposition  does  not  take  jdace 
rapidlyenough  to  effect  a  cure;  it  occurs  at  .some  parts 
of  thesac  and  not  at  others:  its  union  with  the  sac  is 
slight,  and  the  blood  can  readily  insinuate  itsidf  between 
the  two  at  tlie  edge  of  the  layers,  and  as  the  sac  enlarges 
fresh  portions  are  created  and  left  uncovered  to  undergo 
sub.sei|Uent  distention.  If  thecondilionsare  modified  by 
operative  or  other  treatment  that  diminishes  the  volume 
and  force  of  the  stream  of  blood,  time  may  be  given  to 
the  tissues  of  tlu'  sac  at  the  edge  of  the  clot  to  become 
more  intimatcdy  adherent  to  the  latter,  and  thus  to  make 
tlu!  clot  a  permanent  ]n'otection  against  further  increase. 
This  is  elTected  liy  granulations  from  the  lining  meni- 
Itrane,  which  spread  into  tlie  clot  and  over  its  surface, 
making  it,  as  it  were,  a  jxirt  of  the  wall  of  the  sac, 
binding  down  its  edges,  and  covering  it  with  a  smooth 
epitheli.il  layer.  The  union  between  the  walls  and  the 
layers  of  fibrin  apjiears  to  be  very  slight,  and  limited  to 
those  layers  immediately  adjoining  the  wall,  and  there  is 
no  evidence  that  new  ves.sels  extend  from  the  wall  or 
between  the  layers  of  the  fibrinous  clot.  Some  aneu- 
risms, after  a  long  jieriod  of  rest  and  apparent  cure,  have 
begun  again  to  |iulsate  and  to  enlarge,  and  this  fact  can 
be  explained  (.nly  on  the  theory  of  a  sim]de  niecbaiiical 
obstruction  that  has  ]iersisted  during  the  period  of 
(piiescence,  and  has  then  yielded  and  allowed  the  re  en- 
trance of  lilood,  the  insinuation  of  lilood  between  the 
layers  of  filnin  and  the  wall. 

A  cure  may  also  follow  the  sudden  formation  of  a  soft 
"passive"  cjot.  This  fact  has  only  recently  been  de- 
monstrated by  examinations  made  aftc-r  tlie  raidd  cure 
of  aneurisms  by  the  use  of  the  elastic  bandage.  The  first 
easels  reiiorted  by  Mr.  WagstalTe  in  the  Transactions  of 
the  Eonchin  Pathological  Society,  vol.  xxix.,  p.  T'2;  it  was 
a  case  of  popliteal  aneurism  cured  a  few  months  belore 
the  i)atieut's  death.     At  the  autopsy  the  sac  was  fouml 


to  measure  two  inches  in  length  and  one  inch  in  diameter, 
and  to  contain  a  central  blood  clot  measuiing  one  by 
one  half  inch,  and  surrounded  by  fibrous  tissue  which 
was  continuous  with  the  sac  aiul  artery.  This  tissue 
was  abundantly  supplied  with  blood-vessels,  and  the 
artery  was  permanently  closi'd  above  and  below.  The 
jirocess  I  conceive  (o  be  as  follows:  In  consequence  of 
the  arrest  of  the  current  of  blood,  whether  by  a  distal 
jdug,  or  by  ligature,  or  by  compression,  the  blood  within 
the  sac  clots,  and  it  probably  does  so  more  promptly 
than  within  normal  vessels  because  of  the  character  of 
the  inner  surface  of  the  wall  of  thesac.  This  clot  fills 
the  sac,  and  probably  extends  for  a  variable  distance  into 
the  artery  aboveand  below  tlie  opening.  This  extension 
prevents  the  re-entrance  of  bhiod  into  the  sac  even  if  the 
obstruction  that  led  to  the  formation  of  the  clot  is  after- 
ward removed,  and  the  latter  then 
undergoes  those  changes  with  which 
we  are  familiar  in  clots  formed  out- 
side tli(^  body.  It  divides  into  two 
liorlions.  a  central,  shrunken,  firm  clot, 
<-omposed  of  corpuscles  ami  fibrin,  ainI 
an  external  layer  of  serum.  The  l:ii 
ter  is  ab.sorbed  by  the  neighboring  ti 
sues,  and  the  sac  correspondingly  ii 
tracts,  and  its  wall  thickens  liy  tin 
retraction  and  po.ssibly  by  a  liyjier- 
plasia  of  its  cellular  (dements,  pro- 
voked by  the  irritation  excited  by  the 
clot.  Tills  irritation  involves  also  the 
adjoining  wall  of  the  artery,  as  is 
liroved  by  the  changes  that  occur  even 
in  normal  vi'ssels  into  which  clots  have 
extended.  The  iiitima  thickens  and 
.sends  out  cellular  |irolongations.  which 
perforate  the  clot  and  s]iread  over  its 
surface:  these  new  cells  soon  consti- 
tute a  completely  formed  and  resistant 
|dug  structurally  continuous  with  the 
wall  of  the  artery,  and  |irovided  with 
a  smooth  epitheli;d  surface.  The  ar- 
tery is  now  as  c<implet(dy  and  per- 
manently closed  on  each  side  of  the 
aneurism  as  if  ligatures  had  been 
placed  upon  it  there,  and  the  clot  is 
left  free  to  undergo  its  natural  retrogressive  changes, 
and  the  aneurism  is  relieved  from  the  distending  pres- 
sure of  the  arterial  stream.  Complete  absorption  of  the 
serum  reduces  the  clot  to  less  than  half  its  original  size, 
and  Ibis  reduction  is  slowly  carried  further  by  molecu- 
lar disintegration  and  absorption  of  th(^  corpuscles  and 
fibrin. 

'I'his  conception  of  the  jirocess  is  su]iported  by  our 
knowdedge  of  the  changes  wdiich  occur  in  blood  that  has 
clotl-ed  within  the  body  under  otiier  circumstances,  by 
certain  clinical  features  observed  in  aneurisms  that  are 
undergoingor  have  undergone  cure,  and  by  tbeex.amiua- 
tiou  of  specimens.  Thus,  ina<'a.se  jf  popliteal  aneurism 
cured  by  the  application  of  the  rubber  bandage,  a  non- 
ludsating  area  of  tluctuation  appeared  in  the  sac  a  day 
or  two  after  the  o]>eration,  and  slowly  disapipeared  as 
the  tumor  diminished;  there  can  be  but  little  doubt  that 
it  was  due  to  the  i>ressure  of  serum  exuded  from  the 
clot  more  rapidly  than  it  was  ab.sorbed  by  the  surround- 
ing tissues.  Again,  in  .Mr.  WagstalTe's  case  above  re- 
ferred to.  there  was  found  a  central  blood  (dot  of  com- 
paratively smalt  size,  (do.sely  surrounded  by  the  thickened 
sac,  and  ihe  artery  was  permanently  ocelud"d  by  fibrous 
tissue  continuinis  wdlh  its  wall  and  with  that  of  the  sac: 
anil  in  Dr.  Heid's  ca.se  (Ldncd,  August  .">.  ISTO),  the  first 
one  cured  by  the  use  of  the  clastic  bandage,  a  similar 
condition  of'  the  |>arts  was  f(nuid :  a  central  blood  clot, 
dark  in  color  and  of  cheesy  consistency;  a  contracted 
Imt  thin  sac  witli  a  few  jiai'tly  adherent  layers  of  lami- 
nated librin  :  and  the  artery  oct'duded  by  tiViroUs  tissue  for 
a  distance  of  two  and  one-half  iiiclii-:  above  the  sail-. 

The  transformation  of  an  obliter.ited  aneurism  into  a 
blood  cyst  after  many  years  has  been  observed  in  one 
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cusi'.  wliioli  is  apparently  unique.  It  is  reported  by 
RcinhoUl  C'lnaui;-.  Dissert.,"' Jlarbursr,  18S2;  abstract  in 
CciilniUildttfur  ('/liriiri/ie,  IMS',',  p.  ."iTl).  It  was  a  trau- 
matic varicose  aneurism  of  tlie  po|iliteal  artery  and  vein 
sueeessfully  treated  by  ligature  of  the  femoral  arteiy 
and  l)y  compression  of  the  sac.  Nine  years  afterward  a 
large,  tense  cyst  formed,  containing  crystals  of  choles- 
terin  and  ha-matin.  and  supijurated  after  nudtiple  pimc- 
tures;  it  was  then  laid  ojicn.  and  several  old  blood  clots 
and  a  few  ealcitied  fragments  were  turned  out. 

CaiLfis. — Anything  which  reduces  the  power  of  resist- 
ance possessed  by  tlie  arterial  wall  below  what  is  suffi- 
cient etiectively  to  opjiose  the  distending  force  of  the 
blood  may  be  an  immediate  or  a  jjredisposing  cause  of 
aneurism'  A  suddi'U  increase  of  intravascular  pressure 
may  combine  with  iire-c-xisting  weakness  of  the  wall  to 
jiro'duee  an  auem-ism,  but  in  tlie  great  majority  of  cases 
the  change  which  leads  to  this  production  lies  in  the 
wall  alone.  Mr.  Holmes  quotes  two  cases  in  which  the 
formation  of  an  abdominal  aueiu-ism  appeared  to  have 
been  the  direct  consequence  of  the  emotion  experienced 
by  a  criminal  on  receiving  a  severe  sentence.  Weakness 
of  the  wall  may  be  limited  to  a  single  large  or  small 
area,  or  ma.v  exist  at  many  points,  with  the  production 
of  a  corresponding  nmnber  of  aneurisms.  This  latter 
condition  is  termed  the  (iiieurh/ndl  diiitliesis.  and  al- 
though the  affection  is  usually  single,  as  many  as  sixty- 
three  aneurisms  have  been  fo\m<l  in  one  inilividual.  The 
weakness  of  the  wall  is  tlie  residt  of  change  in  the  inner, 
and  especially  the  middle,  coats  of  the  artery,  and  this 
change  may  be  either  the  hyaline  degeneration  above  de- 
scribed, or  the  one  known  as  atheroma.  Among  the  pre- 
disposing causes,  therefore,  must  be  counted  all  those 
which  lead  to  degeneration  of  the  arterial  wall.  The 
statistics  collected  by  Mr.  Crisp  show  that  of  .j.tI  spon- 
taneous aneurisms  of  all  kinds,  only  2  were  of  the  pid- 
monary  artery,  17.T  of  the  thoracic  aorta,  59  of  the  abdom- 
inal aorta,  137  of  the  ])oi>liteal  artery,  (j(j  of  the  femoral. 
24  of  the  carotid.  23  of  the  subclavian,  20  of  the  innomi- 
nate, and  18  of  the  axillary.  The  disease  is  most  common 
between  the  ages  of  thirty  and  fifty  yeai's,  and  is  very 
rare  in  childhood ;  ca.ses  have  been  operated  upon  at 
eight  and  nine  years.  Broca  claimed  that  the  liability  to 
aneurism  increased  with  a<lvancing  years  in  the  aiteries 
above  the  diaphragm,  and  diminislied  in  those  below  it. 
Aneurisms  of  the  arteries  of  the  extremities  are  much 
less  frequent  in  women  than  in  men,  but  there  ajipears 
to  be  no  such  dilTerence  as  regards  internal  aneurisms. 
This  unequal  distriliution  as  regards  the  artery,  the  age. 
and  the  sex,  indicates  some  of  the  causes,  both  general 
and  special.  Among  the  general  causes  are  habits  of 
life  and  peculiarities  of  constitution  which  increase  the 
arterial  tension  or  dimiinsh  the  strength  of  the  arterial 
walls;  the  special  ones  are  anatomical  peculiarities  and 
local  lesions,  changes,  and  injuries. 

The  habits  of  life  which  act  as  predisposing  causes  are 
excess  in  the  use  of  alcoholic  drinks,  and  occupations 
which  call  for  the  exertion  of  much  muscular  effort. 
The  influence  of  syphilis  has  been  alleged,  but  not 
proven,  and  the  same  is  true  of  its  mercurial  treatment. 
The  gouty  or  rheumatic  diathesis  predisjioses  to  it.  The 
influence  of  nuiseular  effort,  so  far  at  least  as  regards 
external  aneurisms,  is  shown  by  the  greater  prevalence 
among  males  than  among  females,  and  the  greater  fre- 
quency during  the  ]irime  of  life,  notwithstanding  the 
fact  that  degenerations  of  the  arterial  walls  are  more 
common  in  advanced  life.  Follin  ((uotes  in  support  of 
the  influence  of  alcohol  a  remarkable  statement  made  to 
him  by  the  Diiblin  snrgeon.  Colics,  to  the  effect  that 
while  the  Fatliei-  Mathew  Temperance  Societies  flourished 
in  Ireland,  aneurisms  were  much  less  frequently  seen 
than  before  or  since  that  time. 

The  anatomical  peculiarities  which  influence  the  occur- 
rence of  an  aneurism  are  changes  in  the  direction  of  an 
artery  (as  the  arch  of  the  aorta),  normal  enlargements  of 
ils  calibre  (as  at  the  ujiper  end  of  the  carotid),  bifurca- 
tions, and  the  neighborhood  of  joints  which  are  habitually 
and  violently  exteuded  and  flexed  (as  the  knee  and  hij)'). 


The  local  changes  which  are  to  be  regarded  as  exciting 
causes  are  the  changes  already  described  as  occurring  in 
the  arterial  wall,  and  other  changes  or  injuries  which 
diminish  its  power  of  resistance  or  break  its  continuity. 
'I'lius  the  sharp  edge  of  a  calcifled  athei-omatous  patch 
may  cut  through  the  intima  and  admit  the  blood  into 
the  rent,  with  the  subsequent  formation  of  a  real  aneu- 
rism, or  of  the  variety  known  as  dissecting  aneurism.  Or 
the  middle  coat  may  be  ruptured  by  being  ovei'stretched, 
anil  the  jtart  thus  weakened  will  be  exjianded  to  form 
an  aneurism;  or  idcerati\e  inflannnation  outside  the 
vessel  may  weaken,  or  even  perforate  its  wall,  leading, 
in  the  former  case,  to  the  formation  of  a  typical  aneurism, 
and,  in  the  latter,  to  the  transformation  of  an  abscess  into 
an  aneurism.  Or,  rarely,  the  process  set  up  by  a  ligature 
ujion  an  artery  may  extend  beyond  what  is  needed  for 
the  sealing  of  the  vessel,  and  so  weaken  the  adjoining 
portion  hj  modifying  its  middle  coat  that  it  yields  under 
the  pressure  of  the  blood  and  expands  into  an  aneurism. 
Or  an  embolus  may  loilge  in  an  artery  and  leatl  to  the 
same  result  by  the  .same  process;  this  seems  to  be 
especially  probable  when  the  embolus  has  formed  dur- 
ing ulcerative  endocarditis,  and  the  ex]ilanation  is  to  be 
found  in  the  septic  or  virulent  qualities  then  pos.scssed 
by  the  embolus.  Four  cases  of  this  kind  were  reported 
by  Dr.  James  F.  Goodhart,  in  the  Transactions  of  the 
London  Pathological  Society,  18T7,  vol.  xxviii.,  p.  98:  in 
three  of  them  the  aneurism  occTijiied  the  middle  cerebral 
artery,  or  one  of  its  branches;  in  the  others,  the  posterior 
cerebral  artery. 

Si/mptoiJix  (I  lid  Progress.  —  When  an  aneurism  forms 
suddenlj-  by  rupture  or  perforation  of  an  artery,  or  in 
consequence  of  a  violent  effort  or  emotion,  its  formation 
is  accompanied  by  sharp  pain  and  the  more  or  less 
prompt  appearance  of  a  tumor,  if  it  is  so  situated  that  a 
tumor  is  recognizable.  But  ordinarily  the  formation  is 
slow,  and  the  iiatient's  attention  is  first  attracted  by  the 
presence  of  a  tumor.  This  is  situated  in  the  line  of  an 
artery,  is  not  adherent  to  the  skin,  is  slightly  movable, 
smooth  and  regular  in  outline,  usually  globular  or  ovoid, 
soft  and  comi^ressible,  and  pulsates  synchronously  with 
the  heart.  If  steady  pressm-e  is  made  upon  it,  its  size 
may  be  more  or  less  diminished  while  the  pressure  is 
made,  but  it  inunediately  regains  its  former  volume  when 
the  pressure  is  removed.  If  it  is  grasped  between  the 
thumb  and  fingers  or  between  the  two  hands,  the  pulsa- 
tion is  found  to  be  expansile,  that  is,  the  fingers  or  hands 
are  inished  ajiart  by  it,  not  simply  lifted  by  it.  If  the 
ear  is  jilaced  upon  it  a  sound  is  heard  corresponding  to 
the  pulsation;  this  is  the  aneurismal  hruit  ;  and  while  it 
may  vary  somewhat  in  character  in  different  cases,  it  is 
usually  harsh  rather  than  soft  or  blowing;  it  may  be 
limited  to  the  time  occupied  by  the  pulsation,  or  may 
extend  oxer  the  entii'e  interval  from  the  beginning  of  one 
pulsation  to  that  of  the  next.  If  pressure  is  made  upon 
the  artery  above  the  tumor,  the  latter  diminislies  some- 
what in  size,  and  the  pidsation.aud  bruit  cease.  The 
ludsation  in  the  distal  branches  of  the  artery  may  be 
normal  or  diminished;  and  if  the  tumor  presses  upon  the 
corresponding  vein,  the  limb  may  be  a^dematous  and 
swollen.  The  compressibility  and  softness  of  the  tumor 
aic  modified  by  the  amount  of  laminated  fibrin  w-ithiu 
the  sac. 

In  thoracic  and  abdominal  aneurisms  many  of  these 
signs  are  imrecognizable  because  of  the  inaccessibility 
of  the  t\unor  to  palpation.  The  objective  sym])toms  of 
thoracic  aneurism  are  abnormal  dulness  on  percussion 
over  the  region  occupied  liy  it.  an  impidse  communicated 
by  it  to  the  stern\un  or  riiis,  aneurismal  bruit,  and  pos- 
sibly the  |irescnce  of  a  tumoi'  at  the  root  of  the  neck  or 
on  the  front  of  the  chest.  Other  symptoms  are  [lain  and 
those  prochiced  by  iiressure  on  variinis  adjoining  organs: 
dysphagia,  diminished  res])iratorv  nuu'mur  on  one  side. 
alteration  of  the  voice  by  pi'cssure  on  the  recurrent 
laryngeal  nerve,  and  perhaiis  differences  in  the  ]iidse 
when  the  two  carotids  or  the  two  riniials  are  compared. 
In  abdominal  aneurism  the  size,  shajie,  and  peculiarities 
of  the  tumor  can  sometimes  be  recognized. 
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Pain  may  atcoiniiaiiy  aneurism,  wlicn  once  formed, 
and  is  due  citlicr  lo  slrclcliiiii;- (if  niTvos  or  to  prcssm-c 
upon,  and  inllaiiuiialory  processes  exeited  in  tliem  and 
other  adjoinini;-  tissues. 

Tlie  tendency  of  an  aneurism  is  to  increase  in  size;  for 
tlie  alisence  from  the  wall  of  the  sac  of  a  muscular  coat, 
the  most  efficient  agent  to  witlistand  the  c.xpandini: 
blood  pressure,  leaves  the  wall  unprovided  with  anv 
tissue  al)le  successfully  to  oppose  this  pressure.  The 
growth  may  be  rajiiil  or  slow,  according  to  circum- 
stances, chief  among  which  are  the  size  of  tlie  opening 
by  which  the  sac  conuiumieates  with  tiie  artery,  the 
tirnmess  of  the  surrounding  tissues,  and  tlie  readiness 
with  which  the  blood  in  the  iUicurism  clots  or  deposits 
laminated  fibrin  u])on  its  wall.  The  enlargement  may 
be  uniform,  or  more  marked  at  some  points,  and  may 
take  place  more  rapidly  at  certain  times  than  at  other.s. 

The  natural  tendency  of  an  aneurism  is  to  spread  and 
finally  to  rupture,  either  by  gradual  weakeiung  of  its 
wall  or  by  ulceration  into  a  natural  a<ljoining  cavity  oi- 
through  the  skin.  As  it  aiiproaehes  the  surface  the  skin 
becomes  ten.se,  .adherent,  and  intlamed,  and  may  ideerale 
or  become  .gan.grenous.  The  subcutaneous  ti.ssues  may 
be  similarly  affected,  and  thus  an  abscess  may  form  be 
tween  the  sac  and  the  skin,  into  which  the  aneurism  may 
rupture  I'ilher  before  or  after  the  abscess  has  opened  ex- 
ternally. The  iidlammatory  process  oiuside  the  Siic  has 
been  ihougbl  to  favor  coa.irulation  of  the  blood  within 
it,  and  thus  1.)  lead  to  a  temporary  or  even  a  permanent 
arrest  of  the  disease;  but  ordinarily  free  hemorrhage  fol 
lows  the  rupture  and  reipiires  e.\treme  measures  for  its 
aiTest,  if  indeed  arrest  is  possible. 

The  most  favorable,  and  one  of  the  ]iossible  tcrmina 
tions  of  aneurism,  is  its  Sj)i/iitiiiicoiii<  <■";•(■  by  coagulation 
of  the  blood  within  it.  Some  of  the  conditions  which 
provoke  or  favor  this  oecurrenee  have  already  been  re 
fcrred  to.  They  may  all  be  classified  under  three  heads: 
(I)  Those  which  favor  clotting  in  the  sac  by  retardation 
or  arrest  of  the  curnTit  through  it;  (2)  those  which  in- 
crease the  coagulability  of  the  blood;  (;!)  tliose  which 
provoke  coa.a:ulation  through  change  in  or  about  the 
wall  of  the  sac. 

(1)  Hrliinliition  oi-  (irnul  of  I  In  ciirriiii  :  and  (2)  ('niidi- 
ttoita  ir/iich  i/inrime  (lie  C"ii(/iiliiliilil//  <if  tin'  liloml.  It  has 
been  abimdantly  ju'oved,  both  clinically  and  by  the 
study  of  specimens,  that  total  arrest  of  the  current  in 
the  sac  is  not  necessary  for  the  coagulation  of  the  blood 
contained  in  it,  but  that  a  jiartial  arrest  or  slowing. 
elTected  by  influenecs  acting  u|ion  the  general  circulation 
or  only  upon  the  blood  occupying  jiorlions  of  the  sa<'. 
may  either  begin  the  process  or  ])roinote  the  extension 
of  the  ])roce.ss  after  it  lias  been  begun.  Most  aneurisms 
of  any  size  contain  laminated  fibrin  adlieriait  to  some 
portion  of  tile  wall,  and  some  are  found  c(ini|detcly  tilli'd 
with  it,  or  so  nearly  tilled  as  to  leave  only  ;i  small  canal 
through  which  the  current  is  maintained.  When  thesi' 
clots  arc  small,  they  habitually  occupy  tho.se  portions  id' 
the  .sac  in  which  the  circulation  was  apparently  the  li'a^t 
rapiil,  iind  it  litis  been  observed  that  the  ado|itioii  irf 
measures  or  the  occurrence  of  changes  wliicli  liav<' 
diniinislied  the  rate  of  How,  or  the  (|uantity  of  blond 
passed  through  the  vessid  upon  which  the  aneurism  is 
situated,  has  been  followed  by  a  gradual  cure  Ihroiigb 
the  deposition  of  fibrin.  The  jiermaneney  of  such  a  cure 
depends  upon  tlii'  maintenance  of  the  reduction  in  tiie 
rate  or  vidumcof  the  blood  current,  or  upon  the  creation 
of  such  relations  between  the  clot  and  the  wall  of  the  sac 
that  the  former  becoiia'S  a  iiernianent  part  of  the  latter, 
and  protects  all  )iortions  of  it  from  the  action  of  the  ex 
panding  force  of  the  blood.  These  ndations  consist  in 
the  forniatiou  ui  a  membrane  !)v  ]n-olifcration  of  the 
cellular  eli'inelits  of  the  intimji  of  the  artery,  and  the 
spread  of  this  membrane  over  the  edges  and  perhaps 
over  the  whole  of  the  exposed  surface  of  the  clot,  in 
such  a  way  as  to  prevent  the  insinuation  of  the  blood 
between  the  clot  and  the  wall,  and  to  give  a  smooth 
epithelial  surface  over  which  the  blood  passes  without 
depositing  additioual  libria 


'l"he  causes  of  rettirdalion  or  arrest  are  various.  They 
niay  be  found  in  the  shape  of  the  .sac,  in  the  general  con- 
ilitioii  or  habits  of  the  patient,  or  in  special  moditica- 
tions  of  the  flow  through  the  artery  il.self. 

Pouched  sacs,  or  sju-s  «  ilh  small  necks,  are  more  favor- 
able to  the  occurrence  of  clotting  tlianarefusiforni  dilata- 
ticais  or  siu's  with  large,  free  openin.gs,  bei'ausethe  blood 
that  enters  does  not  immediately  leave  them,  but  forms  a 
sort  of  eddy  beside  the  general  stream  in  which  the 
current  is  slow  or  almost  nil. 

Of  the  causes  arising  in  the  general  condition  or  habits 
of  the  patient,  the  first  and  most  important  is  continu- 
ous rest  in  bed  for  weeks  or  months,  combined  with  a 
light,  non-stimulating  diet.  Other  causes,  which  may 
al.so  act  by  increasing  the  coagulability  of  the  blood,  are 
bleeding,  either  large  or  small  and  repeated,  and  the  in- 
ternal use  of  various  drugs,  such  as  digittilis.  tartar 
emetic,  venitrum  viride,  iodide  of  potassium,  acetate  of 
lead,  ergot,  and  the  chloride  of  barium.  Cures  have 
billowed  the  u.se  of  each  of  these  measures,  alone  or  in 
comliination,  but  it  is  not  always  easy  to  determine  how 
niuili  credit  is  lo  be  award<d  to  the  treatment  in  any 
OIK'  case. 

Ketardation  or  arrest  of  the  flow  may  also  be  eau.sed 
by  obstruction  of  the  orifice  of  the  sac,  if  it  is  small,  or 
of  the  artery  above  or  lielow  the  aneurism.  The  most 
common  agency  in  producing  this  change  is  the  detach- 
ment of  a  fragment  of  tilirin  from  the  wall  of  the  sac 
and  its  lodgment  in  the  neck  of  the  sac.  or  in  the  artery 
below.  'Pill'  latter  oecurrenee  is  habitually  aecompanied 
by  severe  jiain  in  the  limb,  and  is  evidenced  by  arrest  of 
pulsation  in  the  distal  branches  of  the  artery.  A  cure 
by  this  meehani.sm  has  been  observed  a  number  of  times, 
and  it  forms  the  basis  of  a  method  of  treatment  sug- 
gested liy  Sir  William  Ferguson,  in  which  the  forcible  de- 
tacbment  of  a  clot  from  tlie  wall  is  sought  to  be  cfrected. 
If  file  iletached  clot  is  small,  it  may  lodge  on  the  spur  of 
a  liifureation.  and  then  grow  in  size  by  iidditional  de- 
posits of  fibrin  until  it  olistruets  one  or  both  of  the 
liranchc-s.  and  in  such  a  case  retardation  precedes  com- 
plete arrest. 

This  ]iossibility  of  the  detachment  of  small  clots  and 
their  passiige  into  the  distal  branches  of  the  artery  in- 
volves the  risk  of  other  chan,s;es  far  different  from"  the 
cure  of  the  tineurism.  The  arrest  of  the  circulafioti  may 
lead  fo  gangrene  of  the  lower  (lortion  of  the  limb,  total 
or  jiartial.  according  to  the  seat  of  the  obliteration;  and 
if  the  aneurism  is  situated  upon  the  arch  of  the  aorta  or 
u|ion  one  of  the  vessels  going  to  the  head,  the  enilioli 
nia.v  lodge  in  the  vessels  of  the  brain  and  cause  death 
promptly.  I  once  saw  a  surgeon  examine  a  patient 
with  an  aneurism  of  the  aorta  that  had  ]ierfor:it<'d  the 
sternum  iind  baini'd  a  large  tumor  over  it.  He  made 
pressure  upon  the  tumor  and  reduced  it  thnnigh  the 
o]iening;  as  he  did  so,  the  patient  was  seized  with  con- 
vulsions and  became  unconscious,  and  after  his  death,  on 
the  lollowin.g  day.  the  brain,  kidneys,  and  spleen  wi'ie 
found  filled  with  emboli,  fragments  of  the  laminated  clot 
that  had  lined  the  wall  id  the  lU'oiectin,^  tumor. 

When  there  is  merely  retardation  of  the  current  the 
cure  takes  place  liy  the  gradual  de|Hisif  of  laminated 
fibrin  ;  and  when  there  is  total  arrest,  it  takes  place  prob- 
ably by  coagulation  in  mass  (d'  iill  the  blood  within  the 
siic.  and  the  subsequent  shrinking  of  the  clot  and  .scaling 
of  the  vessel  by  th<'  prodiafion  of  fibrous  tissue,  as  has 
been  described  above. 

Another  alleged  cause  of  retardation  of  the  stream  is 
pressure  of  the  tumor  upon  the  proximal  jiortion  of  tlie 
artery,  but  no  cases  have  been  reported  in  which  this 
mechanism  has  been  demonstrated.  Its  su])pose<l  possi 
bility  rests  upon  theoretical  grounds  alone,  and  while  it 
may  beadniitti'das  a  p<issibility,  there  is  but  little  reason 
to  believe  it  has  ever  taken  jdace. 

{:i)  CiniililioiiK  irhii'li  ^irnnike  fixirinhiiiim  throii/ili  rlmiinf 
ill  '»■  iiliitiit  the  inill  uf  the  xi/r.  Inflammation  of  the  .sac, 
or  of  the  tissues  immediately  overlying  it,  is  alle.ired  by 
Hroca  and  others  to  be  a  cause  of  coagulation  within  it 
and  of  couseiiucul  cure.     Mr.   Holmes  thinks  this  has 
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iicviT  bwn  (lemonstmti'd,  and  attributes  tlic  cure,  in  the 
rases  that  have  been  cited  in  sup|i(irt  of  tlie  theory,  to 
imiiaction  of  a  elot.  Tliere  is  no  doulit  that  inlliuiima- 
tioM  aliout  an  artery  or  vein  ran  and  (hies  ofli'n  h'ad  to 
tlie  formation  of  a  throndins  within  tlie  vessel,  but  the 
eondilions  in  an  aneurisnial  sae  are  so  different  that  it  is 
jierhaps  nnjustitialile  to  aryiie  from  a  sujijiosed  analogy. 

The  sudden  formation  of  a  soft  clot  within  an  ancu- 
•rism  may  excite  inflammation  and  sujipuration  of  thesac 
with  subsequent  rupture.  In  a  few  cases  this  has  been 
followed  by  a  cure:  but  the  cure  must  be  attributed  to 
the  obstruction  of  the  vessel,  either  by  the  original  clot 
f.revious  to  the  rupture,  or  by  a  secondaiy  clot  after  the 
hemorrhage  that  has  followed  the  rupture. 

In  like  manner,  tanly  suii])uration  may  follow  cure, 
and  after  an  aneurism  lias  remained  quiescent  and 
shrimken,  in  fact  cin'ed,  for  months  oi'  even  years,  such 
suppuration  may  lead  to  the  casting  out  of  the  clot  in 
whole  or  in  part. 

Changes  in  laminated  fibrin  after  the  cure  of  an  aneu- 
rism are  sliglit  and  gradual,  and  rarely  amount  to  more 
than  a  diminution  in  size  by  shrinking;  sometimes  the 
tibriu  becomes  soft,  and  sometimes  lime  salts  are  de- 
posited in  it,  A  nnicpie  case  of  late  transformaticm  into 
a  blood  cyst  has  been  mentioned  above. 

Diagnosis. — The  typical  symptoms  of  aneurism  are 
the  existence  of  a  more  or  less  well-defined  tumor  that 
pulsates  synchronously  with  the  lieat  of  the  heart,  has  a 
distinct  intermittent  bruit,  and  diminishes  in  size  while 
pressure  is  made  upon  it  or  upon  the  proximal  jiortion 
of  the  artery  from  which  it  arises.  But  these  signs  may 
be  variously  modified  or  abolished  by  the  varying  condi- 
tions that  have  been  described  above,  or  may  be  nude- 
monstrable  because  of  the  jiosition  of  the  tumor,  or  may 
be  simulated  by  those  of  other  affections.  An  additional 
sign  is  sometimes  found  in  a  difference  in  the  character 
of  the  pulse  in  the  distal  branches  of  the  artery  when 
compared  Avith  tliat  in  the  branches  of  the  corresponding 
artery  of  the  other  side,  a  difference  that  may  l)e  recog- 
nized by  the  finger,  but  nuich  more  certainly  by  the 
sphygmograi>h. 

The  diagnosis  of  aneurism  of  the  thoracic  aorta  is 
made  by  recognition  of  an  abnormal  area  of  dulness, 
pulsation,  and  bruit,  perhaps  with  dj'sphagia,  hoarse- 
ness, diminished  respiratory  murnnu-  on  one  side,  inter- 
ference with  the  return  venous  flow  from  the  neck,  |iain 
in  the  chest,  and  perhajis  clilTerences  in  the  radial  or 
carotiil  pulse.  The  differential  diagnosis  l)etween  this 
aneurism  and  one  of  tlie  inn<iminate  may  lie  dilVH'ult  or 
impossible,  for  an  aneurism  of  the  arch  of  the  aorta  fre- 
quently presents  itself  as  a  tumor  in  the  neck,  and  may 
even  extend  into  the  posterior  cervical  triangle. 

In  abdominal  aneurism  of  the  aorta,  co»Jiac  axis,  or 
mesenteric  arteries,  the  only  symjitoms  may  be  the  in- 
definite ones  of  pain  and  pul.salion.  with  an  ill-defined 
tumor,  and  it  may  lie  impossilile  to  determine  whether 
the  tumor  itself  pulsates  or  whether  the  pulsation  is  not 
merely  communicated  to  it  by  the  underlying  aorta.  If 
it  can  be  grasped  an<l  lifted  up,  the  diagnosis  can  be 
made,  for  in  such  case  the  pulsation  will  persist  if  it  is 
an  aneurism,  and  will  cease  if  it  is  not.  This  explora- 
tion is  not  devoid  of  danger,  since  the  handling  may 
cause  the  sac  to  bur.st,  as  in  a  case  in  which  the  patient, 
himself  a  physician,  .sought  to  prove  to  the  attendants 
that  tlie  tumor  was  a  mass  of  hardened  beces  Avliich 
could  be  lifted  away  from  the  aorta;  these  gentlemen  re- 
tired to  an  adjoining  room  for  consultation,  and  on  their 
return  foimd  the  patient  dying.  The  sac  had  been 
ruptured. 

The  symptoms  in  (  \tenial  aneurism  may  be  mollified 
by  the  partial  or  complete  consolidation  of  its  contents, 
or  by  the  temjiorary  obstruction  of  its  orifice,  either  of 
which  occurrences  may  greatly  diminish  or  arrest  the 
imlsalion  and  Iiru.it. 

The  affections  with  which  an  ani'urism  is  most  likely 
to  be  confounded  are  solid  or  lii|nid  tumors  overlying 
an  artery  and  very  vascular  tumors  lying  in  or  near  the 
course  of  a  large  artery.     In  all,  the  common  signs  arc  a 


pulsating  tumor  with  bruit,  and  the  circumstance  that 
the  pulsation  and  bruit  may  be  arrested  by  pressure  on 
the  artery.  The  ]iulsation  of  an  aneurism  is  ftcp«Hji(re, 
the  tumor  eidarging  laterally  at  each  pulsation :  thatof  an 
overlying  tumor  is  a  simple  lifting  of  the  entire  mass; 
but  this  difference  cannot  alwavs  be  recognized  with 
certainty,  for  if  the  fingers  cannot  be  pressed  down  to 
the  widest  part  of  the  tumor,  the  simple  rising  of  the 
sloping  sides  of  the  globular  mass  between  them  forces 
them  apart  and  simulates  lateral  expansion,  A  bruit 
may  be  caused  in  an  artery  or  vein  by  pressure  upon  it. 
In  a  vein  such  a  bruit  is  harsh  and  continuous:  in  an 
arteiT  it  is  intermittent  and  more  ''  blowing  "  in  character 
than  that  of  an  aneurism. 

In  the  case  of  a  suspected  li(|uid  collection  sim\ilatiiig- 
aneiuism,  the  diagnosis  may  be  aided  by  aspiration  witli 
a  fine  needle.  An  aneurism  has  been  mistaken  tor  an 
abscess  frequently  enough  to  make  great  caution  neces- 
sary in  the  diagnosis  and  treatment  of  any  su]iposed 
abscess  lying  in  the  course  of  a  large  artery.  The  hmjers 
should  always  be  pressed  deeply  into  the  swelling  in 
,search  of  pulsation,  and  even  if  an  abscess  is  certainly 
jiresent,  it  should  be  remembered  that  it  may  liave 
formed  over  an  aneurism. 

As  puLsation  and  bruit  have  their  origin  in  the  stream 
of  blood  brought  by  the  artery,  pressure  upon  the 
proximal  portion  of  the  vessel  w  ill  arrest  them,  whether 
they  belong  to  an  aueiu'ism  or  are  simply  communicated 
through  a  tumor.  Vascular  tumors,  especially  those 
arising  from  bone,  often  have  well-marked  pulsation 
and  bruit:  but  their  pulsation  is  less  "heaving"  or 
"massive  "  than  in  aneurism,  and  the  bruit  is  rarely  well 
marked.  The  diagnosis  may  be  extremely  difficult,  or 
only  possible  \>\  the  aid  of  exceptional  explorations.  In 
a  case  of  large  pulsating  tumor  of  the  gluteal  region, 
under  the  care  of  Prof,  Henry  B,  Saiuls.in  the  Roose 
velt  Hospital,  New  York,  in  ISSO.  the  diagnosis  of  aneu- 
rism was  made  by  passing  the  hand  info  the  rectum, 
and  thus  learning  that  the  internal  iliac  artery  was  en- 
larged, the  enlargement  increasing  from  above  downward 
to  the  sacro-sciatic  notch.  The  frequent  presence,  in 
vascular  tumors,  of  large  collections  of  blood  contained 
W'ithin  sacs  formed  by  the  rupture  or  dilatation  of  capil- 
laries or  small  vessels,  increases  the  resemblance  to  an 
aneurism. 

An  aneurism  which  has  just  ruiitured  into  the  adjoin- 
ing tissues  does  not  pulsate,  and  may  have  no  bruit: 
under  such  circumstances  the  diagnosis  must  be  made  by 
the  history  of  the  case,  the  pre-existeuce  of  a  pulsating 
tumor,  and  the  cessation  of  the  pulsation  coincidentlv 
with  a  marked  change  in  the  shape  and  size  of  the  tumor, 
lu  like  manner,  where  an  artery  has  just  been  rn]itured 
or  perforated  and  the  blood  has  been  effused  into  the  ad- 
joining tissues,  pulsation  and  bnnt  are  not  present  until 
after  tlie  elTusion  has  become  circumscribed  by  a  dis- 
tinct firm  wall  composed  of  the  condensed  tissues  {"  trau- 
matic aneurism  "  or  "  ruptured  artery  "). 

For  the  dilferential  diagnosis  of  arterio-venous  aneu- 
rism and  cirsoid  aneurism  or  arterial  varix,  riilc  infni. 

Pi-Dyiiosis. — The  gravity  of  the  prognosis  \'aries  with 
the  arteiT  invoked,  and  the  size  and  character  of  the 
aneurism.  In  internal  aneurisms  the  prognosis  is  very 
grave:  in  external  aneurisms  it  is  commonly  much  less 
so,  since  in  most  of  them  suitable  treatment  ofTers  a 
reasonable  hope  of  cure, 

Treatiiiod. — Medical  frrntminf. — The  medical  treat- 
ment of  aneurism,  esiiecially  of  internal  anemisms,  which 
arc  commonly  reganled,  and  with  much  reason,  as  practi- 
cally incurabU-,  consists  in  absolute  rest  in  the  recumbent 
position,  maintained  for  weeks  or  months,  combined  with 
a  restricted  diet,  and  aided,  perhaps,  by  the  use  of  vari- 
ous drugs.  The  absolute  rest  and  the  low  diet  are  un- 
q\iestionably  the  most  efficient  part  of  the  treatment,  and 
the  drugs,  even  those  for  which  mosl  has  been  claimed, 
are  only  adjuvants  of  uncertain  and  often  very  doubtful 
iitility.  Systematic  treatment  of  this  kind  dates  from 
the  time  of  Valsalva,  and  even  in  his  hands  the  rest  was 
subordinate  to  repeated  venesecti(ni,  which  he  carried  to 
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such  an  e.xtont  tliat  rest  in  bi'd  was  a  matter  not  of 
<-li()ici',  but  of  necessity.  This  active  lU'iiletion  was 
never  regarded  with  much  favor,  and  as  it  was  Inui;- 
deemed  an  essential  pail  of  treatment  hy  rest,  tlie  latter 
shared  in  the  disfavor  of  its  associate,  and  patients  af- 
fected with  internal  aneurisms  were  haliilually  looked 
upon  as  beyond  the  reach  of  art,  and  llie  interfercnee 
of  the  physician  was  restricted  to  relief  of  pain  and  the 
occasional  employmeid  of  drills  from  which  it  was 
thouirht  some  benetit  niijjht  possibly  aecnii'.  To  Mr. 
Tufnell.-'  of  Dublin,  belongs  the  credit  of  demonstrating 
the  value  of  absolute  rest  in  bed  and  restricted  diet  in 
promotin,;;  a  ciu-e  or  alVordinjr  iircal  relief.  He  insists 
upon  the  absolute  maintenance  of  the  reciunbent  posture, 
and  restricts  the  amount  of  food  t<i  about  ei^dit  ounc-es 
of  solid  food  and  si.x  ounces  id'  liipnd  daily,  the  solid 
fooil  beinir  bread,  butter,  and  meat,  the  liipiid  milk  and 
a  little  claret  wine. 

Of  drugs,  the  iodide  of  potassium  has  been  most  em- 
ployed, in  doses  of  from  half  an  ounce  to  one  ounce  daily. 
A  liumber  of  cases  of  aortic  aneurism  apparently  cured 
or  jfreatlv  relieved' by  its  use  have  been  re|)oited. 

Digitalis,  veratrum  viridc.  and  ergot  have  also  been 
lisi'd.  with  the  object  of  slowing  the  circidalion;  occa- 
sional supjioscd  cures  or  temporary  arrests  by  their 
agency  have  been  rcijorted,  but  they  arc  not  regarded 
with  iV.vor  by  the  authors  of  systematic  treatises  on  the 
subjeci..  Ergot,  is  given  internally  in  the  form  of  the 
fluid  extract,  orsubcutaneously  asergotinc.  Mr.  Ihdmes 
regards  the  acet^ite  of  lead  as  otfering  the  best  ]iiiimise. 
Dr.  r.  Flint-'  reported  a  ca.se  of  aneurism  of  the  alidomi 
nal  aorta  ap|iarently  cured  by  the  use  of  the  chloride  of 
barium  in  doses  of  from  one  fifth  to  three-tifths  of  a 
grain  three  times  daily  for  about  five  months,  after 
Ttifnell's  method  had  entiiely  failed.  The  most  rapid 
imjudvi'ment  coincided  witli  the  smallest  dose. 

Surr/iml  iiiitlnnh  of  trtiilim  ut  may  be  groupcil  in  three 
classes : 

1.  Hadieal  obliteration  of  the  sac  by  o])ening  it  and 
tving  the  artery  immediately  above  and  below  its  point 
of  <M)nununication  with  the  aneurism.  This  is  known  as 
the  "old  method."  or  the  "  method  (if  Antylliis."  Under 
the  same  head  may  l)e  includeil  tlii' new  m<'lliod  of  e\ 
tirpation  of  tliesac,  with  ligatni-eol  Ihe  arlery  above  aial 
below. 

2.  I'ermancnt  or  temporary  arrest  of  IheatTerent  stream 
at  a  jioint  on  the  pro.ximal  side  somewhat  removed  from 
the  aneurism. 

(")  Ligature  of  the  arteiT  (.Vnel's  method,  nr  llie 
Hnnterian  method). 

{h)  Compression  of  th<'  artery — direct,  indirect,  di.yit.-d. 

(r)  Esmarch's  elastic  bandage. 

{(1)  Flexiipu  of  the  limb. 

;i.  I'ermancnt  arrest  or  obstruction  id'  llie  sti'eani  on 
the  distal  side. 

((/)  Distal  ligature. 

(Ii)  Manipulation  to  produce  an  embolus  or  impacted 
clot. 

4.  Haidd  coagulation  of  the  blood  in  the  ,s<ic  (with  or 
without  temiiorary  arrest  of  the  stream). 

((()  Coagulatin.g  in.jections. 

{!>)  Introduction  of  .solid  bodies. 

(c)  f!alvano-punct  inc. 

.").  Promotion  of  the  formation  of  a  lanunated  clot  by 
irritation  of  the  wall — "needling." 

L  The  "old  method"  (or  tin'  method  of  Aniyllus). 
The  aneurisms  with  which  the  ancient  surgeons  had 
mainly  to  deal,  or  at  least  those  to  which  operative  in- 
terference was  mainly  limited,  were  tiaumalie  aneurisms 
at  the  bend  of  the  elbow  followin,;;'  venesecl ion.  It  has 
been  claimed  for  them  that  they  knew  and  practised  the 
method  of  cure  by  ligature  of  the  artery  in  continuity 
above  tile  sac,  but  Ilodg.son's  statement,  which  is  quoted 
by  Mr.  Holmes  in  support  of  this  cl.-din.  does  not  fully 
and  accurately  present  the  luaetice.  Lig,atiiie  of  the 
brachial  artery  "three  or  four  linger  breadths  below  the 
axilla"  was  indeed  recommended  by  Ai'tius  in  the  fifth 
century,  but  only  as  a  preliminary  to  the  oiiening  of  the 


sac  at  the  (dbow  and  the  application  of  another  ligature 

there,  and   .solely  with  tt b.jeet  of  ])revenling'  hemor 

rha.ire  dining  the  operation  proper.  'I'he  main  olijeet  of 
treatment  was  to  remove  the  clot,  which  was  thought  to 
be  a  source  of  dan.i;cr,  and  to  |)reveiu  snbseipient  henior- 
rliage  by  oblitcralin.i;'  tlie  artery  or  closing  the  opcnin.g 
by  which  it  communicated  with  the  sac.  The  o|)eration 
ap))cars  lo  have  fallen  into  disuse  and  not  to  have  been 
revived  until  about  the  sevenleeiilh  century,  when  it 
was  again  u.sed  with  various  modilications.  but  at  lirst 
only  in  traumatic  aneurisms  at  tlie  elbow.  It  appears  lo 
have  been  lirst  u.sed  in  po]iliteul  aneurism  by  Keyslere; 
the  date  of  his  first  operation  is  nol  known,  his  second 
and  third  were  done  in  lT4Tand  174^' respeiiively.  His 
lirst  three  cases  were  succ'cssful :   the  fouilh  died. 

The  method  of  operation,  as  practised  in  popliteal  and 
brachial  aneurisms  until  the  end  of  the  eighteenth  cen- 
tury, was  to  control  the  artery  by  a  tonrniipiet  or  the 
fingers,  divide  the  sac  by  a  lon,i:iludinal  incision.  I  urn 
out  the  clots,  lind  the  point  of  eommnnication  willi  the 
artery,  isolate  the  latter,  and  tie  it  above  and  below  the 
openin.iT.  The  cavity  was  then  packed  with  lint  and 
allowed  to  till  by  granulation. 

The  difliculties  and  the  dangers  were  i;reat.  The 
opening  into  fhi'  artery  was  often  deeply  plaied  and 
dillicult  of  access,  so  that  the  external  incision  needed  to 
be  very  long  (ten  inches  in  a  case  <d'  popliteal  aneurism), 
and  after  the  opening  had  been  found  the  isolation  of  the 
artery  was  difticnlt;  it  was  recommended  to  seek  for  it 
with  a  catheter  or  ]iiobe,  and,  after  ha\ing  found  it,  to 
introduce  this  insfrumeni  into  it  and  use  it  as  a  guide 
and  help  in  ih'nudafion.  a  su.L'.ircstion  that  has  recently 
been  revived  and  practised  in  simil;ir  eases. 

The  results  in  po|dite:il  aneurism  were  so  bad  that 
most  surgeons  appear  to  have  preferred  amputation. 
I'ott  says  he  had  tried  it  more  than  once  or  twice  him- 
self, and  had  seen  it  tried  by  others,  but  always  with  a 
fatal  result :  and.  as  .^L•.  Holmes  jioints  out.  the  imniedi 
ate  accepfanee  and  substitntion  of  the  Hnnterian  opera- 
tion, which  was  itself  nearly  as  fatal  as  amputation  of 
the  thigh,  shows  thai  the  mortality  after  the  old  opera- 
tion must  have  been  frightful.  Secondary  hemorrhage 
on  the  fall  of  the  ligalures  was  fre(|U<'nl.  and  so.  too, 
was  gangrene  of  tlii^  distal  iiortion  of  the  limb,  probably 
because  of  the  pressure  of  the  lint  with  which  the  cavity 
wasstulTed.  or  of  injury  to  the  vein,  or  of  its  im  liision 
in  the  ligature. 

The  causes  of  the  bad  results  are  not  far  to  .seek:  dilti- 
eult  and  deep  dissection,  a  large  wound.  im]ierfect 
hanioslasis  during  the  operation,  the  ligature  placed 
upon  an  unhealthy  portion  of  the  artery,  and  olticious 
and  dangerous  modes  of  dressing  makea  group  of  hostile 
conditions  so  numerous  and  powerful  that  it  is  not  strange 
so  few  escaped  with  their  lives.  jModern  improvements 
in  operative  methods.  aiKestheties,  tliecat.i;ul  orantiseptie 
ligature,  and  antiseptic  drcssin.ss  have  brought  a  much 
larger  measure  of  success  in  cases  even  less  promisin.y 
than  the  average,  and  the  "old  method  "  is  still  in  use 
and  gives  fairly  good  results  in  cases  in  which  the 
Hnnterian  method  is  iiupracticable,  and,  indeed,  it  even 
receives  the  preference  in  some  others.  Syme.  after  a 
long  experience,  which  included  some  id'  the  most  bril- 
liant and  successful  o|)eratioiis  upon  arteries  recorded  in 
the  history  of  sur.irery.  I'orinally  declared  his  ]H'eference 
for  the  old  method  over  the  Ilunterian,  except  for  aneu- 
risms of  the  po]diteal,  femoral,  and  carotid  arteries.  The 
cases  in  whicli  it  has  recently  been  used  willi  snc<-css.  and 
for  which  it  is  formally  recommended  '  after  lesser  meas 
ures  have  failed,  arc  some  traumatic  aneurisms,  aneu- 
risms of  the  subclavian,  axillary,  and  gluteal  arteiies. 
also  after  rupture  of  the  Siic,  as  a  means  of  avoidinic 
amjuitatiou  (Ilolmes),  when  the  diagnosis  is  uncertaiu 
and  the  tumor  may  be  cancerous,  and  when  the  aneu- 
rism has  recurred  after  api'ai'cnt  cure  by  li^r.-iiure. 

The  freiiuency  of  secondary  hemorrlame  wa-  thought 
by  Hunter  to  lie  due  to  the  diseased  condiiion  of  the 
arterial  wall  near  the  sac.  where  the  ligature  \(as  applied, 
and  this  has  alwavs  been  deemed  one  of  the  most  weighty 
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vcasoiis  for  iHpfciTiiig  the  Huiitt'riiui  mrthod,  in  \vliich 
the  lisiiitiiri'  is  placi'd  upon  a  more  distant  and  presuni- 
ably  iicaltliy  part  of  the  artery.  It  must  be  remembered. 
luiweNcr.  that  secondary  heinorrhaue  was  much  more 
eonnnon  in  former  days,  after  all  operations  in  whieli  a 
larire  artery  was  tied,  than  it  is  at  present,  wlien  it  has 
become  very  rare  after  lii;'ature  with  cat.nut  or  aseptic 
silk;  and  tliat  artei'ies  so  deii'enerated.  or  even  calcified, 
that  they  briiUe  when  the  ligature  was  drawn  tightly, 
have  remained  securely  closed  by  slighter  pressure,  and 
the  wounds  have  healed  without  accident.  Moreover, 
recent  e.vperieuee  with  the  catgut  ligature  in  the  "old" 
operation  and  in  extirpation  of  the  sac  has  shown  that 
the  chance  of  secondary  hemorrhage  is  slight.  The  ob- 
jection raised  against  tiie  old  nielhod,  that  the  condition 
of  the  adjoining  arterial  wall  is  altered,  cannot  properly 
be  urged  in  the  case  of  a  traumatic  aneiu-ism;  and  the 
onlv  iitlier  possible  objections  are.  that  tlie  operation  is 
more  difficult  and  the  wound  larger. 

Svme's  method  of  operating  wlien  the  artery  could  not 
be  controlled  on  thepro.ximal  side  of  the  sac  was  to  make 
an  incision  into  the  tumor  just  large  enough  to  admit  liis 
linger,  with  which  he  then  felt  for  and  compres.sed  the 
opening  in  the  vessel.  If  he  C(ndd  not  tluis  lind  the 
opening,  he  enlarged  the  incision  and  then  introduced  a 
second  and  a  third  linger,  and.  in  one  case — so  says  Mr. 
Holmes — the  entire  hand.  When  the  opening  was  foimd 
and  commanded,  he  still  further  enlarged  the  incision, 
turni'd  out  the  clots,  and  denuded  and  tied  the  artery 
above  and  lielow. 

E.xtirpation  of  the  sac  is  now  done  as  for  the  removal 
of  a  tumor.  The  mass  is  exposed  by  a  long  incision,  the 
artery  is  tied  above  and  then  below,  and  the  sac  is  dis- 
sected out  with  great  care  to  avoid  injury  to  the  vein. 

3.  Permanent  or  temporary  arrest  of  the  afferent 
stream  at  a  point  on  the  pro.ximal  side  somewhat  re- 
moved from  the  sac. 

((()  Ligature  by  Anel's  method,  or  the  Hunterian 
method.  The  question  of  jiriority  in  the  introduction  of 
tlie  method  of  tying  the  artery  above  the  sac.  as  now 
]U'actised,  has  given  rise  to  nuich  cimtroversy.  but  must 
hi^re  be  dealt  with  very  brietly.  It  is  claimed  by  the 
French  for  Anel,  a  French  surgeon  practising  in  Rome 
in  1710.  and  by  the  English  for  John  Hunter  in  1T8.5. 
The  reader  who  is  curious  in  the  matter  is  referred  to 
Broca  ("Des  anevrysraes."  Paris.  IS.'ie)  and  to  Holmes 
("A  System  of  Surgery  ")  iind  to  a  paper  by  the  writer 
in  the  New  York  ^^l•<lll•(ll  Joiininl.  November  1.  1884. 
The  facts,  in  brief,  are  as  follows:  January  30.  1710. 
Anel  treated  a  traumatic  aneurism  at  the  bend  of  the 
elbow  by  tying  the  artery  close  above  the  sac  without 
opening  tlie  latter,  and  thereliy  effected  a  cure.  The 
patiiait  was  a  priest.  The  case  ga\'e  rise  to  much  dis- 
cussion, the  account  of  it  was  reprinted  in  several  books 
and  joiu'uals.  and  the  method  was  sidisequently  used,  be- 
fore 178.5.  in  at  least  three  other  cases,  in  one  of  which 
the  ligature  was  aiiplied  about  two  inches  above  the  sac 
(Broca.  \t.  44<i).  June  '23,  17S,~>.  Desault  (after  having  a 
few  months  previously  sought  to  cure  an  axillary  aneu- 
rism by  compression  of  the  subclavian)  treated  a  popliteal 
aneurism  by  tying  the  artery,  "immediately  below  the 
ring  of  the  third  adductor."  that  is.  at  the  point  where 
the  femoral  artery  ends  and  the  popliteal  artery  begins; 
the  aneurism  was  cured,  and  tlie  patient  died  eleven 
months  later  of  disease  of  the  lower  end  of  the  tibia. 
December  12.  178.5,  John  Hunter  treated  a  popliteal 
aneurism  by  tying  the  femoral  artery  and  vein  "rather 
below  the  middle  of  the  tliigh."*  In  the  following 
]\Iarch.  nso,  Desault,  having  knowledge  of  Hunter's 
case,  operated  ujion  another  and  tied  the  artery  at  a  still 
higher  point,  dividing  the  .sartorins  to  expose  it. 

Hunter  repeated  the  ojieration  four  times  within  the 
four  years  following  his  first  case,  tying  the  vein  as  well 

*  Evcrard  lloiiie.  in  Transactions  of  a  Society  for  the  Inijirovement 
of  Medical  anil  SnrKical  Knowlcdu'c.  l.oiidon,  ITlt).  p.  IIS.  This  ap- 
pears  to  lie  the  lll-st  (itneial  pulilicatloii  of  (he  I'ase ;  the  paper  is  not 
dated,  but  it  is  printed  Itetween  two  wliicli  aiv  dated  Septeniher,  ITSl). 
and  Scptemlier.  171KI,  respectively. 


as  the  artery,  except  in  the  last  two;  Desault  died  shortly 
after  his  own  second  ease. 

These  (acts  are  not  disputed  ;  the  controversy  has  arisen 
over  the  luinciples  which  are  thought  to  have  leil.  in  the 
minds  of  the  diirerent  o|ierators  (Anel,  Desault,  and 
Hunter),  to  the  atloption  of  the  method. 

It  is  claimed  by  the  English  (Guthrie,  Holmes)  that 
Anel  dill  not  know  what  he  was  doing,  did  not  apiireciate 
the  importance  of  the  method,  the  mode  by  which  it 
effeeteil  a  cure,  and  its  aiiplicability  to  other  aneurisms 
than  those  at  the  elbow,  tuid  that,  as  he  used  it,  it  was 
radically  defective  in  placing  the  ligature  too  close  to 
the  sac, "and  Avithcnit  the  intervention  between  the  two  of 
any  collateral  branch  given  oil'  from  the  artery;  that,  in 
sliort,  it  was  a  mere  hapjiy  chance,  stumbled  upon  with- 
out retlectiim.  and  passed  without  appreciation;  that 
Desault's,  in  like  manner,  was  a  mere  experiment,  but 
that  Hunter's  was  the  result  of  profound  reflection  and 
reasoning  upon  the  nature  of  the  disease  and  the  manner 
in  which  coagulation  of  the  blood  in  the  Siic  is  effected, 
and  especially  of  his  knowledge  of  the  fact  that  complete 
shutting  off  of  the  current  from  the  sac  ■n^as  not  neces- 
sary. The  original  reports,  on  examination,  do  not  ap- 
pear to  justify  any  of  these  cltnms.  whieli  seem  to  have 
nf)  more  solid  basis  than  ignorance  of  what  Anel  and 
Desault  really  thought,  and  the  crediting  of  Hunter,  be- 
fore his  operation,  with  knowledge  'n-hich  he  oiitained  at 
a  later  period.  Hunter's  identification  with  the  opera- 
tion was  in  large  part  the  result  of  his  excejitional  au- 
thority at  the  time,  the  publicity  which  attended  or  was 
given  to  the  act.  the  frequent  repetitions,  and  the  gen- 
eralization whieli  promptly  followed  it,  and  also  of  the 
great  ability  with  which  he  set  forth  tiie  principles  upon 
which  it  rested.  These  in  themselves  are  an  ample  title 
to  recognition  and  respect,  and  Hunter's  glory  may  well 
be  left  to  rest  on  them  without  robbing  others  of  their 
just  due. 

Three  mouths  after  Desault's  first  operation,  and  three 
months  before  Hunter's  first  operation,  at  a  consultation 
held  in  London  on  a  case  of  femoral  aneurism  as  large 
as  an  orange,  in  which  Hunter  took  part,  all  agreed  tliat 
it  was  impossible  to  resort  to  the  opei'ation  ordinarily 
practised  upon  aneurisms,  and  recommended  pressure  on 
the  artery  in  the  groin;  the  attempt  was  made,  and 
abandoned  because  of  the  pain  it  caused.  It  is  apparent 
that  at  this  time  Hunter  had  not  developed  his  method. 
The  arguments  that  led  Hunter  to  tie  the  femoral  artery 
for  popliteal  aneurism,  according  to  Home  his  pupil, 
assistant,  and  reporter  ('"■".  fit.,  p.  14.5|.  were  "that  the 
disease  often  extends  along  the  artery  for  some  way  from 
the  sac;  and  that  the  cause  of  failure  in  the  common 
operation  arises  from  tying  a  diseased  artery,  which  is 
incapable  of  union  in  the  time  necessary  for  the  separat 
ing  of  the  ligature  "  .  .  "If  the  artery  should  after 
ward  give  way  [if  tied  just  above  the  sac],  there  will  not 
be  a  suliicient  length  of  vessel  remaining  to  allow  of  its 
being  again  secureil  in  the  ham.  To  follow  the  artery 
up  through  the  insertion  of  tlie  triceps  muscle,  to  get  at 
a  portion  of  it  where  it  is  sound,  liecomes  a  very  dis 
agreeable  part  of  the  operation;  and  to  make  an  incision 
upon  the  fore  part  of  the  thigh,  to  get  at  and  secure  the 
femoral  artery,  woukl  be  breaking  new  ground,  a  lliiiig 
to  be  avoided,  if  possible,  in  all  operations.  Jlr.  Hunter, 
from  having  made  these  observations,  was  led  to  propose 
that  in  this  operation  the  artery  should  be  taken  up  in 
the  anterior  part  of  the  thigh,  at  some  distance  from  the 
diseased  part,  so  as  to  diiiiiiiish  the  risk  of  hemorrhage 
and  admit  of  the  artery  being  more  readily  secured, 
should  any  such  accident  happen.  The  force  of  the  cir 
cnlation  being  thus  taken  off  from  the  aneurismal  stir, 
th<'  progress  of  the  disetisc  would  be  stopped;  and  he 
thought  it  protiable  that,  if  the  parts  were  left  to  them- 
.selves,  the  sac  with  its  contents  might  be  absorbed  and 
the  whole  of  the  lumor  removed;  which  would  riMider 
any  opening  into  the  sac  unnecessary." 

it  is  ]dain,  from  this,  that  Hunter's  idea  in  seeking  the 
artery  al  a  higher  point  was  simply  to  avoid  secondary 
hemorrhage  and  to  make  its  treatment,  if  it  should  occm', 
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easier;  and  tlif  cxleiit  to  wbitli  lliis  iilca  pn-dccuiiicd  liis 
miiul  is  sliovvn  in  tlic  stran'je  addilidnal  prccautinn^i  lie 
took  in  tlic' matter  of  tlie  li.ualure  itself,  lie  liiil  tli<- 
arteiy  with  four  lij^atures,  "Ijut  so  slij;litly  as  only  lo 
fonipross  the  sides  togetlier.  .  .  .  Tlie  reason  for  liav  ins; 
four  li.natures  was  to  compress  sueli  a  leni;lli  of  artery 
as  miirlil  malve  up  for  tlie  want  of  ti.iflilness.  it  heini; 
wislied  lo  avoid  great  pressure  on  tlie  vessel  at  any  one 
part. " 

Aeeordiug  to  Mr.  Holmes,  "the  great  merit  of  Himter 
consists  in  his  having  seen,  ./?)■.•<?,  that  it  was  not  neees 
sary  to  turn  the  elots  out  of  the  aneurismal  tumor:  .  .  . 
and,  xrcimil.  that  it  was  not  necessary  to  slop  the  i-irenla 
tion  through  it  alisolutely.  but  only,  as  he  .said.  '  to  take 
oil  the  force  of  the  circulation. '  "  The  lirst  of  these  was 
certainly  appn'eiate<l  by  Anel  and  Desault.  for  they  saw 
their  ]i;ilients  get  well;  the  second  is  dillicull  to  e.\|ilain. 
if  it  is  based  uiiou  the  fact  that  the  ligjjtures  were  lied 
loo.sely.  for  they  certainly  were  int<'nded  to.  ai'd  did.  cnl 
out,  and  therefore  occluded  the  artery  entirely ;  anil  in 
Hnnlcr's  subsequent  operations  he  used  a  single  ligature 
and  tied  it  tightly.' so  that  if  this  was  his  opinion  and 
object  at  lirst,  lie  subseijuently  abandoneil  it.  The  idea, 
moreover,  is  cxjiressed  by  Home  {Inc.  rif.,  p.  l.'itijas  a 
conclusion  drawn  from  what  was  foun<l  at  the  autopsy 
cli'ven  months  later;  "The  conclusion  to  he  drawn  from 
the  above  account  appears  a  very  important  one.  \i/..: 
That  simply  taking  otf  the  force  of  the  circnialion  from 
the  anevu'ismal  artery  is  sulticient  to  eifect  a  cure  of  the 
<lisea.sc,  or  at  least  to  put  a  sto])  to  its  jirogress."  1( 
seems  much  more  reasonable  to  infer  lliat  Hunter's  objeci 
iu  tying  the  ligatures  loosely-  was  to  give  the  artery  more 
time  to  become  sealed  l)efore  the  ligature  cut  tlu-ough. 
(See  the  tirst  ipiotation  from  Home  given  above,) 

The  stati'miiit  has  been  genci'ally  ipioted  as  nie.'iniii'j; 
that  Hunter  proposed  to  leave  oni^  or  more  collater.d 
branches  between  the  ligature  and  the  sue,  but  there  is 
nothing  in  theaecount  of  the  operation  or  of  the  aniopsy 
to  justify  such  an  opinion.  "The  femoral  artery  was 
impervious  from  its  giving  off  the  arleria  profunda  as 
low  as  the  part  included  in  the  lig;iliu-c,  and  at  that  pai'l 
there  was  an  ossii'.catiou  for  about  an  inch  and  a  half 
along  the  co\u'se  of  the  artery.  .  .  .  B<'low  this  ])arl  the 
femoral  artery  was  pervious  down  to  the  aneurismal  sac. 
an<l  contained  Idood.  fi/tt  did  in'i  cohumoiirfifc  iritli  tlw 
atre  t't.sc/f,  ]uiring  berome  i/tipt'n'iuits  J"sf  at  tin'  t  nlrt'iiri- 
[italics  mine].  .  .  .  The  popliteal  artery,  a  little  way 
below  the  aneurismal  sac,  was  joined  by  a  small  br;uic  h, 
very  much  contracted,  which  nuist  have  arisen  from  the 
profunda,  or  the  trunk  of  the  femoral  artery."  This  is 
the  only  collalcnd  branch  mentioned,  and  I  do  not  see 
how  the  conclusion  can  Ix'  avoi<led  that  even  if  liie 
l)hrase  "  to  take  off  the  force  of  the  circulation  "  iiK'iUit 
any  more  tlnin  "  to  arrest  "  or"cutolT"  the  circulation, 
it  meant  only  that  the  artery  was  left  conlinning  lilood, 
and  that  this  blood  was  in  comnundcation  with  that 
brought  to  the  lower  part  of  tlie  saiue  artery  by  col 
laterals  coming  from  above  the  ligature.  It  would  be 
interesting,  too,  to  know  by  what  "profound  reasoning' 
Hunter  excogitated  the  principle"  (Holmes)  of  including 
tli(!  vein  in  tlie  ligature  with  the  artery. 

Even  if  Hunter  afterward  <leclared  the  ]irescnce  of  a 
collatr'ral  branch  between  the  ligature  and  the  sac  to  lie 
a  favorabh'  condition,  it  does  not  affect  the  original  con 
ce])tion;  and  furthermore,  the  existence  of  such  a  col 
lateral  branch  is  not  es-sential  to  the  method,  and  it  is  not 
found  w  hen  the  carotid  or  f( moral  is  lied,  or  in  some 
cases  when  the  external  iliac  or  subclavian  is.  In  short, 
the  nietliod  as  now  employed  is  to  place  the  ligature  ill 
the  nearest  convenient  point,  sulticienlly  far  .above  the 
sac  to  tind  the  artery  probably  healthy;  and  the  cl;ilm 
that  has  been  made  that  complete  arrest  of  thecircnia 
tion  is  more  dangerous  than  partial  arrest,  beiviuse  it 
leads  to  the  formation  of  a  passiveelol  which  is  likely  to 
provoke  suppuration  of  the  sac.  has  been  proveil,  espe 
cially  by  the  experience  with  the  F'.smarcli  bandage,  to  be 
ini-orreet.  or  at  least  the  danger  of  exciting  suppunil  ion 
Is  much  less  than  was  claimed. 


The  changes  within  tlie  sac  by  which  a  cure  is  ellecled 
after  ligature  ai<'  similar  lo  iho.se  above-  desciibed  as 
etTe(;liiig  a  sponlaneous  cure.  The  closure  of  the  artery 
ri'lii'Vcs  the  .sac  from  all  expanding  pressure,  except  the 
slight  amount  which  may  be  exerted  by  the  blood  that 
comes  into  the  artery  below  the  .sac  or  between  it  and 
\\\f  ligature  through  ecllaleral  branches.  The  pressure 
being  removed,  the  sac  shrinks,  the  biood  within  it  either 
coa.irulates  in  mass,  forming  a  dark  passive  clot,  or  a 
slight  movement  persists  in  it  and  laminat-d  fibrin  is  de- 
])osited  on  the'  wall.  l'ulsatii.in  in  the  .sac  cea.ses  as  soon 
as  the  li.gature  is  tied,  and  usually  remains  permanently 
absent,  liut  in  some  cases  it  returns  after  a  longer  or 
shorter  interval  and  lasts  for  a  few  hours  or  days,  'i'liis 
return  is  diat  to  the  freedom  and  raiiidity  with  which 
thecollateral  circulation  isestaldished.  The  blood  leaves 
the  artery  liirouv'-h  the  branches  given  off  above  the 
ligature,  which  dilate  lo  acconnnodate  the  increased  sup- 
ply, makes  its  way  Ihi'ougli  the  minute  terminal  branches 
anil  capillaries  into  the  terminals  of  the  branches  given 
off  from  the  main  aitery  belov.'  the  ligature,  passes 
through  them  in  the  retrograde  direction,  and  thus  re- 
gains the  main  artery  to  be  distributed  as  before  through 
its  terminal  brandies.  The  greater  the  len.irth  of  artery 
that  has  been  obliterated  by  the  ligature  and  disease,  the 
greater  the  dillicully  of  the  re  establishment  of  the  circu- 
lation, and  Ihiis  it  is  found  that  when  two  or  three  an- 
eurisms are  silu:iied  upon  a  single  ailery,  or  when,  on 
account  of  secondary  hemorrhage,  a  second  ligature  ha.s 
been  placed  upon  the  artery  at  a  higher  point,  the 
probability  is  great  that  thi-  circulation  will  be  re- 
eslablished  too  slowly  or  imperfectly  to  preserve  the 
life  of  the  ti.ssues,  and  the  occurrence  of  gangrene  is 
to  be  feared. 

The  method  of  operation  is  lo  cX|iose  the  artery  by  a 
suitable  incision,  denude  it  just  sufliciently  lo  allow  an 
aneurism  needle  to  be  passed  under  it,  and  lo  lie  it  with 
anliseplic  catgut  or  silk.  Both  ends  of  the  ligalure  are 
cut  short,  ami  the  wound  clo.sed. 

The  chief  dangers  of  the  operation  are  secondary 
liemorrha.ire  and  gangrene.  Before  the  iiitroiluction  of 
the  antiseptic  method  these  dangers  were  so  great  that 
the  mortality,  after  li^'ature  of  the  femoral,  for  example, 
was  about  twenty-live  ])er  cent.  They  are  now  very 
much  less.  In  twenty  nine  cases  of  ligature  of  the  jirin- 
cjpal  arteries  with  catgut,  by  New  York  surgeons,  which 
1  collected  in  1.SS0(.1//,.  ,l(,iii:  <if  tin-  MkJ.  Siinn-cs.  .lanu- 
ary,  ISSl),  ihere  was  no  secondary  hemorrhage,  and  only 
one  case  of  gan.irrcne;  the  latter  was  of  the  foot,  after 
ligalure  of  the  common  ili:ic  artery,  and  was  followed 
by  recovery.  The  iliniinnlion  of  the  risk  of  secondary 
hemorrhage  is  jilaiidy  due  to  the  avoidance  of  suppura- 
tion alioul  the  lig;ilure,  and  the  freedom  from  gangrene 
a|i]ieiiis  lo  me  to  be  the  result  of  the  .same  rapidity  and 
i-ase  of  hc.-ilin.g,  Ihiough  diininulioii  of  the  interference 
with  the  vein  by  the  inllammiitory  process. 

The  attempt  has  been  several  limes  made  to  diminish 
the  chance  of  the  occurrence  of  gangrene  by  reiiealcdly 
compressing  the  artery  above  the  aneurism  for  several 
days  before  tying  it,  in  the  hope  of  thereby  gnidually 
enlarging  the  collater.-ds.  and  belter  tilling  them  for 
carrying  on  the  lircul.-ition  when  it  is  finally  thrown 
enlirely  U|)Oil  t  hi-ni.  The  result  has  not  borne  out  the 
expectation;  on  the  contrary,  gantrrene  has  followed  the 
attempt  in  a  larger  projioition  of  eases  than  when  the 
artery  has  been  tied  wilhout  preliminary  compression. 
A  satisfactory  explanation  has  not  b<-en  found. 

Other  ill  results  of  the  ligature  of  the  main  artery  of  a 
limb  may  be  permanent  deterioralion  of  its  nutrition, 
loss  of  nerve  and  muscular  ])ower.  persistent  or  recurrent 
ulceration  of  the  skin,  and  suppuration  of  ihe  s,-ic. 

In  orili-r  to  diminish  the  chances  of  the  occiirreiicc  of 
gan.irrenc.  Ihe  limb  should  be  wrapped  in  collon  imnic 
diately  after  tlieoperalion.  and  kejit  thus  protected  from 
losing  heat  until  the  eirculation  is  shown  lo  be  fully  re 
established.  If  its  temperature  is  I'liund  to  remain  loo 
low.  external  heal  should  be  cautiously  ;ip|died  in  the 
form  of  hot    bottles,  bricrks.  or  sand,  but   care  must   be 
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taken  that  (lie  licat  thus  applied  is  uot  iiiiirh  above  tlie 
iiiiiinal  body  heal,  lest  it  should  cause  blisters. 

Suppuiatioii  of  the  sac  may  oeeui',  and  either  cause 
siioiitaiieous  niiitufe  or  make  an  incision  necessary. 
The  openinir  may  be  t'ollo\ve<l  by  dan,u<Tous  hcmorrbajie, 
or  tlu'  coniinuinealion  between  the  sac  and  the  ]ialent 
poition  of  the  artery  may  liaAC  previously  become  per- 
manently oblilcrati'd.  Sometimes  pressure  is  sutliciciit 
to  arrest  the  hemorrhage  anil  lead  to  a  tiiuil  cure  by 
granulation;  in  other  cases,  the  clots  will  have  to  be 
turned  out  and  all  bleeding  point.s  secured,  or  a  second 
ligature  may  be  applied  brt/recn.  the  first  one  and  the  sac. 
A  second  ligature  nlmrc  the  first  greatly  exposes  to  gan- 
grene. 

If  pulsation  returns  permaucutly  in  the  sac  and  the 
tumor  again  begins  to  grow,  several  courses  are  open  to 
the  surgeon.  If  the  aneurism  is  at  the  knee,  groin,  or 
elbow,  flexion  should  first  be  tried,  and  this  failiu.g,  per- 
haps galvano-puucture,  the  injection  of  persul]iliate  of 
iron,  or  acupuncture;  if  resort  to  operation  becomes 
necessary,  the  artery  may  be  tied  again  between  the  first 
ligature  and  the  sac,  or  (he  "old  ojieration  "  of  incision 
into  the  sac  and  ligature  of  all  vessels  entering  it  ma}'  be 
done.     Both  methods  have  proved  suiressful. 

The  numerous  statistics  that  have  been  collected  of  the 
various  results  following  treatment  by  ligature  do  not 
fiu'nish  a  fair  basis  for  estimating  the  chances  after  liga- 
ture with  antiseptic  catgut  or  with  silk,  and  treatment  of 
the  wound  by  modern  methods.  Mr.  Iloliiies'  statistics. 
in  18T4.»  gave  13  deaths  in  87  cases  of  |;oplifeal  aneurism 
treated  by  the  ligature,  a  mortality  of  nearly  \')  percent., 
say  1  in  7;  while  9  cases  of  ligature  of  the  femoral.  3  of 
the  external  iliac,  and  1  of  the  ]irimitive  iliac  under  the 
antiseptic  method,  collected  by  myself  in  Is.SO,''  gave  no 
deaths,  no  secondary  hemorrhage,  and  only  partial  gan- 
grene in  1.  that  of  the  primitive  iliac.  There  is,  there- 
fore, good  reason  to  believe  that  the  operation  lias  become, 
under  antiseptic  methods  of  treatment,  much  less  serious 
than  it  formerly  was. 

In  like  manner  the  aseptic  ligature  has  caused  the  en- 
tire abandonment  of  various  devices  (metallic  ligature, 
artery  constrictor)  designed  to  diminish  the  chance  of 
the  occurrence  of  secondaiy  hemorrhage. 

{!))  Com]3ressiou  of  the  artery,  direct,  indirect,  and 
digital.  Direct  compression  is  made  upon  the  artery  by 
acupressure  needles  or  wires,  threads,  or  forceps,  after 
incision  of  the  skin  and  exposure  of  the  vessel;  indirect 
compression  is  made  liy  suitable  instruments  or  weights 
resting  on  the  surface  over  the  artcr}-;  digital  compres- 
sion is  made  liy  the  fingers. 

Indirect  compression  is  an  older  method  even  than 
ligature  of  the  artery,  and  was  emjiloyed,  although  tin- 
successfull}',  by  De.sault  in  the  treatment  of  an  axillary 
aneurism  a  few  months  before  he  tirst  treated  a  popliteal 
aneurism  by  ligature,  as  mentioned  above.  It  is  claimed 
for  Hunter,  also,  that  he  was  the  real  originator  of  the 
treatment  liy  compression,  because  he  showed  that  com- 
plete arrest  of  the  circulation  was  unnecessary,  and  that 
the  comiu'cssion  might  be  jiartial  or  intermittent,  and 
because  all  previous  operators  sought  to  etfect  a  cure  by 
obliterating  the  artery  at  the  point  jiressed  upon,  a  state- 
nieut  which  does  not  appear  to  be  borne  out  by  the  re- 
ports of  their  cases.  However  that  mav  be,  the  former 
theory  that  a  passive  clot  was  a  source  of  danger,  and 
that  |>crsistent  pressure  ttpon  the  artery  to  arrest  the 
circulation  for  several  hours  was,  therefore,  a  more  dan- 
gerous method  than  iulermittent  or  incomplete  arrest, 
which  would  give  a  laminated  (dot  of  slow  formation,  is 
now  abandoiieii.  and,  as  a  rule,  wdien  comiires.sion  is  u.scd, 
it  is  with  the  aid  of  ana'sthesia  or  morphine,  is  forcible 
enough  completely  to  arrest  inil.sation  in  the  .sac,  and  is 
continued  until  the  contents  of  the  sac  have  coagulated. 
Intermittent,  incomplete  arrest  is  occasionally  used  luider 
exceptional  circumstances.  In  a  few  cases  in  which 
jiressurc  above  the  sac  could  not  lie  made,  complete 
arrest  of  the  circulation  below  it,  usually  by  the  elas- 
tic banda.ge,  has  elTccled  a  cure  (see  Distal  Ligature, 
further  on). 


The  method  of  cure  by  this  means  varies  in  the  differ- 
ent cases;  in  some  it  is  by  the  deposit  of  laminated  clot, 
in  others  by  a  soft  [lassixe  clot.  The  changes  in  the  an- 
eurismal  sac  are  the  same  as  those  above  described,  and 
the  dan.gcrs  of  the  method  are  the  same  as  after  ligature, 
with  the  exceiition  of  secondary  lieiiiorrha.L'e.  A  unique 
consequence,  reported  by  Jlr.  Pemlierton,'  was  the 
formation  of  a  communication  several  months  afterward 
between  the  artery  and  vein  at  the  point  where  pressiue 
had  been  made,  resultin.g  in  an  arterio-venous  aneurism 
that  finally  cau.sed  the  patient's  death. 

The  operative  methods  include  the  use  of  weights  or 
of  special  instruments  ha\ing  the  general  character  of  a 
truss.  The  latter  are  numerous  and  varied,  but  all  con- 
sist essentially  of  a  branch  to  make  counter  pressiu'e 
without  circular  constrii'tion  of  the  limb,  and  of  a  pad 
which  can  l;e  .screwed  or  bound  down  upon  the  artery 
with  suitable  force.  For  wei.ghts,  bags  of  shot  are  used, 
or  pieces  of  lead  moulded  to  fit  the  jjarts.  They  may  be 
allowed  to  rest  entirely  upon  the  limb,  or  may  be  sus- 
pended by  an  elastic  cord. 

Prolonged  complete  arrest  of  the  current  requires  the 
aid  of  ana;sthesia.  for  the  iiressure  soon  becomes  very 
painful;  ana'sthesia  maybe  safely  prolonged  for  many 
hours.  It  is  well  to  aid  the  control  of  the  circulation 
above  b)'  pressure  also  below,  or  by  tightly  bandaging 
the  limb  below  the  aneurism. 

Digital  pressure,  which  had  previously  been  employed 
in  two  cases  as  an  aid  to  compression  by  instruments, 
was  first  used  as  the  sole  means  of  cure  by  Dr.  Jonathan 
Knight,  of  New  Haven.  Conn.  The  case  was  one  of 
popliteal  aneurism,  and  a  cure  was  effected  in  about  two 
days.  The  jdan  has  since  been  employed  in  a  large 
number  of  cases,  and  with  a  lar.ge  measure  of  succe.s.s. 
Fischer's  statistics,  quoted  by  Holmes,  contain  90  cases, 
with  76  complete  cures,  and  8  deaths;  fi  of  these  deaths 
occurred  after  subsequent  ligature,  the  remaining  3  after 
amputation.  In  about  one-third  of  the  successful  cases 
the  cure  was  effected  within  twenty-four  hours. 

Digital  pressure  can  be  made  only  with  the  aid  of  a 
consideral)le  number  of  assistants,  and  it  is  usual  to  em- 
ploy them  in  jjairs.  one  making  pressure  .vhile  the  other 
feels  for  pulsation  in  the  sac.  The  skin  should  be 
covered  with  French  chalk  at  the  point  where  the  pres- 
sure is  made,  and  the  assistants  should  be  carefully  in 
strueted  as  to  the  amount  of  pressure  needed  and  the 
place  where,  and  direction  in  which,  it  should  be  made. 
AVlicn  the  cban.ire  is  made  from  one  assistant  to  another, 
the  latter  should  place  his  linger  or  thumb  upon  the 
artery  immediately  above  or  below  tliatof  the  one  whom 
he  replaces,  and  this  one  should  not  remove  his  finger 
until  after  the  artery  is  duly  compressed  by  the  other. 
Ether  or  morphine  should  be  u.sed  when  the  patient  be 
gins  to  complain  of  the  pain. 

Direct  compression  of  the  artery  by  needles  or  wire  or 
forceps,  after  incision  of  the  overlying  parts,  is  a  sub- 
stitute designed  to  arrest  the  current  more  certainly  than 
is  done  by  indirect  pressure,  and  yet  to  avoid  the  ri.sk  of 
secondary  hemorrha.ge.  It  is  to  be  regarded  rather  as  a 
substitute  for  the  li.gature,  and  as  such  lias  become  ntucli 
less  important  since  the  introduction  of  the  catgut  liga- 
ture and  the  antiseptic  method,  although  imder  excep- 
tional circumstances,  as  with  lai'.ue  arteries  and  near  large 
branches,  it  may  still  be  advi.sable  to  resort  to  it.  The 
instances  in  which  the  method  has  been  used  are  uot 
numerous,  and  the  \  arieties  in  the  means  employed  arc 
almost  as  numerous  as  the  cases.  Acupressure,  after 
use  in  a  very  few  cases,  seems  to  have  lieen  entirely 
abandoned.  iMr.  Bickersteth  *  compressed  the  innominate 
with  a  leaden  wire  drawn  loosely  around  it;  the  wire 
broke  on  the  second  day ;  a  li.gature  was  then  applied, 
and  the  patient  died  of  hemorrhage  on  the  sixth  day. 
Jlr.  Dix"  cured  an  aneurism  of  the  carotid  and  another 
of  the  femoral  liy  iitissing  .a  wire  under  the  vessel,  bring- 
ing both  ends  out  through  the  tissues  at  the  .sicU' of  the 
wound,  and  twisting  them  over  a  |iiece  of  cork  tightly 
enough  almost  to  stop  the  inilsation.  The  wire  was 
tiiiliteiied  on   the  third  dav  and  removed  on  the  tiflh  or 
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sixth.  Porter'"  compressed  the  iuuominate  fur  three 
days  with  an  iiistniiiieiit  reseniliHiisr  a  small  litholrite: 
fatal  hemorrhajje  from  the  vessel  at  the  point  eompres.sed 
occurred  on  the  tenth  day.  Robert  Persse  White  "  com 
pressed  the  <-.\terual  iliac  for  one  liiin<lreil  and  si.\ty-two 
hours  with  ii  modilied  form  of  Porter's  instrument,  and 
thereby  cured  an  injiuinal  aneurism.  Dr.  \V.  Stokes.  .Ir, 
compre.sseil  the  abdominal  aoitawith  a  silver  wire  liirhl 
ened  over  a  rin,;r.  after  a  plan  recommended  by  I'orler. 
and  Mr.  Holmes  says  the  vessel  was  so  firmly  closed  after 
pressure  for  il  few  hours  that  at  the  au1oi)sy  water  could 
not  be  forced  through  it;  the  patient  died  of  ](erilonilis. 

Mr.  McGill '■' compressed  the  first  portion  of  tiie  left 
subclavian  w  ith  ordinary  torsion  lorceps;  after  nine  and 
one  half  hours  the  aneurism  was  solid  and  pulseless,  and 
the  instrument  was  r<'moved.  The  palii'nt  died  of 
pleurisy,  the  iili'uni  having  l)een  openi'd  durin.g  tlie 
oiienition:  jirevious  to  this  operation  the  aneurism  had 
been  nuich  benetited  by  galvano-pimclure. 

('■)  ('ompres.siou  by  Esmarch's  elastic  bandage.  This 
metliod  was  first  employed  in  1875  by  Dr.  Walter  Keid, 
of  the  liritish  iiayy.  iji  a  case  of  ]ioplileal  aneurism. 
The  bandage  was  aiiplied  ti.ghtly  to  the  leg,  loosely  over 
the  tumor,  and  then  lightly  over  the  lower  third  of  the 
thigh;  then  the  cord  was  put  on  and  the  bandage  re- 
moved. At  the  expiration  of  fifty  minutes  tlie  ]iain  bad 
become  so  great  that  the  cord  was  removed,  two  Carle's 
compres.si>rs  on  tlie  u])per  portion  of  the  femoral  artery 
having  been  substituted.  At  the  ex]iiration  of  three 
hours  from  tlu^  commi'ncement  the  aneurism  was  foimd 
to  be  pidseless;  intermittent  pressure  was  kept  up  for 
I  wo  days,  and  then  tlie  iiatient  was  pronoiinci'd  cured. 
The  condition  of  the  parts  found  at  the  death  cjf  the 
patient  a  few  mouths  later,  and  the  method  by  which 
this  trealmenl  aiipears  to  effect  a  cure,  have  bei'ii  de- 
scribed above.  In  Jaiiuaiy.  1881,  I  collected  (i','  cases 
treated  by  this  method.'- which  may  be,grou|ied  in  tliree 
classes,  according  to  ditTerences  in  detail.  In  the  first 
class,  ii'2  cases.  Dr.  Reid's  method  was  followed  exactly 
or  very  closelj- ;  in  the  second  class.  T)  cases,  the  rulilier 
tubing  or  tlii'  elastic  bandage  wa.s  used  repeatedlv  and 
alternately  with  the  touini(iUv't  or  digital  pressure  t.o 
arrest  the  circulali<in  forse\eral  hours;  in  thethird  class. 
.")  cases,  the  bandage  was  u.sed  for  a  short  time  daily  for 
many  successive  days,  without  any  comp.ressioii  <if  the 
artery  in  the  intervals,  or  wilh  a  tourniquet  loosely 
ajiplied.  In  the  first  class  there  were  "JS  cures.  i'J  fail- 
ures, and  2  deaths;  and  of  the  cures  24  were  obtained  by 
a  siiigh^  attempt  continued  for  about  an  lioiu  on  th'' 
average,  tlie  extremes  of  time  being  fifty  minutes  and 
three  and  one  half  hours,  and  4  by  two  attempts  each, 
separated  by  an  interv;d  of  from  one  to  four  days. 
After  the  removal  of  the  bandage  the  artery  was  com 
])ressed  with  a  tourniquet  or  the  fingers,  usually  for  a 
lew  hours,  but  in  one  case  for  only  one  hour,  ami  in  an 
another  for  five  days.  In  3  or  3  cases  iiuLsalion  re 
turned  in  the  aneurism  on  the  following  day,  and  was 
then  definitely  arrested  by  compression  for  a  few  hours. 
In  U  of  the  i2  failures  the  same  method  was  used  in 
nineteen  dilTerenl  alti'mpls;  in  the  remaining  HI.  with 
eighteen  attemiits.  no  ]iressure  seems  to  have  been  made 
iitlertlH'  removal  of  llie  bandage.  In  at  least  oof  the 
rj  the  method  was  skilfully  employed,  with  every  de 
tail  used  in  most  of  the  successful  cases;  they  show, 
therefore,  when  ailded  to  the  28cases  treated  successfully 
by  this  method,  that  it  maybe  expected  to  fail  in  at  least 
1.')  per  cent,  of  the  cases.  As  for  the  remaining  fail 
ures,  there  is  some  reason  to  suppose  that  the  method 
was  not  carried  out  wilh  as  much  care  and  attenlion  to 
details  as  it  was  in  the  others. 

A  very  important  faci  is  that  the  method  apjiears  not  to 
involve  any  serious  risk,  and  not  to  diminish  Ibe  chances 
of  success  if  resort  is  subsequently  had  to  the  ligature 
Of  the  two  fatal  ca.sos,  in  one  the  banda.ge  was  applie<l 
twice  with  an  interval  of  three  days,  and  retained  in  the 
last  trial  for  nearly  eight  hours.  The  palicnt  died 
twentyseven  hours  afterward  with  symptoins  of  liearl 
failure  or  shock,  the  dorsum  of  the  fool  leinainiu!:  cold. 


In  the  other  the  aneurism  (of  the  anterior  tibial  artery) 
had  ruptured  exiernally.  and  amputalion  was  stronglv 
urged,  but  refused  by  the  patient;  gangrene  of  the  foot 
and  lower  ])arl  of  the  leg  tollowed.  an<l  tin-  i)atieul  died 
during  the  second  week.  Thecircunistaiices  in  each  case 
were  (|uite  exceptional.  .Mr.  Bryant  applied  the  band- 
a,i:e  twice  for  three  Ikjui-s  each  lime,  with  an  interval  of 
four  days,  in  a  case  of  po[iliteal  aneurism  in  a  man  forty- 
live  y<>ars  old.  A  fortnight  after  the  s<-ciiud  attempt  he 
lied  the  femoral  artery  with  catgiil.  the  wound  healed 
liy  immediate  union,  but  "aiuemic  gangrene"  followij 
and  llu;  leg  was  amputated.  This  is  the  only  instance 
of  gangrene  in.  the  Hi  cases  in  wiiicli  the  ligature  was 
resorted  to  after  the  bandage  had  failed  to]iroduce  a  cure. 

Tli('  conclusion  to  be  drawn  from  all  these  cases  seems 
to  b(^  that  we  liaAc  in  the  elastic  bandage  an  efficient 
means  for  safely  shortening  th<'  duration  of  the  trealnienl 
by  compression  of  po]ilileal  and  some  femoral  aneurisms. 
The  greater  elliciency,  the  more  speedy  action  of  the 
method  is  ajiparently  ilue  mainly,  if  not"  entirely,  to  the 
arrest  of  tint  circulation  through  the  collateral  channels 
as  well  as  through  the  main  artery,  thus  securing  abso- 
lute stagnalionof  the  cimicnisof  the  sac.  Cousecpiently 
tli(!  rul)ber  tubing,  which  is  drawn  tightly  twice  or  three 
times  about  the  limbabove  the  aneurism,  is  to  be  deemed 
the  I'llicient  part;  and  the  pilncipal,  |)erhaps  the  sole 
benelit  from  the  bandage  is  that  (d'  making  a  less  severe 
constriction  by  the  tubing  sullicient. 

The  method  of  carrying  out  this  proceilure  is  simple; 
thus,  in  popliteal  aneurism,  the  baiida,ge  should  be  aji- 
|died  tightly  to  the  leg,  loosely  over  the  aneurism,  and 
tightly  iigain  above  it.  and  the  banda.ge  or  the  tubing 
should  be  kept  in  ]dace  for  one  or  two  hours;  then  the 
artery  should  be  compressed  by  a  tournicpiet  or  the 
fingers  forseveral  hours jifterward.  the com]U'essioii  being 
(icc;isioiially  intermitted  for  a  moment  to  .see  if  pulsation 
returns  in  the  sac.  If  ])ulsation  returns  within  a  few- 
hours,  the  artery  must  be  again  comiu-es.sed.  The  intro- 
duction of  needles  or  a  coagulating  injection  might  be 
projier  in  coniKction  with  a  .second  trial  after  a  failure 

('/)  Comiuessiciri  by  llexiun  of  the  limb.  Wh.-n  an 
aneurism  is  situated  at  the  bi'iid  of  a  joint,  pulsation  in 
it  may  sometimes  lie  diminish<-d  or  arrisled  by  fiexion  of 
the  joint.  :uid  this  fact  has  been  oceisionally  utilized, 
eilhi-ras  the  |>riiicipal  means  of  Ireatmerit  or  as  an  ad- 
juvant thereto. 

The  method  appears  to  have  liecn  first  suggested  by 
Klcurv,  a  French  surgeon,  in  a  jiajier  published  in  the 
.hill nidi  lie  ('hinirfjif.  in  184(),  as  an  inference  from  his 
success  in  curing  a  wound  of  the  brachial  artery  at  the 
elbow  by  llexion.  In  \XT)2  the  suggestion  was  put  into 
]uacticc  by  Thierry  in  a  case  of  traumatic  aneurism  at 
the  elbow,  and  in  l^ioT  a  large  popliteal  aneurism  was 
cured  by  llexion  of  the  knee  by  Mauuoir.  of  Geneva, 
lie  tried  at  first  to  keep  the  leg  forcibly  fiex<'d  upon  the 
thigh,  lull  the  patient  could  not  endure  the  pain,  so  he 
had  to  be  content  with  keeping  it  partly  fiexed  by  a 
strap  crossing  tlu'  shoulders,  while  the  jiatient  went 
about  on  crutclK'S.  This  was  kept  upaboul  three  weeks, 
at  tbeendof  which  time  the  tumor  had  ceased  to  ]iulsate. 

Flexion  has  bci'u  used  suc'ccssfully  in  aneurisms  of  the 
popliteal  art<'ry.  at  the  groin,  and  at  the  elbow.  Of  4!> 
<-a.ses  of  jioplileal  aneurism  treated  by  fiexion.  analyzed 
by  Liegeois,  2(>  were  cured,  in  11  of  which  fiexion  alone 
was  use<l.  in  11  others  fiexion  in  combination  with  other 
means,  and  in  4  fiexion  after  other  means  had  failed.  It 
was  tirst  used  at  the  groin  by  Dr.  (iunlon  liuck'^  at  the 
New  York  Hospital  in  an  aneurism  which  had  recurred 
sixteen  months  after  apparent  <'ure  by  comiuession. 
Pressure  on  the  external  iliac  did  not  arrest  the  pulsa- 
tion, and  flexion  was  trie<l  as  the  only  alternative  for 
treatment  by  laving  ojien  the  sa<-.  In  ,a  case  of  inguinal 
aneurism  treated  by  Dr.  Eldridge  of  Yokohama,  a  cute 
was  obtained  by  keeping  the  thigh  Ili'Xed  upun  tlie  pel- 
vis for  twenty  days. 

In  making  use  of  the  nielhod  il  seems  lo  be  u-uallv 
necessary  to  carry  the  llexion  to  a  point  at  iv  liich  it 
markedly  dimiuishes  the   jiulsation  in    the  tumor,  and 
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]icrliaps  arrests  it  entirely,  and  tlioii  to  keep  the  limb  in 
this  position  for  a  loni;'  time  by  snilablc  bandages  or  ap 
paratus.  It  is  well,  also,  in  popliteal  aneurism,  to  band- 
age the  leg  up  to  the  knee  to  prevent  swelling.  The 
merits  of  the  method  lie  in  the  faeilKy  with  whieh  it  can 
be  carried  out.  unil  in  tlie  freedom  from  the  chance  of  ac- 
cidents if  care  is  taken  not  to  make  too  forcible  ])ressure. 

3.  Permanent  arrest  or  obstructi<>n  of  the  stream  on 
the  distal  side. 

(</)  By  distal  ligature  (Brasdor's  and  Wardrop's 
methods).  Distal  ligature,  lirst  suggested  by  Brasdor 
and  Desault  toward  the  end  of  the  ciglitcenth  centiUT, 
was  first  performed  by  Deschamps  in  t7i)S;  the  femoral 
artery  was  tied  in  the  middle  of  the  thigh  for  tlie  cure  of 
a  large  aneurism,  thi'  upper  burder  of  wliicli  was  less 
than  a  liuger's  breadth  below  Pouparl's  ligament.  As 
rupture  of  the  sac  threatened  on  the  fourth  day.  the 
artery  was  comju-essed  on  the  pubis,  the  sac  opened,  and 
tlie  vessel  tied  above  and  below;  the  patient  died  eight 
hours  afterward.  The  operation  was  next  jierformed  by 
Sir  Astley  Cooper,  who  tied  the  common  femoral  artery 
below  the  epigastric  for  a  large  anem-ism  of  the  external 
iliac:  the  patient  recovereil  from  the  operation,  but  the 
aneurism  continued  to  pidsate  anil  soon  afterward 
ruptured.  In  l!S'.2.")  Wardrop  obtained  the  lirst  success, 
tying  the  common  carotid  on  the  distal  side  of  a  large 
aneurism  in  a  woman  lifty-seveu  years  old.  Wardrop's 
eflforts  to  popularize  the  o]5eration.  and  especially  his 
extension  of  it  to  aneui'isms  of  the  innominate  artery, 
have  permanently  assoi-iated  his  name  with  it  as  distinc- 
tive of  that  torm  in  wliich  the  current  is  not  completely 
arrested,  but  continues  only  through  branches  given  oil' 
from  the  artery  between  the  ligature  and  the  sac;  while 
(he  name  of  Brasdor  is  given  to  that  form  in  which  there 
Jire  no  such  branches  and  the  arrest  of  the  ciuTent  is 
complete. 

The  operation  is  jiractically  limited  to  aneurisms  at 
the  root  of  the  neck,  those  of  the  coimnon  carotid,  sub- 
clavian, and'  innominate.  In  some  cases  in  which  an 
aneurism  of  the  arcli  of  the  aorta  has  been  mistak<-n  for 
an  innominate  anetnism.  and  the  carotiil  and  the  sub- 
clavian in  its  tliird  |)ortion  have  been  tied,  marked  relief 
of  syiuptoms  has  followed,  and  in  two  or  three  cases  the 
left  "carotid  has  been  tied  for  recognized  aortic  aneurism. 
The  operation  lienetits  by  arresting  in'  retarding  the  cir- 
culation in  the  vessel  and  sac  and  thus  favoring  the 
formation  of  a  laminated  clot.  TheaTificipation  that  the 
pressure  witliin  the  sac  would  be  increased  by  the  distal 
ligature  has  proved  imfiumded.  and  the  tirst  etTect  of  the 
operation  has  often  been  an  immediate  decrease  in  the 
size  of  the  aneurism  and  in  the  force  of  its  pulsation. 

The  proportion  f)f  successes  jirevious  to  the  introduc- 
tion of  the  antiseptic  ligature  was  very  small,  but  with 
the  introduction  of  this  form  of  ligature  the  operation 
aiijiears  to  have  entered  ujion  a  new  career  of  usefulness 
and  of  applicability  1o  cases  that  have  heretofore  lieen 
beyond  aid  by  surgical  art.  In  eight  cases  of  ligature  of 
the  carotid  and  subclavian  for  innominate  aneurism  in 
whieli  catgut  was  used.''  death  was  caused  by  tlie  oper- 
ration  in  only  one,  and  other  successes  have  been  since 
reported.  It  is,  of  course,  less  certain  in  its  action  than 
ligature  on  the  proximal  side,  and  its  use  will  therefore 
be  restricted  to  cases  in  which  the  proximal  ligature  or 
compression  is  impossible  or  too  dangerous — in  other 
words,  toanriiiisms  at  the  root  of  the  neck,  and  iierhajis 
of  the  external  or  common  iliac.  It  is  to  be  iudgcd  nol 
by  comparison  of  its  |iroportiou  of  successes  with  that  of 
other  methods,  but  rather  as  a  grave  alternative  in  a 
limited  class  of  cases  that  are  open  to  few  other  means 
of  treatment,  and  that  lead  inevitably,  if  left  to  them- 
selves, to  prompt  and  certain  death. 

(i*  Manipulation  or  mal.'ixation  of  the  aneurism.  This 
method,  introdiu-ed  liy  Ferguson  in  IS.")'..'  and  employed 
twice  by  him.  rests  u|ion  the  same  |irinciple  as  the  distal 
ligature — arrest  or  diminution  of  the  current  by  an  ob- 
.stacle  placed  upon  the  distal  .side  of  the  .sac.  In  this 
method  the  obstacle  is  a  fragment  of  old  clot  mechani- 
cally disjdaccd  from  the  wall  of  the  sac  and  lodged  with- 


in the  artery.  This  displacement  of  a  clot  is  thought 
to  be  the  mechanism  by  which  many  of  the  so-called 
spontaneous  eiu'cs  have  been  obtained.  The  conditions 
essential  to  its  employment  are  the  presence  of  enough 
laminated  clot  in  the  sac  to  make  the  detachment  of  a 
piece  of  snllicicnt  size  possible  and  practicable  by  ex- 
ternal manipulation,  and  the  impossibility  of  .safely  re- 
sorting to  other  methods  of  treatment.  The  latter  con- 
dition limits  the  method  to  a  .siuall  ntimber  of  cases, 
mainly  those  situated  upon  the  subclavian  artery.  It  is 
inapplicable  to  those  situated  upon  the  carotid,  because 
of  the  certainty  that  small  fragments  will  pass  into  the 
arteries  of  the  brain  and  become  cerebral  emboli,  with 
consequent  paralysis.  This  accident  has  been  observed 
also  in  cises  of  aneurism  of  I  he  right  subclavian  treated 
in  this  manner,  and  in  one  of  the  arch  of  the  aorta,  men- 
tioned aliove.  in  which  the  projecting  sac  was  pressed 
back  through  an  opening  in  the  sternum.  Rupture  of 
the  sac,  which  has  been  feared  on  theoretical  groimds, 
has  not  occurred  in  any  of  the  reported  cases. 

In  a  case  re]iorted  by  Mr.  Little,  the  result  was  most 
satisfactory,  and  the  method  deserves  all  the  more  credit 
from  the  fact  that  ap])arently  no  other  coidd  have  been 
employed  with  any  hope  of  success.  The  patient  was 
fifty -three  years  of  age.  the  aneurism  was  of  the  right 
subclavian,  had  lastetl  nine  nionths,  was  of  considerable 
size,  and  pulsated  strongly:  the  overlying  skin  was  in- 
flamed. January  1.  IS,")!!,  ^Mr.  Little"'  made  steady 
pressure  with  the  thumbs  on  the  .sac,  and  .succeeded  in  dis- 
placing some  of  the  clot  and  directing  it  toward  the  distal 
opening.  During  the  first  two  days  no  change  ■was 
noticed;  on  the  third  the  ])ulse.  at  the  wrist,  was  weaker 
and  the  arm  colder,  and  by  tlie  tenth  day  no  pulsation 
could  be  felt  in  any  of  the  arteries  of  the  arm.  The 
tumor  became  gradually  solid  and  ceased  to  ]iul.sate.  and 
shrunk  to  the  size  of  a  small  walnut.  The  arm  remained 
cold  and  partly  paralyzed  for  a  time,  but  a  year  after 
the  operation  the  cure  was  complete  and  satisfactory  in 
ever}'  respect. 

4.  Rapid  coagulation  of  the  blood  in  the  sac,  with  or 
without  temporary  arrest  of  the  stream. 

('0  Coagulating  injectiims.  This  also  is  a  method  of 
very  limited  applicability:  it  can  be  used  only  as  an  ad- 
juvant to  other  methods,  or  in  exceptional  cases.  8s  of  re- 
currence orof  pouched  aneurisms.  Dr.  Jo.seph  C.  Hutchi- 
son, of  Brooklyn,  employed  it  unsuccessfully  in  a  case  of 
aneurism  of  the  abdominal  aorta.  It  has  been  con.sidered 
essential  to  its  u.se  in  the  treatment  of  an  anenrism  of  the 
common  or  encysted  variety  that  the  circulation  through 
the  sac  should  lie  completelv  commanded  during  the  in- 
jection and  for  some  time  thereafter,  but  if  this  condition 
can  be  ftilfilled.  treatment  by  distal  or  proximal  com- 
pression or  ligature  will  usually  be  possible.  In  certain 
other  varieties,  as  cirsoid  aneurism  and  varicose  aneurism 
at  the  elbow,  it  has  yielded  good  results. 

The  coagulating  substance  li;is  almost  alwaj'S  been  a 
solution  of  an  iron  salt,  the  sulisulphate.  lactate,  or  pcr- 
chloridc.  The  coagulating  jio'wer  of  the  latter  is  great, 
but  so.  too,  are  its  eseharotic  qualities,  and  its  use  has 
commonly  been  followed  by  suppuration  of  the  sac.  A 
strength  of  20"  Beaume  seems  to  be  as  great  as  should  be 
used,  and  the  quantity  is  set  by  Holmes  at  eighteen  or 
twenty  droits  for  an  anenrism  of  the  size  of  three  and  one- 
half  ounces.  Van  Buren  thought  the  preference  should 
be  given  to  thesubsuliihalc.  which  is  not  at  all  eseharotic. 
Dr.  Hutchison  made  nine  injections  of  from  live  to  fifteen 
minims  eaih.  in  a  case  of  recurrent  femoral  aneurism, 
without  obtaining  any  benefit  or  causing  any  irritation; 
the  strength  of  the  solution  varied  from  one  in  five  to 
one  in  thirty.  In  a  case  of  aneurism  of  the  innominate, 
for  which  Dr.  Eliot''  tied  the  carotid  and  subclavian 
arteries,  ten  and  onehalf  drachms  of  a  solution  of  the  sub- 
sulphate  were  injected  on  the  seventeenth  day  after  the 
operation  to  arrest  hemorrhage  from  the  s^ic.  This  was 
followed  by  a  discharge  of  bloody  serum  for  three  days, 
and  protrusion  of  a  dry  clot,  which  fell  out  on  the 
twenty  fourth  day,  leaving  a  large  cavity,  from  which 
fatal  hemorrhage  took  place  on  the  twenty-sixth  daj'. 
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Hydrate  of  cliliiral  ha.'i  been  reeently  recomniendeil. 

(It)  Introduetioii  of  solid  bodies.  A  few  attempts  have 
been  made  to  induce  eoajrulation  of  the  Ijlood  in  an  an- 
eiirisiuby  permanently  or  temjiorarily  introdueiiiir  foreiL'n 
bodies,  such  as  wire,  needles,  liorseliair,  eatirul.  The 
method  rests  n|)on  the  well-known  facts  that,  if  freshly 
drawn  blood  is  whipped  with  a  bundle  of  line  rods.  Ih<' 
librin  collects  ujion  them,  and  that  lirm  clot  forms  upon 
a  foreiijii  body  introduced  into  an  artery  or  vein.  ^Vith 
one  or  two  exceptions  these  attemiits  liave  been  made 
upon  aneurisms  that  were  not  open  to  treatment  by  any 
of  the  metliods  of  li^'atiire  or  compression,  such  as  aneu 
risms  of  the  aorta  and  subclavian.  The  lirst  case  of  iier- 
maiieiit  introduction  was  that  of  i\Ir.  Moore;  the  Jirst,  of 
lcm])orary  introduction  of  needles,  those  of  Ui//oli  and 
.\hila,!;o. 

Jloore's  case  was  a  large  aneurism  of  the  arch  of  the 
aorta,  which  had  destroyed  part  of  the  bony  wall  of  the 
thorax,  and  threatened  to  ruplun'  the  skin.  lb' intro- 
duced, throujjh  a  tine  cannida,  twenty-six  yards  of  fine 
iron  wire,  movinir  the  point  of  the  cainuila  about  so  as  to 
coil  the  wire  within  fhc' sac.  Coa.a'ulation  promptly  fol 
lowed,  and  pulsation  ceased  for  a  time,  but  iiillammation 
set  in,  pulsjition  returned,  and  the  patient  died  on  the 
fifth  day.  The  larjre  pouch  outside  the  wall  of  the  chest 
contained  the  wire  emliediled  in  a  lirm  clot,  which  ex- 
tended also  into  the  inner  pouch  and  the  artery.  The 
openini;  between  the  sac  and  the  aorta  was  about  half  an 
incli  in  diameter. 

Kizzoli's  first  case  was  an  aneurism  at  the  elliow  :  ihe 
bleeding  which  followed  the  withdrawal  of  the  needles 
be  inserted  was  so  profvise  that  the  limb  was  at  onceam- 
putnted.  His  second  case  was  an  ilio-femoral  aneurism, 
and  after  failure  of  digital  compression  he  introduced 
six  needles  in  such  a  manner  that  their  points,  crossing, 
formed  a  sort  of  lattice  within  the  sac.  Two  were  with- 
drawn on  tlie  third  day,  the  others  on  the  fourth.  The 
tumor  had  become  smaller  and  tinner,  and  the  pulsition 
was  less.  No  further  change  talking  place,  instrumental 
pressure  was  made,  and  effected  a  cure.  .Malago's 
operations  were  upon  popliteal  aneurisms  in  lS."i(l,  ls."iO, 
ami  lS."i."),  and  all  terminated  fatally. 

March  2:!.  ll^Tl,  Dr.  Domville  introduceil  fourti-en 
inches  of  line  iron  wire  into  an  anevirism  of  theaorta  that 
projected  through  the  sternum:  the  tninor  became  tinner 
but  continued  to  increase,  and  on  April  !ith  be  intro 
duced  nine  needles,  each  two  and  one-half  inches  long; 
fatal  henuirrhage  occurred  on  the  23d.  The  ?ieeilles  and 
the  wire  were  foun<l  embedded  in  a  "dark,  fibrinous 
coaguluin.'' 

In  .Vjjril.  1S72,  ^Ir.  ^lurrax"  presi'nted  a  iiatieiit  to  the 
Royal  .Medical  and  Chirurgical  Society,  and  read  an 
accoimt  of  three  other  cases,  all  treated  by  this  mi  thod. 
In  the  Hrst  case,  aneurism  of  the  aorta  and  iimominate, 
eighteen  or  twenty  needles  were  introduceil  and  left  in 
for  twenty-fonrhours;  then  twenty-four  feetof  wire  was 
inserted.  The  patient  bad  no  bad  sym])tonis.  but  died 
suddenly  a  fortnight  after  the  last  attempt.  In  thi' 
second  case  (aneurism  of  the  aorta)  needles  were  inserted 
twice;  erysijielas  began  at  the  punctures  anil  caused 
death.  In  the  tliiril  case  (aneurism  of  aorta  and  imioini 
naie)  twenty  feet  of  catgut  was  inserted:  at  tlie  auto])sy 
it  was  found  softened  and  with  no  coagnla  upon  it.  The 
biurth  case,  the  one  shown  to  tlie  Society,  was  a  saccular 
aneurism  of  the  subclavian.  Five  or  six  trials  of  com 
plete  transfixion  with  twenty  or  thirty  long  needles  for 
several  hours  were  followed  each  time  by  consolidation, 
lesseinng  of  size,  and  relief  of  pain. 

Horsehair  has  been  introduced  by  Dr.  T.evis  (twenty 
four  b'ct  inne  inches)  into  an  aneurism  of  the  riglit  sub 
clavian — death  occurred  a  few  weeks  afterward:  liy 
Rryant  (thirty  feet)  in  a  rapidly  growing  po))liteal  aneu- 
rism in  a  patient  affected  with  ulcerative  endocarditis, 
"with  the  cfTect  of  causing  almost  complete  con.solida 
fion  of  the  ttnnor":  and  by  myself  in  a  case  of  ilio- 
femoral aneurism  in  which  other  treatment  was  refused 
(about  fifteen  pieces,  each  six  inches  long),  williout  aiiv 
efleet. 


In  .binuary.  IS?',).  Mr.  Christopher  Heath  introduced 
thrie  pairs  of  fine  sewing  needles,  making  each  pair 
cro,ss,  into  an  aneurism  of  the  left  subclavian,  for  which 
he  had  amputated  at  the  shoulder  joint  two  months  pre- 
viously. The  needles  were  withdrawn  on  the  fifth  day 
and  the  tumor  became  solid.  The  patient  died  a  few 
days  later  of  bronchitis,  and  the  aneurism,  which  had 
been  caused  by  fracture  of  the  first  rib  five  months  l)e- 
fore,  was  fotmd  full  of  dense  fibrin  and  connuunicating 
with  the  artery  liy  a  very  small  opening. 

It  does  not  appear  from  the  history  of  these  cases  that 
the  interb'rence  is  likely  to  do  any  great  harm,  or,  on  the 
other  hand,  that  nuich  benefit  may  lie  ex])ected  from  it, 
and  therefori'  it  should  be  used,  if  at  all.  only  when  olher 
means  are  unavailable  and  as  a  last  resource  in  desperate 
cases. 

('•)  Galvano-iiunclure.  In  this  method  the  constant 
.iialvainc  current  is  employed  to  produce  rapid  coa.irula- 
lion  of  the  blood  in  the  sac.  The  details  of  the  o]ieration, 
as  employed  in  different  cases,  vary  greatly.  Sometimes 
a  single  pair  of  insidated  needles,  one  connected  with  the 
positive,  the  other  with  the  negative  pole  of  the  liattery, 
are  introduced  into  the  sac  near  each  other,  and  the  cur- 
rent passed  directly  through  the  intervening  blood  from 
one  to  the  other;  or  several  needles  are  connected  with 
each  pole  and  used  in  the  same  manner;  or  needles  are 
eomiecled  with  one  pole  only,  and  a  spon.ge  connected 
with  the  other  and  placed  on  the  skin  near  by.  When 
needles  are  connected  with  one  poll'  only,  it  is  commonly 
the  positive  pole:  but  sometimes  the  current  is  repeated- 
ly reversed  during  the  operation,  and  occasionally  the 
negative  pole  alone  has  been  coimected  with  the  needles. 
The  strength  of  the  current  as  emfiloyed  in  the  different 
cases  has  v:iried  greatly,  as  has  also  the  length  of  titne 
during  which  the  application  has  been  made. 

Ijikc  both  the  preceding  methods  of  producing  eoa.ifula- 
fion  by  direct  action  ujiou  the  blood  in  the  s;ic,  juid  like 
most  of  the  other  exceptional  methods,  this  luethod  ree- 
otmnends  itself  oidy  in  cases  that  are  not  amenable  to 
less  dangerous  and  more  certain  methods.  Inflammation 
of  the  sac  and  the  formation  of  eschars  about  the  needles, 
which  were  feared  and  b;n  e  sometimes  occurred,  can  be 
iiuite  surely  avoided  by  care;  but  the  pmictures  some- 
times  suppurate,  anil  clotting  does  not  always  take  place 
loasullicient  extent  to  cure  or  even  to  relieve.  .\  few 
strikingly  good  results  have  been  obtained  in  cases  of  in- 
ternal aneurism,  either  in  effecting  an  ai)parently  perma- 
nent cure  or  in  averting  immediate  death  by  rupture. 
It  has  also  cured  some  cirsoid  and  arterio-venous  :ineu- 
risins. '' 

The  wei.iiht  of  experience  is  in  favor  of  using  several 
needles  connected  with  the  positive  pole  of  a  baltery  of 
high  tension,  and  of  p.issing  the  current  for  an  hour  or 
two. 

.■).  I'romotion  of  the  formation  of  a  laminated  clot  by 
irritation  of  tbeu;ill,  "  neidling."  This,  recently  intro- 
duced by  Macewen,  has  led  in  a  number  of  cases  to 
marked  reduction  of  the  sym|)tomsand  even  aiiparent 
cure.  .V  long,  stitT needle  is  pushed  through  the  .sac  until 
its  point  reaches  the  opposite  side  where  it  is  moved  to 
and  fro  so  as  to  scratch  the  surface.  By  changing  its 
direction  several  areas  may  be  thus  irritated  without 
withdrawal  and  reintroduction  of  the  needle. 

Tntiinnifir  Am'tr/sni.ti:it/  /i'/j>ft/tr  of  ttii  Arttri/. — A 
traumatic  iineurism  is  one  which  owes  its  fonnation 
to  a  wound  of  the  artery  that  has  divided  all  its  coats,  or 
to;in  injury  (stretching,  bruisingi  that  has  divided  one 
or  more  of  ihetn.  The  comtnon  cause  is  a  penetraling  or 
punctured  wound;  less  common  causes  are  overstretch- 
ing in  the  neighborhood  of  a  joint  and  fracture.  The 
continuity  of  the  luMery  is  usually  not  entirely  destroyed, 
and  while  .some  of  its  blood  escaiies  into  the  adjoining 
tissues  the  remainder  continues  within  it  and  is  dis- 
tributed through  its  branches.  The  elfu.sed  lilood  is  in 
part  absorbed,  and  in  part  coa.irulafes;  and  altera  time 
a  distinct  sac  forms  about  it,  by  condensation  of  the 
tissues,  and  it  then  differs  in  no  essential  way  from  the 
conunon  encysted  form  of  aneurism.     Its  symptoms  and 
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its  subseqiKiit  couree  are  then  the  same,  but  during  the 

stsi.ffp  of  fonimtion  of  the  sac  the  conditions  present 
symptoms  of  iliiiii^ers  jieculiar  to  itself.  'I'liere  is  tlie 
history  of  tlie  injury,  absence  or  diminution  of  judsation 
in  distal  branches,  local  swellini;  and  ecchymosis.  and 
sonielimes  marked  lowering  of  the  temperature  of  the 
limb.  There  is  usually  a  bruit  but  no  pulsation  in  the 
swelling  at  first,  but.  after  the  sac  has  formed,  the  expan- 
sive pulsiilion  characteristic  of  an  aneurism  is  present. 

During  the  formative  stage  of  the  s;ic  tlie  injury  is 
peculiarly  amenalile  to  treatment  by  dirirt  pressure  at 
the  seat  of  injury;  and  often  after  the  sac  has  formed  a 
cure  may  be  effected  by  the  same  means.  This  is  the 
one  important  practical  point  of  difference  between 
travunatic  and  spomaueous  aneurisms. 

"When  the  injury  ij  associated  with  fracture  of  a  bone 
the  immediate  treatment,  unless  the  symptoms  are  very 
alarming,  should  be  confined  to  securing  tlie  repair  of  the 
fracture  and  to  liniitiiig  the  e-\tra\asati(Ui  of  blood  by 
suilalile  pressure,  and  the  treatment  of  the  aneurism 
should  be  postponed,  if  possible,  until  after  the  bone  has 
united.  The  presence  of  tlie  e.\tra\'asated  blood  is  not  a 
serious  obstacle  to  this  repair,  while  the  conversion  of 
the  fracture  into  a  compouud  one  by  an  incision  made  to 
secure  the  wounded  artery  may  have  very  serious  con- 
sequences. 

Exceptionally,  the  extravasation  may  be  so  free  as  to 
endanger  the  vitality  of  the  limli  by  its  interference  with 
the  circulation,  and  under  sucli  circumstances  the  surgeon 
may  be  compelled  to  turn  out  the  clots  and  .secure  the 
vessel,  or  even  to  amputate.  This  is  much  more  likely 
to  be  the  case  in  eom])lete  rupture  f>f  the  artery,  when 
none  of  the  blood  Inought  by  the  artery  is  carried  past 
the  injury  into  its  distal  branches,  but  all  is  poured  out 
into  the  tissues,  and,  being  biuiud  down  by  the  envelop- 
ing fascia,  exerts  a  jiressure  which  cheeks  the  venous 
fiow  and  ])revents  the  estalilishment  of  collateral  circula- 
tion. This  condition  is  eliaracterized  by  great  and  uni- 
form swelling,  absence  of  pulse,  and  notable  loss  of  tem- 
perature in  the  limb. 

11.  Artekio-Venois  Aneuuism. — When  an  abnormal 
direct  communication  is  established  between  the  trunk 
of  an  artery  and  that  of  a  neighboring  vein,  the  condi- 
tion is  known  as  an  arterio-venous  aneurism.  When  the 
two  vessels  remain  in  close  contact,  and  the  Iilood  passes 
directly  from  the  artery  into  the  vein,  the  \'ariety  is 
known  as  aiicin-isiiKil  mri.r,  the  prominent  feature  being 
a  varicose  dilatation  of  the  vein.  When,  on  the  other 
hand,  an  aiieurismal  pouch  is  formed  by  conden.siition 
of  the  adjoining  tissues,  the  variety  is  known  as  a 
■varicose  aneurimn,   or  as  an  arterio-venous  aneurism   in 

t  li  e  n  a  r  r  o  w 
sense.  In  tlie 
great  majoiity 
of  cases  of  vari- 
cose aneurism 
t  h  e  aneurismal 
sac  is  intermedi- 
ate between  the 
artery  and  the 
vein,  and  blood 
passes  through 
it  on  its  way 
from  the  former  to  the  latter.  Broea  describes  a  suli- 
variety,  in  which  the  artery  and  vein  communicate  di- 
rectly with  each  other  and  there  is  an  aneurismal 
pouch  lying  on  the  opposite  side  of  the  artery.  Prob- 
ably the  distinction  could  not  be  made  during  life.  In 
some  of  the  classifications  any  case  that  jiresents  a  dis- 
tinct aneurismal  tumor,  whether  enclosed  by  a  sac  of  new 
formation  or  by  one  formed  by  circumscribed  dilatation  of 
the  vein,  is  called  a  varicose  aneurism:  but  the  latter 
variety,  that  in  which  the  aneuri.sni  is  formed  by  dilata- 
tion of  the  vein,  .seems  to  lie  nnicli  more  closely  allied  in 
every  way  to  aneurismal  varix. 

Tlie  common  cause  of  this  alTeclion  is  a  wound  involv- 
ing both  the  artery  and  the  vein;  but  in  sonir  lascsthc 
communication   forms  bv  ulceration  uf  the  wull  of  the 
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vein  where  it  is  pressed  upon  by  an  aneurism,  and  in  one 
case  (reported  by  Pembcrton  in  Mcd.-Chirurg.  Trans., 
vol.  xliv..  p.  bSO)  an  arterio-venous  aneurism  formed  at 
the  groin  ten  months  after  jirolonged  instrumental  pressure 
had  been  made  at  that  point  to  cure  a  popliteal  aneurism. 
The  most  frequent  cause  by  far,  in  the  past,  has  been 
the  W'ouuding  of  tlic  artciy  in  venesection  at  the  elbow. 
The  cause  in  recent  times  is  a  gunshot  or  stab  wound. 
Another  occasional  cause  is  fracture  of  the  base  of  the 
skull,  by  which  the  carotid  artery  is  torn  in  the  cavern- 
ous sinus.  Spontaneous  formation  by  rupture  of  an 
aneurism  into  a  \'cin  is  rare,  and  almost  confined  to 
thoracic  and  abdominal  aneurisms. 

The  iiathologieal  changes  which  are  fcmd  in  tliis  class 
of  aneurisms  vary  greatly  in  their  details,  according  to 
the  character  and  extent  of  the  primary  injury  and  of 
the  communication  between  the  vessels,  and  to  the  dis- 
tance of  the  vessels  from  the  lieart.  The  princijial  factor 
in  the  production  of  these  changes  is  the  extent  to  which 
the  intraarterial  pi'essure  is  transferred  to  and  exerted 
upon  the  wall  of  the  vein  and  the  aneurismal  sac;  and 
this  is  determined  liy  the  size  of  the  opening  in  the  artery 
and  by  the  resistance  offered  to  the  return  of  the  blood 
through  the  vein  to  the  heart.  Hence,  when  the  com- 
munication is  between  an  artery  and  a  large  venous 
trunk,  such  as  the  internal  jugular,  which  can  readilj- 
carry  away  the  excess  of  blood  almost  as  rapidly  as  it  is 
suiiplied,  the  distending  force  is  not  much  exerted  and 
the  obstructive  changes  in  the  vein  are  slight ;  but  when 
tlie  communication  is  between  an  arteiy  and  a  vein  in 
one  of  the  extremities,  or  in  the  head,  an  immense  aneu- 
rismal pouch  may  be  formed  or  the  veins  may  become 
greatly  dilated  and  varicose.  The  pouch  usually  has  a 
smooth  internal  surface  and  contains  little  or  no  stratified 
clot,  and  when  it  is  foi-med  in  great  part  by  dilatation  of 
the  vein,  the  orifices  of  otlier  veins  opening  into  it  are 
seen  at  various  points,  and  these  veins  are  enlarged  and 
their  walls  thickened. 

The  artery  beloAv  the  point  of  communication  is  smaller 
than  normal,  and  if  it  has  been  entirely  divi(U-d  by  the 
original  injury,  the  loAver  portion  may  be  occluilcd  at 
the  point  of  division;  the  end  of  the  upper  portion  is 
kept  o]ien  by  the  stream  of  lilood. 

The  symptoms  vary  somewhat  with  the  pathological 
changes;  there  may  be  a  well-defined  pulsating  tumor, 
presenting  the  usual  features  of  an  aneurism  and  the 
S])eeial  ones  peculiar  to  this  variety,  or  there  may  be 
simjily  a  diffused  swelling  of  the  region,  or  the  superficial 
adjoining  veins  may  be  markedly  varicose.  The  special 
features  are  the  bruit  and  the  thrill.  The  bruit  is  con- 
tinuous, with  a  systolic  reinforcement ;  it  is  most  intense 
immediately  over  tlie  point  of  communication  between 
the  vessels,  and  becomes  less,  or  may  be  changed  into  an 
intermittent  murmur,  as  the  distance  from  this  point  in- 
creases. This  apparent  intermittence  is  due  simply  to 
the  fact  that  the  portion  of  the  murmur  which  corre- 
sponds in  time  to  the  contraction  of  the  heart  is  louder 
than  the  rest,  and  is  heard  at  a  distance  at  which  the 
latter  has  become  inaudible.  In  some  cases  the  murmur 
could  be  heard  at  a  great  distance  along  the  vessels;  thus 
in  one  (]Uoted  by  FoUin,  it  could  be  heard  from  the 
elbow  to  the  heart,  in  another  (of  the  femoral),  from  the 
head  to  the  feet.  The  IhrUl  is  a  peculiar  sensiition  given 
to  the  hand  when  laid  upon  the  aneurism,  a  vibration 
that  has  been  compared  to  the  inirring  of  a  cat. 

The  interference  with  the  circulation  l)elow  the  point 
of  communication  is  commonly  well  marked,  and  is 
shown  by  swelling  of  the  limb  which  is  not  n<dema.  but 
which,  in  some  eases  at  least,  is  an  actual  hyiierlroiihy, 
and  is  aeeonqianied  by  a  permanent  elevation  of  the 
temperature  of  the  limb,  by  a  greater  growth  of  hair  upon 
it,  and  in  one  case  by  an  increase  of  an  inch  in  length. 
There  is  a  feeling  of  numbness  or  of  actual  pain  in  the 
limb,  increased  by  its  use,  and  there  may  be  a  marked 
loss  of  muscular  power,  and  sometimes  persistent  ulcers 
or  ee/eiti,M. 

The  lesion  may  fail  to  become  apparent  imtil  some 
time  after  the  receipt  of  the  injury  (four  ycare  in  cue 
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i;isci,  ;iiiii  commonly  it  remains  stiitioiiary  after  liavinsr 
niiclied  u  ccrlain  (Icvclopnicnt,  Tliosc situated  ii|)(iii  the 
j;ieiit  vessels,  the  carotid  and  internal  jn;;iilar  lor  exam] ile, 
seldom  cause  any  inconvenience  to  the  iiatient.  In  a  few 
cases  the  o])ening  into  the  vein  has  closed  spontaiieouslv. 
and  the  aneurism  has  lieeu  thus  transformed  into  a  simple 
jirterial  one. 

Triittiniid. — In  recent  cases  carefully  giaduated.  diieet 
|iressure  has  sometimes  availed  to  close  the  openinj;-.  and 
this  may  lie  aiiled  by  cominession  of  the  arleiy  alioxc 
Opi-iative  interlerenc<'  in  the  past,  which  has  included  a 
\arjrMy  of  nietlKids.  has  jiroved  exceiitionally  danserons. 
hut  the  statistics  for  obvious  reasons  have  lost  much  of 
their  value  with  the  improvement  in  operative  methods 
and  in  the  treatment  of  wounds.  The  operations  may  be 
divided  into  two  main  classes,  accordinjr  as  the  sac  is  or 
is  not  opened,  and  in  the  latter  class  they  will  further 
vary  accordiiiL''  to  the  number  of  the  li.iratures  ap|ilieil. 

The  question  of  iiueilei'ence  will  be  determined  by  the 
extent  of  thedisaliility  and  the  number  of  \-essels  involved 
in  the  lesion.  In  the  forearm  or  on  the  scalp  it  is  usually 
[iracticable  to  tieall'the  vessels,  arterial  and  venous,  that 
are  involved,  and  thus  effect  a  radical  cure.  In  tlie  ne<k 
(carotid  and  juuular)  the  history  of  recorded  cases'' 
.shows  that  the  lesion  rarely  cau.ses  more  than  a  tiiodirate 
ainoimt  of  ineouvenience,  that  can  be  easily  bonn'  by  the 
patient. 

Li.iialure  of  the  artery  alone  on  the  jiroximal  side,  in 
arteriovenous  aneurism  of  the  lower  extremity,  has 
liroved  remarkably  fatal  by  ,<ran.irrene.  In  Incases  col 
lected  by  Van  Buren,™  the  external  iliac  was  tied  in  ."> 
and  the  common  femoral  in  2,  and  ,!;an.!;;rene  followed  in  all . 
the  femoral  was  tied  in."),  anil  .iranjirene  occurred  in  'i.  This 
extraordinary  fre(|Uency  is  jiresumably  due  to  the  easy 
return  to  the  heart,  tliroujih  the  ojienini.''  into  the  vein,  of 
the  blood  l]rou;;ht  to  the  distal  seirment  of  the  artery  by 
the  collaleial  liranches;  it  fails  to  pass  on  and  nourish 
the  limb.  Consecjuently  a  second  liiiature  applied  to  the 
artery  close  below  the  openinc,  diminishes  (he  chance  of 
pinifrene.  la.iratnre  of  all  the  veins,  as  well  as  of  the 
artery,  suppresses  all  subsequent  growth  of  the  sac  or 
coiuiiniance  of  the  disease,  but  it  adds  a  factor  that  is 
most  important  in  the  production  of  iian.nrcnc — obstruc 
tion  (if  the  venous  llow.  Moreover,  the  ojierative  dilli- 
culties  are  extreme.  The  reccjrd  of  cases  in  which  the 
.sac  has  bi-en  opened  and  the  attemjit  made  to  arrest  all 
bleedin;;-  from  it,  is  such  as  to  discoura.ce  anyone  from 
undertaUini;;  it;  again  and  a,!rain  operators  liave  had  to 
resoit  to  ligatures  in  miissf.  passed  by  means  of  curved 
needles,  and  more  or  less  blindly,  in  deep,  inaccessible 
corners  of  the  wound,  to  the  actual  caulery.  atid  even 
to  styptics  and  pressure.  The  incision  has  always  been 
very  long,  and  the  ti.ssues  have  been  bruised  and  lac- 
erated b,v  the  prolonged  search  and  dissecti<iir  In  tlfe 
oidy  cas<!  I  have  wilnessed,  an  aneurism  of  the  iipjier 
part  of  the  calf,  the  incision  was  iiKire  than  a  foot  in 
length,  the  operation  lasted  about  two  hoiu's.  and.  at 
tlie  last,  resort  was  liad  to  persulphate  of  iron  and  gra<l 
nated  compresses  packed  deep  in  the  wound.  The  wound 
could  not  be  kept  aseptic,  and  the  patient  died  on  the 
thin!  da,v  of  aeut<'  septic:vmia.  The  method  seems  to 
violate' all  the  principles  that  govern  modi-rn  methods  of 
making  anil  treating  wounds,  and  it  does  so.  in  my 
opinion,  in  the  effort  to  attain  an  end  that  is  not  oidy  im- 
necessary,  but  iiUroduces  an  element  of  great  additional 
danger.  If  the  doid)le  ligature  of  the  artery  alone  is  too 
danirerous  to  be  employed,  the  more  extensive  operations 
are  still  more  so.  AVhether  or  not  the  double  ligature  is 
too  dangerous,  under  the  modern  improvements,  is  yet 
to  be  determined,  but  T  am  convinced  that  it  is  the  oidy 
one  w  hich  the  surgeon  should  einiiloy.  In  ISSO,  Profes- 
sor Verneuil''  treated  an  arteriovenous  aneurism  of  the 
po|iliteal  space  by  li.u-alnre  of  the  artery  and  vein  on  the 
liroximal  side.  After  the  ligature  had  been  a[iplied  and 
the  tourniquet  removed,  the  tumor  tilled  slowly  with 
blood,  and  the  surgeon  then  opened  the  .sac  and  sought 
to  secure  all  the  vessels  that  opened  into  it.  The  iialieiit 
recovered,  but  in  the  remarks  which  the  distinguisheil 


surgeon  made  ujion  the  case  (lor.  ril.,  p.  276),  he  ex- 
pressed his  regret  tliat  he  had  oi>ened  the  sac.  He  does 
not  explain  why  he  tied  the  vein  as  well  as  the  artery  ; 
doubtless  he  had  a  good  reason  for  it.  but,  in  ignoiance 
of  that  rea.son.  it  seems  to  ine  a  nnstake  to  ojipose  the  es- 
cajie  of  blood  from  the  sac  toward  the  heart.  I'idbably  he 
sought  to  elTect  a  cure,  as  in  other  aneurisms,  by  inducing 
coagulation  and  obliteration,  and  deemed  it  inaih  isable  to 
allow  the  venous  stream  to  jiass  thrimgh  the  dilated  and 
varico.se  veins.  The  case  is  quoted  to  show  what  olliers 
have  also  shown,  thai  a  cure  is  |)ossible,  without  gan- 
grene, even  under  o])eiative  conditions  that  favor  the 
occurrence  of  that  complication,  and  that  a  like  favor- 
able result  luiiy  be  expected  in  a  jiroportion  yet  to  be 
delerinined.  from  the  less  dillieult  and  dangerous  opera- 
tion of  double  ligature  of  the  artery. 

A  few  successes  have  been  obtained  by  galvano-pimc- 
ture  and  by  the  injection  of  coagulating  solutions  without 
■ligatiiiing  any  vessel,  and  (|uite  recently,  in  a  few  cases 
in  which  the  changi'S  were  not  very  extensive,  the  sac  has 
been  suecessfidly  extirpated. 

111.  Cinsoii)  A.si;i"nis.\i  (:!rlerial  varix :  aneurism  by 
anastomosis). — This  name  has  been  given  to  an  aifection 
of  the  arteries,  sometimes  involving  also  the  cajiillaiies 
and  even  llie  derived  veins,  wliich  dillVrs  maleriall,y  from 
thai  which  constitutes  the  common  variety  of  aneurism, 
and  is  characterized  by  a  lunforin  or  irregular  dilatation 
and  tortuous  lengthening  of  anaiteryand  its  branches. 
The  alTection  is  most  conimon  inllie  superlicial  arteries 
of  the  head — the  leiiqioral.  occi]iital.  ami  auricular — but 
it  is  also  found  in  llie  hand,  foiearm,  leg,  and  even  involv- 
ing the  external  iliac  artery- 

The  ehtmge  consists  in  a  dilatation  and  lengthening  of 
theartciy,  with  atiophy  of  its  middle  coat  and  conse- 
i|UeiU  thiiming  of  the  wall,  or  possibly  with  hypertrophy 
by  thickening  of  the  middle  coat  in  the  early  stages;  the 
dilatation  may  make  the  calibre  of  the  ves.sel  ten  times 
laiger  than  normal,  and  may  be  imiform,  lint  is  usually 
acconqianied  by  the  formation  of  small  pouches.  In 
consei|uence  of  the  lengtlicning  the  artery  assumes  a 
tortuous  form.  The  change  has  a  marked  tendency  to 
spread  in  both  directions,  involving  the  arterial  branches 
;inil  even  the  consecutive  capillaries  and  veins,  and  in  the 
latter  case  it  is  known  as  n/it  mixi/i  In/  {i/i(isf<imof.is  or 
f'li't iiif'si  ifttfi/n'siti.  IMiere  is  also  reason  to  tliiidi  that  iti 
some  eases  tlie  change  has  oiiginated  in  a  na-vus  and  has 
spri'ail  backward  to  the  arteries.  At  the  central  portion 
of  the  tiinun'.  where  the  tortuous  and  dilated  vessels  are 
most  numerous  and  closely  packed,  there  ma_v  exist,  as 
l.efoii  •'•'  has  jiointed  out,  a  sort  of  central  lake,  as  in 
caveinousangioma.  ora  real  aneurism,  or  even  an  arterio- 
venous aneurism.  The  overlying  skill  and  soft  iiartsmay 
be  thinned,  or  thickened  ami  iiidurated.  and  the  under- 
lying bone  may  be  ab,sinbeil  in  coiiseipience  of  the 
pressure. 

The  principal  causes  are  found  in  contusions  and  pre- 
existing erectile  tninors  or  birth-inarks.  anil  the  change 
takes  place  most  frecjucnlly  at  the  time,  or  shortly  after, 
the  age  of  puberiy  is  reached.  In  what  manner  or 
througli  what  a,i;encv  these  causes  act  is  not  known,  nor 
why  the  region  of  the  head  is  the  cominon  seat. 

The  syinploins  of  the  disease  are  a  soft,  ill-defined 
swelling  under  the  skin,  in  which  numerous  pul.sating 
vessels  can  be  fell,  and  into  which  lorluous  arteries  can 
be  seen  to  pass.  The  overlying  skin  is  reddened  or  livid, 
either  by  inijilieation  of  ils  own  minute  vessels  or  by 
Iraiismission  of  tlie  colorof  the  blood  below  it  ;  the  tumor 
coinmunicates  a  sort  of  thrill  lo  the  hand,  and  a  continu 
ous  niunnur  to  the  ear.  In  a  complete  typical  case  four 
distinct  varieties  of  changes  or  lesions  can  be  recogni/ed  : 
Eirst,  a  cutaneous  erectile  tumor,  formed  by  dilatation  of 
the  arterial  capillaries  of  the  skin;  second,  a  siibcutane- 
ous  arterial  cirsoid  tumor,  formed  by  the  dilatation  of 
the  finest  arterioles  under  and  around  the  lirst  :  third, 
dilatation  and  tortuosity  of  the  main  arteries  leading  to 
the  tumor;  fourth,  dilaialion  of  the  veins  cunilnir  from 
the  tumor,  sometimes  with  pnl.salions  s\  nelironnns  with 
those  of  the  heart. 
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The  affection  is  a  serious  one,  because  of  its  tendency 
to  increase  and  the  danger  of  lieninrrhage  tlirough  ulcera- 
tion of  tlie  skill  or  an  accidental  injury. 

Trealiiiciit  has  ireiicrally  proved  not  only  difticult, 
lilooily,  and  dangerous,  but  also  unsatisfactory  as  regards 
the  cure  of  the  disease.  It  coniprises  ligature  of  the  main 
trunks  from  which  the  affected  arteries  arise,  as  of  the 
tcmiioral.  <h'  the  external  or  common  carotid,  in  cirsoid 
aneurism  of  the  scalp;  excision  or  incision  of  the  tumor; 
caustics;  galvano-puncture;  ami  coagulating  injections. 
Lefort  (/("■.  cit.).  who  made  a  careful  study  of  eighty- 
three  cases,  says  that  wlienexcr  treatment  has  been 
directed  only  to"  the  afferent  arteries,  it  lias  failed  or  has 
prodncc-d  oiily  an  incomplete  cure;  but  that,  on  the  other 
hand,  the  olilileraticMi  of  the  vessels  forming  the  central 
portion  of  the  mass  has  been  followed  liy  the  return  of 
the  afferent  vessels  to  their  normal  condition.  He  claims, 
therefore,  that  the  treatment  shoulil  always  be  directed 
to  this  central  portion.  It  includes  three  methods:  re- 
moval or  destruction  of  the  mass  by  caustics  or  the  knife, 
the  injection  of  coagulating  liquids;  galvano-puncture. 
Removal  by  the  knife  exposes  to  severe  hemorrhage,  but, 
if  practised  with  caution,  is  practicable  and  to  be  recom 
mended  when  the  central  mass  predominates.  Destruc- 
tion by  caustics  (chloride  of  zinc)  seems  to  be  without 
much  danger  of  hemorrhage,  but  is  slow  and  tedious  and 
may  cause  superficial  necrosis  of  underlying  bone.  Le 
fort  recommends  the  injection  of  a  solution  of  the  pcr- 
chloride  of  iron,  which  Jias  given  nine  successes  in  ten 
cases;  he  prefers  a  tive-]ier-ceut.  solution  to  the  stronger 
ones  Dr.  John  Duncan  ■''  refers  to  four  cases  treated  by 
electrolysis,  three  of  them  suecessfullv.  The  variety 
known  as  aneurism  by  anastomosis,  in  which  the  capil- 
laries and  veins  are  also  involved,  is  less  amenable  than 
the  others  to  this  method  of  treatment. 

IV.  DissECTiN'o  AxECRisM. — Tlils  is  a  lesion  occasion 
ally  found  in  the  aorta,  which  lias  only  a  pathological 
inti-iest,  since  it  cannot  be  recognized  with  cerfainty 
during  life  and  is  not  open  to  treatment.  It  consists  of 
a  partial  rupture  of  the  wall  of  the  vessel,  and  the  pass- 
age of  the  blood  between  its  coats,  usually  in  the  sub- 
.sfaiice  of  the  miildle  coat,  to  a  second  opening  into  the 
lumen  of  the  vessel  at  a  lower  point,  or  backward  to  one 
info  the  pericardial  sac.  The  ])rimary  opening  is  usually 
in  the  arch  of  the  aorta:  the  .second  one  maybe  in  the 
same  ves.sel,  or  at  a  considei'able  distance  in  one  of  its 
brandies — once  in  the  subclavian,  once  even  in  the 
popliteal.  'Wlieu  the  flow  is  backward  into  the  peri- 
canlium,  death  promptly  follows;  in  other  cases  the 
period  of  survival  is  usually  short,  but  may  be  prolonged 
for  years,  and  under  such  circumstances  the  track  fol- 
lowed by  the  lilood  devi'lops  a  resisting  wall  lined  with 
epithelium.  Leiris  A.  Sdmsoii. 
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ANEURISM,  ABDOMINAL.  — Etiology. —The  prin- 
cijial  jiri'disiiiixiiiji  riiiisiK  lit  abdominal  aortic  aneurism  are 
endarteritis  and   allieroma.    which   mainly   origiuafe   in 


chronic  alcoholism,  rheumatism,  or  syphilis,  and  which 
act  by  im]iitiriug  the  strength  and  elasticity  of  the  arterial 
walls.  Atheroma  is  rather  less  freiiueutly  a  precursor  of 
abdominal  than  of  thoracic  aneurism. 

The  e.veiliiiff  causes  consist  in  falls,   blows  uiion  the 
back  or  abdomen,  sudden  movements,  and  violent  or  pro- 
longed inn.scular  efforts.     The  di.sease  accordin.sly  c.x 
hibits  a  marked  juefercnce  for  middle-aged  members  of 
the  laboring  classes,  and   for  the  male  se.x,  which  fur 
nishes  about  ninety  ]iercent.  of  all  tliec:ises.     Tliecaus;i 
five  influence  of  excessive  muscular  exertion  and  of  rapid 
changes  in  position  depends  upon  the  sudden  increase  of 
arterial  tension  resulting  from  augmenft'd  cardiac  action. 
;is  well  as  upon  the  alternating  elongation  and  relaxation 
of  the  aorta  incident  to  movements  of  flexion  and  exten- 
sion in  the  freely  mobile  lumbar  portion  of  the  spine. 
Blows  and  falls  act  as  exciting  causes  in  the  same  man- 
ner or  by  direct  injury  to  the  (lelicate  internal  and  middle 
arterial  ftuiics, 

MoKBiD  Anatomy. — Aneurisms  of  the  abdominal  aorta 
are.  according  to  tlie  statistics  of  Cris]i,  wiio  analyzed 
.591  cases,  only  one-third  so  frequent  as  thoracic  aortic 
aneurisms.  They  are  usually  located  in  the  vicinity  of 
the  cceliac  a.xis.  often  involving  its  orifice,  but  may  affect 
any  portion  of  the  main  trunk  or  tmy  of  its  ramificatious. 
Dr.  Sib.son,  who  tabulated  177  cases,  found  1:31  aneurisms 
situated  at  or  very  near  the  cadiae  axis.  Quincke  asserts 
that  the  site  is  more  frequently  hfoir  than  above  the  axis. 
The  branches  most  often  inxolved  are  the  common  iliac 
arteries,  the  cceliac  axis  and  its  three  divisions,  the 
superior  and  inferior  mesenteries,  and  the  renal  artery. 
Rather  less  than  fifty  per  cent,  of  the  aneurisms  arise 
from  the  anterior  aspect  of  the  aorta.  They  are  saccu- 
lated, according  to  Sibsou,  in  sixty  per  cent,  of  the  cases, 
and  belong,  ordinarily,  to  the  false-sacculafed.  dissecting, 
or  diffuse  varieties.  They  often  attain  large  dimensions, 
and  exert  injurious  pressure  upon  adjacent  viscera, 
notably  upon  the  siiine,  the  spinal  cord  and  nerves,  the 
solar  plexus,  the  pancreas,  the  large  and  small  intestine, 
the  stomach,  the  kidney  and  its  vessels,  the  vena  cava, 
the  psoas  muscles,  the  receptaculum  chyli.  the  thoracic 
duct,  the  branches  of  the  aorta,  and  the  aoria  itself.  This 
pressure  frequently  induces  absorption  of  the  neighbor- 
ing soft  tissues,  with  erosion  of  the  verlebra\  of  the  inter- 
vertebral fibro-cartilages.  and  of  the  ribs,  intimate  adhe- 
sions ha\  lug  first  been  formed  between  these  structures 
and  the  aneurism. 

The  arterial  Siic  undergoes  atro])hy  and  absorption, 
occasioned  by  augmented  infra-arterial  and  external  pres- 
sure, and  finallv  ruptures,  after  a  period  vaiyiug  from  a 
few  days  to  several  j'ears.  The  blood  escapes  into  the 
peritoneal  cavitv.  the  retroperitoneal  connective  tissue, 
the  intestine,  tlie  pelvis  of  the  kidney  or  the  tirethra.  the 
ductus  communis  cholcdochus,  the  sheath  of  the  psoas 
inagnus,  the  vena  cava  inferior,  the  mesenteiy.  the  meso- 
colon, the  gastro-hepatie  omentum,  or  the  spinal  canal. 
Even  the  diaphragm  may  be. perforated,  rupture  then 
occurring  info  the  left  pleura,  lung,  primary  bronchus, 
or  into  the  pericardium.  The  method  of  perforation 
presents  interesting  ilifTerences,  according  as  rujiture 
takes  place  into  tlie  peritoneal  and  pleural  cavities,  or 
upon  a  cutaneous  or  mucous  surface.  In  the  former 
case,  the  rupture  is  effected  by  a  sudden  tearing  of  the 
distended  and  atrophied  serous  structure,  while,  in  the 
latter,  gangrene  of  the  cutis  or  of  the  mucous  membrane 
is  produced  by  protracted  tension  and  compression.  In 
the  former  case  the  hemorrluige  is,  almost  unavoidably, 
sudden  and  profuse.  In  the  latter,  the  aperture  may  he 
of  small  dimensions  ;ind  i>arfly  occluded  by  thrombi. 
The  fatal  issue  m;iy  Ihus  be  posl]ioned.  even  for  weeks, 
by  the  gradual  formation  of  a  diffuse  aneurism  from  a 
slow  escape  of  blood  into  the  submucous  or  subcutaneous 
cellular  tissue.  Such  dilfuse  aneurisms  may  even  extend 
so  far  as  beneath  the  iliac  and  pelvic  fascia",  or  may  pene- 
frafe  befween  the  laj^ers  of  the  mesentery  and  of  the 
omenta. 

Spontaneous  cures  are   infrequently  effected  by  jiroc 
esses  described  in  the  preceding  article. 
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Phvsicai,  Sions. — Small  ancurisiiis.  jrrowiiiir  from  the 
posterior  aspect  of  the  aorta  and  enlMrfriiii;  exeliisivelv 
luK-kwanl.  may  defy  iletcft ion  by  any  method  of  jiliysieal 
e-\l)loration.  So  soon,  however,  as  an  anenrism  s^rowinj: 
from  theanlerior  aorlie  wail  has  attained  a  moderate  size, 
it  nsnally  presents  uu  ins|ieetion,  i)rovided  thai  the  ah 
dominal  parietes  be  snlTieieiilly  rela.\ed  and  the  inleslinis 
undislended,  a  visible  impulse  in  the  course  of  the  ali 
dominal  aorta.  If  the  aneurism  be  of  lari;e  dimensions, 
the  alidominal  respiratory  movements  may  be  decreased, 
and  those  of  the  thora.x  perceptibly  aucrmenled.  .lacemid 
empha.sizes  the  fact  that  tlic  tumor,  bein^'  irnniohile.  is 
tinaffected  by  the  respiratoiy  movemeiils.  On  juiljuillnu 
an  innnobile,  clastic  tumor,  ptdsatin.u:,  according-  (o  Sib 
son,  in  tifty-flve  per  cent,  of  Ihe  cases,  the  im])tdsc  of 
■which  is  s.vslolic  and  e.xiinusile,  is  eonunonly  detected  in 
the  oiiigastrium,  to  tlie  left  of  the  median  line,  but  may 
project  to  the  riuht  side,  or  even  be  finaid  in  the  hypo 
chondriao.  the  iliac,  or  the  lumbar  le.siioii.  A  sfiirht 
diastolic  impulse  may  rarely  lie  ob.scrv<'d.  Tin-  tusnor 
is  onlinarily  smooth  and  ccaiipressilile.  hut  sometimes 
nod\dar,  rmyieldinLT.  and  even  ncai-c.xpansile.  In  the 
latter  ease  it  may  lie  iussumed  that  the  aiKMirismal  walls 
are  very  thick,  that  abundant  coairnlaand  tllirous  lamina' 
are  iiresent  within  the  sac,  or  thai  lln'  ;iiirrlure  c  nnununi 
eatiiis  with  the  artery  is  occluded.  'I'lie  ladsiiiions  in  Ihe 
arteries  of  the  lower  cxtremilies  are  feeble  and  somewhat 
retarded.  Pressure  applied  to  the  arleiy  dhan  Ihe  tumor 
diiyinishes  the  size  of  the  latter  and  arrests  tlie  impulse, 
but  if  made//'/'/"'.  au!;na.'nls  the  tumor's  dimensions  and 
increases  its  impulse.  Applied  directly  to  the  lumor, 
pressure  may  occasion  ils  collapse,  or  may  be  prevcnied 
from  producing  this  result  by  too  great  solidity  and 
density  of  the  fibrinous  lamin.-e  within  the  .sac.  A  thrill 
or  vihralory  fremitus  is  occasionally  jierceplible  over  Ihe 
tumor,  but  is  oftener  absent.  On  KiixruUntiim  a  nuir 
mur,  blowing  or  musical,  po.st-systolic,  always  single, 
according  to  Luton  and  'Waishe,  and  not  transmitted  be 
yond  the  tumor,  is  usually  peie<-piilile  aiilerioily,  rarely 
posteriorly,  if  the  recumbent  position  be  maintained 
Quincke  stales  that  the  murmur  may  sometimes  he  heard 
below  the  tumor,  or  in  Ihe  lumbar  region.  The  murmur 
is  occasioned  by  the  passage  of  blood  into  the  sac.  If 
the  aperture  of  Ihe  laller  be  rough,  Ihe  sound  is  rasping 
or  musical,  but  it  is  soft  and  blowing  if  Ihe  ojiening  lie 
smooth.  Over  aneurisms  enlarging  only  in  a  hackward 
direction  the  murmur  is  pcreeixcd  cxeUisively  behind, 
beside  Ihe  vertebral  spines.  In  other  cases  it  may  be 
audible  botli  anteriorly  and  iiosteriorly.  Should  the  )ia 
tient  assume  the  erect  posture,  the  murmur  almost  in 
variable  disappears;  but  it  may,  exceptionally,  persist 
in  that  position,  or  even  be  '«//v  audible  while  llie  pa 
tient  is  standing  or  sitting.  The  disa[ipearance  of  Ihe 
murnmr  in  the  erect  posture  is  explained  by  Ihe  ang 
mented  tension  of  tlio  aneiirisnial  walls,  occasioned  by 
increased  liydrostatic  pressure,  and  by  th<'  conscipient 
limitalion  of  the  (piantily  of  blood  linding  ingress  lo  Ihe 
sac.  No  safe  inference  can  lie  drawn,  from  the  intcnsily 
or  the  quality  of  the  mm'mur,  reganling  the  size  or  ihe 
stage  of  development  reached  by  the  aneurism.  .Miiny 
observers  a.gree  that  the  second  cardiac  sound  is  some- 
times heard,  eithepin  front  or  behind.  aft<-r  the  usual 
post-systolic  murmur. 

On  i.erc>iii.sioii  flatness  or  dulncss  may  Ik'  fouinl  over  Ihe 
tumor,  but  these  signs  are  ineonslani.  owing  to  Ihe  tie 
quent  occurrence  of  gaslricand  inleslinal  tympanites,  and 
to  the  varying  rigidity  of  the  abdominal  p.arietes. 

]{,\Ti<iN.\i,  SvMl'T<iMS. — These  are  either  local  and  due 
to  pressure,  or  general  and  <le])endent  upon  asthenia. 
The  most  constant  localized  symptom  is  jL-nn,  whicl.is 
very  variable  in  character,  in  jiosilion,  and  in  intensity. 
It  iiresents  itself  in  two  ditl'erent  varieties,  the  former 
conslani,  Ihe  latter  paroxysmal.  The  former  vaiiely  is 
variously  defini'd  as  dull.  Iioring,  throbliing,  or  teasing. 
Ihe  laller  as  shar]i,  lancinating,  and  exhansliiig.  The 
•sites  of  the  former  are  the  epigastrium,  the  dorsal  and 
the  lumbar  regions;  while  the  latter,  originating  in  these 
locations,  radiates  into  the  hypochondria,  the  inguinal 
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regions,  the  hips.  Ihe  testicles.- ilou  a  the  anterior  or 
posterior  aspect  of  the  thighs,  and  even  upward  into  the 
thorax  or  the  shoidders.  TIk-  pains  arc-  Ihe  result  of 
pressure  exerteil  by  Uu- aneurism  upon  llu-  spinal  nerves, 
at  lln-irexil  liom  tla-  inteiM-rU-liral  foramiiia.  and  upon 
lh<-  solar  ])li-xus.  Ther<-  is  no  conslani  and  necessary 
c.inn(-(-lion  betw{-en  c-rosion  of  tla-  vertebra"  and  llieoecur- 
reiK-cof  |)aiii,  since-  many  cases  are  on  rr<-ord  <jf  pain  from 
|ir(-ssure  on  Uu-  nerves  unattended  by  <-rosion,  and,  oa 
Ihe  olh(-r  hand,  of  extensive  erosion  without  the  sliglit- 
(-sl  iiain.  Erosion  is,  however,  of  toh-rably  (-onstant 
o(-(-urrenco.  Pains  duo  to  i)ressure  on  the  iiervcs  will 
naturally  he  ])roduced.  as  a  rule,  by  aneurisms  growing; 
from  Ihe  iiosl(-rior  aspei-t  of  Ihe  aorta,  and  those i(-ferable 
lo  inlerferi-nce  with  Ihe  semilunar  ganglia  by  tumors 
develoiiing  from  Ihe  anierior  aortic  wall,  TIk-' intcnsily 
of  the  pain  varic-s  from  a  vague  aiul  scarec-ly  perc(-ptible 
sense  of  discomfoit  lo  the  most  excruciating  t<irlure. 
The  lancinaling  pains  usually  surjiass  the  lix<-d  ones  in 
point  of  severity,  and  both  varielies  are  intensifi(-d  as  Ihe 
dis(-ase  advances.  The  lixed  ]iain  is  constant,  and  is 
Jill-ally  aggravated  by  pressure  over  the  |iainful  spot,  by 
sudd(-n  cxerllons,  or  even  by  trilling  movemenls,  liv  <-at 
iiig  and  drinking,  and  by  iIk-  assumption  of  Ihe  siqiine 
or  of  Ihe  er(-(-t  jiosilion.  Helicf  is  alfordi-d  by  the  as- 
sumplion  of  Ihe  abdominal  deeubilns,  by  llcxicin  of  the 
s|iinal  column,  and  rarely  by  pressure.  The  duration  of 
Ihe  paroxysmal  neuralgic  jiaiiis  varies  from  a  few  mo- 
mcnls  lo  several  hours.  Th(-ir  ai-i-ession  is  aliru])t  and 
Iheir  sulisidenc-e  cipially  so.  After  their  cessiilion  the 
palii-nt  is  h-ft  in  a  comparalivi-ly  painless,  but  exceed- 
ingly asthcnit-  condilion.  In  a  b-w  recorded  cases  pain 
has  been  absolulely  wanling. 

Thi^  synqjioms  other  than  pain,  resullin.g  from  pres- 
sure, an-  occasioned  by  direct  inlerference  with  Ihe  func- 
tions of  organs  adjacent  lo  the  aneurismal  tumors. 
Nausea,  emcsis,  cardialgia.  pyrosis,  dysphagia,  anorexia, 
tympanilcs,  eru<-ialions.  gas'tralgia  and  enteralgia,  con- 
stipation, olisliiialion,  arid  diarrlnea  may  be  incident  to 
pressure  ujion  IIk-  slomach.  o-sophagus,  intestine,  or 
pancreas,  and  are  probably  in  pari  due  lo  interference 
willi  till-  sympalhi-ii(- and  piu-umogaslrie  nerves. 

Digestive  dislurbaiu-es  an-  less  pronounced  in  connec- 
linn  with  aiK-urisms  growing  from  the  ]i<isterii.ir  aortic 
wall.  Pressure  uiion  Ihe  liver.  Ihe  hejiatic  duel,  or  Ihe 
duel  us  communis  choledoehus  may  lead  to  icterus. 
Dys|iiiiea  is  incidenl  lo  upward  displacement  of  the 
diaphra.L'in  and  lo  consecpu-nl  (-neroachmcnl  uiion  the 
intra  llioracic  space.  Irn-gular  (-ardiae  action  at  I  ends  dis- 
pla(-c-ui(-nl  of  Ihe  hi-arl  or  involvi-mcnt  of  the-  iieriearilium. 

Cough  may  be  (-X(-iled  by  irritation  and  inllai Uion  of 

Ihe  i)l(-ur.-i  and  of  the  ])ulmonary  pan-nchyma.  Com- 
pression of  Ihe  renal  vc-ssels  prodnci-s  functional  or.strue- 
lural  disease  of  the- kidneys.  (Edema  of  the  lower  ex- 
tremities is  a  rare  symptom,  due  to  pressure  upon  the 
vc-na  (-ava  iid'erior,  whii-h  vessel,  from  ils  position,  oflcii 
i-S(-ap(-s  injury.  Asciu-s  n-sulls  from  )iressure  upon,  or 
oblileralion  of,  the-  portal  vi-in.  but  is  an  exeeedinglv 
infrecpK-iit  .symplom.  A  subnormal  lenqierature  of  the 
low(-r  limbs,  with  hyper;i-slh(-sia,  formieal ion,  numbness, 
ana-slhesia,  and  linal  paralysis,  an-  Ihe  occasional  cfTcels 
of  pn-ssnre  upon  lla-  spinal  cord  and  nerves.  Renal  and 
biliary  colic  may  procc-ed  from  pressure  ujion  the  ureter 
and  Ihe  biliary  jiassage.  Irritation  of  the  psoas  magnus 
exi-iles  symptoms  similar  lo  those  of  psoas  or  lumhar 
abscess. 

Till'  Gi-;nI':i!.\i.  Svmi'toms  consist  in  gradual  depn-cia- 
lion  of  the  vital  pow(-rs  liy  reason  of  the  pain,  insoiniiia. 
malniitrilion.  and  impain-d  innervation.  Extreme  enia 
ciation  is  .sometimes  observed,  and  may.  in  the  ab.seuee 
of  other  adi-(piale  (-auses,  be  i-efern-d  lo  compression  or 
obliteration  of  the  re(-(-])taculum  ehyli  or  of  ihe  thoracic 
duct.  Death  fnun  <-xliauslion  occasionally  happens,  but 
Ihe  usual  termination  is  by  ru[>tun-  an<l  hemorrhage. 
The  syinploms  of  riiplun-  an-  cither  tlio.se  of  sudden  col- 
lapse or,  if  the-  hemorrhage  be  of  gradual  occiirreia-e.  lho.se 
of  intra  abdominal  or  intra  I  horaeicdi  Mused  aneurism  and 
of  progressive  a.slhenia,  possibly  i-omjilieaied  by  peritoni- 
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lis  or  attencled  by  rocurrcut  hifmoptysis.  lueiuatt'inesis, 
liaMniitiirirt.  or  mclaMia. 

Am;1  ItlSMS  (IK  KUANCIIES  OF  THE  AhDOMINAT,  AoUTA. 

— Owiiiir  to  their  rarity  and  to  tlicir  comparatively  small 
si/e,  aiHMirisms  of  the  alxlominal  branches  of  the  aorta 
usually  jiresent  so  few  syni]itoins  as  to  escape  observa- 
tion or  to  elude  diajjnosis.  The  branches  most  frequently 
tlie  seat  of  aneurisms  are,  aecoriliii,y  to  Lebert,  the  iliaes, 
lliee(eliac  a\isand  its  divisions,  the  superior  mesenteries, 
and  tlie  renals,  in  tiie  order  named.  The  sym])toms  and 
si,i;'ns  of  these  ttimors  are  similar  to  those  of  anrtic  aneu- 
risms. Aneurisms  of  the  superior  UK'senterics  and  of  the 
C(eliae  axis  are,  however,  iiuihilv.  and  usually  occasion 
no  retardation  or  diminution  in  the  pulsation  of  the 
femoral  arteries.  Renal  aneurism  is  specially  liable  to 
interfere,  by  pressure  on  the  ureter  and  the  renal  vein, 
with  the  functions  of  the  kidney,  and  hepatic  aneurisms 
often  lead  to  jaundice.  Statistical  data  regarding  the 
relative  frequency  of  ascites,  in  cases  of  hepatic  aneu- 
risms, are  lacking, 

DiFFEHKNTlAi.  DiAONOSis, — Abdominal  aneurisms 
must  be  differentiated,  first,  from  abdominal  tumors  to 
which  the  aortic  pulsation  is  commimicated.  Those 
tumors  most  likely  to  be  mistaken  for  aneurisms  are  car- 
cinoma of  tlie  stomach,  jjaucreas,  omentum,  intestine, 
and  liver,  fecal  tumors,  gall  stones  or  foreign  bodies  im- 
pacted in  the  intestine,  enlarged  lumbar  and  mesenteric 
glands,  renal  tumors,  as  hydro-  or  jiyonephrosis,  float- 
ing kidney,  ovarian  or  uterine  tiunors,  enlarged  or  dis- 
placed left  lobe  of  the  liver,  and  encj'Sted  peritoneal  exu- 
dations. Not  onl}'  may  these  tumors  receive  an  inq.udse 
from  the  aorta  but  they  may  produce  a  murmur  b} 
jiressiire  tipon  that  vessel.  The  character  of  their  im- 
pvilse  is,  however,  heaving  or  lifting  and  not  expansile, 
and  it,  as  well  as  the  murmur,  can  ordinarily  be  made  to 
disappear  by  placing  the  imtient  uimn  his  hands  and 
knees,  when  the  tumor  gravitates  away  from  the  artery 
Tlie  tumors  in  question  are,  as  a  ride,  movable,  while 
aneurisms  of  the  aorta  are  immovalile.  Aneurisms  of  the 
aorta's  branches  may  be  mobile,  but  tlieir  murmur  ]ier- 
sists  after  displacement  of  the  aneurisms  from  their  orig- 
inal position,  which  is  not  true  of  the  other  tumors  under 
consideration.  The  latter  are.  moreover,  of  firmer  con- 
sistency, and  are  more  frequently  accomjianied  by  vari- 
cose ab{lominal  veins,  liy  ascites,  or  by  anlema  of  the 
legs,  and,  if  carcinomatous  or  tidK'rculous,  by  a  more 
decided  cachexia. 

Secondly,  from  lumbar  and  psoas  abscesses,  which 
simulate  aneurisms  chiefly  by  causing  tlorsal  i>ain  and 
s]iinal  curvature.  b\it  which  are  unattended  by  imptdse, 
tlu'ill.  or  murmur. 

Thirdly,  from  various  neural.iiic affections,  as  renal  and 
biliary  e.-dculus,  gastral.icia,  enteral.yia,  neuralgia  of  the 
ti'sticle,  lead  colic,  lundiago,  nniscular  rheumatism,  and 
sciatica,  the  exclusion  of  which  must  depend  on  thorough 
jihysical  ex ploration. 

Fourthly,  from  abnormally  forcible  pulsation  of  the 
aorta.  This  is  not  accompanied  by  jiaiu,  thrill,  duluess, 
murmur  (uidess  the  latter  be  excited  by  pressure  with 
the  stetho.scope).  or  expansile  imjiulse,  and  is  often  de- 
veloped in  connection  with  dyspepsia,  profuse  licnior- 
rhage,  or  hysteria  in  young,  chlorotic  women.  This 
form  of  pulsation  is  not  localizcil  but  iiroiiagalcd 
through  the  entire  aorta  and  its  chief  liranches,  nor  is  it 
attended  by  abnormal  dilatation  of  the  artery.  It  may 
be  ]jroduced  either  liy  temporarily  inc'reased  force  of  the 
systole,  due  to  excitement,  or  by  hypertrophy  of  the  left 
ventricle.  It  is  sometimes  observed  in  aged  women, 
with  relaxed  or  retracted  abdominal  walls,  and  with  les- 
sened arterial  pressure  incident  to  spaniemia. 

Fifthly,  from  ]iidsalile.  inali.siiiaiit.  renal,  hepatic,  or 
jiancrealic  tumors  which,  though  very  difficult  to  diag- 
no.sticate.  are  accompanied  by  more  marked  cachexia  than 
is  generally  Jiresent  in  cases  of  aneurism. 

Sixthly,  from  abscesses  or  furuncles  of  the  abdominal 
walls,  the  superficial  and  inflammatory  characterof  which 
is  easily  demonstrated. 

Puoo.Nosis, — Abdominal  aneurism    is  .an  exceedingly 
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grave  disease.  While  cures,  either  spontaneous  or  due 
to  therapeutical  interference,  are  sometimes  observed, 
the  overwhelnnu.ir  majority  of  cases  terminate  fatally 
within  a  periotl  varying  fi-om  a  few  months  to  several 
years,  either  by  ruptiu'c.  which  occurs,  according  to 
Sibson,  in  seventy-seven  per  cent,  of  all  the  cases,  or  by 
])rogressive  exhaustion.  The  prognosis  is  unfavorably 
affected  by  the  coexistence  of  any  chronic  disease,  par 
ticularly  of  emphysema,  phthisis,  or  asthma,  which  ac- 
celerate the  progress  of  the  aneurism  by  the  repeated  suc- 
cussion  movements  incident  to  paroxysms  of  coughing. 
In  some  instances,  all  symptoms  may  disaiipear.  only  to 
ri'appear  after  a  variable  interval.  In  other  cases  the 
disease  may  remain  latent  until  shortly  before  its  fatal 
termination, 

TnE.\TMEXT. — This  is  either  palliative  or  curative. 
The  former  aims  at  tlie  mitigation  of  suffering  caused  bj' 
jiressure  (jr  by  complicating  diseases,  the  latter  at  oblitera 
tion  of  the  aneurismal  sac  by  the  deposition  of  laminated 
filirin.  The  means  best  adapted  to  the  palliation  of  pain 
are  chloroform  and  aconite,  hot  applications,  leeching 
and  cuppin.g',  employed  at  the  seat  of  the  aneurism,  and, 
most  polent  of  all,  morphine  liypodermicaliy  adminis- 
tered.    Insomnia  demands  chloral  and  opiates. 

The  means  employed  to  facilitate  and  hasten  the 
deposition  of  fibrin  within  the  sac  relate  to  reduction  of 
arterial  tension,  and  to  diminution  of  the  rapidity  of  the 
blood  current.  Valsalva's  method,  based  upon  venesec- 
tion and  starvation,  has  justly  been  abandoned.  The  post 
Ural  and  dietetic  treatment  of  Jlr.  Tufnell  has  yielded  en- 
couraging rcsult.s.  As  an  example  of  these  we  cite  two 
alidominal  aneurisms  cured  by  Mr.  Tufnell.  after  treat- 
ment protracted  res|)ectively  thirty-seven  and  twenty- 
one  days.  In  accordance  with  this  method  the  patient  "is 
confined  to  the  horizontal  posture  from  ei.srht  to  thirteen 
weeks,  accoriling  to  the  progress  maile.  No  movement 
is  allowed,  and  the  diet  is  restricted  to  eig'nt  ounces  of 
liipiid  and  teu  ounces  of  solids  daily,  the  iniiui  being  as 
follows:  For  breakfast  and  sujiper.  two  oimces  of 
wlieaten  bread  and  butter,  with  two  ounces  of  milk,  tea. 
or  cocoa ;  for  dimicr.  meat  three  ounces,  potatoes  or 
bread  three  ounces,  and  water  or  claret  four  ounces. 
Laxatives  are  daily  used.  The  probably  insurmountable 
difflculty  attending  this  method  cimsists  in  the  physician's 
inability  to  secure  the  patient  scfficient  co-operation  in  so 
]irotraeted  and  fatiguing  a  treatment.  Better  co-opera- 
tion and  .greater  success  may  be  expected  if  the  treat- 
ment merely  embrace  the  limitation  of  physical  exertion 
withiu  proper  bounds,  the  employment  of  nourishing 
but  unstimulating  aliments  and  drinks,  attention  to  the 
bowels,  and  the  use  of  aconite,  or  of  hydrocyanic  acid,  to 
secure  regular  aud  moderate  cardiac  action.  Alcoholics 
may,  however,  be  sparingly  used  in  case  of  evident  car- 
diac weakness.  Iodide  of  potassium,  in  doses  of  fifteen 
to  twenty  grains,  thrice  daily,  is  stronglv  recommended 
by  Doctors  Balfour,  A,  Flint,  and  Bouillaud.  Its  bene- 
ficial effect  is  attributable  to  (lejiressiou  of  the  heart's 
action  and  to  consequent  diminution  of  vascular  tension. 
Ergot,  liypodermicaliy.  is  advocated  by  von  Langenbeck 
on  tlie  same  theoretical  grounds. 

Proximal  or  distal  compression  of  the  abdominal  aorta 
for  the  cure  of  alidominal  aneurism,  first  su.ggested  by  Mr, 
Holmes,  finds  many  warm  advocates  and  boasts  a  num- 
ber of  successful  results.  The  preliminary  treatment 
consists  in  evacuation  of  the  bowel  and  in  the  expul- 
sion of  flattis.  Aniesthesia  is  essential.  The  instrument 
employed  is  the  abdominal  tourniquet,  and  sutficieni, 
pressure  is  applied  comidetely  to  arrest  the  blood  current 
in  the  aneurism.  Mr.  jMurray  recommends  that  the 
treatment  be  conducted  as  follows: 

1.  That  pressure  be  ajqilicd  for  four  hours.  If  m) 
effect  be  then  a|>iiarent.  the  first  attempt  is  abandoned. 
If  (/«//  diminution  of  impulse  be  manifest,  the  tourniquet 
is  aiiplicd  for  anotlier  hour. 

2.  In  the  event  of  failure,  at  the  first  operation,  an- 
other trial  is  made,  after  a  few  days,  and  pressure  main- 
tained for  from  six  to  eight  hours. 

3.  If  the  second  attempt  fail,   pressure  may  be  con- 
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tinuod,  at  tlio  lliird  operation,  twdvo  hours,  but  it  must 
be  instautlv  removed  if  iullammation  or  shock  supervene. 

WilU'iin  II.  Flint. 

ANEURISM.  THORACIC.*— In  tliis  article  no  attempt 
is  luadr  to  iliseuss  in  detail  the  ])atholoyy  of  aneurism  in 
.U-eneral,  as  that  will  be  found  under  its  proper  iieadinu'. 
It  is  intended  ratlier  to  present  in  as  condensed  a  form  as 
possil)le  tlie  princijial  ixiinis  bearinjr  upon  tlie  dia!.;nosis 
and  treatment  of  tins  particular  form  of  the  disi'ase. 

ETloI.OiiY  .\M^  l^.VTiloi.oOY.  —  In  seeking  for  the  <-auses 
which  are  operative  in  thi'  production  of  thoracic,  as  of 
other  forms  of  aneurism,  we  must  lu'ar  in  mind  tlie  twci 
main  conditions vhich  are  in  themselves  the  most  power 
fill  agents,  viz..  a  weakened  condition  of  the-  arterial 
walls,  and  increased  blood  pressure.  All  eireunislanees. 
therefore,  which  lend  to  bringabout  one  orotherof  these 
disonlered  states  tend  to  induce  the  formation  of  an 
aneuri.sm.  Probably  one  alone  will  sometiiucs  be  sutli- 
cieut,  but  if  both  together  unite,  the  necessary  conse 
quences  are  rendered  still  more  certain. 

The  constituli()nal  conditions  which  are  known  to  |ire- 
dispose  to  atheroma  and,  therefore,  to  aiieuiism  are 
liereditary  predisposition,  gout,  rheuniatism,  kidney  dis 
ea.so,  syiihilis.  and  alcoholism.  To  these  must  also  be 
added  strain  and  laborious  occ-upat  ions  involving  re]ieated 
(though  less  severe)  straining  ell'orts.  It  is  sudden  in 
crease  in  the  lilood  ])ressiire.  however,  which  is  luueli 
more  liable  to  induce  aneurism  than  prolonged  e.v]!osuie 
to  a  modenile  degree  of  increased  tension,  as  se<'n  in 
Hright's  disease.  It  has,  moreover,  been  fully  i)rovcn 
that  tight  clothing,  as  in  soldiers,  acts  injuriously  in  iii- 
tensifyingthc  effect  of  any  straining  effort.  Occupation, 
therefore,  is  a  direct  exciting  cause  of  thoracic  aneurism. 
Any  kind  of  work  which,  besides  being  laborious,  in 
volves  at  times  powerful  muscular  elTorls,  must  lie 
looked  ujion  as  a  factor — perhaps  often  the  most  impor 
tant  factor — in  the  etiology.  Suldiers,  asabove  noted,  are 
notoriously  ]irone  to  lie  affected  by  it,  being  subject  to  a 
combination  of  injurious  inlluences.  Prostitutes,  also. 
fretpiently  liaveancurismof  the  chest  from  being alTceted 
with  syphilis  and  leading  lives  of  dissipation  and  excite- 
ment, highly  provocative  of  muscular  disturbanees. 
According  to  Ilare'sstatistieal  results  a  history  of  traiuna 
is  frecpient  in  cases  of  aneurism.  It  is  well  established 
that  one  or  more  of  the  coats  of  a  healthy  artery  may  be 
ruptured  by  sudden  strain  or  direct  violence,  whilst  in 
vessels  weaKened  by  sclerotic  changi'S.  sy|)hilitie  or  other- 
wise,  such  an  accident  is  moreapt  to  occur.  .\ii  interest- 
ing ease  of  this  character  is  quoted  by  Gairdner  in  All- 
butt's  "'System,"  together  with  a  full  discussion  of  the 
whole  suViject. 

Aoic. — Aneurism  of  the  aorta  may  occur  at  any  age, 
but  it  is  especially  connnon  at  the  more  advanced  periods 
of  middli^  lifi — between  forty  and  tifty  but  it  is  not 
infrei(uent  between  thirty  and  forty.  Very  few  eases 
have  been  observed  below  twenty.  Thedisea.se,  altliou;;li 
rare,  is  not  unknown  in  children,  in  whom  a  syphilitic 
ori.gin  is  almost  invariable.  The  arteries  of  young  ])cr- 
sons  are  sound  and  will  bear  a  sudden  strain  without  in- 
jury. Old  people  very  conunonly  have  atheromalous 
art<'iies,  but  in  them  the  circulation  is  weaker,  strain  is 
rare,  and  thus  they  seldom  suH'er  from  anevnism. 

Si;\.  —  .Men  are  much  more  liable  to  aneurism  than 
women  .\cciirding  to  Dr.  Peacock,  from  t we  thirds  to 
four  tilths  of  the  cases  of  circumscribed  aneurism  occur 
in  males,  wliiU'  dis.secting  aneurism  makes  its  appi'araiice 
in  the  two  sexes  with  e(|ual  freipiency.  The  dilTerenee 
is,  no  doubt,  to  be  accounted  for  from  the  fact  that  men 
are  much  iiKire  exposed  to  the  efficient  promoting  causes. 
viz..  strain,  laborious  occupations,  syphilis,  and  inteiii 
peranee. 

SvMi'TOMAToi.ociY. — The  merecxistence  of  a  dilatation 
at  some  part  of  the  aorta  is  not  necessarily  accom|iaiiied 
bv  manifestatious  of  disordered  function  or  local  distress 
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(synipt()ms).  Unless,  therefoie.  it  mechanically  interferes 
with  neighboring  parts,  it  may  continue  even'  for  a  long 
time  unsuspected.  The  occurrence,  then,  of  symptoms 
which  will  indicate  the  existence  of  thoracic  aneurism, 
dejieiids  more  upon  the  exact  situation  of  the  tumor  than 
iil'on  any  olher  circumstance.  The  symptoms  also  will 
present  wonderful  variety  in  accordaiiee  with  the  vary. 
ing  locality  and  direction  of  the  expansion  of  the  growth. 
The  clinical  history  of  these  ]ialients  previous  to  the  de- 
velopment of  the  eharaeleristic  syni]itoms  is  often  ex- 
tiemely  indetinile.  It  is  quite  eouunon  to  lind  a  man 
seeking  advici-  for  a  lo.ss  of  vniee  or  a  harsh  cough,  or  a 
thoracic  pain,  found  to  be  due  to  an  aneurism  of  some 
standing,  and  yet  he  will  give  an  aei-ouiit  of  having  en- 
joyed exc<'llent:  health  in  every  lespeet  until  (perhaps 
((iiite  recently)  these  symptoms  attracted  his  attention. 
Again,  sometimes  a  (piick  pain,  with  iialiiilation  and 
breatlilessness,  has  been  observed  at  some  remote  pi'fiod, 
to  be  followed  hiler  on  by  otlii'r  symptoms  of  intia-lho- 
racic  di.sorder.  Or,  some  laryngeal  or  bronchial  symp- 
toms may  have  been  coming  on  imperceptibly  for  a  long 
time  past.  In  many  cases,  belonging  to  one  of  the  above 
types,  of  men  above  middle  age,  whose  general  health 
andnulrition  remain  unimpaired,  suspicion  of  aneurism 
may  very  lea.sonably  be  cntertaiueil.  Dee ])  seated  aneu- 
risms may  be  entiiely  latent,  presenting  no  evidence  of 
their  existence  by  either  symptoms  or  physical  signs. 
Till!  eoinparative  fre<pieriey  of  such  cases  is  now  being 
very  generally  recognized. 

The  symptoms  of  thoracic  aneurism,  therefore,  are 
mainly  the  symptoms  of  intra-thoraeic  pressui'e.  and 
mostly  dill'er  in  no  respect  from  those  produced  by 
tumors  of  difTerent  nature  in  the  same  situation.  The 
symptoms  consist  of  the  manifestations  by  which  we  can 
re<'ognize  displacement  of  lung  substance,  compression 
of  the  main  or  secondary  air  tubes,  irritation  or  destruc- 
tion of  nerves,  obliteration  of  venous  channels,  obstruc- 
tion of  the  (rsopha,geal  tube,  or  erosion  of  sonu'  of  the 
bony  structures. 

The  iirincipal  syni])tomsof  intra  thoracic  pressure  nia.y 
be  thus  enumerated — jiain,  dysjinu'a.  altered  voice, 
cough,  stridor,  headache,  and  disordered  vision,  and 
lastly,  paraplegia. 

The  jiiiiii  of  thoraei<'  aneurism  is  a  most  frequent 
syin])tom.  but  very  variable  as  to  its  character,  de.gree, 
and  situation.  In  not  a  few  cases  pain  of  some  kind  will 
be  the  lirst  indiealioii  of  existing  disorder.  Early  iiain 
is  usually  of  a  somewhat  lancinating  nature,  and  is  sug- 
gestive of  neuralgia.  It  is  often  eoiniilained  of  as  dart- 
ing across  some  region  of  thechest  oralong  certain  nerves 
to  distant  parts.  When  the  aneurism,  for  example,  is 
seated  in  or  near  the  innominate  sirtcrv,  the  pain  is  often 
referred  1o  tli<^  back  of  the  neck  on  the  right  side  and  be- 
hind the  right  ear;  when  it  is  .seated  in  the  transverse  arch, 
the  pain  may  be  across  the  top  of  the  chest  and  down 
]ierliaps  Iheentiie  Icngthof  one  'irm.  Pains  of  this  kind 
should  always  iiromjit  a  search  for  internal  aneurism. 
Later  on  in  the  complaint  the  pain  is  likely  to  be  of  a 
steady,  wearing  kind,  and  referred  to  some  (ixed  spot, 
jiidbably  deep  in  the  chest.  Aneurisms  pressing  back- 
ward against  the  verlebiid  column  and  the  spinal  nerves 
emerging  Iherefi'om  luive  two  special  forms  of  jiain  con- 
nected with  tlK'ur  <'itlier  a  persistent  boring  pain  ex- 
perienced in  some  particular  part  of  the  s|iinal  column, 
or  a  definite  inlercoslal  neuralgia,  having  a  distiibutive, 
intermittent  character,  and  tender  spots  oft<-n  unusually 
well  mai'ked.  There  is  sometimes  pain  of  a  real  anginoid 
character,  aecompanieil  by  a  .sense  of  lightness  in  the 
chest,  but  it  is  very  seldom  thai  attacks  of  trtie  angina, 
with  the  typical  features  of  this com])laint,  are  witnessed. 
Pressure  on  the  phrenic  nerve  has  been  found  sometimes 
to  be  aeconqianied  by  a  jiainful  feeling  of  constriction 
round  the  lower  pari  of  the  thorax,  together  with  dysp- 
luea  and  singultus,  from  disturbed  innervalion  of  (he 
diaphra.!rm, 

Vi/.tpiiiiii  is  a  very  frequent  symptom,  and  is  of  vary- 
ing character  and  degree  in  accordance  w  ith  the  cause  to 
which  it  may  be  due.     It  may  arise  from  eoiniiression  of 
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!i  ])orlioii  of  the  piilinonary  structuns.  rrom  pri'ssiirr 
upiin  tilt"  tnirlicu,  Ti]Hin  a  main  broiiilius.  or  upiiii  tlii' 
lURMiniogastric  trunk nr  (inc  of  the  recurrent  nerves.  An 
aneurism  must  have  attained  to  a  e<insich'ralilesize  liefore 
it  Ciin  sliut  oil'  a  portion  of  a  lung  s\itlieieut  lo  produce 
decided  dj'spnn^a.  Sliortucss  of  breatli,  tlierefore,  will 
not  tie  niueh  complained  of  iu  the  early  staiies,  unless 
the  tumor  interfere  witli  some  of  the  other  structures  just 
named,  ('(impression  of  the  trachea  commonly  occurs 
from  aneurisms  of  the  arcli,  and  the  dys])niea  will  lie 
observed  to  exist  lioth  in  inspiration  and  in  expiration.  It 
is  accompanieil  liy  enfeelilement  of  the  respiratory  mur- 
mur in  both  lungs,  and  the  laryngoscope  .shows  the 
mechanism  of  the  vocal  cords  to  be  normal.  Under 
favorable  conditions  a  slvilled  ob.server  can  detect  the 
narrowed  lumen  of  the  trachea  by  the  laryngoscopic 
mirror,  and  in  some  instances  can  even  observe  pulsation 
transmitted  from  the  aneurism  at  the  jioint  of  pressure. 
Standing  lieside  sucli  a  jiatient.  it  is  (|uite  usual  to  hear 
a  rough,  raucous  sound  of  peculiar  calibre  accompanying 
both  inspiration  and  expiration,  especially  when  these 
acts  are  performed  somewhat  forcibly.  The  dyspnoea 
here,  as  iu  the  last-mentioned  form,  is  very  markedly  in- 
creased by  even  slight  exertion,  the  chief  reason,  no 
doubt,  being  that  tlie  tumor,  being  expansile,  the  in- 
creased heart's  action  ex|ian(ls  it,  and  causes  it  to  com- 
press the  clastic  tube  more  tirmly.  In  exceptional  cases 
of  tracheal  compression,  paroxysms  of  intense  dyspncea 
may  be  occasionally  witnessed,  and  that  without  ilircct 
involvement  of  any  of  the  important  nerves.  Attacks  of 
this  character  are  apt  to  come  on  from  exertion  or  emo- 
tional disturliance.  and  are  attributed  by  Bristowe  to 
more  or  less  complete  obstruction  of  the  trachea  by  a 
jilug  of  mucus.  Position  will  often  relieve  the  respira- 
tory distress  considerably,  and  patients  very  frequently, 
of  their  own  accord,  rest  or  sleep,  leaning  tlie  chest  well 
forward  to  take  off  the  pressure  from  the  windpipe.  If 
a  main  lironchus  be  compressed  (and  it  is  most  often  the 
left),  the  dyspntea  is  not  likely  to  be  so  great,  and  en- 
feebled breathing  is  found  in  the  corresponding  huig.  It 
has  long  been  recognized  that  pressvire  upon  the  impor- 
tant nerves  supplying  the  muscles  of  the  larynx  which 
pass  through  the  chest  will  cause  dyspnoea,  and  that, 
very  often,  of  the  most  intense  kind.  Here  tlie  striking 
feature  is  dv'spnoea  in  piirD.fi/xms.  There  may  be  periods 
of  comparative  calm,  during  which  tliere  is  only  a  mod- 
erate shortness  of  breatli  on  making  some  exertion,  but 
suddenly,  with  or  without  any  exciting  cause,  severe 
sulfocative  dyspmea  sets  in.  and  in  some  cases  actually 
proves  fatal.  This  residt  may  be  brought  about  either 
by  the  compression  or  involvement  of  a  pneumogastric 
nerve  or  a  recurrent  laryngeal  nerve,  .'sometimes  nerves 
of  llotli  sides  are  imp.licated.  Owing  to  its  situation  in 
relation  to  the  aneurism,  the  nerve  of  the  left  side  is  more 
often  affected  than  that  of  the  right.  When  the  latter 
is  involved,  it  is  generally  from  its  being  (iisturlicd  by 
the  dra.ff.ging  of  a  tumor  upon  the  root  of  the  right  sub- 
clavian artery.  It  is  held  by  some  that  this  form  of 
dyspno?a  may  be  brought  about  either  by  spasm  of 
the  muscles  supplied  by  tlie  recurrent  nerve  or  by  their 
paraly.sis.  Pressure,  it  is  said,  will  either  irrilate  or  de- 
stroy a  nerve.  Irritati<in  will  cause  sjiasm,  destruction, 
]iaralysis.  There  does  not.  liowever,  seem  to  lie  any  re- 
liable evidence  of  the  occurrence  of  spasm  as  a  cause  of 
dyspntea:  while,  on  the  other  liand,  whenever  decided 
laryngeal  symptoms  are  observed  from  intra-thoracic 
liressure,  the  laryngoscope  nearly  always  shows  the  ex- 
istence of  paralysis  in  a. greater  or  less  liegree.  Unilateral 
|iaralysis  may  exist  for  a  long  time  without  marked 
dyspiKca,  but,  if  the  opposite  muscles  become  alfeelcd, 
the  liability  to  jiaroxysmal  attacks  becomes  developed, 
the  Haceid  cords  are  sucked  together  by  the  ins]iiratory 
ellort.  and  a  suffocative  condition  is  imlueed.  Why  does 
this  occur  in  paroxysms?  It  may  be  that  ara|iid  temporary 
I'lilargenient  of  the  tunuir  occurs  (from  exertion,  etc. ).  and 
th:it  this  causes  increased  jiressure,  as  a  result  of  which  the 
jiaialysis  may  be  rendi'red  mmplcte  :  or  it  may  be  that. 
Irnni  incomplete  coughing  efforts,  mucus  collects  in   the 


.glottis,  and  forms  a  complete  barrier  in  the  already  par- 
tially obstructed  glottic  opening.  A  rare  form  of  dyspncea 
in  aneurismal  ]iaticnts  consists  in  a  simulation  of  ordinary 
asthma.  I  have  seen  one  such  case  in  a  young  woman  iu 
which  the  picture  presented  was  exactly  that  of  a  com- 
mon attack  of  spasmodic  asthma. 

Alterations  of  voice  are  observed  only  when  the  tumor 
presses  upon  one  of  the  rcciu'rent  nerves,  or  upon  a  pneu- 
mogastric trimk.  The  changes  in  the  voice  consist  mainly 
in  diminution  of  its  power  and  clearne.sa  in  varying  de- 
gree, together  with  hoarseness  and  someiimes  a  squeaky 
or  high-pitched  tone.  The  loss  of  voice  may  come  on 
quite  suddenly,  and  ultimately  complete  aphonia  may 
result.  These  lai-yngeal  symj^toms  may  be  among  the 
very  first  complained  of,  thus  simulating  catarrhal  laryn- 
gitis, for  which  this  condition  has  freiiuently  been  mis- 
taken. Laryngoscopic  examination  almost  invariably 
shows  deficient  abduction  of  a  vocal  cord  (more  fre- 
quently the  left).  If  the  paralysis  be  incomplete,  theaf- 
fectetl  cord  is  seen,  on  phouati<in,  to  fail  to  reach  the 
median  line,  and  thus  an  open  space  is  left  between  the 
two.  It  if  be  complete,  the  paraly/ed  baud  remains  al- 
luost.  if  not  quite,  stationary,  and  the  healthy  cord  is 
seen  to  move  rapidly  across  the  median  line  until  it  ap- 
proaches its  fellow  of  the  opposite  side. 

Stridor  is  specially  noticed  wlicn  an  aneurismal  tumor 
presses  upon  the  trachea  or  one  of  the  main  bronchi.  It 
dilfers  altogether  from  the  stridulous  respiratory  soimds 
heard  iu  cases  of  laryngeal  disease,  and  is  distinguished 
also  from  them  in  that  tlie  ordinary  speaking  voice  re- 
mains unimpaired.  The  stridor  is  usually  a  rough,  low- 
pitched,  growling  sound,  accomiianying  both  inspiration 
and  expiration,  and  .giving  the  impression  of  originating 
deep  within  the  i-liest.  It  is  markedly  increased  by  full 
breathing.  This  is  the  so-called  "stridor  from  below  " 
of  the  older  authors. 

CoiKjh  very  commonly  occurs  during  the  course  of  a 
thoracic  aneurism.  It  is  produced  mainly  by  the  irrita- 
tion from  pressure  of  the  pulmonary  and  laryngeal  nerves, 
and  is  often  very  frequent  and  distressing.  If  there  be 
laryngeal  paralysis  the  cough  will  probably  be  husky, 
and  exen  suppressed.  When  tracheal  jiressure  with  stri- 
dor exists,  the  cough  likewi.se  becomes  loud,  rough,  and 
clanging  in  character.  Tlie  expectoration  at  first  is  very 
small  in  (|uantity — in  fact  it  may  be  so  throughout ;  but 
when  there  has  been  much  |iulmonary  irritation,  or  when 
a  tra<'heo  lironchial  catarrh  has  been  set  up.  large  quanti- 
ties of  purulent  expectoration  ma.v  be  got  lid  of.  Blood 
sometimes  appears  in  the  sputum,  and  must  always  be 
looked  ujion  as  a  sign  of  impending  danger. 

Dijxiihorjirt  is  a  symptom  more  often  seen  in  connection 
with  other  forms  of  intrathoracic  tumor  than  with  aneu- 
rism. It  has  also  been  clearly  proven  that  an  aneurism 
mav'  have  exerted  consiilerable  luessure  ujiou  the  (eso]ih- 
agusand  yet  no  resulting  dysphagia  have  been  observed. 
Certain  peculiarities  in  oesophageal  obstruction  due  to 
aneurism  (as  compared  with  that  which  results  from  other 
tumors  or  from  organic  strictiiie)  are  these:  that  it  is 
variable — perhaps  at  one  time  of  day  nothing  can  be  swal- 
loweil,  and  again,  later  on,  fiuids  or  semi-solids  pass  with 
comparative  ease:  and,  secondly,  it  is  altered  by  position 
— the  patient  may  be  able,  by  removing  the  weight  of  the 
tumor  on  leaning  well  forward,  to  swallow  fairly  well, 
while  tlie  same  thing  is  imiiossible  in  the  recumbent  posi- 
tion. 

Knuorrjement  of  the  feiui  aim  and  its  branches,  from 
pressure  of  the  sac  upon  this  great  trunk  or  upon  one  of 
the  innominate  veins,  occurs  pretty  fre(|Uently.  It  is  in- 
dicali'il  in  the  lesser  degrees  by  undue  fulness  of  certain 
of  the  sujierficial  veins  of  the  neck,  shoulder,  and  front 
of  the  chest.  In  an  extreme  degree  the  apiicaiances  pro- 
duced are  very  striking.  The  face  is  purple  and  con- 
gested, the  eyes  are  suffused,  the  superficial  veins  greatly 
distended  with  blood  and  mostly  tortuous.  The  tissues 
at  the  root  of  the  neck  become  infiltrated  and  present  a 
.soft,  swollen  appearance,  obliterating  more  or  less  the 
hollow  above  the  clavicle.  The  congestion  of  the  inter- 
nal veins,  which  must  simultaneously  occur,  causes  those 


340 


REFERENCE   HANDBOOK   OP  THE   MEDIC.VL  SCIENCES. 


AncurlMiii. 
AiifiiriHiii. 


patients  to  suffer  from  lieailache  and  often  from  sreat 
drowsiness,  and  deatli  may  lake  place  in  a  (■omalosc  <iin- 
<lition.  Pressure  DM  the  l)ra(:liial  veins  will  i-uise  swell- 
inj;  of  tlie  eorrespondinj;  arm. 

Differciiei:  in  l/w.  iSiie  iif  tin:  PkjiUs. — The  anterior  roots 
of  tlie  spinal  nerves  from  the  sixth  cervieal  lo  the  sixth 
dorsal  (aeeordin;;  to  Brown-.'^e(|uard  to  the  ninth  or  tenih 
dorsal)  supply  to  the  eervieal  sym]iatlielie  lilaments 
which  pass  tn  the  iris.  When  an  aneurism  presses  u|ion 
these  nerves,  then  ocular  symploms  arc  (jliscrved.  luoi'c  j 
or  less  marked  accordinjr  to  the  dej^ree  of  the  lu-cssurc. 
If  the  pressure  is  slij;ht,  then  irritation  only  is  jirodueed, 
and.  as  a  consecjuenee.  there  is  dilatation  of  the  eorre- 
s])on(liu2:  jjupil.  If  the  pressure  is  considerable,  then 
a  paralysis  is  lu'odnced.  and  we  lind  pernianeni  contraction 
of  that  pujiil.  Willi  reference  to  this  symptom,  it  must 
be  develoiicd  to  a  decided  de.nree  before  any  reliance  can 
b(^  placed  upon  it,  becau.se  ihe  slighter  dilTcrenccs  in  size 
tietween  the  two  pupils  ar<'  quite  conunoiily  oj]scrveiI  in 
healthy  person.s.  Even  when  this  symptom  is  clearly 
made  out  its  im|)ortance  is  not  great  from  a  dia,irnosiic 
point  of  view,  for  theie  are  ,generally  then  present  many 
more  reliable  indications  of  the  disi'asc.  lint  it  can  be 
used  as  one  means  to  assist  in  enabling  us  to  locate  more 
jirecisely  the  seat  of  tlie  tumor. 

Hiiuiciati'iii  is  very  often  wanting,  and  piisons  willi 
large  tunors  may  remain  quite  well  nourished,  ('cjii- 
siderable  emaciation  is.  however,  often  seen  arising  from 
coincident  weakness  of  the  di.gestion,  want  of  exercise, 
and  continued  suffering.  Marked  wasting  of  th(!  tissues 
has.  in  rare  cases,  been  traced  to  pressure  ujion  the  tlio 
racic  duct,  and  a.gaiu,  although  it  develops  less  rapidly. 
to  jiressure  upon  the  (esophagus  and  to  inanition. 

Such  are  the  chief  symptoms  of  thoracic  aneurism, 
which  are  the  result  of  the  intra  thoracic  pressure  which 
it  must  sooner  or  later  pioducc.  and  it  is  to  them  we  musl 
generally  look  for  aid  in  establishing  a  diagnosis.  I?ut 
llieK^aro  others  which  must  be  mentioned.  It  sometimes 
iiappens  that  the  objective  signs  of  uneUrisni  may  be 
present  while  subjective  symptoms  are  eiilircly  wanting. 
But  the  contrary  is  more  generally  tine.  Various  c(]m 
plaints  will  be  made  before  the  existence  of  their  eausi' 
can  be  Siitisfactorily  made  out.  ^luch,  of  course,  will 
depend  u])on  the  silualion  of  the  tumor.  Halii'nis  often 
first  experience  pains  in  tiie  chest,  the  ditrercnl  chara<- 
ters  of  which  have  been  already  alluded  to.  As  the  tunioi- 
increases  in  size  these  painful  sensations  may  he  moditicd 
in  various  waj's  by  the  occurrence  of  eoniplicaling  in 
flammatious  of  surrounding  parts,  and  ispccially  of  the 
pleura.  Tlu-re  may  also  be  a  distinct  sensation  of  throli 
bing  or  pulsation  in  the  chest  in  the  region  of  the  aneu- 
rism. Palpitation  of  tlie  heart  and  tight ncss  in  the  cliist 
are  often  associated  with  these.  The  palicnls  ihemselves 
may  alsoobservc  that  alteralionsof  position  have  an  etVccI 
in  increasing  or  diminishing  their  discomfort,  Then  dysp- 
nu'a  of  some  kind  is  likely  to  occur  and  to  be  followed 
by  dysphagia,  ncural.gias,  parescs,  or  actual  paralysis 
(perhai)S  only  formication  or  numbness),  some  ana'inia, 
<liniinution  of  strength,  and  sometimes  o'dema.  .\n 
aneurism  of  the  chest  may  thus  cause  death  by  a  gradual 
process.  Less  commonly  we  observe  conlinimus  increase 
in  the  tumor  until  it  finally  ruptures  and  dc'ath  ensues, 
, either  directly  from  hemorrhage  or  indirectly  from  the 
(•ffects  of  the  effusion  of  blood  upon  some  vital  organ. 
Ru])ture  is  generally  associateil  with  enormous  hemor- 
rhage, which  is  inevitably  fatal  in  a  few  minutes  or  sec- 
onds. It  does  haiipen,  liowev(  r,  that  smaller  bleedings 
oeeasionally  make  tlieir  aiipearance  for  some  time  (it  may 
lie  for  only  a  day  or  even  for  a  longer  time)  previous  to  Ihe 
final  gush".  In  tla-case  of  a  gentleman,  umler  the  can-  of 
the  writer,  who  died  of  this  disease  a  short  liiucago,  small 
quantities  (a  few  ounces)  of  bright  arterial  blood  were 
liroughl  11])  for  more  than  twenty-four  hours  preceding 
till'  actually  sudden  end.  In  this  case  the  aneurism  broke 
into  the  substance  of  the  lung,  and  evidently  hiid  leaked 
into  a  small  bronchus  during  the  time  mentioned.  The 
final  rupture  took  place  into  the  left  main  bronchus,  ami 
was  accompanied  by  a  great  spirt  of  lluid  blood,  and 


followed  by  instant  death.  lIa-mo|)tyses  sometimes  oc- 
cur at  long  intervals  (years)  in  aneurisms,  generall}'  from 
associated  pulmonary  congestions. 

When  rupture  tak<s  ]ilace,  it  may  be  accompanied  by 
a  .sense  of  tearing  within  Ihe  chest,  and  if  the  blood  does 
not  appear  externally  wilh  cough  or  efforts  of  vomiting 
(through  the- trachea  or  through  the  (esophagus),  then  it 
will  be  recognized  liy  the  accom|)aiiying  pallor  and  syu- 
co]ie.  wilh  failure  or  cxiinclion  of  Ihe  pulse.  Inlernal 
rupture  lakes  place  niosl  freipiently  into  Ihe  pericardium, 
and  is  almost  always  imnicdialely  fatal,  although  in  a 
case  (pioled  by  Kelynack  Ihe  patient  lived  for  four  hours. 
Pepper  and  (irillith  have  published  a  ease  of  ru])ture  into 
Ihe  sujicrior  vena  cava,  and  they  have  collected  Iwenty- 
seven  oilier  instances,  whilst  Friinkel  has  recently  re- 
corded two  such  accidents  recognized  during  life.  The 
symptoms  are  dyspntea,  followeil  by  slighl  proplosis,  and 
by  (edema  and  cyanosis  of  the  face,  neck.  up|ier  part  of 
the  thorax  and  arms.  There  is  frei|ueiilly  a  (■oiilinuous 
murmur,  Unidcr  during  systole  and  produced  by  the  pas- 
sage of  bhjod  from  the  aorta  into  the  vena  cava.  Death  in 
such  eases  is  not  necessarily  immcdiale,  and  has  be(!n  posl- 
poiK.-d  for  several  weeks  or  mouths  after  the  occurrence 
of  the  rupture.  Escape  into  a  pleural  cavity  is  common, 
and  is  marked  by  severe  pain  and  dyspmea.  and  by  the 
]iresence  of  the  physical  signs  of  elVused  lluid.  I  have 
seen  one  case  of  rui^turc  into  Ihe  pulmonary  artcrv  when 
the  symptoms  consisled  of  sudden  pain,  collapse,  want  of 
pulse,  and  tumultuous  a(tion  of  the  licarl  for  about  two 
liours  before  death.  External  ruplure  is  comparatively 
rare.  If  such  a  ruplure  is  impending,  tli('  fact  will  be 
rcc(jgnized  by  the  coinmencing  lividily  and  finally  gan- 
grenous appearance  of  Ihe  tensest  ])orlion  of  the  pro- 
jecting tumor.  This  aceideni  is  someliiues  induecil  by 
sli'aining  or  falling,  or  by  rough  handling. 

I'/ii/siriil  Sii/iis. — Tlie  foregoing  symploms  (which  are 
mainly  lho.se  of  exccnlric  pressure)  are  indicative  of  in- 
Ira-lhoracie  tumor  of  some  kind,  but  cannot  indicate 
aiieurisni  specially.  On  observing  any  combinalion  of 
them,  we  must  turn  to  the  physical  signs  lo  determine 
the  character  of  the  tumor — they  are,  of  the  two,  there- 
fore, the  more  important  ;  and  both  togellier  will,  in  the 
majority  of  cases,  enable  the  physician  to  arrive  at  a  posi- 
tive diagnosis.  These  physical  signs  are  derived  both 
direclly  from  Ihe  tunua'  itself  and  indirectly  from  an  ex- 
amination of  the  nei.irhboring  organs  which  may  have 
been  ]iressed  ufjon,  displaced,  or  olherwise  inlerfered 
with  by  the  encr(.)aeliing  tumor.  The  signs,  as  regards 
the  aneurism,  will  evidently  de|)end  mainly  upon  its  size 
and  its  exaci  jiosition.  especially  as  regards  the  surface 
of  the  chest. 

//1.1/Hrtiiiii.  will  readily  demonstrate  the  existence  of 
anv  distinct  bulging  of  Ihe  paricles  of  Ihe  chest.  This 
may  be  only  a  siiglil  or  ill  defined  elevalion  of  a  circum- 
scribed area,  or  it  maybe  a  tumor  of  some  magnitude. 
The  elevated  |.iart,  moreover,  is  seen  to  pulsate  (almosi) 
.synchronously  with  the  apex  of  the  heart.  The  situa- 
tion of  the  jiulsating  prominence  dejiends  ujion  Ihe  jior- 
tiou  of  the  aoria  involved,  and  the  direction  in  wliich  it 
has  been  tending.  Aneurisms  of  the  ascending  arch  are 
most  coiumonly  seen  in  Ihe  second  or  third  interspace  of 
llie  right  side. "  Those  of  Ihe  descending  aorta  will  most 
commonly  reach  the  surface  on  the  ])oslerior  or  lateral 
wall  of  the  chest.  The  skin  over  the  |)roniinenee  is  usu- 
ally healthy,  except  when  the  external  tumor  is  large, 
wllen  it  may  be  red  or  livid.  There  may  be  no  elevalion 
from  the  general  surface,  the  eye  only  detecting  a  iuils;it- 
ing  siiol  similar  to  that  over  Ihe  cardiac  apex.  In  the 
absence  of  these  more  cliaraeteristic  appearances,  if  Ihe 
front  of  Ihe  chest  be  carefully  examined  while  llic  iialieiit 
stands  sideways  to  the  observer,  a  more  or  less  distinct 
svstolic  heaving  of  Ihe  chest  wall  can  lie  noticed,  espe- 
c'ially  when  the  respiration  is  withheld.  This  indicates 
usually  iin  aneurism  of  considerable  size  and  deei>ly 
seatedl  If  the  heart  be  displaced,  this  fact  call  also  be 
determined  bv  the  altered  position  of  the  apex  beat. 

l'ii!jiiili('ii  of  the  chest  is  of  scrvic-c  (aily  when  the 
tumor  suHiciently  approaches  the  chest  walls.     Local  ful- 
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ness  or  bulgiug  cau  he  appreciated,  imlsation  can  he 
located,  ami  the  force  of  the  impulse  measured.  Fre 
misseiiieut,  or  thrill,  systolic  in  rhythm,  can  also  not  in 
frequently  he  felt,  perhaps  over  tlie  entire  area  covering 
the  tumor;  and  following  this,  sometimes  a  diastolic 
shock  may  be  recognized.  In  obscure  cases,  in  which  a 
deep-seated  aneurism  may  be  susjieeted,  the  bimanual 
method  of  examination  may  prove  of  great  service.  The 
patient's  chest  is  tirmly  grasped  between  the  two  extended 
hands  laid  tlat  upon  the  surface.  By  tliis  means  a  dilfused 
sense  of  expansion  will  be  experienced  \vhicli  is  extremely 
signiticant  and  can  onlj-  be  ascertained  in  this  way.  The 
strpra-sternal  notch  should  also  be  ex  plored.  The  patient's 
liead  being  bent  forward  to  relax  the  sterno-mastoid  mus 
cles,  one  or  two  fingers  are  pressed  deeply  into  the  fossa  and 
beneath  the  maiiulirium  sterni,  when  pulsation  or  thrill 
communicated  fiom  tlic  transverse  jiortion  of  the  arch  cau 
be  distinctly  perceived.  Another  |)hysieal  sign  of  very 
great  diagnostic  importance,  and  one  which  is  also  to  be 
obtained  "by  the  educated  sense  of  touch,  is  what  is  now 
known  under  the  term  "tracheal  tugging,"  or  Oliver's 
sign.  It  is  but  quite  lately  that  attention  has  been  directed 
to  this  method  of  examination,  and  it  is  only  now  that  its 
value  is  being  realized.  To  examine  for  tliis  sign  proceed 
as  follows.  Let  the  patient  lie  seated  upright  and  with 
the  head  well  thrown  hack,  in  order  to  put  the  wimlpipe 
upon  the  stretch.  Then  witli  the  linger  and  thumb  of 
the  right  hand  grasp  the  cricoid  cartilage  or  the  lower 
border  of  the  thyroid,  and  make  steady  pressure  upward. 
If  a  deep-seated  aneurism  be  present  whicli  impinges  at  all 
upon  the  trachea  or  one  of  its  principal  division.s.  then  a 
very  distinct  and  luimistakable  ti/r/i/iiir/  doiriiirai-d  will 
be  felt  with  each  systole  of  the  heart.  When  tlie  heart  is 
acting  strongly,  or  when  aortic  incompetence  is  present, 
considerable  riiythmieal  pulsation  may  be  conununicated 
to  the  lingers  from  the  adjacent  carotids,  liut  with  a  little 
care  this  cannot  be  mistaken  for  tlie  tugging  directly 
downward  above  described.  I  have  observed  a  consider- 
able number  of  cases  of  thoracic  aneurism,  cardiac  and 
other  thoracic  diseases  with  reference  to  tliis  si,gn,  and  I 
have  never  observed  it  produced  by  any  other  condition 
but  aneurism.  In  one  case,  which  1  .saw  in  eimsultalion, 
there  seemed  clear  evidence  of  an  aneurism  of  the  trans- 
verse arch,  and  the  presence  of  stridor  and  paroxysmal 
dyspnoea  showed  its  interference  with  the  trachea  and 
nerves.  No  tugging  could  be  felt.  The  autopsy,  how 
ever,  showed  that  the  tumor  was  conii)letel_y  filled  with 
lirm  laminated  fibrin,  and  its  pvdsatile  character  was 
lost.  Except  in  cases  of  tliis  kind  (which  must  be  of 
pretty  long  standing)  tracheal  tugging  may  alwa\'s  be 
lookeil  for  in  central  aneurisms  nf  the  chest.  This  sign 
was  attributed  by  MaeDonnell  to  pulsation  transmitted 
dow-nward  to  the  left  bronchus.  It  may.  however,  be 
present  in  any  instance  in  which  the  aneurism  is  adherent 
to  the  trachea,  anil  Fraeukel  has  seen  it  in  an  aneurism  of 
the  ascending  aorta  in  which  firm  adhesions  were  present 
between  it  and  the  trachea.  It  is  conceivable  that  a 
vascular  pidsating  tumor  might  give  rise  to  this  sign, 
but  hitherto  no  well  authenticated  case  of  solid  tumor 
has  been  published  with  tracheal  tugging.  Care  must 
be  taken  to  distinguish  a  slight  downward  pulsation, 
often  felt  in  healthy  necks,  from  true  tugging.  Hall 
has  recently  desciibed  a  diastolic  shock  following  the 
S3'stolic  tracheal  tug. 

PercufiKioii  elicits  a  flat  nolc  over  the  area  throughout 
which  the  aneurism  is  in  contact  with  the  chest  wall. 
This  area,  of  course,  may  give  no  idea  of  the  actual  size 
of  the  aneurism,  for  its  principal  bulk  may  be  buried 
beneath  healtliy  huig  tissue,  A  modified  dulne.w  may 
sometimes  be  found  for  sonu^  distance  around  the  fiat 
region.  It  is  often  impossible!  to  separate  the  dulness  of 
the  aneurism  from  that  over  solid  organs,  the  heart,  liver, 
etc.  Of  course,  if  the  tumor  be  entirely  deep  seated,  the 
percussion  may  be  everywhere  normal.  If  also  tlii'  lungs 
lie  emphysematous,  no  information  can  lii'  olitained  from 
percussion. 

.Ih.vc»^^(/^/<);(  over  an  aneurism  of  I  he  aoria  reveals  of 
necessity  only  a  systolic  and  a  diastolic  sound,  such  as  we 


hear  over  the  vessel  itself.  The  systolic  sound,  however, 
may  be  modified,  and  is  sometimes  accompanied  by  mur- 
mur. The  modification  consists  generally  in  loudness, 
while,  at  the  same  time,  a  sense  of  impulse  is  conveyed, 
the  so  called  bruit  dc  r/ioc.  The  diastolic  sound  is  com- 
municated from  the  aortic  valves,  any  increase  in  their 
tension  intensifying  the  second  sound  over  the  aneurism. 
It  is  always  accentuated  when  the  diastolic  shock  is  per- 
ceptible on  palpation.  Sj'stolic  murmurs  are  of  tolera- 
bly frequent  occurrence.  Tliey  are  probably  produced 
in  one  of  two  ways-  either  by  sudden  alteration  in  the 
calibre  of  the  vessel  (causing  fluid  waves  or  eddies)  or 
by  the  vibrations  produced  by  contained  coagula  or 
irregularities  in  the  course  of  the  blood  current. 

The  systolic  murmur  of  an  aneurism  is  generally  blow- 
ing in  character,  but  sometimes  possesses  a  decided  musi- 
cal or  "  cooing  "  ([uality.  Its  seat  of  maximum  intensity 
is  likely  to  be  the  central  part  of  the  tumor,  and  it  is  not 
generally  diffused  to  any  very  considerable  distance  from 
this.  The  significance  of  the  murmur  is  derived  from  its 
seat  of  maximum  intensity  being  awa\-  from  that  usually 
associated  with  valvular  lesions,  and  from  its  being  ac- 
companied by  a  magnified  second  sound.  Heard  alone 
{i.e.,  without  accentuation  of  the  second  sound)  a  systolic 
murmur  is  rather  indicative  of  some  other  condition  than 
aneurism.  Indeed,  diastolic  accentuation,  if  confined  to 
some  circum'scribed  dull  area  in  the  neighborhood  of  the 
aorta,  is  of  more  value  than  any  murmur.  Any  mur- 
murs generated  at  the  aortic  valves  and  orifice  are  likely 
to  be  transmitted  through  an  aneurismal  tumor  as  well. 
Often,  therefore,  double  aortic  murmurs  are  to  be  heard 
in  this  situation.  Sometimes,  however,  similar  to.and- 
fro  sounds  are  generated  within  the  sac  it.self,  their  origin 
being  declared  by  their  being  much  louder  over  the  cor- 
responding area  than  elsewhere,  by  being  much  more 
restricted  to  this  region,  and  by  not  being  at  all  necessa- 
rily associated  with  dilated  hypertrophy  of  the  left  ven- 
tricle. A  diastolic  murmur  alone  may,  exceptionally,  be 
heard  arising  from  an  aneurism,  and  Gerliardt  states  that 
a  diastolic  murmur  may  sometimes  be  heard  in  the  left 
supra  spinous  area.  Over  the  tumor  the  respiratory 
murmur  is  absent,  but  on  passing  just  beyond  the  edges 
of  this,  the  breathing  sounds  are  heard,  but  generally  of 
a  .somewhat  bronchial  character.  In  the  same  areas' the 
voice  will  liave  a  bronchial  resonance,  although  decided 
bronchophony  will  not  be  found  (or,  at  any  rate,  is 
rare). 

The  ]>iilic  in  internal  aneurism  may,  or  may  not.  afford 
positive  information.  The  arteiies  themselves  are  fre- 
quently in  a  diseased  condition,  filiroid  or  sclerotic,  and 
may  thus  alt'ecl  the  pulse.  The  state  of  the  heart  will 
also  have  to  be  taken  into  account.  If,  however,  tlie 
blood  be  flowing  into  an  aneurism  of  considerable  size, 
special  alterations  in  the  blood  current,  in  the  parts  on 
the  distal  side  of  this,  may  be  observed  and  delineated. 
The  effect  of  the  diverticulum  is  to  act  like  the  empty 
rubber  ball  in  the  ordinary  syringe,  i.e..  to  make  the  cur- 
rent more  even  and  steady  and  less  spasmodic  and  jerky. 
AVhen,  therefore,  a  sphygmographie  tracing  is  taken, 
the  curve  is  f<nuid  to  differ  from  the  normal  one  in  ac- 
cordance with  this  mechanism  The  a.scent  of  the  sys- 
tole is  less  abrupt,  more  gradual,  and  the  descent  also 
occurs  without  the  same  sharpness.  The  necessary  result 
of  this  is  to  render  the  ajiex  of  the  curve  more  rounded. 
less  acute  than  that  of  the  natiu'al  pulse.  The  larger  the 
sac  and  the  more  distensible  the  walls,  the  better  this 
kind  of  tracing  is  lirouglil  out,  while  fibriUiition  of  the 
cniitenls  and  stiffening  of  the  walls  tend  to  obscure  these 
peculiarities  and  cau.se  the  tracing  to  resemble  the  nor- 
mal curve.  The  value  of  these  observations  is  greatest 
when  we  examine  at  the  same  time  the  corresponding 
artery  of  the  opjiosite  side,  or  else  the  same  artery  (or  a 
branch  of  it)  above  llie  region  of  thesusiu'cted  aneurism. 
It  is  not  uncommon  to  find  such  a  degree  of  ditTerence 
between  the  (lulses  of  the  two  sides  as  may  be  clearly 
recognized  by  the  finger  The  differences  consist  in 
delay  of  the  pulse  and  in  alleralion  in  its  volume.  Delay 
of  the  |iulse  in  the  radial  aitery  is  a  diaguostic  sign  uiion 
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which  too  imicli  stress  iiuist  not  lie  laid,  anil,  iiulccd,  it 
is  very  often  absent.  IJiniinution  in  tlie  caliiirc  of  th<> 
radial  ]iulse  of  one  side  is  important  as  an  additional 
point  of  evideiiee  in  a  ease  of  suspected  tlioracic  aneii- 
risni.  Its  positive  value  is,  however,  detracted  from  liy 
a  consideration  of  the  fact  that  the  same  thin;;  is  often 
seen  from  conLr<'nital  peculiarity  or  from  irre?;idar  dislri- 
Uulion  of  the  lilnod  vessels  of  that  arm.  Tlie  latter  jios- 
sibility  should  always  he  sousrht  for.  and  a  compari- 
son made  bet  ween  the  brachials  of  the  two  arms.  The 
alterati<in  in  the  volume  of  the  pulse  may  be  produced 
by  twistin.<j;  or  tlistort  ion  of  the  vessel,  by  (Ira.sruinj;  upon 
it  by  the  advancinsr  jjrowth,  or  by  |iartial  or  coin]dele 
obliteration  of  the  lumen  by  the  entrance  into  it  of  de- 
tached fra.irinents  of  fibrin.  The  only  special  distin- 
jliiishini;'  mark  of  embfilism  is  the  suddenness  with  which 
it  is  apt  to  occur. 

Thoracic  aneurism  is  very  freiiuently  associated  with 
chanfTcs  in  the  heart  and  in  the  circulation.  Other  neif;h- 
boring  ori;ans  also  become  physically  altered  by  reason 
of  the  i)ressine.  or  other  interference,  to  which  tliey  may 
liave  been  subjected.'  These  conditions  can  generally  be 
recognized  by  physical  examination.  Under  some  con- 
ditions, an  aneurism  fnay  be  the  direct  cause  of  hyper- 
troidiy,  but  the  heart  may  remain  entirely  unatfecteil. 
even  in  the  cas<'  of  large  anevu'isms  of  longstanding, 
provided  there  be  a  sound  condition  of  the  aortic  valves. 
As,  however,  atheroma  is  often  the  common  cause  of 
both  aneurism  and  aortic  valvular  disi'ase.  the  former  is 
frequently  foinid  along  with  dilatation  and  hyjiertrophy 
of  the  left  ventricle.  This  backward  alfection  of  the 
ventricle  cannot,  therefore,  be  used  as  an  argument  in 
favor  of  aneurism,  nor  can  its  absence  be  construed 
against  it.  Displaeemeiit  fif  the  heart  is  often  seen. 
This  is  generally  a  downward  displacement  oidy,  or  w  ith 
some  inclination  to  the  left.  AVhcn  the  tumor  aiVccIs  the 
descending  aorta,  the  heart  is  ili.splaced  forward.  If  in- 
competence of  the  aortic  valves  be  present,  as  often  oc- 
curs, its  existence  is  recognized  by  the  usual  jdiysical 
signs.  The  cause  of  the  iucompeteuce  may  be  either 
atheroma,  as  above  mentioned,  or  the  altered  calibre  of 
the  root  of  the  aorta  jiroduced  by  the  tumor.  /.<•,.  relative 
incoini>etenee  with  healtliy  valvis  near  to  which  the  ex- 
]iansion  has  begun.  Tumors  near  the  orighiof  the  aorta 
are  also  liable  to  cause  ])ericarditis.  This  occurrence  has 
fretiuently  been  found  ]iosi  mortem,  and  is  occasionally 
witnessed  during  lite.  Dr.  Byrom  Bramwell  ("•Diseases 
of  the  Heart  and  Thoracic  Aorta."]).  T14)  says:  "In 
any  case  of  uon  riieiunatic  pericarditis  occurring  after  the 
age  of  forty,  in  which  the  cause  of  the  |iericarditis  is  ob 
scurc,  I  strongly  susjiect  the  presence  of  an  aneurism." 
The  same  author  suggests  that  aneurism  in  the  sami'  lo 
cality  may  account  lor  certain  cases  in  wliicli  iiericarditis 
and  angina  pectoris  have  Ijeen  observed  at  thcsaiiK'  time. 
Pleurisy  is  a  conunon  complication,  and  must  be  looked 
for  either  from  friction  sounds  or  from  the  signs  of  licpiid 
elTusicm.  It  occin-s  most  often  with  aneurisms  of  the  de- 
scending aorta.  The  existence  of  a  pleurisy  at  the  base 
of  one  lung,  followed  by  |)rolonge(l  pain  in  the  same 
region,  otherw'ise  luiaccounted  for,  will  certaiidy  sonu'- 
times  lead  us  aright  by  stiggesting  aneurism. 

If  a  main  bronchus  be  comjpressed.  the  corresponding 
lung  becomes  comparatively  airless,  its  circulati<iii  is 
impaired,  and  catarrhal  conditions  prevail.  In  conse- 
quence of  this  till'  following  physical  signs  will  lie  found, 
viz. :  3Ioderate  duhiess  on  pcrcu.ssion  and  enleebled  res- 
piration, Willi  or  without  moist  rales.  In  a  few  of  these 
cases  a  whistling  sound  can  be  made  out  over  the  silua 
tion  of  the  com|iressed  tube. 

C'han.ires  in  the  lungs  are  not  uncommon  in  aneurism. 
Owing  to  the  frequency  with  which  the  left  bronchus  is 
compressed  these  changes  are  much  more  freiiuent  in  tlie 
left  than  in  the  right  lung.  Fibroid  changes  with  retrac- 
tion, gangrene,  and  suiipuration  are  .seen  and  may  even 
mask  the  primary  disease.  Constriction  of  tlie  left  bion- 
chus  by  aneurismal  pivssure  sometimes  sets  \ip  bronchi 
ectatic  dilatati<in  below-  the  site  of  stricture.  Such  a 
condition  is  usually  not  recognized  during  life,  but  cx- 


ce]itionally  symptoms  and  signs  of  brouchiectasis  can  lie 
discovered. 

We  may  now  consider  more  jiarticularly  the  chief 
symptoms  and  physical  signs  which  indicate  aneurism 
in  the  dilferent  jiarts  of  the  thoracic  aorta. 

Aiti  ui'lsiitu  of  tin:  Root  i>f  tin'  Aorta  {the  ShfUHi^s  itf  Vul- 
Kiilni). — Those  aneurisms  which  spring  from  tin;  very 
commencement  of  the  aortic  tube  are  not  very  uncom- 
mon. They  are  frequently  entirely  latent,  but  symp- 
toms of  pericarditis,  or  of  angina  i)ectoris,  may  occur. 
They  are  (piit(!  liable  to  causiutortie  incompetence.  Such 
tumors  are  very  dan.gerous,  as,  before  arriving  at  any 
.great  size,  they  are  liable  to  rupture,  esjiecially  into  the 
jiericardium.  Dr.  Bramwell  lignres  (</y/.  cil.,  p.  T20)  a 
remarkable  aneurism  s]iriiiging  from  thi.s  situation;  it 
attained  an  enormous  size,  perforati'd  the  sternum, 
foiiiii'd  a  large  external  [jrojection,  and  finally  ruptured  ' 
through  the  integument. 

AiKitriKiiix  (if  thv  Axi'tinJiiKj  Purtloa  of  the  Arch. — In 
this  region  of  the  tube,  dilatations,  cyliiulrical  or  spindle- 
shap<'(l.  are  most  frequent,  but  saccular  aneurisms  also 
occur.  The  latter  are  then  generally  situated  iqion  tlu' 
right  side  of  the  aorta.  In  an  early  stage  of  dilatation 
W(!  shall  liiid  altered  jiitch  of  the  jiercussiou  note  to  the 
right  of  the  sternal  margin  above  lhesc<'ond  rib.  and  the 
pidsation  of  the  aorta  becomes  stronger  and  more  j>er- 
ceplilrle  above  the  sternum.  As  it  increases,  we  get 
more  decirled  duhiess,  extending  to  the  right  above  the 
second  rib.  The  lirst  .sound  becomes  dull  and  the  second 
more  forcible  ;uiil  clanging.  A  .systolic  murmur  may 
tliin  become  developed  in  the  sanu!  area,  and  this,  from 
its  seat  of  origin  and  want  of  dilTusion,  may  he  distin- 
guished from  a  valvular  murmur.  Disease  of  the  aortic 
valve  frecpiently  coexists.  Aneurism  in  the  ascending 
areli  has  a  tendency  to  reach  the  surface  of  the  chest, 
and  can,  therefore,  generally  be  made  out  with  ease  by  the 
[ihysical  signs.  Tlie  locality  wliere  pulsation  and  bulg- 
ing are  most  apt  to  be  discovered  is  the  neighborhood  of 
the  second  costal  cartilage  of  the  right  side.  The  edge 
of  the  sternum  anil  one  or  t  wo  ribs  become  eroded,  and 
tli<^  tumor,  which  may  he  of  considerable  size,  projects. 
The  pulse  in  the  vessels  on  the  right  side  will  be  small 
and  delayed  compared  to  that  of  the  vessels  on  the  left, 
if  tli(^  innomiiaite  be  involved.  Couqiression  of  the  su- 
perior cava  or  right  innominate  vein  may  happi'n.  with 
resulting  dilatation  of  the  veins  of  the  uiijur  half  of  the 
body  or  right  arm.  The  symptoms  commonly  com- 
])laincd  of  are  ])ain  and  dy  simu'a,  jierhaps  cough.  When 
the  aneurism  is  of  <'onsiderable  size,  numbness  and  weak- 
ness in  the  right  arm  may  occur  from  ])ressure  on  the 
brachial  i)lexus.  The  right  bronchus  may  also  be  sonie- 
I  lines  compressed.  Uupture  of  an  aneurism  in  this  situa- 
tion occurs  most  frei|uently  into  the  right  jileural  sac,  tho 
pericardium,  the  lungs,  orexternally.  In  one  of  my  own 
eases,  already  inentloiied,  rupl  lire  took  place  into  the  ]iul- 
monary  artery. 

Aitrtirisintiof  the  TransnrKe  l^nrtuni  of  tlie  Areh. — These 
may  b(^  either  s|)indle-sliiipeil  or,  more  commonly,  saccu- 
lar. As  they  oci-upy  that  [lorlion  of  I  lie  arch  of  the  aorta 
from  which  s]iring  the  great  bracliial  and  ceiihalic 
branches,  the  latter  are  quite  frequenlly  involved  in  the 
aneurismal  .growth.  They  are  common,  but  somewhat 
less  so  than  those  of  the  ascending  portion.  Their  situ- 
ation is  such  that  they,  soon  after  attaining  any  size, 
necessarily  impinge  upon  sonii'  of  the  important  struc- 
tures in  the  centre  of  the  thorax,  giving  rise  in  conse- 
quence lo  decided  evidences  of  intra -thor.-icic  jiressure. 
The  presence  of  a  i>ulsatiiig  tumor  in  this  reirinn  will 
also  cause  easily  recognized  changes  in  the  percussion  if 
the  sternum  and  its  margins,  and  can  further  be  detected 
by  the  sense  of  touch  liehlnd  the  manubrium.  Aneurism^ 
in  the  transverse  arch  is  theiefore.  as  a  rule,  readily  diag- 
nosed except  when  the  tumor  is  quite  small.  Sometiines. 
even  before  any  other  signs  have  developed,  the  aneurism 
may  be  discovered  by  means  of  the  fin^'cr  pressed  well 
down  behind  the  sternum  in  the  jugular  fossa.  As  the 
expansion  of  the  aorta  here  increases  it  pushes  aside  the 
edges  of  the  lungs,  and  duhiess  becomes  well  marked 
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«>vcr  Ihc  first  piccp  of  the  sti'i'imm,  and  to  a  variable  dis- 
lau«'  on  either  side  of  this.  Then  a  lieaviug  prominence 
laukes  its  apjiearance  in  the  same  region,  and.  following 
upon  the  ab.sor|ition  of  the  .'Sternum  and  npjier  ribs,  an 
f.\ternal  1  umor  beeomes  devel(i]ied  which  may  even  reach 
Ji  large  size.  The  I'adial  jiulses  of  the  two  sides  quite 
frequently  differ  in  size  and  fail  to  beat  with  the  usual 
synchronism.  This  sign  is  more  often  iiu't  with  in  aueu- 
lisms  of  I  he  arch,  because  here  the  innominate  and  sub- 
clavian arteries  are  so  apt  to  have  their  calibre  interfered 
wilh  by  pressure,  by  twisting  or  dilatation,  or  by  the 
«'iitrance  of  coagula.  The  parts  most  liable  to  compres 
sion  in  these  cases  are  the  wsophagus,  trachea,  recur- 
rent laryngeal  nerxc,  and  left  innominate  vein.  If  the 
concave  border  of  the  arch  be  also  involved,  the  left 
bronchus  is  liable  to  be  partially  or  wholly  obliterated. 
The  signs  by  w  hich  these  various  conditions  can  berecog 
nized  ha\'e  l)cen  already  considered.  Rupt ore  occiu's  into 
the  trachea,  the  oesophagus,  or  the  pleural  cavity,  or  more 
rarely  into  the  mediastinum,  the  ijulmonary  artery,  or 
one  of  the  large  veins. 

Aneurisms  of  the  innominate  artery  alone  are  rare,  but 
■\ve  oftener  see  tvunors  of  the  arch  associated  with  more 
(•rless  considerable  dilatation  of  tlie  innominate  trunk. 
The  enlargement  will  be  foiuid  beneath  the  right  sterno- 
<lavicular  articulation  and  inner  jiart  of  the  first  rib.  and 
it  may  e.xtend  into  the  neck  lieneath  the  steruo-mastoid 
muscle.  lu  these  situations  we  must  look  for  the  usual 
local  signs,  swelling,  pulsation,  and  bruit.  The  latter 
may  be  heard  up  the  carotid.  The  effect  upon  the  distal 
arteries  is  generally  well  marked.  The  symptoms  are 
chielly  ]iain,  both  local  and  more  esjiecially  radiating  up 
Ihe  right  side  of  the  neck  and  back  of  the  bead,  sometimes 
tlown  the  right  arm,  with  n\[mbness;  and  if  the  tumor  be 
larger,  there  will  be  signs  of  ccunpre.ssion  of  the  trachea 
or  the  cesophagus  or  an  innominate  vein.  Cases  some 
times  arise  in  which  it  is  extremely  difficult  to  determine 
whether  the  disea.se  is  contined  to  the  innominate  artery 
iir  occupies  as  well  a  portion  of  the  arch  at  the  oiigin  of 
tills  vessel.  For  instance,  a  man  came  under  observation 
a  short  time  ago  at  the  Montreal  General  Hospital,  with 
a  strongly  jiulsating  tumor  rising  otit  of  the  neck  above 
the  right  sterno-clavic\dar  articulation.  Dr.  Fenwick, 
whose  jiatieut  he  was,  believed  it  to  be  purely  innomi- 
nate. Its  strict  limitation  to  the  area  near  this  vessel, 
the  distinctness  with  which  the  cylindrical  tumor  could 
be  defined  by  the  C-xamining  finger,  the  interference  with 
Ihe  iiulsations  in  the  radials,  and  the  absence  of  all  signs 
of  swelling  of  the  arch,  as  determined  by  most  careful 
examination,  all  seemed  to  favor  this  conclusion.  This 
opinion  was  confirmed  at  a  consultation  of  several  mem 
Tiers  of  the  staff,  and  it  was  decided  to  recoimncnd  treat 
ment  by  distal  ligature.  Tills  the  patient  refused  to 
sufmiit  to,  and  was  discharged.  lie  subsequently  died 
sudilenly,  while  running,  from  rupture  into  the  peiicar- 
di\mi  of  a  small  aortic  dilatation  just  above  the  valves. 
The  aneurism  in  question  was  found  at  the  autopsy  to  be 
entirely  aortic.  A  reniarkalily  elongated  saccular  dilata- 
tion sprang  from  the  arch  directly  behind  the  innominate 
artery  (somewliat  com]iressing  it)  and  appcareil  above 
Ihe  inner  edge  of  the  clavicle.  The  innominate  was 
completely  jiervious  and  of  normal  size.  The  deception 
was  complete  and  would  have  given  rise  to  a  grave  error 
(rf  treatment  bad  the  patient  consented.  Although,  as 
in  the  case  jusi  related,  mistakes  of  this  kind  are  some 
limes  ipiile  unavoidable,  yet,  in  the  majority  of  casi's,  a 
tlioroui;h  invesligalion  of  all  Ihe  synqitoms and  physical 
signs  will  suliice  to  make  a  diagnosis. 

Am  iinxiiix  i;f  Ihf  <Jixmi<Jiiir/  t/ionicir  aorta  are  less  com 
inon  than  tlu'  ot  hers.  They  also  may  he  cylindrical  or  sac- 
cular. From  lh<'  depth  .-it  \\  Inch  they  are  situated  in  the 
<hest.  and  from  the  thicknessof  the  structures  everywhere 
surroimding  tlK'in,  tliey  are  difficult  of  detection,  and  as 
the  syminoins  from  tbeiu  may  be  only  slight  and  ill  de- 
fined, they  may  continue  for  a  long  time  unsuspected. 
Pain  is.  however,  sehlom  absent,  and,  it  long  conliniu'd, 
points  strongly  to  aneurism.  This  point  has  been  already 
sullieiently  dwelt  iqjon.     The  earliest  physical  signs  con- 


sist in  localized  dulness  to  the  left  of  the  spine,  and  en- 
feebled breathing  over  the  same  area.  Later  on,  a  sys- 
tolic hruit  may  be  heard.  Occasionally,  retardation  of 
Ihe  left  femoral  pulse,  as  compared  with  that  of  the  ra- 
dial, has  been  observed.  AVhen  of  large  size,  the  aneurism 
jiushes  I  he  heart  forward,  and  the  heaving  inqnilse  of  the 
tumor  can  be  felt  anteriorly  through  the  heart.  A  rare 
symplom  is  dilatation  of  the  veins  on  the  anterior  aspect 
of  the  chest  from  pressure  upon  theazygosand  intercos- 
tal veins.  Lying  against  the  vertebral  bodies,  these 
aneurisms  very  commonly  produce  erosion  of  those  struc- 
tm-es:  and  if  this  be  sufficiently  considerable,  bending  of 
the  vertebral  column  occurs,  with  posterior  curvature. 
From  this  cause,  or  from  opening  of  the  vertebral  canal, 
pressure  is  sometimes  brought  to  bear  upon  the  spinal 
cord  itself,  with  a  resulting  ]iaraplegia.  The  esophagus 
is  .sometimes  compressed  and  dyspliagia  produced.  At- 
tacks of  i)leuritis  in  the  lower  "part  of  the  left  .side  are  a 
very  frequent  accompaniment.  These  usually  result  in 
plastic  effusion,  but,  at  times,  even  pretty  considerable 
quantities  of  serum  inay  be  foimd.  Some  years  ago  I 
foimd  a  hospital  p.atient  complaining  of  stitching  pain 
in  the  left  side.  Very  moderate  effusion  was  determined 
by  |ihysical  examination.  There  had  been  .slight  paiu 
in  the  back  for  some  time  previously,  but  this  had  not 
been  of  sufficient  duration  or  intensity  to  lay  stress  upon. 
The  tluitl  continued  to  collect,  and  was  removed  by  as- 
piration, with  relief.  A  few  days  afterward  he  diedsud- 
denly  from  rupture  of  an  aneurism  of  the  descending 
aorta  into  the  same  pleural  cavity. 

Rupture  of  these  aneurisms  occurs  most  frequently  into 
the  left  pleuial  cavity,  sometimes  into  the  right,  and 
occasionally  into  the  (esophagu.s.  Cases  are  known  in 
which  the  sac  opened  into  the  spinal  canal. 

Di.\GNOsis. — The  recognition  of  thoracic  aneurism  is 
just  as  easy  in  some  cases  as  it  is  ditficult  in  others. 
During  the  past  decade  it  has  become  more  generally 
recognized  that  a  not  inconsiderable  number  of  eases  of 
aneurism  are  entirely  latent.  An  important  advance  in 
the  recognition  of  such  cases  has  been  made  by  the  ap- 
plication of  the  .r-rays.  Cases  otherwise  obscure  can  be 
cleared  uji  by  these  remarkable  rays,  and  when  anevirism 
is  falsely  suspected  an  .c-raj'  examination  may  dispro\e 
its  existence.  Observations  are  best  carried  out  by  means 
of  the  fluorescent  screen,  when  a  distinct  enlargement 
lying  in  the  course  of  the  aorta  is  detected.  Pulsation 
is  sometimes  observed,  and,  when  present,  strength- 
ens the  view  that  an  aneurismal  tumor  is  present,  Wil- 
liams states  that  the  movements  of  the  diaphragiu  are 
offen  less  on  the  left  side,  due  probably  to  pressure  on 
the  left  bronchus.  Care  must  lie  exercised  not  to  mis- 
take enlarged  glands  or  other  intra-tboracic  tumor  for 
aneurism.  Such  an  error  is  only  likely  to  occur  when 
the  growth  lies  in  contact  with  the  aorta. 

Superficial,  strongly  pulsating  aneurisms  are  readily 
observed,  and  not  unfrequently  the  throlibing  will  have 
been  noticed  by  the  patient  himself.  On  the  contrary, 
deep  sealed  dilatations  niiiy  give  no  appreciable  physical 
signs,  and  in  that  case  the  diagnosis  may  be  obscure. 
Furthermore,  if.  in  one  of  these  obscure  cases,  the  aneu- 
rism causes  no  .symjitoms  by  its  pressiu'e.  then  the  diag- 
nosis becomes  impossible.  Not  a  few  aneurisms  of  the 
ascending  arch,  even  of  considerable  size,  jirove  the 
I'ause  of  sudden  death  in  jiersons  iireviously  believed  to 
have  lieen  in  good  health.  These,  having  caused  no 
symptoms,  had  never  been  looked  for.  but  could  uu- 
douliledly  have  been  detected  by  physical  examination. 
Tlic  comliiiiation  w  Inch  gives  the  greatest  certainty  to 
the  diagnosis  of  thoracic  aneurism  is  the  union  of  phys- 
ical .signs  of  tumor  with  pulsivtion  in  Ihe  course  of  the 
aortic  arch,  together  with  some,  or  best,  several,  of  the 
pressure  symptoms  enumei-ated.  The  difficulties  in 
the  diagnosis  of  these  eases  arise  from  the  great  vari- 
ability which  is  mel  wilh  in  Ihe  manner  in  which  these 
different  indicalions  may  be  grouped  together.  Thus 
we  meet  with  cases  in  which  some  of  llic  physical  signs  of 
aneurism  are  observed,  and  no  i>ressnre  symptoms;  oth- 
ers, again,  in  which  I  here  are  evident  pressure  symptoms, 
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u  irli  iicrliups  only  a  few  of  tlic  sijrus  of  aiu'urism.  In 
not  a  sniiill  uiiniljcr  of  ciisfs  tlif  t-ondilions  lead  to  I  lie 
i-ccogiiilion  of  an  iutia-llioi'acic  tninof.  and  tlic  dillicidty 
lii'iiins  only  when  \vc>  undcavor  to  dilTnLUlialc  brluccii 
It  «///(/  luiiior  and  <i/i  uiicniixiii.  The  rcscinlilancc  bi'- 
iwccii  an  ant'urisni  ami  a  solid  tumor  placed  lictwfun 
the  ciii'st  walls  and  tlic  aorta  ina_v  bu  vciy  close.  In 
both  llii'fe  may  be  dulncss  on  percussion,  ptdsation.  and 
a  r('Co;;iii/al>le  In'iiit.  and  pressure  syinptoinsof  identical 
<'liaracter  may  also  be  ]iresent.  The  chief  ]ioints  of  dis- 
tinction arc  the  billowiiiir;  In  the  case  of  the  iieoplasin. 
the  dulncss  is  likely  to  be  less  clearly  restricteil  to  the 
aortic  rcjfion.  the  ]iulsalion  will  not  be  at  all  so  forcilile. 
and  the  systolic  bruit  will  |)robably  not  be  followed  by 
an  accentuated  .second  soinid.  ISronchial  respiiatioii 
is  commonly  heard  over  a  solid  tumor,  while  cnfecble- 
nieiit  or  silence  is  tlic  rule  in  aneuilstn.  Analri.  per.sons 
with  aneurism  are  not,  likely  to  suft'cr  severely  in  their 
licneral  nutrition  and  appearance,  while  the  contrary 
holds  iTood  with  reference  to  nearly  all  forms  of  intra 
thoracic  solid  irrowth.  Attention  to  tlie  followiiii;  points 
may  also  assist  tho  ii^vcstiirator  in  doulitful  cases.  Aneu- 
rism is  many  times  mor<'  frccpieid  than  solid  tumor.  It 
occurs  mueli  more  ofteii  in  men  than  in  women.  Ii  is 
favored  by  a  history  id'  rheumatism,  strain,  alcoholism, 
or  sypliiljs.  (Fifty  per  <'eiit ,  nl  patients  \wlli  aneurism 
have  had  syphilis.) 

Piil/mtiiii/  eiiij/i/ciiiii  is  a  rare  condition,  which  some- 
times simulates  aneurism.  The  chief  ]>hysical  siuns  to 
be  here  met  with  will  be  dulncss  on  i)ercussion  and  local 
pulsation,  but  no  ])ressure  symjitoms  will  be  present. 
Ivxaniincd  closely,  the  dulncss  will  lie  observed  to  be  less 
<learly  localized  in  the  aortic  rciiion  than  is  that  of  an 
aneurism.  Moreover,  other  sii^ns  of  arlerial  disease  will 
be  wanlins.  and.  on  the  otlu'r  hanil,  there  will  lie  .some 
evidences  of  disease  in  the  |ileura  or  the  linit;.  aceoni 
panied  by  a  certain  decree  of  constitutional  disturliaiicc. 
These  ditTerenccs  will  usually  siittice  to  ]u-eveiil  error. 
Puncture  with  a  tine  aspinil.ir  needle  will,  in  any  case. 
clear  uj)  the  diaifiiosis. 

Violent  throlibin.t!:  pulsation  of  tlie  aorta  in  cases  of  sc 
verc  aortic  re.!;urj;ita1ion  often  leads  to  a  susiiicion.  or 
even  to  an  erroneous  diajrnosis,  of  aneurism.     The   pnl 
sation.  however,  his  not  the  lieavini;  cliaracter  of  alien 
rism.  lUid  there  is  an  absence  of  iiressure  symptoms. 

I'ltiKiN'osis. — It  is  usually  a  matter  of  con.sideralile 
dilheulty  to  form  a  satisfactory  opinion  as  to  the  jiros 
pects  of  life  of  a  person  sulTerini;  from  thoracic  iineiu'ism. 
L'ndoubti'dly  the  disease  irenerally  tends  to  ])rove  fatal, 
and  is  actually  the  immediate  cause  of  ileath  in  tlx'  ma 
jority  of  cases;  and  yet,  in  a  certain  nuniber,  increase  in 
the  tumor  is  arrested  and  moderate  health  is  cnjoyi'd  for 
perhaps  a  |ieri<id  of  several  years,  even  then  the  fatal  event 
bciiiiT  brought  about  by  some  alTcelion  entirely  independ- 
ent of  the  aneurism  itsi'lf.  It  is  often  cU-arly  impossible 
to  estimate  at  all  accurately  the  size  of  a  deep  sealed  tu 
mor,  or  the  degree  to  which  it  may  lie  aii'ainst  imporlaid 
adjacent  organs;  and  hence  ru]itures  in  various  direc- 
tions, whicli  no  skill  could  possibly  foresee,  'I'lmse 
aneiu'isms  which  arise  from  the  root  of  the  aorta  are  the 
most  dangerous,  as  tliey  tend  most  frequently  to  rupture 
while  yet  small.  Those  of  the  ascenclin;;- arch — if  they 
grow  forward  and  lo  the  right — .-ire  calculated  to  permit 
of  the  longest  lenun;  of  lite.  Those  of  the  transverse 
arch  and  descending  thoracic  aorta  are  jiroliably.  on  the 
whole,  more  favorable  than  the  first  and  less  so  than  tlic 
last;  the  reason  fortius,  of  course,  being  their  greater 
proNiinity  to  numerous  important  structures,  whiili  can 
hardly  escajie  from  injurious  ]iressure.  Our  opinion. 
tlkTcd'ore,  of  the  probability  of  the  prolongation  of  the 
Jiatient's  life  must  depeiHi  U]ion  the  situation  of  the 
Hneurism,  the  tluidity  or  the  contrary  of  its  contents. 
and  the  presence  or  absence  of  symptoms  id'  compres 
sion.  to  a  serious  extent,  of  the  snrroimding  )iarts.  If 
this  be  well  marked  upon  the  trachea  or  lesophagus,  a 
fatal  result  may  be  anticipated  before  many  weeks  or 
months.  Other  conditions  to  be  considered  are  the  fol- 
lowing;    Mode  of  life,    if  si    ]icrson  witli   aneurism   is   i 


obliged  to  earn  his  living,  and  especially  if  the  occupa- 
tion followed  is  at  idl  laliorious,  his  ciiances  of  living 
will  be  far  less  than  those  of  his  more  favored  fellow 
who  is  able  to  live  at  ease  and  free  from  care.  Rest 
is  so  important  in  these  cases  that  if  this  cannot  be 
secured  the  disease  is  almost  sure  to  be  progressive,  and 
perjiaps  (^ven  lo  advance  rapiilly,  while,  on  the  oilier 
hand,  it  seems  sometimes  suiprising  bow  long  the  fattil 
cud  can  be  averted,  even  in  advanced  cases,  by  theoliscrv 
ance  of  great  iirecautions  in  this  resjiect.  This  remark 
will  al.so  nece.ssaiily  apply  to  the'  eases  of  ]iatienls  who, 
from  irritabilit_v  of  temper  or  other  similar  can.sc-s.  refuse 
lo  carry  out  this  essential  principle  of  then-  treatment. 
The  tcniiicraincnt  of  the  jiatient  is  of  importance,  for 
anger,  e.xcitemenl.  and.  iiKleed,  any  violent  reaction  may 
be  followed  by  the  most  serious  results.  Indulgence  in 
alcoholic  lii|Uors  is  sure  to  interfere  with  the  ipiiet  action 
of  the  heart  which  is  so  desirable;  intemperance  must, 
therefore,  inliuence  strongly  our  ]U'ognosis. 

Axxociiitdl  CiiiiiUlioiiK. — In  estimating  what  is  likely  to 
lie  the  future  of  any  given  case  of  thoracic  aneurism,  it 
is  imporlant  to  stu(l_v  carefully  any  jiathological  condi- 
tions which  may  be  associated  with  it — such,  for  e.\am- 
jde,  as  all'ectlons  (csiiecially  valvular)  of  the  heart,  of 
llie  lungs,  of  the  larynx,  of  the  lironelii,  etc. — and  toas- 
sign  to  each  its  true  value  as  a  factor  in  the  problem. 
Finally,  the  general  condition  with  reference  to  nutrition, 
niu.scular  develo]unent,  digestion,  etc.,  nuistalso  take  its 
place  in  rendering  the  ]irognosis  cither  more  or  less  fa- 
vorable, 

Tliii.VT.Mii.N'r. — .\neurlsm  within  thecbest  iscajiableof 
the  same  spontaneous  cure  which  oceans  occasionally 
elsewhere.  Complete  coaguhit Ion  and  hardening  of  the 
contents,  with  arrest  of  all  symptoms,  is.  however,  ex- 
tremely rare.  Still  it  is  always  obviously  a  duly  to  eii- 
de;ivor  to  place  a  patient  who  is  the  subject  of  this  for- 
midable disease  in  as  favorable  a  iiositlon  as  possible 
for  this  process  to  occur.  All  treatment,  therefore, 
w  hieh  is  not  mcridy  jialliative  should  be  directed  toward 
insuring  conditions  likely  to  promote  linn  coagulation 
w  itliin  the  .sac. 

In  the  large  majority  of  cases  of  inlrathoracie  aneurism 
we  are.  from  the  nalure  of  things,  iireeluded  from  tlio.se 
methods  of  treatment  which  ari'  applied  directly  lo  the 
tumor  itself  or  its  inimediate  neighborhood,  and  are  fre- 
i|uently  distinctly  curative.  We  arc,  on  the  contrary, 
comiiellcd  lo  treat  these  cases  by  general  measures  and 
by  such  indnect  means — dru.ys — ascxperiencc'  has  jiroved 
to  be  of  value.  The  objects  in  view  may  be  briefly  stilted 
to  be  to  reduce  the  tension  within  the  aneurism,  to  secure 
regularity  of  llic  heart's  action  without  frei|ucncy,  to 
inainlain  the  blood  in  good  chemical  condition  without 
undue  bulk,  and  lo  favor  Ihickening  of  the  sac's  walls. 
To  billow  out  these  indications  il  is  necessary  lo  .secure 
the  full  direction  of  the  case  for.  periiaps.  several  months. 
If  the  physician,  therefore,  is  to  meet  with  any  success,  it 
isab.solutcly  requisite  that  he  should  have  the  hearty  co- 
operation of  the  iiatienl,  who,  if  sutliciently  intelligent, 
must  be  made  acquainted  with  the  nature  of  the  case 
and  the  urgent  need  of  his  assistance,  irksome  though  he 
may  tind  it  to  be. 

The  recumbc-nl  ]iosition,  for  a  length  of  time,  is  always 
lobe  reconi  mended.  The  ell'ectsof  this  nicasure  alone  are 
often  sulliciently  striking.  When  the  per.son's  circum- 
stances permit,  the  restriction  to  a  lying  posture  should 
lie  absolute,  and  should  be  jiersisted  in  for  several  months, 
unless  the  general  health  appear  to  be  sufTcring  mate- 
rially from  the  close  confinement,  wdien,  with  due  prc- 
canlions,  sitting  up  and  slow  walking  may  be  iierniitted. 
If.  on  the  other  hand,  cireumslanees  jirevenl  absolute 
rest  from  being  carried  out.  then,  at  any  rate,  very 
stringent  rules  must  be  insisted  upon,  governing  the  pa 
tient's  entire  m<idc  of  life,  with  the  view  of  insuring  the 
least  ]iossible  muscular  exertion.  Tliis  is  a  point  on 
which  too  much  stress  cannot  be  laid.  Tlii'se  patients 
live  constantly  on  Ihe  edge  of  a  precipice,  yet.  when 
imniediale  sulfering  is  relieved,  this  fait  is  loo  often  lost 
,sight  of,   with  disiistrous    results,     A  patient  whom  1 
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ircated  during  a  year  not  long  ago.  for  an  aneurism  of 
tlie  ascending  arcli,  was  so  far  benefited  lliat  lie  took  a 
situation  as  a  messenger.  In  spite  of  all  warnings  to 
the  eontrary,  he  soon  luulertook  to  handle  heavy  baskets 
and  other  packages.  One  day.  shortly  after,  he  experi- 
enced sudden  pain  in  the  chest,  followed  by  the  c.v- 
Iraordinarily  rapid  development  of  an  external  tumor. 
'Phis  i|ui(kly  attiuned  the  size  of  a  child's  head,  and 
provc(l  fatal,  with  great  suffering.  Hardly  less  impor- 
tant than  physical  rest  is  mental  iiuietude.  Habitual 
worries  of  all  kinds  should  be  as  much  as  possible  ex- 
cluded, while  actual  excitement  is  in  every  respect  highly 
dangerous.  A  fit  of  anger  or  other  violent  emotion  may 
prove  fatal,  either  by  actually  causing  rupttire  of  the 
sac  or  (as  in  a  recent  case  of  my  own)  from  .syncfipe. 

The  dUt  is  a  matter  of  importance.  A  very  old  treat- 
ment of  aortic  ancuiism  is  that  of  Valsalva,  in  which 
repeated  blood-lettings  were  jiractised,  t<igether  with  a 
gradual  restriction  of  the  fcjod  until  the  amount  of  this 
was  brought  within  the  loAvest  possible  limits  short  of 
actual  starvation.  The  fallacy  of  this  proceeding  has. 
liowever,  been  long  ago  demonstrated.  Blood-letting 
has  but  little,  or  but  a  temiioraiy,  eifect  upon  the  blood 
prcssiu'e ;  and  the  witlidrawal  of  food  causes  amemia  anil 
weakness,  with  irritability  of  the  he;irt  and  impaired  nu- 
trition of  the  arterial  walls,  which  conditions  indirectly 
aggravate  the  disorder.  The  result  of  experience  shows 
that  the  formation  of  a  coagulum,  which  is  likely  to  be 
of  service  in  the  process,  will  proceed  better  if  tlie  patient 
be  not  too  much  reduced.  Tufnell.  of  Dublin,  is  the  only 
comparatively  recent  writer  who  has  advocated  the 
starvation  plan.  Conformably  with  his  recommendafion. 
the  sj'stem  has  been  cxteiLsivcly  trieil.  but  few  are  found 
who  can  report  results  calculated  to  lend  sujiport  to  its 
efHcacy.  As  much  nourishing  food  should  be  allowed 
as  can  be  thoroughly  digested,  due  allowance  being  made 
for  the  weakened  digestive  activity  that  results  from  the 
enforced  rest  in  bed.  If  the  patient  be  plethoric  and 
show  evidences  of  congestive  tendencies,  then  our  treat- 
ment may  well  be  begun  by  the  adoption  of  depletory 
measures  for  a  time — a  low  diet  with  laxatives  or  saline 
purgatives. 

As  regards  mediciues,  maii,\-  ha^e  been  tried,  but  few 
have  proved  useful.  The  most  valuable  drug  is  un- 
doubtedly iodide  of  potassium.  The  good  effects  of  the 
iodide  were  described  by  Dr.  Chuekerbutty  in  18(!2.  and 
by  Dr.  Roberts  in  1863,  and  they  were  emj^hasized  and 
enlarged  iijion  by  Dr.  George  Balfour  a  few  years  later. 
Since  that  time  it  has  been  extensively  employed,  and  has 
continued  to  grow  in  favor.  The  two  former  writers  con- 
sidered that  it  acted  by  indiK'ing  increased  coairulability 
of  the  blood,  but  this  view  is  not  shared  by  Dr.  Balfour. 
He  considers  thai  the  iodide  has  "a  peculiar  action  on  tlie 
fibrous  tissue,  whereby  the  walls  of  the  sac  are  thickened 
and  contracted,  while  if  coagulation  should  take  place 
within  the  sac.  it  plays  but  a  very  si'condary  and  unim- 
portant part,  deiieiiding  for  its  occurrence  solely  on  the 
remora  of  the  bloorl.  and  is  in  no  respect  due  to  the 
iodide  of  potassium."  This  corres]ionds  entirely  with 
the  results  of  my  own  observations,  for  in  one  case,  in 
which  the  relief  to  ])ain  and  the  general  improvement  had 
lieen  very  marked  for  a  long  time  under  this  treatment, 
the  autop.sy  subse(]uently  showed  that  not  a  particle  of 
fibrin  had  been  deposited  on  the  walls  of  the  sac.  Dr. 
Bramwell  suggests  that  it  acts  by  reducing  the  blood 
jiressure  anil  relieving  the  .tension  within  the  sac.  The 
symptoms  which  specially  indicate  the  use  of  the  drug  are 
pain  and  troublesome  cough.  The  s|H'cial  pains  of  tho- 
racic aneurism  arc  generally  very  rapidly  allayed,  and  are 
often  for  a  great  length  of  time  held  in  alieyance  by  this 
agent;  and  the  same  may  be  stated  wdth  reference  to  the 
troublesome  attacks  of  irritating  cough  which  the  tumor 
may  excite  from  time  to  time.  Independently,  however, 
of  its  employment  for  the  relief  of  these  urgent  symp- 
toms, it  is  to  lie  ailministered  steadily  for  sneli  a  time  as 
may  be  thought  neei'ssary  to  intluenee,  as  above,  the 
disease  itself.  The  dose  usually  given  varies  from  gr.  x 
to  gr.  XXX.  thrice  daily.    Balfour,  who  foinierly  inclined 


to  the  larger  dose,  thinks  now  that  full}-  as  good  effects 
can  be  obtained  from  smaller  ones.  Ilis  rule  is  to  employ 
such  a  (luantity  as  will  lower  the  blood  pressure  without 
increasing  the  frequency  of  the  cardiac  contractions. 
Beginning  with  ten-grain  doses,  ascertain  the  pulse  rate 
(the  patient  being  recumlient),  and  increase  to  fifteen:  if 
no  increase  in  the  pulse  be  oKserved,  this  is  to  be  contin- 
ued:  but  if  the  pulse  .gets  quicker,  then  return  to  ten. 
It  is  rare  that  more  than  fifteen  grains  can  be  borne 
within  the  limits  of  this  test.  The  treatment  must  be 
persevered  in,  at  the  least,  for  several  months,  and. 
to  give  it  a  fair  trial,  jirobably  for  a  whole  year,  or 
even  longer.  If  troublesome  eruptions  are  ]iroduced  by 
the  potash,  an  intermission  must  be  allowed  till  these  are 
recovered  from.  It  is  also  well  to  remember  that  some 
]>ersous  who  are  thoroughly  intolerant  of  iodide  of  potas- 
sium can  take  iodide  of  sodium  without  any  outward 
effects.  Dr.  Balfour  speaks  truly  when  he  says  the  re- 
sults (from  iodide  treatment)  "are  extremely  encourag- 
ing; and  when  we  reflect  upon  the  entire  absence  of  any 
risk  to  the  patient  from  the  treatment,  and  the  almost 
certainty  of  relief  to  his  sufferings  and  prolon.iration  of 
his  life  being  at  least  attained,  I  think  I  am  warranted 
in  saying  that  no  treatment  for  internal  aneurism  hither 
to  devi.sed  holds  out  anything  like  an  equal  prospect  of 
relief,  if  not  of  cure,  with  that  by  the  iodide  of  potas- 
sium." 

Tannic  acid  and  acetate  of  lead  have  both  been  given 
with  a  view  to  piromote  coagulation  within  the  sat'  and 
to  favor  contraction  of  its  walls.  No  reasonable  degree 
of  success  has  followed  in  either  case,  even  although  the 
letter  salt  has  repeatedly  been  inished  to  the  production 
of  full  toxic  effects.  I  have  tried  it  in  one  case  of  aneu- 
rism of  the  abdominal  aorta,  continuing  its  use  until  a 
deep  blue  line  appeared  on  the  gums,  but  without  any 
noticealile  clian.ge  in  the  size  of  the.tumor  or  the  strength 
of  the  pulsations. 

Ergotin.  gix-en  internally  (or  by  hypodermic  injec 
tions),  on  theoretical  grounds,  to  contract  the  vessel,  has 
failed  to  produce  any  reliable  results. 

The  hypodermic  injection  of  a  one-per-cent.  solution 
of  gelatin  in  normal  saline  solution  has  been  strongly 
reeommended  by  Lancereaux.  with  the  view  of  causing  co- 
agulation in  the  sac.  From  .50  to  100  c.c.  mav  be  injected 
beneath  the  skin  of  the  buttock,  or  tliiown  dee|dy  into 
the  muscles.  There  is  sonief  imes  considerable  local  pain 
and  even  general  febrile  reaction  after  this  procedure. 
Altliough  successful  cases  have  been  reported,  the  method 
is  liy  no  means  free  from  danger.  Serious  and  even  fatal 
results  have  followed  the  injections,  owing  to  the  detach- 
ment of  large  emboli.  Tlie  method  is.  therefore,  not 
likely  to  come  into  very  general  use. 

Mr.  Christopher  Heath  and  a  few  others  have  suggested 
and  jn'actised  ligature  of  one  or  more  of  the  .sreat  branches 
of  the  aortic  arch,  the  object,  of  course,  licing  to  retard 
still  further  the  blood  current  and  thus  promote  coag- 
ulation. Some  support  is  .given  to  tiiis  procedure  from 
the  benefit  that  has  been  observed  in  certain  cases  of 
aortic  aneurism  in  which  the  carotid  and  subclavian  of  the 
right  side  had  been  ligatured,  under  the  impression  that 
the  disease  was  confined  to  the  innominate  artery.  At 
most  it  would  be  a]ip!icable  only  to  ca.ses  in  which  the  tu- 
mor was  sacculated  and  either  invohed  the  root  or  was 
situated  close  to  the  ori.iiin  of  some  of  the  .great  vessel-^ 
Exidence  of  extensive  atheromatous  di.sease  would  pic 
elude  an.v  prospect  of  advantage  from  this  surgical  pi" 
cedure. 

Attempts  have  also  lieen  made  to  produce  rapid  coag 
Illation  of  the  blood  within  the  sac  liy  the  introduction 
therein  of  foreign  bodies.  Fine  iron  wire,  watch  spring, 
and  horsehair  have  been  employed  for  this  purpose 
The  results,  however,  have  been  more  or  less  disastrou'- 
Tlie  coagulum  thus  formed  is  soft  or  friable,  and  conse 
quently  very  liable  to  the  detachment  of  emboli,  and 
moreover  it  is  actually  loose  in  the  centre  of  the  sac,  in 
stead  of  being  regularl.x  laminated  upon  its  sides.  In- 
flammation of  the  sac  is  liabli'  to  occur,  and  as  there  are 
no  means  of  keeping  this  within  the  bounds  of  safety. 
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it  may  i'solf  cause  (lanircnnis  syniiitonis.  \\'illi  llic  iisr 
of  strict  asc])tic  pivcautioiis  this  risk  is.  luiwcvii-.  re 
(liiccd  to  a  iiiiiiimiiin.  The  principle  seems  faulty,  and 
the  absence  of  i;()iKl  results  lias  caused  the  trealmeiil  to 
be  abandoned. 

There  still  remains  to  be  mentioned  a  form  of  tiral 
uieiit  which  has  .seemed  to  be  of  service  in  a  few  cas<'S  of 
otherwise  desper;ite  character.  Tluil  is  i)<diriiii>  /jiiiiclnri-. 
The  use  of  electricity  in  this  way  is  permissililc  only 
after  a  fair  trial,  for  a  sntlicient  Iciifrlli  of  tini<'.  of  com- 
])lete  rest  and  iodide  of  potassium.  It  is  advised  in  sac 
culated  aneurisms  which  are  situated  near  the  surface  of 
the  chest,  have  resisted  treatment,  are  rajiidly  eidarnini; 
and  threaten  soon  to  rupture.  This  method,  in  snilablc 
cases,  has  met  with  a  certain  measure  of  success,  but  it 
has  nuicli  more  frc(iueiitly  failed  of  its  obji-cl.  in  some 
instances  even  liavioir  caused  dan^'erous  inllaminalion  of 
the  sac.  and  in  others  having-  haslencd  the  occnrrciicc  of 
rupture.  For  jjalvaiio  ]uinclure  it  is  necessary  to  i-mploy 
a  battery  of  considerable  strenirth.  the  I.eclanche  or 
Stiiher  element  being  what  is  jfencrally  preferred.  I'.x- 
periments  liave  been  iuade  w  ith  one  needle  oidy  or  with 
i)Otli  introduced  within  the  sac.  From  the.se  it  seems  to 
be  iicnerally  admitted  that  it  is  nccessaiy  to  jiass  in  only 
one  or  two  needles  connected  with  the  positivi'  ]iolc. 
while  the  nc.^ative  is  attached  to  a  Hat  metallic  electrode 
on  the  surface  of  the  abdomen  It  is  recommended  eit  her 
to  continue  the  current  for  a  short  time  only.  s,iy  twenty 
or  thirty  minutes,  by  which  time  a  small  clot  will  have 
formed,  and  this  will  constitute  a  nucleus  for  fnrther 
deposition  ;  or  else  to  allow  the  current  to  pass  for  a  time 
sulticicnt  to  coagulate  the  entire  contents  of  theaneii 
risiu,  say  for  two  or  three  lioins.  It  may  be  necessary 
to  rejicat  the  operation  after  an  interval  of  some  days. 

Another  method  of  ]irodncinir  coaguhition  within  the 
sac  has  bceti  suirgested  by  Maceuen;  A  needle  is  intro- 
duced into  the  sac  and  the  inner  wall  scratched  with  its 
point.  The  object  is  to  produce  an  c-Xiidation  of  leneo 
cytes  with  the  formation  of  linn,  white  throndii.  The 
needle  should  never  be  left  in  for  more  than  f<irty  c-i;;hl 
hours  and  often  for  a  shorter  time.  It  is  soiuetimes  nec- 
essary to  re[ieat  the  jiKicess  several  times.  In  the  ease 
of  largo  aneuristns  several  needles  may  be  introduced 
so  as  to  irritate  a  large  portion  (d'  the  linin'j  of  the  sac. 
This  mcthoil  lias  been  employed  in  too  small  a  numlier 
of  instances  to  warrant  us  in  drawini.;-  any  trustworthy 
conclusions  as  to  its  value. 

The  method  of  all  others  which  seems  to  hold  out 
the  greatest  prospect  of  success,  when  it  is  decided  to 
penetrat<'  the  sac,  is  that  first  suggested  by  Corradi.  It 
consists  in  the  introiluction  ot  coils  of  gold  or  silver  wire 
into  tlie  sac  through  a  hollow  needle,  combined  with  the 
passa^'c  of  a  strong  galvanic  current,  the  anode  bcini; 
connected  with  the  wire.  There  can  be  no  doiibl  that  a 
tirm  coagulum  forms  about  the  wire,  and  in  favorable 
cases  luilsation  of  the  tumor  lessens  or  ceases.  Four 
successful  cases  have  been  recorded  in  America,  and 
with  the  improved  tcchniciue  suggested  by  Stewart,  a 
greater  degree  of  success  may  be  looUed  for  in  the  future. 
A  full  account  of  the  teclinifjue  will  be  found  in  .Stewart  s 
jiapers  in  \\\t;  Anierifii II  ./oiinni/  I'f  Mrilind.  Scicmr.  1S!I2 
and  1896. 

Although  the  siiecial  treatment  <<(  thoracic  aneurism  in 
the  majority  of  cases  consists  of  prolonged  rest  and  the 
administration  of  iodide  of  potassium,  as  above  dc-tailed, 
tlien^  arc  besides  these  (•ertaiii  theraiicutic  measures  at 
our  command  for  tlie  relief  <d'  individual  symptoms. 

Excited  caidiac  action  and  jialpitalion  ar<'  best  re- 
lieved by  the  judicious  use  of  tincture  of  digitalis  and  the 
empli>yment  of  ablad<l(  r  of  iecover  the  front  id'  the  chest. 

The  (lain,  it  has  been  already  stated,  is  generally  licst 
treated  by  the  iodide  <d'  potassium.  If.  h<iwev<-r.  it  be 
very  severe,  it  may  lie  necess;iry  to  use  hypodermic  injcc 
tions  of  morphine  until  the  iodide  shall  liave  had  time-  to 
act.  Moreover,  we  flo  meet  with  ran' cases  in  which  the 
effect  of  the  iodide  ultimately  becomes  lost.  aii<l  our  only 
resort  is  the  frequent  use  of  morphine  to  make  life  bear- 
able.    One  very  marked  case  of  this  kind  came  under  my 


notice  in  the  person  of  a  hospital  ])atieiil  His  aneurisnt 
was  a.s  large  as  a  cricket  ball,  and  almost  as  solid.  Neu 
ralgic  ])ains  were  comidained  of  ])ersisteiitly,  were  re- 
lieved for  a  considerable  time  by  the  iodidetreatment. 
but,  for  more  than  a  year  previous  to  his  death,  we  were 
obliged  to  administer  daily  hypodermics  of  morphine  in 
considerable  quantity.  i'ain  id'  well-detincd  neuralgic 
<liaracter  (especially  along  the  intercostal  n<'rve)  is  de 
cidedly  bcnclited  liy  theap])lication  of  small  blisters  over 
the  most  t<Mider  parts. 

Dysjmo'a.  if  dui'  to  accompanying  catarrh,  must  be 
treated  with  reference  to  the  latter  (lisorder.  IJnt  if.  as 
is  most  frequently  the  ca.se,  it  is  the  result  of  mechanical 
pressure  and  irriUition  of  nerves,  recourse  must  be  had 
to  sedatives  and  narcotics,  especially  morphine  and  by 
drocyiUHc  acid.  Alcohol  in  tolerably  full  doses  is  also  of 
considerable  assistance. 

If  a  luojecting  tumor  form,  care  must  be  taken  to  pro 
tect  it  from   injury  or  friction   by  some  arrangement   of 
]iads  or  a  shield  cd'  some  smooth  metallic  substance  lined 
with  cloth. 

When  ru|dure  has  actually  taken  )dace.  we  can  proli 
ably  do  nothing;  Inil.  if  any  preliminary  bleeding  shoiihl 
occur,  we  may  endeavor  to  jji-event  this  going  on  to 
rapid  hemorrhage  by  the  use  i>(  ice  externally  anil  the 
adnunistration  of  astringents  with  ergot,  while  the  most 
perfect  quietude  is  enjoined.  (Icurr/e  Rusk. 

RK(  E.NT    LlTl;l!.\Tllii;. 

Hershcy:  Tlici-iiiKulic  Giizitte.  September  l-i.  18!l(i. 
(Introduction  of  gold  wire  into  an  aneurism  of  the  in- 
nominate artery;  application  (d'  galvanic  current  for  a 
]ieriod  of  one  hour  and  twenty  minutes;  |)artial  solidilic'a- 
tioii  of  contents  of  aneurism;  patient  reinaine<l  "ell  for 
nine  and  a  half  months  after  the  o]ieration.) 

Stewart:  llrilish  Milind  .hniniii}.  August  14.  18!ir. 
(Report  of  postmortem  conditions  found  in  a  very  large 
innominate  aneurism  after  the  introduction  of  a  coil  of 
gold  wire.) 

I,angton:  "Treatment."  ;May  2.").  ISll'.t.     (Reiiort  of  a 
case  of  anenrism  of  the  abdominal  aorta  cured  by  the  in 
troduclion  (d'  silver  wire  into  the  sac) 

l.ancereaux  et  I'aul-.sco;  Ciiii'ttc  ilix  lo'piln'i.r.  Xo. 
71.  ls!)T.  (Injections,  at  intervals  of  from  two  to. five 
days,  of  a  solution  of  gcdatin  into  th<'  subcutaneous  tis- 
sues, in  a  ease  of  aortic  aneurism  ;  diniiiinlion  in  size  and 
increased  tirmness  of  the  aneurismal  tumor;  disjippear- 
ance  of  the  |iain.) 

Lancereaux  :  .hiiininliU.i  prntiritiix.  November  10.  1,S!)8. 
(Further  details  in  regard  to  the  teclini(|uc  which  he  em- 
]iloys  in  the  treatment  (d'  aneurism  by  the  subcutaneou.s 
injection  of  solutions  of  gelatin.) 

Stoicesco:  .J'liinidl  il,  iniiUi'iiii'  iuterite.  July  21.  I8!t!t. 
(Reports  of  si.x  cases  of  aneurism  of  the  aorta  an<l  innoin 
inate  artery  treated  by  the  g(d;itin  metho<l.) 

ANGELICA. — Axiiiliriih.  (fani.  ri/ibill/f,'rir)hii  genus 
the  limits  and  dimensions  of  w  hicli  arc  greatly  in  disjiute 
among  botanists,  the  various  sub-genera  id'  one  author 
being  regariled  as  so  many  distinct  genera  by  another. 
As  recognized  by  .Messrs.  Engler  and  I'rantl.  whom  we 
follow,  it  contains  about  twentylive  species,  most  of 
them  nativesof  the  cool  temperate  regions  of  llie  northern 
liemis])bere.  The  plants  abound  in  the  aromatic  princi- 
jdes  of  the  family.  A  number  of  them  have  been  cm- 
|doyed  in  domestic  practice,  and  two.  under  the  names 
"European"  and  "American"  angelica,  have  been  very 
extensively  used  in  medicine 

E'lrojieiiii  Aiif/r/irii  is  the  rhizome  and  roolsof  Anf/i/i'''' 
air/iiuif/f/int  L..  a  biennial,  four  lo  six  feet  high,  with  a 
stout,  hollow,  purple-green,  tinted  stem,  large  decom- 
pound leaves  with  clasping  petioles,  and  large  nmlicis  of 
white  flowers.  It  isa  native  of  far  Northern  Euro|ie  and 
Asia,  and  is  very  extensively  cultivated,  our  comiiu'ii  iiil 
su]iplies  coming  mostly  from  cultivated  ]dantsot(;er 
many  and  France. 

It  is  one  of  the  few  vegetables  whose  use  lir;.'an  in  the 
extreme  north  of  Europe  and  extended  souilnvard      It 
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was  !Ui  article  ol'  food  in  Norway  and  Iceland  many  years 
aijo,  when  its  spicy  taste  made  it,  a  a;™<ctnl  addition  to 
•the  monotonous  diet  of  the  North.  Later,  in  tlie  tifteeuth 
and  si.xteenth  centuries,  it  was  generally  cultivated 
throiighont  Central  Europe.  Since  then,  the  use  of  an- 
,g<'liea  has  been  gradually  diminishing,  milder-llavored 
vegetables  taking  its  place,  and  it  is  only  grown  at  pres- 
ent to  till  a  very  moderate  demand  in  domestic  and  veteri- 
nary medicine,  confectionery,  and  liqueurs. 

It  is  important  to  note  the  extensive  .use  of  the  "can- 
died" stems  {Aiif/i'h'ca  (//(in')  as  a  confection,  since  impor- 
tant cases  of  poisoning  sometimes  result  from  the  ignorant 
use  of  eertaiu  to.xlc  plants  which  bear  a  close  resemblance 
to  this. 

The  root  consists  of  a  large  short  rhizome,  terminated 
above  by  a  hollow  stem,  and  often  worm-eaten.  Below, 
it  divides  into  numerous  thick,  tlcshy  vocjts,  4  mm.  (one- 
eighth  of  au  inch)  m  thickness,  and  20  or  ;iO  cm  in  length, 
of  a  blackish-brown  color,  much  wrinkled  longitudinally, 
and  tuberculated.  They  are  rather  soft  and  pliable, 
brownish  Avhite  within,  and  in  the  dried  specimens  lie  in 
a  parallel  tress  or  bunch.  The  odor  is  rather  pleasant ; 
the  taste  at  first  sweetish,  later  bitter  and  nuisky.  Radi- 
ally arranged  oil,  etc.,  ducts  are  to  be  seen  under  the 
iiiicroscoiie  on  section,  cliiefly  in  the  cortical  portion. 

The  constituents  of  angelica  are,  first,  an  eiseiitiiil  oil, 
of  which  it  yields  from  eight-tenths  to  one  per  cent. ;  this 
has  the  odor  of  the  plant  and  the  usual  carminative  cjual- 
ities  of  the  oils  of  the  order.  Second,  six  to  ten  percent, 
of  resin.  Third,  unydlc  iitiil,  one-third  of  one  per  cent., 
discovered  by  Buchner  in  1843,  and  since  found  iu  a  num- 
ber of  other  plants,  as  well  as  made  by  synthesis;  an 
odorous  crystalline  volatile  acid.  Fourth,  a  very  small 
amount  of  \a- 
leriauic  acid,  to- 
gether with  the 
crystalline  aii- 
gelicin,  an  ama- 
roid,  and  a  little 
each  of  starch, 
tannin,  and  sug- 
ar. 

Its  properties 
are  aromatic, 
stimulant,  c  a  r- 
minative,  a  n  d 
fi a V o r i n g,  as 
usual  in  the  fam- 
ilv.  The  do.se 
is  from  0.6  to  i 
gm.    (gr.    vii).- 

XXX.). 

Angelica  o  (  - 
from  this  sourr. 
is  an  article  of 
conunerce. 

Ainericiin  An- 
(jdica  is  the  loot 
of  Aiif/eliea  atro- 
pnrpurea  L. ,  a 
])laut  of  very 
.similar  habit  to 
the  last,  grow- 
ing in  No  r  t  h- 
eastern  North 
America.  The 
roots  g  r  o  \v  i  n 
the  samemmmer 
from  a  similar 
rhizome,  but  are 
market  ed  de- 
t ached  there- 
from. They  are 
somewhat  larger 

than  those  of  the  Kuropcan.  and  arc  of  a  light  gray-brow  n 
<'olor.  The  composition  and  properties  arc  piaclically 
the  same,  though  the  root  and  the  oil  have  a  iicrccplibly 
dilVcrciit  odor  and  taste.  11.  11.  liudnj. 


I'"i(;.  201.— Section  throiiBli  Small  Rlcpml  lavity  c^ 
i-ruMl  eiiitltctiimi  iit  ri?:rtit*)f  si-rtitm.    Spein-t 


ANGINA  PECTORIS.     See  Ilea ri,  Neu roses  of  (lie. 

ANGIOKERATOMA.  — (Synonyms:  Kerato-angioma; 
Tclaiigireialic  Wart.) 

Dhkimtion. — An  unusual  skin  disease,  cliiefly  met 
with  on  the  hands  and  feet  of  those  subject  to  chilblains. 
It  consists  of  single  and  groujied  papular  and  nodular 
lesions  of  a  reddish  or  purplish  color,  made  up  of  epi- 
dermic liyjjertrophy  covering  dilatation  of  the  capillary 
vessels  in  the  papilla\ 

HiSTOuy. — Jlibelli  gave  the  first  anatomical  descrip- 
tion of  the  condition  met  with  in  the  affection  and  pro- 
posed the  name  "angiokeratoma"  for  the  disease.  The 
lesions  which  formed  tlie  basis  of  his  observations  occurred 
on  the  dorsal  surface  of  the  lingers  of  a  fourteen-year-old 
girl,  and  had  existed  for  several  years.  They  were  pre- 
ceded by  chilblains. 

Bel'ore  JMibelli's  careful  investigation.s,  eases  of  the 
same  affection  had  been  noted  by  other  writers  under 
various  names;  the  true  nature  of  the  lesions  liad  not, 
however,  been  determined. 

We  are  indebted  to  Pringle  for  a  most  accurate  and 
painstaking  description  of  the  clinical  appearance  and 
morbid  anatomy  of  the  affection,  as  well  as  for  an  analy- 
sis of  most  of  the  cases  ^\•hich  liad  been  met  with  up  to 
the  time  of  his  jiublicatiou. 

Pringle  rei.iorted  two  cases  affecting  girls  with  chil- 
blains, and  his  histological  findings  agree  in  all  essential 
points  with  those  of  Mibelli.  Since  tlie  publication  of 
these  cases  a  number  of  others  have  been  reported,  among 
them  Zeisler's,  which  presented,  in  addition  to  character- 
istic lesions  on  the  hands  and  feet,  nsevus-like  patches  and 
pedunculated  vascular  tumors  on  the  forearms,  over  the 

patelUe,  the  legs, 
thighs,  and  au- 
ricles. 

In  the  case  re- 
ported by  my- 
self, the  skin  of 
the  scrotum 
was  the  seat 
of  a  number  of 
small,  spherical- 
shaped,  dark 
purple  tumors. 
They  were  ar- 
ranged in  a  lin- 
ear manner  as 
if  following  the 
superficial  vas- 
cular siqiply  of 
the  parts.  The 
-small  growths, 
from  the  size  of 
a  pin's  head  to 
several  times 
that  size,  were 
distinctly  ele- 
\ated  above  the 
surface  of  the 
scrotum,  seem- 
ing to  rest  on  it 
ratlier  than  to  be 
embedded  in 
the  skin.  Some 
of  them  were 
covered  bv  a 
slightly  thick- 
ened horny  layer 
u  u  d  e  r  w  h  i  c  li 
minute  dark  red 
points  could  be 
seen,  .giving  the 
tuntors  a  wart- 
like appiarance.  In  this  patient  the  hands  and  feet  were 
not  invohid.  and  the  usual  etiological  factor,  chil- 
blains, could  not,  of  course,  be  invoked  to  explain  the 
development  of  tlie  lesions. 


unpletel.v  Enclosed  t),v  Hypertropliied  Uete.    Thick- 
r,  one  lucli ;  ocular,  ^mt^  and  one-quarter  inches. 
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Fk;.  2112.— Largfi  Tumor  ShfUvinfrCavfitKnis  .<|aii'.s  liivul.'il  by  Fibrous  Septa.    Orgiinizpd  bliKul 
clots  uu  tlio  left  of  section;    f^peiicer.  one  inch  ;  oi-ular,  one  anil  oni'-i|nafter  ini-bes. 

I  have  lately,  llirotiirli  the  kind- 
ness of  Df.  Leviseur.  seen  a  similar 
r-ase  in  wliicli  the  small  tiiiiioi-s  w  ere 
.seated  on  the  vulva  of  a  young  girl. 
Th(^  diagnosis,  in  this  ca.se,  was  con- 
liriiied  liy  the  iniero.seope. 

Atidersiin  has  rejKirted  a  case  in 
which  the  ertiplion  liegan  over  the 
Uiices  at  the  age  of  eleven  yetirs. 
gradiiiilly  spreadirtg  to  the  trunk 
and  ujiper  extremities,  and  finally 
involving  almost  tlte  entire  surface 
of  the  body  with  the  e.xception  of 
the  hands  and  feet. 

SvMi"roxi,\Toi.oGY. — .V  history  of 
recurriiig  attacks  of  ehilblaiiis  |)re- 
eedes  the  development  of  the  atfee- 
tioti  on  the  hands  and  feet.  After 
a  variable  tiitie  minute  telangiec- 
tases iippear  over  the  dorsal  surfaces 
of  the  phalanges  of  the  fingers  an<l 
toes,  which  eventually  cannot  lie 
made  to  disappear  by  ])ressiire. 
The  poiiits  of  va.scular  dilalatiim 
become  grouped,  and  over  them  the 
epidermis  undergoes  thickeniiig. 
giving  rise  to  hemispherical  lesions 
from  the  size  of  a  piii's  head  to  that 
of  a  split  pea,  or  larger,  having  a 
rough  wartj'  surface  and  a  dark 
purple  or  lead  color. 

The  minute  vascular  points  be- 
neath the  thickened  epithelium  can 
be  iletected  by  making  pressure  on 
the  growtlLS. 

In  some  cases  lesions  in  all  stages 
of  development  from  minute  pink 
lioints  to  the  commingled  warty 
growths    can    be    detected.     The 


palms  and  soles  may  be  involved. 
On  parts  of  the  boily  whci-e  the 
stratiim  coriieum  is  thinner  Ihaii  on 
the  hands  tiiid  feel  its  hyiiertro|diy 
is  less  marked  than  in  the  latter  lo- 
calities and  may  not  lie  perceptibly 
thickened.  It  is  usually  bilateral, 
though  not  strictly  symmetrical. 
The  affection  niay  persist  indefi- 
nitel\',  become  stationary,  or  disap- 
pear. 

l'.\Tiloi.or;v  .\xi)  Monnii)  Ax- 
.\'i(iMV. — The  primary  change  is  lin- 
doubtcdly  in  the  capillai'v  vessels 
of  the  papilla-,  which,  subjected  to 
repealed  congestions,  become  per- 
manently dilated,  leading  to  the 
forniiilion  of  Ciivernous  spiices.  and 
by  pressure  alter  the  normal  con- 
formation of  the  inirts.  (.)n  the 
hands  and  feet  the  stratum  coriie- 
um covering  the  lesions  is  greatly 
tliicUeiied;  this  change  is  not  so 
piiiiiounced,  however,  when  the 
airc<'tion  is  met  with  in  other  re- 
gions. The  characteristic  patho- 
logical chiiiiires  are  shown  in  the 
aceom]i:inying  |ihotomicrographs 
made  ficiin  secticins  of  tumois  re- 
moved from  the  scrotum. 

In  Fig.  201,  a  small  cavity  filled 
with  red  and  white  blood  corpus- 
cles is  sliiiwn  com])letely  surround- 
ed liv  the  hvpertropliied  rete  laver. 

Oi'i  the  right  of  Fig.  21)2.  a  liirge 
cavernous  sjnice  is  seen  to  be  filled 
with  blood  corpuscles,  which  have 
by  pressure  caused  a  marked  atro- 
|iiiy  of  the  cpideiiins. 


Fig  203  —Cavernous  Sfares  Killed  wall  lilood  Conmseles  and  DiMded  by  Filirou.s  Septa.    Hyper- 
ti-opliy  of  stnituin  (•(.nieiini  and  rete  MalplKlni.    Speuccr,  one-half  ineli ;  iirojei-uon  i«-ular.  2  Zeiss. 
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On  tlip  left  (if  this  si'ction  tlu'  ciiciiliUidn  has  lioou  nl) 
litcrjiK'il,  as  tlic  lacuii.'i'  an'  orcupicd  bv  concentric  layers 
(if  tilirin  containiiin-  blood  corpuscles  and  pigment. 

Fij;'.  2o;>  represents  a  inor(>  enliirucd  view  of  the  cavern 
oits  spaces  with  their  divided  scpla.  The  stratum  cor 
neum  is  also  shown  to  be  considerably  thickened. 

An  examination  of  the  sections  shows  that  the  lesions 
consist  of  lacunar  spaces  tilled  u  itii  blood  occupying  the 
]ia]iillary  jiortion  of  the  derma,  some  of  which  arc  enclosed 
in  tlie  ii'te  .Maliiighii.  These  cavernous  spaces  are  evi 
ilenlly  1  lie  essential  feature  of  the  disease  and  the  primary 
[lathological  condition. 

Etiology. — The  disease,  when  it  occurs  on  the  hands 
and  feet,  as  it  most  fre(juently  does,  is  an  affection  of 
early  life,  and  cau.sed  by  repeated  attacks  of  chilblains. 

Some  cases  have  been  associated  ■with  tubercidous 
affections  of  the  lungs,  glands,  and  other  regions.  An 
attempt  has  been  made  by  Ijeredde  to  show  that  it  is 
caused  by  the  toxins  of  the  tubercle  bacilli. 

In  my  "case,  in  which  the  skin  of  the  scrotum  was  af- 
fected, "the  tendency  to  dilatation  of  the  blood-vessels  as 
manifested  by  a  double  varicocele,  and  the  degenerative 
state  of  the  vessels  and  surrounding  connective  tissue  in- 
cident to  old  age,  were  probably  the  most  potent  causes 
in  bringing  about  the  condition. 

Dr.\GN'OSis. — A  well  developed  case  of  the  disease  could 
hardly  be  mistaken  for  any  other  atfectiou.  The  color 
of  the  lesion  and  the  presence  of  the  vascular  points 
shoidd  differentiate  it  from  tuberculous  or  ordinary  warts. 

Tre.\tjient.- — The  tumors  may  be  removed  by  exci- 
sion or  by  the  applicati(m  of  the  Paciueliu  or  galvano- 
cautery,  with  the  production  of  slight  scarring.  Less  de- 
formity results  from  electrolysis.  Jo/in  A.  Fordyce. 
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ANGIOMA. — (a)-,imv.  a  vessel.)  The  angioma,  a  neo- 
plasm reiu'esentative  of  the  connective-tissue  or  histoid 
type  of  tumois,  is  a  new  growth  composed  wholly  or  in 
great  part  of  blood-vessels  or  of  lymph  vessels.  The 
term  angioma  is  sometimes,  thougli  inaccurately,  em- 
ployed t(i  designate  one  of  the  variedes  of  the  species  of 
tumor  bearing  this  name,  the  h;fmaugioma.  a  growth 
consisting  of  blood-ves.sels. 

Classification:  According  to  the  chaiacter  of  the  ves 
sels  entering  into  the  structni'e  of  the  tumor,  augiomata 
are  classified  into — 1.  Ha'mangiomata;  2.  Lymphangio- 
mata. 

1.  H.EM-\N(,ioMA. — The  lia'inangioma  is  a  tumor  the 
essential   structural   components  of    which    are    newly 


^- 


Fig.  201.— -Angioma  Caveniosum  Cutaneum  Congenitum.  (Miiller"s 
fluid:  lijematoxylin.)  d,  Epidemiis:  /i,  coriuiu  :  c, cavernous  blood 
spaces.    X  20  diameters.    (After  Ziegler.) 

formed  blood-vessels.  It  is  to  be  distingni.shed  fi-om 
other  blood  cont:iining  tumors,  such  as  h;ematoma  and 
certain  forms  of  :ineurism.  not;ilily  aneui-isina  ivicemosum 
and  Viirix  lacemosum.  These  hitter  ai'c  the  result  of  dil:i 
tation  and  hyiierti'o|)hy  of  pi'e  existing  vessels,  :iiid  liear 
no  relation  to  structures  whose  component  eleiiients  :ii'e 


essentially  the  iji-odiict  of  new  growth.  The  ha?mangio 
mata  ha\'e  been  designated  evectUe  tntiiors  by  reason  of 
their  analogy  to  the  corpus  cavernosum  penis  and  to 
other  eicctile  structures.  The  size  and  consistence  of  one 
of  these  tumois  may  \ary  greatly  from  time  to  time,  such 
valuation  depending  upon  the  amount  of  blood  contained 
within  it:  this  may  be  increased  by  exercise,  duiing  a  tit 
of  weciiing,  and.  in  women,  during  the  menstrual  period. 
When  from  any  cause  the  amount  of  blood  in  the  tumor 
is  diminished,  ihe  latter  may  become  soft  and  tiaccid,  to 
regain  its  tiinincss  and  elasticity  when  the  former  condi- 
tion is  I'estored. 

Varieties;  Two  varieties  of  liaemangioma  are  recog- 
nized, the  distinction  betw'een  them  being  based  upon 
differences  both  in  structure  and  in  location.  These  va- 
rieties aic: 

((/)  llaiiuiwiioma  Simplex  (mevus  vasctilosus:  birth 
mark  ;  telangiectatic  ha>mangioma).  This  form  of  haim- 
angioma  comprises  the  small  vascular  Dfevi,  and  most  of 
the  so-called  mother's  or  birth  marks.  It  occurs  in  two 
forms:  (1)  As  flat,  round,  or  irregulaiiy  outlined,  usu- 
ally sharplj'  contoured,  red  or  bluish-red  patches  on  a 
level  with,  or  but  very  slightly  elevated  above,  the  sur- 
face of  the  skin:  in  size,  varying  from  that  of  a  flea-bite 
to  that  of  the  side  of  the  fac?.  The  skin  over  these  patches 
is  either  smooth  or  tliickened,  and  is  sometimes  covered 
with  lanugo  hairs.  (3)  As  round,  more  or  less  lobukited 
tumors,  in  size  varying  from  that  of  a  hemp  seed  to  that 
of  an  apple,  situated  primarily  beneath  the  skin,  the 
larger  growths  projecting  above  it.  The  skin  over  them 
is  rarely  normal,  usually  thin,  transparent,  dark  red  or 
purple,  and  traversed  by  vessels.  They  are  sometimes 
covered  with  hair. 

Ocriinriicc.  This  variety  of  hnemangioma  is  very  com- 
mon: it  is  nearly  always  congenital.  From  observations 
made  by  Depaul,  it  appears  that  one-third  of  all  the  chil- 
dren born  in  the  clinic  of  the  Faculty  of  Medicine  in  Paris 
have  such  luemangiomata  at  birth.  The  tumor  is  situated 
most  frequently  in  the  skin  of  the  face,  neck,  back,  chest, 
abdomen,  .sometimes  of  the  extremities.  More  rarely  it 
occurs  in  mucous  membranes,  and  beneath  the  serous  sur- 
faces of  the  internal  organs.  It  may  be  single  ormultiple. 
and  may  attain  a  varying  size.  The  congenital  forms  re- 
main stationary. 

Stnirtiii-c.  Histologically,  the  hiEmangioma  simplex 
consists  of  newly  formed,  much  convoluted,  more  or  less 
dilated  capillaries  lying  in  a  stroma  composed  of  fibrous 
connective  tissue  or  of  fat  tissue.  This  stroma  varies  in 
amount,  and  may  be  infiltrated  with  lymphoid  cells,  or 
contain  pigmented  connective-tissue  cells.  The  newly 
formed  vessels  often  coirespond  in  distribution  to  the  vas- 
cular districts  of  the  sweat  glands  or  the  hair  follicles. 
AVhen  the  connective-tissue  stroma  of  the  fiat  form  of  the 
tumor  becomes  abundant,  or  is  largely  replaced  by  fat, 
the  growth  may  assume  more  of  the  lobular  type  of 
structure. 

{/>)  Ilij'iiiiuir/ioiiiii  ('tin nioisHiii  (cavernous  tumor:  erec- 
tile tumor).  — This  form  of  litemangioma  consists  of  lobu- 
lated,  sometimes  fungoiti  tumois  of  varying  size,  bluish 
in  color,  single  or  multiijle,  tending  to  diminish  or  disap- 
pear under  pressure.  Pressure  upon  parts  adjacent  to 
the  tumor  causes  it  to  swell  by  venous  congestion;  other 
conditions,  such  as  change  of  position,  weeping,  sleep, 
digestion,  the  ingestion  of  alcohol,  and  the  like,  may 
cause  alteration  in  size,  owing  to  the  erectile  character  of 
the  growth. 

Ominriirr.  The  cavernous  ha^mangioma  occurs  most 
fre(|uently  in  tlie//(Yc,  where  it  appears  as  a  dark  mass 
situated  usually  just  lieneath  the  capsule,  and  never  ele- 
vated above  the  surface.  The  size  vaiies  from  that  of  a 
pea  to  that  of  a  whole  lobe  of  the  liver.  The  tvuiior  is 
generally  single,  sometimes  multiple.  The  livers  of  old 
peo]ile  lu'cseiit  this  foiin  of  new  growth  in  a  grciit  num- 
ber of  instances.  Its  occurrence  in  this  organ  .si^ems  to 
vary  in  frei|Ucncy  indifferent  countries:  acconling  to  the 
leport  of  pathologists,  it  is  not  so  freiiuent  in  Norway 
and  Sweden  as  it  is  in  (ierinany.  By  the  ruiiture  of  the 
vessels  of  Itirge  cavernous  ha-maugiomata  through  the 
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capsule  of  the  livor.  extensive  hemnrrlmirp  has  taken 
)ila(i'  into  the  peritoneal  cavity,  ami  fatal  pi-riliiiiitis  has 
li((  M  causi'd. 

This  tnnior  also  occurs.  alllioiij;li  less  cninnionlv  tlian 
in  the  liver,  in  the  other  abdominal  orjians.  as,  fore.\aini)le. 
the  Kjilivii  anj  the   /ciriiui/s,  and   also  in  the  briiin.     It 
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Fig.  20i).— Dilated  Capillaries  from  a  TeUinsiei-tatic  Tmiiiir  of  tin'  lirain.  All  the  .\ttache(l  Por- 
tions of  Tumor  Tissue  baviug  been  Slfaken  off  in  Water,      ■  a«l.     (.\fter  ZlKj-'ler.) 

is  found  in  the  alin  less  frequently  than  are  the  sim- 
ple luemanjriomata.  Esmarch  has  I'epoited  in  Viiehow's 
. I /■(•/(/(■  a  very  interesting  case  of  its  occurrence  in  this 
jiosition.  A  sinsrle'  tumor  develo])ed  upon  tlie  middle 
tinjrer  of  a  iiirl  eight  years  of  age.  followed  in  sidisci(U(iU 
years  liy  tlie  appearance  of  a  great  many  others.  At  the 
time  of  the  tii'st  menstruatiou  there  was  a  great  increase 
in  both  the  ntuuber  and  the  size  of  the  tumois.  At  each 
succeeding  calameiiial  period  they  seemi-d  to  grow  more 
than  at  any  other  time.  In  size  they  varied  from  tlial  of  a 
]iea  to  that  of  a  hen's  egg.  They  were  all  successfully  c.\ 
tirpated,  iiiul  in  most  cases  were  found  to  licsil\iatcd  on  the 
wall  of  a  vein,  with  which   they  were  in  commuiiicalinn. 

CaveiTious  h.-emangioma  is  seldom  cougenilal :  il  occurs 
mostly  in  the  earlier  years  of  life,  and  rarely  develops  at 
a  lalerage.  It  grows  very  slowly,  often  remaining  sta 
tionary, 

Striirtiire.  The  cavernous  jia'mangioma  uiioii  seclion 
presents  an  appearance  ([uite  similar  to  that  of  the  cut 
surface  of  the  corpus  cavenmsum  penis.  It  is  cbaracler 
i/.e<l  by  the  presence  of  a  firm,  tough,  while,  mcshwork. 
which  in  the  recent  state  is  einpty  or  contains  some  iircg- 
ular  blood  clots.  The  meshes  frecpiently  enclo.se  small, 
round,  calcareous  masses  known  as  jihleboliths.  In  some 
instances  t  his  cavernousstructuie  is  sharjily  circumsciibed 
and  separated  from  the  surrounding  structures  liy  a  linn 
capsule.  In  otliei's.  where  the  tumor  is  small  and  to  all 
appearances  in  a  state  of  rapid  growth,  it  is  surroundeil 
by  a  zone  of  lymphoid  cells.  The  consistence  of  the  tu- 
mor de]ien<ls  upon  the  amount  of  the  fibrous  coimeclivc 
tissue  mesh  work,  or  stroma:  when  this  is  abundant,  llie 
tumor  is  relatively  hard,  and  when  scanty,  soft  and  tiaccid. 

Microscopically,  the  tumor  presents  trabccul.-e  of  librous 
connective  tissue,  in  part  new  ly  fortned,  in  part  belong- 
ing to  the  structure  in  which  tiie  tumor  is  develo])i'd,  of 
varying  thickness,  arranged  in  the  form  of  a  mesliwork. 
The  cells  of  this  tissue  are  numerous,  and  it  is  usually 
intiltrated  with  lymphoid  cells  scattered  singly  or  local- 


ized in  giiiups.  The  spaces  of  this  mesliwork  are  lined 
with  Hat  endcitlielial  cells,  and  contain  blood.  These 
spaces  are  of  varying;  size,  but  uhalever  their  extent, 
tliey  always  leprcsent  capillaries,  for  they  tire  interixised 
between  an  art<Ty  aiul  a  vein.  .\djac<'nl  large  spaces 
may  be  separated  by  Imt  v<-ry  thin  i)artitions.  The  con- 
neclivetissue  slroma  in  some  cases 
has  been  foiuxl  to  contain  nerves, 
smooth  nnisele  libres.  and  elastic 
(ibres. 

Ktiiihirjij. — Till'  cause  of  hainan- 
giomala,  in  conmion  with  that  of 
most  new  growths,  is  not  imderstood, 
A  lai'ge  pi'oportion  of  all  tumors  of 
this  sort,  are  congenital,  and  when 
they  do  develop  after  birth,  it  is 
generally  in  the  early  years  of  life. 
It  is  seldom  that  iKemangiomata  de- 
velop in  adulls.  a  fact  which  is  re- 
markable in  view  of  the  friM|uency  of 
dilatati<in  of  the  blood-vessels  in  old 
age,  and  one  which  constitutes  a 
strong  objection  to  the  theory  that 
these  tumors  arise  from  a  simple  dila- 
tation of  ])re-e.\isting  vessels.  He- 
redity seems  to  play  some  part  in  their 
occurrence;  numei-ous  cases  are  re- 
corded in  which  a  cliild  picsented  one 
of  these  tumors  in  the  same  ])lace  on 
its  body  as  that  in  which  one  of  the 
parents  also  had  a  birthmark.  Pop- 
ular belief  in  all  ages  has  associated 
Ihe  i)re.sence  of  these  growths  in  chil 
(Ireu  with  some  inllncnce  exerted 
upon  the  mother  during  jjregnancy; 
maternal  impressions  caimot,  how 
ever,  Ix'  regaiiled  as  detinile  faclors 
in  the  dexclopmcnt  and  growth  of 
otTspring. 

Dilfereiit,  vi<'ws  have  been  held  re- 
garding the  genesis  of  the  cavernous  form  of  luem 
angioma,  and  at  one  time  the  subject  formed  a  ground 
of  contention  bet  ween  two  of  the  greatc-sl  ])athologisls, 
\'irchow  and  Hokitansky.  Virchow  held  tlial  the  de- 
ve!o]iment  of  a  caveriions  tumor  was  always  ]u-eceded 
by  the  formation  of  gianuhition  tissue,  the  newly  formed 
vessels  of  which  afterward  became  dilated,  and  the 
intervening  structures  atrophied.  Hokitansky.  on  the 
other  hand.  di<l  not  regard  the  blood-tilled  spaces  of 
the  tumor  as  true  vessels,  but  su])pose(l  that  they  were 
formed    independently    in    Ihe    connective    ti,ssue,   and 


Yv;.  3(16.— Sf<-tion  tlirouBli  tin-  Margin  of  a  Very  Small  Tavcmous 
.\nt:ioma  r»f  the  Liver  at  a  Time  Wtieii  This  .MarL-'in  Was  In  PpH-t-ss 
(if  .Veiiveiirowth.  ((■aniline  piejianiiion.'  ■  l.'iOtliaiiieters.  i.\ft*"r 
Ziefc'ler.) 

afterward  came  into  communication  with  blood-vesscLs. 
The  blood  corpuscles  he  regarded  as  formeil  by  an  en- 
dogenous process  within  certain  altered  connective  tis- 
sue cells.  These  he  called  "  llohlkolben."  and  described 
them  as  large  protoplasmic  masses  situated  usually  along 
the  blood  vessels.  These  viewf  of  Hokitansky  si'cmed  to 
lind  conlirmation  in  a  description  by  Lusehka  of  such 
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stniohires  oprurring  in  the  small  blnnd-vossels  of  the 
brain.  It  is  now  known,  however,  that  these  so-called 
blood  eystsof  LnsehUa  are  merely  dilatations  of  the  pcri- 
vaseular  sheaths  of  the  eerebral  vessels.  Other  investi- 
gators at  varions  times  in  the  past  have  supported  the 
theory  of  RokitansUy  that  blood  eorpu.seles  are  formed 
in  inllannnatory  tissnes.  but  in  the  light  of  more  recent 
knowledge  il  ;i|ipears  that  this  never  laki's  place.  Rind- 
lleiseh  held  that  llie  h.'eniangiomata  eo>dd  be  developed 
in  any  structure  provided  with  blood-vessels,  by  what  he 
termed  "cavernous  metrimorphosis."  a  process  character- 
ized by  the  dilatation  of  pre-c.visting  vessels,  resulting 
either  from  fibroid  degeneration  of  the  capillaries  or  from 
the  contraction  of  cicatricial  tissue  around  the  vessels. 
This  theory,  at  least  so  much  of  it  as  depends  upon  the 
correlation  of  the  development  of  cavernous  tumors  with 
the  contraelion  <if  scar  tissvu'.  can  hardly  be  regarded  as 
tenable;  for  in  tlie  lung,  where  we  most  often  tind  such 
tissue.  ha?mangioma  almost  never  occurs,  and  in  the  liver, 
where  the  tumor  is  so 
frequent,  its  presence 
cannot  be  shown  to 
bear  any  relation  to 
cirrhosis. 

It  is  probable,  there- 
fore, that  none  of  the 
theories  advanced  to 
accoiuit  for  the  origin 
of  ha-mangioma  is  ac- 
ceptable other  than 
that  which  asserts  that 
the  tumor  is  the  result 
of  an  independent  new 
growth  of  blood  ves- 
sel s,  the  c a  V s e  o  f 
growth  :iot  being  as 
yet  altogether  explain- 
able. 

Mode  of  G  ro w  t h  : 
Clinical  Aspects. — The 
ha?maugiomata  extend 
always  by  growth 
from  within  outward; 
they  show  no  tendency 
to  intiltrate  surround- 
ing structures;  they 
do  not  cause  metasta- 
.ses.  Instances  of  seem- 
ing exccjition  to  these 
conditions  are  ju'obably 
cases  in  which  sanoma 
with  dilated  blood-vessels  was  mistaken  for  iKvniangi- 
oma.  The  pulsating  tumors  of  the  long  bones,  which 
have  been  described  as  cavernous  tumors,  are  to  be 
regarded  as  telangiectatic  sarcomata.  Tlie  luvmangi- 
oma  is.  therefore,  so  far  as  its  mode  of  growth  is 
concerned,  a  luiiif/ii  tvunor,  although  the  accidents  in- 
cidental to  its  development  may  cause  death  from  hem- 
orrhage or  from  intracranial  pressure.  The  growth  of 
these  tumors  is  generally  unaecom|)auied  by  ]iaiu ;  it  is 
slow,  and  may  be  irregular.  In  some  instances  the  tu- 
mor constantly  enlarges,  in  others  it  reaches  a  ceitaiu  siz<? 
and  then  remains  stationary.  It  sometimes  undergoes 
spontaneous  cure  by  the  ulceration  of  the  overlying  skin, 
and  the  subsequent  formation  of  cicatricial  tissue  which 
includes  the  vessels  and  obliterates  them  by  contraction, 
AVhen.  as  is  .sometimes  the  ease,  the  tumor  is  connected 
with  the  skin  by  a  pedicle,  the  vessels  in  llie  pedicle  may 
shrink,  and  the  tumor  beconu:'  desiccated  and  dropoff. 
In  yet  other  cases  a  cure  may  be  elfeeted  by  thrombosis, 
and  the  consequenl  deprivation  of  the  tumor  of  its  circu- 
lation. 

2.  I>YMrnANoi(ni.\. — The  lyniplianigoma  is  a  tumor 
composed  of  lymph  xcssels  in  a  stale  of  greater  or  less 
(Icgree  of  dilatation,  lying  within  a  tibrous  connective- 
tissue  stroma..  Strictly  speaking,  the  term  lymphangi- 
oma is  apiilieable  to  those  lymph-vessel  tumors  only  in 
which  the  whole  or  the  greater  part  of   the  vessels  is 


Fig.  207.— I.vmptianiriuina 
larfje,  soft,  smoolh  wart. 
nests  of  cells  ill  Ihc  i-criinn. 


newly  formed ;  but  inasmuch  as  in  any  single  case  it  is 
often  diflicult  to  determine  how  far  the  vessels  aie  newly 
formed  and  liow  far  [ire-existing  ones,  dilated  and  thick- 
ened, it  is  convenient  to  include  under  the  lymphangio- 
mata  certain  abnormal  structures  in  v\hich  the  essential 
pathological  condition  is  lymphangiectasis.  This  form 
of  new  growth  occurs  in  a  great  variety  of  loci,  and  pre- 
sents an  external  configuration  determined  very  largely 
by  the  organ  or  structuie  in  which  it  is  developed,  as 
well  as  by  its  histological  characteristics.  It  is  seen  in 
warty  tumors  and  ditfu.se  thickenings  of  the  skin  and 
mucous  membranes,  in  macroglossia,  in  certain  congen- 
ital cysts,  and  in  various  other  conditions.  The  classifica- 
tion of  lymphangiomata.  based  upon  structure,  according 
to  Wegner.  admits  of  the  recognition  of  the  following — 
Varieties:  (■7)  Li/mp7iiiiif/ioirni  SiiDjile.r. — As  a  true 
neoplasm  this  occurs  in  the  form  of  a  circumscribed 
tumor,  composed  of  capillary  and  larger-sized  lymiih 
vessels.     As  lymphangiectasis.  it  is  seen  in  the  lymphatic 

varix,  in  dilatation  of 
tlie  lymphatics  result- 
ing from  obstruction, 
in  macroglossia  and 
elephantia.sis  following 
erysipelas,  and  in  ele- 
phantiasis due  to  fila- 
ria. 

{h)  Ly  m p h  n  iigioma 
Curcnwsum. — This  va- 
riety is  analogous  to 
the  cavernous  lurman- 
gi'jma.  Histologically, 
it  consists  of  larger  and 
smaller  spaces,  lined 
with  endothelium,  and 
surromided  by  a  strong- 
wall  of  fibrous  con- 
nective tissue.  Section 
of  the  tumor  in  the 
recent  .state  reveals  the 
presence  of  lymph. 
The  stroma  may  con- 
tain fat.  leucocytes, 
epithelioid  cells,  blood- 
vessels, and  s  m  o  o  t  h 
muscle  fibres;  the  pres- 
ence of  these  last  is 
regarded  by  Stiles  as 
a  means  of  distiuguish- 
i  n  g  1  y  m  p  h  angioma 
from  lyinpliaugiec- 
paces  are  clear  and  resemble 
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,  of  the 


tasis.     The  content 
lymph. 

Ocoirrence.  The  caAcruous  lymphangioma  occurs  in 
the  tongue,  the  lips,  the  skin,  and  rarely  in  the  internal 
organs. 

JIaeroglossia.  lymphangioma  of  the  tongue,  wlien  not 
due  to  ohslruetion  to  the  ly'nqihatics  resulting  from  in- 
rtammatory  processes.  (..(/..  erysipelas  (Robin.  Laredde), 
is  congenital.  The  tongue  is  enlarged,  and  in  extreme 
cases,  especially  those  in  which  there  is  inflammation, 
may  extend  to  the  sternum.  Its  surface  is  covered  with 
minute  cysts.  Histological  examination  shows  that  the 
enlargement  is  due  to  a  new  growth  and  dilatation  of 
lynqihatic  vessels,  and  a  hyperplasia  of  the  surrounding 
coniH'ctive-tissue  elements.  There  is  present  usually  a 
eomliination  of  the  sinqile  and  the  cavernous  forms  of 
lymphangioma.  The  enlargement  may  remain  latent  or 
stationary,  and  then  suddenly  increase. 

Macrocheilia  is  a  similar  condition  in  the  lips;  it  may 
be  associated  Avith  macroglossia.  It  occurs  more  often  in 
the  upper  li]i  than  in  the  lower,  but  may  involve  liolh, 
Samie  examined  seven  cases  of  lymphangioma  of  the 
mouth  and  nnil  cavity  ;  one  presenti'<l  macroglossia,  and 
the  rest  larger  and  smaller  warty  tumors  containing  wa- 
tery contents,  and  situated  in  Ihe  mucosa  and  submucosa 
of  various  )i.-irls  of  the  buccal  nuu'inis  membrane. 

In  the  .skin,  cavernous  lymphanigoina  occurs    in  the 
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form  of  relatively  circumscribed  growths  in  the  (■oriiini. 
cliaracteri/.ed  histologically  by  the  presence  of  lar^e  ronnd 
and  oval  spaces  lined  with  tiat  cnd<illieUuni.  These  lyni 
]iliaticslrnctures  may  press  up  into  the  epidernns.  In  ihe 
interstitial  connective  tissue  (here  are  many  pigmented 
cells.  Lyniphanjiioma  occurs  also  in  the  subcutaneous 
tissue,  causinic  ditfuse,  rouirh  Ihickeninj;'  ot  Ihe  skin,  and 
soHK^times  leadinj;  loan  elepliantiasis  of  tliealVecled  pari. 
Such  a  condition  may  involve  an  enlirc  e.Mrenuly  On 
seclion.  clear  or  slijihlly  cloudy  lymph  escapes.  .^licro 
s<-opicaliy,  the  structure  consists  of  larjjc  spaces  lined 
with  endolhelium,  and  an  interstitial  stroma  consisting  of 
librous  connective  tissue  or  fat,  and  containing  areas  of 
lym])hoid  cell.s. 

In  the  spleen,  this  variety  of  lymphangioma  lias  been 
foiuid  in  a  few  instances.  Harbacci  found  upon  Ihe  an 
terior  edge  of  the  spleen  a  row  of  small  tumors,  in  size 
varying  from  that  of  a  pin  s  head  to  that  of  a  hazelnut. 
TIk'V  consisted  of  a  collection  of  cavities  of  various  sizes, 
more  or  less  completely  condjined  with  one  another,  and 
containing  a  yellow,  transparent  tluid.  Microscopically, 
they  presented  the  'characteristics  of  cavernous  lymph 
angioma. 

(c)  Lijiuphanriiiiiim  ('i/nticinn. — This  f(irm  (if  lympliaii 
gioma  differs  from  the  cavernous  only  in  that  the  spaces 
within  it  are  larger  and  more  cyst  like  than  are  those  of 
the  latter.  It  consists  in  .single  or  multiple  cysts,  which 
occur  in  various  parts  of  tin;  body,  chietly  in  the  neck 
and  near  the  sacrum,  but  also  in  the  e.vtremities,  in  the 
tongue,  and  on  the  face.  More  rarely  it  is  found  in  the 
peritoneum,  and  as  single  small  cysts  in  or  l)etween  the 
abdominal  organs.  Wlien  located  in  the  submaxillaiy 
region,  the  tumor  not  infrequently  rapiilly  e.\ten<ls.  be 
coming  more  and  more  pendant  '  until  it  reaclu'S  the 
sternum.  The  cystic  lymphangioma  is  known  also  under 
the  names:  hygroma  cj'sticum  congenitum.  liydrocele 
of  the  neck,  con.genital  serous  cyst  of  the  neck.  I5y  .some 
authiirities  it  is  regarded  as  forming  a  distinct  group  of 
ly  mphangiomata. 

Till'  cystic  lyiuphangioma  of  the  neck  is  congenital ;  it 
is  probably  not  derived  from  ha^maugioma  by  the  oblit 
eratiou  of  counectious  with  blood-vessels  and  tlicdevelop 
ment  of  secondary  communications  with  the  lym|ihatic 
system.  The  fact  that  the  cystic  spaces  arc  liiK'd  with 
endothelituu  and  not  with  epithelium  is  evidence  that 
these  tumors  are  not  derived  from  either  the  .salivary 
glands  or  the  branchial  clefts.  The  tumor  is  situated 
upon  the  anterior  or  lateral  surfaces  of  the  neck:  rarely 
upon  the  back ;  it  may  be  unilateral  or  bilateral.  Its  size 
varies;  it  tends  to  burrow  and  to  extend  under  the  cer- 
vical fascia  between  the  muscles  of  the  neck  In  this 
way  it  may  travel  down  the  .sheath  of  the  subclavian 
vessels  to  tile  a.\illa,  or  it  may  go  into  the  niediastimim. 

Histologically,  this  form  of  lym)jliaiigiiinia  iireseiits 
large  cystic  spaces  lined  with  endotliclium,  separate  or 
coniniunicating,  contaiuin,g  a  clear  tluid,  lying  within  a 
stroma  conipo.sed  of  librous  connective  tissue,  fat,  smooth 
muscle  fibres,  blood-vessels,  and  nerves.  In  some  in- 
stances the  nund)er  of  blood-vessels  is  disproportionately 
great,  so  that  the  tumor  may  present  a  eombiuation  of 
ha'man,i;ioma  with  lymphangioma. 

The  cystic  lyriiphan,i:ioina  may  remain  stationary,  grow 

rapidly,  or  undergo  spontaneous  involution.     It  is  ]>i(iiie 

to    recurrent    attacks   of   inflammation,    especially    after 

aspiration.     When  superficial  il  may  give  rise  to  lymph- 

I        orrhagia.     The  more  dangerous  positions  of  the  tumor 

'        are  the  neck  and  the  sacro-perineal  regions. 

Mesenteric  cysts  are  usually  the  result  of  some  obstruc- 
tion, inllammatory  or  otherwise,  in  the  mesenteric  lynijih 
vessels.  In  rare  instances  they  may  lie  aitribulable  to 
the  new  growth  and  subsequent  dilat^rtion  of  lynijih 
vessels. 

The  fluid  contents  of  these  cystic  tumors  are  ordinarily 
clear,  alkaline,  and  albviminous;  when  inflammation  is 
present  blood,  cholesterin,  and  pus  may  occur.  The 
character  of  the  fluid  may  vary  widel}'  in  different  parts 
of  the  .same  tumor. 

Ktidldijy. — The    lymphangioma  is  essentially  a  new 
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growth  111  exceptional  ca.ses  only  may  any  other  condi- 
tion. <.//.,  iiiflamniation,  be  associated  with  the  cause  of 
tumors  of  this  sort.  Lesser,  in  agreement  with  many 
authorities,  allirms  that  simple  lymph  stasis  can  never 
.give  rise  to  a  lyni|)liangioiiia.  citing  in  support  of  his 
o])inion  the  fact  that  tying  of  the  thoracic  ductand  other 
large  lyini)h  vessels  has  never  been  followed  by  this  sort 
of  tumor  formation,  and  further  that  lymphaiigiomata 
(d'ten  occur  in  regions  where  tla^re  are  but  very  few 
lymph  ves.sels.  The  i-itnxr  of  the  new  growth  Kryn.sk 
believes  to  consist  in  local  changes  in  tlie  lymph  vessel 
walls,  changes  which  he  regards  as  of  embryonal  origin, 
as  attested  to  by  the  congenital  character  of  the  growth 
and  its  development  in  childhood.  The  mode  of  new 
growth  he  describes  as  chiefly  of  the  heteroplastic  sort, 
/.(■.,  a  ])rocess  in  which  librous  and  fat  connective  tissue 
furnish  the  cells  from  which  the  endothelium  of  the  newly 
developed  spaces  originates.  W'cgner  describes  another 
mode  of  origin,  according  ti)  which  the  formation  of  new 
lymph  vessels  takes  place  in  a  ]H-evinusly  lormed  granu- 
lation tissue.  This  theory,  while  dilticult  to  prove,  is 
(luite  generally  accepted.  Hatryc  Ijuryiss  Mnijmlh. 
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ItDliin  el  Lareiliii':  Arch,  di-  iin-d.  e.xp.  el  de anal.  path..  1890. 
Kiiliilaiisliy:  1,c1iiI)IiiIm1.  patli.  Anat..  1S.V). 
Saniti':  I  clier  Lyiiipliaii;.'iiMiic' d.  Miiiidliiile.     Latljf.  Arch.,  1891. 
VIrcllow  :  UelKT  cavern,  i.cscliwiilsif;.    Vjrch.  Arch.,  1H5-1. 
Vin'liDW:  ll.V)fi'i'niac_vsticuiii  muli'ale  coiiKen.    Vircli.  Arch.,  1(32. 
Vlrchow  :  Die  Ixranlihaltrri  (a*sili\vtilstc,  1S03, 
Wegner:  Lang.  Arclt,,  xx. 
Well;  IJeitr;ijre  z.  Keiuaniss  der  .Vii^inine.  Prag,  1ST7, 

ANGIOMA  SERPIGINOSUM.— This  rare  cutaneous  dis- 
order was  tlrsl  drsiTJlKMl  li\  .Mr.  .lonathan  Hutchinson,  in 
his  "  Archives  of  Surgery,  "  in  ISlll,  under  the  title  of  in- 
fective ;iii,gionia  or  luevus  lupus.  Crocker's  name,  angi- 
oma serpigiiiosum.  would  .'ieem  to  be  on  all  accounts  the 
more  appropriate.  But  a  handful  of  cases,  six  or  seven 
in  all,  have  been  reiiorled.  and  il  may  be  doubted  if  one 
or  two  of  these  are  really  entitled  to  a  ])l:ice  in  this  group. 
Huleliinson  has  also  ]iiiblislie(l  a  short  account  of  three 
other  cases,  those  of  Lassar,  Tay,  and  .Jamieson.  Besides 
White's  case  one  other,  incompletely  reported,  has  been 
described  in  America,  and  Leslie  Roberts  refers  to  a  case 
Halt  may  lielongiii  this  category,  although  dilfering  from 
the  type  in  many  respects. 

In  all  the  cases  thus  far  reported  the  affection  began  in 
early  life,  in  four  of  them  before  the  a.ge  of  two  years. 
Small  bright  red  papules.  Hrmly  seated  in  the  skin,  are 
the  tirst  manifeslations.  These  pa]uiles  do  not  disappear 
on  pressure,  and  have  been  likened  to  Cayenne  pepper 
grains.  They  iia  lease  in  size  slowlv,  and  may  reach  the 
size  of  a  pea,  when  central  involution  occin-s,  while  the 
edges  coiitiniie  to  spread  so  thai  circinate  fl,gures  are  pro- 
duced. Outside  these  circles,  small  new  lesions,  called 
satellites  by  Hulchinsoii,  are  continually  making  their 
appearance,  which  also  enlarge  and  unilergo  central  in- 
volution so  that  new  rings  arc  formed,  which  may  unite 
with  the  original  ones.  There  is  no  api)arent  alro])hy  in 
the  central  ])art  that  has  undergone  involution,  Init  in 
While's  case  therc>  was  a  dull  pigmentation  in  this  por- 
tion. In  none  of  llie  cases  thus  far  rejiorled  has  there 
been  any  breaking  down  or  ulceration  of  the  painiles. 

In  Hutchinson's  cases  the  lesions  were  situated  on  the 
back  of  the  arm,  spreading  upward  to  the  sluMililer  and 
downward  below  the  (dhow.  In  Ihe  other  eases,  the  arm 
and  side  of  the  thorax,  the  face  and  upper  extremity, 
and  the  lower  extremity,  have  bien  Ihe  portions  all'ecied. 

White's  case,  wdiich  was  seen  and  studied  by  the  writer, 
concerned  a  bo}'  of  twelve  years,  who  had  always  been 
delicate  and  of  a  very  nervous  temiieramenl.  At  birth  a 
semilunar  red  mark  was  noticed  below  the  right  shoulder 
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bUuU',  whiih  iiKTcast'd  very  slowly  in  an  upward  direc- 
tion until  lie  was  fovir  years  old,  when  another  spot  tlie 
size  of  a  pin's  head  made  its  appearance  near  the  first 
one,  which  gradually  grew  larger,  and  since  then  other 
spots  have  contiiuiully  aiipeared  and  grown  larger.  When 
the  patient  was  first  seen,  the  affection  formed  a  baud 
tliree  inches  wide,  wliich  extended  from  the  anterior  edge 
of  the  riglit  scaiiula  about  six  inches  forward  toward  the 
nipple,  and  was  eompose<l  of  about  twenty-four  dillereut 
lesions,  which  varied  in  size  from  a  pin's  head  to  circular 
patclies  more  tlian  two  inches  in  diameter.  Jlinute  ele- 
vated points,  of  a  brightred  color,  first  ni-ade  theirappear 
ance,  which  increased  slowly  in  size  until  they  were  from 
oue-eightli  to  one-twelfth  of  an  inch  in  dianiettr.  They 
were  of  firm  consistence,  and  only  ])artially  disappeared 
under  long  pressure.  Involution  in  the  centre  then  began, 
while  the  growth  spread  periiilierally.  so  that  circles  were 
produced,  until  b_y  confiuence  with  other  lesions  near  by 
this  shape  was  lost.  The  skin  in  the  centre  of  the  lesions 
appeared  normal  except  for  the  presence  of  a  distinct  pig 
mentation.  New  lesions  were  continually  appearing  ata 
little  distance  from  the  older  areas,  and  in  one  or  two  in- 
stances small  foci  were  apparent  in  the  old  central  por 
tions.  The  anterior  group  of  lesions,  some  seven  or  eight 
in  number,  were  at  one  time  destroyed  bj'  the  Paquclin 
cauterv.  Pale  cicatricial  tissue  was  formed  at  the  side  of 
the  cauterization,  and  it  looked  as  if  the  operation  was 
successful,  but  after  a  time  the  lesions  apjiearcd  on  the 
borders  of  these  scars,  and  the  original  condition  was 
produced.  In  this  case  there  was  the  greatest  sensitive- 
ness to  slight  pressure  ujion  the  affected  region,  but  it  is 
not  improbable  that  this  was  due  to  the  extreme  nervous- 
ness and  fear  of  the  patient.  There  was  also  some  itch- 
ing complained  of. 

The  only  careful  histological  examination  that  has  been 
made  of  this  remarkable  disorder  was  that  of  AVhite's 
case.  A  typical  lesion  was  excised  and  one-half  was  stud 
ied  by  Darier  of  the  St.  Louis  Hos]iital,  Paris,  and  the 
other  half  by  Coimeilnian  and  the  writer.  jMicroscopi 
cally,  the  epidenuis  and  the  epithelial  apjiendages  of  the 
skin,  such  as  the  hair  follicles  and  sweat  glands,  were 
tuialtered.  The  li'sion  was  characterized  l)y  groups  of 
cells  throughout  the  coriuin,  which  were  fairly  well  cir- 
cumscribeit  and  ran  in  their  general  arrangement  parallel 
to  the  surface  of  the  skin.  The,v  were  sometimes  round, 
but  more  often  elongated  in  shape,  and  sometimes  ex- 
tended out  in  long  ribbon-like  masses,  which  .seemed  to 
be  formed  by  a  coalescence  of  neighboring  groups.  The 
papillary  layer  of  the  coriuni  was  only  here  and  there 
invaded  by  the  jirocess.  Under  a  high  power  the  nuclei 
were  seen  to  be  oval  in  form  with  a  general  direction  par 
allel  to  the  course  of  the  mass.  They  -were  sun-ovmded 
by  a  small  amount  of  protoplasm,  and  the  lioundaries  of 
the.  individual  cells  cotdd  nt)t  always  be  distinctly  made 
out.  The  cells  of  all  the  gronjis  were  arranged  in  smaller 
grotips  or  clumps,  concentric  in  form,  and  in  the  centre 
a  lumen  could  sometimes  be  seen,  showing  their  conuec- 
tifin  with  the  vessels  of  the  skin.  There  were  also  various 
changes  in  the  vessels,  consisting  in  a  swelling  and  pro- 
liferation of  both  endothelial  and  jieritliclial  cells.  A 
stinking  feature  was  the  jiresence  of  small  granular  masses 
here  and  there  in  the  cell  groups,  which  showed  no  defi- 
nite structure,  and  which  were  evidently  produced  by  a 
degeneration  of  the  cells,  as  there  was  every  gradation 
from  slightly  granular,  poorly  staining  cells  to  a  total 
necrosis.  In  some  places  the  cell  groups  were  situated 
about  spaces  and  Jrssures  which  evidently  corresponded 
to  lymphatics.  Taken  as  a  whole,  the  process  is  evi- 
dently one  connected  with  the  vessels  of  the  skin,  affect- 
ing certain  groups  of  vessels,  notably  the  blood-vessels. 
It  seems  to  liegin  l.iy  a  proliferation  of  the  endothelium 
of  the  vessels  accompanied  also  by  a  proliferation  of 
the  perithelium,  which  is  followed  later  by  a  degenera- 
tion and  necrosis  of  the  central  cells.  There  isa]i])arently 
no  complete  new  formation  of  blood-vessels,  llistolog- 
ieally.  the  growth  is  to  be  compared  to  an  angiosarcoma, 
and  its  cause  is  possibly  that  underlying  tumor  fcn'ination 
in  general,  and  due  to  some  congenital  condition  of  the 


vessels.  Darier,  from  his  investigations  of  the  ca.se  in 
question,  proposes  the  name  Sarcome  Angioplastique 
Reticule.  He  considers  that  we  have  to  do  with  a  pecul- 
iar form  of  sarcoma  which  is  not  massed  to  form  a  single 
tumor,  but  has  a  reticulated  structure  following  the 
vessels  of  the  skin,  and  that  there  is  a  tendency  to  form 
clusters  of  ca])iliaries,  approaching  in  this  way  the  char- 
acteristics of  a  true  angioma.  He  refers  to  the  fact  that 
in  some  of  the  .soft  na;vi  cell  forms  are  found  very  similar 
to  those  of  this  case. 

The  number  of  rejiorted  cases  of  this  disease  is  too 
small  to  warrant  any  general  conclusions  as  to  its  course. 
In  Hutchinson's  case  there  was  a  recurrence  of  the  growth 
after  cauterization.  In  White's  case  the  nodular  infil- 
tration made  its  appearance  in  the  normal  skin  beyond 
the  scar  left  from  cauterization.  This  patient  was  seen 
six  years  later,  when  he  had  reached  the  age  of  eighteen. 
There  had  been  some  treatment  by  cauterization  in  the 
mean  time,  and  again  the  appearance  of  lesions  jumping 
over  the  part  treated,  to  reappear  beyoud  the  cicatrix  in 
the  sound  tissue,  was  seen.  There  had  been  no  breaking 
down  in  any  part,  and  on  the  whole  it  seemed  as  if  the 
process  was  gradually  becoming  less  active. 

Treatment  of  this  affection  has  thus  far  proved  most 
unsatisfactory.  Caustics  or  exc-ision  may  convert  the 
territory  occupied  by  the  lesions  into  a  cicatrix,  but 
hitherto  they  have  failed  to  stop  the  peripheral  spread 
of  the  disorder,  and  sometimes  new  lesions  have  recurred 
in  the  scar  tissue  itself.  Electrolysis  applied  along  the 
edges  that  are  progressing  has  been  advocated,  but  no 
successful  results  from  tliis  or  any  other  method  of  de- 
struction have  been  rejiorted.  J<ilin  T.  Bmnen. 

ANGIONEUROTIC  (EDEMA.— Definition.— A  vaso- 
motor neurosis  or  an  angioueurosis,  characterized  by  the 
appearance  of  circumscribed  swellings  on  various  portions 
of  the  surface  of  the  bodv  and  the  mucous  membranes, 
by  preference  the  face,  throat,  and  extremities,  w-ithout 
apparent  cause  or  premonition,  and  non-inflammatory  in 
character. 

Synony.ms. — Acute  circumscribed  oedema:  acute  idio- 
pathic (edema:  periodic  swelling:  urticaria  tuberos;!.  or 
giant  swelling;  acute  non-intlammatory  a>dema;  Austra- 
lian blight. 

History. — Although  references  to  this  affection  may 
be  found  here  and  there  in  medical  literature  since  1827,  it 
is  only  during  the  present  generation  that  it  has  been 
recognized  as  a  disease  possessing  sufficient  individual 
characteristics  to  have  a  history  and  special  designation  of 
its  own.  It  is  to  Quincke,  and  his  pupil.  Dinkelacker, 
that  we  are  indebted  for  calling  the  attention  of  the  pro 
fession  to  this  disease  in  such  a  lucid  manner  that  it  was 
soon  generallj'  recognized. 

Etiology. — Age. — The  period  of  early  life  furnishes 
the  greatest  number  of  cases,  the  average  age  in  a  series 
of  ninetv-three  cases  examined  by  the  author  being 
twenty-four.  It  rarel.v  occurs  for  the  first  time  in  indi- 
viduals upward  of  sixty  years  of  age.  Childhood,  how- 
ever, is  by  no  means  exempt;  a  case  is  rejiorted  by 
Dinkelacker.  in  which  a  child,  whose  father  suffered  from 
the  disease,  had  an  attack  for  the  first  time  when  it  was 
three  months  old. 

&r. — It  occurs  oftencr  in  males  than  in  females.  The 
disorder  is  seen  just  as  often  in  women  as  in  men  when 
the  former  are  ex-posed  to  conditions  that  produce  bodily 
and  mental  exhaustion. 

Uereditii. — This  is  one  of  the  most  important  and  inter- 
esting elements  in  the  genesis  of  the  disease.  It  has  been 
seen  to  occur  in  families  one  generation  after  another. 
In  a  remarkable  series,  reported  by  Osier,  the  disease  was 
demonstrated  to  be  iiresent  in  five  generations,  including 
in  that  time  twenty  individuals.  Its  occurrence  in  sev- 
eral members  of  one  family  has  recently  been  reported  by 
Jleige. 

Pnriotis  itiid  Prexeiti  Conditinn  nf  floilili/  Unilth. — No 
relationship  can  be  traced  to  previous,  immediate,  or  re- 
mote disease,  and  the  majority  of  cases  presenting  them- 
selves with  this  disease  are  iu  fairly  good  health.     It 
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iiccurs  ill  ui'Uropatliic  iiulividiiuls  .-iikI  iicoasionalh'  in 
tliose  who  suffer  from  hysteria,  nciirasllicnia,  iiud  Gravis' 
(liscasi^ 

Krciting  Causes. — Of  llic  ilincily  cxi'iliiiir  causes,  ecilil, 
traiinialism,  and  psyeliical  disliirhaiiees  are  tlie  iiiost  oli- 
vious.  Friirht.  jrrief,  aii.xiety,  worry,  and  the  inii-estion 
of  eertain  kinds  of  food,  such  as  ajiples  and  lisli,  have  all 
been  found  to  be  exeitini;'  causes  in  some  |)alienls.  The 
relationship  of  an  allacU  to  the  use  of  alcoholic  li(|Uors 
and  tobacco  can  sonietinies  be  made  out.  An  attack  is 
often  |irecipitated  liy  cold,  as  in  passiiii;'  from  a  warm 
into  a  cold  atmosphere,  altliousli  it  does  result  after 
severe  muscular  exercise  with  conseciucnt  sweatinir  and 
then  becoming  cool  very  raiiidly.  In  women  attacks 
arc  most  liable  to  occur  during  or  near  the  menstrual 
period.  The  period  in  the  twenty-four  hours  when  at- 
tacks are  most  liable  to  show  tlicmsclves  is  durinj;  the 
time  between  1  and  5  a.m.,  when  the  tide  of  life  is  at  its 
lowest  cbl)  and  the  parts  ar(^  least  resist.-iiil. 

An/i  t:f  l)i.itrihiitio)i  (iiiil  I'riiiiiirii  P'liiit  of  Mimifestn- 
tinii. — In  a  total  of  S3  cases  the  swelling;  showed  itself  for 
the  first  time:  iii.t.lu''  face  in  ;>:!  <'ases;  on  the  extremities 
in '.34;  in  the  pharynx,  uvula,  and  larynx  in  (i;  on  the 
j^'ciiitals,  penis,  anil  scrotum  in  (i:  on  the  body  in  (i;  on 
the  gums  and  palate  in '.2;  in  the  stomach  in  4;  on  the 
neck  in  1:  and  br-liiiid  the  ears  in  1,  (Jf  the  cases  in 
which  the  swelling  showeil  itself  njion  the  face,  in  o  it 
was  restricted  to  the  foreliead ;  in  ;!  it  (icciirred  tirst  on 
the  eyelids,  in  9  on  the  lips,  and  in  tlie  remainder  it 
was  distributed  over  various  [lortions  oft  he  face.  (.)f  the 
extremities,  the  hands  were  by  far  the  most  often  at- 
tacked, and  after  these  the  forearms  were  the  next  most 
frei|uent  seat.  The  occasional  occurrence  of  this  variety 
of  iiMlcnia  in  tlie  gastrointestinal  mucous  membrane 
seems  to  be  suflicicntly  attested  by  characteristic  symp- 
toms. 

The  occurrence  of  the  swelling  in  one  spot  seems  to 
predispose  the  place  for  future  attacks,  and  it  is  the  e.x- 
<^'eption  for  it  to  be  once  seen  in  a  place  whiih  thereafter 
remains  free.  Parts  of  the  body  which  have  received 
injury  or  have  been  the  seat  of  protracteil  pain  seem 
occasionally  to  be  favorite  places  for  the  development  of 
the  swellings.  Occasionally  there  seems  to  be  a  periodic 
ity  in  the  apjicaraiice  of  the  swelling.  It  has  been  con- 
tetidi'd  tliat  the  pia.  and  even  the  brain  sub.stance  itself, 
may  be  the  seat  of  this  variety  of  (edema.  No  proof  of 
such  occurrence  lias  been  given,  and  the  only  tesiimoiiy 
is  inferential  from  certain  rather  obscure  clinical  data. 

Sv.vi'TOMATOLOCiY  AND  ('l.tNlcAi.  CoiKSE. — The  mani- 
festations of  the  disease  generally  present  themselves 
without  warning,  and  the  suddennessof  their  ap]icarance 
and  departure  is  rather  characteristic.  Possibly  the  pa- 
tient may  complain,  for  a  short  time  before  the  appearance 
of  the  swelling,  of  vague  feelings  of  malaise,  general  dis- 
inclination to  do  anytliiiig.  and  a  feeling  of  depression 
associated  with  ill-detined  gastrointestinal  .symptoms. 
The  o'denia  comes  on  ([iiickly,  generally  reaching  its  full 
development  in  a  few  hours,  and  gives  the  patient  very 
littje  trouble,  except  by  its  mere  presence;  there  is  a  feel- 
iiig  of  stillness  and  iinwieldinessand  a  .sensation  as  if  the 
jiarts  were  on  the  stretch,  but  this  sensation  is  not  at- 
tended with  pain  or  distressing  throbbing,  or  any  of  the 
subjective  synifitoms  of  inllammatory  swelling.  The 
swelling  is  distinctly  circumscribed  and  jilainly  dilTereii- 
liated  from  the  surrounding  surface,  and  of  varying  color. 
In  some  cases,  bnt  probably  not  in  the  majority  of  them, 
the  skin  is  of  a  dark  red,  dull  roseate  hue,  while  in  others 
the  marked  contrast  between  the  pale,  almost  waxy  color 
of  the  swollen  surface  and  the  skin  around  il  is  very 
striking.  The  a'dematous  jiart  does  not  pit  on  pressure, 
or  if  it  does,  only  in  a  few  cases,  and  in  these  not  to  any 
marked  extent,  so  that  the  indentation  produced  by  the 
forcible  pressure  of  the  linger  is  ipiickly  clfaced. 

The  subji'ctive  symptom  of  which  the  pal ieiits  com- 
plain most  is  a  sensation  of  scalding  or  burning  during 
'he  oecurrcnce  of  the  swelling,  this  being  ]iidbably  due 
to  the  marked  tension  under  which  the  skin  is  suddenly 
placed;  and  after  this,   there  is  generally  a  feeling  of   i 


itchiness.  Outsiile  of  these,  if  the  swelling  docs  not  en- 
croach on  any  organ,  such  as  the  eye,  the  stomach,  the 
penis,  and  the  testicles,  or  does  not  block  iij)  the  conduc- 
tivity of  a  jiassa.ire,  such  as  the  pharynx  or  laiynx,  as  it 
sometimes  does,  anil  so  produce  trouble,  il  is  not  likely 
that  the  patient  will  complain  of  any  other  subjective 
symptoms.  Frctiucntly  the  surface  tempcrat  lire  of  the 
swollen  part  has  been  found  to  be  slightly  elevated,  wdiile, 
on  the  other  hand,  carefully  made  observations  have  de- 
monstrated that  the  sjiccitic  heat  of  these  parts  is  consid- 
erably lowered.  Il  is  probable  that  at  the  licginningof  an 
attack  the  surl'ai'c  temiierature  of  the  part  is  somewhat 
elevated,  while  later,  or  just  before  the  swelling  begins 
to  wane,  the  temperature  falls. 

The  swelling  generally  reaches  its  height  in  any  one 
part  in  a  few  hours  after  its  appearance,  in  some  ca.scs  in 
a  few  minutes,  while  in  others  from  six  to  eight  hours 
will  elaiise.  After  remaining  for  a  period  varying  from 
a  few  hours  todays,  it  will  begin  to  disappear,  ordinarily 
with  a  raiiidity  corresponding  to  that  with  which  it 
showi'd  itself.  Frcipiently  its  disappearance  from  om^ 
part  is  the  signal  for  its  ap]ieaiance  in  another,  which  may 
have  no  anatomical  or  i)liysiological  relation  to  the  part 
previously  all'ected.  As  a  rule  it  does  not  show  itself  in 
more  than  two  or  three  localities  at  one  visitation,  and 
frc(|uently  onlv  in  one.  The  disease  recurs,  and  in  the 
analysis  of  the  cases  spoken  of  above,  the  time  between 
the  attacks  averaged  twentyonc  days.  Occasionally  a 
|iatieiit  will  have  three  or  four  attacks  in  a  month,  while 
others  go  for  three  and  four  months,  and  evi'ii  longer, 
before  they  have  a  recurrence.  .Inst  before  and  during 
an  attack  the  jiaticnt  is  often  depressed,  anxious,  alllictcd 
with  forebodings  of  evil  or  calamity  similar  to  those  of 
neurasthenia.  I  have  noted  these  iisychical  or  emotional 
symptoms  peculiarly  in  those  in  whom  excessive  use  of 
tobacco  ami  alcohol  seemed  to  have  something  to  do  with 
causing  the  coiidilion. 

The  syni]itoiiis  of  the  disease  when  some  of  the  mucous 
mcnibranes  are  attacked  are  well  marked  and  suggestive. 
As  has  already  been  said,  the  mucous  surfaces  most  often 
attacked  arc  those  of  the  stomach  and  of  the  larynx.  In 
about  one-third  of  the  cases  gastro  intestinal  symptoms 
are  prominent.  These  symptoms  are  tirst  a,  feeling  of 
uneasiness  and  teiisjon.  as  if  something  indigestible  had 
been  taken  and  had  remained  in  the  stomach.  With  this 
tlierc  is  loss  of  appetite  generally  associated  with  consti- 
pation, which  is  soon  followed  by  a  distended  apjicarance 
of  the  epigastrium;  and  then  follows  a  sharp  colicky 
jiain,  often  attended  with  profu.se  vomiting  and  great 
thirst.  The  jiaiii  may  be  so  severe  as  to  demand  the  ad- 
ministration of  inoriiliine  The  character  of  tbemateri;d 
vomited  consists  at  tirst  of  the  contents  of  the  stomach, 
but  later  it  becomes  watery  and  somewhat  stringy  from 
the  mucus  which  it  contains,  and  it  is  frequently  profuse 
in  (|iiantity.  When  thiscontinues  for  any  h'ligth  of  time 
the  thirst  becomes  greater,  and  large  quantities  of  urine 
arc  frei|iieiitly  passed,  which,  however,  contain  nothing 
abnormal  with  the  exception  of  increased  ainouiits  of 
earthy  iihosphales.  Transient  ha'moglobinnria  has  been 
noted  ill  two  or  three  cases.  After  this  exacerbation  in 
the  .synqitoms  has  ceased,  the  reaction  sets  in,  and  there 
is  fre(|ueiitly  diarrh<ea  of  a  colliquative  nature,  with  an 
apparent  retraction  of  the  abdomen  and  a  general  feelitig 
of  lassitude  and  prosti'ation,  and  the  characteristic  synip- 
toiii  of  the  disease  shows  itself  in  another  part  of  the 
body.  or.  if  il  has  already  done  so.  it  now  begins  to  dis- 
appear. 

When  the  swelling  ajipears  in  the  larynx,  it  of  cour.se 
])roduees  symptoms  in  proportion  to  the  amount  of  en- 
croaclimeiit  that  it  makes.  This  is  often  so  great  as  to 
cause  distressing  symptoms  of  suffocation,  and,  indeed, 
in  some  instances  death  has  taken  place  in  conse(|nence 
of  the  o'dema.  In  others  the  symptoms  arc  so  severe  as 
to  demand  liberal  scarilicatioiL  or.  more  rarely,  traclicot- 
omy.  As  a  rule  the  swelling  does  not  jiass  liy  eontiniiity 
from  the  pharynx  to  the  larynx,  but  when  the  latter  re- 
gion is  affected  by  the  disease  the  swelling  develops  there 
with  the  same  degree  of  abruptness  and  vigor  as  in  other 
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parts  of  till"  1)0(ly,  and  in  coiisi-qni'iirp  the  horrible  sensa- 
tion of  elioking  "todeath  is  added  to  tlie  patient's  misery. 
Difiieidty  in  swallowing,  when  the  seat  of  swelling  is  in 
the  ])liiirynx.  is  not  so  connnon  as  the  corresponding 
symptom"  of  dillieulty  in  breathing,  which  occurs  when 
the  larynx  is  the  seat  of  llu^  disease,  nor  does  it  ever  be- 
come so  distressing.  If  it  be  granted  that  the  a'dema  in 
(|uesiiim  may  manifest  itself  in  tlie  lungs,  as  many  good 
observers  would  have  uslielieve,  the  .symiitoms  resulting 
will  not  dilfer  materially  from  those  of  acute  pulmonary 
a>dema,  except  in  the  suddenness  of  onset,  the  urgency 
of  the  symptoms,  and  the  abrupt  mode  of  ileparture. 

Of  the  general  health  between  the  attacks  but  little 
need  be  said.  Generally  there  is  nothing  noticeably 
wrong,  although  for  a  day  or  two  after  an  attack  there 
may  be  a  feeling  of  prostration,  especially  if  the  gastric 
or  intestinal  mucous  membrane  has  been  attacked ;  but 
this  soon  passes  away,  and  the  patient's  physical  coudi 
fion  and  his  morale  are  excellent  until  the  next  attack 
shows  itself.  Frequently  there  is  not  even  this  feeling 
of  lassitude. 

Di.\GNOSis.— The  diagno.sis  of  a  case  of  angioneurotic 
oedema  wdll  be  attended  with  little  or  no  difflcidty  if  ar- 
rived at  by  the  process  of  exclusion.  The  spontaneous 
appearance  of  the  a>dema,  its  recurrence  at  certain  inter- 
vals, the  absence  of  the  concomitant  symptoms  of  in- 
flammation, either  local  or  constitutional,  and  the  abrupt- 
ness of  the  disappearance  of  the  redema,  are  generally 
sufticient  to  enable  tis  to  recognize  the  disease  at  once. 

It  may  be  confounded  with  the  blue  tedema  of  hysteria, 
as  described  by  Sydenham,  or  with  the  white  o?dematous 
swellings  that  sometimes  occur  with  the  same  di.sease,  as 
described  by  Charcot.  Such  confusion  is  of  no  moment, 
however,  as  the  pathogenesis  of  the  swelling  is  probably 
the  same  in  both  cases.  Moreover,  the  treatment  for  the 
one  is  apjiropriate  for  the  other.  In  hysteria,  however, 
and  especially  if  the  hysterical  attack  is  sufficiently  pro- 
found to  have  (edema  as  one  of  its  attendants,  there  will 
always  be  found  the  well-known  stigmata  which  will  be 
sufticient  to  make  the  diagnosis.  ( )ther  factors,  such  as 
the  abrujitness  of  onset  and  the  mode  of  departure,  as 
well  as  the  distribution  of  swelling  in  angioneurotic 
ffidema,  will  corroborate  the  diagnosis. 

There  are  a  certain  number  of  affections  described  lui- 
der  other  names  which  are  in  all  iirobability  modified 
forms  of  this  disease.  They  are  urticaria  tuberosa.  Aus- 
tralian blight,  malarial  redema,  acute  essential  a?dema, 
creeping  cedema,  ephemeral  congestive  cutaneous  trem- 
ors. As  was  seen  at  the  beginning  of  this  article,  these 
terms  are  considered  as  synonyms  of  the  disease  in  ques- 
tion, and  therefore  require  no  further  desciiption. 

DuiiATioN  ANi}  Fuoc.Nosis. — The  duration  of  the  dis- 
ease varies  from  a  period  sutheient  for  one  attack  to  a 
lifetime;  the  duration  of  the  attack,  from  one  hour  to  a 
week.  The  statistics  liearing  on  prognosis  do  not  allow 
us  to  draw  conclusions  that  are  of  any  great  value,  on 
account  of  the  fact  that  the  patients  do  not  often  remain 
under  the  physician's  care  sutliciently  long  to  enable  him 
to  study  the  natural  course  and  ternnnation  of  the  dis- 
ease. 1  am  inclined  to  believe  that  in  about  half  the  in- 
stances the  disease  disappears  after  lasting  a  variable 
length  of  time,  say  from  two  to  three  years.  In  the 
other  half  it  may  remain  dormant  for  prolonged  periods, 
but  one  can  never  prognosticate  when  or  where  it  is  next 
going  to  manifest  itself.  In  this  respect  it  resembles  all 
other  ma  in  testations  of  the  neurojiathic  state,  as  well  as 
the  neuroses,  hysteria,  and  neurasthenia  which  it  some- 
times accompanies.  In  still  other  cases  it  continues  to 
recur  with  varying  intervals  during  the  (latieufs  entire 
life,  which  may  not,  however,  be  perceptibly  .shorteiiefl 
by  the  exhibition  of  these  attacks.  Not  infrequently 
the  manifestations  cease  to  present  themselves  when 
the  exciting  cause  is  obviated.  The  disease  rarely 
causes  death,  and  then  oidy  when  laryngeal  in\'olvement 
is  so  profound  as  to  cause  sufl'ocation.  'Whetber  or  not 
the  possession  of  this  infirniity  tends  to  shorten  life  by 
predisposing  to  other  conditions  which  jeopardize  the  lite 
of  the  patient,  nothing  definite  has  been  observed,  and 


there  must  necessarily  be  many  observations  before  any 
justitiablu  conclusions  can  be  drawn  in  regard  to  this 
point. 

Pathology. — The  jiathology  of  the  disease  is  still 
rather  obscure.  The  nature  of  the  lesion  is  unquestion- 
ably that  of  a  noninflammatory  a-dema  circumscribed  in 
form.  The  fact  that  the  epidermis  is  not  involved  is  de- 
cidedly ojiposed  to  the  view  that  the  lesion  is  an  inflam- 
matory one,  even  though  it  is  not  so  evident  clinically 
that  the  u'dema  is  in  no  way  connected  with  an  inflam- 
matory condition.  The  seat  of  the  oedema  is  usually  in 
the  connective  tissue  of  the  derma,  beneath  the  papilhe, 
and  in  the  subdermal  tissue;  very  rarely  the  u-dema  con- 
fines itself  to  the  more  superficial  parts.  It  is  probable 
that  although  the  lesions  or  the  irritants  on  which  the 
disease  is  deiiendeut  may  attack  the  other  parts  of  the 
system,  yet  the  result  directly  appears  through  the  sym- 
patlietic  system  of  nerves.  Furthermore,  the  nerves  af- 
fected arc  undoidjtedly  the  vasomotor  nerves.  The  path- 
ogenesis of  the  disease  has  a  closer  relation  to  other  vaso- 
motor neuroses,  such  as  morbid  blushing  and  flushing, 
exophthalmic  goitre,  t!ie  so-called  pulsating  variety  of 
neurasthenia,  and  intermittent  swelling  of  the  knee,  and 
to  some  of  the  arthroiiatbies  as  yet  not  well  imderstood. 
An  redema  very  similar  to  it  is  occasionail.y  associated 
with  tic  doulinueux.  migraine,  and  nerve-stretching,  and 
in  hypnoti/.able  subjects  it  is  apt  to  follow  a  seance. 

TitEAT.MEXT. — Therapeutic  measures  are  of  little  avail, 
either  in  mitigating  the  length  or  the  severity  of  the 
attack  or  in  increasing  the  intervals  between  their  oc- 
currence. A  fact  that  the  practitioner  will  olo  well  to 
bear  in  mind  w  lieu  called  upon  to  treat  any  neiu'osis 
which  is  apparently  dependent  upon  perversion  of  fimc- 
tion  of  the  sympathetic  nervous  system,  is  that  disease 
thus  originating  is  far  less  amenable  to  therapeutic 
agencies  than  when  it  is  dependent  upon  some  lesion  of 
the  cerebro-spinal  system.  The  greatest  success  will  be 
obtained  by  adopting  such  hydrialic,  hy,gienic,  dietetic, 
disciplinary,  and  medicinal  measures  as  give  tone  and  sta- 
bility to  the  nervous  system.  «As  an  all-roimd  vasomotor 
and  general  tonic  to  the  nervo\is  systems  of  the  body 
strychnine  most  nearly  reaches  the  mark.  It  should  be 
given  in  large  doses  antl  luitil  its  full  physiological  effects 
are  manifest,  particularly  on  the  spinal  cord ;  for  although 
the  afi'ection  is  one  indicating  defect  in  the  sympathetic 
nervous  system,  we  must  not  forget  that  the  origin  of  that 
system  is  in  close  relation  genetically  with  the  spinal  cord. 
Physostigmine  salicylate,  in  from  gr.  ^jto  gr.  j'jj  doses,  is 
often  beneficial.  Tlie  next  most  important  drug  in  the 
treatment  is  atropine ;  it  shoidd  be  likewise  given  in  niod- 
erateh'  large  doses,  and  its  administration  shcndd  be  con- 
tinued during  the  intervals  between  the  attacks.  Tonics, 
invigorating  baths,  exercise,  massage,  and  the  prevention 
of  trauma  are  the  most  important  factors  in  the  treatment 
of  this  disease.  It  is  unnecessary  to  enter  into  details 
concerning  the  treatment  for  symptoms  as  they  arise.  If 
there  be  an  excess  of  uric  acid  in  the  blood,  manifest  by 
a  disproportionate  relation  to  the  urea  in  the  urine,  this 
condition  demands  regulating.  The  same  may  be  said  of 
constipation,  menstrual  iiregidarities.  and  the  like.  The 
treatment  at  tlie  time  of  an  attack  will  depend  somewhat 
on  the  part  of  the  body  in  which  the  disease  is  manifest. 
If  the  (lermal  surface  of  the  body  be  involved,  the  most 
satisfactory  plan  of  treatment  is  to  keep  the  patient  quiet, 
in  an  equalile  tem]5eraturc,  and  to  apply  dry  heat  to  the 
swelling;  and  if  there  be  much  uneasiness  or  restlessness, 
a  mild  anodyne  should  lie  ailministered.  Compression  by 
means  of  a  bandage  or  a  Ganigec  dressing  is  occasionally 
of  benefit.  When  the  disease  manifests  itself  in  the  mu- 
cous membranes  the  treatment  is  entirely  symptomatic. 
As  I  have  already  stated,  when  the  gastro-intestinal  symp- 
toms are  prominent,  morphine  fulfils  two  conditions:  it 
relieves  the  severe  pain  and  distention,  and  checks  the 
vomiting  for  the  time  being.  When  the  disease  .shows 
itself  in  the  throat  and  larynx,  this  drug  should  not  be 
given  unless  the  pain  is  so  severe  as  urgently  to  demand 
its  employment.  It  will  occasionally  be  necessiiry  to 
scarify  and  sometimes,  btit  rarely,  to  perform  the  opeiu- 
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tioa  of  larvngotomy.  It  need  scarcely  be  eiiipliasized 
that  when  either  of  tliese  procedures  is  iiidieateil  it  sliould 
be  done  at  once.  In  every  cas('  it  will  be  wise  to  bcL'iii 
treatment  with  the  administration  of  ealoniel  followed  bv 
a  saline.  Oftentimes  this,  with  a  judicious  reniilalioii 
of  the  diet  and  the  administration  of  a  suitable  njineral 
water  to  counteract  any  diathetic  tendency,  will  be  all 
that  is  recitdred.  The  use  of  electricity,  all'houjrh  recom- 
mended, has  not  been  attended  with  sullicieut  success  to 
warrant  more  than  mere  meuliou.  Jwepk  Colliu«. 

ANGIOSARCOMA.     See  Safcouia. 

ANGUILLULA  INTESTINALIS.     fiw.  Xcm,ito<hi. 

ANGUILLULA  STERCORALIS.     See  yeinnPnla. 

ANGUSTURA.— Cusparia.  The  bark  of  a<il//,m  Cuf- 
liiiriii  .\  SI  llil.  {fain.  Rutacae).  This  is  a  shrub  or 
small  tree  of  tlat  Orinoco  River  valley,  exported  from 
Bolivar.  The  river ,at  this  ]duce  runs  in  a  narrow  clian- 
uel.  called  "  Aiir/ii.<<liirii"  (equivalent  to  "Thc^  Narrows"), 
jind  this  has  given  its  name  to  the  bark.  The  hark  was 
formerh-  shaved  (jII  in  long  strips,  often  with  wood  ad- 
hering to  the  inner  surface.  More  care  is  now  taken  to 
obtain  it  in  quills,  which,  however,  arrive  much  broken 
up  into  curved  or  quilled  pieces.  Its  outer  surface  jire- 
sents  a  ijcculiarand  very  characteristic  ap|)earance.  being 
of  a  yellow-clay  color  and  den.sely  covered  with  small 
and  very  slightly  elevated  scale-like  warts,  which  can  lie 
readily  scraped  olf  with  the  tiuger  nail.  It  rai'ely  reaches 
a  fourth  of  an  inch  in  thickness.  The  inner  surface  is 
usually  marked  I)y  a  transversely  wavy  aiijicarance.  It 
has  a  siioi't  and  sharp,  but  by  no  means  weak,  fracture, 
which  discloses  a  zone  of  stone  cells  between  the  iieriderm 
and  inner  bark  and  darker  volatile-oil  cells.  It  is  very 
bitterand  aromatic.  Its  comjiosition  indicates  properties 
of  greater  imiiortance  than  liave  yet  been  attril)uted  to 
it.  Volatile  oil,  to  the  extent  of  from  ()..j  to  l.Ti  percent,, 
gives  its  aromatic,  and  a  considerable  amo\uit  of  the  ama 
roid  iiii(/iisliiriii  its  biller  pro]ierties.  With  these,  a  pe- 
culiar resin  and  a  little  gmii,  occur  the  alkaloids  r/ii/i/iiin-. 
i/dlipiiiiiic.  nis/iKfiiif,  and  ciispariOinr.  all  crvst;dlizablc. 
Tli(!  chief  consuinjition  of  angustura  is  in  South  America 
and  the  West  Indies,  where  it  is  highly  value<l  as  un  aiiti 
lierio<lic  an<l  intestinnl  stimulant.  Its  tise  in  the  I'niled 
Stales,  outside  of  patent  medicines,  has  been  as  an  aro- 
matic bitter.  The  dose  is  0.6  to  8  gm.  (gr.  x.-xlv.). 
Large  doses  have  a  |iurgative  effect.  11.  11.  Itusliy. 

ANHALONIUM.     See  Muscale  niitiom. 

ANHYDROTICS.     See  Aiiti.itKhrifrs. 

ANIDROSIS. — .\nidrosis  in  the  usual  meaning  of  the 
term  denotes  a  disturbance  of  the  function  of  the  pers|ii 
ralory  glands  in  which  their  secretion  is  either  absent  or 
materially  diminished.  I'nder  these  cireiunstances  the 
skin  is  dry  and  harsh,  more  or  less  pruritic,  and  inclined 
to  crack  or  tissure.  Cold  lessens  thi^  amount  of  pers|iira- 
lion  and  heat  increases  it.  and  this  increa.se  or  diminution 
in  the  amount  of  sweat  is  also  intluenced  liy  certain  drugs 
which  may  be  readily  called  to  mind.  The  close  connec- 
tion between  the  .several  functions  of  the  kidneys,  bnw- 
<ds.  and  skin  may  also  be  mentioned.  Certain  persons 
normally  sweat  but  little,  even  under  conditions  that 
ordinarily  prov(jke  the  secretion,  as,  for  example,  in  the 
Turkish  bath. 

Aindrosis  is  usually  symptomatic,  and  is  ucconlingly 
observed  in  connection  with  .son.e  general  or  local  ]iatlio 
logical  condition.  A  general  dimiiuition  of  sweat  is  Ire 
qnently  seen  in  diabetes  mellitus  and  insipidus,  and  in 
the  st.alcs  of  malnutritii>n  deijendent  upon  tuberculosis 
and  the  cancerous  cachexia.  Sweatimr  is  apparently 
absent  in  the  patches  of  umesthetic  leprosy  and  in  local- 
ized areas  in  scleroderma,  psoriasis,  and  eczema.  The 
ichthyotic  notably  sulfer  in  this  way.  Aubert  has  made 
an  extended  study  of  the  secretion  of  sweat  in  various 


disea.S(;s  of  the  skin,  to  which  the  curious  reader  may  be 

rc-fcrred  (Aim.  tir  diriii.  it  Of  xijiih.,  tome  ix..  1877-^78). 
The  a.ssociation  of  anidrosis  with  various  disorders  of  the 
nervous  system,  and  as  following  direct  nerve  injurv, 
etc.,  may  also  be  referred  to  in  this  place.  Lasllv.  (h'ti- 
cient  perspinition  may  he  due  to  sinqdc  mechanical  plug- 
ging of  the  sweat  ducts,  the  result  of  uncleanline.ss.  Ka- 
posi declares  that  there  is  n<j  absolute  anidrosis.  the 
insensible  perspiration  never  becoming  abolished.  This, 
he  states,  becomes  noticeable  us  a  lluid  secretion  when- 
ever the  skin,  however  dry  it  may  feel,  or  even  if  alfected 
with  one  of  the  dry  <lermatoscs  (jisoriasis,  ichthyosis, 
prurigti),  is  covered"  with  some  material  that  prevents 
evapoialion.  It  is  certainly  true,  however,  that  inider 
certain  circumstjinces,  and  in  limited  areas,  the  sweat 
glands  may  be  entirely  destroyed  or  undergo  atrophy 
from  a  variety  of  {•auses.  or  that  paral}-tic  conditions  arise 
in  con.sccpicnce  of  nerve  lesions  due  to  the  presence  of 
new  formations  (Geber). 

The  prognosis  and  treatment  must  be  Iiased  upon  the 
character  of  the  primary  ca\ise.  In  a  general  way  it 
may  be  said  that  the  skin  slamld  be  stinuilated  by  warm 
alkaline  baths  and  massage.  I'ilocarpini'  gives  only  tem- 
|iorarv  relief.  Cod  liver  oil  and  glycerin  are  often  pre- 
scribed in  considerable  doses.  Unna  recommends  arseinc 
and  ichthyol  separately  or  together.  Free  lubrication 
with  I'ats  , gives  much  comfort  in  ichthyosis. 

Willi  1 1  III  A.  llardmray. 

fiiW\-\HE.—(.\iiii(liil)ihze)ii',  PIieiDjlaiiiiiie.  CnH,N.)  Ani- 
line is  an  aromatic  amine  p-'csenting  itself  as  a  thin,  oily, 
colorless  lluid  of  a  vinous  odor  and  hoi,  aromatic  taste. 
It  is  very  volatile  and  intiammable.  dissolves  oidy  very 
slightly  in  cold  water,  but  freely  in  alcohol,  ether,  fixed 
and  V(jlalileoils,  etc.  It  is  remarkable  for  the  great  num- 
ber of  colored  crystallizable  compounds  that  it  forms  with 
acids.  Fhysiologieally.  aniline  is  a  jiowerful  neurotic  of 
more  interest  toxicologically  than  therapeutically.  Ex- 
]icriinents  upon  animals  show  serious  derangement  of  the 
functions  (jf  the  spinal  cord  as  the  essential  element  of 
the  aniline  action.  The  aniline  dyeslulTs  are  certainly, 
in  the  great  majority  of  instances,  not  themselves  poison- 
ous, lait  in  the  form  in  which  they  are  in  some  cases 
inactically  used  they  may  jioison,  because  of  the  presence 
in  them  either  of  uncombined  aniline  or  of  ar.senie. 
Many  of  the  cases  of  eczema  following  the  wearing  of 
aniline-dyed  shirts  or  stockings  have  doid)tless  their  cause 
in  such  contamination  of  the  dye. 

y/ii iiijiiii/iralli/  nu\\\m-  has  been  experimented  with,  to 
a  .small  extent,  in  some  nerve  diseases,  notably  chorea 
and  epilepsy,  and  in  scarlatinal  dropsy.  Aniline  has 
been  given  in  doses  of  a  grain  or  two.  and  aniline  sulphate 
in  doses  of  five  grains  or  more.  ICilirnril  Ciir/i.s. 

ANILIPYRINE  is  a  combination  of  one  ecpiivalent  of 

acelanilid  \\  ilh  two  e(|uivalenls  of  anti]iyrine.  and  it  ap- 
pears as  a  crystalline  white  powder  which  is  fairly  soluble 
in  water.  It  combines  the  antii)yr<'tic  and  analgesic 
projierties  of  its  components,  and  is  claimed  to  be  less 
toxic  than  cither.      Its  dose  is  gr.  v.  to  x. 

ir.  ,1.  liastcdo. 

ANISE.  ANISUM.^.1«/V  Fmil.  '-The  fruil  of  I'impi- 
lull.i  Ai.iyiini  L.  (fam.  /"»///,  W/iw)  "  (C.  S.  P.).  The 
anise  plant  is  a  small  amiual.  from  3(1  to  50  cm.  high 
(twelve  to  twenty  inchi'S).  a  native  of  the  Orient,  but  so 
long  under  cultivation  that  its  wild  form  and  original 
home  are  scarcely  known.  It  is  a  long-known  drug', 
mentioned  by  the  earliest  writers  on  medicine,  and  re- 
ferred to  as  a  medicine  or  spice  in  nearly  every  period 
since  then.  It  has  been  cultivated  in  the  warmer  parts 
(d'  Euroi)c,  Asia  Minor.  F.gy|it.  Russia,  and  Africa  for 
centuries:  more  recently  als(j  in  India  and  South  .Vnier- 
ica.  The  principal  supply  comes  trom  Sr>ullicrn  Eu- 
roiie. 

The  mericarpsare  rather  loosely  attached  together.  In 
many  such  fruits  these  fall  ajjart  upon  ripening,  but  not 
in  anise,  where  they  are  always  adherent.     The  whole 
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Fig.  208.— Anise,    Enlarged    About 
Six  Times. 


fruit,  so  formed,  is  small,  hard,  ovoid,  seed-like,  and 
finely  biislly  pubcseent.  It  has  a  gray isli  green  color 
and  strong,  agreeable  odor.  A  transverse  section  is 
nearly  circular  in  general  outline,  with  ten  ]irojecting 
ribs.  The  Vilta'  are  numerous,  two  or  three  times  as 
many  as  the  ribs,  and  are  rather  small.  The  seed  on  sec- 
tion is  .somewhat  crescentic.  Anise  is  apt  to  be  jiretty 
dusty,  and  is  mixed  with  stems  and  various  coaise  im- 
purities, recjuiring  frequently  to  be  winnowed  or  sifted, 

but  it  is  not  often  adul- 
terated. In  one  instance, 
many  years  ago,  serious 
Ircjuble  was  caused  on  ac 
(■(Hint  of  its  being  mixed 
with  conium. 

The  properties  and  uses 
of  anise  are  wlioUy  those 
of  anetho],  which  consti 
tntes  about  ninety  per 
cent,  of  its  one  and  one 
half  to  three  per  cent,  of 
volatile  oil.  It  contains 
also  a  rather  lai'ger  amount 
of  ti.xed  oil  and  a  little 
gum  and  sugar.  The  dose 
is  O..!  to  2  gm.  (gr.  viij.- 
XXX.),  Excepting  the  oil,  tliere  is  no  ottieial  preparation. 
Oil  of  Aiiisi . — A  volatile  oil  distilled  from  anise.  It  is 
colorless  or  pale  vellow,  of  eharacleristie  odor  and  taste, 
has  a  specific  gi-avity  of  0.980  to  0.990  at  \T  C,  and  ro- 
tates very  slightly  to  the  left.  At  a  temperature  of  from 
14°  to  19'°  C.  it  congeals.  More  than  ninety  per  cent,  of 
it  is  anethol,  which  gives  its  properties,  and  wliieli  may 
the  more  advantageously  be  employed,  as  uniformity  is 
thus  secured.  It  belongs  to  the  more  carminative  class 
of  volatile  oils,  and  shares  the  diffusive  stimulant  proper- 
ties of  volatile  oils  in  general.  It  is,  at  the  same  time,  of 
an  unusually  pleasant  flavor  and  much  used  for  purely 
flavoring  purposes,  especially  as  an  addition  to  liquors. 
Its  pleasant  flavor  afso  makes  it  of  special  use  in  treating 
the  flatulent  colic  of  infants,  and  in  adding  to  medicines 
which  have  a  tendency  to  gripe.  The  dose  is  m  iij.  toxv. 
The  ofticial  prepai'ations  are  tlie  A(|Ua.  of  one-fifth  of  one 
per  cent,  strength,  and  the  S]iiritiis,  of  ten-percent, 
strength.  The  Sj).  Auiunt.  C'onqi.  contains  one-half  of 
one  per  cent.,  and  the  Tincture  0|i.  Caniph.  two-fifths  of 
one  per  cent.  It  also  flavors  several  otlier  preparations. 
Anethol  (CoHi^O).— The  active  constituent  of  oil  of 
anise,  of  which  it  constitutes  about  ninety  per  cent.,  of 
oil  of  star  anise,  which  contains  somewhat  less  of  it,  and 
of  oil  of  fennel,  which  contains  aliout  sixty  ))er  cent,  of  it. 
It  occurs  both  as  a  solid  and  as  a  liquid,  t  he  former  in  color- 
less crystalline  yilates.  Its  sjiecific  gravity  at  2.5°  ('.  is 
0.98.'),  and  it  melts  at  21°  to  22°  C.  It  is  freely  soluble  in 
alcohol  and  slowly  in  water.  Its  odor  and  taste  are 
purely  those  of  anise,  and  it  may  be  used  with  advantage 
in  doses  of  one  to  ten  grains  as  a  substitute  for  the  above 
named  oils.  11.  II.  linsby. 

ANISE,  STAR.—mir.iiim.  "The  fruit  of  lUicitiin 
veniin  Hook.  (fam.  Miii/iioliarc/i)"  (U.S.  I*.).  The  spe- 
cies here  named  is  the  ('hinese,  or  sweet  star  anise,  besides 
which  there  is  a  poisonous. lapanese  species.  When  Linne 
ap))lie(l  the  name  /.  aiiisri/nin,  supposing  that  lie  had  the 
foi'mer,  he  really  had  the  latter,  as  his  description  and 
figure  clearly  show.  As  a  result  of  this  mistake,  the 
poisonous  species  must  always  bear  the  iuap|)ropriale 
name  /.  miimtam,  L.  (Syn. :  /.  relif/umim  Zucc),  and 
Hoolier's  later  name,  /.  vcrum,  must  pertain  to  the  useful 
species. 

The  ]ilant  is  a  handsome  small  tree. 

The  iruit  consists  of  the  eight  carpels,  united  1o  a  car- 
pophore, from  which  they  can  be  easily  separated,  Ijut 
distinct  from  one  another.  Each  carpel  is  short,  laterally 
compri^ssed,  "  boat  sha])e(l,"  pointed  at  the  upper  and 
outer  extremity,  and  dehiscent  at  the  upiierand  inner 
border.  The  i)eriearp  is  deep  brow'n,  rather  woody,  brit- 
tle, fragrant,  and  spicy.     The  seeds,  whi(^h  can  be  seen 


through  the  split  in  the  carpel,  although  this  is  not  usu- 
ally wide  enough  to  let  them  fall  out,  are  al.so  bi'own,  but 
ver}'  smooth  and  shining.  They  are  less  fragrant  than 
the  carpels,  but  contain  considei'able  fixed  oil  in  their 
kernels.  Both  testa  and  pericarp  show,  under  the  micro- 
scope, numerous  oil  cells,  and  the  parenchyma  of  the  seeds- 
reveals  drops  of  fat. 

Co.MPOSiTioN. — Besides  sugar,  gum,  and  oil,  which, 
although  abundant,  have  no  ])ractical  value,  star  anise  is, 
reniiirkalile  for  containing  a  large  percentage  (frcmi  three 
to  five)  of  an  essential  oil,  so  similar  in  odor,  taste,  prop- 
erties, and  composition  to  that  of  anise,  that  no  means- 
can  be  relied  upon  to  distinguish  them  from  each  other, 
except  by  the  greater  percentage  of  anethol  in  the  latter, 
on  account  of  which  it  congeals  at  a  higher  temperature. 
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Fig.  212.  FiG.  213. 

Fig.  209.— Illicium  verum.  Flower.  Figs.  21I)  an<J  211.— Gynsecium 
and  fruit.  Figs.  212  .\nd  213.— Seed,  entire  and  in  longitudinal 
section.    (After  Baillon.) 

Illicium  is  never  prescribed,  and  is  recognized  only  as  a 
commercial  source  of  "oil  of  anise."  This  oil,  owing  to 
its  weaker  action,  should  not  lie  indiscriminately  substi- 
tuted for  oil  of  anise.  //.  //.  linsbi/. 

ANKLE  JOINT. — .Vs  this  ioint  supports  tlie  weight 
of  the  111  Illy,  considerable  stability  is  required  of  it.  This 
is  secured  mainly  by  the  shape  of  the  articular  surfaces, 
which  interlock  like  a  mortise  and  tenon.     The  tibia  and 


Interosseous  liga- 
ment. 


F.xt.  hit.  ligament. 


•Synovial  canty- 
Deltoid  ligament. 


Taisiil  canul  with  astnig-. 
culcautaiu  ligament. 


Fig.  214.— Frontal  Section  of  Right  Ankle. 

fibula,  strongly  united  b.y  ligaments  (interosseous  and 
inferior  tibiofibular.  Figs.  214,  21,'),  and  218),  form  the 
mortise  by  embracing  with  Iheirexlreinities(malleoli)  the 
tenon-like  asti'agalus.  The  joint  is  a  liinge,  its  move- 
ment angular,  and  in  a  single  oblique  plane  (correspond- 
ing to  the  outward  pointing  of  Ihe  toes)  through  an  are 
of  some  eighty  degrees.  In  the  fu>tus  of  six  week.s 
(Henke  and  Itcyher)  the  joint  is  arranged  like  that  of 
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soiiK^  marsupials,  so  as  to  admit  of  rotation,  tlio  astraga- 
lus sending  a  process  up  bcl\V('<>ii  the  tibia  and  liljula. 
A  trace  of  this  movemi'ut   icinains  in   tin-  adult.     To 


Post.  tibii>llbular  ligt.  — , 
E.vt.  lat.  lijn 


lirltcid  ligt. 

t.iistniR.  ('all',  lifft. 


FIG.  215.— Rrar  Vit-\v  of  Left  Aalile. 

guard  against  the  thrust  of  the   tibia  and  fibula   when 
alighting  on  the  e.xtcudcd  toes  (the  commonest  form  of 


Long  plantar  li^t. 

Tarsfil  canal 
and  asLrag.  calo.  ligL. 

Fig.  216.— Sagittal  Section  of  Riglit  Anttle. 

dislocation  arises  thus),  IIk^  astragalus  is  narrower  be 
hind  than  in  front,  averaging  3.")  mm.  lic-liind  and  40  niiii. 
in  front.  And  a  slight  lateral 
movement  is  therefore  i>ossible 
when  the  malleoli  are  thrown 
back  in  eoinplete  e.xtension. 
The  nialleoli  are  lield  against 
the  articular  surfaces  in  al 
sit  ions  by  the  elasticity  of  the 
shaft  of  "the  tibula,  which  bends 
inward  when  the  wedge  pushes 
the  malleoli  apart,  springing 
back  during  extension.  The 
axis  of  rotation  of  the  curved 
supenor  surface 
of  the  astrag- 
alus   (Fig.    216) 


Long  plantar  ligt. 
FKi.  217. 


Inf.  calc.  sciiplirt.  llpt. 
hmer  Siile  of  Kiglit  .■\nlilo. 


passes  through  the  mr>st  fixed  ])ait  of  the  bone,  vi/., 
the  tarsal  canal,  touching  the  outir  mnlleolus  but  pass- 
ing below  the  inner,  which  does  not  descend  .so  low 
(Figs.  214  and  215).  The  original  eaiisular  ligament 
(see  Art/irohyy)  remains  in  front  and  liehind  as  a  thin 


layer  of  fibres  connected  with  the  synovial  mem 
bran(!  and  strengthened  by  the  extensor  tendons  in 
front  and  the  tendon  of  the  flexor  longiis  hallucis  be- 
hind. KITusion  into  the  joint  usually  shows  lirst  in 
front.  On  the  sidi's  strong  bands  are  developed.  The 
internal  lateral  ligament  (Fi.us.  214,  21.5,  and  217),  also 
called  the  deltoid,  from  its  triangular  form,  is  the  .strong- 
est of  these;  in  dislocations  usually  tearing  the  bone 
ajiart.  It  is  a  thick  bundle,  ensheathing  Ihi^  internal 
malleolus  and  p;issing  to  the  calcaneuni,  the  .scaphoid, 
and  the  ealcaneo-scaphoid  ligament.  The  tendon  of  the 
tibialis  po.sticus  strengthens  it.  D<'e]ier  libres  ])ass  to 
the:  astra.galu.s.  In  anipiitatiiig  at  the  ankle  the  joint 
is  opened  on  the  inner  side,  because  of  the  shortness 
of  the  malleolu.s,  and  the  existence  of  this  deep  baud 


Post.    Middle     Ant. 
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-Outer  Side  of  Hielit  Anl;lP. 


should  be  icineuibc-red.  The  external  lateral  ligament 
(Fi.iis.  i!14,  215.  and  218)  is  compo.sed  of  three  bands 
wliicli  radiate  from  the  lower  part  of  the  malleolus, 
the  anterior  and  posterior  bands  passing  to  the  as- 
tragalus, the  middle  one  to  the  calcaiieiim.  The  syno- 
vial cavity  is  ()uito  extensive,  coiuniunicating  above 
with  the  inferior  libio-tibiilar  articulation.  It  is  .said  to 
contain  more  synovia  than  that  of  any  other  joint  (Mor 
ris).  Its  caiiacily  is  not  affected  by  the  position  of  the 
foot,  and  no  change  of  po.sture  takes  place  during  in- 
llammation  of  its  meml)rane. 

Sensations  of  pain  are  sometimes  felt  in  tlie  ankle  with 
out  lesion  c)f  the  joint,  caused  by  some  injury  to  the  long 
nervous  trunks  which  supply  it.  viz.,  the  long  saphe- 
nous, connected  with  the  lumbar  plexus,  and  the  anterior 
tibial  with  the  sacral  plexus.  The  vascular  sujiiily  aris 
ing  fiom  twigs  from  the  anterior  and  jiosterior  tibial 
arteries,  and  ilisehargin.g  by  both  saphenous  veins,  may 
be   interfered  with    by   tight   boot   laces  and  occasion 
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ANKYLOSIS  (somelinies  sjielled  anchylosis).— "(nj-Ki- 
/or,  a  stilf  joint ).  I'liioii  of  the  bones  fonniiig  a  joint,  re- 
sulting in  a  stilV  joint.  Ankylosis,  false  or  spurious,  is  due 
to  the  rigidity  of  surrounding  parts.  Ankylosis,  true  or 
bony,  is  the  proper  term  to  iMiijiloy  when  the  connecting 
material  is  bone;  and  ankylosis  ligameiitous.  when  the 
mediuin  is  fibrous"  ((lould's  Medical  Dictionary,  1S!)T). 

Synonyms. — English:  Stiff  joint,  lixed  joint;  French: 
Roidcur  artieiilaiic,  .Vnehylose;  Gernian:  Oelenkver- 
wachsiing,  Geleiiksteiligkeit ;  Italian:  Anehilosi;  Latin: 
.Vnkylosis  eartilaginea.  Ankylosis  librosa  inlercartila- 
ginea.  Ankylosis  libro.sa  intero.ssca.  .Vnkylosis  ossea. 

A  strictly  correct  delinilion  would  designate  a  lixed 
an.gular  position  of  a  joint,  but  this  restriction  no  longer 
obtains,  the  word  now  being  used  to  describe  joints,  in 
whatever  position,  that  have  become  more  or  less  stiff. 
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tjualifyiiig  terms  iiro  used  to  imlirale  the  fxtent  of  the 
stitVncss.  such  as  false,  sp\irioiis.  Iruc.  lioiiy,  liiraiiiciitous. 
jiaftial.  rom])leI(',  iiieoinplete,  etc.,  all  of  which  <-aii  be 
best  mulerstooil  with  the  U'ast  jiossible  eonfusion  if  the 
word  ankylosis  is  aeeepted  as  a  syuoiiyin  for  stillness. 

Etioi.ooy. — Trauinatisni.  gonorrlKeal  rheumatism,  sup- 
puration in  joints,  tnliereulous  osteitis,  tuberculous  .s_vno- 
vitis,  syphilitic  affections  of  joints.  Ion;;-  ti.xation  when  a 
fracture  is  near  or  extends  into  a  joint,  osteitis  defor- 
mans, etc. 

P.VTiTOi.oGY. — In  complete,  i.e..  bony,  ankylosis  tlie 
bones  forming  a  joint  are  limited  by  callus  in  the  same 
manner  that  iinioii  lakes  place  after  a  fracture  iu  the  shaft 
of  a  long  lione,  or  bridging  by  callus  takes  place  at  one  or 
more  pla<'cs  around  the  joint.  Usually  osseous  ankylosis 
is  jircceded  by  a  more  or  less  prolonged  stage  of  fibrous 
or  cartilaginous  union.  In  fibrous  ankylosis  bauds  of 
fibrous  connective  tissue  unite  the  bones  forming  a  joint, 
thereby  limiting  the  motion.  Accoi'dingly  as  these  bauds 
are  short  or  long  the  stiffness  is  comiilete  or  partial. 

In  cases  of  joint  stilfness  produced  by  extra-articular, 
fibrous,  tendinous,  or  cicatricial  contracture  the  joint  re- 
mains free  from  adhesions  for  years  when  it  luis  not  been 
involved  iu  inflammatory  action. 

Di-iCNosrsof  bony  ankylosis  is  usually  unattended  with 
difficulty  except  where  there  are  a  number  of  joints  near 
together,  as.  for  example,  the  carpus,  tarsus,  and  spine. 
This  limitation  of  motion  iu  one  joint  is  generally  com- 
pensated for  by  excess  of  motion  in  another,  thereby 
rendering  all  the  surrounding  parts  capable  of  functionat- 
ing in  a  very  nearly  normal  manner. 

Fibrous  ankylosis  is  more  dilficult  to  discern,  especially 
if  pain  accompanies  the  reipiired  manipulative  proced 
ures.  It  is  most  apt  to  be  confused  with  fibrous,  liga- 
mentous, or  cicatricial  contractures  of  soft  parts  outside 
ef  a  joint,  but  having  direct  fimctional  relations  there- 
with. Extra-articular  contractions  may  often  be  differ- 
entiated by  tile  existence  of  resistance  to  free  joint  motion 
iu  one  direction  ouly,  i.e..  that  produced  by  the  contrac- 
ture, while  the  joint  moves  more  or  less  freely  in  other 
directions,  ^hiscular  contracture,  whether  voluntary  or 
involuntary,  is  but  temporary,  and  the  rigidity  of  the 
surrounding  parts  is  clearly  discernible. 

As  muscular  rigidity  is  one  of  the  most  important  and 
reliable  symptoms  of  joint  intlammation.  it  is  a  serious 
error  to  ana'stheti/e  a  patient  for  examination  of  a  joint 
Tintil  the  absence  of  muscidar  fixation  has  beeu  clearly 
]  roven.  In  such  easi'S  the  ana'Sthetic  relaxes  the  mus- 
cles, leaving  the  joint  fn'c  for  movements  which  are  seri- 
ously prejudicial  and  which  were  instinctively  guarded 
against  b}-  the  patient. 

If  there  has  been  no  muscular  fixation  much  mav  be 
learned  by  the  careful  study  of  a  joint  while  the  patient 
IS  unconscious.  It  can  he  definitely  determined  whether 
it  is  aidvylosed  or  only  partially  so.  The  yielding  of  the 
soft  parts  above  and  below  the  joint  suspected  may  be 
jirevented  by  tightly  bandaging  them,  the  joint  itself 
being  left  uncovered. 

Tkk.\t.mf,xt. — The  most  imiiortant  jiart  of  the  treat- 
ment lies  in  iu-o])hylaxis,  prevention  of  tlie  occurrence  of 
ankylosis,  or,  if  it  is  inevitable,  in  so  disjiosing  the  parts 
that  the  best  position  for  future  usefulness  maybe  ob- 
tiuned.  The  trend  <if  modern  surgery  is  greatly  to  shorten 
the  time  of  fixation  of  a  fractured  bone,  iu  the  effort  to 
avoid  im])aired  joint  function,  as  well  as  to  securi'  a  free 
dom  from  mu.scle  atrojihy.  The  earlier  application  of 
passive  motion  and  massage  is  being  resorted  to.  and 
many  of  the  serious  deformities  which  formerly  followed 
fractures  are  now  less  freiiuently  seen. 

Each  individual  joint  has  special  features  and  presents 
special  dithculti<'s  that  must  be  carefidly  considered  in 
applying  any  form  of  treatment.  The  most  useful 
position  for  a  slilf  joint  is  still  subject  to  diseu.ssion; 
no  genera!  rule  can  be  laid  down.  Fibrous  or  incomplete 
ankylosis  may  rei|uire  attention  to  overcome  a  faidty  po- 
sition, or  to  increase  the  extent  of  the  motion.  This  is  to 
be  accomplished  by  passive  motion  made  in  the  direction 
of  the  normal  action  of  that  joint,     lirisement  force  is  a 


term  applied  to  the  use  of  such  force  as  the  surgeon  can 
judiciously  a|iply,  bearing  in  mind  the  danger  of  break- 
ing the  shaft  of  the  bone  used  as  a  lever  or  of  producing 
a  separation  of  the  epiphysis.  It  is  wi.se  to  begin  all 
manipulations  well  within  a  safe  limit,  and  gradually  to 
increase  the  jiower  emiiloycd  as  the  range  of  motion 
increases:  remembering  that  the  strength  of  the  long  bones 
often  diminishes  from  disuse  and  that  they  will  break  if  a 
sudden  corrective  force  is  applied.  The  above  methods 
are  greatly  facilitated  by  jireviously  subjecting  the  limb 
to  dry  hot  air  at  a  temperature  of  from  300°  to  400°  F.  for 
an  hour.  For  this  purjiose  some  one  of  the  many  forms  of 
ovens  made  for  the  ]iui'|)iise  may  be  em])!oyed.  Care 
should  always  be  taken  to  wrap  thoroughly  the  parts  iu 
fianuel,  but  never  iu  cotton.  Tlie  latter  is  highly  inflam- 
mable ami  holds  the  moisture.  The  interior  of  the  oveu 
should  be  kept  as  dry  as  possible,  as  the  perspiration, 
which  is  often  profuse,  reuders  the  atmospliere  within 
the  oven  moist,  and  is  apt  to  result  in  scalding  the 
patient. 

(Jvensare  now  made  for  use  with  alcohol,  gas.  and  elec- 
tricity as  uie;uis  of  generating  heat.  Eat'li  has  its  ]ieculiar 
advantages,  but  the  results  are  not  different.  The  effect 
is  to  soften  the  fibrous  adhesions  very  much  in  the  same 
way  that  old  glued  joints  of  wood  are  softened,  enabling 
the  surgeon  to  obtain  movements  of  a  partially  stiff  joint 
with  very  much  less  force  and  therefore  with  less  danger 
and  less  pain. 

The  pain  accompanying  corrective  manipulations  fol- 
lowing the  use  of  the  oven  is  generally'  inconsiderable, 
although  varying  greativ  iu  different  subjects.  AVhen 
the  pain  is  very  great,  the  emplo}'ment  of  an  an*stlietic 
that  acts  quickly  enables  the  operator  to  proceed  with 
greater  despatch.  The  ana?sthetic  that  I  have  found  moj-t 
satisfactory  for  this  purpose  is  ethyl  bromide.  I  have 
also  used  chloroform  and  at  times  nitrous  oxide  gas. 

Fixation  appliances  of  any  kind  are  contraindicated 
during  corrective  procedures  in  fibrous  aukylosis.  as 
increased  freedom  of  movements  is  desired  rather  than 
fixation.  Voluntary  motions  are  to  be  encouraged  to 
increase  the  mobility  and  to  regaiu  the  muscle  function 
wliich  is  required  for  pro])er  use  of  the  joint. 

The  employment  of  electricity  has  been  extolled  for  its 
ctTcet  in  restoring  lost  or  impaired  muscle  function,  and 
when  used  by  skilful  physicians  it  is  more  likely  to  pro- 
duce the  desired  eft'ects  than  when  crudelj'  applied  by  a 
Uiore  or  less  non-medical  attendant. 

Massiige  is  a  means  of  restoring  impaired  muscle  power 
that  should  not  be  overlooked,  and.  like  all  other  thera- 
peutic measiu'es,  should  be  cai-efnUy  prescribed  as  to 
methods  and  time.  The  object  sought  shoidd  be  the 
\oluntary  control  of  the  affected  joint  and  the  mechan- 
ism that  actuates  it:  this  should  be  impressed  on  the 
jiatient. 

In  true  ankylosis  tlie  object  sought  is  the  most  useful 
position  of  the  parts,  and  here  careful  study  is  necessarv 
to  av<iid  attempting  to  obtain  a  movable  joint  when 
gi'eater  u.sefulness  could  be  had  from  a  stitT  joint  in  an  ap- 
proved position.  The  greatest  diversity  of  opinion  exists 
as  to  the  most  desirable  p<isition  for  ankylo.sed  joints.  In 
the  elbow  a  fidly  exteniU'd  position  of  the  arm  is  gener- 
ally conceded  to  be  the  least  useful,  while  the  exact 
angle  of  llexion  has  been  the  cause  of  much  discussion. 
Some  advocate  a  right  angle,  others  a  lesser  angle,  to  en 
able  the  patient  to  bring  the  hand  to  the  mouth:  and  yet 
any  rigid  position  is  more  or  less  conspicuous  and  ciuu 
bersome. 

The  hip  when  ankyloscdat  variotis  angles  can  be  made 
useful  b_v  the  increased  latitude  of  motion  imparted  \i> 
the  other  hip  joint  and  to  the  lumbar  vertebral  articul.i 
tions.  To  such  an  extent  is  the  lower  spine  reciprocal  in 
loss  of  function  of  one  or  both  hip  joints  that  it  has  lieen 
called  the  third  hip  joint.  Ankylosis  of  a  hip  at  right 
angle  to  its  fully  extended  position  has  freipienlly  been 
observed  to  be  useful  fin-  progression.  The  third  hip 
joint  has  also  developed  iu  efliciency  in  cases  in  which  a 
hip  joint  was  ankylosed  in  the  most  ap]U'oved  position. 
i.e.  that  of  almost  full  extension,  facilitating  the  move- 
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mentsof  tlicciilirc  pelvis  in  Wiill<ing  and  cspeciully  in  sit  - 
ting,  and  a|ipi'oacliing  very  closely  ni>iinal  action. 

TIk'  arguments  in  favor  of  a  ftdly  extended  leg  versus 
slight  tlexion  in  cases  of  hony  ankylosis  of  the  Unee  ap- 
pear to  be  about  ei|ually  divided.  The  slightly  flexed  leu 
is  certainly  somewhat  less  in  the  way  in  sitting,  and  it 
enables  the  patient  to  develop  a  more  graceful  carriage, 
butallof  theseare  east  into  insignith-ance  liy  the  mechaii 
ically  faulty  position  of  tie.\ion.  Ashhurst  ich  is  loa  case 
in  which  the  knee  remain<-d  straight  with  aiipareiit  liony 
union  for  eight  years  and  then  began  to  yield,  and  within  a 
year  was  bent  lo  a  right  angle  and  rotated.  The  fully 
extended  or  .straight  jiosition  is  less  liable  to  bend  because 
its  weight -bearing  function  is  disposed  in  the  mechanical 
position  in  which  it  was  designed  to  act  most  ellicicntly. 
Where  the  quadriceps  altacluncnt  lo  the  tibia  is  main 
taincd  or  ])ropeily  substituted,  the  ]iowerful  llexors  will 
have  less  opportunity  of  producing  llexion,  which,  its  ex- 
perience has  shown,  tends  to  increase  with  tisc. 

The  operative  procedures  most  frequeidly  resorted  to 
ar(':  excision  to  obtain  a  false  joint  (pscudarthrosis);  ex- 
cision to  obtain  a. hotter  position  of  the  lindi:  osteotomy, 
breaking  the  bone  after  jiartially  cutting  it  with  an  <isteo 
tome;  and  osteoclasis,  breaking  the  bone  without  any 
cutting.  These  ditferent  |iroci'durcshave  esjH'cial  a<lvan 
tages  in  dilfereiU  joints,  and  can  be  fully  studieilai.d  ap 
preciated  only  under  the  headings  of  th<'  individual  joints. 

//.  .\iir/iii<fiix    W'i/Kini. 

ANNATTO  (Oiii'K UK). —Thxii  coloring  matter  is  ob- 
tained from  the  seed  of  Bi.m  Onlliiim  L..  a  small  tree  of 
South  America,  Ijclonging  to  the  order  Hi.nirni:  The 
lilant  is  also  cultivated  in  all  tropical  countries.  Com- 
mercial annatto  is  prepared  in  a  variety  of  ways,  having 
for  their  objei't  tlii'  separation  from  the  seed  of  its  color- 
ing matter,  and  its  i)rcservation  in  a  moist  or  dry  condi- 
tion. The  bruised  seetl  is  ,sometimes  washed  over  a  sie\(' 
and  the  li(iuid  allowed  lo  stand  until  the  aiuiatto  suli- 
sides;  or  it  is  separated  by  fermentation,  'I'he  product 
is  a.  brownish-red.  resinous  substance,  usually  in  moist 
masses,  bnl  ,sometimcs  in  dry,  brittle  cakes.  It  hasoften 
litth^  or  no,  sometimes  a  sweetish,  resinous  odor,  and  a 
saltish  bitter  taste.  Some  lots  have  a  very  di'^ai.'reeable 
smell,  and  are  said  by  llag<'r  to  be  prepared  with  urine. 
Two  kinds  are  said  to  be  im|iort<(l  irom  French  (luiana, 
one  without  unpleasant  smell,  the  other  disagreeable.  A 
third  variety  comes  also  from  Brazil,  but  this  is  not  so 
liighly  esteemed  as  the  best  French. 

-■Vniiatto  is  a  mixed  susbtance,  nearly  insoluble  in 
water,  soluble  in  alcohol,  ether,  fatty  and  essential  oils, 
making  orange-red  ,solutions.  It  consists  |U'inci|ially  of  a 
y<'llow  {iiriUiii)  and  a  red  (7i/>/'/0  resinous  coloi'ing  matter. 

The  principal  demand  for  annatto  is  fur  dyeing  fabrics, 
but  it  is  also  exti'iisively  employed  to  color  butter  and 
cheese.  In  the  tropics  it  is  largely  etnployed  for  color 
ing  foo(is  for  table  use.  Internally  given,  it  is  said  to  he 
"  tonic  and  ant  idysenleric,"  \V.   I'.  HiiUis. 

ANODYNES. — This  term  {a.  privative,  and  iVi/iv/,  pain) 
is  applied  synonymously  w  itii  nriii/r/isirx{n,  an<l  ii/-i/nit;)  to 
a  small  <lass  of  drugs  whose  peculiar  action  is  to  relieve 
pain.  The  ana'Sthetics,  which  also  relieve  pain,  but  by 
suspending  all  sensation,  togetlier  with  consciousness  and 
motility,  are  not  anodynes. 

I'y  far  the  most  important  mcmlier  of  this  gr(Mip  is 
opium.  (For  iletailed  aeeount  of  the  action  of  this  drug, 
sec  Oplinn.)  Though  other  remedies  occasionally  relievi' 
the  milder  degrees  of  ])ain,  opium  alone  can  be  relied 
upon  to  remove  .severe  sullVring.  It  has  its  limitations. 
in  occasional  paroxysms  of  agony  such  as  attend  the 
passage  of  reual  and  gall  stones,  Avhen  nothing  short  of 
absolute  ana'sthesia  will  bring  relief.  Here  o]iium.  in 
doses  so  biirh  as  even  to  endanger  the  life  of  the  individ 
ual.  is  without  elTect  on  the  pain.  In  the  ordinary  forms 
of  .severe  pain  a  hiilure  of  opium  to  giv<'  relief  is  almost 
always  due  to  improper  atljustment  of  the  dose.  (If 
coinvse,  the  subsequent  ill  etTecIs  of  opium,  such  as  nau- 
sea,   constipation,   and   narcotic  addiction,    may    be   so 


marked  as  to  forma  c(mtraindication,  more  or  les.s, strong, 
to  its  use.  IJut  (he  point  here  emphasized  is  that,  as  an 
anodyne  pure  and  simple,  opium,  if  properly  adminis- 
tered, is  almost  always  successful.  In  certain  subjects, 
particularly  women  and  nervous  per.sons,  the  intoxicalinj; 
elfcct  of  (jpiiuu  lu'cdominates  in  the  moderate  doses.  In 
such  eases  the  d<isc  nuist  be  (autiously  increased  Vieyond 
the  lindts  usually  prescribed,  or  else  the  opium  must  be 
combined  with  s<ane  nervous  sedative,  as  bromide  of 
potassium  oi-  chloral.  For  it  should  be  remembered  that 
o|)ium  is.  in  analgesic  doses,  by  ikj  means  always  a  hyp- 
notic. In  many  cases  in  w  hieh  it  eom|)letely  removes  pain, 
the  patient  does  not  close  his  I'yes  in  slee])  the  whole  niglil. 

The  common  cause  of  failure  in  securing  the  analgesic 
cfTect  of  opium  is  conformity-  with  a  strict  and  arbitrary 
posological  standard,  and  forgetfulness  of  the  fact  that 
there  is  much  dilference  in  the  capacity  of  dilferent  indi- 
viduals, and  of  the  same  individual  at  different  times,  for 
the  drug.  Under  the  intluence  of  severe  pain,  the  tolera- 
tion for  opium  increases  enormously.  In  general  and 
pelvic  peritoneal  intlammalions.  for  instance,  it  may  be 
necessary,  in  order  lo  get  the  full  elfccl  of  opium,  to  ad 
mhiister  it  in  doses  ui>  to  four  grains  (or  its  e(iuivalent  in 
morphine)  at  a  time,  and  to  repeat,  with  sutlicient  fre- 
ciuency  to  kee)!  the  patient  just  slua't  of  narcotism.  This 
bold  use  of  opium  in  pelvic  iiitlammation  has  come  into 
|)racticeof  late  years,  aiul  sonu-of  the  tigures  judjlishcd  of 
the  amoimts  actually  administered  are  veiy  large.  They 
are  not  given  here,  however,  for  the  leason  Ihatnodcli- 
nite  tigures  reported  in  one  case  should  have  any  weight 
in  detertniinng  the  amount  lo  be  given  in  anotlier  case. 
It  is  needless  to  say  tli.at.  in  the  case  of  a  patient  sulTcr- 
ing  from  a  frank  peritonitis,  which  calls  for  the  employ- 
ment of  these  heroic  doses,  and  when  the  individual  is  held 
just  on  the  verge  of  narcotism,  with  ies]iirations  perhaps 
lowered  to  ten  or  twelve  per  mimite,  no  standing  order 
should  be  given  in  advance  for  a  stated  administration  of 
the  drug,  and  that  each  dose  should  be  given  by  the  prac- 
titioner himself,  w  ho  should  on  no  account  leave  the  case, 
and  w  ho  sliouhl  have  at  hand  atropine  and  a  faradic  bat- 
tery ready  forinstant  use  in  case  the  narcotism  goes  too  far. 

.\niong  the  derivatives  of  opium,  morphine,  as  an  ano 
dyne,  stands  /l^'/A/i/v'/icc/w.  Its  eon  vulsant.  constipative, 
and  diaphoretic  iiropertiesareall  less  than  those  of  opium, 
while  asan  anal,;;esie  it  is  even  moi-e  active  than  the  drug 
frotn  which  it  is  derived.  Of  the  other  principal  alkaloids, 
the  analgesic  effect  upon  man  is  in  the  billowing  order: 
narceine,  thebaine.  papaverine,  and  codeine.  The  interval 
between  the  strongest  of  these  aiul  morphine  is.  however. 
gri'al.  one  authority  claiming  that  narceine  is  four  times 
weaker  than  moiphuic,  and  in  practice  it  is  found  that 
none  of  them  can  be  relied  upon  with  certainty  in  pain 
of  a  severe  character.  The  pronq)tness  and  effective- 
ness of  morphine  as  an  anodyne  are  usually  enhanced 
by  the  hypodermic  method  of  administration. 

Chloroform  is  at  times  an  anodyne.  This  is  especially 
the  case  when  injected  snbcutan<'ously  in  the  vicinity  of 
a  nerve,  as  in  sciatica  iuid  other  tormsof  neuralgia.  Ad- 
ministered by  the  mouth  it  also  has  a  local  analgesic  effect, 
line  partly,  nodoidit.  to  its  re\nlsi\  e  couiUer  irritant  ac- 
tion. It  is  thus  of  use  in  gastralgia  and  llatulcnl  colic. 
The  sjiirit  of  chloroform,  in  doses  of  J  i.  in  hot  water,  is 
an  eligible  form  for  the  internal  a<lminist ration  of  chloro- 
form, and  the  Spiritus  .Ktheris  Compositus.  commonly 
calleil  llolfmami's  anodyne,  may  be  used  in  (he  Siune 
doses  for  abdominal  pain.  The  so-called  chlorodyne,  a 
I'ritish  nostrum,  has  under  various  modilications  been 
pretty  widely  used.     One  of  its  many  formula-  is  this: 


.Morphina'  hydrochloiatis,  . , 

Acpia- 

A(-idi  hydro(-hlori(-i 

Chloroformi 

Tinct,  cannabis  indi(- 

A(-idi  hvdi-ocvanici  U.  S.  1*. 

AU-ohol' ■ 

Ol.  inenth  pip 

Oleoresiua-  cai)si<-i 


.  gr.  vu]. 
,tl:ss," 
.I13SS. 
.11  :  iss. 

.fi;i. 
.  m  xij. 

.fl  ;  ss. 
.I'l  ij. 
.  HI  i. 
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The  lulult  (lose  is  from  five  to  ten  drops.  This  iiiuy  he 
well  n'pliu-cil  ill  tlii'  same  ilo.sc  by  tlic  Tiiu-tura  Chloro 
formi  it  >Ior|ihiiia>.  B.  1'.,  which  was  iiitciicU'd  to  lie  its 
otiieial  sulistitute. 

Belladonna  may  be  eoiisidered  a  feeble  anodyne.  Ad- 
niiiiistered  with  opium  it  has  not  only  a  eorrigent  effect, 
mitij;atins  some  of  the  unpleasant  symptoms  of  the  lat- 
ter (irujr.  but  is  also  apparently,  to  a  certain  extent,  an 
adjuvant. 

The  various  coal-tar  iiroducts,  whose  name  is  now 
legion,  have  a  certain  anodyne  value.  Antipyriue,  phe- 
iiacetiu,  acetanilid,  lactoplienin.  are  a  few  among  the 
many.     (See  also  under  Autif!p<ismodic^.) 

Cannabis  indica  is  a  still  weaker  anodyne,  if  it  deserves 
the  name  at  all.  Its  hypnotic  action  can  overcome  a 
moderate  degree  of  discomfort,  but  not  much  actual 
pain.  It  is  of  some  repvite  in  the  treatment  of  chronic 
migraine. 

There  are,  besides  the  foregoing,  one  or  two  drugs 
which  deserve  mention  as  local  anodynes,  although  their 
commoner  use  is  as  local  anaesthetics.  For  example,  co- 
caine is  cbietl\'  employed  to  produce  anivsthesia,  as  of  the 
cornea,  or  by  injection  to  anajsthetize  the  field  for  a  cir- 
cumscribed operation.  Its  anodyne  action  may  he  ob- 
tained, however,  in  conjunctivitis,  in  painful  hemor- 
I'hoids,  etc.  Afour-per-cent.  solution  may  be  employed. 
But  the  ever-present  danger  of  establishing  the  cocaine 
habit  must  always  be  borne  in  mind  before  resorting  to 
cocaine  as  an  anodyne. 

Cocaine  itself  is  much  less  soluble  in  water  tlian  its 
salts,  e.g.,  the  muriate;  but  the  former  is  soluble  in  fats, 
while  the  latter  are  not.  Hence  in  ointments  the  cocaine 
itself  should  lie  used,  and  not  its  salts. 

Eucaine  has  been  found  in  many  respects  a  useful  sub- 
stitute f<5r  cocaine.  V/iaiii's  F.   Withington. 

ANONACE/E.— (The  Custard  Apple  family.)  A  fam- 
ily of  nearly  fifty  genera,  pertaining  almost  wholly  to  the 
tropics,  of  both  henuspheres.  They  yield  a  number  of  the 
most  delicious  of  known  fruits,  such  as  those  of  Ananii 
and  Dtirpiiiiii.  They  are  classed  near  the  ^lagnolias  and 
Myristicas,  and.  like  them,  are  rich,  chietly  in  the  bark, 
in  volatile  oils,  for  which  they  are  considerably  used  in 
domestic  practice.  H.  H.  liushy. 

ANOSMIA.     See  Smdl.  DUonkr.^  of. 

ANTACIDS.     See  .4«v(?(V.«. 

ANTHELMINTICS. — .\gents  rendering  harmless  or 
killing  worms.  A  ririiiif>ii/t'  is  an  agent  which  expels 
worms,  a  rrninciile  one  which  kills  them,  but  these  terms 
are  occasionally  used  as  synonyms. 

A  priori  any  agent  thus  used  must  either  be  insoluble 
in  the  gastro-intestinal  juices,  and  therefore  non-absorb- 
able.  or  else,  if  soluble,  must  possess  the  faculty  of  being 
innocuous  to  the  host  at  the  Siime  time  that  it  is  destruc- 
tive to  the  intruder.  I>iugs  of  this  latter  class  are  few, 
and  the  employment  of  nearly  all  absorbable  drugs  is 
distinctly  hazardous,  for  their  do.se  is  necessarily  large, 
and  they  not  infrequently  ]«'odiu-e  various  jdienomena  of 
poLsoning. 

For  convenience  worms  may  be  divided  into  three 
groups,  each  with  its  own  treatment:  tapeworms  or 
tamiit;  round  worms:  .seat,  pin.  or  thread  worms. 

Tope  ^Y'lnll  or  Tivnin. — Drugs  used  in  this  condition 
are:  iielletierine.  and  ]iom<'gran.'ite  from  which  it  is  de- 
rived, pumpkin  seed,  thymol,  cusso.  kamala.  salicylieaeid, 
silver  oxide,  chloroform,  turpent  ine,  and  areca  or  betel  nut. 

In  the  treatment  of  tape  worms  the  method  of  proced- 
ure is  of  as  much  importance  as  is  the  choice  of  the  rem- 
edy to  be  einployi'd.  An  absolute  essential  is  the  with- 
holding of  all  food  from  the  patient  for  from  twelve  to 
twenty-four  homs.  If  this  is  impracticable  the  drug 
.sliotdd  be  administered  before  breakfast,  a  light  supper 
only  having  been  partaken  of  the  ]irevious  night.  .Uimd 
tliree-i|uarters  of  an  hour  after  Ihi'  administration  of  the 
anthelmintic  an  active  jnirge  should  lie  administered.    For 


this  purpose  an  ounce  of  compound  tincture  of  jalap 
(French  Codex)  will  be  found  useful,  or  a  large  dose  of 
calomel  may  be  usetl — and  calomel  has  the  advantage  of 
causing  a  profuse  outpouring  of  bile,  which  seems  to  be 
particidarly  obnoxious  to  these  parasites.  As  the  desid- 
eratum is  tlie  removal  of  the  head  or  heads  of  the  worm 
or  worms,  the  stools  should  be  carefully  examined  for 
their  presence,  and  in  any  case  a  high  rectal  injection 
should  be  given,  preferably  of  saline  solution,  as  this  is 
most  useful  in  bringing  away  the  head  of  the  tienia, 
which  may  be  narcotized  but  not  dead.  It  is  of  the  ut- 
most importance  that  the  bowel  discharges  be  destroyed. 

Of  the  agents  used  against  this  worm,  three  are  largely 
and  successfully  emjdoyed,  though  at  times  two  or  even 
three  drugs  may  ha%e  to  be  successively  tried,  and  the 
treatment  may  even  then  fail.  Asjiidiam  is  most  usefid 
in  the  form  of  the  oleoresm,  given  in  four  capsules  of 
fifteen  minims  each,  at  one  dose,  or  in  two  doses  half  an 
hour  apart.  It  is  not  to  be  forgotten  that  oils  render  sol- 
uble this  agent,  and  never,  therefore,  shoidd  they  be  em- 
l^loyed.  Pelletierino  may  be  used  as  the  tannate,  of 
which  the  dose  is  three  grains,  or  else  as  the  liquid  alka- 
loid prepared  by  Tanret;  the  latter  is  very  expensive  and 
not  always  obtainable.  Pcpn  is  most  effective  and  may 
be  used  by  taking  two  ounces  of  the  powdered  pumpkin 
seeds  to  make  an  emulsion  or  a  confection,  this  amount 
being  the  usual  dose.  Jlii/nuil  has  quite  recently  been 
advocated,  and  may'  conveniently  be  given  in  capsules  of 
ten  grains  each,  one  capside  being  taken  every  quarter 
of  an  h(jur  luitil  two  drachms  are  taken.  Poiinyrdnnle  is 
used  by  taking  two  ounces  of  the  bark,  adding  this  tO' 
two  pints  of  water  which  is  boiled  down  to  one  pint,  and 
of  this  a  wineglassful  is  taken  every  half-hour.  Am-u 
nut  is  a  comparatively  new  remedj-,  which  depends  upon 
a  volatile  oil  and  upon  its  active  principle,  arecaine.  for 
its  eflncacy :  it  is  employed  in  the  dose  of  two  drachms  of 
the  powdered  nut.  Kmniihi  and  cusito  have  the  disad- 
vantage of  being  required  in  large  dosage,  while  they  are 
most  repugnant  to  the  taste ;  the  former  is  given  in  s^Tup, 
in  the  dose  of  two  drachms,  to  which  has  lieeu  added  some 
hyoscj'amits  to  jirevent  griping,  and  the  latter  as  the 
powdereil  flo^ver,  of  w  hicli  half  an  ounce  is  used  to  make 
a  decoction  with  a  pint  of  water.  Of  hmsii),  the  active 
principle  of  cusso,  twenty  to  forty  grains  may  be  given 
in  capsule.  The  dose  of  silrer  o.ride  is  one  grain  three 
times  a  day;  it  is  (jf  doubtful  value.  Salicylic  acid, 
one-half  draclnn,  combined  with  an  equal  amount  of 
sodiuiu  biboratc,  added  to  a  pint  of  water,  lias  been 
recommended,  but  the  taste  of  this  solution  is  a  serious 
drawback  to  its  use.  Tiirjiititim  and  c?ilorofovin  are 
certainly  effective,  but  belong  to  the  class  of  absorbable, 
and  therefore  dangerous,  drugs.  The  dose  of  each  is  one 
drachm,  and  in  their  administration  glutol  capsules  will 
be  found  of  advantage. 

Children  under  two  years  of  age  react  badl.y  to  t:Tnia- 
cirles  as  a  rule,  and  great  care  must  be  taken  in  treating 
them  for  this  condition. 

h'otiml  Worm  or  .[.\r(iri,<i  Ltimhrinndea. — These  worms 
affect  children  rather  more  than  adults,  and  infest  the 
upper  part  of  the  small  intestine,  though  rarely  they 
work  their  way  up  into  the  stomach,  and  even  into  the 
(esophagus  and  pharynx.  Drugs  used  against  this  para- 
site are:  santonin  (the  glucoside  of  santonica  or  levant 
worm.seed);  spigelia  or  pink  root;  chenopodium  or 
American  wormseed:  turjientine:  azedaracli  or  pride  of 
China:  niucuna:  tin.  Probably  the  liest  of  these  is  .san- 
tonin, which  can  be  conveniently  administered,  as  it  is 
tasteless,  in  powders  of  two  grains,  alone  or  combined 
with  calomel.  Equally  useful  is  sjiigelia  in  the  form  of 
the  fluid  extract,  of  which  the  dose  is  two  drachms,  or, 
better,  the  fluid  extract  of  senna  and  spigelia  (unotlicial) 
may  be  used  in  a  dose  of  half  an  ounce,  thi^  senna  in  this 
case  actingas  a  purge.  Oil  of  chenopodium,  in  the  ilose 
of  from  twenty  to  tliirty  minims,  which  may  be  dropped 
on  sugar,  is  very  useful:  turpentine,  half  an  ounce,  com- 
bined with  castor  oil,  one  ounce,  is  generally  most  efficient, 
but  should  not  lie  used  because  jioisonous  etfeets.  partic- 
ularly renal  inflammation,  may  occur  from  its  absorptiou- 
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Azedarach  has  the  disadvantajri'  (if  requiring  a  large 
dose,  two  ounees  of  tlie  drug  being  added  to  a  pint  and 
a  lialf  of  water,  whieli  i.s  then  made  into  a  di'eoelion  liy 
boiling  the  nn.xlure  down  to  one  pint;  it  i.s  nevertheless 
ino.st  useful.  Mucuna  and  tin  are  barbaric  relies,  their 
adininistratiou  being  as  crude  as  their  iireparation  and 
mode  of  action.  They  belong  to  the  I'lass  of  so-called 
mechanical  anthelmintics.  .Mueuna,  a  \Vest  Indian  plant, 
■was  used  by  scraliing  the  pods  of  the  ]ilant  of  the  hairs 
or  spicules  which  cover  tliern  and  adding  lo  this  niu 
las.ses  or  syruj).  The  patient  swallowed  this  ini.\tiu-c, 
and  the  spicules  in  their  pas.sage  down  the  inle.stin<'S  were 
supposed  to  transli.x  the  worm.  The  tincture  and  decoc- 
tion have  no  virtue,  and  miicuna,  so  largely  employed  at 
one  time,  has  passed  away. 

In  treating  any  patient  for  the  presence  of  ascarides,  it 
is  necessary,  as  in  the  case  of  taniia.  that  food  be  ab- 
stained from  for  twelve  or,  better,  twenty  four  hours; 
that  an  active  purge  be  administen^d  about  tlu'ee  i|uar 
ters  of  an  hour  after  the  remedy  has  been  taken;  and 
that  the  bowel  discharges  be  destroyed. 

.*(/?,  Pin,  iir.Thretid  Wnnns:  Ojjinrin  Venuiciihiri.i. 
— The.se  worms  geuersilly  infest  the  rectum  and  colon, 
and  arc  most  conuiion  in  children.  The  following  drugs 
are  those  usually  employed,  but  anthelmintics  used 
against  the  tape  and  round  worm  can  be  u.sed,  as  many 
of  them  are  efjually  destructive  to  the  seat  worm.  (|uas 
sia;  saline  solution;  cavbolie  acid;  lime  water;  iron;  Ian 
nic  acid  and  drugs  coiUaiinug  large  amounts  of  tannic 
acid,  such  as  catechu,  kino,  and  kraineria. 

Quassia  is  unijuestionably  the  most  ctKcient  of  this  list. 
and  has  at  the  same  time  the  advanta.ge  of  being  non 
irritant  and  non-poisonou.s.  A  rectal  injection,  consisting 
of  one  ounce  of  the  fluid  e.\tract  added  to  a  jiint  of  water, 
or  of  a  decoction  made  of  an  ounce  of  quassia  chips  added 
to  a  pint  of  water,  is  given.  Before  using  tliis  or  any 
other  injection  th(;  bowel  should  be  thoroughly  cleansed 
with  soap  and  water,  and  it  is  imperative  that  the  injec 
tion  be  retained,  by  pressure;  over  the  anus,  for  tifleen 
or  twenty  minutes, "and  that  the  region  ar<nmd  the  anus 
bo  thoroughly  washed  with  salt  and  water.  Failure  to 
observe  tliese  precautions  will  render  the  treatment  of 
little  avail.  Of  the  remaining  drugs,  saline  sohition  is 
probably  the  best;  carbolic  acid  (onc-per-cent.  solution) 
lias  itsadvocates,  and  is  often  used  immediately  aftei-  the 
(piassia  injec-tion  ;  it  slitmld  not  be  employed,  1  believe, 
for  two  reasons:  first,  because  it  may  cause  sloughing, 
and,  secondly,  because  dangerous  symptoms  may  follow 
its  absor|ition  from  the  rectum.  Alum  (one  ounce  to  a 
pint  of  water),  lime  water,  iron,  and  tannic  acid  act  as 
astringents. 

For  cleansing  with  soap  and  water  and  for  injecting 
the  medicament  a  soft  rubber  catheter  or  rectal  tulie  will 
be  found  most  tiseful  in  aiding  the  solution  to  go  well  up 
into  the  colon,  and  it  is  advi.sable  to  rejjeat  the  tri'atinenl 
two  or  three  times  at  intervals  of  a  day  or  so. 

(Jli(irU;K  AdaiHH  Ihttdi  r. 

ANTHRAROBIN.— Dioxvanthrol.  desoxv-ali/.arin,  leu- 
ko-ali/.aiiii.(\,ll,.(  Oir.CILCdUfOlDo.  This  is  prepared 
by  the  nsluction  of  conunercial  alizarin  in  warm  ainmo- 
niacal  solution  with  zinc  dust,  and  subse(|uent  liltc'ring 
into  water  acidulated  with  hydrochloric  acid.  The  re 
suiting  preeiiiitate  is  washeil  and  dried. 

Antbrarobin  is  a  yellowish-white,  granular  powder, 
in.soluble  in  water  and  dilute  acids,  slowly  sohdile  in 
chloroform  and  ether,  and  freely  soluble  in  glycerin  and 
in  ten  parts  of  alcohol.  In  aqueous  solutions  of  alkalies 
or  alkaline  earths  it  dissolves  with  a  brownisli-yellow 
color,  which,  through  oxidation  and  the  reformation  of 
alizarin,  rapidly  turns  to  green  and  then  blue.  Claimed 
to  liavi;  the  same  virtues  as  chrysaroltin.  this  substanci' 
has  the  advantages  of  being  non  irritating,  and  of  cans 
ing  l)ut  slight  staining  of  the  skin.  Clinicjil  reports  di tier 
as  to  its  ellieaey  ;  for  example.  Jackson  says  that  it  is  a 
weak  preparation  and  not  of  nuich  value,  while  I'xhrend 
and  others  consider  it  suiXM'ior  to  ehry.sarobin.  These 
latter  use  it  as  a  parasiticide  and  stimulant  to  the  skin, 


and  csjiccially  commend  its  use  in  i>soriasis.  pityria.sis, 
tinea  tonsurans,  tricophyton,  and  herpes.  It  is  employed 
in  ten-  to  twenty-percent.  >>inlment,  or  in  solution  in 
glycerin  or  aU:oliol,  or  in  coll<idion.  It  must  not  be  a|)- 
l)lied  in  the  irnmedial(;  n<'ighborhood  of  the  eye,  as  it  has^ 
a  tendency  to  spread.  A  |>rescription  thai  is  recom- 
mended contains  anthrarobin  and  salicylic  acid,  of  I'ach 
one  drachm,  in  alcohol  sullicient  to  make  one  oimce. 
Hehrend's  mixture  consists  of  anthrarijbin  10  parts,  bo- 
rax S  parts,  in  water  >ii  parts,  or  he  uses  a  ten-per-cent. 
solution  in  glycerin,  IT.  A.  Uniftc.du. 

ANTHRAX.* — (SynonvMis:  Carbuncuh)sis  Contagio- 
sus;  .Milzbrand;  Charl)on;  Wool  Sorter's  Disease;  Mai 
de  Kate;  Mycosis  Intestinalis;  Anthraca'inla;  Malignant 
I'ustule;  Splenic;  Fever.)  (See  also  Vnvhumie.  and  i'Vr 
unflc.) 

A  specific,  highly  infectious  disease,  conunon  to  most 
vertelirate  animals  and  communicalile  toman  (though  in 
varying  degree).  Th<'  disease  is  not  contagious  in  the 
onlinary  sense  of  the  w<ir(l,  but  it  is  in  a  high  degree 
conununicable  by  means  of  secondary  media  of  infection. 
It  maintains  its  virulence  for  long  jieriods,  and  suffers 
no  deterioration  from  transportation  or  variations  of  cli- 
mate or  other  external  conditions.  It  ajipears  as  an 
acute  intoxication,  usually  of  a  restricted  part  of  the 
body,  but  later  of  the  entire  body,  and  is  due  to  the  in- 
vasion of  the  tissues  of  its  host  by  the  bacillus anthracis. 
The  disease  is  primary  in  animals,  and  occurs  in  the  hu 
man  subject  in  two  distinct  forms,  viz.,  by  direct  inocu 
lation.  or  indirectly  by  eating  the  Hesh  of  animals  infected 
with  anthrax  or  by  iidialing  dust  which  is  contaminat- 
ed with  the  poison  of  anthrax,  as  in  the  operations  of 
em-rying  hides,  upholstery,  mattress-making,  etc.  The 
blood,  tissues,  anil  excretions  of  an  animal  dead  from 
anthrax  are  found  to  contain  a  minute  organism,  in  the 
form  of  a  rod  ba(illus.  which  has  been  demonstrated  to 
be  the  specific  and  invariable  cause  of  the  disease,  and 
may  lie  obtained  in  every  fully  developed  case  of  anthrax. 
At  the  point  of  invasion  flu'  Jiacillus  first  actsasa  purely 
local  poison.  ]iroilucing  oidy  a  local  irritation,  but  it  soon 
midf  iplies  rapidly,  and  l;iter  is  conveyed  by  the  circulat- 
ing blood  into  all  pa'ts  of  the  body,  where  liy  its  enor- 
mous nundiers  it  blocks  the  ealiilbu'ies  with  embolic 
masses  of  bacilli,  causing  innianerable  hemorrha,ges  into 
the  organs  and  tissues,  and  effusions  into  the  serous  cav- 
ities and  cellular  structures;  and  by  its  specific  toxin 
acting  upon  the  sympathetic  nerve  centres  it  produces 
great  depression  of  the  vital  fmictions,  which  often  ends 
in  death  within  a  few  days. 

.\nthrax  is  the  most  widely  spread  and  the  most  de- 
structive of  all  conununicable  diseases  which  affect  ani- 
mals. The  malady  is  primary  in  the  herbivora.  and  is 
found  in  all  coimtrics.  If  is  very  jircvalent  in  jiarts  of 
FraiK-e,  ({ermany,  Italy,  Tersia,  js'orth  and  South  Africa, 
and  South  America.  "It  is  least  prevaUait,  though  not 
absent,  in  Australia,  North  America,  and  tlu'  British 
Isles.  Epidemics  of  the  disease  often  app<'ar  among  cattle 
and  sheep  of  allected  regions,  and  may  be  fatal  at  the  rate 
of  fnim  fifty  to  seventy  percent,  of  the  aiumals  attacked. 
It  also  attacks  human  beings  in  infected  districts  by  in- 
oculation from  the  lower  aiunials,  and  is  often  attended 
Willi  great  fatality.  .Ml  classes  of  vertebrate  mammals 
are  siisceptible  to'antbrax.  The  disease  does  not  spread 
by  contact  or  association;  it  can  beaccpiired  only  by  the 
introduction  of  flu-  infective  organisms  into  the  body, 
either  through  an  abrasion  of  the  skin  or  a  defect  in  the 
mucous  membraiK'S.  or  by  the  spori'S  of  the  bacilli  finding 
their  way  through  the  epithelial  lining  of  the  alimentary 
canal  or"ri'spiiiiiory  tract,  and  so  causing  general  infec 
tion.  The  inoculation  of  these  organisms  produces  the 
same  fatal  efl'ect  upon  animals  as  does  the  infection  from 
the  original  source  of  the  primary  disease.  I51ood  taken 
from  a  diseased  animal  is  also  fatal  if  introduced  into  the 
tissues  of  another  susceptible  healthy  animal;  but  if  the 

*The  hactiTiiiliigv  of  anthrax  will  lu nsidi-n-il  in  the  iiiticlc  en- 
titled, llarliriti.  I'lilliinicuic.  Kcir  tlii.s  reiisoii  no  allusion  Iim.s  been 
made  to  the  suliject  in  this  article. 
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lilood  is  tiltcixnl  previous  to  its  iutroduotion,  so  as  to  re- 
move all  iicriiis.  it  is  no  longer  iufectious  to  a  healtliy 
animal  (Klebs.  Pasteur). 

Anthrax  eannot  vnuler  any  eireumstanees  originate  rfc 
iKiro,  but  is  always  eonununicated  by  some  medium 
cai)able  of  eonveying  the  inteetion:  and  it  is  always 
transmitted  directly  or  indirectly  from  preexisting  eases, 
or  Ijy  the  jn-oducts  of  such  cases,  from  animals  dead  of 
the  same  disease. 

In  Great  Britain,  anthrax  is  included  among  the  mal- 
adies speciticd  under  "The  Contagious  Diseases  Acts." 
In  England,  numerous  outbreaks  of  anthrax  have  been 
traced  to  the  refuse  of  washings  from  wool,  hair,  etc., 
whicli  are  discharged  into  streams  or  sewers,  ami  from 
the  solid  residue  which  is  used  for  manure. 

Twelve  men  and  sixty  head  of  cattle  died  of  anthrax 
in  Petnisylvania  during  the  year  KSilT.  The  men  were, 
without  exception,  operatives  in  local  tanneries,  and 
the  cattle  were  from  pastures  watered  by  the  stream 
carrying  off  the  refuse  of  these  tanneries  (Modern  Medi- 
ail  Science,  vol.  xii..  No.  T.  January,  19(111).  Ten  cases 
of  anthrax  wereadnntted  to  the  Liverpool  Northern  Hos- 
pital between  JMarch  13  and  July  8.  ISO:!.  The  source  of 
I  be  disease  was  found  in  two  tanyards  whicli  biid  be- 
come infected  from  some  hides  im]iortcd  from  China, 
The  diagnosis  was  not  d(nibtful  in  any  of  the  patients, 
and  was  supported  by  microscopic  examination  in  all  the 
cases,  in  six  of  which  it  afforded  absolute  proof  of  the 
nature  of  the  disease.  Later,  three  additional  cases  were 
admitted  to  the  same  hosjiital,  of  whom  two  were  work- 
men from  the  same  tannery.  The  third  was  a  woman 
employed  as  a  wool  sorler.  Three  other  cases  were  re- 
jiorled  from  the  same  establishment  which  were  treated 
elsewhere.  The  mortulitv  is  re])orted  at  forty-four  per 
cent,     (The  Lancet.  January  20,  1900,  p.  164,) 

Animals  rarely  take  the  di.sease  from  other  animals, 
but  obtain  it  indirectly  from  the  soil  or  other  second- 
ary medium  of  infection.  Thus,  certain  restricted  re- 
gions or  localities  become  centres  of  infection  where  the 
disea.se  sliows  itself  year  after  year.  This  may  arise  from 
tlie  sujierficial  burial  of  animals  dead  from  anthrax, 
whicli  leads  to  the  infection  of  the  soil,  which,  once  pro- 
duci'd,  is  not  easily  eradicated.  In  portions  of  the  ])rov- 
iuce  of  Brandenburg.  t\v  owners  of  cattle  have  learned 
liy  oft  repeated  experience  the  exact  lioundaries  of  lim- 
ited districts,  and  even  of  certain  fields,  where  anthrax 
contamination  persists  in  the  soil.  The  same  condition 
prevails  in  certain  portions  of  the  Bavarian  Alps. 

No  ordinary  changes  of  tem|icrature,  such  as  freezing 
of  the  ground,  atTcets  the  vitality  of  the  organism.  (Sta- 
ble implements,  veterinary  surgical  instruments,  etc., 
may  sjiread  the  disease  among  healthy  animals.  The 
bodies  of  animals  when  buried  are  not  ,so  dangerous  for 
the  propagation  of  anthrax  as  are  the  blood,  intestinal 
contents,  etc,,  wiiicli  may  be  scattered  on  the  surface  of 
the  ground  or  adhere  to  grass,  shrubs,  etc. 

Herbivorousanimals,  such  aseattle  and  sheep,  are  more 
susceptible  to  the  intestinal  birm  of  anibrax.  but  arc  less 
often  affected  by  the  cMernal  form  of  the  disease,  the 
so-called  "malignant  pustule.''  Others,  such  as  guinea- 
in'gs  and  rabbits  and  white  mice,  are  less  often  attacked 
by  the  intestinal  forms,  but  arc  more  susceptible  to  sub- 
cvitaneous  inoculation  by  experiment.  The  carnivora 
are  h'ss  susceptible  than  other  classes.  Animals  ordi- 
narily acquire  anthrax  by  way  of  the  intestinal  canal, 
llu-ough  infected  fodder,  stable  litter,  manure,  or  from 
waler  polluted  by  anthrax  infection;  or  from  infection 
of  the  ]iaslures  or  lields  owing  to  the  exposed  bodies  of 
animals  dead  from  the  disease;  or  from  Ibe  contamina- 
tion of  the  grass  by  the  anthrax  germs  from  the  dead 
body  of  an  animal  which  has  been  luu'ied  in  the  vicinity. 

Direct  inoc-ulalion  of  anthrax  in  man  is  not  very  com- 
mon. It  can  haiipen  only  in  those  whose  calling  brings 
lliem  in  direct  or  jiersonal  contact  wilb  the  diseased  or 
dead  animal.  There  must  be  also  either  an  abrasion  of 
the  cpiilermis  or  a  woiuid  of  I  lie  skin  to  insure  inlVclion. 
Velerinarir's  and  knackers  have  been  more  frec|nen1ly 
affected  than  physicians,  nurses,  imdi'rtakers.  or  butch- 


ers. There  is  danger  to  man  from  flies  about  those 
affected  with  anthrax,  as  it  has  been  proved  that  the 
virus  of  many  infectious  diseases  may  be  conveyed  by 
insects,  either  from  soiling  ot  their  bodies  or  limbs  with 
the  infectious  material,  or  from  their  dejections  which 
may  contain  the  germs  of  an  infectious  disease. 

Anthrax  in  man,  in  this  country  at  least,  is  almost  ex- 
clusively limited  to  those  w(a-king  in  animal  products 
imported  from  other  covmtries  where  the  disease  exists. 
The  dead  animal  is  far  more  dangerous  w-hen  thus  dis- 
tributed than  is  the  living  animal  to  the  human  beings 
in  its  own  immediate  vicinity.  Infection  may  occur 
through  the  skin,  intestines,  or  the  lungs.  In  a  guinea- 
pig  a  singh'  bacillus  of  virulent  anthrax  is  capable  of 
producing  fatal  infection.  Experiments  on  rabbits  have 
shown  that  general  as  well  as  local  infection  may  follow 
the  rubbin.g  of  certain  ]iathogenic  bacteria  into  the  unin- 
jured skin.  In  infected  localities  (he  anthrax  bacillus 
lives  in  the  soil,  and  raav  thus  render  certain  portions  of 
a  tield  or  iiasture  where  the  bodies  of  animals  dead  from 
the  disease  have  been  buried  a  permanent  source  of  the 
disease  to  other  susceptilile  animals  through  long  periods. 
The  greatest  source  of  danger  in  this  disease  lies  in  the 
fact  that  the  virus  may  be  introduced  through  the  small- 
est abrasion  or  injury  of  the  skin,  or  of  the  mucous  mem- 
brane of  the  alimentary  canal.  The  degree  of  suscepti- 
bility of  different  animals  to  the  poison  of  anthrax  is  not 
uniform.  The  herbivora  are  especially  susceptible  (ex- 
perimentally, rabbits  and  guinea-pigs),  the  omnivoraare 
less  liable  to  take  the  disease  (pigs,  men,  etc.),  and  the 
carnivora  are  least  susceptible  to  the  virus  Strong, 
healthy  animals  are  more  easily  affected  than  the  lean  or 
sickly.  One  attack  aft'ords  no  protection  against  a  reeiu-- 
rencc  of  the  disease.  To  show  the  ravages  of  this  dis- 
ease, it  may  be  stated  that  in  Russia,  in  the  year  1864. 
no  less  than  72,000  horses  were  destroyed  by  it.  In  the 
province  of  Novgorod,  within  four  years,  more  than 
56.000  horses,  co\vs.  and  sheep,  as  well  as  52.5  men,  fell 
victims  to  this  terrible  scourge  (see  Bollinger).  The  dis- 
ease spreads  among  men  in  proportion  as  they  are  ex- 
posed to  infection  from  diseased  animals  or  men.  Shep- 
herds, farmers,  butchers,  coachmen,  stablemen,  as  well 
as  veterinary  surgeons  and  those  individuals  who  handle 
animal  products,  such  as  wool  sorters,  curriers,  mattress- 
makers,  etc..  are  especially  exposed.  Horsehair  is  par- 
ticularly dangerous.  Further,  articles  like  hides,  horns, 
wool,  etc,  from  cotmtries  where  the  disease  is  prevalent, 
which  may  be  transported  great  distances,  are  liable  to 
convey  the  infection  and  thus  give  rise  to  the  malady 
among  those  employed  in  their  transportation  or  manu- 
factiu'c.  Trousseau  mentions  two  factories  in  l^iris.  in 
which  horsehair  from  Buenos  Ayres  was  used  in  uphol- 
stering furniture,  and  in  which  not  more  than  six  or 
eight  workmen  were  employed :  dtulng  ten  years  twenty 
laborers  died  in  these  establishments  from  anthrax. 
Even  after  the  hair  has  been  long  in  use,  the  disease  may 
be  induced  in  the  form  of  true  malignant  jiustule  in  those 
employed  in  renovating  the  upholsteiing.  A  small 
.scratch  or  crack  in  the  skin  ormuccais  membrane  is  suffi- 
cient for  inocidation,  and  fre(|uently  the  disease  is  intro- 
duced into  the  system  by  the  imclean  nails  or  fingers  of 
woilvinen  in  ,scratching  the  face  or  arms.  The  disease 
may  be  spread  frcnn  man  to  man.  The  discharge  from 
the  imstule  (anthrax  carbuncle)  contains  the  bacilli  of 
the  disease,  and  its  inoculation  will  be  followed  by  the 
developntent  ot  anthrax.  Repeated  transmissions  of 
virus  do  not  causi>  a  <liminulion  of  vindence;  the  last 
generation  is  as  highly  infectious  as  the  tirst.  Anthrax 
is  observed  in  men  in  the  i^roportion  of  tifty-nine  ])er 
cent,,  to  fort}' -one  per  cent,  in  women.  The  seat  of  the 
inlmary  sore,  the  malignant  pustule,  was  found  b.y  Vir- 
chow  to  be  conlined  to  the  face,  hands,  fingers,  forearm, 
or  neck  in  eighty  four  iier  cent,  of  cases.  In  the  rest, 
sixteen  percent.,  the  .-irms  and  lower  extremities  were 
the  seat  of  infection,  and  in  these  cases  the  patients  were 
cbietly  women  and  chilciren,  in  whom  these  regions  are 
more  exposed  than  in  men. 
There  is  a  varying  susceptibility  to  anthrax  among 
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different  families  of  the  same  race.  Tliis  has  Ijeen  ob- 
served in  botli  men  and  aiiiniuls.  Tluis  tlie  nejrro  is  less 
suseejitihle  llian  tlic  wliitc  man.  and  eertain  breeds  of 
slieeji,  notrdily  tlie  Aliferiaii  variety,  are  less  suseeptilile 
than  other  breeds.  l)eer,  reindeer,  and  elcidiaiits  are 
also  liable  to  the  disease 

The  bacillus  of  anthrax  is  famous  as  beinir  the  first 
miero-orj^anism  to  be  discovered  as  tlie  actual  cause  of 
an  infective  disease.  In  San  Dominnd  in  1770  it  was  the 
(raiise  of  the  death  of  fifteen  thou.saiid  persons  in  the 
space;  of  si.\  weeks  from  eating  the  flesh  of  animals  dead 
from  the  disease. 

.Ml  forms  of  anthrax'  are  caused  by  a  single  organism. 
It  is  at  first  a  local  lesion  which  may  be  destroyed  by 
thorough  excision  or  by  eflieient  caustic  treatment.  The 
diseaseis  not  necessarily  always  fatal.  Dr.  Budd.  of 
Bradford.  England,  had  nine  cases,  of  which  eight  re- 
sidled  fatally" 

Other  observers  in  mostly  trojiical  counlries  reporf  as 
low  as  twelve  iiercent,.  or  even  five  percent,  mnifalily. 
Such  a  stateinenl  sho.uld.  however,  be  taken  with  some 
amoimt  of  reservation.  In  forty-eight  cases  of  external 
anihrax  tr<'at<ilat  (tuy's  Ilospilal  in  London,  thirty  nine 
recovered  after  operation  for  the  destruction  of  the  local 
<iisease  Th<' infecticm  of  a  wouikI  of  enlrance  of  the 
poison  cannot  be  prevented  by  tli<:  immediate;  irrigation 
of  the  wound  by  corrosive  sublimate  or  carbolic  a<id 
when  the  bacilli  have  once  stained  entiance  into  the 
flesh. 

There  is  alwa.ys  a  local  lesion  in  some  ]iart  of  the  body 
by  which  the  virus  of  anthrax  gains  entrance  lo  the  sys- 
tem. The  disease  is  by  no  means  always  fatal  I o  animals. 
Fiigge  states  the  average  mortality  among  horses  and 
horned  cattle  to  be  seventy  per  cent.  The  disease  is  ac- 
(uimpanied  in  cattle  with  enlargement  of  the  spleen  as  a 
very  characteristic  condition.  Many  cases  show  no  ex- 
ternal lesion,  as  the  infecticn  may  be  taken  liy  the  month 
in  swallowing,  oi'  may  have  been  inhaled.  There  are  then 
larely  premonitory  sym|)toins;  the  iiatienf  is  seized  wilii 
a  chill,  becomes  iainl  and  jirostrated.  has  ]iains  in  fhe 
back  and  legs,  thi'  femperattu'e  rises  to  lb-  or  Ido  F., 
the  breathing  is  rapid  and  there  is  much  jiain  in  the 
chest,  the  pulse  is  feeble  and  very  raidd.  and  there  may 
b(;  vomiting  From  the  prominence  of  these  .symjifoms 
the  jiidmonary  form  of  the  di.seasc  has  at  times  been  di- 
agnos<'d.  Death  may  occurin  twenty  foiu- hours.  Cere- 
bral symptoms  niaj'  lie  very  marked  in  the  course  of  the 
disease. 

When  the  di.seasc  is  located  in  the  chest,  there  is  great 
resemblance  to  a  rapidly  spreadin."'  pneumonia  with  sub- 
seeiuent  heart  failure.  It  is  probable  thai  many  cases  of 
"pneumonia"  occurring  in  manufactories  of  carpets, 
blankets,  furs,  etc.,  are  really  thoracic  anthrax.  The 
rcco.gnition  of  "  wool-sorter  s  di.seasc"  as  a  form  of  atdhrax 
is  due  to  Dr.  J.  II.  Bell,  of  Bradford,  England.  Eppin- 
ger  has  shown  "  ra<r-picker's  disease  "  to  bea  local  anthrax 
of  till!  lungs,  with  sub.sei|uenl  general  infection  f  the 
system  from  this  source. 

' 'I'he  term  "malignant  pustule"  is  inappropriate  and 
misleading,  as  the  disease  is  often  not  malignanf.  and 
the  pustule  never  conlains  pus. 

CoiTiSE  OF  THE  DisK.vsK. — Krtirihil  .  1  »////■(/.'•.  — Dur 
ing  the  tirst  day  the  seat  of  infection  is  mon'  or  less 
irritable,  sometiines  jiainful.  The  continued  itchini:  of 
the  part,  with  augmentation  of  tlw  redness,  an  lediina- 
t(nis  swelling,  togethi-r  with  shooling  ])ains  in  Ihe  local- 
ity, with  red  lines  benealh  the  skin,  marking  the  course 
of  the  swollen  lymidiatics,  are  among  the  strongest  initial 
synififoms  of  anthrax.  As  the  disease  progresses,  these 
conditions  increase  in  intensity,  and  the  tissues  about  the 
point  of  infection  become  discolored  and  variegafi'd  in 
tint.  The  formation  of  a  vesicle  al  (he  point  of  Infec 
tion,  with  subsequent  rupture,  and  the  a]>pearance  of  a 
crust  or  scab  arc  decide<lly  characteristic.  Fever  is  often 
present  even  at  this  stage,  tbonixh  it  may  nol  he  observ- 
able in  the  early  stages/  Diarriiu'a  is  fn^quent.  Malig- 
nant eases  may' terminate  fatally  in  from  twenty  biur  to 
forty  eight  hours,  and  are  often  preceded  by  collapse. 


During  the  second  day  there  usually  appears  a  vesicle 
varying  in  .size  from  1  to  ;5  cm  .  with  a  yellowish  or 
brownish  exudation.  At  about  the  third  day,  the  vesicle 
bursts  and  shrinks,  leavinjr  a  lirowiush  base,  exuding 
si-runi.  On  the  f(jurlli  day  (here  is  a  black,  dry,  de- 
picssed  crust  or  .scab,  often  called  fhe  eschar,  which  is 
surrounded  with  a  very  characteristic,  slightly  elevated 
border  or  wreath  of  small  new  vesicles.  There  may  be 
other  discrete  or  confluent  vesicles  in  the  neighborhood. 
I'us  is  first  observed  at  fhe  end  of  the  lenlli  or  fifteenth 
day.  if  the  patienf  lives  so  lon.i;,  when  the  separation  of 
the  sloughing  eschar,  accompanied  willi  su|)puration. 
occurs  in  lh<'  usual  maimer 

The  inilial  symploms  of  anflirax  are  similar  to  those 
of  other  acute  febrile  diseases,  weakness,  malaise,  chilli- 
ne.ssor  moderate  rigor,  headache,  thirst,  restlessness  w-ith 
or  without  mild  delirium,  sometimes  vomiting  and  dis- 
Hubed  slee|).  The  sub.sec|nent  .symptoms  vary  in  char 
acfi-r  anil  infen.sify  according  to  tlie  external  localization 
of  fhe  disease.  If  this  is  in  the  stomach,  there  may  be 
obsfinalc;  voniifing;  if  in  the  iiifesfine.  ]iersisfenf  diar 
rhiea.  if  in  the  pulmonary  structures,  rajiid  breathing, 
wiili  synii>tonis  similar  to  those  of  extensive  pineumonia. 
cyanosis,  and  speedy  collapse.  Serious  <listurbance  of 
file  brain  may  be  associated  with  any  of  these  conditions, 
acconqianied  with  convulsionsand  coma.  The  tempera- 
fure  curve  is  similar  to  that  in  other  acutely  toxic  febrile 
condifions.  ranging  from  102    to  10.5    F. 

Dr  llanier  reporf<'d  a  inortalify  of  forty  per  cent,  in 
cases  of  anthrax  of  fhe  neck,  while  the  morfalify  in  cases 
in  which  the  primary  lesion  was  situated  uikui  other 
parts  of  Ihe  body  was  twelve  (ler  cent. 

Anthrax  is  less  fatal  in  tropical  ccnmlries,  where  the 
eoiidilion  of  fhe  climate,  heat,  sunshine,  etc..  may  pro- 
duce; (liininislied  viruleiiey  of  the  specific  organism  of  the 
disease.  Perhaps  a  greater  resistance  to  the  effect  of  the 
bacilli,  or  of  their  toxins,  on  the  part  of  the  inhabifants. 
or  a  .irreafer  folerafion  of  the  infective  |>oison.  may  ac- 
counf  for  fhe  less  fatal  characfer  of  the  malady  in  ihose 
regicius  where  the  mortality  has  been  ri/mrtid  as  ex- 
fremely  low.  varying  fiom  zero  to  one  percent. 

.\  ])ronounced  sysfemie-  reacfion  with  much  local  in- 
tlammalion  has  been  thought  favorable  to  recovery. 
In  aslheiiic  condifions  <d'  fhe  system  the  jirognosis  is  less 
hopeful.  The  pulse,  respiration,  and  feni|)eralure  are 
not  always  indicafive  of  fhe  gravity  of  the  disease  or  of 
the  probable  result. 

Dr.  Bell  gives  the  following  fable  of  mfirfalily  in  rela- 
tion to  the  duratiim  of  the  disease: 
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Over  nine  days,  f  case ;  total,  ."w  cJises. 

Intestiiuil  Atithnu-  ( Mi/nm'x  InlrsliKiiIiA. — In  some 
cases  the  primary  lesieni  of  anthrax,  the  malignant 
pustule,  is  seated  iipon  fhe  internal  surface  of  the  bowel, 
and  jiroduces  the  sym|ifonis  known  as  those  of  mycosis 
infestinalis.  followed  by  fhe  same  train  of  falal  results 
as  when  the  primary  lesion  is  upon  the  external  surface. 
Often  fhe  milk  and  the  flesh  of  diseased  animals  are  taken 
as  food,  and  iloublless  the  infeefion  frecinenfly  occurs 
from  this  source.  The  cmuse  and  symptoms  of  this  form 
of  the  disease  are  not  well  uiiilersfood.  Often  the  work 
men  engaged  in  slaughtering  diseased  animals  become 
infected  by  direct  inoeulafion,  while  those  eating  the 
flesh  of  tlie  same  animals  ex]ierience  no  harm.  It  is 
|irobable  that  the  bacilli  are  destroyed  by  the  processes 
of  cooking,  which  generally  reipiire  an  elevation  of  tem- 
perature siitlicienf  for  their  sterilization ;  or  jiossibly 
fliey  may  be  rendered  harmless  by  the  gastric  digestion: 
hut'  if  tiiey  succeed  in  passing  the  stomach,  they  may 
then  become  seated  in  the  mucous  inembraue  of  the 
bowel  and  theie  produce  fhe  disease. 

Intestinal  anthrax  is  rare  in  man.  fhougli  it  ha,s  been 
occasionally  reported.     (For  a  most  .uteresting  case  see 
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■' Medical  and  Surgical  Reports,"  Boston  City  Hospital. 
l!~i!»(i-i)i),  p.  '.300.)  The  distinction  between  tlie  inlcslinal 
.uid  pulmonary  I'onns  of  anthrax  is  not  easily  made,  ami 
doulitless  tile  two  may  olteu  be  confounded  witli  other 
acut<'  diseases  affecting  these  organs,  unless  the  anthra.\ 
baeilhis  is  iileutitied  by  niicro.scoiiical  examination,  or 
the  disease  be  reproduced  by  inoculation  in  animals. 
Tile  diagnosis  of  intestinal  antlirax  may  be  quite  imiios- 
sible.  owing  to  tlie  ra]iidity  of  its  progress  and  the  sim- 
ilarity of  its  sym])toms  to  tliose  of  other  gastro  intestinal 
di.seases,  especially  to  those  of  ptomaine  |)oisoning.  Tlie 
course  of  intestinal  anthrax  is  almost  imiformlj'  fatal. 
and  Bell  states  I  hat  no  case  demonstrated  during  life  to 
be  intestinal  anthrax  has  recovered. 

Treatment  of  this  variety  of  the  disease  should  consist 
of  rajiidly  acling  evaciianis,  followed  by  the  administra- 
tion of  internal  antiseptics  (germicides),  with  sujiporting 
measures  according  to  the  conditions  )ireseut;  but  the 
nature  of  the  lesicai  and  the  ra]iid  progress  of  the  disease 
would  preclude  the  hope  of  beuelit  from  any  available 
means  of  internal  medication. 

Piiliiiiiiutrn  Atithrii.r.  ]Viiol  Sorter's  Disease,  AnthrciM'- 
miii. — This  form  of  the  disease  may  be  acijuircd  by  in- 
liahition  of  the  dust  from  any  of  the  products  of  dis- 
eased animals.  Thus  it  has  been  observed  among  tho.se 
employed  in  the  handling  or  manufacture  of  animal 
hairs  and  woollen  rags;  among  wool  sorters,  rag  pickers, 
and  those  concerned  in  the  furtliernianipulations  of  these 
articles  into  woven  textures;  and  to  some  extent  among 
liajier-niakers.  Dr.  Bell  .says:  "The  .sortin,g  of  wools 
and  hairs  is  unhealthy  in  pro]iortion  to  the  contamina- 
tion they  produce  in  the  air  inspired  by  the  workmen. 
First,  the  dust  and  fine  short  hairs,  acting  mechanically, 
excite  chronic  diseases  of  the  lungs,  such  as  bronchitis 
and  phthisis.  Second,  dust  from  dried  and  decomposing 
animal  matter  produces  a  low  form  of  septic  pneumonia. 
Third,  the  virus  arising  from  the  blood  and  discharges  of 
animals  that  have  died  from  anthrax  acts  specifically  on 
the  lungs." 

Pulmonary  anthrax  is  peculiarly  a  human  complica- 
tion. It  is  not  often  observed  as  a  coincident  condition 
in  either  cutaneous  or  intestinal  infection.  "From  the 
paramount  dignity,  in  the  human  economy,  of  the  organ 
invaded,  and  the  specific  tendency  in  anthrax  to  the  de- 
velopment fif  u^dematous  conditions  in  the  tissues  in- 
vaded, it  is  not  surprising  that  pulnionaiy  invasion  leads 
to  a  most  acute  and  generally  fatal  manifestation  of 
anthrax,  recovery  occurring  but  seldom."* 

The  general  duration  of  the  pulmonary  invasion  be- 
fore the  fatal  termination  is  from  two  to  five  days.  The 
bacilli  are  often  jiresent  in  the  sputum. 

P.\Tiioi,0(iY. — Tlie  pathology  of  malignant  iiustule 
consists  of  the  series  of  changes  which  follow  inoculation 
with  anthrax  through  either  the  skin,  the  alimentary 
•canal,  or  the  lungs.  These  changes  are  somewhat  difTer- 
eiit,  according  to  the  particular  circumstances  of  the  in- 
dividual  case.  When  the  virus  is  introduced  through  a 
scratch  or  abrasion  of  the  .skin,  the  period  of  incubation, 
or  the  space  of  time  before  the  local  symjitoms  of  anthrax 
-appear,  ma}'  vary  from  a  few  hours  to  three  days;  in 
rare  cases  a  somewhat  longer  time  may  elapse. 

The  course  of  the  disease  may  be  divided  into  three 
stages.  The  first  or  prodromal  stage  is  that  of  incuba- 
tion (period  of  latency).  During  this  period  the  patient 
presents  no  marked  symptoms  of  any  serious  disturb- 
ance. 'I'here  are  localized  burning  and  itching  at  the  seat 
of  infection,  whii-h  are  generally  thought  to  be  due  to  the 
bite  of  an  insect,  such  as  a  fiea,  which  the  spot  closely 
resembles.  After  a  period  of  incubation  lasting  from  a 
few  hours  to  three  days  (rarely  longer)  the  local  symp- 
toms siiddiMily  change.  The  second  stage,  that  of  erup- 
tion, now  ensues,  in  which  a  small  pajnile  is  seen  at  the 
seat  of  the  previous  irritation.  This  rapidly  increases  in 
height  and  in  circumference,  and  generally  presents  a 
spot  of  dark  discoloration  at  its  summit.  The  itching 
and  burning  increase,  and  within  a  few  hours  a  vesicle 

*  Billlags  in  "Twentieth  Century  Practice  of  Medicine." 


appears  at  the  seat  of  discoloration  in  the  papule.  The 
vesicle  now  rests  upon  an  indurated  base,  and  contains 
a  small  amount  of  a  serous,  frequently  bk)ody  fluid. 
The  surroiuidiug  skin  swells  so  as  to  form  a  .slight  ele- 
vation around  tlie  vesicle,  which  now  exhibits  the  pe- 
culiar appearances  to  wdiich  it  owes  its  name  of  "ma- 
lignant pustule,"  although  this  is  not  an  accurate  defini- 
tion of  the  pathological  condition  at  the  .seat  of  the  local 
disease.  The  vesicle  soon  ruiitures  spontaneously,  or  is 
ru]itured  by  the  scratching  of  the  patient,  and  reveals  a 
dark  red  base,  which  c[uickly  dries,  forming  a  livid  or 
brownish  crust.  This  is  the  commencement  of  the  cen- 
tral gangrene  or  necrosis  of  tissue  commonly  observed 
in  the  carbuncle  of  anthrax.  The  crust  becomes  grad- 
ually larger,  until  it  sometimes  reaches  a  diameter  of 
from  1  to  3  cm.,  and  the  swelling  and  tension  of  the 
surrounding  .skin  become  more  extensive.  A  line  of  new- 
formed  vesicles  becomes  developed  around  the  margin 
of  the  crust,  and  these  vesicles  contain  a  yellowish  or 
brown  fluid  content. 

The  crust  now  gradually  becomes  free  from  pain  and 
tenderness,  and  a  doughy  or  boggy  infiltration  is  felt  for 
some  distance  in  the  tissues  around  the  primary  sore. 
The  local  condition,  however,  has  no  diagnostic  value 
as  an  indication  of  the  infection  of  the  general  system. 
In  rare  instances  the  local  symptoms  become  less  seri- 
ous, the  swelling  subsides,  the  slough  separates  and  is 
thrown  olf,  and  tlie  ulcer  heals  by  granulation.  In  such 
cases  the  chief  danger  is  from  septicemia  arising  from 
the  absorption  of  gangrenous  matter.  When  general 
infection  occurs  the  swelling  increases  and  becomes 
doughy,  the  lymph  channels  are  detected  as  reddened 
lines  of  induratiiai,  the  glands  become  swollen,  and 
burning  heat  is  felt  in  the  part,  which  gradually  be- 
comes ver\r  painful  and  later  is  the  seat  of  a  feeling  of 
stiffness  and  numbness.  The  veins  are  often  seei\  as 
dark  cohned  channels,  and  are  sometimes  plugged  by 
thrombosis. 

The  foregoing  ajipearances  are  caused  by  the  local 
multiplication  of  the  bacilli  of  anthrax  in  the  part  which 
is  the  seat  of  tlie  primary  infection.  On  the  second  or 
third  day  the  germs  may  be  found  in  the  central  part  of 
the  carbuncle  and  in  scattered  groups  in  the  rete  Mal- 
pigliii.  At  times  large  interwoven  masses  of  germs  are 
found  in  the  tissues  at  this  early  period,  and  may  be  ob- 
sei  ved  to  sjiread  into  the  neighlioring  parts  by  extensiim 
beneath  the  epidermis.  In  a  carbuncle  extirpated  by 
Bardelrben  on  the  twelfth  day,  which  measured  5  cm. 
in  diameter,  the  bacilli  were  present  in  such  enormous 
numbers  that  the  tissues  were  everywhere  crowded  with 
them;  they  even  filled  the  spaces  between  neighboring 
cells  and  obscured  the  normal  structures  of  the  part.  In 
a  carbuncle  examined  by  Wagner  the  bacilli  were  so 
abundant  as  to  hide  the  normal  tissues.  The  centre  of 
the  puslule  is  generally  the  seat  of  hemorrhage,  and  the 
elfused  blood  is  prone  to  undergo  putrefactive  changes. 
This  accident  is  also  frequently-observed  in  the  nedema- 
tous  tissue  immediately  surrounding  the  pustule.  From 
this  centre  of  the  disease  general  infection  of  the  body 
(third  stsige)  may  now  quickly  take  place,  some  cases 
requiring  but  a  few  hours  (cax  f<iii<troi/<iiits),  while 
others  occu]iy  from  three  to  four,  sometimes  eight  to  ten, 
days  for  general  poisoning  of  the  system. 

A  second  form  of  the  disease  is  the  "n^dema  carbuncu- 
lo.sum  sell  malignuin,"  "  Milzbrandiedem,"  This  is  ob- 
served in  cases  in  which  inoculation  occiire  in  parts  cov- 
ered with  thin  delicate  skin,  such  as  the  eyelids,  axilla, 
and  occasionally  the  extremities.  In  these  cases  the  local 
sore,  the  pustule,  is  not  formed,  there  is  no  crust,  no 
central  gangrene,  nor  an  eruption  of  vesicles,  but  a  rosy, 
bluish,  or  even  livid  swelling  appears  at  the  seat  of  pri- 
mary infection,  and  rapidly  sjuvads  in  all  directions. 
Generally  the  spot  where  the  inoculation  occurred  may 
be  seen  as  a  dark  ]ioint  mon;  or  less  elevated  above  the 
surface,  but  sometimes  there  is  no  visible  point  of  origin. 
The  swelling  is  freiiuently  enormous,  so  that  the  arm 
may  be  three  or  four  times  its  normal  size,  or  the  eyes 
may  be  entirely  closed  by  large  effusions  of  traiisluceut 
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fluid  in  the  tissui-s.  TJkc  the  previously  (U'scrilicd  l(ic;il 
nianil'ostatioiis  of  antlinix.  this  nmliyiiant  H'dciiiu  may 
subside  spontaneously  witluiut  eausiinj  destruetiou  lil' 
tile  tissues,  and  the  part  may  be  restored  to  its  former 
condition.  There  is  generally  abnndaiit  disquamation 
of  epidermis  after  the  disappearanee  of  the  o'deuia.  At 
times  the  swelling  is  so  enormous  that  the  skin  becomes 
gangrenous  to  a  greatc'r  or  less  e.\t(;nt.  and  often  the 
a'demalous  area  is  the  seat  of  vesicles  (n'  blebs  whicli  are 
tilled  with  a  bloody  serum,  and  at  the  base  of  which  is 
generally  found  a  slough  comprising  the  entire  thickness 
of  the  skin.  When  the  neck  or  eyelids  are  the  seat  of 
extensive  ledema  and  sloughing,  the  loss  of  tissue  may 
be  so  great  as  to  lay  bare  the  great  vessels  or  other  im- 
])ortant  structures,  and  death  may  ensue  from  liemoi'- 
rhage  or  from  some  other  accident  not  belonging  to  llie 
course  of  anthrax. 

General  ird'ection  may  occur  when  the  iirimary  lesion 
is  seated  in  the  intestinal  tract,  as  well  as  when  the  in- 
oculation has  taken  place  on  the  external  surface,  and 
the  character  of  the  di.sease  is  not  essentially  dilVerent. 
The  primar)' airec'tidu  has  received  the  name  of  "anthrax 
intestinalis  seu  alxlominalis,"  or  "  mycosis  inlestinalis." 
and  is  described  by  Buhl,  Waldeyer,  E.  Wagner,  and 
others.  These  cases  geuerally  run  a  most  alarming, 
pernicious  (fi>iidr')!/<iiit)  course,  an<l  it  is  <-liictly  by  ex- 
amination of  the  intestine  that  the  identity  of  the  disease 
has  been  established.  This  form  of  aiUhrax  is  geniMally 
induced  b\'  eating  the  uncooked  or  insniliciently  ccioked 
liesh  of  infected  animals  (c.f/..  sausages,  sandwiches  of 
raw  meat,  etc). 

General  infection  of  the  sj'stem  corresponds  to  that 
period  in  the  development  and  multiplication  of  the 
i)acilli  in  which  they  have  penetrated  bi'yond  the  seat  of 
]iriniary  infcition,  have  reached,  by  means  of  the  blood 
<hamiels  or  other  |)aths,  the  internal  organs,  and  havi' 
coimnenced  to  niulti|dy  in  these  structures.  The  bacilli 
are  probably  carried  by  the  blood  corpuscles,  which  often 
contain  them  in  considerable  niunbers.  The  disease 
progresses  much  more  rapidly  in  the  intestinal  form, 
probably  from  the  sudden  liberation  of  larger  numbers 
of  bacilli,  which  enter  the  circulation  from  many  points 
at  once. 

The  imalnt/iical  rippca ranees  in  anthrax  are  those  de- 
pendent upon  a  multiplication  of  the  bacillary  organisms 
in  the  body,  and  there  is  hardly  a  structure  ora  tissue  in 
the  dead  liody  in  wliieh  they  may  not  be  found  in  great 
abimdance.  They  form  thrombi  in  the  capillaries,  the 
lymphatic  channels  and  glands;  the  brain,  kidneys,  and 
intestinal  glanils  are  found  more  or  less  crowded  with 
them.  The  most  striking  changes  are  hemorrhages  in 
the  tissties,  varying  in  amount  from  mere  jioints  to  large 
extravasations.  (IdhMnatous  exudalionsatid  serous  elfu- 
sions  in  the  various  cavities,  and  serous  intillmtion  in 
various  organs,  fre<piently  ensue.  The  visceral  organs 
are  generally  found  in  a  normal  condition,  with  th<' ex- 
ception of  the  spleen,  which  is  usually  enlarged  and 
softeneil  in  structure,  and  contains  enormous  collections 
of  bacilli.  Tlwre  is  a  marked  increase  in  the  number  of 
white  corpuscles,  and  death  is  (|uickly  followed  by 
.strongly  developed  rigor  mortis. 

In  general  appearances  the  clinical  i)ictur(;  of  fatal 
anthrax  closely  resembles  that  of  virulent  blood  poison- 
ing. As  a  rule,  cases  of  malignant  pustule  terminate 
fatally  in  from  three  to  seven  days,  though  in  cases  of 
s]iecial  virulency  death  may  occur  within  a  few  liours. 

The  Gknkkai,  Sv.mi'to.ms  of  anthrax  are  usnidly  the 
following:  Chilliness,  or  a  well-marked  rigor,  fainlness, 
|iains  in  the  limbs,  loss  of  appetite,  sometimes  severe 
<listress  in  the  region  of  the  .stomach,  colic,  meleorisn!, 
vomiting,  and  diarrhfca,  frequently  acconipanic'd  by 
bloody  stools.  There  is  excessive  thirst.  Tlie  jialient 
retains  consciousness  to  the  end,  unless  coma  should  su- 
pervene shortly  before  death.  Frefiucntl)-  there  is  great 
agony  and  distressing  anxiety;  the  patient  begs  for  re- 
lii-f  ill  the  most  piteous  manner,  and  feels  that  dissolu- 
tion must  soon  ensue.  In  other  cases  there  is  stupor  from 
the  fust,  or  the  patient  becomes  delirious,  or  sinks  into 


a  deep  coma,  or  the  body  may  be  convulsed  M'  clonic 
cramjis  or  continuous  trismus  or  tetanic  contractions. 
Occasionally  there  are  harassing  cough  and  dyspncea.  with 
bloody  exiiectoration.  Tlient  maybe  freipient  hemor- 
rhages in  tin;  tissues  or  from  the  mucous  membranes,  and 
sometimes  secondary  pustules  are  formed  which  are 
similar  in  all  general  chanicters  to  the  primary  lesion. 
I'sually  there  is  considerable  elevation  of  the  body  tem- 
perature at  the  ])eriod  of  invasion  of  anihra.x,  the 
thermomeler  often  regisleiing  -1(»  ('.  ( 104  F,),  or  higher, 
for  some  days,  when  there  is  a  sudden  fall  to  a  tempera- 
ture at  or  below  normal,  fre(|uently  as  low  as  8fi°  C. 
(97  F. ).  Till'  pulse  is  generally  acceler.-ited,  and  in- 
creases in  frequency  unlil  death.  The  action  of  the  heart 
is  often  feeble,  and  "the  .sounds  are  hardly  audible.  Death 
usually  occurs  from  collapse  and  general  cyanosis. 

Cases  of  intestinal  anllnax  are  g<'nerally 'more  virulent 
than  the  ordinary  ones  of  malignant  ]iustule,  and  they  re- 
sult fatally  sooner  than  those  in  which  the  infection  takes 
])la<'e  from  the  (^\ternal  surface.  The  elfei'ls  seem  to  de- 
jiend  upon  the  mechaiiical  action  of  enormous  masses  of 
germs  within  the  body,  and  ujion  the  destruction  of  large 
liorlioiis  of  tissue  by  the  growth  and  niultiplicatiou  of 
the  bacilli,  togetlu'r  with  the  added  action  of  the  specific 
toxin  ]H-oduced  by  these  organisms,  which  may  be  su|)- 
posed  to  be  more  rapidly  di,sscminated  from  this  origin 
tli.an  when  the  initial  lesion  is  situated  upon  the  cutaneous 
surface* 

The  lu'ogress  of  anthrax  when  acquired  by  inhalation 
is  variabU',  but.  usually  th'e  course  of  the  disea.se  is  rapid. 
and  tends  toward  a  fatal  termination.  The  .s3'inptoms 
are  often  unim])orlant  or  insignificant  until  near  the  end. 
In  some  cases  the  invasion  of  anthrax  is  followed  by  sud- 
di'U  collapse  with  speedy  death  of  the  patient,  as  from 
shock;  but  generally  then'  is  nioi'e  or  less  reaction,  fol- 
lowed byeollap.se  and  di'alh,  willKMit  the  signs  of  any 
intlammalory  lesion  in  the  lungs.  When  the  patient  sur- 
vives a  suliicicnt  time  for  inllammatoiy  processes  to  de- 
velop in  the  lungs,  the  risk  from  the  anthrax  poison  is 
reduced.  The  duration  of  pulmonary  anthrax  varies 
from  one  to  ten  days.  A  large  proportion  succumb  to 
the  disease  within  the  first  four  days. 

The  bacilli  may  or  may  not  be  found  in  the  blood,  luit 
If  the  disease  is  really  anthrax,  the  subc-utaneous  injec- 
tion of  the  blood  in  a  mouse  will  certainly  ])rove  fatal. 

The  sjiecilic  action  of  the  bacillus  upon  tlic  body  of  its 
host,  aside  from  its  lu'cseiice  in  enorin<ms  numbers,  has 
been  sought  in  the  morphological  character  of  the  organ- 
ism; the  germ  belongs  to  the  ai'robic  class  of  organisms, 
and  is  a  greedy  consumer  of  oxygen;  and  it  lias  been 
thought  tliat  the  great  ]>rostration  of  the  system,  and  the 
signs  of  the  destructive  action  of  the  disease,  as  well  as 
its  rapid  iirogress.  may  be  due  lo  the  fact  that  it  depletes 
the  red  blood  cells  of  their  supply  of  oxygen,  and  thus 
induces  a  sudden  collapse  of  the  vital  powers.  This  view 
is  supiiorted  by  the  ajipearances  i)resented  by  the  disease 
in  grave  cases,  in  which  there  is  cyanosis  to  a  marked 
di'gree,  and  the  iiatient  dies  with  all  the  a]>pearances  of 
asphyxia.  In  this  respect  the  organism  of  anthrax  pro- 
duces in  the  animal  system  an  ell'ect  similar  to  that  of 
certain  poisons  of  the  cyanide  grou]),  in  which  death  is 
uniformly  associated  with  asphyxia. 

In  cases  in  which  the  di.sease  progresses  slowly,  the 
secondary  toxins  formed  by  tli<'  bacilli  ar<'  probably 
the  cause  of  the  fever  and  other  constitutional  distur 
bances.t 

The  dissemination  of  the  bacilli  through  the  system  is 
chielly  by  way  of  the  lym]ihalie  channels  and  the  glands. 
Only  after  passing  these  physiological  barriers  can  they 
obtain  entrance  into  the  general  circulation  and  pass  to 
iill  i)arts  of  the  body.  Therefore  they  would  not  be  de- 
tected by  microsco|)ical  examination  of  the  blood,  as  an 

•See  a  verv  interp,st(nR  account  of  " ("Imrbiin "  liy  I.arrey  In  Ills 
"■Memiiiis,"  vol.  i..  p.  .'ill.  an  alwtractof  wliich.  Iiv  Mr.  U.  ti.  llows*;, 
appi-ai-s  in  ■riu-  l.anci-t,  Dec-einlicr  Si.  Is!«.  p.  ]lin. 

fWeinav  further  takiHl  as  ceitain  that  micro-orpanisiiis  cause 
(lisim.sc  almost  enlirelv  liv  virtui;  of  certain  toxic  sulwtances  whicli 
thev  proiluce."— Prof.  J.  A.  t.iiulsav.  I.ci-ture  at  Queens  Collfge, 
Iit'lfa.st,  November  20.  tSSW;  Lancet.  DccciuIht:*),  ISilil,  p.  1799. 
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aid  to  (liairnosis,  until  a  period  wIumi  llic  coiulilion  of  tlic 
patii'iit  is  beyond  relief. 

After  entranee  into  the  jieneral  cireulalion,  the  organ- 
isms of  the  (iisease  invade  everj-  tissue  suid  organ  iu 
euormous  nund)ers.  Kaeteiial  eiuljolisni  is  comnioii ;  the 
heart  niusele  is  invariably  swollen  and  ana'Miic,  and  at 
times  the  .seat  of  i>eteehial  hemorrhages.  The  same  ap 
pearanee  with  more  or  less  eeeliymosis  may  be  observed 
beneath  the  endoeardium,  pleura,  and  perieardium,  as 
well  as  in  the  substance  of  the  lungs.  The  same  con- 
dition may  also  exist  iu  respect  to  the  vessels  and  serous 
membranes  around  and  within  the  brain. 

Dr.vtiNosrs. — The  diagnosis  of  anthrax  is  often  very 
far  from  easy.  Dr.  Bell  says:  "The  slightest  illness 
oeeiirring  in  those  exposed  to  infection  from  anthrax 
should  be  looked  upon  with  susiiicion  imtil  the  possibil- 
ity of  its  being  anthrax  has  been  negatived.  Often  it  is 
impossible  to  make  an  early  diagnosis,  as  the  symptoms 
may  resemble  those  of  ordinary  illness.  The  progi'css  of 
the  disease  is  frequently  not  characterized  by  alarming  in- 
dications until  near  the  end  of  life,  hence  not  infrequent- 
ly it  is  unrecognized  luitil  the  patient  is  cold,  livid,  al- 
most pulseless,  and  dying." 

The  occupation  of  the  patient  may  afford  a  valuable 
clew,  or  at  least  awaken  a  suspicion  of  the  disease  in  a 
given  case.  Under  such  circumstances,  a  papule  upon 
any  exposed  surface  of  the  body  would  excite  a  suspicion 
of  the  iliscase,  though  a  positive  diagno.sis  might  at  this 
time  be  impossible.  When  the  disease  has  advanced  to 
the  vesicular  stage  with  serous  exudation,  there  would 
be  less  uncertainty  as  to  its  nature.  Implication  of  the 
lymphatic  channels  and  swelling  and  tenderness  of  the 
neighboring  glands  would  add  weight  to  the  probable 
diagnosis,  tlxiugh  all  these  .symptoms  may  be  as.sociated 
with  other  infectious  diseases.  The  most  certain  method 
is  that  of  taking  a  drop  fnmi  the  contents  of  the  pustule 
or  vesicle,  and  subjecting  it  to  microscopic  examination. 
If  the  case  is  one  of  anthrax,  this  fluid  will  be  seen 
to  contain  the  bacillus.  This  at  once  establishes  the 
character  of  the  disease  in  distinction  from  simple  non- 
speeilic  earlmnele  and  furuncle.  In  doubtful  cases  the 
li(|uid  may  be  subjected  to  cultivation  in  a  moist  cham 
ber,  when  a  <letinite  residt  may  be  obtained  within  a  few- 
hours.  Or  the  experimental  inoculation  of  guinea-pigs 
and  rabbits  or  other  animals  suscepliljle  to  the  disease 
may  be  carried  out:  and  if  anthra.x  develops  in  them, 
there  will  then  be  no  douljt  in  regard  to  the  nature  of 
the  disease:  but  a  negative  result  does  not  entirely  ex- 
clude malignant  juistule. 

In  districts  iu  which  malignant  ]iustule  is  known  to 
prevail,  the  surgeon  wfiuld  suspect  this  disease  in  the 
early  stages  of  simple  carbuncle,  or  of  furuncle,  and  in  the 
stings  of  wasps  and  other  insects.  Malignant  pustule 
also  resembles  the  early  stages  of  erysipelas  to  some  ex- 
tent. Boils  or  furuncles  are  frequently  very  similar  in 
their  early  stages  to  the  first  appearances  of  anthrax.  In 
certain  tissues  the}'  also  often  commence  by  the  develo]) 
ment  of  a  vesicle  at  the  seat  of  irritation.  In  furuncle, 
however,  there  is  not  so  exten.sive  intlammation  in  the 
vicinity,  and  the  central  gangrene,  the  crust,  the  wreath 
of  vesicles,  and  the  febrile  action  are  absent ;  tliese  symp- 
toms lielong  exclusively  to  anthrax.  The  ordinary  sim- 
ple carbuncle  is  very  painful,  the  carbuncle  of  anthrax, 
on  the  contrary,  is  only  slightly  sensitive.  Biles  of  in- 
sects generally  show  a  small  yellowish  point,  which  is 
not  observ<'d  in  anthrax.  Erysipelas,  especially  when 
accompanied  by  serous  effusions  (bulhe).  resembles  the 
malignant  cedema  of  anthrax  to  some  extent,  but  in  ery- 
sipelas the  chill  and  fever  usually  precede  the  eruption 
of  the  disease,  while  in  anthrax  these  occur  simultane- 
ously. 

In  glanders  the  carbvuieles  are  smaller,  generally  mul- 
tiple, and  aeeom]iaiued  by  intense  febrile  reaction. 

Cases  of  intestinal  antlu'ax.  mycosis  inti'stinalis.  may 
be  very  ditiieult  of  diagnosis.  Tlie  symptoms  often  re- 
semble those  of  poisoning  by  arsenic  or  phosphorus, 
though  the  appearances  due  to  anthrax  are  frecpU'Utly 
more  suddenly  developed  and  advance  more  rapidly  to 


a  fatal  termination  than  in  eases  of  poisoning  by  the.se 
substances.  Often  the  patient  is  dead  within  a  very  few 
liou  rs. 

Prognosis. — The  prognosis  iu  anthrax  is  always  very 
grave,  and  statistics  prove  that  more  than  seventy-live 
per  cent,  of  persons  attacked  die  from  the  disease.  Ex- 
tensive eruption  and  multiple  pustules  render  the  pros- 
pect of  recovery  less  favorable.  In  children  and  in  feeble 
persons  the  disease  is  almost  always  fatal.  Pregnant 
women  are  especially  liable  to  aliortion  from  the  invasion 
of  anthra.x. 

The  prognosis  in  cutaneous  anthrax  bears  a  direct  rela- 
tion to  tlie  promptness  and  thoroughness  with  which  the 
local  lesion  is  treated.  If  the  seat  of  the  primary  inva- 
sion be  destroyed  by  efficient  cauterization  or  complete 
excision  before  the  bacilli  have  entered  the  lymph  chan- 
nels or  gained  access  to  the  blood-vessels,  a  fatal  result 
need  seldom  be  apprehended. 

When  general  infection  of  the  system  has  occurred,  the 
result  is  imiforml_y  fatal.  It  is  stated  that  but  two  cases 
of  general  anthrax  are  thus  far  known  to  have  survived 
the  disease  (Leube  and  Ma.ssing). 

Fagge  states:  "  Hitherto,  so  far  as  I  am  aware,  no  in- 
stance of  recovery  from  the  intestinal  form  of  anthrax 
lias  been  recorded.  In  pulmonary  anthrax  the  spleen  is 
less  subject  to  enlargement  and  softening  than  in  any 
other  form  of  the  disease.  The  appearance  of  anj'  illness 
of  however  trilling  nature  in  a  person  exposed  to  the 
infection  of  anthrax  should  lead  to  a  veiy  guarded  prog- 
nosis until  such  time  as  the  disease  may  prove  to  be  some 
other  ailment.  The  greater  nmiiber  of  cases  of  anthrax 
are  fatal  within  four  days  from  the  appearance  of  the  first 
symptoms.  Pronoimced  febrile  reaction  with  chill  and 
a  temperature  above  lb"2..")'  F.  wotdd  be  a  possible  sign  of 
successful  resistance  to  the  entrance  of  the  bacilli  into  the 
general  circulation,  and  the  localization  of  the  disease  to 
the  seat  of  invasion  No  recorded  case  in  which  the  pres- 
ence of  the  bacilli  in  the  blood  has  been  proved  has  re- 
covered." 

Prophylaxis. — As  the  diseased  or  dead  body  of  an 
animal  or  a  human  being,  and  the  substances  emanating 
from  the  same,  form  the  source  of  tlanger  from  anthi-.ix, 
it  is  evidently  important  that  these  substances  should 
receive  special  attention.  The  excreta  or  discharges  of 
any  kind  from  those  sick  with  the  disease  should  be  care- 
fully disinfected  and  burned,  and  the  bodies  of  animals  or 
human  beings  dying  from  the  disease  should  be  immedi 
ately  wrapped  iu  some  efficient  disinfectant  and  cremated. 
No  post-mortem  exanunation  should  be  allowed,  as 
thereby  the  opportvuiity  for  furtlur  infection  is  largely 
increased.  The  physician  should  warn  the  attendants,  in 
cases  of  anthrax,  of  the  danger  of  infection  from  the  dis 
charges  of  the  patient.  No  per.son  having  a  wound  or 
abrasion  on  an  exjiosed  part  of  the  body  should  take 
any  part  in  the  care  of  the  patient,  or  touch  anything 
which  has  been  in  contact  with  or  near  him.  All  band- 
ages, <lrcssings,  etc..  should  be  inuuediately  burned. 
Especial  attention  should  be  given  to  the  exclusion  of 
flies  and  mosquitos,  which  have  been  proved  to  be  the 
active  carriers  of  various  contagia.  Unnecessary  persons 
and  all  visitors  should  be  rigorously  excluded 

The  inoculation  of  the  vaccines  and  toxins  of  an- 
thrax is  an  efficient  preventive  of  the  disease  in  animals. 
Antitoxins  may  be  curative,  but  no  antitoxin  is  at 
present  known  which  may  be  of  service  when  the 
disease  has  passeil  its  e;irliest  stage.  Tl.c  blood  .sc- 
rum from  an  imnuuie  animal,  if  injected  subeutaue- 
ously  into  a  susceptible  animal,  will  afford  a  certain 
degree  of  protection  against  subsequent  infection  with 
anthrax.  The  following  statement  is  from  Sajoti's  Aii- 
iiixil  for  XHm-. 

"  A  sheep  was  immunized  until  it  could  bear  the  injec 
tion  of  seven  agar  cultures  with  but  slight  elevation  of 
temperature.  A  land)  w:is  immunized  likewise  to  the 
highest  degree,  and  blood  was  taken  from  the  carotid  to 
obtain  sennn.  With  the  serum  of  the  sheep  it  was  actu 
ally  possible  to  save  from  death  a  rabbit  in  which  an  ex- 
tremely virulent  culture  of  anthrax  was  injected  either 
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after  or  simultaiu'ously  with  the  serum.  Evident  tliera- 
pi'Utif  results  were  olitained  witli  this  serum  in  animals 
that  had  reeeived  the  anthrax  bacilli  previiius  to  thi'  in- 
je<-tii)n  of  serum,  Tlu'se  results  ]iermit  us  to  liii|)e  that 
anthrax  in  man  and  the  domestic  animals  may  sometime 
Ik'  treated  by  serotherapy." 

It  is  fnrtlier  stated  thai  "  Freneh  skins,  sinee  Pastenriau 
inoculation  lias  been  employed  anionic  the  French  lloclis. 
have  been  found  rarely  to  cause  anthrax."* 

Uilliiiirs  says:  "  I'reventive  inoculation  seems  an  un- 
justiliable  attempt  in  anthrax;  tliat  is.  it  is  imjios- 
sible." 

ISell  makes  the  following  statement:  '"No  ellicient 
.sy.stem  in  relation  to  the  spread  of  anthrax  has  been  yet 
possible.  To  aeeoinplisli  this  en<l  there  shovild  be  a  care- 
ful separation  of  the  infected  ■wools,  hair,  hides,  rags, 
etc.,  at  tlieir  source,  often  in  distant  countries.  This  is 
manif<'stly  very  dillieult  to  accomplish."  fii  the  subse- 
([Uent  handling  of  the  materials  dining  the  processes  of 
preparation  and  manulacture,  every  ell'ort  should  be 
made  to  protect  the  \yorkers  from  the  dust  arising  from 
such  materials,  which  should  be  removed  by  air  drau.irht 
and  burned.  Sterilization  of  all  suspected  substances  by 
steam  under  moderate  pressure  has  been  found  u.sefiil  in 
the  treatment  of  other  infected  substances,  and  would 
doubtless  ])rovide  etlicient  protection  ag'ainst  the  disease. 
The  vapor  of  formalin  would  probably  be  destructive 
to  th"  germs  of  anthrax,  and  ]iossesses  tlie  special  adv.in- 
tage  that  the  texture  of  the  sus))ected  materials  is  not  in. 
juied  by  the  process, 

Fagge  says:  "The  system  of  ]iidpliyla\is  l)y  inocula- 
tion of  anthrax  virus  atteiuiated  liy  transmission  through 
snitalilc  animals  promises  im|)orlant  results,  and  its  study 
indicates  a  close  analogy  to  the  rebition  of  cowpox  to 
smallpox," 

Ti!E.\T,MF,.\T. — Xo  tre;itment  thus  far  known  is  of  any 
avail  in  malignant  pustule,  unless  it  is  employed  at  an 
early  stage  in  the  disease.  The  comiilete  destruction  of 
the  |)ustule  as  soon  as  its  nature  can  be  recognized  is  the 
oidy  measure  upon  wliicli  reliance  canbeplaced.  If  (his 
is  not  practicabh^  by  thorough  excision,  the  carbuncle 
should  be  divided  by  deep  incisions,  and  powerful  caus- 
tics should  be  thoroughly  a]iplied  (carbolic  acid,  nitric 
acid,  chloride  of  zinc,  bichloride  of  mercury,  or  the  hot 
iron).  This  mode  of  treatment  shoidd  be  emiiloyed  even 
when  the  disease  has  existed  three  or  four  days,  as  it  has 
the  power  of  destroying  large  numbers  of  bacilli,  and 
may  thus  be  sup])oseil  to  modify  the  virulence  of  the  dis- 
ease, and  possibly  to  allow  f)f  recovery  in  some  cases 
which  otherwise  would  end  fatally.  The  resulting 
wounds  should  be  treated  in  accordance  with  ordinary 
surgical  rules.  Internally,  the  treatment  should  embrace 
wine,  champagne,  colfee;  and  if  signs  of  failure  of  thi' 
heart  apjiear,  carbonate  of  ammonia,  camphor,  etc.. 
should  lie  ailded.f  Iftlii'  disease  has  been  induced  by 
the  use  of  intVetcd  meat,  a  proiii|)t  emetic  siiould  be  ail- 
minislereil,  followed  by  a  cathartic,  for  the  ]iurpo.sc  of 
removing  the  genus,  as  thoroughly  as  jjossible,  from  the 
alimentary  canal  before  general  infection  of  the  system 
occurs.  The  only  medicine  which  can  be  looked  uiion  as 
in  any  sense  a  speeitie  is  quinine,  of  which  1  to  3  gm. 
should  be  prescribed  in  twenty  four  hours,  and  it  may  be 
advanlageouslv  combined  with  carbolic  acid.  1  !im.  jier 
day, 

('arbolic  acid,  in  a  two  to  live  per  cent,  solution.  m:iy 
be  injected  into  the  diseased  lissnos  in  the  amount  of 
1  gm.  per  day. 

Strubellt  reports  a  most  interesting  case  of  recovery 
from  anthrax.     The  patiiait  was  a  tanner,  in  whom  the 

*Tlietetal  nmrlality  frmii  aiitlirax  auKiiig  iuocuiateit  aiiiiiials.  in- 
cludiiiir  tliat  [nun  the  iiiuculations.  was  0. tit  j>er<-ent.  for  slieeii  and 
0.,">4  [lercent.  for  cattle.  The  animal  loss  tiefore  protective  iiioi-iilation 
was  pnirtiseii  is  said  to  liave  heen  ahoiit  10  per  rent,  for  stieeji  and 
.'■>  per  cent,  for  <-attte.    ("  Iniriiiinity  and  S4'riini-'rht'rapy,"  lsii-'>.  p.  ii.'».i 

t  IpecacniiniiJi  locally  and  internally  tias  also  heen  Iiiirhly  iccoin- 
mendcd.  and  reports  of  recovery  from  its  use  have  been  pul>lislicd. 
Nncleinir,  iicid  li,is  also  yielded'  proinisinff  lesiitts  in  the  liands  of 
Vau^lian. 

tMiinchener  incd.  Woehensclirilt,  1898,  No.  18,  p.  VM. 
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point  of  inoculation  was  the  end  of  the  nose.  Owing  to 
the  seat  of  the  lesion  on  the  nose, — both  it  and  the  face 
gi'uerally  being  enormously  swollen, — and  to  the  serious 
general  condition  of  Ihe  pal  lent,  operative  treatment  was 
iiot  considered  advisable.  Treatment  by  subcutaneous 
injeclion  of  carbolic  iicid  in  tliree-|ier-cent.  solution  was 
commenced  in  and  around  the  seat  of  the  lesion,  and  into 
till'  enormously  swollen  and  o'dematinis  tissues  in  the 
neighborhood.  Thirty  I'r;ivaz  .syringefuls  were  injected 
daily,  thus  introducing  II.!)  gm.  jiure  carbolic  acid  daily  in- 
to the  tissues.  The  same  solution  was  also  injected  into  the 
arm  for  its  general  enVct,  and  the  lesion  was  kept  covered 
with  «/■//  //<//  lioultices,  as  were  the  iiarts  around  the  seat 
of  the  di.sease.  Stimulants  and  hot  baths  were  al.so  em- 
ployed. For  some  days  there  Wiis  no  apparent  change  iu 
the  condition  of  th(^  imtient,  but  afterward  gradual  im- 
provement could  !)(■  observed.  The  gangrene  did  not 
extend,  and  the  o'dema  of  the  face  anil  eyelids  became 
li'ss.  The  swelling  of  the  neck,  however,"  became  more 
marked,  and  tin;  number  of  injections  was  accordingly 
incri'asi'd  to  thirty-six  per  day.  I!y  the  enil  of  three 
weeks,  under  this  most  energetic  treatment  and  constant 
watclifulness,  further  exiension  of  the  disease  was  pre- 
vented. Only  one  small  glaial  at  the  angle  of  the  jaw 
siippuiiiti'd.  A  ragged  slough  with  fragments  of  adher- 
ent (issui'  was  separated  from  the  enormouslv  enlarged 
and  gangrenous  nose,  leaving  a  granulating  surface, 
which  (|Uickly  healed  without  leaving  a  visible  .scar. 
The  bacilli  of  anthrax  were  readily  found  iu  the  cxii- 
dalion  fmin  the  iirimarv  lesion,  but  cultures  from  the 
blood  iicvershowed  the  orgaiiisnis.  The  duration  of  the 
illness  was  between  live  and  six  weeks.  The  location  of 
the  primary  lesion  on  the  nose  has  not  been  previously 
reported,  and  this  ri'gion  is  not  adapti'd  for  the  operative 
treatment  of  the  disease.  During  eighteen  days  this 
patient  received  more  than  four  hundred  syringefuls  of 
threi'  percent,  solution  of  carbolic  acid,  but  dcv<-loped 
no  syinptoms  of  any  toxic  action  fidin  llie  drug.  'I'he 
urine  was  at  times  faintly  tinged. 

Tile  poultice  is  su]iposed  to  act  by  elevating  th<'  tein- 
lieratiire  of  the  tissues  to  a  dejith  of  1  to  2  cm.  to  such  a 
degrt'c  as  to  render  thein  unsuitid  for  the  growth  of  the 
anthiax  bacillus,  which  ciumot  liourish  at  :i  temperature 
much  idiove  that  of  the  huniiin  body.  Thus,  on  external 
surfaces  it  is  llieorctically  possible  to  exert  an  iuhibitory 
inlluence  upon  the  growth  of  the  anthrax  bacillus  by  the 
constant  a|iplicatioii  of  heat.  The  temperature  of  the 
])oultice  should  not  be  less  than  120'  to  130"  F.,  and  the 
ap])lica!ions  should  be  renewed  at  snflicienlly  fretpient 
intcrviils  to  maintiiin  nearly  this  degree  of  heat  in  the  tis- 
sues ;it  and  around  the  lesion. 

Schariiowski  treated  ji  series  of  twenty -eight  cases  of 
anthrax  by  subcutaneous  injection  of  c;irholic  acid,  wilh 
recovery  in  all  e;isi-s.  .\s  much  as  O.T  gm.  ]ier  day  has 
been  ri'ported  as  thus  injcitcd  at  one  time  without  toxic 
symptoms.  In  anthrax  it  seems  as  if  there  were  an  in- 
creased toleration  of  Ciirbolic  at'id.* 

The  constiint  use  of  ipeciicuanha  afti'r  excision  of  the 
local  lesion,  both  bv  the  mouth  and  by  ai>iilication  to  the 
seat  of  the  pustule,  has  been  followed  by  gratifying  re- 
sults in  inan_y  cases. 

In  ca.ses  in  which  the  limbs  are  the  seat  of  extensive 
O'dema  or  of  gangrene.  <lei'|)  incisions  should  be  made  to 
iillow  the  evacuation  of  the  abnorm;il  iirodncts.  and  anti- 
septic di'c.ssings  should  be  rigidly  ;idhcri'd  to  until  granu- 
lations have  formed. 

Increased  familiarity  with  anthrax  shows  a  striking 
similarity  to  other  diseases  dependent  ujion  the  introduc- 
tion into  the  animal  system  of  a  siiccitic  organism  of  bac 
terial  character,  and  tin'  probable  jn'odnction  of  a  speeitie 
toxin  as  the  result  of  tlie  )iliysiologic.-il  activity  of  the 
biicterial  germ.     From  the  results  obtained  iu  the  studv 


*  In  spcalvinff  of  the  use  of  carl)onate  of  creosote  in  pneumonia,  u 
comp()nnd  similar  in  many  ways  to  carlHtlic  acid.  Or.  .Andicw  H. 
Smith  says:  "Ttie  oi-casional  sinoliy  urine  does  not  imply  disintce'l':!- 
tion  of  hl<  Oft  corpuscles,  a.s  at  om'  time  snpposcfl.  but  is  ttie  result 
of  a  harmless  i-hemical  reaction,  and  may  lie  disrctrarded," — Medical 
News,  Uecemljcr  Hi,  1899.  p,  781. 
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of  other  specific  orjriinisms,  affecting  the  human  body  or 
that  of  animals,  it  would  seem  reasnnulile  to  liope  and 
expect  lliut  further  research  may  furnish  an  ellieient 
remedy  in  the  form  of  an  antitoxin  in  anthrax,  such  as 
has  been  obtained  in  resiiecl  tosomeollierof  the  bacterial 
infections,  particularly  Innnan  diphtheria.* 

The  discovery  of  such  an  antitoxin  l:as  not,  however, 
been  aimounced:  and  the  treatment  of  anthrax  must  still 
be  considered  as  largely  empirical  or  entirely  sympto- 
matic. This  will  var}'  aei'i:rding  to  the  seat  of  the  \ni- 
mary  lesion,  the  severity  and  rapidity  of  the  development 
of  tile  disease,  the  possibility  of  emi)loyin,!j;  etticient  reme- 
dies locally,  and  many  other  circumstances  which  will 
arise  in  each  individual  case. 

The  treatment  of  the  conditions  following  the  immedi- 
ate elfects  of  anthrax,  such  as  inflammatory  and  suppu- 
rative affections  of  the  lungs  or  of  other  organs,  should  be 
directed  by  the  considerations  and  principles  applicable 
to  the  treatment  of  similar  conditions  arising  from  otlier 
causes. 

The  only  practicable  jnophylactic  measures  which  are 
adapted  for  general  nse  among  those  subject  to  domestic 
visitations  of  anthrax,  are  to  prohibit  the  use  of  any  prod- 
uct or  part  of  diseased  animals:  to  protect  the  bodies  of 
infected  animals  from  tlies  and  other  insects,  and  to  bury 
them  as  early  as  possible  deeply  in  the  earth,  or  prefer- 
ably to  burn  them.  Care  shonhl  also  he  taken  that  none 
of  the  fluids  or  secretions  of  diseased  or  ih'ad  animals  be 
allowed  to  soil  tlie  stables  or  yards  where  they  have  been 
confined,  nor  to  cling  to  implements,  such  as  shovels, 
etc.  The  fseces,  being  loaded  with  bacilli,  should  be 
carefully  collected  and  buried.  All  stalls  and  stables 
visited  or  occupied  by  diseased  animals  should  be  care- 
fully disinfected  and  whitewashed.  Other  suitable  pre- 
cautions which  may  l)e  applicable  to  in<lividual  cases 
should  be  rigorously  carried  out,  as  the  best  safeguard 
against  the  sjiread  of  the  disease  among  human  beings  is 
to  control  it  among  the  lower  animals.  The  precautions 
to  be  oljserved  in  relation  to  infected  articles  of  com- 
merce— hides,  hairs,  wool,  rags,  etc, — have  been  men- 
tioned in  an  earlier  part  of  this  article. 

Albert  .V.  B/odgelt. 

The  literature  upon  tlie  sulj,iect  of  iiiithrax  is  very  large,  but  amonff 
the  most  valuable  euntributious  may  ttu  mfutioned; 

Heusinger:  Iiie  Milzbrandkrankheiteu  der  Thiere  u.  des  Menschen, 
Eriangen,  ISVt. 

Bollinger :  Art.  Milzbrand  in  v.  Zienissen's  Haudbuch. 

Waldeyer:  Virchovv's  Arch.,  Bd.  lii..  .S.  .541. 

Zuelzer:  Bert.  klin.  Wochenschiift,  1874,  No.  2."i:  also  in  Eulenburg's 
Realencyclopadie.  vol.  ii..  p.  079. 

Quain:  Dictionary  of  Mcdirint-.  p.  1302. 

Forbes  :  Intt-rnaiioiial  i:ii'\.inii:edia  of  Surgery,  vol.  i.,p.  2*.^. 

Holmes'  System  of  surgery,  vol.  y..  p.  467. 

John  Henry  Bell,  in  Alibutt's  system  of  Medicine  (eontains  a  valu- 
able list  of  references).  Traite  de  Medeciue.  Charcot,  Buchiu'd, 
Brissaud,  vol.  i.,  p.  riZi. 

Fagge  :  Principles  of  Practice  of  Medicine,  vol.  1.,  p.  3tJ7. 

Twentieth  Century  Practice  of  Medicine,  vol,  xv.,  art.  Anthrax. 

ANTHROPOMETRY.     See  n,rruitiiiri  SerrUnmiX  SIcull. 

ANTIARTHRIN  is  a  condensation  pi'oduct  of  tannic 
aeiil  and  saligenin,  one  of  the  decomiiositiun  products  of 
salicin.  It  has  been  found  by  Schaetfer  to  Ijc  of  value  in 
acute  and  chi'onic  gout  and  acute  rheumatism,  it  possess- 
ing the  advantages  of  not  dei'anging  the  stomach  and  n<it 
depressing  the  heart.  The  comjiound  is  very  unstable, 
and,  to  prevent  decomposition,  it  must  be  kcjit  diy  and 
free  from  adinixture  wifli  other  drugs.  Dose:  tiftcen 
grains,  from  three  to  six  times  a  day.         W.  A.  BituMn. 

ANTIDIABETINUM.— Glycosolveol,  A  name  applied 
to  a  series  of  thi'ee  niixlui-es  of  mannite  and  saccharin, 
each  mixture  having  a  definife  sweetness  in  proportion 
to  that  of  cane  sugar.  Antidiabetinum  No.  1  has  tla^ 
■same  sweetening  power,  No.  3  is  ten  times  as  sweet,  and 

*"  How  fart  bis  principhMvill  lie  found  capalileof  jjeneral  application 
in  infective  diseases  an<l  whelher  pallioloirists  will  be  successful  in 
discovering  the  ueeessury  modes  of  atfi'tuiatlon  and  cultivation  the 
future  will  show.  'I'he  outlook  is  ccrtainlv  most  hopeful." — Prof.  .1. 
A.  Lindsay :  Lancet,  December  3U,  18iW,  p.  171)9. 


No.  3  is  seventy  times  as  sweet  as  sugar.     They  are  used 
as  substitiites  for  sugar  in  diabetes.         IP.  A.  Baxtcdo. 

ANTIDOTES.— (Deriv..  ii-,  and  di,^uui.)  Antidotes 
are  remedies  which,  acting  mechanically,  chemicallj-,  or 
physiologically,  are  capable  of  combating  and  neutraliz- 
ing the  effects  of  poisons  on  the  system.  Tliey  may  be 
divided  into  three  classes,  according  to  their  mode  of  ac- 
tion: (1)  Tuechanical,  (2)  chemical,  and  (3)  physiological 
or  dynamic. 

1,  Meciianicai.  Antidotes. — The  functions  of  this 
class  are  the  removal  of  poisons  as  such  from  the  system 
and  the  mechanical  prevention  of  absorption.  In  this 
class  are  included  emetics,  stomach  tube,  cathartics,  in- 
jections, washes,  poultices,  ligature,  tourniquet,  etc. 

The  use  of  cnietirs  is  frequently  rendered  superfluous 
by  the  vomiting  induced  by  the  poison  itself  or  by  the 
diluent  drinks  already  administered.  AV'here  there  exists 
any  consideralile  C(^n■osi(ln  of  the  U'sophagus  or  stomach, 
or  severe  al)dominal  inflammation,  their  use  is  contra- 
indicated.  When  employed  tliev  .should  be  administered 
without  delaj',  anil  vomiting  should  be  carried  on  to  such 
completeness  as  circumstances  will  allow.  The  nature 
of  the  poison  in  each  particular  case  must  to  a  certain 
extent  govern  the  choice  of  the  emetic  to  be  prescribed. 
Thus,  common  salt  is  contraindicated  in  poisoning  by 
tartar  emetic  or  by  coiTosive  sublimate,  and  oilysuli 
stances  in  poisimingby  jihosphorus,  canlharides,  and  salts 
of  copper.  The  emetics  include  sulphate  of  copper, 
sulphate  of  zinc,  tartar  emetic,  ipecac,  emetin,  apomor- 
phine.  .soapsuds,  olive  oil,  melted  fats,  snuff,  etc.  In 
most  cases,  vomiting  may  be  induced,  encouraged,  and 
supported  bj'  tickling  the  fauces  with  the  finger. 

Sulphate  of  copper  may  be  administered  in  doses  of 
0.13  to  0.30  gm.  in  water.  Sidphate  of  zinc  is  a  very 
efficient  emetic  in  doses  of  1.0  to  2.0  gm.  in  S.'iO  gm.  of 
water.  Tartar  emetic  is  slow  in  action,  and  it  exercises 
,so  depressing  an  eft'ect  on  the  sj'stem  as  to  render  its  use 
inadvisable  when  emesis  can  be  otherwise  produced.  If 
administered  it  should  be  given  inO, Igm.  doses,  once 
or  twice  repeated  if  necessary.  Ipecac  is  best  given  in 
the  form  of  powder,  the  action  of  the  wine  and  of  the 
fluid  extract  being  too  uncertain.  The  powdered  root 
may  be  given  in  1  to  2  gm,  doses  in  warm  water,  or  it 
it  may  be  combined  with  tartar  emetic  in  the  proportion 
of  1  to  0,05  gm.  The  alkaloid  emetine  is  an  efficient 
emetic  in  doses  of  0.00.5  to  0.020  gm.  Apomorphine  is 
in  many  cases  the  only  emetic  possible  to  introduce, 
especially  when  there  is  resistance  or  trismus.  It  is  not 
only  a  very  powerful  emetic,  but  it  acts  with  great 
rapidity.  It  is  administered  by  subcutaneous  injection 
in  do.ses  of  0.004  to  O.OtO  gm.  The  common  household 
remedies,  salt,  mustard,  soapsuds,  etc.,  are  frequently 
of  great  assistance,  and  they  possess  the  advantage  of 
availability.  'Common  salt  is  effective  when  given  in 
the  proportion  of  two  tablespoonfuls  to  a  pint  of  water; 
mustard  in  doses  of  two  teaspoonfuls  in  a  cup  of  warm 
water;  snuff,  one  teaspoouful  in  warm  water  or  claret. 
Olive  oil.  soapsuds,  etc.,  require  no  especial  mention. 

It  freiiuently  happens,  especially  in  poisoning  by  nar- 
cotics, that  even  the  most  powerful  emetics  are  inopera- 
tive. In  such  cases  the  xtomnr/i  pump  is  a  very  valuable 
aid.  This  instrument  lias  cei-taiu  advantages  over  the 
emetics;  the  object  is  attained  more  quickly,  the  patient 
is  spared  the  weakening  effects  of  the  emetics,  and  fluids 
maybe  introduced  not  only  for  washing  out  the  st(miach 
Imt  for  their  chemic.-il  action  on  any  residuum  adherent 
to  the  stomach  wall.  Should  the  instrument  be  not 
readily  obtainable,  one  may  use  a  common  rubber  tube 
to  one  end  of  which  a  funnel  is  attached.  To  use  this 
very  excellent  substitute  is  a  matter  of  no  great  diffi- 
culty; introduce  the  free  end  into  the  stomach,  elevate 
the  other  end,  and  pour  water  or  other  fluid  through  the 
funnel  until  the  stomach  and  tube  are  full;  then  lower 
the  funnel  end  to  make  a  siphon,  and  allow  the  contents 
of  the  stomach  lo  escape  into  a  proper  vessel.  The  em- 
liloyinent  of  the  stomach  pump  is  not  permissible  when 
the  u'sopha.gus  and  stomach  are  corroded,  on  account  of 
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the  danger  of  perforation.  The  instrument  is  also  of 
no  value  wlicn  tlie  poisonous  substance  is  in  tlie  .solid 
form  au(i  in  larjje  pieces  (meat,  sausai^e.  cheese,  etc.). 

Cal/Kirtii:^  are  freciueutly  neeessary  when  the  poison 
has  iia.sseil  from  the  stomach  into  the  inlesline.  'I'liose 
in  most  eonunon  use  are  castor  oil,  croton  oil,  Kp.som 
salts,  senna,  etc.  Castor  oil  not  only  acts  as  a  calliarlic. 
but  protects  tlie  mucous  memhraiics  and  olislrucis 
absorption.  Its  use  is  conlraindicaled  in  |iliospborus 
and  euntharides  poisoning,  since  the  al)sorplion  of  these 
substances  is  materially  assisted  by  falsanil  oils.  Croton 
oil  is  valuable  by  reason  of  its  r.-ipid  and  powerful  acl  ion. 
It  is  best  aiven  in  pill  form  (bread  crumb)  in  (los<'S  of  one 
to  four  drops.  Sulphaleof  maL'nesium  in  doses  of  4  1o 
16  gm.  (3i-iv. )  is  recomnu'iidcd  in  chronic  lead  poi- 
soning', and  in  connection  with  certain  of  the  chemical 
antidotes  as  an  aid  in  the  removal  of  the  resulling  com- 
pounds from  the  alimentary  canal.  Gamboge,  crolon 
oil,  andotherdrastics  are  to  be  preferred  to  Ihe  calharties 
of  milder  action  in  narcotic  poisoning. 

The  other  physical  jmtidotes  above  mentioned  are  em- 
ployed a<-cording  to  the  circumstances  of  iiarticular  cases. 
Their  use  is  limited  almost  wholly  to  poisoned  wounds 
and  bites. 

2.  CiiEMicAi,  Antidotes. — These  constitute  the  class 
of  true  antidotes;  they  act  on  the  poisons  Ihenisclvcs 
rather  than  against  their  effects,  dilfering  in  this  res|iecl 
from  thedynamicorantagonisticantidotes.  Their  action 
depends  upon  their  property  of  imiting  chemically  with 
poisonous  substances,  thus  altering  their  chemical  and 
physical  character,  converting  soluble  absorbable  sub 
stances  into  insoluble  or  dillicultly  solulile  nun  .-iliMMb.-dili' 
eompomids,  or,  as  the  case  may  be.  into  coinpiiniids 
which  are  soluble  and  absorbable,  but  harmless.  Their 
use  is  restricted  to  tliose  cases  in  which  the  nature  of  llie 
poison  is  known.  Good  chemical  antidotes  should  be 
themselves  harmless,  even  in  large  excess,  easily  obtain- 
able, and  ciipable  of  rapid  action.  Their  em|)loymcnl 
shoulil  not  be  unnecessarily  delayed  nor  too  long  con- 
tiniK'd.  They  are  usually  administered  in  large  doses. 
since  it  is  asa  rule  impossible  to  determine  the  lU'ces.sary 
amoimt  with  any  exactness,  but  in  certain  cases  the 
amount  given  must  be  carefully  regulated,  on  accoimt  of 
the  solubility  of  the  resulting  compound  in  tin  excess  of 
the  antidote:  instances  illustrative  of  this  jioint  are  cn|)- 
per  salts  with  albmnin.  and  the  alkaloids  and  their  salts 
with  tamiin.  In  all  cases  the  new-fornii'd  comiiounds. 
especially  when  oidy  temporarily  insolul)le,  or  insoliilile 
only  in  the  stomach,  must  be  removed  by  appropriate 
means  with  all  possilile  despatch. 

Theantidotesof  this  class  are  divided  into  (./)  Organic. 
and  (b)  Inorganic. 

(n)  Or;/iniic  Chemical  Anddoles. — These  antidotes  are 
derived  from  the  animal  and  vegetable  kingdoms,  and 
include  substances  of  widely  diverse  character.  The 
most  impcH'tant  are  albumin,  milk,  gelatin,  ch.'ircoal, 
,soap,  tannin,  turpentine,  oils,  etc. 

First  in  importance  is  (////(/me'/f.  which  is  adapted  to 
very  general  use,  especially  against  the  inorganic  poi- 
sons. It  is  in  most  cases  very  easily  obtained,  it  never 
causes  of  itself  any  harm,  and  it  forms  more  or  less  in- 
soluble comiioimds  with  mf)st  metallic  salts  and  mineral 
acids,  Ortila  recommended  its  invariable  use,  even  on 
mere  suspicion  fif  poisoning.  It  is  best  administereil  in 
fairly  dilute  form,  the  whites  of  four  eggs  to  a  ipijirt  of 
lukewarm  water.  When  taken  in  snilieiently  large 
amomits,  it  not  oidy  tmites  with  the  poison  to  t'orni  in 
soluble  coin])onnds,  tjut  provides  a  iu'ote<'ting  co.ating 
for  the  miu-ous  membrane,  and  at  the  same  time  may 
induce  vomiting.  With  hydrochloric,  nitric,  and  s',d- 
phuric  acids  it  produces  eotigula  which  are  more  or  h'ss 
soluble  in  large  amounts  of  water;  with  phosphoric, 
acetic,  tartaric,  and  the  organic  acids  generally  (tanniit 
excepted),  no  precipitation  occurs.  With  the  corrosive 
alkalies  albumin  forms  soluble,  harmli'ss  compounds 
■when  given  in  co|)ious  draughts.  It  forms  insoluble 
albinninal<'s  with  the  alkaline  earllisand  solul)le  com- 
pounds w  ith  potassium  and  sodium.     The  alums,  tartar 


emetic,  and  compounds  of  arsenic  are  not  precipitated. 
Iodine,  brtnnine,  and  chlcjiine  unite  directly  and  in- 
timately with  the  antidote  to  form  harmless  compounds. 
Willi  phosphorus  its  action  is  very  limiled.  and  of  no 
especial  value  ex<'ept  as  a  dihient  drink.  The  [iresence 
of  any  large  excess  of  alkali  acts  in  general  to  prevent 
the  precipitation  <if  the  albumin  compounds.  The  pre- 
cipitates of  albuiinn  with  the  salts  of  the  lieavy  metals 
consist  either  of  a  compound  of  albumin  with  a  basic 
.salt,  or,  as  it  is  claimed,  of  a  mixture  of  Ihe  metallic  al- 
buminate with  a  compomid  of  albumin  and  Ihe  acid  of 
the  metallic  salt.  They  are  usually  solulile  in  acids  and 
alkalies,  tind  insoluble  in  excess  of  alliinnin.  Notable 
exceplions  arc  the  compounds  with  mercury  and  copper, 
which  are  soluble  in  a  considerable  excess  of  the  anti- 
dote The  compounds  with  salts  of  lead,  copi>er,  and 
zinc  are  easily  (lissolved  in  lactic,  acetic,  and  other  or- 
ganic acids,  and  in  free  alkalies.  In  the  case  of  sul- 
phate of  zinc,  however,  whidi  is  precipitated  only  in 
very  great  excess  of  the  antidote,  Ihe  precipitation  is 
hastened,  and  rendered  more  complete,  by  the  addilion 
of  a  small  amount  of  free  alkali.  Silvi^r  .salts  are  easily 
precipitated  ;  the  resulting  compounds ;ire  paiiially  solu- 
lile' in  cxci'.ss  of  connnon  salt.  The  preci]iitate  with 
corrosive  sublimate  is  easily  soluble  in  mineral  and  or- 
ganic acids,  comuKin  sail  an<l  similar  chlorides,  some- 
what soluble  in  sodic  phosph,-ite  and  in  large  excess  of 
tilbuinin.  The  ])recipitales  of  the  other  mercuric  salts 
are  less  soluble!  in  the  same  solvents;  the  mercurous 
salts  are  reduced  to  the  metallic  form.  Other  .salts 
with  which  allminin  unilesare  those  of  gold,  |)latinuni, 
zinc,  aniininiiy  (except  tartar  emetic),  and  iron.  Among 
tlie  organic  poisons  wliicli  unite eliemically  with  albumin 
are  creosote,  aniline  and  alcoli<ilic  ,solulionsof  most  of 
the  alkaloids. 

In  case  albumin  is  not  obtainable,  recourse  may  be  had 
to  w/7/.- as  a  substitute;  its  action  is  due  to  its  casein, 
albumin,  and  free  alkali.  Administered  lukewarii!  it  is 
veiy  valualile  in  poisoning  by  metallic  salts,  corrosive 
acids  and  alkalies  (es|iecially  ammonia),  and  the  alkaline 
earths.  Its  richness  in  fat  conlniindicates  its  use  where 
fatty  substances  are  to  be  avoided. 

The  value  of  (/ildtlii  as  an  antidote  to  many  metallic 
salts  would  be  greater  if  less  time  were  re(|uired  for  its 
preparation  in  a  suitable  form  for  administration.  It 
must  be  broken  up  into  small  pieces,  covered  with  water, 
and  allowed  to  soak  for  about  an  hour;  more  water  is 
then  .-iilded.  and  the  mixture  is  heated  with  constant 
Stirling  until  a  fluid  iif  the  consistence  of  honey  is  ob- 
tained. Its  chief  value  is  in  poisoning  by  iodine,  bro- 
mine, and  the  alums. 

Tmiiiiii.  and  substanci'S  containing  it,  acl  as  efficient 
antidotes  to  many  of  Ihe  organic  and  inorganic  poisons. 
Tannin  forms  more  or  less  insoluble  compounds  with 
ni:uiy  metallic  salts,  but  it  cannot  be  considered  as  equal 
to  albumin  in  elliciency  as  an  antidote  to  this  class  of 
poisons.  Tartar  emetic  is.  however,  a  notable  exception 
since  it  is  unalfected  by  albumin,  but  rendered  harmless 
by  tannin,  with  which  it  forms  an  almost  insoluble  com- 
pound. Tannin  has  considerable  value  as  an  antidote 
to  the  vegetable  poisons;  it  precipitates  the  alkaloids  and 
llieir  .sivlls.  and  forms  conipounds  which  arc  dissolved 
only  with  ditliculty.  These  eonipoimds  are  of  theni- 
scdves  poisonous,  and  hence  must  be  removed  from  Ihe 
system  as  soon  as  possible  by  emetics,  drastic  purges,  or 
the  stomach  tube  Tannin  may  lie  given  in  do.ses  of  0. 1 
to  0.3  gin.  in  t  wo-iier-ceiit.  solution  every  ipiarler  of  an 
hour.  Combined  with  about  one-tenth  of  its  weight  of 
iodine  its  effect  on  the  vegetable  ])oisons  is  very  much 
in(;reased.  Should  tannin  itself  be  not  easily  obtained, 
decoctionsof  substances  containing  it  may  be  substituted. 
Among  the  largi-  number  of  these  may  be  mentioned 
tea,  coffee,  oak  bark,  willow,  cinchona  bark,  nutgalls, 
kino,  rhatany,  and  eale<hii. 

Siiijiir  has  been  recommended  in  ]ioisoning  by  the 
alkaline  bases,  with  which  it  is  supjiosed  to  form  su- 
crates.  It  has  also  been  recommended  in  poisoning 
by  ,snlts  of  copper,  but  just  what  value  it  possesses  in 
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such  cases  would  l)e  difficult   of  detormination.     It  is 
porluips  safe  to  say  that  its  vahie  witli  copper  salts  is  nil. 

(tils  possess  more  or  less  vaUie  in  iioisoiiini!:  by  cor- 
nisive  ullialios,  metallic  oxides  and  sails,  corrosive  acids, 
and  carliolic  acid.  They  may  be  adiiiiuistered  aloue  or 
with  h<it  water.  (Coulraiiidicated  by  phosphorus  and 
cantharides.)  With  the  caustic  alkalies  they  tinite  to 
form  soaps  with  liberation  of  ,i;'lyceriu.  Their  action  is, 
however,  slow,  aud  they  are  on  this  account  of  less  value 
than  the  organic  acids  in  poisoning  l',\'  alkalies.  They 
are  also  inferior  in  value  to  albumin  in  the  treatment  of 
poi.sonin,!;  by  metallic  .salts.  Tlie  oils  most  connnonly 
used  as  antidotes  are  olive,  cotton  seed,  linseed,  and 
almond  :  also  meltetl  butter  and  lard. 

Starch  in  the  form  of  paste  (one  part  of  starch  to  ten 
or  twenty  of  water)  is  a  suitable  antidote  to  iodine  and 
liromine.  with  which  it  forms  intimate  aud  almost  harm- 
less compounils.  Its  allinity  for  iodine  is  less  than  that 
of  albumin,  and  the  latter  is  preferable  when  obtainalile. 
It  has  s<iuie  value,  but  liy  no  means  as  nnuii  as  alliumin, 
in  the  treatment  of  ]ioisoiiing  by  corrosive  acids,  coi-- 
rosivc  sublimate,  sidphate  of  copper,  aud  sulphate  of 
zinc. 

Miirilaf/e.  and  nmcilaginous  drinks,  thou.a'h  e.\ertiug 
more  or  less  chemical  action,  are  administered  cbielly  as 
protectives  a,gainst  corrosion.  They  are  best  made  from 
gum  arabic,  which  is  rubbed  up  with  water.  Mucilage 
in  copious  draughts  has  been  reconunende<l  specially  for 
the  treatment  of  poi.soning  by  salts  of  bismuth. 

The  use  of  iiiypentiiie  as  an  antidote  is  confined  ex 
clusively  to  poisonin.g  b_y  i>hosphorus,  a,gaiust  which  it 
is  beyond  question  the  most  valuable  remedy.  To  be 
capable  of  acting  beneficiallj'  it  must  contain  oxygen, 
which  it  absorbs  with  age.  Wlien  needed,  it  shoidd  be 
given  with  all  despatch,  either 'alone  or  in  hot  water,  in 
doses  of  about  one  hundred  times  the  supjiosed  amount 
of  phosphorus  ingested. 

Charcoal.  In  addition  to  its  power  of  absorbing  gases, 
freshly  prepared  animal  charcoal  has,  according  to  many 
writers,  consideralile  antitlotal  value  in  jioisoning  by 
metallic  salts,  iibosphorus,  and  many  of  the  alkaloids. 
Many  consider  its  value  to  be  restricted  to  its  protective 
influence  on  the  walls  of  the  stomach.  The  latter  view 
would  seem  to  be  the  more  reasonable,  especially  when 
one  considers  that  the  antidote  enters  into  no  fixed  com 
pounds  with  mineral  or  vegetable  jioisons.  Whatever  its 
action  on  the  poisons,  however,  it  cannot  be  denied  that 
their  effects  are  postponed  and  considerably  slowed.  It 
may  be  administered  in  repeated  doses  of  about  a  table- 
spoonful,  in  water,  with  or  without  sugar. 

Whatever  value  it  has  as  an  antidote  is  possessed  also 
by  wood  charcoal,  though  in  a  lesser  degree. 

S(M]i  dissolved  in  warm  water,  and  in  this  form  admin- 
istered by  the  cupful  at  intervals  of  a  few  minutes,  is 
very  useful  in  poisoning  by  acids  and  metallic  salts, 
especially  corrosive  sublimate,  bichromate  of  potassium, 
and  salts  of  tin  and  zinc.  In  contact  with  inorganic 
acids  the  alkaline  stearates,  palmitates,  etc.,  are  decom- 
posed with  the  liberation  of  the  fatty  acids  and  the  union 
of  the  alkali  of  tlie  soap  with  the  acid  against  which  the 
influence  of  the  remedy  is  directed.  The  same  result 
obtains  with  the  metallic  salts,  except  that  the  metal 
forms  comjiounds  with  the  fatty  acids.  This  antidote  is 
preferable  to  tlie  caustic  alkalies,  since  it  exerts  of  itself 
no  corrosive  inttueuco;  it  is,  however,  mueli  inferior  in 
value  to  alliiunin  in  most  cases. 

{b)  Iiiiiriiaiiic  Chemical  Antidntex. — In  the  administra- 
tion of  this  class  a  more  or  less  exact  knowledge  of  the 
tiatiire  of  the  poison  is  even  more  necessary  than  for  the 
exliibition  of  tlie  organic  class.  The  altem|its  which 
liave  been  made  to  compound  a  universal  antidote  which 
would,  of  course,  lie  eijually  valuable  with  or  without 
the  knowledge  of  the  nature  of  the  ]ioison.  are  very 
numerous,  but  such  an  antidote  has  not  been  as  yet.  and 
it  is  safe  to  sa.v  never  will  be,  discovered.  These  at- 
tempted general  remedies  have  in  most  cases  consisted 
chiefi.v  of  substances  belonging  to  the  class  now  under 
consideration,  and  sevwal  of  them  are  of  considerable 


value,  especially  when  the  nature  of  the  poison  is  un- 
known. One  of  the  number  consists  of  equal  parts  of 
magnesia,  oxide  of  iron,  and  wood  charcoal;  it  may  be 
administered  freely  in  moderately  large  amounts  of 
water.  Another,  suggested  by  Jeannel,  consists  of  3 
jiarts  of  calcined  magnesia,  1  jiart  of  washed  animal 
charcoal,  20  parts  of  water;  when  administered  it  is  to 
lie  mixed  with  2.5  parts  of  ferrous  sulphate  solution 
(specific  gravity,  ].4.'>())  and  well  .shaken.  Given  in 
doses  of  a  wineglassful  it  is  itself  harmless,  and  may  be 
productive  of  much  good.  When  the  nature  of' the 
l)ois(m  is,  however,  known,  and  an  antidote  of  the  in- 
organic class  is  indicated,  the  appropriate  remed}'  is  usu- 
ally exhibited  unmixed  with  other  than  inert  substances 
(vehicles,  diluents,  etc.).  The  antidotes  of  this  sub- 
division include  the  following: 

Adtls.  The  acid  antidotes  belong,  strictly  speaking,  to 
botli  the  .subdivisions  (a)  and  (/>),  since  they  include  both 
<irganic  and  inorganic  conqiounds.  The  organic  acids 
indeed  are  the  ones  most  commonly  used,  yet  for  con- 
venience' .sake,  and  on  account  of  other  obvious  con- 
siderations, it  would  seem  not  inajipropriate  to  consider 
both  kinds  together,  with  the  single  exception  of  tannic 
acid,  wliich  is  of  sufficient  importance  to  be  classed  alone. 
Their  principal  use  is  in  dilute  form  as  neutralizing 
agents  in  poisoning  by  the  alkalies  and  alkaline  car- 
bonates. For  this  purpose  the  most  commonly  used 
are  acetic  (vinegar),  citric  (lemon  juice),  and  tar- 
taric. Very  dilute  sulphuric  acid  (one  per  cent.)  is 
u.sed  as  a  prophylactic  against  painter's  colic,  and 
also  in  the  active  treatment  of  poisoning  by  solulde 
salts  of  barium  and  lead,  with  which  it  forms  in- 
soluble sul]5hates.  The  vegetable  acids  are  employed 
also  dynamically  in  the  after-treatment  of  narcotic 
poisoning. 

Aiiintiiiiia  as  an  inhalation  is  valuable  in  poisoning  by 
chlorine,  bromine,  vapors  of  corrosive  acids,  hydrocyanic 
acid,  and  nitrobenzol.  It  is  best  to  dilute  the  remedy 
very  considerably  in  order  to  lessen  the  pungency  of  the 
vapor. 

Sodium  and  potaminm  carhonaten  in  dilute  form  maj' 
be  used  as  neutralizing  agents  in  jioisoning  Iiy  acids,  in 
the  treatment  of  which,  however,  they  are  less  valuable 
than  the  carbonate  of  magnesium,  since  they  are  less 
easily  tolerated  by  the  stomach.  Their  employment  is 
still  further  prejudiced  Viy  the  fact  that  in  large  doses 
they  may  cause  more  or  less  injurv.  The  mildest  in 
their  effects  are  the  bicarbonatcs,  which  are  at  the  same 
time  the  more  easil.y  obtained.  Their  use  as  antacids  is 
sometimes  accompanied  by  the  development  of  such  an 
amount  of  carbonic  acid  as  to  cause  distress  by  distend- 
ing the  stomach.  They  are  contraiudicated  in  poisoning 
by  oxalic  acid  with  which  they  form  conqiounds  equally 
dangerous.  Besides  their  function  as  antacids  they  may 
be  used  very  advantageously  in  poisoning  by  iodine  anil 
hromine,  with  which  they  form  harmless  salts.  Bieliro- 
mate  of  potassium,  when  treated  with  alkaline  carbonates, 
is  converted  to  the  neutral  chromate.  The  majority  of 
]ioisonous  metallic  salts  may  be  decomposed  by  the 
bicarbonatcs,  the  resulting  products  being  basic  car- 
bonates and  hydrates,  which  are  insoluble  in  excess  of 
the  reagent.  They  are  recommencUd  ]iarticularly  in 
poisoning  by  the  salts  of  zinc,  which  are  iu<'cipitated 
only  incompletely  iiy  alliumin  in  large  amounts;  these 
salts  are  immediately  dceom)iosed  by  the  bicarbonatcs 
\vitli  which  they  form  insoluble  basic  carbonates. 

Ihjdrate  and  carbonate  of  calcium  (lime  water,  chalk, 
eggshells,  pounded  oyster  shells,  etc.).  These  com- 
pounds are  efficient  antidotes  in  jioisoning  by  the  acids, 
both  mineral  and  organic.  They  have  especial  value  in 
lioisoniiig  by  oxalic  acid  and  the  acid  oxalates,  which 
sub.sl-ances  they  not  only  neutralize,  but  convert  to  in- 
■soluble  calcic  oxalate.  The  sucrate  of  calcium  lias  also 
been  reeoinmcnded,  but  it  |)ossesses  no  particular  ad 
vantages. 

The  hi/dratc  and  carbonate  of  moffiiemum  are  beyond 
(lucstion  the  mo.st  elficient  and  valuable  antidotes  to  the 
aciiis  and  acid  salts.     Whenever  possible  it  is  advissible 
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to  administer  tlicse  prcpiiiations  in  preferpncf  to  tlip 
otluT  antacids  already  nienlii)iied,  except  willi  oxalic 
acid  and  the  acid  oxalates.  In  llie  absence  of  the  cal 
ciuni  jjreparalions,  however,  they  may  be  ]iro(hietive  of 
very  !;dod  results  in  the  Ireatnieni  of  oxalic  poisoninir, 
tlu-  resnltin.u'  oxulali'of  nuiijnesinm  lieiiijr  very  nearly 
insohdjle.  They  are  superior  iu  value  to  the  carbonate's 
•of  sodium  and  potassiinn  in  ])oisonin<r  by  bromine, 
iodine,  and  bichromate  of  potassium.  The  hydrate  was 
recointnende<l  by  iMundcd  as  early  as  18()S  as  an  antidote 
to  arsenic,  and  by  (jiaf  and  Uerzelius  in  1S14  as  an  anti- 
dote to  arsenic  ami  inereury.  By  Paulus  and  Sehuehar<l 
it  was  recommended  a.nainst  corrosive  sublimate  and 
other  metallic  salts.  It  has  been  reeonunended  also 
ajrainst  ivhosphorus,  especially  in  connection  with  the 
liypoehlorite.  In  contact  with  .solutions  of  metallic  salts 
its  action  is  to  precipitate  the  correspondin";  oxides  or 
basic  salts.  With  the  arsenic  acids  it  eond)ines  to  form 
compounds  which  are.  almost  completely  insoluble  in  the 
alimentary  canal. 

The  so-called  ma.<ii)esia  of  the  apothecaries  is  a  com 
poundof  maiCiK'sh'  carlionate  with  nuiirnesic  hydrate  and 
water,  or  a  basic  carbonate  fif  magnesium.  This  sub 
stance  wh<-n  gently  heated  i)arts  with  its  water  and  ear 
bonic  acid,  leaving  a  residue  of  calcined  magnesia,  which 
is  slightly  soluble,  and  which,  when  mixed  with  about 
twenty-live  tiines  its  w<-iglit  of  water,  becomes  gelatin- 
ized, and  is  then  in  the  iirojKT  form  for  antidotal  use. 
In  the  ])rocess  of  caleim'ng  it  is  essential  that  the  tem- 
perattu'e  be  ke])t  as  low  as  possil.)le,  since  when  i)repared 
at  a  high  temjierature  it  losesits  |]roperty  of  gelatinizing 
with  water.  The  hydrate  may  be  iirejiared  by  i)reelpi 
tating  a  solution  of  sulphate  of  magnesiiun  with  .soilic 
hydrate  free  from  carbonate.  Tln^  precipitate,  after  be- 
ing well  washed,  may  b(^  dried  out  of  contact  with  the 
air  at  a  temperature  below  100'  C. 

In  the  administration,  in  ca.se  of  jmisoning  by  arsenic, 
the  preparation  made  from  pure  calcined  magnesia  with 
twenty  five  limes  its  weight  of  warm  water  may  lie 
given  in  doses  of  about  4")  to  (iO  gm.  (3  iss.  to  ij.)  at 
short  intervals,  then,  after  a  few  doses,  at  longer  inter- 
vals, until  tin;  immediate  symptoms  (ILsajipear,  aixl  the 
magnesium  a])pears  abundantly  in  the  fipces.  A  large 
excess  can  do  no  harm ;  it  acts,  indeed,  beneficially  l)y 
stimulating  catharsis.  In  the  administration  of  the  com- 
pounds of  magnesium  for  their  aiilacid  effects  it  is  well 
to  give  a  considerable  exces.s,  which  is  tolerated  without 
difiieulty. 

Siiliiliiitrs  of  miifii)f.v>nn  anil  noiliuiii  (E])som  and  Glau- 
ber's salts)  have  especial  value  in  jioisoning  by  soliilile 
salts  of  barium  and  lead.  The  removal  of  the  insoliilile 
sulphates  xvhich  are  lirecijiitated  is  materially  aided  by 
the  cathartic  action  of  the  excess  of  the  antidote.  Their 
administration  maybe  contimied  until  ])ur,iring  occurs  or 
until  the  symptoms  abate  or  disappear. 

Chhn-iili'  of  Hoiliiiiii.  (vmumim  .salt)  is  perhajis  the  best 
antidote  to  the  soluble  salts  of  silver.  It  should  lii'  given 
insomewhat  dilute  soliu ion.  since  concentrated  salt  solu 
fion  will  dissolve  considerable  amounts  of  ehloriile  of 
silver.  By  some  writers  albumin  iseonsidered  jjreferable 
to  salt;  by  others  it  is  recommended  to  give  both  to- 
gether;  and  by  still  ofhers  to  administer  both  sin.gly, 
the  albundn  following  th(^  salt. 

I''rrr<ir;iinii(le.  i/f  jiolnmii/iin  forms  insoluble  or  ditTicultly 
soluble  compounds  immediat<'ly  on  addition  to  solutions 
of  many  s.alts  of  the  heavy  metals.  It  is  in  itself  a  com- 
paratively harmliss  substance;  in  large  doses  it  may 
cause  marked  dizziness.  it  is  especially  valuable  in 
poisoning  by  salts  of  copper,  in  the  treatment  of  whi<h 
Orfila  found  it  to  give  as  good  results  as  are  obtained 
with  albtimin.  It  is  not.  however,  to  be  preferred  to 
the  latter,  which  is,  if  only  e(|ual  in  efliciency,  certainly 
more  easily  obtained.  The  f<>rrocyanide  may  be  given 
in  repealed  dos<'S  of  3  to  .")  gm.  in  wati.-r. 

Chlorine.     The  value  of  chlorine  is  considerably  less 
ened   by  its  very  irritant  cfTects  on  the   mucous  mem 
branes.       It    may    be    used    externally   in    the    form    of 
chlorine  water,  hypochlorite   of  sodium  (Labarraque's 


fluid),  or  hypochlorite  of  potassium  (eau  de  Javelle),  as 
a^  wash  for  snake  biles  and  other  poisonous  wounds. 
The  abovi-named  |u<'parations  maybe  used  in  dilute 
form,  both  internally  and  as  s|irays "for  inhalations;  in- 
lei-nally,  in  poi.soning  by  alkaloids  and  ve.iretablc  and 
animal  jioisoiis;  as  inhalations,  in  poisoning  by  coal  gas 
(carbonic  oxide),  ammonia,  phosjihoretted  hydrogen, 
sulphuri-tled  hydrogen,  and  i)russie  acid. 

Chlorine  water  may  be  administered  internallv  in  doses 
(if  -i  to  10  gm.  (ii.'to  iv.)  lar.u-ely  dihUed;  as  a  spray 
for  inhalation,  a  solution  of  five  to  ten  drops  in  water. 
The  hypcK-hlorites  of  |)otassiuni  and  sodium  may  be  ad- 
ministered in  do.ses  of  4  to  «  gm.  (  3  i.to  ij.),  well"  diluted 
with  water. 

hiil'uit  po.ssesses  considerable  valiK-  in  the  tri'atuK'nt  of 
poisoning  by  the  alkaloids  and  their  sails,  by  other 
vegetable  poisons,  and  by  snake  bites.  It  uniies  with 
most  (if  the  alkaloids  lo  form  compounds  which  are  in- 
solulile  in  water  and  dilute  acids  but  are  deeompo.sr-d  by 
the  caustic  alkalies,  alkaline  carbonates,  and  strong  acids. 
The  compounds  of  the  vegetable  poisons  with  iodine  are 
possessed  of  more  or  less  poisonous  pro]ierties,  and  are 
therefore  lo  be  expelled  from  the  sy.stem  by  apiiropriate 
means;  they  are,  of  course,  much  less  poisonous  than  the 
(im-e  bases.  Since  iodin(!  is  itself  a  very  energetic  poi- 
son, it  must  be  given  in  very  dilute  form".  The  prepara- 
tion reeonunended  by  I'xiuchardat.  and  by  him  considen^d 
parlictdarly  ell'ective  against  the  vegetable  jioisons,  con- 
sists of  iodine,  O.'JO  gm. ;  iodide  of  iiotassium.  'i  gm. ; 
and  distilled  water,  .'iliO  gm,  ;  the  dose  is  from  .">()  t()  100 
gm.,  Ife(|uently  re|ieate(l  according  to  eireimistanees. 
Iodide  of  Iiotassium  is  much  used  as  an  antidote  in  the 
elimination  of  leadand  mercury  from  thesystem  in  cases 
of  chronic  poi.soning. 

Iiibron's  antidote  tothe  iioison  of  serpents  isannxlure 
of  iodide  of  potassium.  O.OHi;  coi'rosive  sublimate,  0,i;{(); 
and  bromine,  30  gni.  Given  in  good  season  and  in 
repeated  doses  of  ten  drops  in  wine  or  brandv,  it  has 
been  proved  lo  be  elTectual. 

//(//«/,v«;yy//;7,' ,,/'.v„r//«»,  in  (iiises  of  1  gm.,  well  diluted 
and  freipiently  repeated,  is  valuable  in  iioisonin.g  by 
bleaching  powder  (hy]ioehlorile  of  calcium,  '■chloride  (>f 
litne  "),  ],al)arra(|ue's  lluid  (hypochlorite  of  sodiinu),  and 
.lavelle  water  (hypochlorite  of  potassium).  Its  aclioii 
is  to  reduce  the  hy|i(ielilorltes  lo  chlorides,  itself  tinder- 
going  oxidation  to  the  sulphate. 

Siiliihnnltcil  liiiilmiirn  has  been  reeonmiended  as  an 
antidote  tojirseniuretted  hydrogen,  but  itseflicacy  is  yet 
to  be  |iroveu. 

Iron.  The  hydrated  scs(|iu(i\ide  of  iron  is  the  most 
ellieient  antidote  to  arsenic  when  the  latter  is  ingested 
in  soluble  form.  It  was  first  recommended  in  this  con- 
nection in  1S:!4  by  Bunsen  and  Herlhold.  who  jiroved  its 
eHiciency  by  nuincrous  ex]icriments  on  dogs  and  other 
animals.  VVIlh  arsenious  anhydride  (while  arsenic)  it 
forms,  according  to  Bunsen.  a  basic  arsenite  of  iron, 
which  is  liiitsli.ghlly  .soluble  in  the  fluids  of  the  di.gcstive 
tract,  but  w  Inch,  on  account  of  its  not  impoisonous  char 
.Meter,  must  be  removed  from  the  body  with  all  desiiateh 
by  promptly  acting  cathartics.  By  later  writers  the 
compound  which  is  formed  is  considered  to  be  a  ferrous 
arseniate.  Tlu^  union  with  arsenic  is  very  complete:  if 
an  amount  of  the  antidote  representing  ten  parts  of 
lerrie  oxide  be  added  to  one  jiarl  of  arsenic,  the  tiltrate 
will  not  reve.al  even  a  trace  of  the  poison.  In  addition 
to  its  combining  action,  it  itossesses  a  certain  value  as  a 
lirotection  to  the  stomach  and  intestines  against  the  in 
jurious  local  effects  of  the  poison.  Willi  the  arsenic 
anhydride,  and  the  arsenious  and  arsenic  salts,  the  union 
is  very  limited,  even  with  very  large  excess  of  Ihe  anti- 
dole;  the  effect  is  much  increased  by  the  addition  of  a 
small  amount  of  ammonia  or  other  caustic  alkali  In 
Iioisonin.g  by  Ihe  arseiiites  and  arseniates  a  nnxlureof 
till.'  hydrated  ses()ui(ixide  with  basic  acetate  of  iron  is 
more  cfTcctive.  The  hydrated  ses(pii(ixide  is  easily  pre 
pared  by  adding  ammonia  water,  sodic  or  |Mitassic 
iiydrate.  S(i(li(;  or  inagnesie  carbonate,  lo  a  solution  of 
feriic  chloride  or  suliihate,  or  to  llie  tincture  of  the  chlo- 
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ride  (linctura  ferri  chlorkli).  The  precipitate  is  tlioi- 
oiifflily  uuslu'il  and  then  mixed  with  a  lalhcr  lai'se 
amount  (if  water.  The  direetioiis  iif  Bmiseii  and  Berlli- 
i)ld  for  it.s  pn-paration  are  to  add  a  small  anioimt  of 
sidphurie  acid  to  a  sohuion  of  IIX)  gm.  of  ferrous  std 
jihate,  then  iiilrie  aeiil,  and  lioil;  when  cold  add  an 
excess  of  ammonia  water,  filter  and  wash,  and  nii.x  the 
jirccipitate  with  000  gm.  of  water.  It  is  rather  better, 
iiowever,  to  obtain  the  antidote  by  thi'  addition  of  car- 
bonate of  maenesimn  to  a  solution  of  ferric  sulphate 
and  avoid  lillerinsj  and  washing;  one  of  the  products 
of  this  operation  is  sulphati'  of  magnesium,  which  adds  to 
the  value  of  the  antiilote  by  virtue  of  its  cathartic  action. 

Since  the  freshly  prepared  hydrated  sesquio.xide  un- 
dergoes gradual  changes  which  lessen  its  effectiveness 
in  a  very  material  degree,  it  is  advisable  when  possible 
to  prepare  it  as  occasion  demands.  The  stability  is  in 
direct  [iroportion  to  the  care  in  preparation  and  the 
purity  of  the  iron  salt.  Since  all  warming  is  to  be 
avoided  in  the  preparation,  the  solutions  used  must  be 
considerably  diluted.  If  the  antidote  is  to  be  preserved 
for  cases  of  emergency,  it  is  best  kept  iuacold  place  and 
well  stoppered. 

In  the  administration  of  this  antidote  there  are  certain 
points  which  are  to  be  kept  in  mind ;  the  poison  should 
be  removed  from  the  stomach  as  completely  as  possible 
by  emetics  or  the  stomach  tube;  the  antidote  should  be 
freshly  prepared  if  possible,  and  should  be  given  hike 
warm  and  in  large  doses  (30  to  tjO  gm.)  at  first,  at  inter 
vals  of  about  ten  minutes,  and  later  at  longer  intervals, 
until  the  symptoms  disappear  and  iron  appears  in  the 
stools.  It  is  perhaps  needless  to  say  that  treatment 
should  be  begim  as  soon  as  possible.  It  is  well  to  follow 
'  up  the  treatment  with  an  active  cathartic,  on  account  of 
the  poisonous  character  and  .slight  solubility  of  the  re- 
sulting compound.  It  has  been  well  shown  experiment- 
ally by  SclirofF,  that  when  the  latter  substance  is  itself 
administered  to  animals,  arsenic  may  be  detected  in  the 
urine. 

Basic  acetate  of  iron,  dialy/.ed  iron,  and  saccharated 
iron  (ferrum  o.xydatum  saccharatum  solubile)  have  been 
used  with  varying  success  in  poisoning  by  arsenic  and 
ar.senious  com])ouuds. 

Iron  filings  and  reduced  iron  have,  it  is  claimed,  been 
tised  with  good  cft'ect  in  iioisoning  by  salts  of  gold, 
mercury,  copjier,  and  other  metals.  Dose,  3  to  10  gm. 
frequently  repeated.  Suljihide  of  iron  has  been  pro- 
posed as  an  antidote  to  mercury,  lead,  antimony,  eoi)per, 
gold,  platinum,  tin,  arsenic,  and  other  metallic  salts,  but 
its  value  is  not  proven. 

Carhnnnte  of  ruppiv  in  repeated  doses  of  0.2.5  to  0..50 
gm.  with  sugar  and  water  has  been  recommended  in 
acute  phosphorus  poisoning,  following  an  emetic.  It  is 
supposed  to  act  upon  the  particles  of  phospliorus  in  such 
a  way  as  to  ju'event  tlieii-  solution  liy  f\nnishing  them 
first  with  a  layer  of  phosphide  of  copper,  and  later  with 
one  of  the  metal  itself.  Its  use  is  to  be  preceded  and 
followed  by  emetics. 

3.  The  PtivsioLOGRAi,  on  Dyna.viic  Antidotes  are 
remedies  employed  to  combat  the  symjitoms  or  after- 
effects, and  to  neutralize  the  effects  of  jioisons  after  ab- 
sorption into  the  system.  As  their  name  implies,  they 
do  not  act  on  the  jioison  themselves  chemically,  me- 
chanically, orotherwi.se.  Consideration  of  lln' individual 
members  of  this  class  is  beyond  the  scope  of  this  article 
and  conies  more  proiierly  under  the  head  of  therapeutics. 

Oliiirli'!^  Hdrrington. 

ANTIDYSPEPTIC    AND  TONIC  SPRINGS.  — Notto. 

way  County,  Virginia. 

Post-Office.  ^^Burkeville. 

Access. — Via  Norfolk  and  Western  liailroad.  thence 
one  half  mile  to  springs.  Small  hotel  and  boarding 
houses. 

These  springs  are  located  in  a  fine,  salubrious  region 
about  ."iBO  feet  above  the  sea  level.  They  are  two  in 
mnuber,  the  flow  from  the  main  spring,  No.  1,  being 
about  240  gallons  per  hour.     The  water  was  analyzed 


in  1890  by  Prof.  E.  T.  Fristoe,  of  the  Columbian  Uni- 
versity, with  the  following  results: 

One  Unitkd  States  Gallox  Contains: 
Solkls.  Grains. 

Sodium  hydrate  (?) 0.,5I 

Sodium  ('blonde 0.28 

Magnesium  chloride 0.20 

Magnesium  earbuuatc 0.94 

Majiuesiuni  sulptiale 1.30 

Calcium  sulphate 0.46 

Iriiu  o.xldc Traces. 

Aluminum 0.16 

Lithium Traces. 

Calcium  carbonate 1.65 

Nitric  acid Traces. 

Oiiianic  mjilter Traces. 

Sulphuric  acid Traces. 

Phosphoric  acid 0.78 

Silica 1.89 

Total 8.17 

Free  carlwnlc  acid  gas,  large  amount. 

The  acids  and  elements  expressed  in  the  table  are  un- 
doubtedly in  combination.  The  water  has  an  extensive 
reputation  in  the  tivatment  of  dy.spepsia  and  intestinal 
disorders.  It  is  believed  to  possess  useful  properties  as 
a  tonic.  It  may  be  classified  as  a  light  sulphated  saline. 
The  water  of  Spring  No.  3  contains  about  ten  grains  of 
solid  matter  per  United  States  .gallon,  including  enough 
iron  to  make  it  a  valuable  chalybeate.  It  is  warmly 
recommended  as  a  ferruginous  tonic.  These  waters  are 
bottled  and  sold,  being  shi]iped  to  any  desired  point. 

/.  K.  Crook. 

ANTIKAMNIA  is  a   proprietary  name  for  a  whitish 

powdei'  w  liich  is  claimed  by  the  makers  to  be  a  mixture 
of  coal  tar  proilucts,  and  found  by  various  analyses  to 
contain  acetanilid  and  sodium  bicarbonate,  with  or 
without  caffeine.  Its  dose,  as  an  analgesic,  is  from  five 
to  ten  .grains.  W.  A.  Bastedo. 

ANTIMONY.— 1.  Genehal  Medicinal  Puopekties 
OK  CdMroiMis  OF  AxTisioN-y. — As  usual  with  com- 
pounds of  the  heavy  metals,  all  antimouials  capable  of 
absorption  produce  essentially  similar  constitutional 
effects.  These  effects  are.  in  medicinal  dosage,  dejires- 
sion  of  ptdse  in  both  force  and  frequency,  with  fall  of 
arterial  tension,  diaphoi'esis,  increase  of  mucous  secre- 
tions, and.  with  rise  of  dosage,  nausea  and  vomiting, 
with  decided  muscular  debility.  In  large  doses  anti- 
mouials ai'c  powerfully  poisonous,  causing  heart  failure, 
l.irolonged  and  violent  vomiting  and  purging,  with 
cramps,  and  general  collapse.  Locally,  soluble  anti- 
mouials, such  as  that  most  commonly  used  preparation 
of  antimony,  liirtiir  tniHic.  are  irritjint — much  of  the 
emetic  effect  being  evidently  due  to  local  iriitation  of 
the  stomach  upon  swallowin.i;'.  Concernin.g  the  rationale 
of  the  ]M'(Hiuetion  of  tile  various  effects  described,  the 
onlv  points  of  clinical  imiiortiince  are  that  the  effects 
u])on  the  pulse  seem  to  arise  from  a  direct  depressing 
action  uiion  the  heart,  and  not  secondarily  from  a  ])ossi- 
ble  excitatioli  of  the  restraint  influence  exerted  through 
the  vagus  nerve,  and  that  the  vomiting  .seems  to  be  in- 
duced jiartly  bv  direct  local  irritation  of  the  stomach, 
and  partlv  by  an  action  upon  the  nerve  centres,  after 
absor]ition.  For  tartar  emetic  vomits  when  in.iected  into 
the  \-eins.  but  yet  not  so  i-cadily  as  when  .given  by 
swallowing. 

Therapeutically,  antimouials  generally  are  used  to 
depress  the  pul.se  in  sthenic  fever,  to  hasten  the  secret- 
ing stage  in  res|iirator.\'  catarrhs,  empiricallv  to  o)ipose 
the  inflammatory  jirocess — most  notabl.v  again  in  respira- 
tory inflanimati(Uis,  such  as  pneumonia,  and,  possibly, 
to  determine  vomilin.s. 

3.  The  Pui;fAi!ATH)Ns  ok  .Vntimonv  Used  in  >[edi- 
cine. — The  iintimouials  of  the  United  States  Pharmaco- 
poeia !ire  derived  from  three  compounds  of  the  metal, 
namely,  ttri/imonioiiii  o.nde,  antimonioiis  sulphide,  and 
potii.ixio-nnlimonions  tartrate. 

Atitimonioiis  OTidr,  SbjOs. — Antimonious  oxide  is  ofli- 
cial  as  Antimonii  O.ridiim,  Antimony  Oxide.     It  occurs 
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as  "a  heavy,  grayish-wliite  powder  without  odor  or 
taste,  and  permanent  in  the  air.  Almost  insoluble  in 
water,  and  insoluble  in  aleoliol.  Nitric  ueid  fails  lo  dis 
.solve  it,  but  it  is  readily  soluble  in  liydroehloric  acid 
witliout  elVervescenee.  and  also  in  a  warm  solution  of 
tartaric  acid,  or  in  a  boiling  solution  of  potassiiun  Ijitar- 
tratf  "  (U.  S.  P.).  Antimonious  oxide  e.xerts  the  jicu 
cral  properties  of  the  antinionials.  but  is  uncertain, 
doubt  less  because  from  its  insolubility  it  must  uii<lerjro 
chemical  conversion  in  llie  sloinaeh  before  absorplion  is 
possibli'.  It  is  rarely  prescribed  except  in  the  olllci.al 
jireparation,  entitli'd. 

I'lilri.i  Aiiliniijiiiiili.1.  Autiinonial  I'owder.  ".lanies' 
Powder."  This  powder  consists  of  thirty-lbree  |)arts  of 
antimony  oxide,  intimately  mixed  with  sixty-seven 
parts  of  "  precipitated  calcium  phosphate."  It  is  white 
in  color,  and  from  the  iusolubility  of  its  two  insrrcdients 
is  witho\it  taste.  It  is  a  general ly  mild  but  yel  luicer- 
tain  antiuionial.  availalile  for  the  antifebrile  purposes  of 
the  mineral.  Dose,  for  such  use.  from  O.'JD  to  b..">0  giu. 
{gr.  iij.-viij.)  every,  few  hours, 

Aniiiiioiii'iiiH  S'(lpliiili\  Sb-S;,. — Under  the  liili'.l//// 
viimii  Snlpliidtnn.  Antimony  Sulphide,  the  C  S,  P. 
makes  otiieial  "native  antimony  suljihide.  puritied  liy 
fusion  and  as  nearly  free  from  arsenic  as  jio.ssilile. "  This 
is  the  comi)ound  commercially  known  as  (iiitiiiinii!/.  or 
crude  aiitim'iiii/.  It  is  in  conical  masses  of  metjdlic  aji 
pearaiiee,  which.  ]udveri/,ed.  yiel<l  a  dull.  bla<'k.  odor- 
less and  tasteless  powder,  insoluble  in  water  or  alcohol. 
It  is  oHicial  as  the  .source  of  the  following  ju'eparidion. 
which,  again,  is  used  oidy  ijharniaceulically  to  yield  still 
another : 

Aiitiiniiiiil  Suliiliiiliiin  Piirificatniii.  Purilii'il  .Vulimuny 
Sulphide.  The  sulphide  above  described  is  lincly  jiui 
veri/.ed.  tli(^  coarser  particles  separated  by  (dulriation 
and  rejected,  and  the  tiaer  macerated  in  ammonia  water 
for  live  days,  then  washed  and  dried  by  heat.  By  these 
manipulations  iiupurities  in  the  native  sulphide  arc 
gotten  rid  of.  the  anuiiouia  serving  to  dissolve  out  cop 
l)er,  a  eomniou  eont;uninatiou.  The  purified  sulphide 
is  a  dark  gray  ])owdi'r  of  the  qualities  already  detailed. 
It  is  used  to  make  the  following: 

Aniiiiioiiiniii  Sulplniratuin,  Sulphurated  Antimony. 
"  Kerines  Mineral."  The  purified  sulphide  is  boiled  in 
diluti'd  sohition  of  soda,  the  licjuid  strained,  and  while 
still  liol  precipitated  by  diluteil  sidphuric  acid.  The 
precipit.-ite  is  then  washed,  dried,  and  tiliely  puherized. 
It  app<'arsasa  reddish  brown,  amor|)hous  powder,  odor- 
less and  tasteless,  and  insolul)le  in  water  and  in  alcohol. 
In  oompositiou  it  is  "chiefly"  antituoiuous  sulphide, 
"with  ii  very  small  amount  of"  antiinonicuts  o.vide. 
Lik(!  all  the  insoluble  antimonials.  its  medicinal  action  is 
uncertain,  and  the  preparation  is  rarely  prcscrilied  ex- 
ce|)t  as  it  occurs  in  the  folhnving  olIieiLil  pill: 

Piliilip  Aiiliiiiiiiiii  ('iiiiiiiiKillir.  Compound  Pills  of  Aiili 
tuony  ;  "  Phnnmer's  Pills."  These  pills  areeom|iouu(led 
of  one  jiart  each  of  sul]>hurated  antimony  and  calomel, 
and  two  parts  of  guaiac.  Kaeh  pill  weighs  I).  Ki  gm. 
(about  "J.,")  grains).  This  pr<>paration  had  an  ancieiU 
reputation  in  the  treatment  of  secondary  syphilis,  scaly 
skin  eruptions,  chronic  rheumatism,  etc.  ()ne  or  two 
pills  constitute  a  dose,  to  be  iiiven  twice  a  day. 

^.tliisst'onnliiitoiiions  Tiirtritt,-.  2K(SbO)C,li,0„  +  I  I.,0. 
— This  salt,  so  well  known  by  the  name  lurlur  ciinlii'.  is 
official  undiM-  the  title  Aniiiiitiuii  H  I'lituxsii  Tiirlniy. 
Antimony  and  Potassiiuu  Tartrate.  It  is  commonly 
made  by  boiling  together  in  water  antimonious  oxide 
and  acid  |«)tassium  tartrate  (cream  of  tartar),  and  ob- 
taining the  residting  double  tartrate  by  crystallization 
from  the  solution.  Other  methods,  however,  are  re 
.sorted  to  by  some  manufacturers.  Tartar  emetic  occurs 
as  "colorless  trans]iarent  crystals  of  the  rhombic  system, 
beconung  o|iai|ne  and  while  on  exposure  to  air:  or  a 
white  granular  powder,  without  odor,  and  having  a 
swec't,  afterward  disagreeable,  metallic  taste.  Soluble 
in  seventeen  parts  of  water  at  1.5°  C.  (■')!)"  F.)  and  in 
three  parts  of  boiling  water,  but  insoluble  in  alcohol, 
which  precipitates  it  from  its  aqueous  solution  in  the 


form  of  a  crystalline  powder"  (U.  S.  P.).  Aqueous 
solutions  of  tartar  emetic  spontaneously  decompose,  and 
are  precipitated  by  acids,  alkalies,  and  alkaline  carbo- 
nates, soluble  salts  of  lead,  and  vegetable  astringent 
prci'arations.  such  as  infusion  id'  galls. 

In  modern  medical  practice  in  the  United  Slates  tartar 
emetic  is  iiraclically  the  oidy  autiinonial  used,  and  i.s 
available  for  all  theell'ects  of  antimony  as  already  de- 
scribed. In  doses  of  about  O.OO.'i  gm.  (gr.  y'.,)  ii,  de- 
presses the  heart  and  promotes  secretion;  in  doses  of 
about  0,1)1  gm.  (gr,  ,1).  i-epeate<l.  it  nauseates,  and  in  doses 
of  from  0.0;>  to  I),  1'2  gm,  (gr,  .ss,  lo  ij, )  it  vcanils,  with  the 
usual  prolonged  and  distressing  attendant  nausea  of  Ihe 
aniimonials.  In  (|nanlilies  beyond  lho.se  last  meiilioned 
it  is  a  dan.i;erousand  easily  fatal  pois<in.  Il  may  be  given 
in  a(|ueous  solution,  and  if  employed  to  provoke  vomit- 
in,g,  shoidil  be  ])rescribed  in  doses  of  O.OH  gm,  (gr,  ss. ),  to 
b(!  repealed  every  tifleen  minules  imtil  vomiting  ensue, 
or  until  four  doses  hav<'  been  taken.  When  wanted  in 
small  dosage  for  catarrhs  or  fevers,  the  official  i'inutn 
Aiith/t'i/iii.  Wine  of  Antimony,  is  more  cftnunoitlv  pre- 
.scribed.  To  make  this  wine,  four  parts  by  weight  of 
tartar  emetic,  dissolved  in  a  litlle  boilin.ir  water,  is  added 
lo  fortified  white  wine  in  such  (|Uantily  as  to  yield  l.tlOd 
parts  by  measure  of  ju-oduct  (about  gr,  1,8  to  the  fluid- 
ounce).  Wine  of  antimony  keeps  far  better  than  acjue- 
ous  solutions  of  tartar  emetic,  but  yet  will  deteriorate 
in  time.  From  ten  lo  thirty  drops  is  the  average  dose. 
Wine  i)f  antimony  is  an  ingredient  of  the  (■//iiipimnt/ 
III  ill  II  rr  iif  'ihicurrliizd  of  Ihe  Pliarmacopa'ia,  (See 
(1 1 jir  II  rrliUd .) 

T:irlareinelic  enters  into  the  composition  of  the  official 
compound  .syrup  of  squill.     (See  Si/in'U.) 

Tarlar  emetie.  as  a  soluble  anlimonial.  possesses  local 
properties  wanting  in  the  insoluble  compounds  hitherto 
discussed.  It  is.  namely,  powerfully  irritant,  and  ap- 
plied lo  the  skin  in  ointment  or  plaster  produces  after  a 
while  an  eruption,  papular  al  first,  but  jiassiii.tr  lo  vesi- 
cles or  pustules,  irnich  resembling  the  eru|itiou  of  small- 
pox, for  which  it  actually  has  been  mistaken.  The 
eruption  is  painful,  and  may  leave  scars.  Pustulation 
by  tartar  emilic  is  a  possibli'.  but  di.sagreeable  method 
of  eireeting  a  continuous  counter-irritation.  The  best 
mode  of  apidication  is  to  prescrilie  an  ointment  of  one 
part  of  tarlar  emetic  to  four  of  simple  ointment,  to  be 
rubbed,  but  rubbeil  lightly,  into  the  skin.  Too  vigorous 
inunction  may  produce  an   uncontrolhible  intlamniation. 

;>.  Gi;xi;i!,\i.  Tiii;u,\i'kitics  <m'  .\ntimony  Co.m 
I'Of.NDs. —  Vii.iriiliir  J)i /inssiiiii. — The  power  of  anti- 
monials lo  reduce  the  pulse  is  unbounded,  but  in  high 
degree  Ihe  cITcct  is  associated  with  so  much  general  de 
jire.ssion  as  lo  be  unavailable,  Slill.  in  Ihe  beginning  of 
a  con.geslion  or  inllammalion.  notidily  of  the  air  pas- 
sages, in  a  vigorous  subjecl.  a  mild  anlimonial  ell'ect  is 
often  most  hapjiy.  Indeed,  so  marked  often  is  the 
benefit,  that  it  is  ))robable  that  depression  of  undue 
vascular  excitemeni  is  but  one  factor  of  the  curative 
influence. 

I'roiiKitiiiii  iif  St'n-iti'iii  in  Ciilnrr/is. — Nauseants  gener- 
ally tend  to  tills  eiTecl.  but  none  can  comjiefe  with  nnti- 
monials  in  jiower.  Yet  a.srain.  the  use  of  antimonials 
should  be  confined,  except  in  very  small  dosage,  to  the 
fairly  vigorous,  and  particularly  should  be  avoided  in 
subjects  at  either  extreme  of  age. 

Iiiihirti'in  tif  VoiiiUiii'j. — Although  a  iiowerful.  anfi- 
inony  is  a  poor  emetic,  since  it  is  both  slow  and  unnec- 
essarily nauscant  and  de]ire.ssing.  I'"'urtheriiiore.  the 
vomiting  does  not  stop  when  the  stomach  is  empty,  as 
is  Ihe  case,  practically,  with  the  so-called  meeliani<-al 
emetics.  For  these  reasons  Ihe  emetic  o])eration  of  anti 
mony  is  nowadays  rarely  utilized. 

Ililiij-iitioii  ijf'S/iii.iiii. — In  full  antimonial  nausea  the 
concomitant  niuseular  debilily  may  determine  relaxation 
of  s]iasm.  as  in  Inriiiiiil^inns  striflnliis.  or  m;iy  be  pro- 
nounced enough  to  be  of  avail  in  the  reduction  of  a 
hernia  or  dislocation.  Hut  for  all  these  purposes  an 
even  greater  degree  of  paresis  is  so  easily  obtainable 
by  medicines  less  disagreeable  and  depressing  than  anti- 
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inonials  that  the  latter  are  seldom  resorted  to  for  the 
thera])cnsis.  Tartar  emotio,  in  full  dosage,  has  been 
praised  highly  by  some  in  the  treatment  of  tetanus. 

Edirtird  Viirtis. 

ANTIMONY,  POISONING  BY.— Pure  raetallie  anti- 
mony is  not  thought  to  be  directly  poisonous.  Symptoms 
of  gustro-enteritis  occasionally  followed  its  medicinal  use 
in  times  past.  au<l  serious  symptoms  ai'e  said  to  have 
been  produced  by  the  metal  when  inhaled  in  the  state  of 
vapur:  but  the  clTccIs  in  these  cases  have  usually  been 
attributed  either  to  the  partial  o.xidation  of  the  metal  oi' 
to  the  i^resence  of  arsenic,  which  is  a  frequent  impurity  in 
commercial  antimony.  Many  of  the  compounds  of  anti 
mony  are  more  (H'  less  poisonous.  The  most  important  of 
these  are  tartar  emetic  and  the  terchloride  of  antimony. 

T,\HT.\u  Emktic. — This  is  a  double  tartrate  of  anti- 
mony and  potassium,  and  is  the  most  important  com 
pound  of  antimony.  It  occurs  in  the  form  cd'  cnlorless. 
slightly  efflorescent,  crystals,  which  are  usually  rhombic 
octahetlrons.  or  in  the  form  of  a  white  pf>wder  obtained 
by  the  pulverization  of  these  crystals.  It  is  soluble  in 
about  fifteen  parts  of  waterat.  the  ordinary  temperature, 
and  in  less  than  three  parts  of  boiling  water.  Tartar 
emetic  may  give  rise  to  acute  poisoning,  as  a  result  of  a 
single  large  dose,  or  to  chronic  poisoning,  as  a  result  of 
small  doses  frequently  administered.  Its  poisonous 
properties  are  due  to  the  o.xide  of  antimony  which  it 
contains. 

Acute  Pomiirinii.  Symptoms. — When  a  large  dose  of 
tartar  emetic  is  taken,  the  acrid  metallic  taste  of  the 
pois(m  is  usually  perceived  by  the  patient.  After  a 
short  time,  varying  from  a  few  minntes  to  half  an  hour, 
there  is  nausea  and  faintness,  followed  by  violent  vomit- 
ing. There  is  burning  in  the  throat  and  lesophagus: 
.sometimes  great  thirst  and  diftieulty  of  swallowing, 
pain  in  the  stomach  and  al)d<imen.  The  vonuting  is 
usually  persistent.  The  vomited  matters  consist  at 
first  of  the  contents  of  the  stomach,  then  of  mucus, 
later  of  mucus  mi.xed  with  bile,  and  in  some  cases  blood. 
Violent  and  persistent  purging  is  usually  an  early  symp- 
tom. The  discharges  are  liquid,  resembling  those  of 
cholera,  and  frequently  contain  blood.  Symptoms  of 
extreme  depression  and  inostration,  ending  in  collapse, 
wdiich  is  a  prominent  feature  in  acute  tartar  emetic  j^oi 
soning.  soon  appear.  The  skin  is  euld  and  covered  with 
perspiration:  the  pulse,  which  appears  to  be  increased 
in  frequency  till  inuncdiately  before  vomiting  sets  in,  is 
at  this  stage  diminished  in  tHMpiency  and  force,  and  may 
become  imperceptible;  the  respiration  is  irregular,  liut 
for  the  most  part  slow,  with  hasty  and  forced  inspiration 
and  prolonged  exjiiration;  the  tcm])eratiu'e  is  lowered. 
Cramps  in  the  extremities,  delirium,  loss  of  conscious 
ncss,  and  con\'idsions,  not  infrequently  precede  death. 
The  urine  in  mild  cases  is  increased  in  quantity,  as  it  is 
also  in  the  beginning,  even  in  fatal  cases;  but  in  such, 
toward  the  close,  it  is  generally  scanty  and  bloody,  antl 
even  suppressed  (H.  C.  Wood,  Jr.).  Exceptionally, 
vomiting  is  absent;  in  such  cases  the  other  symptoms 
are  said  to  be,  as  a  rule,  more  prominent.  In  some  eases 
a  pustular  eruption,  resembling  that  produced  In-  the 
external  apidicilion  of  tartar  emetic,  has  appeared  on 
the  body  on  the  third,  fourth,  or  fifth  day.  In  fatal  cases 
death  may  occur  within  a  few  hours,  luit  is  more  fre 
quently  delayed  for  two.  three,  or  more  days.  Recoveiy 
is  very  frequent. 

E.rtei-ii(il  Ajiplicfitioii. — Tartar  enietie  is  occasionally 
employed  externally  as  a  counler-irritant,  producing 
sooner  or  later  a  burning  pain,  followed  by  a  pustular 
eruption,  on  the  parts  to  which  it  has  been  applied.  Its 
use  for  this  purpose  has  been  followed,  in  several  in 
stances,  by  symptoms  of  irritant  poisoning  as  a  result 
of  its  absorption  through  the  integument.  In  two  cases, 
at  least,  death  has  been  caused  by  its  aiiplicati(ju  to  the 
broken  skin. 

('Jiroiiw   Poisoninr/.  Si/iiiptmnx. — The    symiitoms    pro 
ilueed  by  the  repeated  administraticm  of  small  doses  of 
tartar  eiiietic  are  of  the  same  general  character  as  those 


which  have  been  described  under  acute  poisoning.     They 

ai-e,  however,  less  severe  and  less  rapid  in  their  progress, 
\arying  in  these  resjieets  with  tlu'  ([uantity  admin- 
istered and  the  freipicncy  of  the  administration.  The 
most  iirominent  are  nausea,  retching,  vomiting  of 
mucous  and  bilious  matters,  soreness  and  constriction  of 
the  throat,  a  sensation  of  burning  and  pain  in  the 
stomach,  a  feeling  of  uneasiness  and  sometimes  pain  in 
the  abdomen,  a  constant  feeling  of  depression,  gradual 
lo.ss  of  strength,  and  progressive  emaciation.  The  nausea 
and  vomiting  recur  after  each  administration  of  the 
|)(iison.  PiM'ging  is  not  so  prominent  a  symptom  as  in 
acute  poisoning.  The  stools  are  at  first  normal;  later, 
there  maj'  be  diarrhoea,  usually  alternating  with  con- 
stipation. The  time  at  wdiich  death  occui's  depends 
chiefly  upon  the  size  of  the  doses  and  the  frequency  of 
their  administration.  Taylor  collected  five  cases,  four 
of  winch  were  fatal.  In  "three,  death  took  place  in  six, 
eight,  and  nine  days  respectively;  in  the  fourth,  the 
jioistm  was  adnunistered  over  a  period  of  three  months 
preceding  death. 

Fatal  Quantiti/. — The  quantity  of  tartar  emetic  re- 
(luired  to  destroy  life  cannot  be  stated  with  accuracy, 
since  its  effects  are  variable  and  frequently  depend  k'ss 
on  the  i|uantity  taken  than  on  other  conditions.  Owing 
probably  to  early  and  abundant  vomiting,  recovery  has 
frequently  taken  place  after  doses  varying  from  7.8  to 
31  gm.  (  3ij.  to  viij.).  On  the  other  hand,  as  a  result 
jirobafily  of  idiosyncrasy,  alarming  sym]5toms.  and 
even  death,  have  followed  the  administration  of  doses 
which  would  ordinarily  be  considered  non -fatal.  In 
sixteen  fatal  cases  collected  by  Taylor,  the  smallest  fatal 
dose  was,  in  a  child,  0.048  gm."(gr."0.T5),  and  in  an  adult. 
0.130  gm.  (gr,  ij.);  but  in  the  latter  case  there  were  cir- 
cumstances which  favored  the  fatal  operation  of  the 
poison.  Tavlor  quotes  a  case  in  wdiich  0.0'2'i  gm.  (gr. 
0.33),  given  in  ilivided  doses  to  a  child  four  years  of 
age,  produced  alarming  symptoms.  Serious  .symptoms 
have  followed  the  adnunistration  of  0.032  gm.,0.26  gm. 
and  0.40  gm.  (gr.  0..5.  4,  and  6:}-  respectively)  to  adults. 
Dr.  Draper  reported  a  case,  at  a  meeting  of  the  Boston 
Society  for  Medical  Observation,  in  1880,  in  which  0.26 
gm.  (gr.  iv.),  followed  in  ten  minutes  by  0. 13gm.,  proved 
fatal  to  a  healthy  adult  woman  in  fifty  three  hours. 
According  to  "Wakley,  0.19.5  gm.  (gr.  iij.  i  killed  an  adult 
in  twenty  four  hours;  0.f>5  gni.  (gr.  x.)  and  0.97  gm. 
(gr.  XV.)  have  proved  fatal  to  children,  2.3  gm.  "(.gr. 
xs.wi.),  2.4  gm.  (gr.  xxxvij.).  3.24  gm.  (gr.  1.),  and  3.6 
gm.  (gr.  Ix.)  to  adults.  Children,  aged  pereons.  and 
those  who  are  in  delicate  health  are  more  suseeiitible  to 
its  action  than  healthy  adults.  On  the  other  hand,  there 
are  certain  diseased  slates  of  the  body  in  which  large 
and  repeated  doses  have  been  administered  without  pro- 
ducing any  symptoms  of  poisoning.  Taylor  concludes 
that  under  favorable  circumstances  0,G5  to  1.3  gm.  (gr. 
x.  to  XX.).  taken  at  once,  might  destroy  an  adult,  and 
that  a  still  smaller  quantity  than  this  might  suffice  if 
taken  in  divided  doses. 

Appearand.^. — The  mucous  membrane  of  the  stomach 
and  intestines  is  usually  more  or  less  inflamed  and  soft- 
ened. The  inflammatory  a]ipearances  in  the  intestines 
are  usually  most  marked  in  the  duodenum.  ca>cuni.  and 
rectum.  The  mucous  membrane  of  the  mouth,  throat, 
and  O'sophagus  is  sometimes  inflamed.  There  are  oc- 
casionally aphlli.T  and  juistules  in  the  mouth,  throat. 
o?sophagus.  or  stomach;  sometimes  ajihthous  ulceration 
of  t lie  glands  of  the  small  intestines.  The  stomach  and 
intestines  contain  more  or  less  mucus,  colored  with  bile 
or  blood  or  both.  Hypostatic  congestion  of  the  lungs 
has  been  frequently  noticed.  A  gr(>ater  or  less  degree  of 
fatty  degeneration  of  the  liver,  kidneys,  heart,  muscular 
tissue  ol^  the  diaphragm,  and  cells  of  the  gastric  glands, 
sometimes  recognizable  only  by  mieroscoi)ic  and  chem- 
ical examination,  is  a  well  recognized  result  of  the  action 
of  antimony  compounds.  This  was  first  jiointed  out  by 
Saikowsky,  who  states  that  there  is  also  a  diminution  of 
the  amount  of  glycogen  in  the  liver,  and  in  some  cases  a 
total  dis;ippearance  of  it. 
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Aiiliixriotlics. 


Absorption  iind  Elimindti'iii. — AiitiiiKiny  is  quickly 
absorbed,  and  after  deatli  may  1)C'  (letccTi-d  in  nearly  all 
the  orirans  and  tissues  of  tlie  body.  It  is  rare  t<i  liiid 
more  than  a  trace  in  the  stomach,  since  its  emeii<-  iiro|i 
ertics  usually  secure  its  early  removal.  Tlii'  liver  and 
kidneys  probably  contain  the  largest  amount  It  is 
eliminated  in  the  urine  and  bile,  also,  according  to 
Lewald,  in  the  milk.  \Vhen  tartar  emetic  is  injected 
into  the  veins  it  is  said  to  be  rapidly  eliininaled  ihrouirh 
the  mucous  membrane  of  the  stomach  (IJrinlon).  The 
time  reiiuircd  for  its  complete  elimination  is  uncertain. 
Millon  and  Laveran  detected  antimony  in  th<'  urine  of 
patients  as  late  as  twenly-four  days  afti-r  the  last  admin 
istration  of  tartar  emetic.  They  also  found  antimony  in 
tlie  fat,  bones,  and  other  tissues  of  dogs,  as  late  as  four 
months  after  the  last  administration.  'I'hcy  state  that 
there  are  well-marked  intermissions  in  the  eliminalion. 

Trcdiiiieiit. — If  vomitinglms  not  occurred,  it  slioidd  be 
provoked  by  tickling  the  throat  or  I)y  the  adminislralion 
of  warm  water.  The  best  antidote  is  lanni<'  acid,  which 
forms  with  o.xide  of  antimony  a  compound  insoluble  in 
water.  A  solution  of  the  acid  may  be  used.  In  llie 
absence  of  this,  an  injfusion  of  green  tea.  decoctions  of 
oak  bark,  gall  nuts,  or  Peruvian  bark,  or  tincture  of  kino 
or  catechu,  all  of  which  contain  tamu'c  acid,  may  be 
adniinislered.  The  stomach  should  be  thoroughly 
washed  out  after  the  administration  of  the  tannic  acid. 
Ojiimu  should  then  Ije  given,  to  allay  pain  and  initation. 
Stimulanls.  c.xicrnal  and  iuteinal,  may  be  re(|nireil.  In 
the  treatment  of  chronic  ]>oisoning  it  is  essential  to  pi'c 
vent  the  further  adminislralion  of  the  ))oison.  .'^linni- 
lants,  tonics,  and  nutritious  diet  are  reiiuind, 

Teikiilohide:  of  Antimony,  Bltti-,i;  oh  .\niimonv, 
— This  is  a  transparent,  fusible,  crystalline  substance, 
which,  on  exposure  to  moist  air.  rapi<lly  deliquesces  tn  a 
clear  lii[uid.  When  jiure  it  is  colorless,  but  il  frc(|Uently 
contains  more  or  li'ss  chloride  of  iron,  which  inipiirls  lo 
it  a  color  varying  from  yellow  to  dark  brown.  It  is  de 
conqioscd  by  water,  with  the  formation  of  liydmchloric 
acid  and  an  insoluble  white  liasie  chloride,  which  may 
be  distinguished  from  the  corresponding  basic  chloride 
of  bismuth  by  its  solubility  in  tartaric  acid.  A  concen- 
trated hydrochloric  acid  solution  of  the  chloride  has  some 
uses,  and  has  given  rise  to  a  few  cases  of  accidental  or 
suicidal  poisoning.  It  is  a  violent  corrosive  and  ir- 
ritant. 

Si/wpto/iis. — These  resemble  <dosely  the  .symptoms  ]iro 
duced  by  the  mineral  acids.  They  come  on  very  rai)idly , 
and  consist  of  violent  vomiting  and  severe  pain  in  the 
throat,  stomach,  and  abdomen,  soon  followecl  by  syni])- 
toms  of  eollajise.  Death  has  taken  i)lace  in  two  hours, 
and  has  been  delayed  for  ten  and  one  h.ilf.  eighli'i-n,  and 
twenty  four  hours. 

Fdtiil  (Jiiiiiili/;/. — The  smallest  quantity  reqnireil  to 
destroy  life  is  unknown.  Ninety  cubic  cenlimelresdhrcc^ 
tluidounces),  appro.\imately,  of  the  solution  has  ju-oved 
fatal  to  adults  in  three  cases.  Recovery  has  taken  place; 
after  30  c.c. 

Appi.itniiire.t. — The  lijis.  mouth,  and  throat  have  usu- 
ally been  found  more  or  less  corroded.  The  interior  of  1  he 
stomach  and  upper  part  of  the  small  intestines  are  in- 
tensely inflamed,  corroded,  and  somelinies  black,  as  if 
charred.  In  a  ease  related  by  Taylor,  the  wholi'  alimen- 
tary canal,  from  the  mouth  to  the  middle  of  I  he  small  in 
testines,  presented  this  black  ajipearance.  The  mucous 
membrane  was  entirely  destroycfl.  and  the  jiarls  beneath 
were  so  soft  tliat  Ihey  were  easily  torn  with  the  lingers. 
Fatty  degeneration  of  the  liver,  kidneys,  heart,  muscular 
tissue  of  the  diaphragm,  and  cells  of  the  gastric  glands, 
was  observed  in  rabbits  to  which  small  d<ises  of  terchio 
ride  of  antimony  were  administered  (Saikowsky). 

Tiriitiiii lit. — 'Phis consists  in  Ihcachninistration  of  .sodic 
carbonate,  chalk,  or  magnesia,  to  neutralize  the  free  acid. 
and  of  preparations  containing  tannic  acid. 

WiUidm  B.  lliUx. 

ANTINERVIN  is  a  proprietary  remedy,  which,  aii-ord 
ing  to  Squibb,  contains  acetanilid  50  parts,  ammonium 


bromide  2.5  jiarls,  and  salicylic  acid  ii5  parts.     It  is  anti- 
jiyretic  and  sedative  in  eight  grain  doses. 

11 '.  .1.  Baxtedo. 

ANTIPERIODICS.— Tlu;  various  malarial  fevers  are  all 

c|]aiact(  ri/i  il  liy  a  more  or  less  regular  recurrence  of 
their  cliara<lerislic  syniiitoms.  to  wit:  chill,  fever,  and 
sweating;  the  periods  lor  such  recurrence  varying  ac- 
cording toihe  life  cytde  of  the  parlieularorganism  which 
causes  the  s|)eeial  type  of  fever.  Tlie.si'  iihenomena  are 
thcrcfoie  spoken  of  as  jx-riodical.  and  the  remedies  which 
are  known  to  c'.xi'rt  an  iidiiliilivc  cll'ecl  upon  them  are 
c-alled  aruiperiodics.  Thi'  sym|itoms  against  which  anti- 
periodics  are  most  commonly  employed  are  those  consti- 
tuting the  seizure  in  the  estlvo-aiitunmal,  tertian,  and 
((Uartan  types  of  ague,  and  consisting  ol  the  cold,  the 
hot,  and  the  sweating  stages.  In  the  milder  forms  of  in 
tennittent  and  n'ndllent  fever,  tin;  breaking  up  of  the 
r<'cnrrent  chills  as  soon  as  possible  is  imjiortant  for  the 
comfort  of  tli<;  patient,  but  in  the  so  called  ■'pernicious" 
malarial  fevers,  it  may  be  a  matter  of  life  or  death  to  stop 
at  once  those  congestive  chills  whose  elfects  are  so  alarm- 
iiiL',  and  it  is  in  such  cases  that  the  great  value  of  the 
anliperiodics  is  seen.  Other  chronic  manifestations  of 
the  malarial  cachexia.  su<'h  as  neuralgia,  are  amenable  to 
antiperiodic  treatment,  and  it  is  noticeable  that  the  sue 
cess  of  {piinine  in  the  relief  of  neuralgia  is  in  proportion 
III  Ihc  regular  ]ierioilicily  ol  the  nttaeks. 

By  far  the  most  im])orlant  antiperiodic — of  more  value, 
in  fact,  than  all  lh<' others  taken  together — is  cinchona, 
with  its  derivatives.  Ever  sinc'ethe  cure  of  llie  Countess 
of  Cinchon  of  all  ague  at  I.iiTia.  in  the  earlier  half  of  the 
seventeenth  century,  first  gave  name  and  fame  to  the 
drug,  its  value  in  inlermitlenl  fever  has  been  acknowl 
edged.  More  than  any  other  remedy  in  the  Pharmaco 
])o'la  it  deserves  to  be  considered  a  speeitic.  Its  direct 
action  on  the  malarial  parasite  in  the  blood  has  been 
abundantly  shown. 

(Quinine,  by  reason  of  its  more  concentrated  and  con- 
venient form,  is  now  used  almost  entirely  to  the  exclu- 
sion of  cinchona  as  an  antiperiodic.  For  this  jiurpose 
the  do.se  nuist  be  large,  corri-siionding  in  (luantity  to 
the  so  called  antipyrelic  dose  of  the  drug.  The  quinine 
should  be  so  adminislered  as  to  produce  a  s^ituration  of 
the  paiii  lit  s  system  iit  the  time  when  the  ne.vt  .seizure 
would  occur.  To  attain  this  object  we  may  liest  give 
one  full  dose.  1  lo  'i  gm.  (gr.  .\v,  to  xx.\.)  on  the  drop  of 
lemperature  following  a  given  paroxysm  in  order  lo 
aliort  the  following  paroxysm.  Or  il  may  be  given  in 
divided  doses  through  the  twenty-four  hours  before  an 
exjiectc'd  chill,  Ihe  last  dose  being  six  hours  before  the 
limethe  chill  isduc.  If  Ihe  interval  is  much  shorter  than 
this.  Ihe  chance  of  aborting  the  very  next  seizure  is 
dinMiiishcd.  If  a  single  administration  of  the  drug  an- 
lici|iales  the  chill  by  oidy  four  or  live  hours,  the  chances 
are  about  eiiual  for  and  against  its  success.  In  no  other 
form  is  quinine  more  clfective  than  in  that  of  the  crystals 
of  the  sulphate  in  an  acid  solution  (bisul]ihale)  or  dis- 
solved in  lemon  juice.  The  solubility  is  usually  some- 
what impaired  in  the  i)ill  form,  and  Ihe  administration  in 
coll'i-c  fails  lo  give  Ihe  best  elTecl  bi'cause  of  the  imper- 
fect sobd)ilily  of  the  tannate.  The  manufaeUiring 
chemisis  have  iiul  upon  the  market  a  '■conqiound  syrup 
of  licorice.''  w!ii<h  quite  elTeclualiy  disguises  the  bitter 
lasie  of  the  drug,  without,  so  far  as  Ihe  writer  knows, 
interfering  with  its  solubility. 

When  the  periodicity  of  Ihe  inlernntteni  fever  is 
irregular,  and  in  eases  of  rendlteni  fever,  cinchonism 
should  be  produced  as  soon  as  iiossible  after  a  seiziue. 
and  maintained  by  nioderale  but  sullieieni  doses  for 
several  days.  In  Ihe  cases  of  iiernicious  malaria,  if  there 
are  not  ten  or  twelve  hours  before  Ihe  expected  time  of 
attack  in  which  lo  secure  complete  cinchonism  by  the 
oral  administration  of  the  drug,  il  sliouid  be  givi-n  sub- 
culaneously.  In  order  to  secure  its  complete  solution, 
acid  must  i)e  added,  one  minim  of  dilute  sulphuric  acid 
lo  each  grain  of  (|uinine  usually  suliieing.  But  this 
solution   has  Ihe  disadvantage  of   being  irrilating,  and 
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tliero  is  somo  daugcr  of  abscess.  Tliis  risk,  liowevcv, 
should  be  tiiUcii  in  preference  lo  tliat  of  a  severe  cong('S- 
live  eliill.  Tlie  liydiobroiiialc  of  ([uiiiiiie  is  especially 
adapled  for  siibeutaiieous  use.  It  may  be  prepared  ac 
cording  to  the  following  formula: 

\i   Quiiiina-  sulph 10  (gr.  cl.\.) 

Aciili  liydniliromici  (Sc|uibb).  .  .     4  (  3  i.) 
.\(jua'  (vel  sjits.  f rumen ti)  . .  .ad  30  (ad  3  i.) 

The  kiuMteand  the  disulphateof  ipiinine  an^  preferred  b\- 
some  for  hypodermic  use.  The  dose  of  ([uinine  snlicu- 
taneously  is  less  than  by  the  mouth,  and  its  action  is 
more  prompt.  When  for  any  reason  neilher  of  the 
foregoing  methods  is  available,  the  drug  may  be  given 
by  the  rectum  in  doses  somewhat  larger  than  by  the 
mouth.  For  children  and  others  with  sensitive  stomachs, 
when  haste  is  not  an  especial  object,  quinine  may  be 
given  by  inunction.  For  this  purpose  an  eligible  prepa- 
ration is  the  following: 

^  Quinina'  stdph .5  (gr.  l.\-\.\. ) 

Acid,  oleic,  pur 30  (  2  i.) 

01.  olivarum 30  ( 1 1.) 

Di.ssolve  the  quinine  in  the  acid  with  the  aid  of  gentle 
lieat.     Add  the  oil.     The  solutlim  shoidd  be  clear. 

There  is  considerable  choice  among  the  various  salts  of 
(ininine  both  as  to  their  strength  and  as  to  their  solu- 
bility. For  example,  the  acetate  contains  87  per  cent,  of 
quinine,  the  basic  and  neutral  hydrochlorate  each  nearly 
83  per  cent.,  the  basic  lactate  7S,  the  basic  hydrobromate 
76,  the  basic  sulphate  74,  the  neutral  sulphate  less  than 
60  i)er  cent.,  while  the  tannate,  much  in  favor  for  ad- 
ministration to  children  in  the  form  of  "chocolate  quinine 
tablets,"  has  only  -0  per  cent. 

The  hydrochlorate  is  the  most  soluble  salt,  and  as  it  is 
one  of  the  richest  in  quinine,  it  is,  in  spite  of  its  slightly 
greater  cost  than  some  others,  the  most  eligible.  The 
neutral  hydrobromate  is  soluble  in  6  parts  of  water, 
while  the  basic  sulphate  is  soluble  oul,v  in  581  parts  of 
water. 

]n  old  malarial  cases,  in  many  of  which  the  liver  is  en- 
larged, we  must,  in  order  to  get  the  fidl  and  prompt  effect 
of  quinine,  preface  or  accompany  its  exhibition  by  the 
use  of  a  mercurial,  as  calomel  or  blue  yiill,  followed  by  a 
saline. 

Tlie  other  alkaloids  of  cinehcma,  quinidine,  chinoidine, 
cinchonidine,  and  cinehonine,  have  some  antiperiodie 
value,  but  are  all  inferior  to  quinine,  and  if  used  should 
be  given  iu  larger  do.ses.  Regarding  the  do.se  of  (juinine, 
it  shoulil  be  saiil  that  it  varies  much  not  only  with  the 
individual,  but  with  the  place.  In  the  tropics  and  in 
the  habitat  of  malaria  much  larger  doses  are  tolerated 
and  are  necessary  to  break  uji  a  chill  than  in  temperate 
climates  and  non-miasmatic  localities.  The  pioph.ylacfic 
value  of  qtiiniue  against  ague  is  even  greater  than  its 
etirative  action.  A  moderate  amount — as,  for  instance,  a 
grain  three  times  a  day — may  be  taken  constantly  for 
years  without  any  ill  effects.  This  precaution  is  one  that 
should  be  taken  by  every  one  com|ielled  to  live  in  a 
malarious  countiT.  Even  in  non-malarious  districts  per 
sons  who  have  contracted  ague  elsewhere  should,  after 
breaking  up  the  chills  by  the  antipeiiodie  doses,  as  de- 
scribed above,  continue  with  .small  quantities  of  quinine 
for  a  fortnight  or  more,  or  better,  v.Uh  a  full  dose  once  a 
week. 

Next  lo  cinchona,  the  most  useftd  antipeiiodie  which 
we  possess  is  probably  arsenic.  It  is  to  those  chronic 
cases  which  have  assumed  a  somewhat  irregular  type, 
and  in  which  we  hardly  know  at  what  time  to  exi>eet  a 
chill,  that  arsenic  is  particularly  adapted.  It  may  be 
given  in  the  form  of  Fowler's  solution,  beginning  with 
0.3  gra.  (Tilv.)  three  times  a  day,  thence  carried  up  to 
0.5  or  0.7,  or  even  1  gni.  three  times  a  day,  or  the 
arseniousacid  may  be  given  in  gi-anules  of  at  first  0,0015 
to  0.003  gm.  (gr.  To  tf*  I'ii)  tbree  times  a  day.  |inshcd 
till  the  pliysiological  effects  are  reached.  With  ar.seinc 
we  do  not  attempt  to  stop  the   very  nest   paroxysm; 


hence  it  is  not  adapted  for  pernicious  cases.     It  should 
always  be  W('ll  diluted  and  given  on  a  full  stomach. 

When  treatment  has  been  dcla^'cd  imtil  the  chill  is 
actually  "on."  (| uinine  is  useless  for  that  .seizure.  Noth- 
ing is  so  eflieacious  to  check  a  chill  actually  in  progress 
as  a  fidl  dose  of  morjihinc  subcutaneously.  Chloroform 
is  also  recommended  for  this  purpose  in  a  dose  of  from 
2  to  4  gm.  (  3  .ss.  to  i.)  in  sweetened  water  or  muci- 
lage. Good  effects  have  been  claimed  for  the  administra- 
tion, during  the  chill,  of  nil  rile  of  amyl  by  inlialatiou,  and 
nitrate  or  muriate  of  pilocarpine  hypodcrmically. 

Nectandra,  or  bebeeru  bark,  has  met  with  some  suc- 
cess as  an  antiperiodie.  The  alkaloid,  in  the  form  of  the 
sulphate  of  beberiue,  contains  whatever  of  virtue  the 
ilrug  jjossesses,  and  may  be  given  iu  the  same  doses  and 
at  the  same  times  as  quinine. 

Warburg's  Tiiiciiirv,  formerly  in  much  repute,  espe- 
cially iu  India,  as  an  anti])eriodic,  contains  some  sixty- 
four  iugr<'dients,  of  which  the  most  active  is  quinine,  iu 
the  proportion  of  ten  grains  lo  the  ounce. 

The  eucalyptus  seems  to  possess  some  antiperiodie 
virtue.  Among  the  peasantry  of  Southern  Europe  it 
has  quite  a  reputation.  Careful  ob.servation  shows  that 
in  highly  malarious  localities  it  is  often  without  eifcet. 
The  oil  of  eucalyptus  in  doses  of  0.1  to  0.3  gm.  (niij.  to 
v.),  may  be  given,  or  the  tincture  in  doses  of  1  to  2 
gm.  (ntxv.  to  XXX.).  That  it  is  of  use  in  the  milder  cases 
is  made  probable  by  the  fact  of  its  undoubted  power  as  a 
propliylactie.  Since  the  tree  was  introduced  into  South- 
ern Europe  in  1856,  its  growth  has  much  improved  the 
healthfulness  of  many  marshy  regions.  The  Trappist 
monks  devoted  themselves  to  cultivating  this  tree  iu 
the  most  malarious  regions  of  Italy,  with  the  residt 
of  making  places  habitable  that  were  formerly  highly 
unhealtliy. 

Among  the  other  succedanea  of  quinine,  usually  most 
successful  wlien  combined  with,  rather  th;in  entirelj'  re- 
])lacing,  that  drug,  are  salicin  and  salicylic  acid,  given 
in  doses  of  1.0  to  1.3  gm.  (gr.  xv.  to  xx.),  repeated  fre- 
(lueutly  until  tinnitus  is  induced:  the  antipyretics  of  the 
coal-tar  series,  antipyrine.  phenacetin,  etc.  The  sul- 
phites, especially  tlie  sulphite  of  magnesia  and  the  hypo- 
sulphite of  soda,  have  been  rccomiuended  by  some  ]ihysi- 
cians  in  this  country,  iu  doses  of  1.0  to  1.5  gm.  every 
two  hours.  The  fcrrocyanide  of  iron,  despite  its  ilis- 
agreealile  appearance  and  taste,  has  been  found  useful 
by  Flint  iu  doses  of  4  to  8  gm.  (  3  i.  to  ij.).  Nitric 
acid  iu  0.5  gm.  (y\  vij.)  do.ses,  every  six  hours,  through 
paroxysm  and  intermission;  the  chloride  of  sodium, 
given  to  the  extent  of  10  gm.  (  3  ij.)  during  the  iuter- 
mission ;  the  chloride  of  ammonium,  the  iodide  of  am- 
monium, and  tlie  iodide  of  potassiiun,  in  0.3  to  0.5  gm. 
(gr.  V.  to  viij.)  doses,  repeated  and  increased;  pipcriue 
and  nareotine,  each  in  doses  of  0.2  gm.  (gr.  iij.);  methy- 
lene blue  (gr.  ij.  to  iv.)  in  capsules — these  and  other 
drugs  have  all  had  their  advocates  as  being  of  more  or 
less  value  in  preventing  the  periodic  attacks  of  ague. 

Finally,  it  remains  to  allude  to  two  or  three  classes  of 
drugs  under  whichmost  of  theother  ntunberless remedies 
that  have  been  suggested  against  intermittent  fever 
may  lie  elas.sed.  Emetics  and  cathartics,  when  there  is 
time  for  their  administration,  sometimes  rend<'r  the  sys- 
tem more  susceptible  to  the  action  of  quinine.  Ahnu, 
ipecac,  sulphate  of  copper,  fi-axinus,  wahoo,  Indian 
hemp,  and  the  like  probably  owe  what  reputation  they 
have  as  anti|)eriodics  to  this  fact;  administered  alone 
they  would  be  (|uire  worthless.  Some  of  the  simple  and 
aromatic  bitters,  on  the  other  hand,  ni;iy,  iu  mild  cases. 
re|)lace  cinchona.  Anthcmis  (rhamouiile):  eupatoriiuu 
(thoroughwort).  ilex  (holly),  parthenium  (feverfew),  liy- 
drastis,  aud  easearilla  have  a  poiiular  repute  iu  the  treat- 
ment of  intermittent  fever,  by  reason  of  their  bitter 
quality.  When  it  is  remembered  that  the  natural  ten- 
dency of  ague  is  to  recovery  as  soon  as  the  .subject  is  re- 
moved from  the  source  of  tualarial  infection,  the  anti- 
periodic  value  of  a  large  number  of  the  drugs  last 
euvimerated  will  appear  (juite  probU^matical. 

C/tarlcs  F.  Withington. 
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ANTIPYRETICS.     See  Appendix,  Vol.   Vm. 

ANTIPYRIN.       •■  PHENAZONE,  "        ■  ANALGESIN," 

ClUiCllaljCall-NjIl.  Tliis  |)ii|iiil;ir  aiili|i\  n-li<?  was 
made  known  to  the  i)ri)ri-ssi<in  liy  Ludwii;-  Kikjit  in  1SH4. 
It  is  a  coal-lui"  derivative  prepan-d  aeeiirdini;  to  a  pat 
ented  proeess.  tiy  the  aftiou  of  aectvl  ucelir  etlier  npon 
phenyl-liydr.iziue,  tlie  patent  for  wliicli  expired  in  IS'.W. 
It  is  a  hase  soniewliat  analogons  to  annnonia,  and  lias  tlie 
property  of  eomhininjf  witli  an  aeid  or  an  ail<ali  Id  form 
salts,  it  isollieial  in  the  H.  1'.  nnder  the  title  I'lii ikizuih-. 
Itoeenrs  in  eolorless,  scaly  (M'ystals.  without  oilorand 
liossessed  of  a  somewhat  hitter  taste.  It  is  readily  soUi- 
iile  in  ■water,  aleoliol,  and  chloroform,  less  .so  in  ether, 
ahont  one  jiart  in  fifty.  The  mcltins  point  is  110'  V. 
lirniled  ■with  free  access  of  air  it  hnrns  without  residue. 
It  is  neutral  to  test  paper. 

Anti]iyrin  may  be  distinsiusiied  fromall  other  organic 
compounds  by  the  action  of  ferric  chloiide;  this  ])rodtie 
ing  a  deep  red  color  wliich  is  di.scharired  by  the  addition 
of  dilute  sidpluiricac.id  in  e.\cess.  Other  compounds 
produce  various  colors  and  dilfer  in  tlie  elfect  of  the  sul 
phuric  acid.  The  bright  red  color  is  clearly  visible  in  1 
to  101)  .solution;  in  1  "to  100.000  a  light  brown,  and  in  1 
to  .'iOO.OOO  a  light  yellow  color  is  produced.  Nitrous 
acid  added  to  a  sobition  forms  a  green  color,  and  nitric 
acid  a  yellow  color  which  deepens  to  crimson  on  wann- 
ing. Both  these  tests  are  charactetistie  of  antipyrin. 
The  presence  of  acetaniliil  is  iilso  detected  by  the  melting 
point  of  the  suspected  salt.  The  two  compounds  melt, 
appro.\imately  at  the  s;une  ti>mperalure,  but  a  mi.Miu^e 
of  till!  two  reduces  the  melting  Jioint  very  decidedly, 
I'liual  iiartsmeltiiigat  45"  C.  Many  otherdistinctive  tests 
have  been  proposed.  In  1  to  l.OtiO  solutions,  iodine  and 
iodide  of  potassium  prixluce  a  reddish  brown,  potassio- 
mercurie  iodide  a  white,  and  potassiobismuthie  iodide 
an  orange-red  precipitate.  In  1  to  100  acidulated  solu- 
tions, ^I'essler's  reagent,  mercuric  or  auric  chloride,  and 
tannic  acid,  produce  colorless  or  yellow  ])recipitates; 
picric  acid  a  yellow;  and  fenocyanide  of  potassiiuu  a 
lihiish-green  ]irecipitale. 

Th(;  .solubility  of  antipyrin  and  its  action  as  an  alka- 
li>idal  base  render  many  drugs  and  preparations  incom- 
[latible,  and  not  infrequently  some  vi-iy  unsightly  as 
well  as  inert  nn.xttu'es  are  ordered  by  the  physic'ian.  E. 
J.  Millard  and  A.  ().  [Stark  '  describe  a  sctIcs  of  exjieri- 
ments  made  for  the  |nirpose  of  testing  the  compatibility 
of  antipyrin  with  the  wholi'  of  the  drugs  and  prepara- 
tions of  the  pharmacopoeia  that  are  likely  to  be  prescribed 
in  combination,  together  with  many  that  are  imollicial. 
The  following  is  the  list  the)'  have  prepared  and  the 
changes  that  are  produced  : 

Acid,  carbolic. :  precipitate. 

Acid,  hydrocyan.  dil. :  yellow  coloration. 

Acid,  nitric,  dil.;   faint  yellow  coloralinn. 

Aeid.  tamiic. ;  white  insoluble  precipitate. 

Alumen  (ammonia);  deep  yellow  coloration  and  pre 
cipitate. 

Amyl  nitrite  (acid);  green  coloration. 

Arsen.  iodid. ;  precipitate. 

Chloral  hydras:  iirccipitates  in  strong  solution,  no  a])- 
parent  action  in  dilute. 

Cupri  sulphas;  .solution  turns  green. 

Dec.  cinchona':   iireci])itate. 

Ext.  cinchon.  liq. ;   precipitate. 

Fern  sulph. :  brownish-yellow  color  and  precipitate. 

Glycer.  ac.  carliol.;  precipitate. 

Glycer.  ac.  tannic.;  precipitate. 

Hydrarg.  perehl. ;  precipitate. 

Infus.  catechu  cone. ;  precijiitate. 

Infus,  cinchon.  acid.:  precipitate, 

Infus.  rosie  aeid. ;  precipitate. 

Infus.  iiv;e  ursi ;  precipitate, 

Liq.  arsen.  et  hyd.  iod. ;  precipitate. 

Liq  ferri  perchlor. ;    ) 

Liq,  ferri  pernit, ;       >■  blood-red  coloration, 

Liq.  ferri  persulph, ;  \ 

Liq.  pot.  permaug. :  reduction  quickly  takes  place. 


Sodii  salicyla.s;  liquefies. 

Spts.  jctheris  nit.  (acid);  green  coloration. 

Syr.  ferri  iodid. ;  reddish  brown  <i>loratiou. 

Tine   catechu;  preci)iitate. 

Tine,  cinchona'-  precipitate. 

Tine,  cinchon.  co. :   |)recipitate. 

Tine,  feni  perehl. :  red  coloration. 

Tine,  galhu;  iirecipitate. 

Tine,  liamamelid.  :   jirecipitate. 

Tine,  iodi;   precipitate. 

Tine,  kino;  precipitate. 

Tine,  laricis;   precipitate. 

Tine,  rhei:   ]ii-eci]iitale. 

It  was  t'oimd  that  with  dilute  acids  no  change  took 
plac<',  as  with  sulphuric,  hydrochloric,  nitric,  and  phos- 
phoric acids,  soluble  sails  weie  fcjrmed.  The  changes 
that  take  place  with  amyl  nitrite  and  nitrous  ether  occur 
only  when  the  preparations  are  aeid  and  contain  free 
nitrous  acid,  but  as  this  is  generally  jiresent  under  or- 
dinary circumstances,  these  compounds  should  never  be 
prescribed  with  antipyrin.  Calomel  is  considered  to 
form  a  to.xic  compound  when  comliined  with  antipyrin. 
but  tliese  observers  were  nnalile  to  notice  any  cha'nge. 
and  mercuric  chloride  could  not  be  detected  in  the  mix- 
ture. SodiiHU  bicarbonate,  when  triturated  with  anti 
pyrin,  causes  a  decomjiosition  and  di.seiigages  the  odor 
of  ether.  jMany  subst;uie(S  combine  with  antipyrin  to 
form  stable  and  detinite  ehendcal  compoimds.  Some  of 
them  have  j)roved  to  possess  imjiortant  therapeutic  jirop 
eriies  and  Ihi'ir  lunuber  is  constantly  l)eing  increa.sed. 
The  most  important  of  these  are  ioilopyrin.  salipvrin. 
and  hypnal,  information  in  regard  to  whicli  may  besought 
for  under  their  respective  titles.  The  following  have 
also  been  reconnnended : 

Nil plitliiipi/ rill,  is  formed  when  aini])yrin  is  triturated 
for  a  length  of  time  with  beta-naplithol,  on(!  part  of  the 
latter  with  two  parts  of  tlu'  former.  It  assumes  the 
character  of  a  tough  mass  which  gradually  forms  iido 
crystals  when  kept  fora  length  of  time.  It  is  insoluble 
in  water,  sobdile  in  alcohol  and  ether.  A  more  recent 
method  of  in-eparing  thiMlrug  is  by  dissolving  1,50  gni. 
of  na]ihtliol  in  ninety  per  cent,  alcohol,  and  adding  to  it 
gradually  I'JO  gm.  of  antipyrin  dissolved  in  the  smallest 
possible  quantity  of  water.  The  mixture  is  to  be  con- 
stantly stirr<'d.  and  in  a  few  minutes  it  becomes  clouded 
and  then  clear;  the  inire  crystals  being  deposited. 

Aiifipi/riii,  lirii-:iiiili-  is  formed  by  the  a(l<lition  of  anti- 
pyrin to  a  boiling  aipieous  solution  of  ben/oic  aeid.  It 
is  slightly  soluble  in  cold  anil  boiling  water,  but  very 
.soluble  in  alcohol  and  ether.  It  has  a  pimgent  taste  anil 
a  slight  odor  of  benzole  aeiil.  .\  ri/rntn  and  /lirnile  may 
be  prepared  in  the  same  way. 

J'/iriii>/ii/i-iii  is  prepared  by  mixing  ('(jual  parts  of 
crystalline  phenol  an<l  antiiiyrin.  It  forms  an  oily 
lii|uid.  free  from  color,  insohdile  in  cold  and  si)aringly 
soluble  in  hot  water. 

/'i/ror/iitlojji/riii  is  obtaineil  by  the  interaction  of  pyro- 
gallol  and  antiiiyrin  in  substance  or  in  solutions.  It  is 
a  ery.stalline  substance,  sparingly  soluble  in  hot.  or  cold 
water,  but  soluble  in  idcohol  and  ether. 

liesnpyriii  restdts  from  the  interaction  of  solution  of 
resorcin  and  antipyrin;  an  oily  mass  is  form<'d  which 
solidities  into  a  hard,  while.  opa(|Ue  body.  From  an  al- 
coholic solution  it  forms  in  cryst:ds.  It  is  not  .soluble  in 
water,  hut  is  so  in  alcohol,  ether,  and  chloroform. 

The  physiological  elfect  of  antipyrin  has  received 
more  attention  than  many  of  the  later  derivatives  of  the 

,same  character,  and  in  this  country  the  work  of  \V i, 

Keichert,  Hare,  and  Cerna  and  Carter  has  done  much  to 
advance  our  knowledge  of  this  remedy.  Fjion  the  ner 
vous  s3'stem  the  action  is  similar  to  that  of  other  antipy- 
retics. There  is  a  short  stage  of  stimulation  followed  by 
one  of  depression.  I'pon  the  motor  tracts  it  acts  by 
dulling  till!  power  of  conducting  impressions  and  inhibits 
reflex  action. 

I'pon  the  sensory  nerves,  antipyrin  acts  as  an  anodyne 
both  when  administered  internally  and  when  locally  ap 
plied     This  ellect  is  early  manifested,  and  before  any 
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•dangerous  stage  begins  it  has  been  shown  that  animals 
can  bi'  opcratrtl  upon  without  causing'  them  pain.  Tlie 
nuisciilar  snisris  alsci  Inst  early.  Ilir  siijiiscit'  ataxia  licing 
anuiMji  the  tifst  syiiipt.Diiis  noticed  and  tlic  last  to  iiassiiff; 
the  special  senses  are  at  tirst  rendered  more  sensitive, 
but  this  is  qniel\ly  overcome  and  depressinn  follows. 

The  antipyretic  jnoperties  are  considered  due  to  the 
action  of  the  drug  on  the  heat  centres  rather  than  to  any 
infiuenee  upon  tlie  circulation.  It  has  been  shown  that 
it  causes  a  diminution  in  the  iiroduction  of  lieat.  and 
continues  to  a<t  when  the  secretion  of  the  skin  is  checked 
by  a  lu'evious  dose  of  atropine. 

Antipyrin  c.xcrts  a  very  decided  action  upon  the  res- 
]iiration.  Even  in  small  doses  it  has  been  known  to 
greatly  accelerate  the  latmbcr  of  respirations,  and  in  all 
cases  in  which  toxic  doses  are  given  the  rapidity  is  ex- 
cessive, and,  as  a  fatal  termination  apjiroaches,  tlie  ex- 
]iiralions  become  spasmodic  in  character.  This  has  been 
shown  not  to  be  influenced  by  the  section  of  the  vagus 
nerves,  and  is  assumed  to  be  due  to  a  direct  action  on  the 
respiratory  centre  hi  tlie  medulla  oblongata. 

In  moderate  doses  veiy  little  cllect  is  produced  on  the 
circulation,  but  in  large  doses  it  weakens  the  heart  and 
causes  depression  and  collapse.  As  the  result  of  experi- 
mental work,  Drs.  Ceriia  and  Carter'^  formulate  the  fol- 
lowing conclusions,  which,  in  general,  coincide  with  the 
work(if  previous  observers:  1.  In  small  and  moderate 
amountsanti[)vri]i  prodiicesarise  of  the  arterial  pressure, 
this  stimulating  effect  being  due  to  an  action  on  the  heart. 
3.  A  lowering  of  the  pressure  by  large  and  toxic  doses 
is  due  similarly  to  a  depres.saut  action  of  the  drug  uijon 
the  cardiac  organ.  The  remedy  does  not  appear  to  affect 
the  vasomotor  sj'Stem.  3.  Antipyrin  causes  an  in- 
crease in  the  pulse  rate  through  paralysis  of  the  cardio- 
inhibitory  centres.  The  secondary  decrease  in  the  num- 
ber of  iiulsations  is  of  a  purely  cardiac  origin,  the  drug 
exercising  a  depressiuit  etVect  upon  the  heart  itself. 

Upon  the  blood  there  is  no  elfect  when  moderate  doses 
are  administered:  in  large  quantities,  however,  it  pro- 
duces a  chocolate  discoloration  of  tlie  blood  which  is  due 
t(i  the  alteration  f if  the  hamioglobin  into  methaMiioglobiu. 
There  is  no  alteration  of  the  corpuscles  caused  by  the 
drug  itself,  but  ultimately  itsadministration  may  lead  to 
a  diminution  in  number  and  may  produce  anwmia. 

In  many  instances  antipyrin  exerts  an  irritant  action 
on  the  stomach  and  causes  nausea  and  vomiting.  An- 
other objection  to  its  employment  is  the  copious  perspira- 
tion which  is  frequently  jiroduced  and  wiiicli  generality 
accompanies  a  rapid  reduction  of  temperature.  A  rash 
of  the  character  fif  urticaria,  in  some  cases  described  as 
resembling  measles  and  scarlatina,  is  caused  in  some  pa- 
tients. It  generally  follows  the  use  of  the  drug  for  a 
length  of  time,  but  in  many  instances  a  single  small  dose 
has  had  this  effect.  These  rashes  are  usually  accom- 
]iauied  by  a  burning  and  itchiness  of  the  skin,  and  are 
exceedingly  distressing.  They  rarely  continue  for  more 
than  a  few  hours  and  no  ill  effects  remain,  but  in  some 
cases  vesicles,  bulla;,  and  hemorrhagic  rashes  have  been 
reported,  the  effects  of  which  persist  for  some  time.  Au- 
otiier  condition  which  pnives  very  annoying  is  an  irrita- 
tion of  the  nuicous  membranes  of  the  nose  and  throat, 
vvliieh  may  eiiil  in  an  ulcerative  stomatitis. 

The  toxic  symptoms  produced  when  the  drug  has  been 
given  in  very  large dosesare  convulsive  in  character,  and 
in  accord  with  the  symptoms  observed  in  experimental 
research  upon  animals.  There  ai'e  generall_y  marked 
salivation  and  laclirymation  very  quickly  following  the 
dose,  crying  aii<l  other  signs  of  distress,  and  in  a  short 
time  ataxia.  This  is  Inliowed  by  a  convulsive  stage, 
during  which  spontaneous  convulsions  are  frequent,  and 
are  easily  cau.sed  by  Hashes  of  light,  clapping  of  hands, 
etc.  Subsequently  there  will  be  jiaralysis.  insensibility, 
and  death.  Respiration  and  the  heart  are  great  ly  hurried, 
and  death  occurs  during  a  convulsion  or  from  paralysis 
of  lespiration.  The  heart  generally  continues  to  beat 
for  some  time,  and  is  finally  arrested  in  diastole.^  When 
the  drug  is  administered  in  lesser  quantities,  and  often 
in  ordinary  do.ses,  ver}-  unfavorable  symptoms  occur,  the 


result  of  a  depressant  action.  Collapse  of  the  most  alarm- 
ing character  sometimes  follows  ten  antl  fifteen  grain 
closes,  and  this  is  otten  accompanied  by  cyanosis  and 
swelling  of  the  eyelids  and  extremities.  The  milder 
symptoms  of  a  toxic  action  arc^  a  rapid  and  weakened 
heart,  shallow  respiration.  dyspiKca,  oppression  in  the 
chest  and  in  the  head,  giddiness,  vertigo,  numbness  of  the 
surface,  irritation  of  the  mucous  membranes  and  skin, 
and  many  other  symptoms  indicating  a  depression  of  the 
circulation  and  nervous  system.  This  undesirable  action 
is  the  one  great  drawback  of  what  is  undoubtedly  the 
most  ellicieiit  antipyretic  and  analgesic  compound  that 
lias  yet  been  protluced.  To  this  is  to  be  ascribed  its 
decreased  employment,  as  the  freciuent  onset  of  alarming 
symptoms,  often  as  sudden  as  they  are  unexpected,  has 
caused  the  profession  to  avoid  its  emplo3'ment  in  many 
cases  in  which  it  undoubtedly  would  prove  of  service.  A 
careful  consideration  of  cases  in  which  the  drug  has  been 
given  will  generally  enable  one  to  avoid  these  dangers. 
That  dangerous  symptoms  are  not  very  common  is  shown 
by  the  result  of  a  collective  investigation  of  the  British 
Medical  Association.  Of  one  hinidred  and  sixty-nine  ob- 
servers who  rt|)orted,  no  fewer  than  one  htmdred  and 
thirty-eight  had  never  observed  any  ill  effects  worth  men- 
tioning. It  is  advised  to  exercise  caution  in  cases  of  car- 
diac debility  and  whenever  the  respiratory  organs  or  kid- 
neys ar(^  affected.  The  remedy  must  also  be  cautiousl}- 
given  to  the  aged. 

Antipyrin  is  rapidly  absorbed,  its  effects  are  quickly 
produced  ,  its  elimination  from  the  sj'stem  begins  within 
a  short  time  after  administration,  and  it  is  entirely  re- 
moved VN-ithin  a  few  hours.  In  cluklren  it  has  been 
noticed  that  there  is  apparently  a  tolerance  of  the  drug, 
as  very  large  doses  may  be  given  without  proilucing  ill 
effects.  In  order  to  ascertain  whether  this  was  or  was 
not  due  to  a  rajiid  elimination  of  the  drug,  a  series  of 
very  interesting  observations''  were  made.  The  urine 
of  children,  adults,  and  a.ged,  to  whom  eight  grains  were 
administered,  was  systematically  examined  to  determine 
the  first  appearance  of  the  drug  and  the  leiigtli  of  time 
it  continued  to  be  excreted.  It  was  fotmd  that  in  the 
case  of  all  the  subjects  excretion  began  within  fifty 
minutes,  and  that  within  an  hour  the  drug  was  present 
in  abundance.  The  excretion,  however,  was  most  rapid 
in  the  children,  in  whom  it  could  not  be  detected  after 
fifteen  or  twenty  hours;  whereas  in  the  adults  it  was 
present  for  twent.y-four  or  thirty  hours,  and  in  the  case 
of  the  aged  its  excretion  was  still  more  slow.  When  the 
dose  was  increased  it  was  found  that  its  first  appearance 
in  the  urine  was  not  hastened,  but  its  elimination  was 
much  prolonged.  It  is  also  eliminated  by  the  other  se- 
cretions, including  the  milk  of  nursing  mothers. 

When  antipyrin  was  introduced  as  an  antipyretic  the 
dose  recommended  was  thirty  grains  in  a  single  dose, 
which  Avas  to  be  repeated  in  four  hours  if  the  pyrexia 
was  iircsent,  and  a  third  dose  of  fifteen  grains  was  to  be 
given  in  another  four  hours  if  -there  were  any  signs  of  a 
rising  temperature.  This  medication  produced  a  decided 
reduction  in  the  fever,  and  maintained  a  condition  of  apy- 
rexia  for  from  twenty-four  to  forty-eight  hours:  it  was. 
unfortunately,  often  accompanied  by  profuse  sweating 
and  other  signs  of  collapse,  and  was  soon  abandoned.  It 
is  now  given  in  doses  of  from  ten  to  fifteen  grain.s.  which 
may  be  repeated  at  short  intervals  if  no  effect  is  produced. 
When  it  is  administered  f(a-  the  first  time,  it  is  .siifer  to 
begin  with  five-grain  doses.  The  fall  of  tcmiicrature 
generally  begins  in  from  half  an  hour  to  one  hour,  and 
the  lowered  temperature  is  maintained  for  several  hours. 
In  some  instances  the  fall  is  very  rapid,  a  decline  from 
10;r  to  !)()"  F.  taking  place.  Sometimes  it  isnecessjiry  to 
repeat  the  dose  very  fre<|Uently  before  any  etVeet  is  pro- 
duced, it  apparently  being  necessrry  to  s;it urate  the 
system  before  freedom  from  fever  is  secured.  In  typhoid 
fever,  and  in  all  febrile  disorders  in  which  there  is  a 
periodic  rise  and  fall  of  temperattu-c,  the  time  of  itsad- 
ministration should  be  observed,  as  its  action  is  much 
more  marked  when  it  coincides  with  the  decline  of  the 
fever.     In  typhoid  fever  it  is  rarely  employed  as  a  mode 
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of  treatment  by  the  oontinuous  ailniinistralioii  <if  tlic 
(inijr:  it  is  eonsidered  only  of  value  as  a  means  of  n-dui- 
inu;  hvpcrjiyrexia.  Its  use  in  tiiljereulous  troubles  is  not 
looked  ujion  with  mueli  favof.  one  great  objection  beinir 
the  perspiration  that  is  caused.  It  has  been  suyjrested  to 
combine  atrojjinewitli  it  as  a  means  of  counteract  infr  this 
eifect.  In  rlieinnal  ic  fever  it  has  been  advocated  by  many 
as  a  remedy  superior  to  the  sjilicylales;  in  these  cases  it  is 
;;iven  in  tiiteen  or  twenty  uniin  doses  five  or  six  times  a 
(lav.  In  many  instances  it  has  secured  relief  from  pain 
when  .salicylate  of  Mida  has  failed,  but  it  has  not  proved 
it.self  eipial  to  the  older  renu'dy  in  the  treatment  of  rheu- 
matism in  any  form  when  accompanied  by  fever. 

Althouirh  introduced  as  an  antipyretic,  anlipyrin  was 
soon  found  to  possess  very  decided  aiialjresii-  and  anodyne 
projierties.  and  tlie  latter  application  of  the  drug  has 
almost  eclipsed  its  earlier  u.se.  In  all  forms  of  pain  of 
a  neurotic  oriiiiri,  or  in  nervous  diseases  accompanied  by 
pain,  it  has  proved  itself  of  es|ieeial  value.  It  has  been 
used  with  success  in  neuralgia,  migraine,  pruritus,  sci- 
atica, and  lundiago,  in  the  |)ains  of  tabes  dorsalis,  in  the 
pains  of  angina,  aiuf  in' those  arising  from  aneurism.  It 
has  been  found  to  replace  morphine  in  renal  colic  and 
asthma,  and  has  even  proved  itself  to  be  superior,  as  it  in 
no  wav  deranges  the  secretions.  It  has  been  usrd  in  all 
conditions  in  which  the  hypodermic  use  of  mnrpliine  is 
generallv  resorted  to,  and  has  been  found  a  very  eliieienl 
substitute  in  the  greater  number  of  cases.  As  a  lemedy 
for  headaches  of  a  nervous  origin  it  is  very  Iiimk  llcial. 
In  the  forms  peculiar  to  growing  children,  and  in  iIkjsc 
accompanying  anaemia  and  debility,  it  lias  been  r(r<.m 
meniled  by  (iermain  See.  who  em|iloyed  it  in  a  large 
munber  of  cases  with  marked  success.  The  same  ol)- 
server  also  considers  it  of  value  in  pain  of  a  rheumatic 
characler  unaccompanied  by  fever,  .\lthougli  iulVrinr 
to  the  salicylates  in  the  febrile  forms,  he  cimsiders  il  de 
eidedly  superior  to  all  other  drugs  when  iheie  is  no  fever. 
In  the  pains  of  dysmenorrlirea  and  other  pelvic  disordeis 
it  has  also  been  emjdoyed  with  success.  lis  use  in  su<li 
cases  is  indicated  when  the  sulfering  is  of  a  nervous 
character,  as  the  <lrug  e.xerts  no  influence  on  the  uterine 
contractions  and  fails  to  relieve  the  |iains  that  arise  fnim 
the  efforts  of  the  uterus  to  e.xpel  its  contents.  In  oli- 
sletri<-al  practiceil  hasallayed  much  of  thesulfcring  that 
accomiiaines  labor.  Its  efleet  resembles  that  of  chloral. 
In  the  lirst  stage,  in  primipara'  anil  in  neurotic  jjatieiils. 
it  lessc-ns  the  rigidity  of  the  os  anil  allays  the  jiainful 
s])asmodie  action.  In  tedious  labor  it  lessens  the  e\ 
aggerated  nervous  pain  which  often  in  a  reflex  mannci- 
interferes  with  the  efiiciency  of  the  uterine  contractions. 
It  is  useless  for  the  ])ain  of  the  second  sl;ige,  which  is 
mechanical  in  its  character.  For  the  after  pains,  due  to 
the  expulsion  of  clots,  it  is  without  clfecl.  but  intho.se 
that  are  of  a  neuralgic  character  it  affords  marked  relief. 
The  employment  of  the  drug  does  not  in  any  way  increa.se 
the  tendency  to  jiost-jiarlum  hemorrhage.  It  exeicises 
no  ecbolic  action,  and  has  proved  of  .service  in  allaying 
the  pains  and  cheeking  the  progress  of  threatened  abor- 
lion.  It  has  been  recommended  in  cases  in  which  il  is 
desired  to  reduce  the  secretion  of  nu'lk.  Cases  are  re- 
ported in  which  dosesof  cii^lit  grains  les.seiied  the  amount 
uithin  a  day  and  checked  it  altogetlier  in  tlirrc  ilavs. 

The  action  of  anti]iyrin  on  the  spinal  cord  ami  nerve 
centres  has  led  to  its  eniplin'ment  in  many  diseases  of  a 
neurotic-  character.  In  chorea  it  has  proved  useful,  butli 
in  cases  traceable  to  rheumatism  and  in  those  in  which 
there  was  no  such  history.  In  a  report''  of  sixty  ca-^es 
ill  which  it  was  used,  it  was  found  to  benefit  twn  thirds, 
diminishing  the  severity  of  the  attack  and  slmrtening  its 
duralion.  Heciirrenee,  however,  was  noticed  in  tlirei- 
lifllis  of  flic  cases.  It  was  found  necess:iry  to  give  large 
doses,  from  ',i  to  (i  gni.  daily  being  rei|uired.  'I'his  was 
found  to  be  well  tolerated  for  several  weeks,  and  serious 
s_ymptoms  of  poisoning  were  never  noticed.  Antipy- 
rin  was  suggested  as  a  remedy  for  whooping  cough  liy 
Sonnenberger,  in  181S7,  and  it  lias  been  used  for  this  pur 
pose  to  a  very  great  extent,  with  varying  results.  The 
dose  shoidd  be  from  two  grains  ujiward.  according  to  the 


age  of  the  child.  ()ne  grain  and  a  half  for  each  year 
has  been  adviseih  for  infants  of  a  few  months  of  age 
one-half  to  Ihree-ipiartcrs  of  a  grain  issnliicieiit.  In  many 
of  the  cases  reported  remarkable  ell'ecis  have  been  an- 
niiiiiiced.  the  disea.se  having  been  cut  short  in  a  few  days. 
This  drug  has  also  |M'oved  of  service  for  enuresis,  when 
of  nervous  origin  and  due  to  irritability  of  the  bladder. 
Il  has  also  been  employed  in  epilep.sy,  bill  not  with  en- 
couraging results,  hut  more  favoralile  results  are  reported 
from  its  combination  with  aminnniiini  bromide.  From 
lime  to  lime  cases  have  been  reported  of  diabetes  that 
have  been  suoci'ssfiilly  treated  with  anlipyrin.  The 
i|uantily  given  has  ranged  from  2  to  (i  gin.  daily.  In 
some  insfaiices  the  excretion  of  sugar  was  wholly  checked ; 
in  the  majority  it  was  lessened  in  i|uantily  and  the 
patient  was  relieved  of  all  troublesome  syni[)loiiis.  The 
most  marked  eirects  were  noticed  in  nervous  jiatients 
and  when  the  polyuria  was  excessive.  The  diet  must 
not  be  neglected. 

Anlipyrin  possesses  a  decided  aniiseplic  action,  and 
it  has  been  siiggested  that  Ibis  shnulil  be  utilized  both  by 
internal  administration  and  as  a  local  ap|ilicatii)ii.  It  has- 
been  shown  that  a  two-and-one-half-per-ceiit.  solution  pre- 
vents the  development  of  the  bacillus  of  diijlitheria  in 
various  cullures,  and  a  live-percent,  solution  aplilied  to 
a  culture  containing  the  liacillus  destroyed  it  in  tweiity- 
biur  lioiirs.  Il  has  also  been  found  lo  exert  a  powerful 
neulrali/ing  action  on  the  toxins  of  diphtheria.  Afiplica- 
tions  of  the  remedy  to  the  throat  and  its  inlernal  adinin- 
islialion  are  advocated  in  this  disease,  but  satisfactory 
evidences  of  the  beneficial  ellects  of  this  treatment  are 
still  lacking. 

In  sloinachic  disorders  and  diarrliieas  of  children  anli- 
pyrin has  been  eni)iloyed  on  account  of  its  effect  in 
clieckiiig  fermentation.  It  isgiven  indosesranging  from 
one  half  to  one  or  two  grains. 

The  local  application  of  the  drug  has  proved  of  de- 
cided value  as  an  ana-slliclic  remedy  in  various  troubles  of 
the  nose,  throat,  and  larynx;  a  solution  of  I  he  strength  of 
about  four  percent.,  used  asa  spray  or  p;iiiited  directly  on 
the  mucous  membrane,  being  found  elfective  in  allaying 
I  he  congest  ion  and  lessening  i  lie  sensibility  and  irritability 
of  llie  part.  It  at  first  causes  a  sense  of  heat  and  smart- 
ing, hut  Ibis  rapidly  jiasses  away  and  is  folloued  by  ease 
and  conilort.  and  freedom  froni  all  the  jiainful  seiis;itii>ns 
that  may  have  accoinpanied  the  inllamed  condition.  The 
seiisiliveness  of  the  nasal  mucous  menilirane  is  more 
marked  than  that  of  the  ])harynx.  and  an  apiilieation  of 
cocaine  is  often  required  before  the  antiliyrin  can  be  ap- 
lilied: in  such  cases  it  is  advisable  to  begin  with  a  one- 
percent,  solution.  The  powdered  ding,  or  concentrated 
solulions,  have  been  found  toexerl  anana'sthelicand  very 
aslringeiil  act  ion.  and  have  been  used  for  the  Ireatment  of 
tiiherciiloiis  disease  and  other  painful  affections,  and  in 
conditions  in  which  there  is  a  reflex  element  present. 
When  it  isaiiplied  in  these  concentrated  solutions  the  re- 
sulting ana'sthesia  is  complele,  and  lasts  for  one  or  two 
hours.  A  len-per-eent.  solulioii  in  a  one-per  cent,  sohi- 
lioii  of  carbolic  acid  has  been  advised  in  operations  upon 
I  he  urethra. 

.Vntiiiyrin  has  also  been  used  in  the  treatment  of 
cerlain  forms  of  eye  disease.  Weak  solutions  of  from 
one  lo  three  percent,  have  been  used  with  advantage  in 
siin|ile  acute  or  chronic  conjunctivitis.  L'niler  the  influ- 
ence of  three  or  four  washings  a  day.  the  secretion  dimin- 
ishes and  a  cure  is  rajudly  eil'ected.  The  sohilion  at  first 
causes  a  sensjilion  of  burning,  which  may  lie  iiainfiil, 
but  this  lasts  only  a  few  nionienls  and  is  follow  ed  by  re- 
lief from  all  distress,  .-\ntipyrin"  has  recent  I  v  lieen 
used  to  reiilace  jei|iiirity  in  the  Ireatment  of  scrofulous 
panniis  which  has  resisled  other  methods.  The  eye  is  lo 
be  rendered  ana'Sllietic  with  cocaine,  and  a  thin  layer  of 
antiliyrin  is  deposited  on  the  cornea  wilh  a  brush,  or  by 
mean's  of  an  insulllator.  In  spile  of  the  cocaine  the  pa- 
tient complains  of  pain  and  burning,  and  there  is  more 
or  less  l;ichrvniation.  When  this  reaction  subsides  the 
eyeball  is  geiilly  massaged  thro;igh  the  cIomiI  lid.  The 
intlammalion  tliat  arises  varies  in  intensi'y.  and  from  one 
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to  scvi-i';il  (lays  must  I'lapsc  l)i't'i)r('  tlii'  jiroopss  is  repeated. 
Tlie  eoutiiiiiulieations  to  this  treatment  are  tlie  presence 
of  corneal  ulcerations  ami  phlyctenular  keratites.  The 
most  suitable  eases  are  those  in  which  there  is  extensive 
proliferation  of  the  blood-vessels. 

A  very  im]iortunt  iiroperty  of  antipyrin  is  its  power 
of  conlrollinj;-  heniorrhajre.  When  placed  in  contact 
witli  lilooil  at  its  normal  temperature  it  tliickeus  and 
condenses  it.  without  causina:  eoaijulation.  When  a  con- 
centrated solution  or  the  powdered  druj;-  is  applied  to  a 
nuicous  membrane  it  cau.ses  an  aua'inia  more  or  less 
marked,  according  to  the  strength  of  the  solution.  When 
ajiplied  to  an  animal's  mesentery  the  blood  grows  darker 
in  color,  the  circulation  becomes  slow  and  ultimately 
ceases,  and  the  parts  appear  almost  bloodless  after  the 
application  of  a  tifty-per-cent.  solution.  This  styjitic 
action  may  be  secured  by  applying  a  plug  of  cotton 
saturated  with  a  tifty-per-cent.  solution  to  the  bleeding 
surface,  or  the  powdered  drug  may  be  used.  This  action 
has  been  conlirmed  in  numerous  cases  of  epista.xis  and  of 
bleeding  fnmi  the  tonsils,  orafter  the  extraction  of  teeth, 
and  even  in  cases  of  uterine  hemorrhage.  In  nian.y  in- 
stances it  has  been  foimd  that  a  ten-per-cent.  .solution 
was  sufficient  in  ordinary  hemorrhage  from  mucous  mem- 
branes. In  luemoptysis  of  phthisis  its  internal  admin- 
istration was  thought  to  prove  beneficial,  but  the  large 
quantities  required  to  produce  this  ctTect  were  accom- 
panied by  dangerous  symptoms. 

To  secure  the  full  benefit  of  auti|iyrin  it  reipiires  to 
be  given  in  doses  of  ten  to  fifteen  grains,  and  these  should 
be  repeated  until  the  desired  eflfect  is  obtained,  or  until 
forty  <ir  fifty  grains  have  been  given.  These  large  doses 
have  been  given  for  a  ])rolonged  period  without  any  ill 
effects,  and  to  children  much  greater  ipiautities  in  com- 
parison have  been  given.  The  drug  is  generally  admin- 
istered in  solution,  and  it  is  considered  advisable  to 
t'ombine  it  with  alcohol,  ammonia,  orsomeditTusible  stim- 
ulant. The  hypodermic  injections  have  been  advocated 
when  it  is  desired  to  secure  a  local  anodyne  action.  The 
^■ffect  is  noticed  in  ten  or  fifteen  minutes,  anil  it  lasts  for 
six  or  eight  hours.  The  usual  dose  is  about  four  grains 
in  ten  minims  of  water,  and  when  the  painful  area  is  great 
a  number  of  injections  are  required.  Cocaine  often  has 
to  be  added,  as  much  pain  is  sometimes  experienced. 
This  method  of  administering  the  drug  is  not  without 
its  dangers,  as  it  has  produced  gangrene  of  the  toes  when 
injected  for  painful  affections  of  the  foot.  When  the 
stomach  is  irritalile  and  rebels  against  antipyrin,  or  when 
a  local  action  on  the  pelvic  organs  is  wished  for,  it  may 
be  given  as  an  enema;  antipyrin,  gr.  x.  to  xx,,  tinct.  opii, 
tilv.,  aquif ,  3  iv.  It  may  also  lie  preiiared  as  a  supposi- 
tory where  such  can  be  used  with  convenience, 

Beaumont  Small. 

■  The  Dmpffists'  (  iri'iilar,  .\uffust.  1890, 

2  Not^s  un  Ni-w  IttMiii'dit*.s,  1.S92. 

3  .lohns  Hii|>kins'  Bulletin,  .\pnl,  1800. 
■•  liritish  M.-ilical  .li.iinial,  Julv  11,  1891. 

i*  Britisli  Mi'cli.Ml  .Liiirnal,  January  17.  1891. 
**  Tlierapeutic  (iazette,  December,  189«, 

ANTIRHEUMATICUM  (Kamm)  occurs  in  the  form  of 
blue  jnismatic  crystals  which  result  from  the  action  of 
sodium  salicylate  on  inethylenc  blue.  It  is  soluble  in 
water  and  alcohol,  and  is  used  in  doses  of  gr.  i.  to  gr.  v.. 
three  times  a  day.  in  acute  articular  and  gonorrhieal  rheu- 
matism.    Larger  doses  tend  to  irritate  the  kidneys, 

ir,  ^1.  Btutedo. 

ANTISEPSINE. — Asepsine.  para-brom-aeetanilid.  para- 
mono  -  brum  -  phenyl  -acetaniide  (CcHjBr.NH.CHjCo). 
Prepared  by  acting  with  bromine  on  a  solution  of  acetan- 
ilid  in  glacial  acetic  acid.  The  resulting  Avliite  precipi- 
tate is  reerystallized  from  alcohol.  Antisejiriine  occurs  in 
colorless  crystals  slightly  soluble  in  water  and  somewhat 
more  so  in  alcohol.  It  is  antipyretic,  antineuralgic.  and 
analgesic,  its  action  bemg  mucii  like  that  of  aci'tanilid, 
but  with  a  tendency  to  be  more  sedative.  Dose,  gr.  ij, 
to  .X,  Tr.  ^.  Basicdo.  ' 


ANTISEPTICS.—Those  agents  only  which  have  the 
power  of  luiveiuiug  the  putrefactive  decompo.sition  of 
organic  material  are  jiroperly  called  antuieptirx  (from  aiTi, 
iigainst,  and  an-TiKu^.  putrefying).  But  inasmuch  as 
these  agents  have  also  the  power  of  arresting  other  forms 
of  fermentation  due  to  the  action  of  micro-organisms  of 
the  Siime  class — (..(/.,  the  acetic  fermentation,  the  alkaline 
fermentation  <if  urine,  etc. — it  will  not  be  necessary  to 
con.siderantizymotics — a  more  comprehensive  term — sep- 
arately, and  we  may  accept  as  satisfactory  evidence  of 
antiseptic  power  the  ability  of  a  chemical  substance  to 
prevent  the  development  of  bacteria  of  any  kind  in  a  me- 
dium suitable  for  their  growth.  The  amount  of  a  given 
antiseptic  agent  necessary  to  accomplish  this  result  is  not. 
however,  the  same  for  all  species  of  bacteria,  but  varies 
considerably,  and  can  be  as<-ertained  for  each  species  only 
by  carefully  conducted  experiments. 

Putrefactive  decomposition  is  a  complex  process  due  to 
the  combined  or  successive  action  of  a  variety  of  micro- 
organisms, and  attended  with  the  formation  of  a  large 
number  of  volatile  and  non- volatile  protlucts.  The  vola- 
tile products  of  jiutretaction,  many  of  which  are  known 
to  us  only  by  their  offensive  odors,  are  those  which,  being 
recognized  bv  the  sense  of  smell,  enable  us  to  distinguish 
xeptic  from  other  forms  of  fermentation.  An  agent  which 
destr(i_vs  these  bad-smelling  products  of  putrefaction  is  a 
deodovdiif.  It  is  a  ])opular  error  to  suppose  that  an  anti- 
sept  ic  or  a  disinfectant — terms  which  are  often  confounded 
— is  an  agent  which  neutralizes  these  imtrefactive  odors. 

It  is  true  that  an  antiseptic  or  a  disinfectant  may  de- 
stroy the  volatile  products  of  putrefaction.  3Iany  agents 
properly  so  called  have  this  |iower;  they  are  not.  how- 
ever, properly  so  called  for  this  reason.  An  antiseptic 
l>revents  the  development  of  such  volatile  products  by 
\irtue  of  its  jiower  to  arrest  the  process — putrefactive 
fermentation — which  gives  rise  to  them.  {For  definition 
ai  dixiiifictdiit,  see  article  under  that  heading,)  So,  too, 
as  regards  the  non-\dlatile  products  of  putrefaction. 
Some  of  these  are  highly  jioisonous  substances  which  it 
may  be  desirable  to  destroy,  and  they  may  be  destroyed 
by  certain  of  the  chemical  agents  recognized  as  antisep- 
tics: but  this  jiower  does  not  entitle  such  agents  to  he 
ranked  as  antiseiitics  any  more  than  does  the  power  to 
destroy  the  volatile  products  of  putrefaction.  We  know, 
as  a  result  of  extended  experiments,  that  those  agents 
which  restrain  the  <levelopment  of  septic  organisms  also 
restrain  the  development  of  known  disease  germs,  and 
riee  nrxn.  We  are  therefore  justified  in  speaking  of 
those  agents  as  antiseiitics  which  have  been  jiroved  liy 
laboratory  experiments  to  prevent  the  development  of 
pathogenic  organisms  in  suitable  culture  media.  Great 
care,  however,  must  Ijc  exercised  in  drawing  any  infer- 
ences from  experiments  made  upon  one  organism  with 
reference  to  the  nnnditU  which  may  be  necessary  to  pre- 
vent the  development  of  another.  Thus  the  bichloride 
of  mercury  prevents  the  development  of  anthrax  spores 
when  present  in  a  culture  iluid  in  the  proportion  of  1  to 
HOO.IMid:  whereas  somc>  micrococci,  and  certain  bacilli, 
commonly  present  in  putrefying  infusions,  can  multiply 
in  the  presence  of  1  to  40.1100. 

It  is  evident  that  •■in  agent  which  has  the  power  of  de- 
stroying putrefactive  organisms  must  be  an  antiseptic. 
Gerinicidi'K  (see  this  heading)  are.  therefore,  antiseptics. 
But  autise])lics  are  not  necessarily  germicides,  and,  as  a 
matter  of  fact,  some  of  the  best-known  and  most  exten- 
sively used  antiseptics  have  no  germicide  jiower  at  all,  or 
else  destroy  the  vitality  of  uiicro-cu-Muismsof  thisclass^ 
bacteria — only  when  used  in  a  concentrated  solution  and 
after  a  comparatively  long  exposure;  e.g.,  alcohol,  com- 
nion  salt,  borax,  etc. 

Certain  chemical  agents  are  antiseptics  because  of  their 
power  in  very  small  amounts  to  precipitate  albuminous 
matters  from  organic  infusions,  and  thus  to  render  such 
infusions  unsuitable  as  pabulum  for  thi>  development  of 
low  organistns.  This  is  especially  tnie  of  the  sulphate 
of  iron,  sulphate  of  zinc,  chlcu'ide  of  zinc,  and  other  me- 
tallic salts  wliich  are  extensively  used  as  "disiufectants," 
It  is  ditlicull  todetirmiue  w hcther  these  sul)stances  also 
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exert  a  veslrainiiisr  iiiHui-iuc  iqinn  tin-  (Icvclopiiii-iil  <<{ 
germs,  inasnnicli  as  their  aftioii  u|inii  llie  oriraiiie  jial)!!- 
lum  essential  for  siieli  develo])nieiit  is  iiiaiiifesleil  almost 
iiiimediatel}'.  when  lliev  are  added  in  very  dilute  solntioii 
to  a  culture  medium.  It  is  proluible.  however,  that  those 
agents  whieh  have  been  shown  to  possess  germicide 
power — as,  for  e.vample,  the  chloride  of  zinc,  w  hich  de- 
stroys the  bacteria  of  putrefaction  in  the  ])id|iortioM  of 
one'part  to  fifty — exert  a  r<'Straiiiiii,!:  iiitluciu'e  upon  the 
development  of  i)aclerial  organisms  in  amounts  somewhat 
less  than  are  required  tor  tlie  destruction  of  vitality. 
This  intVrellce  is  based  upon  our  Unowledge  of  the  anti- 
septic action  of  other  germicides  which  do  not  destroy 
our  culture  media  by  causing  a  preeipilalion  of  albu 
minoid  matters  contained  in  tliem. 

Certain  sul)stances.  which  in  dilute  solution  have  no 
rt'Straining  power  upon  the  development  of  low  organ- 
isms, or  may  even  serve  as  pabulum  for  them,  in  a  con- 
centrated soluti<in  ])revent  i)Utrefactive  di'coinposition : 
e.(/.,  su;;ar.  chloride  of  sodium,  sulpliateof  magnesia,  etc. 
It  is  probable  that  these  substances,  in  concentrated  solu- 
tion, prevent  I  he  ■development  of  |)utrefactive  oiganisms 
bv  giving  a  density  to  tli<'  tbiid  containing  them,  wliieli 
is"  incompatible  with  t!ie  performance  of  physiological 
processes — osmotic V — upon  which  vital  activity  di'peiids. 

After  this  l)rief  account  of  the  iiintlns  njn  i-niidi  of  anti 
septics  we  pi'oee<'d  to  consider  tlie  compaiative  xaluicif 
these  agents  as  <'.stablisherl  by  experimental  d.ila. 

And  tirst  we  ma.v  ri'l'er  to  certain  antiseptics  extensively 
cmploved  in  tin'  preservation  of  food  products,  the  use  of 
w  liich  is  so  general  and  widely  known  that  a  mere  men- 
tion of  tliem  is  all  that  will  be  required  in  the  present 
place.  The  list  includes  sugar,  useil  laigely  in  the  pres- 
ervation of  fruits;  vinegar,  employed  for  the  in'eserva- 
tion  of  certain  vegetables;  alcohol,  used  to  pri-serve  fruits, 
and,  very  exti-nsively,  fortiK'  preservation  of  anatomical, 
pathological,  and  natural  history  specimens;  an<l  chloride 
of  sodium,  our  main  reliance  for  the  preservation  of  meats 
and  Hsh.  All  of  these  commend  themselves  for  use  by 
reasonof  theircheapnessand  the  absence  of  noxious  prop- 
erties, rather  than  because  of  their  antisejuic  power. 
which  is  coinparativ<'ly  low.  Every  ]iathologist  knows 
that  his  s])eeimens  are  liable  to  s]ioil  if  the  alcohol  in 
whicli  they  are  kept  is  not  of  the  strength  of  fifty  jii'r 
(■{■nt.  or  above,  and  every  merchant  knows  that  bis 
"|)iekled"  ))ork  or  tish  will  beeomi'  putrid  in  wann 
weatlier  if  tlie  brine  in  which  tliey  are  kept  is  not  very 
"stron.g. " 

Attempts  to  establish  the  exact  antiseptic  value  of  vari- 
ous chemical  agents  have  been  made  by  numerous  inves- 
tigators, but  it  is  hardly  worth  while  to  consider  any  ex- 
perimental data  ]mblished  jn-ior  to  1«7"),  as  the  methods 
a<lolited  prior  to  that  time  were  not  such  as  could  give 
reliable  results,  and  we  have  more  recent  data  eiaicerning 
extended  researches  wliieli  conform  more  nearly  with  the 
exactions  of  science,  upon  which  we  shall  liase  our  de- 
tailed account  of  the  com])arative  vaUn^  of  antiseptics. 

In  conformity  w  ith  the  broad  sense  in  whieh  tlie  term 
antiseptics  is  used  in  the  iiresent  article  w<'  shall  repent 
facts  relatin,g  to  tlie  power  of  the  agents  iiame<l  in  re 
strainingthc^ development  of  pathogenic  micro  (irganisms. 
or  of  those  concerned  in  various  fernnntations.  as  well  as 
those  relating  to  their  ]iower  to  prevent  putrefactive  de 
composition,  to  which  a  more  strict  usn  if  the  term  would 
limit  IIS. 

In  attempting  to  compare  the  ri'snlts  of  different  aii 
then-sit  will  be  necessary  to  remember  that  conformity 
can  beexiiected  only  in  those  cases  in  w  hich  the  same  test 
organism  has  been  employeil.  and  in  which  the  conditions, 
as  to  the  nature  of  the  culture  tin  id.  etc..  have  been  idi  ii 
ti<'al. 

When  the  anti.se|itic  agent  is  volatile  it  is  evident  tliat 
the  result,  in  a  protracted  test,  will  be  intluenced  by  the 
form  of  the  receptacle  and  the  fact  of  its  being  ojien  to 
the  air  or  hermetically  closed,  as  in  the  culture  tlasks  used 
b,v  the  writer.  Again,  when  the  conditions  of  theexjieri- 
nient  are  such  that  the  "breaking  down"  of  a  llask  of 
ieef  tea,  containing  a  certain  antiseptic  in  a  given  amount, 


as  in  the  experiments  of  Mi(picl,  depends  upon  the  devel- 
o]ini<'nt  of  spores  or  desiccated  organisms  contained  in 
"dust."  or  u  pi  >ii  accidental  inoculation  by  airborne  spores, 
the  material  will  be  ()reserved  for  a  longer  time  than  in 
ex]ieriments  in  which  a  drop  or  more  of  fluid  swarming 
with  bacteria  is  added  to  the  solution  at  the  outset.  And 
the  laiger  the  quantity  of  material  containing  jmtrefac- 
tive  bacteria  which  is  added  to  a  culture  tliiid  protected 
by  an  antiseptic  the  greater  will  be  its  ji.ibility  to  "break 
down.'' 

In  giving  a  detailed  account  of  tlie  comparative  value 
of  antiseptics  we  shall  follow  Ihecla.ssilication  of  Miquel,' 
to  whom  we  arc  indebted  Cora  very  comprehensive  and 
earefullv  conducted  series  of  experiments  made  at  the 
Observatory  of  .Alontsouris.  Paris,  in  connection  with  his 
extended  researclK'S  relating  to  atmospheric  organisms. 
The  ligures  given  in  the  following  tables  also  represent 
the  results  reported  bv  this  author,  unless  otherwise 
stated. 

The  elassitication  of  Miciuel  is  as  follows: 

Effective  in  tlie  proportion  of 

1.  Sulistiini-i^senilllelltlv  aniiseptir I  :  llKM»«l  to  1  :  1(1,11(10 

•i.  Snlist:iiii-i-s  viTV  sUiniulv  arillsi'ptir,  I  :  l(l,(j(ll)  to  1  :  l.(lfX) 

:t.  SillisIaiiii-ssIioni.'ly  alitiscplic 1  :  l.ddd  to  1  :  2<l(j 

-I.  Sia)st;nn-f'.s  ino(li*rut4"ly  anliseplic-. . .  1  :  2(K1  U)  1  :  .50 

.').  SaltstaiH  es  ft-eltly  juiMseptie 1  :;">(:  to  1  :  10 

li.  suhsUinces  very  feelily  antiseptic...  1:  10  to  1  :  ;i.;!S 

In  the  experiments  of  Miipiel.  the  amount  of  each 
agent  tested — in  grams — which  was  reipiired  lo  prevent 
tiie  )nitrefaction  of  one  litre  of  beef  tea  was  determined, 
thus  giving  directly  the  ratio  per  1.00(1.  When  an  agent 
failed  in  the  iiroiicn-tion  of  JiOO  gm.  to  the  litre  it  was 
dropped  from  the  list;  for.  as  .Micpiel  says;  "In(|iianti- 
ties  greater  than  this  a  substance  can  scarcely  be  called 
an  antiseptic,  inasmuch  as  all  substances  known  toeliem- 
ists,  including  some  of  the  most  fermentable,  will  pre- 
serve indetiiiilely  one  liln-  of  bouillon  when  present  in  a 
larger  amount  than  this.'' 

Mi([uel  reeogni/es  the  inqiortance  of  experiments  to 
determine  the  restraining  power  of  chemieal  agents  upon 
various  species  of  bacteria,  separately,  and  especially 
uiion  "disease  germs,"  but  he  says:  "As  to  me,  faithful 
to  a  plan  adopted  at  the  outset.  Tw  ill  treat  the  suliject  in 
a  more  general  manner  by  making  known  simply  the 
niinimum  weight  of  the  substances  capable  of  preventing 
the  evolution  of  any  bacteria  or  germs. 

"The  niethod  adopted  is  very  simple.  To  a  liquid 
alwavs  comparable  to  itself  it  is  sullicient  at  first  to  add 
a  known  weight  of  the  antiseptic  and  some  atmospheric 
germs  or  adult  bacteria,  and  to  vary  the  (luantity  of  the 
iuitiseiitic  iiiilil  tlieaiiKHint  is  ascertained  which  will  pre- 
serve indelinitely  the  li(|iiid  from  putrefaction.  In  order 
to  obtain  germs'of  all  kinds  in  the  dry  state  it  sullices  to 
take  them,  where  they  are  most  abundant,  in  the  dust 
<-ollecte(l  in  the  interien-  of  hou.ses  m  of  hospitals,  and  to 
procure  a  variety  of  adult  bacteria  we  may  take  the  water 
of  sirwcrs. " 

In  tin-  writer's  ex]ierinients.  iiiiblished  in  The  American 
.foi/riiiil  of  Ihc  Miilinil  .sV-Zr/ev.x  (Aiiril.  ISSli).  a  dilTerent 
plan  was  adopted,  inasmuch  as  the  object  in  view  was  to 
ascertain  the  restraining  intluence  of  various  antiseptics 
upon  several  diffi'icnt  micro  (irganisms — isolated  in  pure 
cultures — bir  the  purpose  of  determining  whether  dilTer- 
I'lit  species  of  bacteria  have  widely  different  vital  resist- 
ing power  to  the  aetioii  of  tlieseag('nts.  or  whether  results 
obtained  with  a  single  test  organism  could  be  applied  to 
other  orsanisins  of  the  same  class.  Tliesi' exiieriments, 
which  are  included  in  T;ible  No.  IV.  of  my  paper  referred 
to.  taken  in  connection  with  those  of  Koch  on  anthnix 
spores,  those  of  .\rloing.  Cornevin.  and  Thomas  on  the 
virus  of  symptomatic  anthrax,  those  of  Salmon  on  the 
micrococcus  of  fowl  cholera,  etc.,  show  that  there  are 
marked  dilTereiices  in  the  aliility  of  oi  ganisnis  of  this  class 
to  multiply  in  the  presence  of  certain  antiseptic  agents. 
These  dilferences  deliend  mainly,  however,  upon  the  fact 
that  s])ores  are  unable  to  ger'ininate  in  the  presence  of 
verv  small  amounts  of  certain  agents,  such,  for  example, 
as  the  bichloride  of  mercury;  and  that   micrococci  and 
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bacilli  in  process  of  active  iirowtli  may  ilcvclop  in  the 

lii'eseiice  of  very  much  larger  amounts  of  these  agents. 
Ill  the  writer's  e.\periments  the  antiseptic  agent,  in  a 

given  pro])ortion.  was  added  toaeultun'  tluiil;  this  was 
then  introduced  into  little  culture  liasks 
of  llu'  form  shown  in  the  tigure.*  The 
caiiillary  exireniity  of  the  tlasU  was  then 
hcrmeiii-ally  sealed  in  the  tlame  of  an  al- 
eiiliol  lamj).  and  the  contents  of  the  flask 
sterilized  by  long  boiling  in  a  water  bath. 
Having  now  a  sterilized  culture  fluid 
containing  the  antiseptic  to  be  tested  in 
known  proportion,  it  is  oidy  necessary  to 
introduce  into  the  flask  a  minute  drop  of 
Hind  from  a  similar  flask,  contaiinng  a 
■■  pure  culture "  of  the  test  organism,  in 
order  to  ascertain  the  restraining  power 
of  the  agent  tiutier  trial  with  reference  to 
thi.s  particular  organi.sm.  By  multiplying 
the  experiments  we  gradually  approach 
the  limit  and  establish  the  minimum  (luan- 
tity  of  each  agent  required  to  prevent  the 
Fig.  21».  development  of  the  several  test  organisms. 
The  ex]xriments  of  De  la  Croix  -  were 

made  by  a  method  which  docs  not  differ  essentially  from 

that  adopted  by  Miquel. 

1.  SuBsT.\NCES  Eminently  Antiseptic. 

This  list,  according  to  the  researches  of  Miquel,  em- 
braces : 

Efficient  in  the 
proportion  of 

Mercuric  iodide 1  to  4S),nm 

Silver  iodide 1  to  33,0(K1 

Hydrogen  peroxide I  to  :i0.e(MI 

Mercuric  chloride 1  to  U,8INI 

Silver  nitrate 1  to  13,.0(KI 

Of  the  substances  included  in  this  list,  the  bichhn-idc 
of  mercury  (mercuric  chloride)  is  that  which  has  hereto- 
fore received  the  greatest  attention,  and  by  reason  of  its 
comparative  cheapness  (it  can  be  bought  l)y  the  thousand 
pounds  for  fifty  cents  per  pound),  its  solubility,  etc.,  it 
recommends  itself  at  oni-e  as  an  antiseptic  of  great  prac- 
tical value. 

The  figures  given  liy  !Mi(|uel  represent  the  proportion 
in  which  this  agent  will  permanently  prevent  the  devel- 
opment of  any  of  the  widely  distributed  micro-organisms 
in  dust  deposited  from  the  atmosplu'ie.  In  the  writer's 
experiments,  which  have  recently  been  repeated  with 
similar  results,  it  was  found  that  (1.0(13  per  cent.,  or  1 
part  in  33,000,  prevented  the  development  of  the  test 
organisms  employed,  while  one-half  this  amount  failed — 
f  to  6(5,000.  These  results  are  not  in  conflict  with  those 
of  Miquel.  in  which  the  test  included  a  great  variety  of 
organisms.  In  my  own  experiments  I  encountered  a 
minute  bacillus,  associated  with  other  putrefactive  organ- 
Isms,  which  multiplies  in  solutions  containing  1  to  30,- 
000,  but  the  restraining  power  of  the  anti.se]itic  is  shown 
in  this  proportion  by  the  fact  that  multiiilication  is  de- 
layed, and  does  not  occur  during  the  first  twenty-four 
hours  to  such  an  extent  as  to  interfere  with  the  trans- 
jiarency  of  the  culture  solution,  and  it  was  only  after  re- 
maining from  forty-eight  to  seventy-two  hours  in  the 
ciUture  oven,  at  3S'  C.  that  the  fluid  became  clouded  and 
was  found  to  swarm  with  this  minute  actively  moving 
bacillus.  On  thi^  other  hand,  the  develo])ment  of  the 
spores  of  certain  bacilli  was  prevented  by  a  much  smaller 
proportion.  Thus  I  am  able  to  verify  the  statement  of 
Koch  as  to  the  astonishing  power  of  this  agent  to  prevent 
the  development  of  anthrax  spores.     A  decided  restrain- 

*  •'  To  introduce  a  culture  liquid  into  one  of  thp,se  liitle  flasks,  heat 
the  hulb  sliL'htly.  lucak  oft  the  scaled  c.vtroniity  of  the  tulie,  and 
plunge  it  hcricalh  thn  sniface  of  tlic  liquiii.  'I'lie  quantity  which  enters 
will,  of  coal's'-,  lU-pciid  u[ion  tlic  heat  cmpli'vcd.  and  tile  conseqiienr 
rarefaction  of  the  enclosed  air.  (nduiaiih  the  iinlt>  is  itlled  t^)  aliout 
one-third  of  its  capacity  with  Hie  ciihiire  liquid,  leavint?  it  two-thirds 
full  of  air.  for  the  use  of  Mie  iiiiemscopic  iilants  wtiich  are  to  lie  culti- 
vated in  it."— From  the  writer's  work,  "  liacteria,"  Wm.  Wood  &  i'o.^ 
New  York. 


ing  power  is  shown  when  it  is  present  in  the  proportion 
of  1  to  (iOO.OOO,  inasmuch  as  in  a  sterilized  culture  medium 
containing  this  amount,  anthrax  spores  produce  only  a 
few  flocculi  of  filaments  at  the  end  of  forty-eight  hours, 
while  in  the  same  medium,  without  the  bichloride,  an 
abundant  and  luxuriant  development  occurs  in  less  than 
twenty-four  hours. 

In  one  experiment,  in  which  anthrax  spores  were  intro- 
duced into  two  culture  flasks  containing  1  to  100.000, 
two  containing  1  to  300.000.  and  two  containing  1  to  400.- 
000,  no  development  occurred  during  the  first  twenty- 
four  hours  in  any  of  the  flasks,  while  an  abundant  devel- 
opment had  taken  place  in  another  flask  containing  tlie 
same  culture  medium,  without  any  bichloride,  which 
was  inoctdated  at  the  same  time  to  test  the  iiurity  of  my 
stock  solution.  At  the  end  of  forty-eight  hours  a  feeble 
development  of  anthni-X  baiilli  had  taken  jilace  in  the 
two  tubes  containing  1  to  400,000,  while  the  others  still 
remained  clear. 

-According  to  De  la  Croix,  the  development  of  bacteria 
in  beef  tea  is  prevented  by  1  to  10,2.50.  This  is  some- 
thing luore  than  the  amount  fixed  b_y  ]\lit|uel,  but  it  must 
he  remembered  that  these  results  are  all  only  approxi- 
mate, and  the  stateineut  that  1  to  10.'3.')0  prevents  devel- 
opment is  not  to  be  interpreted  as  meaning  that  1  to 
14,300  will  not.  No  intermediate  experiment  may  have 
been  made,  for  example,  between  1  to  10.2.50  and  1  to 
2O..500  (referring  to  De  la  Croix's  experiments).  Thus 
in  the  writer's  experiments,  published  in  77«'.-l»ic*7'c<77i, 
Jmirnnl  of  the  Mediml  SHinces.  the  standard  solution  was 
commonly  diluted  one-half  after  each  experiment;  and, 
starting  with  one  per  cent.,  we  have  the  following  series 
in  experimenting  with  this  agent:  0.1  per  cent..  O.O.'iper 
cent..  0.02.")  percent..  0.012  percent..  0.006  percent..  0.003 
per  cent..  0.001.5  per  cent. — in  which  failure  occurred  only 
when  the  proportion  was  reduced  to  .001.5  per  cent.,  equal 
to  1  to  33,333;  whii:h  proportion  may  be  stated  in  round 
numbers,  on  the  safe  side,  as  1  to  30,000  in  tlie  case  of 
the  micrococci  of  pus.  Recent  experiments  made  by 
the  same  method,  and  with  the  same  test  oraanism,  have 
fixed  the  limit  between  1  to  30.000  and  1  to  40.000.  The 
field  is  open  for  those  who  desire  greater  exactness  to 
make  the  experiments  for  themselves. 

To  the  list  of  substances  "eminently  antiseptic"  we 
must  add  funiinhhliyde  gas,  or  an  aqueous  sohition  of 
this  gas — it  is  also  an  excellent  deodorant  and  powerful 
germicide.  In  the  experiments  of  Slater  and  Rideal ' 
formaldehyde  in  the  proiiortion  of  1  to 20, 000  was  found 
to  inhibit  the  development  of  m<ist  bacteria,  but  Staphy- 
lococcus pyogenes  aureus  ileveloped  in  the  presence  of 
1  to  5,000.  "  Walter*  found  that  1  to  10,000  absolutely  pre- 
vents the  development  of  anthrax  spores,  of  the  typhoid 
bacillus,  of  the  diphtheria  bacillus,  and  of  Staphylococcus 
pyogenes  aureus. 

2.  Si'BST-vNCEs  Very  Strongly  Antiseptic. 

In  this  table  we  have: 

EfHcient  in  the 
proportion  pf 

( ismic  acid 1  to  6,t»Hrt 

Aluminum  acetate  (De  la  Croix) t  to  6,310 

Aluminum  acetate  (Kuhn) 1  to  5,2,t0 

Chromic  acid 1  to  5,000 

("hlorine 1  to  4,000 

Iodine 1  to  4.000 

Chloride  of  gold 1  to  4.000 

Bichloride  of  platinum 1  to  3,:i33 

f)il  of  mustard   ( De    la  Croix) 1  to  3.aT3 

Hydrocyanic  acid 1  to  2..t00 

Picric  acid  (De  la  Croix) 1  to  2.005 

Bromine 1  to  I, Ben 

Cupric  chloride 1  to  1,428 

Thymol 1  to  1,340 

Cupric  sulphate 1  to  1,111 

Salicylic  acid  1  to  1,0(X> 

"We  notice  first  in  this  group  the  haloid  elements,  chlo- 
rine and  iodine,  which  by  the  experinieiits  of  Jliquel  arc 
given  the  s;ime  value — 1  to  4.00t).  This  is  exactly  the 
value  obtained  for  iodine  in  my  experiments  heretofore 
referred  to.  in  which  three  different  test  organisms  were 
used.     According  to  Uuchholz, '  1  to  5.714  of  iodine  pre- 
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vents  tlif  (li'Vi'lopnient  of  baotpria  in  tobacco  infusion. 
Dc  la  Croix  fixes  tlie  antiseptic  power  of  this  as:ent  at  1 
lo -J, 010  t'nr  lioiled  beef  infusion,  and  1  to  10.0)30  for  lui- 
lioileil.  This  woulil  indicate  tliat  the  nature  of  tlie  cul- 
ture medium  employed  lari;ely  inlluences  the  nsult.  In 
the  ease  of  airenls  wliieli  destroy  orsianic  matter  by  oxi 
ilalion,  or  wliicli  cau.se  the  preci]iitatiou  of  albuminoid 
materials  held  in  solution  in  our  culture  fluids,  this  must 
evidently  lie  the  ease.  It  is  tlKTcfore  necessary  thai  ex- 
periments shall  have  been  made  upon  orsranisms  contained 
in  culture  media  of  identical  composition,  in  order  that 
the  experiments  of  one  observer  may  be  compared  with 
those  of  anolher.  And  in  protracted  experiments  with 
chlorine  and  oilier  g'aseons  or  volatile  sulistanees  Ave 
must  take  into  account  the  possibility  of  loss  when  the 
receptacle  containing  the  culture  fluid  is  not  tightly 
closed.  Differences  of  this  nature  in  the  conditions 
may  perhajis  account  for  the  wide  discrepancy  of  the 
results  by  Miquel  and  by  De  la  Croix  with  reference  to 
chlorine. 

The  last-named  author  eives  the  antiseptic  value  of  iliis 
agent  in  iiuhiiiliill^r^'i  infusion  at  1  to  l.T.liOd.  while  .Mi- 
<plel  gives  it  at  1  to  t;0(IO.  My  own  experiments  wil  h 
cliliin'iif  relate  only  to  its  power  as  a  disinfectant.  (See 
article  under  this  title.) 

A  discrepancy  also  exists  bet  ween  the  results  of  ^ri([uel 
and  of  De  la  Croix  as  regards  the  antise|)ti(-  |iower  of 
hriNiiiiii  :  the  former  author  places  it  at  1  to  l.liOC),  the 
latter  at  1  to  "),.j9T. 

A.irain.  we  have  a  discrepancy  as  regards  flu-  action  of 
r7/A/r"/"r/H.  one  author  (.Miquel)  placing  it  al  1  lo  l.'.'."}!!. 
and  tile  other  at  I  to  lOii. 

(>//  <if  iiiiixtiird.  which  is  said  by  De  la  Croix  to  ]irevent 
the  development  of  niiero-organisms  in  unlioiled  beef  in 
fusion,  has  been  shown  by  Koch  to  be  capable  of  pri'veiil- 
ing  the  development  of  anthrax  spores  in  the  pro|iorfioM 
of  1  to  :i:i.OOO.  According  to  the  same  author  Ww  nil  „f 
I'lriniifiiii'  destroys  the  spores  of  anthrax  in  five  d;iys. 
and  relards  their  developineni  in  the  proportion  of  1  to 
To. 01 10. 

TIijiiiKil  retanls  the  development  of  these  spores  in  slill 
more  dilute  solutions — 1  toHO.OOO  (Koch).  liuchholz  has 
determined  the  anfiseiitic  powerof  tliisa,ireMt  in  Pasteur  s 
fluid  as  1  to  ■-3.000,  a  result  which  does  not  dilfer  greatly 
from  thai  siiveii  bv  De  la  Croix  fortnilioiliil  beef  infusion 
—  1  to  1,:U0. 

Siilplditc  tif  nijijii r  is  practically  one  of  the  iiKist  ini 
portant  agents  which  a]ipearin  this  grouj).  and  the  results 
of  Micpiel  are  in  conformily  with  lho.se  of  Dougall  '  in 
giving  it  a  high  place  as  an  antiseptic.  It  is  qiiile  exleii 
sively  used  in  France,  and  there  can  be  no  doubt  of  its 
value  from  this  jioiiit  of  view;  but  it  v.-ould  be  a  great 
mistake  to  infer  from  this  that  it  is  a  reliable  disinfeclanf. 
(See  artii-le  under  this  heailing, ) 


a.    Sll!ST.\Xf  KS   StUOX(.1.V    ANTISKI'rtC. 

Kllleietit  in  the 
prnpoitiitn  nf 

Hen/oio  iu-iil It"  iKiil 

I*r)tjissiuiii  Itichnnnate I  ti> '.vtii 

I*c»ta.ssiinn  rvanirie 1  to  '.HrtI 

Muriiileiif  quinine  (Ceri) i  t.i  !«K) 

.\lmiiinum  chloride I  I"  7M 

.AiniiMdiia 1  ro  7U 

Zinr-  c-hic .riiie 1  tu  .»i 

.Mineral  acicls 1  to  r,<l(l  t.i  I  to  Va 

Thvinir- :iciii 1  t.i  ."ilO 

I.eail  ollloriile I  tn  ■'illtl 

Nitnileiif  c-oli;ilt 1  to  4ri; 

SiilphHteiif  iii.-kcl 1   to  4<»l 

Nilr.ite  of  tinuiinni 1  to  :t.'»t» 

(  arliolii-  acid  1  u<  -Kl 

PotjLssiiiiii  pennanpranate t  to  :?-s"> 

Lead  nitrate 1  lo  LTT 

Alum      1  to  *-.; 

lariiiiii         1  to  air 

Tlenzoic  arid  is  given  a  higher  value  by  De  la  Croix  lliaii 

that  given  in  the  table,  which  is  faki'n  from  Mii|Uel.     It 

is  said  to  prevent  the  development  of  bacteria  in  unboiled 

meat  infusion  in  the  proportion  of  1  to  1,439,  and  to  fail 
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in  the  proportion  of  I  to  2.010.     According  to  Koch,  1  to 
2,0110  retards  the  develoiMuenf  of  spores. 

The  antiseptic  power  of  llie  .sjills  of  7"//(i«(  has  been 
especially  stuilied  by  Ceri.''  According  lo  this  antlioi 
the  development  of  bacteria  in  !i  eullure  fluid  inoculated 
with  a  drop  of  f  uriiiil  fluid  from  malarial  soil  is  preventi-d 
by  a  solution  of  muriali-  of  (|uinine  of  1  to  1,900:  from  1 
lo  1.000  to  f  to  1.").000  non  pulrid  devi'lopnwnl  begins.  In 
experiments  by  the  writer  a  ininule  bacillus  associated 
with  the  baclc-riaof  |Uilrefaclion  developed  in  the  presene(? 
of  1  to  SOO.  but  the  results  obtained  were,  in  general, 
siillicienliy  in  conformity  with  those  reporlcd  by  Ceri  t<i 
give  confidence  in  the  data  he  has  furnished.  The  power 
of  this  agent  lo  reslraiii  the  mult Ipliealion  of  germs  in 
tlu^  proporlion  of  1  part  to  SOO  and  above  indicates  that 
its  thera|)eulic  value'  may  depend,  in  ptirt  at  least.  U|ion 
a  rest  raining  inlluence  exercised  upon  the  development 
of  germs  present  in  the  .■ilimentary  canal,  but  our  data 
scarcely  .iustify  the  belief  that  in  doses  commonly  a<l- 
miiiistercd  it  is  compelcnt  to  iirevent  the  multiplica- 
tion of  iiafhogenic  bacteria  in  the  blood  and  li.ssiies 
generally. 

According  to  Dougall.  Ihe  "  skills  of  the  alkaline  earths  " 
would  occujiy  a  comparatively  subordinate  position  as 
aiitise])lics  were  it  not  for  the  extremely  high  iirevenfive 
point  of  idiiiiiiiiiiiii  r/iloridf.  which  is  given  at  1  to  2.000 
for  hay  infusion.  This  is  much  beyond  the  value  fixed 
by  .Miiiuel  (1  fo71-l|,  but  may  be  due  to  ii  difference  in 
Ihi-  eultui'e  niedium  used  in  Hie  two  .series  of  experiments. 
.\ddilioiial  rxperiiiieiils  with  this  agent  and  with  aliiiui- 
Iiliin  acetate  ai'c  desirable. 

The  iinliseptie  jiower  of  c/ihirofr/nii  is  fixed  liy  De 
la  Croix  ill  a  much  lower  figure  than  that  gi\en  by 
Miiluel,  iind  is  given  til  I  to  lOIi.  Kvidcnlly  experi- 
luenls  with  this  agent  cannot  be  compared  unless  we 
know  that  loss  by  evapoialion  litis  been  preveiiled  in 
both  ctises. 

'/iuf  Chliiiidi . — The  aniiseplic  powerof  thissalt.  which 
is  fixed  by  Mic|uel  at  about  1  to  500.  is  no  guide  lo  its 
use  as  a  disinfeelant  —  for  which  ]iiirpose  it  is  freipiently 
recommended. — iiiasinueh  as  my  experiments  show  that  I 
pari  in  50  is  required  !o  destroy  micrococci,  and  Koch 
has  shown  llial  itnthrax  spores  tire  not  destroyeil  by  ex- 
|)osure  for  a  inonlh  to  a  live  jier cent,  solution. 

The  antiseptic  power  of  Ihe  mineral  acids  is  given  by 
Mii|uel  at  from  2  lo  :{  gm.  jicr  litre  (1  to  .500  to  i  to  333). 
In  the  writer's  exp.-rimcnls  xiilplinrh-  iifid  prevenled  the 
ilevelopmenl  of  tdl  of  llu-test  organisms  in  the  propor- 
lion of  1  lo  SOO,  iind  aeccirding  to  De  la  Croix  1  lo  3,3.53 
prevented  Ihe  develo]iinent  of  bacteria  in  unboiled  beef 
infusion.  The  Siune  author  sttifes  fliiit  sulphurons  acid 
prevents  the  di'Velo])ment  of  bacteria  in  Ihe  same  infu- 
sion in  Ihe  proportion  of  1  to  12.(i4!(. 

('(irludir  "(•(>/ has  received  special  at  feiition  from  exp<ri- 
menfers  on  account  of  its  extended  use,  under  the  teach- 
iii,g  of  Lister,  in  surgiciil  ]iraclice,  and  of  Ihe  popiiUiridea 
growing  out  of  this,  that  it  is  Ihe  anliseptie  juir  (xrillince. 

Mi((iiel.  in  his  work  published  in  1SS3  {i/j).  n't.),  has 
given  the  aniiseplic  valuir  of  this  a.senl  as  3.20  gm.  to 
tUe  litre  of  luinilloi,.  In  a  Itiler  report  it  is  given  iis  3  gm. 
per  litre  (1  to  3;!3).  In  the  writers  experimelils  I  to  .500 
was  found  lo  prevenl  the  development  of  all  the  lest 
oigaiiisins.  and  all  id'  tlii'se  org.inisms  multiplied  in  the 
presence  of  1  to  1.000.  De  la  Croix  also  states  that  1  to 
.502  iirevenis  the  develo|inieiit  of  bacteria  ill  unboiled  beef 
infusion. 

According  to  Ilabeikoni ''  the  mulliplictition  of  bacteria 
in  urine  is  not  prevented  by  1  lo  100.  and  Salmon  stales 
that  the  micrococcus  of  swine  plague  multiplies  abun 
danlly  in  urine  conlniniiig  1  to  100.  This  would  indicate 
that  the  reslraiiiing  jiower  of  carbolic  acid  is  neutralized 
by  some  iiigrcdienl  in  the  urine.  The  germicide  power 
of  this  agent  is  tilso  inllueneeil  by  Ihe  nature  of  Ihe  liquid 
ill  which  it  is  in  solution.  Tlius  Koch  stales  thai  insolii- 
lioii  in  oil  or  in  alcohol  in  Ihe  proportion  of  five  |iei  cent. 
it  biils  to  destroy  anthrax  spores  in  one  hundred  days  or 
more.  Anthrax  bacilli  are.  however,  destroyed  by  1  lo 
100,  while  1  to  S.50  prevents  their  development. 
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4.  Substances  Moderately  Antiseptic. 

EQlcient  In  tin- 
proportion  of 

Bromhydrate  of  qninine 1  to  ^^>)i 

Arsenions  acid 1  to  Kii; 

noiioaciil 1  to  14:i 

Siilpluiti'  of  stivchniiie i 1  to  I4:i 

Arsoiiito  of  siidii 1  to  111 

Hvcli-ato  of  chloral 1  to  107 

Salirylalo  of  soiia 1  to  IIKI 

Fcrrons  suliihate 1  to    fKJ 

Caustic  soda 1  to    .5(1 

Citric  acid V 

Acetic  acid V 

The  antiseptie  power  of  honr  (iHii  was  fixed  by  Buch- 
liolz  at  1  to  133,  tobaeco  iufusiou  being  the  fluid  em- 
ployed ill  his  e.xperiiiients.  This  eorres|)Oiids  very  closely 
with  the  llgiires  given  by  Miquel.  But  Kuhu  i5tates  that 
it  failed  to  preserve  a  soiutiou  of  egg  albumen  in  the  pro- 
portion of  !■  to  101.  On  the  other  hand,  the  writer's 
experiments  gave  more  favorable  results  foi'  all  of  the 
test  organisms  employed,  and  these  differed  considerably 
for  the  different  organisms.  Thus  the  micrococci  of  pus 
multiplied  freely  in  the  presence  of  1  to  400,  but  failed 
lo  multiply  in  1  to  300;  the  micrococcus  of  pneumonia 
did  not  multiply  in  the  presence  of  1  to  400.  It  will  be 
noted  that  aceordiiig  to  Mi(niei,  the  antiseptic  power  of 
^i(liri//ic  lien!  (1  to  1,000)  is  ten  times  that  of  salicylate  of 
soda'(l  to  100). 

The  antiseptic  power  of  fci-ri>us  .iiilpjuite  is  placed  by 
Miquel  at  1  to  90.  In  the  writer's  experiments  it  was 
found  to  be  efficient  in  the  proportion  of  1  to  300  for  all 
the  test  organisms.  It  is  but  fair  to  state,  however,  that 
in  these  experiments  the  culture  solutions  were  not  left 
iu  the  culture  oven  longer  than  forty -eight  to  seventy- 
two  hours,  and  it  is  possible  that  .some  of  them  miglit 
have  broken  down  at  a  later  date  if  the  time  had  been 
prolonged,  for  the  antiseptic  power  of  certain  agents  in 
dilute  .solutions  is  often  shown  by  delayed  development 
of  micro-organisms  subjected  to  their  action,  and  after  a 
time  these  organisms  may  develoi)  freely  in  the  same 
solution.  Whether  in  this  case  the  agent  has  been  neu- 
tralized chemically,  or  whether  the  organisms,  develop- 
ing feebly  at  fiist,  may  after  a  time  become  habituated  to 
it.  is  a  (picstion  not  yet  detinitely  settled.  The  commer- 
cial sulphate  of  iron  contains  a  certain  amount  of  free 
suliihiu-ie  acid  which  adds  to  its  antiseptic  value.  The 
writer's  experiments  were  made  with  a  chemically  pure 
protosulphate,  and  no  doubt  Miquel  also  experimented 
«  ith  the  pure  salt.  It  must  be  remembered  that  the  value 
of  this  and  other  mi;tallic  salts  as  antiseptics  is  no  crite- 
rion for  their  use  as  ilisinfectants.  In  saturated  solution 
the  protosulphate  of  iron  does  not  destroy  the  vitality  of 
any  of  the  test  organisms  ex])erimented  upon  by  the 
writer,  and  Arloing,  Cornevin,  and  Thomas  assert  that  a 
twenty -per-cent.  solution  did  not  destroy  the  virus  of 
symptomatic  anthrax  after  forty -eight  hours'  exjiosure. 

The  caustic  alkalies — soda,  lime,  and  potash — all  have 
considerable  value  as  antiseptics,  but  this  has  not  been 
definitelv  determined.  Their  value  as  "  germicides  "  will 
lie  given  under  that  heading. 

!).  Substances  Feebly  Antiseptic. 

Efflcient  in  tlie 
propoi'tion  of 

Protflchloriilo  of  manganese 1  to  40 

('alciuin  cliloridc 1  t<i  25 

Sodium   borate 1  to  14 

Muriate  of  morpliine 1  to  IS 

Stroiitluiii  rhli.ridc 1  to  12 

I.iUiium  .iii.iijdo 1  to  U 

Barium  ililoridc 1  to  1(1 

Ali'obol 1  to  10 

The  writer's  experiments  give  a  miu-b  higher  antisep- 
tie value  to  A'T^.c  than  that  rejiorted  by  Mi(|uel.  viz.,  1 
to  300  for  two  sjiecies  of  micrococcus.  De  la  ("roix  states 
that  the  development  of  bat'teria  in  unboiled  beef  in- 
fusion is  pi-evented  by  1  to  107.  But.  !is  heretofoi'e 
indicated,  the  jtrniiiniiiit  preservation  of  a  cultiu'e  fluid, 
exposed  to  the  air,  from  all  kinds  of  niicro-orginiisms  pres- 
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ent  in  the  atmosphere  requires  a  larger  amount  of  this 
and  of  other  antiseptic  agents  than  is  necessarj'  to  restrain 
development  for  two  or  three  days,  when  only  a  few 
micro-organisms  of  one  of  the  species  mentioned  are  intro- 
duced into  a  flask  sucli  as  the  writer  used  in  his  experi- 
ments. The  ilillereuces  iu  results  are  probably  due,  not 
to  erior.  but  to  differences  in  the  conditions  of  the  ex- 
periments. 

Accoi'ding  to  De  la  Croix,  aleolml  in  the  proportion  of 
1  to  30  prevents  the  development  of  bacteria  in  iinboiled. 
beef  infusion.  It  is  probable  that  the  figures  of  Miquel 
are  nearer  the  mark  when  the  experiment  is  protracted, 
for  pathologists  are  aware  that  their  specimens  are  liable 
to  spoil  and  to  develo]i  a  putrefactive  odor  in  solutions 
containing  forty  to  fifty  per  cent,  of  alcohol. 

6.  Substances  Very  Feebly  Antiseptic. 

Efficient  in  the 
in-oportion  of 

Ammonium  ctiloride lto9 

Potassium  arscnite 1  to  8 

Potiissium  iodide ]  to  7 

Sodium    chloride 1  to  6 

Glycerin  (sp.  (jr.- l.^'*) 1  to  4 

Ammtmium  sulphate  1  to  4 

Sodium  hyposulphite 1  to  3 

My  experiments  correspond  ViiX\\  those  of  Miquel  in 
giving  to  sodium  hyposulphite  a  very  low  place  in  the 
list  of  antiseptics,  and  yet  this  salt  has  been  extensively 
prescribed  as  an  antizymolic  agent.  If  it  has  any  such 
powers  as  have  been  ascribed  to  it  by  Polio  and  others, 
it  must  be  in  consequence  of  its  undergoing  decomposi- 
tion in  presence  of  certain  substances  with  which  it  comes 
in  contact  in  the  alimentary  canal.  In  this  case  the  sul- 
phurous acid,  if  set  free,  would  no  doubt  act  as  a  ])ftfent 
antiseptic  and  germicide.  But  the  pure  .salt  introduced 
into  culture  solutions  failed  entirely  to  exhibit  any  re- 
straining power  upon  the  development  of  the  test  oi"gan- 
isms  up  to  eight  per  cent. ,  at  wdiich  point  it  was  dropped. 
From  Miquel's  experiments  it  appears  that  when  pres- 
ent iu  more  than  thirty  per  cent,  the  development  of 
micro-organisms  in  lieef  tea  is  prevented.  But  in  this 
proportion  it  is  probable  that  any  sobible  salt  would  pre- 
serve a  culture  solution  by  giving  it  a  density  incompati- 
ble with  the  development  of  micro-organisms. 

George  M.  Sternberg. 

'  M.  P.  Miquel,  M.D.,  clief  du  service  microirrapliiuuc  a  I'observa- 
toire  de  Montsouris :  Les  ortranisines  vivaiit.s  do  rainiosplicrc,  chap. 
i.\.,  pp.  2Sti-299,  Paris,  1883 ;  also  article  in  the  .\inuiairc  do  mcteoivlo- 
grie  for  18i<4. 

'^  N.  Jalan  de  la  Croix  :  Das  Verhalten  der  Bakterien  des  Fleisch- 
wassers  sreffen  einiire  Antiseptica.  Arcb.  f.  e.\per.  Path.  u.  Phai'ma- 
kol.,  LeipziK,  1880-81,  xiii..  ir.>-22.i. 

^  Antiseptica  und  Bakterien.  Arch.  f.  exper.  Path.  u.  Pharmakol., 
iv..  1-.S1,  187.5. 

^  Medical  Titucs  and  tiazette,  London,  .-Vpril  27,  1S72. 

®  L'action  *\^'  la  iiuininc  en  rapport  avec  le  ili'velopement  des  vermes 
et  des  ori^ranismcs  iiderieui>;.  Trans.  Internal.  Med.  Cong.,  Loudon, 
1881,  i.,  4t)t>-172. 

'  Das  \'erhalten  Ton  Hai-nliacterieD  pegen  eiuige  Antiseptica,  Dor- 
pat,  1.H79,  8vo. 

'  London  Lancet,  vol.  i.,  1S94,  p.  1004. 

»  Zeitschr.  fiir  Hygiene,  xxi.,  421,  1S96. 

ANTISEPTOL  is  the  trade  name  for  a  substance  pre- 
pared Ijy  mixing  a  solution  of  25  parts  of  cinchoniue  sul- 
phate ill  3.0(10  parts  of  watei',  witli  a  soiutiou  of  10  parts 
each  of  iodine  and  potassium  iodide  in  1,000  parts  of  wa- 
ter. The  ]n'ecipitate  formed  is  washed  and  dried  and 
constitutes  a  reddish  or  dark  brown  powder,  witlioni 
odor,  almost  insoluble  in  water  and  freely  soluble  in 
alcoliol  and  chloroform.  It  is  an  odorless  iodoform  sub- 
stitute containing  fifty  per  cent,  of  iodine,  and  when  used 
internally  is  given  in  dose  of  gr.  i.  to  v.  Antisei.ilol  is 
also  known  as  cincliouine  iodogallate  and  cinchoniue 
heraiialhile.  although  its  chemical  formula  is  unknown. 

W.  A.  H<iKkao. 

ANTISPASMIN  is  a  double  sjilt  of  sodium  sjilicylate 
.-ind  narcriiio  sodium,  having  the  foi-mula  ('■jsH.;„NOpNa+ 
3('„ll,01I('0()Na.  It  is  a  reddish,  slightly  hygroscopic 
powder,  which  is  readily  soluble  in  water;  fifty  percent. 
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of  it  consists  of  narw'ini-.  As  an  antisimsmoilic  and  seda- 
tive it  is  given  in  whoopins;  coiiirh.  larynirisinus  stridu- 
lus, chorea,  astlinia.  etc..  esjH-cially  in' children,  and  is 
useful  in  allayinj;  irritatiiiL' ((nisrh  or  intestinal  colic  in 
adults.  On  aeenunl  of  its  allinity  for  imiisture  it  is  pre- 
served Willi  ditlieulty  in  the  dry  .state,  and  therefore  may 
Well  he  kept  in  tive-iier-cenl.  solution;  of  this.  tiv(>  to 
eight  drops  are  given  to  a  child  of  si.\  monihs,  or  forty 
drops  to  a  child  of  live  years;  an  adult  may  take  one  or 
two  drachms.  '  W.  A.  Hn.ilcdo. 

ANTISPASMODICS.— If  we  are  ti)  interinvi  ilie  term 
antispasmodic  in  ils  literal  sense  as  a  means  of  prevent- 
ing spasm,  nothing  so  eom])letel3-  tills  lli<'  rei|Uirenient 
as  ether  or  chloroforni.  pushed  to  com]ilele  aiuestliesia. 
Ill  conducting  a  careful  jiliysical  ex.unination.  especially 
in  diseases  of  the  abdomen  or  pelvis,  such  rela.xation 
of  spasm  is  often  secured  by  ana'sthetizing  the  patient. 
But  as  ordinarily  used  by  thcrajjcuti.sts  the  word  anti- 
spasmodic is  given  a  somewhat  loose  and  uiiscientitic  ap- 
l)lieation  to  a  class  .of  .drugs  su])posed  to  be  of  special 
service  in  controlling  attacks  of  muscular  spasm  dejiend- 
iiig  upon  functional  nervous  derangement.  The  iiiap- 
pro])rialeness  of  the  name  is  seen  from  the  fact  that  it  is 
not  alone  convulsix'e  phenomena  which  form  indications 
lor  their  use,  but  that  they  arc  also  useful  in  other  of  the 
nudliform  manifestations  of  nervousness  or  of  hj'steria. 
The  theory  <jf  their  mode  of  action — if,  indeed,  any  one 
method  of  action  is  common  to  all  the  members  tisually 
included  in  the  class — is  not  sufficiently  established  to 
make  any  discussion  of  it  protitable  in  this  place.  Suffice 
it  to  say  that  it  is  not  impcissible  that  at  least  one  im- 
portant action  of  th<-sc  drugs  is  a  local  one  upon  the 
intestinal  tract,  where  their  warming  ami  stimulating 
<-haracter  may  produce  a  revulsive  cft'ect.  For  the  de- 
tailed description  of  the  most  important  drugs  inclurle.I 
under  tills  heading  the  reader  is  referred  to  tlieir  jiroper 
titles. 

Belladonna  has  a  con:5iderable  power  of  relaxing  spasm, 
as.  fnr  instance,  in  the  unstriped  muscular  tissue  of  the 
intestine.  It  and  ils  congeners,  stramiinium  and  hyo.scy- 
amus.  are  also  much  ii.sed  in  asthma,  w  liieli  is  a  disease 
attended  by  spasm  of  the  bronchi.  In  tlu'  s;iiiie  condi- 
tion opium  is  at  times  of  the  greatest  value,  the  hyjiodcr- 
mie  injection  of  morphine  alone  causing  relief  "to  some 
asthmatic  attacks.  In  "colic"  (meaning  spasm  of  the 
niiiscular  walls  of  the  intestine)  opium  is  also  invaluable. 
This  drug,  like  the  aiuesthetics  already  men.tioned,  while 
distinctly  antispasmodic,  has  other  and  more  important 
therapeutie  qualities  which  lead  to  its  classification  in 
another  group  (see  Ami'/i/iicx).  and  we  pass  to  those 
remedies  known  more  specifically  as  antispasmodics. 
First,  we  have  a  group  of  animal  origin,  strongly  odor- 
ous, but  of  little  therapeutie  value.  Mnsi'lmx,  musk,  an 
oily  substance  obtained  from  the  preputial  glands  of  the 
Thibetan  musk-deer,  is  the  only  one  of  this  class  which 
is  used  to  any  extent.  In  the  last  stages  of  adynamic 
diseases,  as  typhoid  fever,  it  is  given,  especially  liy  Ger- 
man pli\sieians.  but  rather  as  a  fnihirii  hope  than  with 
real  conlidcuce.  Ils  former  use  in  hysteria  is  now  <piilc 
superseded.  Vaiitoreiim,  a  corres])onding  secretion  from 
the  ('fiHtrir  fiber,  or  beaver;  in/i/n'iyris.  a  morbid  product 
olilained  from  the  sperm  whale,  and  the  source  of  the 
oli')iiii  siicfiiii  ;  and  the  nletim  niiiiiiiile  of  Dippel.  a  sub 
stance  of  disgusting  origin  and  nature,  obtained  from 
'"tryin.g  out"  decomiiosing  animal  structures,  deserve 
mention  only  as  having  lieen  at  some  lime  used  as  anti- 
spasmodics. 

Anotlier  grou])  consists  of  drugs  of  generally  feeble 
action,  but  occasionally  useful  in  infantile  hysteria  and 
allied  states.  Among  these  are  liiiiiiiilin^.  lio|is.  and  ils 
derivative,  hipidin.  The  former.  api)lie<l  locally  in  the 
form  of  poultices  or  embrocations,  has  jiossibly  some  vir- 
tue, and  the  latter  is  somewhat  more  active  internally. 
I.iirtiicniiiiin.  derived  from  llie  garden  lettuce,  is  even 
more  feeble  than  1ki|is.  l)ut  as  some  persons  are  made 
drow.sy  by  eating  lettuce,  it  is  not  impossible  that  l.iclu- 
cariuni  may  have  in  certain  casus  a  useful   medicinal 


elTect.  The  claims  which  have  liecn  madi'  for  rtUrn  a.s 
an  antispasniodi<-  and  anticophalalgic  do  not  seen:  ".o  rest 
on  relialilc  gr<niiids.  (.'iiidrifiiiin,  or  black  snakerool.  be- 
longs in  this  group.  It  has  been  chielly  used  in  chorea, 
and  in  full  doses  it  has  seemed  to  have  some  clfect. 
Dnifiiiitiiiin,  the  root  of  the  "skunk  cabbage,"  and  (lal- 
lutiiiiKi,  an  ingrcdic-nl  with  asiifcetida  and  invrrli  in  the 
I'iliila  <!,ilh(uii  Com/)..  U.  S,  1',,  INHII,  have  also  had 
antispasmodic  virtues  ascribed  to  them,  but  with  little 
reason. 

We  now  come  to  the  group  which  contains  the  most 
imi)ortant  driigsof  this  class.  They  are  three  in  number, 
viz. :  rt(jii/j/i(/i:  rali ri<in,  and  asufiiliiln.  Tliev  all  pro- 
duce a  sensation  of  warmth  in  the' stomach,  and"  probably 
stimulate  the  whole  alimentary  canal.  Hut  that  this  is 
not  their  sole  action  is  proved  by  their  superiority  in  cer- 
tain nervous  slates  over  the  essential  oils  and  other  so- 
called  carminatives.  The  intestinal  action  of  camphor 
makes  that  drug  a  valuable  aid  in  the  trealmeiil  of  cholera 
and  choleraic  diarrliiea.  In  the  delirium  of  adynamic 
fevers  and  as  a  sedative  for  "nervousness"  it  is  useful. 
An  especially  (|ui<'tiiig  inffuence  has  been  claimed  for  it 
in  se.xual  irritation  and  excitement.  For  more  dislinc- 
tivcly  hysterical  sym]it()ms,  cam|)hor  is  oft<n  cnmbined 
with  bromine  in  the  form  of  bromalcd  or  monobiumated 
camphor,  which,  despite  its  di.sagreeable  taste,  dilliciilt 
solubility,  and  fre(|Uent  tendency  to  cause  irritation  of 
the  stomach,  is  considerably  used  for  chorea,  reflex  con- 
vulsions, etc.  Perhaps  no  drug  is  more  generally  used 
to  combat  Hk-  true  hysterical  convulsive  seizure  than 
i-dhriiiii.  and  certainly  in  many  cases  it  meets  the  indica- 
tion heller  than  almost  any  olher  agent.  The  fluid  ex- 
tract and  the  ammoniated  tincture  are  among  the  most 
eligible  palliatives  of  the  hysteric  attacks,  sometimes  a 
.single  dose  serving  lo  restore  con.scioiisness.  For  mori' 
|irotraelcd  use  in  the  countless  nervous  manifestations  of 
hysteria,  hypoi'hondria.  and  neurasthenia,  the  ssilfs  of 
valerianic  acid,  notably  the  valerianates  of  zinc  and  of 
amiiKinium.  are  especially  adajited.  serving  to  control  at 
times  e\-en  such  positive  and  conspicuous  .sym|)toms  as 
neuralgia. 

AsiiJ'iitiilii.  long  the  synonym  for  what  is  most  loalh- 
soine  and  oireiisive  lo  flu'  jialate.  acts  very  like  valerian 
in  till'  hysteric  attack.  The  flatus  which  has  Ih-cii  rolling 
about  in  the  intestine  is  expelled,  and,  as  has  been  inti- 
mated above,  there  is  some  reason  to  believe  that  the 
slimulalion  of  the  intestinal  mucous  mcmlirani'  and  the 
revulsion  so  caused  may.  with  the  relief  of  the  tyin- 
paniles.  ))lay  a  prominent  part  in  the  alleviation  of  tlu^ 
hysterical  spasm.  In  cas<'s  in  which  siiniilaliciii  .seems  to 
have  any  part  in  the  attack,  the  vile  taste  of  the  drug 
may  beconu'  of  service  in  adding  to  its  effectiveness.  In 
other  cases  wc  may  give  the  drug  by  enema,  and  its  ac- 
tion ujion  the  intestine  and  also  ils  elTect  on  the  convul- 
sions will  be  nearly  the  same  as  if  it  w<-re  administered 
by  the  mouth. 

While  the  above-nientif)ned  drugs  constitute  the  more 
distiiH-live  antis])asmodics,  there  yet  remain  two  groups 
to  which  the  term  is  often  applied,  and  of  which  some 
|)art  of  the  action  is  similar  lo  that  above  described. 
'V\\f  ri)irip(/iiii(l  xpiiit  of  I'tliir.  Iloffman's  anodyne,  is  very 
useful  in  controlling  nervous  disturbances,  as  is  also  the 
s/ii'n't  »f  clildriifiirui.  formerly  known  as  chloric  elher. 
The  sul>stanees  from  which  these  are  derived — sul])huric 
ether  and  chloroform — may.  adminisleied  internally  in 
a|ipropriafe  <lo.ses,  be  em]>loyi'd  for  the  same  piir])ose. 
although,  of  cotirse.  their  more  projier  classification  is 
among  the  ana'slhelies.  The  hrnmiihx  of  jii,lii«siiiiii.  11111- 
iic'iiiitiii,  and  Muli'itit  and  chloral,  though  in  their  most 
prominent  action  depresso-motors,  ar<^  yet.  in  moderate 
doses,  used  as  antispasmodics. 

Finally,  we  have  the  group  which  includes  coffee,  tea. 
male,  and  guarana.  of  all  which  the  aclivr'  ])rinci]de  is 
praclically  identical  wiiji  caffeine.  Leaving  out  nf  ac- 
coiml  the  important  action  of  this  substance  u]ion  the 
hearl  and  circulatory  system,  and  limiting  our  altention 
entirely  to  functional  nervous  phenonieiia,  we  find  thai 
in  migraine,  which  in  the  lamil^'  of  diseases  is  not  ilistant 
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of  kin  from  liysteria,  some  of  the  most  useful  remedies 
are  oatfeiiie  and  jruarana. 

The  newer  analtresies  of  llie  cdal  tar  series,  sueli  as 
antipyrin,  phenaeetin.  antitVliriii,  umnionol.  antilvanmia. 
ete.,  are  of  some  serviee.  tlioujj;li  tliere  is  reason  to  fear 
that  as  "domestie  remedies"  they  are  emploj'ed  to  an  ex- 
tent which  is  not  devoid  of  danger. 

Chiirhs  F.  Withington. 

ANTISUDORIFICS:    ANHYDROTICS.— Tliese   are   a 

group  of  rcmedii's  emplined  to  elieelv  e.vcessive  secretion 
from  the  sudoriferous  ghinds.  It  includes  belladonna 
and  allied  plants,  agariciu.  picroto.xiu.  sulphuric  aud 
phosphoric  acids,  sid]>liati'  of  ciiiipcr,  oxide  of  zinc,  and 
many  other  drugs  which  possess  astringent  properties. 
What  may  be  termeil  imlircct  antisudorifics  are  strych- 
nine, iron,  and  tonics  generallj',  which  act  by  improving 
the  tone  of  the  system  and  overcoming  any  debility  which 
is  often  the  predisposing  cause. 

A  too  free  secretion  from  the  skiu  is  often  an  accom 
paniment  of  general  debility,  and  is  readily  checked  by 
ajipropriate  treatment.  That  form  which  is  of  impor- 
tance to  the  |ii-actitionrr  is  the  very  profuse  sweating  met 
with  in  phthisis  aud  in  all  forms  of  septic  absorption.  In 
these  conditions  tlie  loss  of  fluid  is  at  times  enormous,  and 
as  there  is  also  present  a  large  amount  of  solids,  it  be- 
comes a  very  exhaustive  drain  U])Ou  the  system.  This 
secretion  is  not  an  ordinary  transudation  of  water  in 
the  form  of  serum.  It  is  a  special  secretion  controlled 
by  special  nerves,  and  any  depression  or  paralysis  of  these 
nerves  at  once  lessens  the  secretion.  This  is  well  seen  in 
the  effect  of  poisonous  doses  of  belladonna,  when  the 
vaso-motors  are  paralyzed  aud  tlie  How  of  blood  in  the 
skin  is  increased,  but  notwithstanding  tliis  the  skin  re 
mains  dry  on  accoimt  of  the  sudoriferous  glands  being 
also  paralyzed. 

The  most  valuable  of  antisudoritic  drugs  is  bellailonna 
and  its  alkaloid.  One  of  its  earliest  eff<'cts  is  to  paralyze 
tile  secreting  glands  of  the  skin  and  mucous  membranes, 
and.  aside  frcnu  its  interfering  to  a  slight  extent  with 
the  digestion,  its  action  is  wholly  favorable.  The  local 
application  of  the  liniment  or  ointment  will  produce  the 
same  effect,  and  this  treatment  is  often  adopted  in  sweat- 
ing hands  aud  feet.  If  apjilied  freely,  absorption  takes 
place,  aud  its  constitutional  effects  are  produced.  The 
local  application  to  the  chest  has  been  employed,  with 
benefit,  in  the  "  night  sweat  "  of  lung  disease.  The  effect 
of  belladoima  is  now  almost  entirely  secured  by  the  ad 
nunistratiou  of  atropine  by  the  mouth,  or  preferably  by 
hypodermic  injection.  It  may  be  commenced  in  moder 
ate  doses  of  gr.  yij.  but  it  will  generally  be  found  neces 
sary  to  inject  gr,  J-  or  j'jj  to  obtain  its  proper  action. 
Too  frequently  the  dose  employed  is  insufficient,  Ciiil 
dren  require  a  larger  dose,  gr.  r}-g  fir  even  larger  (pian 
titles  being  given.  The  rapidity  of  its  action  varies: 
sometimes  the  .system  responds  almost  inunediately,  at 
other  times  its  effect  is  not  evident  for  three  or  four 
hours.  Usually  the  effect  of  a  full  dose  will  last  for  two 
or  three  days. 

When  necessary  to  give  opium,  belladonna  will  prove 
a  valuable  combination  to  prevent  the  sweating  which 
often  arises  during  the  use  of  that  drug. 

Hyoscynuisand  its  alkaloids  have  also  the  same  action. 
Agariein  has  lieeu  used  with  much  success  in  doses  of 
gr.  .j',  to  I.  Picrotoxin  has  also  been  recommended  in 
doses  of  gr.  y^j,  to  J,^.  Zinc  oxide,  gr.  ij.  to  iv.  at  bed 
time,  and  sidphate  of  copper,  gr,  4,  are  very  old  remedies. 
One  of  the  oldest  remedies,  and,  next  to  belladonna,  one 
that  is  the  most  generally  employed,  is  the  aromatic  sul- 
|iliuric  acid.  This  requires  to  be  given  more  continuou,sly 
until  it  lu'oduces  its  astringeiU  action.  At  first,  tt)  x.\. 
three  or  fo\ir  times  a  day.  should  ))e  given  for  two  or 
three  days,  after  which  a  single  dose  .'il  bedtime  will  i-on 
linue  the  effects  of  the  day.  The  dilute  ])hosphoric  acid 
is  also  of  service  when  adminisfm-ed  in  the  satne  way. 
These  acid  astringents  have  not  the  same  specific  action 
as  belladonna,  but  are  proliably  excreted  in  part  by  the 
sweat  glands,  and  during  the  excretion  exercise  their  as- 


tringent action.  Sulphate  of  copper  and  oxide  of  zinc 
]U'obably,  in  addition,  exert  some  effect  upon  the  centres 
controlling  secretion. 

In  se])lic  diseases  it  has  been  reconnnended  to  employ 
antisejitic  drugs,  which  liy  counteracting  and  removing 
the  i)oison  allay  the  unfavorable  symptoms,  among  them 
the  profuse  perspirations.  Creosote,  sulphocarbolates. 
and  other  similar  remedies  have  been  employed  for  this 
purpose. 

Bathing  the  surface  of  the  body  with  weak  acid  solu- 
tions assists  in  allaying  perspiration  and  preventing  the 
"night  sweats."  for  it  is  known  that  all  acid  solutions 
will  lessen  the  secretion  of  acid-secreting  glands.  Dilute 
sulphuric,  or  acetic  acid,  or  vinegar,  applied  at  bedtime, 
and  in  severe  cases  repeated  a  short  time  before  the  ex- 
pected "sweat,"  will  allay  the  troidile  and  at  the  same 
time  prove  most  refreshing.  Hot  solutions  are  said  to  be 
more  effective,  and  it  lias  been  recommended  to  emjiloy 
cayenne  pepper  in  hot  vinegar  in  rebellious  cases. 

Bt'ituniont  SuHiU. 

ANTITHERMIN.  —  Phenvl  hvdrazine  levulinie  acid. 
CH3C  C6H,,X.dI.('...H,C001I.  this  is  prepared  InactinL'- 
on  a  .solution  of  phenylhydraziue  in  acetic  acid,  wiih 
levulinie  acid.  The  resulting  crystals  are  colorless,  with- 
out taste,  and  are  practically  insoluble  in  water.  They 
are  slightlv  soluble  in  alcohol  and  readilv  so  in  ether. 
Their 'merting  point  is  108°  C.  (226°  ¥.).  This  dru- 
was  introduced  in  1887  by  Nicot  as  a  new  antipyretic, 
and  was  afterward  reconnnended  by  Drobuer  in  the 
high  temperature  of  pidmonary  tuberculosis.  He  gave 
it  in  doses  of  gr.  viiss.  to  x.,  InU  on  account  of  occa- 
sional initoward  symptoms,  such  as  pallor,  sweating, 
headache,  and  general  depres.sion.  gr.  iij.  is  advised  a-; 
the  maxim\un  safe  beginning  dose.  Antithermin  Ine; 
been  used  to  a  slight  extent  in  other  cases  of  fever, 
but  has  not  found  favor  with  the  medical  profession, 

ir.  .1.  B<isted.,. 

ANTITOXINS;  ANTITOXIC  SERA.— The  word  anti- 
toxin is  at  present  usually  restricted  to  substances  fo\nid 
in  the  blood  of  animals  which  neutralize  the  toxins  pro- 
duced by  bacterial  or  other  cells.  Other  substances  exist 
which  arc  slightly  antitoxic.  These  are  found  in  old  cul- 
tures, and  Bolton  developed  them  from  toxins  by  means 
of  electricity.  An  antitoxin  is.  to  a  large  degree  at  least, 
specific  in  its  effects  on  poisons;  that  is,  it  acts  only,  or 
at  least  chiefl.y,  upon  the  toxins  produced  by  one  species 
of  organisms. 

Thus,  a  given  quantity  of  antitoxic  serum  from  a  hors  • 
made  imnnme  to  diphtheria  will  absolutely  neutralize  a 
nnnd)er  of  fatal  doses  of  diiihtheria  toxin,  so  that  the 
mixture  injected  into  an  animal  w  ill  prove  harmless. 

The  same  antiuixic  serum  mixed  with  the  toxin  from 
tetanus  liacilli  will  have  no  appreciable  neutralizing 
effect.  In  a  few  instances  sotue  have  rep(n'ted  an  anti 
toxin  to  have  an  effect  on  more-fhan  one  toxin,  Vnit  even 
here  this  effect  is  always  much  greater  upon  some  one 
than  upon  the  other,s. 

Antitoxins  are  present  to  some  extent  in  the  blood  of 
animals  which  have  not  passed  through  an  infectious  dis- 
ease or  been  inj  'cted  with  bacterial  or  other  cell  poisons. 
For  instance,  horses  usually  have  more  or  less  of  a  sttb- 
stance  antitoxic  to  the  diphtheria  toxin.  Thus  it  will 
lequire  o  e.c.  of  the  blood  of  one  horse  to  protect  ;; 
250  gm.  guinea-jug  from  ten  fatal  doses  of  diphtheri  ■ 
toxin,  while  in  another  ^'jj  c.c.  will  sultiee.  The  blood  c  t' 
these  same  horses  may  liave  no  neutralizing  effect  tipon 
tetanus  toxin. 

Whether  these  antitoxic  substances  present  in  small 
amoujits  in  normal  blood  are  the  same  as  those  ju'esent  in 
larger  amoimt  in  the  blood  of  iuuuunized  animals,  we  a'i 
yet  do  not  know.  Neither  in  Iheir  chemical  nor  in  their 
physiological  properties  can  we  detect  any  ditlerence. 

tiiK  NATt:Kii  OK  Antitoxins. — Up  to  the  present  time 
we  know  only  that  they  seem  to  have  the  prop(>rties  of 
globidins.  If  it  were  not  for  the  fact  that  we  have  Iheni 
present  in  normal  blood,  we  might,  in  order  toa('Connt  for 
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tlicir  spwitif  qualities,  consider  them  as  partly  satistied 
(Miiiiliinationsof  globulins  and  specittc-  toxins,  but  astluy 
CM  iiir  without  the  presence  of  toxins  this  theory  seems  to 
be  exeluded. 

Blood  from  either  normal  or  immunized  animals  eon 
tains  a  number  of  jrlobiilins.  and  these  all.  when  the 
blood  is  antitoxie,  ]irove  antitoxie  al.so.  Hy  no  known 
method  can  we  separate  the  antitoxin  from  the  globulin, 
so  that  if  aiilito.vin  be  not  a  jrlobiilin  it  is  at  least  a  sub- 
statiee  very  (•los<'ly  allied  to  it.  Exaetly  how  the  anti- 
lo.\ins  are  produced  we  do  not  know,  but  we  believe 
them  to  be  cell  products.  Different  antito.xins  may  be 
produced  by  different  cells. 

A  relation  which  exists  between  the  amount  of  anti- 
toxin in  the  blood  of  an  immunized  animal  and  the  amount 
of  Sflolndins  has  bei'U  noted,  in  the  tests  of  the  dilfereiit 
lu,rses  under  the  care  of  the  I)e])urlment  ol  Health,  by 
.Vtkinson.  lie  found  that  tlie  ghibulin  in<'reased  and  de- 
creased roughly  as  the  antitoxin  increased  and  decreased. 

Antitoxins  are  only  fairly  stable  substances.  In  sera 
antitoxins  either  slowly  or  quickly  deteriorate,  largely 
according  to  the.  .conditions  under  which  they  are  kept, 
but  partly  also  in  projiortion  to  the  abundance  of  certain 
blood  ferments.  In  sterile  serum,  kept  cold  and  free 
frniu  access  of  air,  antitoxins  deteriorate  very  slowly,  di- 
minishing from  ten  to  fifty  percent,  in  a  year.  Exposed 
to  light,  air,  and  slightly  elevated  temperature,  they 
quickly  become  altered,  and  especially  so  if  c-xpused  tn 
heat  above  od'  C.  Exposed  to  TO  C.  for  ten  minutes,  a 
large  portion  of  the  antitoxin  in  a  solution  is  destroyed. 

As  the  antitoxins  of  diphtheria  and  tetanus  liavi- been 
the  most  studied  and  are  by  far  the  most  imjiortant  of  the 
known  antitoxins,  the}"  will  be  considered  in  (h'tail  as 
types  of  the  others. 

I5iith  of  these  antitoxins  have  the  prjwemf  iieulrali/.ing 
their  corresponding  toxins,  so  that  when  a  i-erlain  amount 
is  injectctd  into  an  animal  before  or  t<igether  with  the 
toxin  the  iioisonoiiselfect  of  the  toxin  is  removed.  There 
is  still  a  great  dilference  of  opinion  as  to  whether  anti- 
toxin acts  by  direct  chcniieal  neutralization  of  the  toxin 
or  indirectly  on  the  cells.  The  facts  in  favor  of  a  direct 
action  of  antitoxins  upon  their  corresponding  toxins  have 
recently  been  briefly  summarized  by  Cobbett  as  follows. 

1.  Certain  reactions  liave  been  observed  to  take  place 
between  these  substances  outside  the  aiumal  body  (venom. 
riein,  crotin,  tetanus  toxin.  diphtheri;i  toxin,  and  their 
corres))onding  antitoxins). 

2.  Various  attempts  by  filtration,  ehemieal  means,  and 
heat  to  separate  the  toxins  and  antitoxins  from  neutral 
mixtures  have  been  failures.  Partial  successes  have,  at 
least  in  some  instances,  been  shown  to  de]iend  upon  the 
fact  that  iiisulfiei<'nt  time  for  the  conipli'te  iiinon  of 
toxins  and  antitoxins  was  allowed,  separation  being  no 
longer  possible  if  this  were  granted. 

;i.   The  accuracy  of  the  titration  of  to.vins  and  antitox 
ins  to  within  one  per  cent,  of  error. 

4.  The  fact  that  to  .save  an  aidmal  from  one  tliousand 
fatal  doses  of  toxin  requires  little  more  than  a  himdred 
times  as  mneh  antitoxin  as  is  required  to  fully  prote<'t  for 
ten  fatal  doses,  the  resistance  of  theanimid  itself  account- 
ing for  the  difference. 

5.  The  fact  tliat  the  potency  of  antitoxin  is  greatly 
increased  if  it  is  allowed  to  remain  for  a  sutHeient  lime  in 
contact  with  the  toxin  at  a,  suitable  temperature. 

On  the  other  hand,  the  conclusions  which  Buchncr  and 
Roux  drew  from  their  experiments  have  been  shown  to 
have  been  ba.scil,  partly  at  least,  on  a  nsiscotiception.  for 
they  ignored  the  capacity  of  an  animal  to  deal  with  a  cer- 
tain minimal  quantity  of  poison,  and  conse(|ucntly  made 
no  distinction  between  what  seemed  to  be  a  iihysiologi 
rally  neutral  and  a  completely  neutral  mixture. 

The  facts  now  known,  therefore,  indicate  rather 
strongly  that  the  antitoxins  of  tetanus,  diphtheria,  the 
plague,  and  cholera,  of  snake  poison,  of  riein.  I'tc.  enter 
into  direct  chemical  combination  with  their  respective 
toxins — a  combination  which  is.  perhaps,  not  exactly 
comparalile  to  that  of  an  acid  with  an  alkali;  for.  as  we 
have  seen,  it  is  a  much  slower  one,  but  one  w  hich  possi- 


bly— as  Ehilich  has  suggested — more  clo.sely  resembles 
the  formation  of  a  double  salt  Some  facts  seem  to  indi- 
cate that  the  antitoxin  has  a  stronger  allinity  for  toxin 
than  the  toxin  has  for  the  cells.  Many  points,  however, 
are  still  far  from  clear  as  to  the  maimer  in  which  both 
toxins  an<l  antitoxins  act. 

Tut;  Pkhsistkxik  oi'  ANtrroxis'  in-  thio  Bi.ood. — 
About  five  days  after  the  absorjjtion  of  toxin  has  ceased, 
either  after  a  natural  disease  or  after  an  artilicial  infection, 
the  production  of  antitoxin  in  llie  Ixjdy  stops,  except  that 
which  may  be  normally  )iidduced.  and  the  amount  in  the 
blood  gradually  lessens,  partly  from  its  elinunation  l)y 
the  urine,  milk,  c^tc,  and  partly,  perhaps,  by  its  destruc- 
tion in  the  blood. 

According  to  the  anaiunt  of  antitoxin  pre.seid.  will  be 
the  length  of  time  recunred  for  the  elimination  of  the 
antitoxin.  The  blood  of  an  animal  highly  inunuinzcd 
may  retain  ap]ireeiable  amounts  of  antitoxin  for  from 
three  to  six  months. 

When  animals  are  immunized  with  the  antitoxie  sera 
of  animals  of  othc'r  species,  the  antitoxin  is  more  quickly 
eliminated  than  when  .sera  from  the  same  species  are  em- 
ployed. For  this  reas(.n  the  immunizing  elfeet  of  sera 
in  man  against  diphtheria,  tetanus,  and  the  few  other 
infections  for  whici;  we  have  antitoxins,  is  of  short  dura- 
tion, less  than  if  antitoxins  had  been  developed  finm 
toxins  injected.  Thus,  immunization  of  a  child  with  -iOO 
units  of  antitoxic  horse  serum  insures  immediate  safety, 
but  only  ten  days  of  certain  ])roteclion  from  diphtheria. 

The  (liphtheria  and  tel«nus  antitoxins  are  the  only  two 
used  extensively  in  treatment.  All  the  other  ])rotective 
.sera  are  largely  bactericidal  in  their  action  and  owe  what 
littler  or  doubtful  value  they  have  to  this  characteristic. 
The  most  important  of  them  will  be  touched  ujion  in  the 
article  on  inuninntv,  under  the  bactericidal  properties  of 
the  III I. 

The  use  of  antitoxins  in  the  iireventiou  and  treatment 
of  iliphlheria  and  tetanus  is  so  important  that  some  de- 
tails as  to  how  to  choose  and  administer  the  sera  may  be 
of  value.  -Ml  antitoxic  sera  nuist  be  injected  subcutane- 
ously.  or  intravenously,  for  they  are  only  very  slightly 
absorbed  by  the  stomach  or  intestines.  The  sera  should 
be  clear  and  have  no  odor  ixcipt  in  cases  in  which  an  an- 
ti.se|itic  has  been  added,  such  as  trikrcsol  or  carbolic  acid. 
In  the  Dep.artment  of  Health  laboratory  in  New  York 
we  add  no  antiseptii'  whatever.  Let  us  now  consiiler  in 
detail  the  diphtlieria  antitoxic  serum.  The  dosage  is 
regulated  by  units  of  cll'cci  and  not  by  weight,  for  we 
have  not  as  yet  absolutely  isolated  antitoxin.  A  unit  is 
the  amount  of  antitoxin  which  protects  a  '.i.W-gm.  guinea- 
pig  from  one  hundred  fatal  doses  of  diphtheria  toxin. 

Diphtheria  antitoxic  serum  is  ]iut  uj)  in  ililfercnt 
"grades,"  the  lower  grades  having  1(10  to  :!0(t  uidts  in 
each  euliic  e<'ntimetr<'  of  .serum,  the  higher  grades  hav- 
ing 400  to  (iOO  units.  Other  things  being  equal,  the 
highi'r  grades  are  better  and  more  convenient  than  the 
lower  ones.  In  the  laboratories  of  the  Department  of 
Health  of  New  York  City  we  have  until  recently  striven 
for  a  serum  whicli  had  the  greatest  po.ssible  amount  of 
antitoxin  in  each  cubic  ccnlimetrc.  The  better  way. 
however,  is  to  get  the  highest  grades  of  serum  which  will 
produce  few  or  no  rashes,  for.  without  regard  to  the 
amount  of  antitoxin  present,  some  serums  jiroduce  dele- 
terious residts.  while  others  produce  almost  none.  Sam- 
ples of  all  bleedings  shoidd  be  used  tirst.  if  possible,  in  a 
few  mild  cases  of  diphtheria,  and  then  only  tho.se  serums 
which  pass  this  test  without  producing  marked  ra.shes 
should  be  further  used. 

Tmc  .\m(Unt  ol-  DtfiiTiii.iii  \  .Xntitoxix  to  isk  .\i> 
MiMsTi;ni;i)  .vnd  tiik  Ni  .\ii!i:k  of  In-ikciions  ix  a  Sin- 
oi.K  ('.\si-;. — There  is  still  some  dilTirence  of  opinion 
among  competent  observers  as  to  the  answer  to  these 
(|Uestions.  For  immunization.  ','00  units  in  infants  and 
.")00  in  adults  will  suflice.  In  treatment,  our  practice  is 
the  following:  Cases  .seen  early,  in  which  the  onset  is 
mild.  1.000  units.  Cases  seen  early,  in  whicli  the  i>n.sel  is 
sever<\  shown  either  by  local  signs,  such  as  swelling,  hy- 
penvmia,  or  the  extent  of  the  cxudati'.  or  by  coiistitu- 
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tional  symptoms,  2,000  to  4,000  iiuits,  according  to  sevcr- 
ily.  Cases  seen  at'tcftbe  disca-se  has  progressed  so  far 
llial  its  |irol)able  local  extent  can  be  guessed,  mild  cases, 
1,000  to  ',^.000  units,  according  to  the  size  of  tlie  patient; 
moderate  eases,  2,000  to  3,000  units;  severe  cases,  show- 
ing necrotic  membrane,  swollen  glands,  or  laryngeal  sten- 
osis, :i,000  to  4,000  units. 

The  cIVeels  to  be  exiiected  from  the  antitoxin  are,  that 
the  local  disease  should  not  extend,  tliatthe  swelling  and 
hypera'mia  shotdd  lessen  and  the  constitutional  symptoms 
aiiate.  If  twelve  hours  after  the  injection  these  changes 
have  not  begiui  clearly  to  manifest  themselves,  the  injec- 
tion of  antitoxin  should  be  repeated.  If  in  twelve  hours 
more  no  decided  improvement  occurs  (which  rarely  hap- 
liens,  excepting  in  cases  already  very  severe  when  tirst  in- 
jected, and  in  some  of  the  laryngeal  cases  complicated 
by  bronchial  or  lung  involviiuent).  still  a  third  dose 
should  be  given ;  some  even  advise  a  fourth.  The  extent 
of  the  disease,  rather  than  the  size  of  the  patient,  guides 
the  dose;  still  size  should  be  considered  somewhat,  and 
I  should  not  advise,  in  a  child  under  one  year,  more  than 
3,000  units  in  a  single  injection,  and  in  one  under  six 
months  not  over  2,000  units.  If  the  cases  are  severe,  in- 
jections should  be  rejieated  just  as  in  larger  children. 
In  adults  attacked  with  malignant  diphtheria  the  largest 
doses  mentioned  shovild  be  used  and  fearl'ssly  repeated. 
With  the  serums  as  now  used,  these  large  doses  have  pro- 
duced in  a  small  percentage  very  disagreeable  results, 
namely,  rashes,  fever,  and  in  a  few  joint  inflammation. 

Whether  some  samples  of  serum  may  or  may  not  cause, 
along  with  their  benetieial  elTects,  really  serious  deleteri- 
ous etfeets,  is  still  undetermined ;  but  we  do  know  that 
many  sainjiles  of  serum  produce  practically  not  even  dis- 
agreealile  effects.  Tims,  I  have  seen  sixty  cases  treated, 
with  only  one  rash.  I  have  also  seen,  with  serum  ob- 
tained from  another  bleeiling,  twenty  treated,  with  ten 
rashes.  To  select  good  serinii  only  and  throw  away  the 
most  irritating,  is  onlj'  a  luatter  of  testing  in  trial  cases. 
At  present  I  see  no  other  way  of  eliminating  from  sera 
the  substances  which  produce  rashes  and  other  deleteri. 
ous  effects.  The  jirecipilate  of  antitoxin  and  glolmlin 
thrown  down  by  luagnesium  sul|iliate  is  just  as  liable  to 
lu-oduce  rashes  as  the  entire  scrum,  and  at  present  we 
know  of  no  way  to  separate  antitoxins  from  globulins. 

The  PiioDUCTiON  op  Dii-htiiehi.v  Antitoxin  for 
TiiER.vPErTic  PiiiPosES. — As  a  result  of  the  work  of 
years  in  the  laboratories  of  the  Health  Department  of 
New  York  City  the  following  may  bo  laid  down  as  a 
practical  method; 

The  strongest  di]ihtheria  toxin  possible  should  be  ob- 
tained by  taking  a  very  virulent  cullure  and  growing  it 
in  slightly  alkaline  two-per-cent.  peptone  bouillon.  The 
culture,  after  a  week's  growth,  is  to  be  removed,  and,  after 
it  has  been  tested  for  purity  by  microscopical  and  culture 
tests,  is  then  to  be  rendered  sterile  b_y  the  addition  of  ten 
per  cent,  of  a  five-per-cent.  solution  of  carbolic  acid.  On 
the  following  day  the  sterile  culture  is  filtered  tlu-ough 
ordinary  sterile  filter  paper  and  stored  in  full  bottles  in 
a  cold  place  until  needed.  Its  strength  is  then  tested 
by  giving  a  series  of  guinea-pigs  carefully  measured 
amounts. 

The  horses  used  should  be  young,  vigorous,  of  fair 
size,  and  absolutely  healthy.  A  number  of  svich  horses 
are  severally  injected  with  an  amount  of  toxin  sufficient 
to  kill  ten  thousand  guinea-pigs  of  2.50  gm.  weight. 
Afler  from  three  to  five  d:iys.  so  soon  as  the  fever  reac- 
tion has  subsided,  a  second  subcutaneous  injection  of  a 
slightly  larger  dose  is  given.  Willi  the  tirst  three  injec- 
tions of  toxin  about  10.000  unit's  of  antitoxin  are  given. 
If  antitoxin  is  not  mixed  with  the  lirst  doses  of  toxin, 
only  one-tenth  of  the  doses  advised  is  to  be  given.  At 
intervals  of  from  five  to  eight  days  increasing  injections 
of  pure  toxin  are  made,  until,  at  "the  end  of  two  I'uonths, 
from  ten  to  twenty  times  the  original  anunmt  is  given. 
There  is  ab.solutely  no  way  of  judging  which  horses  will 
produce  the  highest  grades  of  antitoxin.  Upon  a  very 
rougli  estimate  I  may  say  thai  those  horses  which  are  ex- 
tiemclv  s<'nsitive  and  those  which  react  hardly  at  all  are 


the  poorest,  but  even  here  there  are  exceptions.  The 
only  way.  therefore,  is  at  the  end  of  six  weeks  or  two 
months  to  bleed  the  horses  and  test  their  serum.  If  only 
high-gratle  serum  is  wanted,  all  horses  that  give  less  tli:i"ii 
l.-)0  units  per  cubic  centimetre  are  di.scarded.  If  moderate 
grades  only  are  desired,  all  that  yield  100  units  luay  be  re- 
tained. The  retained  horses  receive  steadily  increasing 
(lo.ses.  the  rapidity  of  the  increase  and  the  interval  of 
time  between  the  doses  (three  days  to  one  week)  depend- 
ing somewhat  on  the  reaction  following  the  injection,  an 
elevation  of  temperature  of  more  than  3  F.  being  lui- 
desirable.  At  the  end  of  three  mouths  the  antitoxic  .serum 
of  all  the  horses  should  contain  over  200  units,  ami,  in 
about  ten  per  cent.,  as  much  as  600  units,  in  each  cubic 
centimetre.  Very  few  horses  ever  give  above  1,000  unils, 
and  none  so  far  has  given  as  much  as  2.000  units  per 
cubic  eeiitiinetre.  The  very  best  horses  continue  to  fur- 
nish blood  containing  a  large  amount  of  antitoxin  for  sev- 
eral mouths,  and  then,  in  spiteof  increasing  doses  of  toxin, 
the  amount  of  antitoxin  gradually  decreases.  If  every 
nine  months  an  interval  of  three  months'  freedom  from 
inoculations  is  given,  the  best  horses  furnish  high-grade 
serum  for  from  two  to  four  j-ears. 

The  PiionrcTioN  or  Tet.vnfs  Antitoxin. — The  teta- 
nus antitoxin  is  developed  in  the  same  manner  as  the 
diphtheria  antitoxin — by  inoculating  the  tetanus  toxin  in 
increasing  doses  into  horses.  The  toxin  is  produced  in 
bouillon  cultures  grown  anaSrobically.  After  ten  or  fif- 
teen days  the  culture  fiuid  is  filtered  through  porcelain, 
and  the  germ-free  filtrate  is  used  for  the  inoculations 
The  horses  receive  0..5  e.c.  as  the  initial  dose  of  a  toxin 
of  which  1  e.c.  kills  2.")0,000  gm.  of  guinea-pigs,  and  along 
with  this  a  s\ifficient  amount  of  antitoxin  to  neutralize 
it.  The  antitoxin  is  added  to  the  tirst  few  doses.  In 
five  days  this  dose  is  doubled,  and  then  every  live  to 
seven  days  larger  amounts  are  given.  The  dose  is  in- 
creased as  rapidly  as  the  horses  can  stand  it,  until  they 
sup))ort  700  to  800  e.c.  or  more  at  a  single  injection". 
After  some  months  of  this  treatment  the  blood  of  the 
horse  contains  the  antitoxin  insufficient  amount  for  thera- 
peutic use.  When  the  animals'  temperatures  are  normal 
and  they  have  recovered  from  the  dose  of  toxin  last, 
given,  they  are  bled  into  sterile  flasks  and  the  serum 
collected. 

Technique  of  Testinc;  Tetanus  Antitoxic  Seru.m 
FOR  Value  in  Antitoxin. — Tetauus  antitoxin  is  testo'd 
exactly  in  the  same  luanner  as  diphtheria  antitoxin,  ex- 
cept that  the  unit  of  measure  is  different.  A  unit  in  the 
German  standard  is  the  amount  of  antitoxin  needed  to 
neutralize  4. .500. 000  fatal  doses  of  toxin  for  1  gm.  of 
white  mouse.  In  the  French  method  theamoimt  of  anti- 
toxin ^xliicli  is  riMiuired  to  protect  a  mouse  from  a  tlose  of 
toxin  snificicnt  to  kill  in  four  days  is  determined,  and  the 
strength  of  tfie  antitoxin  is  stated  by  determining  the 
amount  of  serum  required  to  protect  1  gm.  of  animal. 
If  0.001  e.c.  protected  a  10-gm.  mouse,  flie  strength  of 
that  serum  would  be  1  to  10,000.  Guinea-pigs  are  fre- 
quently used  in  place  of  mice.  '  Knorr's  method  of  pre- 
serving toxin  is  by  precipitating  it  with  saturated  am- 
moniimi  sulphate  and  drying  and  preserving  the  pre- 
cipitate in  sealed  tubes.  As  required,  it  is  dissolved  in 
ten-per-cent,  SiUt  solution,  as  above  stated.  For  small 
testing  stations  the'  best  way  is  to  obtain  some  freshly 
standardized  antitoxin  and  compare  serums  with  thi.s. 

The  I)osa(;k  of  Tf.tanus  Antitoxin. — For  immuni- 
zation, one  dose  of  from  ~>  to  10  e.c.  of  a  serum  of  a  good 
strength,  such  as  1  to  100.000.000,  will  sullice  unless  the 
danger  seems  great,  when  the  injecliou  is  repeated  at  the 
eud  of  a  week.  For  treatment,  it  is  well  to  begin  with 
from  30  to  .50  e.c.  and  then,  according  to  the  severity  of 
the  case,  give  from  20  to  .50  e.c.  every  six  to  twenty -four 
hours  until  the  symptoms  abalc.  In  the  gravest  cases  no 
curative  elf<ct  will  be  noticed  from  the  u.se  of  the  serum. 
It  is  sometimes  injected  into  the  lateral  ventricles  or  I'ven 
into  the  brain  sulistanee.  Both  the  theoretical  rea.sonsfor, 
and  the  actual  results  obtained  from,  this  melhoil  of  treat- 
ment, are  open  to  criticism.  The  tirst  dose,  in  severe 
cases,  may  be  given  inlrav<'nonsly.      William  H.  Park. 
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ANTITUSSIN.— DilliKir  iliphcuyl  iCnlLF),.     This  is  a 
Aviiili'  nvslallinc  iiowikr  willi  n  picasiiiit  iiromalic  ciilor 
sujrjicstivc  of  dill  si'cil.     It  is  insoluble  in  walcr  and  solii 
ble  in  alcohol,  ether,  cliloroforni.  and  fixed  and  volatile 
oils. 

Originally  introduced  as  an  antispasmodic  and  sedative 
in  whoopiuir-couirh.  it  was  reported  by  the  early  observ- 
ers to  be  of  little  value  in  that  condition.  Hecently.  how 
ever.  Ma.\  lleini  has  published  observations  on  si.Meen 
cases  in  which  he  found  speedy  and  suriirisinijly  coni|i!ele 
relief  followini;  its  use.  His  conclusions  were  that  it  les- 
sens the  aciUeness  of  the  attack,  that  it  markedly  loosens 
the  phleirm  and  mucus,  and  that  the  duration  of  the  dis 
case  is  reduced  from  several  weeks  to  ;i  few  days,  or  at 
most  two  weeks.  His  forjmda  is  <litluor  diplienyl  T), 
vaseline  10,  ade])s  lana-  hydrosus  83.  and  this  he  uses  by 
intuK'tion  over  the  neck  or  interscapular  region  after  Ihor- 
ouijfhly  cleansing  the  skin  and  rubbing  it  with  a  rouKh 
towel.  Antitussin  is  not  administered  internally,  as  it 
deranges  the  stomach.  The  dose  by  inunction  is  from 
3  i.j.  to  3  iij- 

Hesides  its  use  as.ab.ove  it  has  been  found  valuable  as 
an  antiseptic,  ami  for  this  purpose  is  aiiplinl  as  a  live  to 
twenty  ]ier  cent,  ointment  or  dustinu;  powdir.  Thinuu 
uses  it  in  venereal  lUceratious,  after  cauterizing  the  ulcer 
with  {•arbolic  acid. 

ir.  .1.  Bostrd.,. 

ANUS  AND  RECTUM.  (SURGICAL.)— No  rectal  ex- 
amination in  women  can  be  consideriMl  at  all  complete 
which  does  not  include  bimanual  exploration  of  the 
pelvis,  and  the  cxaunn<'r  nuist  acijuire  the  same  skill  in 
this  as  the  gyna'cologist,  though  he  will  more  freiiuently 
explore  with  one  finger  in  tlie  rectum  than  in  the  vagina. 
It  is  also  true  that  many  oliseure  cases  liotb  in  men  and  in 
women  will  at  once  become  clear  under  una'Sthesia.  So 
little  does  diagnosis  depend  upon  any  s]ieetda  that  ue 
need  not  .stop  to  consider  these  instruments. 

This  does  not  apply  to  the  Kelly  long  tubes  for  high 
rectal  and  sigmoid  exploration.  These  may  in  ceitaiii 
cases  be  of  great  value  both  for  diagnosis  and  for  treat 
ment.  I  have  moclitied  his  original  design  so  as  to  make 
the  long  tube  resemble  the  ordinary  valve  speculum  ex 
cept  in  its  length.  The  instruments  are  ditlicult  to  use 
and  not  devoid  of  danger,  but  in  exjiert  hands  they  oc 
casionally  yield  excellent  results. 

IIi-^Moiiiiiioins. — These  may  be  divided  into  external 
and  internal.  Kxternal  hemorrhoids  presi'iil  themselvis 
in  two  iierfectly  distinct  forms.  The  tirst  is  shown  in 
Fig.  L"2il.  and  is  a  venous  tumor,  produced  by  the  rup- 
of  an  external  hemorrhoidal  vein  and  the  extravasa- 
of  its  contents.  Such  a  tumor  forms  suddenly,  is 
exquisitely  [(ainful.  and  some- 
times looks  and  feels  like  a 
large  black  grape;  it  will  slow- 
ly subside  and  disappear  when 
ti'cated  liy  rest  in  bed  and  a|>- 
jilications  of  ]iowdered  ice  in 
a  niliber  hunih-uclic.  with  the 
internal  administration  of  a 
saline  cathartic.  The  most  ap- 
propriate treatment,  however, 
is  a  free  incision  with  a  small, 
sharp  -  pointed,  curved  bis- 
toury, the  tumor  being  trans- 
fixed and  incised  in  the  direc- 
tion of  the  radi.iting  folds  of 
the  anus.  As  a  result  of  the 
incision,  a  small,  round  clot  — 
the  pressure  of  which  has 
caused  all  the  snffering^ — may  be  turned  out  of  its  bed. 

The  other  form  of  external  hemorrhoid  is  a  cutaneous 
and  not  a  venous  tumor,  and  is  well  shown  in  Fig.  -21. 
This  is  often  spoken  of  as  a  condyloma,  but  that  name  is 
better  a|)plied  to  another  condition.  Such  a  tumor  as 
Ibis  is  composed  of  skin  an<l  conueetive  tissue.  It  ofti'ii 
residts  directly  from  the  irritation  caused  by  the  lirsl 
variety,  and  is,  in  fact,  the  remains  of  the  veuo\is  tumor; 
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Fig.  22(1.    F..vternal      Venous 
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or  it  may  be  caused  by  the  irritation  of  some  ulcerative 
disea.se  within  the  n-ctum.  It  is  not  painful  ludess  it 
happens  tobe<'ome  acutely  inllanu'd.  and  is  generally  best 
left  alone.  When  ojjcrating  for  moie  seritms  trouble, 
with  the  patient  under  ether.  I  occasionally  snip  them  off 
with  a  pair  of  .scis.sors,  but  wiieu  a  patient  applies  for 
relief  fi'om  them  al(}ni'.  I  usu- 
ally advise  non-interference. 
The  wound  made  by  removing 
them  is  painful  and  they  gen- 
erally do  little  harm. 

Internal  hemorrhoids  are 
those  which  arise,  within  tlie 
sidiincter  mn.scle.  from  the  in- 
ternal hemorrhoidal  vessels. 
'I'hey  present  many  variations 
in  structure.  One  jierlcctly 
disthict  variety  is  known  as 
the  capillary.  This  is  in  real- 
ity an  erectile  tumor  composed    p„; 
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of  the  terminal  branches  of  the 
arteries  and  veins,  and  of  the 
dilated  capillaries  which  lunte  them.  This  form  of  tumor 
is  never  of  large  si/iv  and  never  projects  far  into  the  cav- 
ity of  the  rcetinn.  It  is.  in  fact,  nnicli  like  a  nievus  of  the 
scalp.  It  may  bi' .situated  high  up  in  the  rectum,  but  is 
generally  near  tin-  anus;  the  surface  is  granular,  and  the 
membrane  covering  till!  vessels  is  so  thin  that  it  maybe 
broken  by  each  act  of  defecation.  Such  a  tumor  never 
appears  outside  the  anus  uidess  the  |)rotrusion  is  caused 
by  some  other  alTei-tion,  but  it  may  be  seen  by  carefully 
pulling  open  the  jiarts  with  the  lingers,  and  from  some 
part  of  its  mulbenv-like  surface  there  is  ajH  to  lie  a  jet 
of  arl<'rial  blood,  counng  )ur  .■ni/lciii.  'I'his  is,  aliove 
all  others,  what  is  most  properly  called  the  "bleeding 
pile." 

'I'liis  form  of  h<Mnorrhoid  may  be  cured  by  a  single 
thorough  ai'iplieation  of  funung  nitric  acid,  and  it  is  the 
only  form  in  which  this  plan  of  treatment  is  likely  to  be 
of  perm.uient  benefit. 

In  the  other  foiins  of  liemorrhoids  tlu'ic  is  a  distinct 
tumor.  sometiuK'Sof  considerabli'  si/e.  made  up  of  mu- 
<'ous  nieml)rane  mon'  or  less  eroded,  of  ciPinective  tissue, 
and  of  blood-vessels.  These  tumors  may  <'ause  decided 
symptoms  bcfor<'  they  ar<'  sullicic'ntly  large  to  protrude 
from  the  anus.  One  of  the  first  is  an  tuisatistied  feeling 
after  defecation,  as  though  the  rectum  were  not  fully 
emptied;  and  this  is  explained  by  the  increase  in  size  of 
the  tumors  caused  by  (h'feeation.  This  feeling  ))asses 
away  after  a  few  moments,  when  the  circulation  has  a.gain 
become  natural.  Other  sym|>toms  are  pain,  more  or  less 
obscure,  and  referred  to  the  loins  and  thighs;  ditliculty  in 
micturition;  dindidshed  sexual  ai>petite and  power;  hem- 
orrhage; and  sometimes  a  jiceuliar  train  of  nervous  symp- 
toms referrc'd  to  the  legs — symptoms  which  will  deceive 
b<ith  patii'iit  and  physician  into  the  belief  that  an  ataxia  is 
developin.g.  After  the  tumors  r<'aeh  a  stage  which  cau.ses 
them  to  protrude  beyond  the  siihincler  in  defecation,  tlie 
resulting  symjitoms  are  well  known.  In  ordinary  cases 
the  patient  will  reduce  tlie  tumors  himself  after  each  pro- 
trusion. They  may.  however,  become  strangulated  and 
be  entirely  beyond  the  patient's  jiower  of  manipulation. 
In  sucli  a  <'ase.  after  a  period  of  rest,  and  after  the  relief 
which  may  follow  a  spontaneous  escape  of  blood,  the 
hcmorrlioids  may  return  of  themselves  or  be  put  back  by 
the  patient. 

If  fill'  strangulation  be  more  intense,  gangrene  may  set 
in  and  a  jiart  of  the  mass  may  slough,  or  a  portion  may 
supjinratc.  I'lider  such  circumstances  there  will  be  great 
pain,  and  more  or  less  constitutional  disturliance.  with 
fever.  The  gangrene  is  very  eviilent.  both  to  the  eye 
and  the  sense  of  smell,  froiii  the  greenish  or  blackish 
color  and  fetid  oilor  of  the  jiart.  and  is  rather  a  favorable 
ti'rmination  to  the  trouble,  as  it  gener.-illy  results  in  a  rail- 
ical  cure. 

Tni..\rMi-;Nr. — The  treatment  of  internal  hemorrhoids 
is  both  iiallialiveand  curative,  and  it  isa  great  advantage 
to  the  surgeon  to  know  what  can  be  done  for  a  timid  pa- 
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lii'iit  without  Imvius;  iccdiirsc  to  anything;  whicli  may 
pniporly  be  callwl  an  opcnitioii.  TIk'  tiist  tiling  is  to 
sccmv  a  daily  natural  evacuation  of  the  bowels,  ami  this 
witliout  ineiiieinc  if  iiossilile.  'I'Ik'  diet  sliould  be  plain, 
llisrhly  seasoned  dishes,  gravies,  salads,  old  cheese,  etc.. 
all  alcoholic  drinks,  and  any  e.\cess  in  tobacco  should  be 
strictly  interdicted.  1  f  necessary,  a  laxative  may  be  added 
to  the  daily  diet,  and  this  luay  be  either  a  gla.ss  of  mineral 
water  before  breakfast,  or  a  drachm  of  compotmd  licorice 


FIG.  23--'. 

powder  at  night.  The  local  treatment  consists  mainly  in 
the  use  of  astringents  and  cold  water.  A  cold  sitz  bath 
every  morning  after  stool  is  one  of  the  best  of  all  meth- 
ods of  preventing  and  relieving  hemorrhoids,  and  cold,  or 
even  ice  water  should  be  freely  applied  after  each  pas- 
sage. The  best  astringent  is  the  subsulphate  of  iron  in 
the  form  of  ointment  or  suppository  (  3  i.  to  3  i.  for  oint- 
ment, and  two  or  three  grains  in  a  suppository).  B_v 
these  means,  when  followed  with  care  aud  patience,  the 
worst  case  may  be  greatly  improved.  Although  they  are 
given  simjily  as  jialliative  measures,  they  w  ill  sometimes 
bi'  followed  by  such  relief  as  to  convince  the  patient  that 
lie  is  radically  cured. 

Of  all  the  dilTerent  methods  of  radically  curing  hemor- 
rhoids I  shall  describe  but  two.  These  are  tlic  ones 
which  have  given  the  best  results,  and  from  them  each 
may  choose.  By  either  of  tliem  every  case  ma}'  be 
cured. 

((')  Tlie  treatment  by  tlie  ligature,  as  practised  by  most 
surgeons  at  present,  consists  in  cutting  through  the  great- 
er part  of  the  base  of  the  tumor  witli  the  scissors,  and 
tying  a  strong  ligature  around  the  remainder,  which  is 
supposed  to  contain  the  larger  blood-vessels.  As  in  all 
operations  on  the  rectum,  the  bowels  should  be  thor- 
oughly cleared  liy  a  cathartic  on  the  previous  day  and 
by  an  enema  just  before  0|)crating.  The  patient  should 
be  etherized  and  placed  in  the  lithotomy  position,  and  the 
sphincter  gently  but  forcibly  dilated  till  it  loses  its  con- 
tractile power.  A  speculum  may  or  may  not  lie  used,  as 
the  operator  prefers.  Each  ttunor  is  seized  with  a  long 
toothed  forceps,  such  as  is  shown  in  the  cut  (Fig.  223). 
and  is  then  drawn  out  of  the  anus.  Holding  the  forceps 
ill  his  left  hand,  the  operator  separates  the  tumor  from 
its  attachments  by  cutting  with  a  strong  pair  of  scLssors 
in  the  line  of  junction  of  the  skin  and  mucous  membrane 
from  below  upAvard  until  only  a  pedicle  remains.  The 
fiirceps  are  then  transferred  to  an  assistant,  and  a  strong 
silk  ligature  tightly  tied  around  what  remains  of  the 
tumor,  and  the  hemorrhoid  itself  may  then  be  cut  off  at 
a  short  distance  from  1  he  ligature,  in  order  that  as  mvicli 
dead  tissue  as  possible  shall  be  removed  from  the  rectum. 
Each  hemorrlioid  is  thus  treated  in  succession,  and  after 
all  are  removed  and  the  ligatures  cut  olf  close,  a  supposi- 
tory of  opium  and  belladonna  is  introduced  and  a  T- 
bandage  tightly  applied  over  a  compress  of  lint  and  a 
napkin. 

The  after-treatment  is  a  matter  of  a  good  deal  of  im- 
Iinriaiiee.  It  is  not  well  lo  allow  the  bowels  to  be  con- 
lined  iiiDie  than  three  days,  and  the  first  pas.sagc  should 
lie  assisted  by  a  laxative.  Much  less  pain  will  be  caused 
liy  a  soft  passage  on  the  third  day  after  the  operation 
than  will  result  from  confining  the  bowels  for  ten  days 
or  a  fortnight,  as  is  usually  done.  Under  the  latter  cir 
cumstances  the  siill'ering  caused  by  the  first  passage  is 
often  atrocious.  It  is  not  a  g<iod  plan  to  try  to  intro- 
duce suppositories  into  the  painful  rectum  after  the 
operation.  The  ligatures  .will  generally  come  away  at 
the  end  of  a  week  or  ten  days,  and  the  patient  should  be 
kept   ill  the   bed  01  on  the  lounge  for  a  Week  longer  till 


the  ulcer  caused  by  the  separation  of  the  slongh  has  had 
time  to  heal.  Nothing  has  been  said  about  primary 
hemorrhage.  It  is  sometimes  considerable,  and  nmeh 
that  is  theoretical  in  character  has  been  Siiid  about  the 
chief  vascular  supply  of  a  hemorrhoid  being  at  the  upper 
end.  The  incision  made  with  the  scissors  before  the  lig- 
ature is  applied  somctiincs  bleeds  very  freely,  and  re- 
quires the  free  use  of  lint  within  tlie  bowel  after  the  oper- 
ation is  completed.  The  removal  of  this  wad,  in  those 
cases  in  which  it  has  been  found  necessary  to  introduce 
it,  is  an  additional  source  of  pain. 

This  operation,  though  generallj'  very  satisfactory,  is 
open  to  certain  objections.  These  are:  occasional  severe 
constitutional  disturbance  with  nervous  excitement,  fre- 
quent pulse,  loss  of  sleep,  pain  sufficient  to  demand  the 
use  of  morphine  for  days,  and  obstinate  retention  of  urine. 
Avhich  may  render  catlieterism  necessitiy  for  a  fortnight; 
and,  finally,  undue  contraction  after  the  operation,  which 
will  entail  the  use  of  the  bougie. 

(Ij)  The  other  operation,  which  gives  the  best  results,  is 
done  with  the  clamp  and  cautery,  and  consists  in  drawing 
down  the  tumor,  embracing  its  base  tightly  in  the  clamp, 
cutting  off  such  an  amount  that  a  good-sized  stump  shall 
be  left,  and  cauterizing  this  thoroughly  with  the  hot  iron. 
It  is  important  to  isolate  the  tumors  well,  so  as  to  com- 
]iress  them  easily  and  completely  :  and.  in  cases  in  which 
the  hemorrhoid  joins  abruptly  the  hypcrtrophied  skin,  a 
groove  may  first  be  made  with  the  scissors,  so  that  the 
compression  of  the  neck  of  the  tumor  may  be  more 
effectual.  After  the  cautery  has  been  very  thoroughly 
applied,  at  a  black  heat,  the  blades  of  the  clamp  .should 
be  graflually  released  by  the  screw.  Should  any  bleed- 
ing occur  the  clamp  must  be  again  screwed  up,  and  the 
cautery  api)lied  more  thoroughly.  This  may  be  neces- 
sary several  tiiues.  The  advantages  claimed  for  this  op- 
eration over  that  with  the  ligature  are:  greater  safety  to 
life,  greater  freedom  friim  suffering,  more  rapid  recov- 
eiy,  less  danger  of  pytemia.  of  ulceration,  and  of  embolus, 
and  less  constitutional  disturbance  after  the  operation. 
The  operation  is  equally  applicable  to  cases  of  prolapsus. 
Tniilmt'nt  b>i  Minor  Siwi/ical  Mclhoth. — ilany  methods 
have  been  devised  by  which  hemorrhoids  may  be  radi- 
cally cured  by  office  treatment,  without  genei~al  anes- 
thesia or  confinement  to  bed.  Perhaps  the  one  best  known 
at  the  present  day  is  that  which  ri'quires  the  injection  of 
a  solution  of  carbolic  acid  into  the  tumor — an  uncertain 
and  dangerous  plan,  Avhich  has  been  generally  abandoned 
by  the  regular  surgeons  because  of  the  impossibility  of 
limiting  its  effects.  If  a  patient  prefers  this  office  treat- 
ment without  what  he  or  she  considers  a  surgical  op- 
eration, hemorrhoids  may  be  gradually  destroyed  exact- 
ly as  the  nose 
.  and   throat  spe- 

cialists remove 
poly])i  and  ob- 
structions from 
the  air  pass;iges. 
Tlie  treatment 
will  r  e  q  u  i  r  e 
time,  but  it  is 
perfectly  effici- 
ent and  gives 
great  satisfac- 
tion to  those 
who  can  avail 
themselves  of  its 
a  d  v  a  n  t  a  g  e  s. 
The  .same  treat- 
ment ajijilii'S  in 
other  affections  also — fissures,  pruritus,  small  listiila'.  etc. 
Prol.m'sk. — There  are  four  distinct  varieties  of  pro- 
lapse, which  must  be  carefully  distinguished  from  one 
another  as  regards  the  plan  of  treating  them,  for  the 
.same  o])eration  which  will  cure  one  variety  may  lead  to 
a  fatal  result  in  another  which  to  the  eye  closely  resembles 
it.  The  first  consists  of  a  protrusion  of  the  mucous  mem- 
brane alone,  and  is  sometinies  spoken  of  as  partial  pro- 
lapse, because  only  a  part  of  the  coat  of  the  bowel  coiueg 
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mil  of  the  l)0(iy.  It  is  sliowii  in  Fi,s.  22;i  It  is  a  mere 
fverliiig'  of  tlic  mucous  nicmbriini'  of  the  lowest  poilioii 
of  the  rectum,  rendered  [lossilile  by  tlie  l:i.\ily  of  llic  suli- 
inucous  connective  tissue.  It  is  tlie  most  common  ol  :dl 
tlie  forms,  and  is  most  frequently  found  in  children  he- 
tweeii  the  years  of  two  and  four.  It  always  comes  on 
irradually.  and  it  may  be  parlial  or  complete  as  regards 
the  entire  circumierenee  of  the  anus,  ll  appears  as  a 
scarlet  or  livid  mass  (depending  upon  the  degree  of  coii- 
tractiou  of  the  sphincter)  covered  with  the  natural  secre- 
tion of  the  bowel,  directly  continuous  with  the  skin  on 
oneside  and  with  the  mucous  membrane  on  the  other,  and 
arranged  in  folds  which  radiat<'  from  the  central  apertiu'e 
toward  th<'  cireund'i-rence.  It  is  at  first  sponlaneously 
reducible,  or  at  least  may  easily  be  rejilaced  by  slight 
[)r<'SSiu'c.  and  remains  reduced  till  llie  ne\l  di'feeation , 
but  as  the  amoimt  of  prolapsed  membrane  increases,  the 
<lilticnlly  in  reduction  becomes  greater,  an<l  tinallv  th(^ 
mass  may  be  out  of  the  body  most  of  the  time  from  dis- 
tention an<l  loss  of  power  of  the  sphincter.  In  this  eon- 
diti,)ntlie  tumor  is  liable  to  become  inflamed,  (edematous, 
and  irreducible,  and  the  patient  is  in  a  verv  iinhapjiv 
plight. 

The  tirst  step  iu  the  treatment  of  this  form  nt  prolapse 
is  generally  the  reduction  of  the  ma.ss.  If  the  patient  be 
in  the  condition  last  named  all  operative  interference 
should  be  postponed;  no  attem])t  at  reiluction  iiee<l  be 
made,  the  patient  should  be  confin<'il  to  his  biil,  cold  ap- 
plications should  be  used  freely,  and  the  tumor  should  be 
smeared  with  an  ointment  of  coiial  parts  of  the  e.MrucIs 
of  opium  and  belladonna.  After  a  week  of  this  tn^at- 
ment  the  tumor  will  ])robably  be  in  a  condilion  in  which 
it  may  either  be  re]ilaeed  or  be  removed,  and  the  surgeon 
will  then  be  able  to  .iudge  .something  of  the  auiount  of 
tissue  to  be  removed,  which  is  not  possible  when  all  the 
liarts  are  (edematous.  In  ordinary  cases  the  tiunor  may 
be  rcdiu-ed  by  gentle  ta.xis.  If  this  does  not  succeed, 
ether  sluaild  be  given  at  once  and  a  radical  operation 
performed.  In  adults,  when  the  taxis  has  failed  a'ld  both 
ether  and  operation  are  declined,  there  is  nolhing  to  do 
hilt  keep  the  patient  on  his  face  in  bed  with  a  pillow 
luider  the  pelvis,  apply  warm  poultices  with  the  oint- 
ment mentioned,  and  trust  to  time  to  reliexc  the  condi 
tion. 

The  palliative  treatment  is  directed  entirely  toward 
dimiidshing  the  fretiuency  and  amount  of  llieprolap.se, 
and  a  etu'e  may  sometimes,  esi.iecially  in  children,  be  ob- 
taine(l  by  these  means  without  operation.  They  consist 
briefly  in  directing  the  act  of  defecation  to  be  performed 
in  the  recumbent  posture,  and  in  advising  l!ie  use  of  la.\- 
atives  to  ])revent  straining,  the  avoidance  of  any  source 
of  irritation  which  will  cause  fre(iueut  jia.ssages.  and  the 
use  of  astringent  washes  (>ach  time  the  bowel  protrudes. 
The  best  astringent  is  cold  water  or  a  cold  solution  of 
alum  (  l\.  to  Jviij.).     An  astriirgent  injeclion  may  also 

be  given  every 
night  with  advan- 
tage, the  lluid  beiirg 
allowed  to  remain 
in  all  inghl. 

In  children  a  very 
effect  ual  means  of 
cure  is  the  applica- 
tion of  fuming  id- 
trie  acid  to  tlie  pro- 
lapsed jiart.  The 
wilh    a    towel,   and 
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bowel  should  be  thoroughly  dried 
the  acid  applied  with  a  small  stick  all  over  the  mucous 
membrane.  The  bowel  should  then  be  re|)lace(l,  a  pad 
of  lint  should  be  tirmly  applied.  l)y  means  of  a  broad 
strip  of  adhesive  iila.ster,  over  the  nates,  sullicient  opium 
should  be  given  to  confine  the  bowels,  and  I  he  child 
should  be  kept  in  bed.  In  a  large  proportion  of  cases  the  I 
Cure  will  be  complete  after  a  single  application,  unless  a 
polypus  be  the  e.\eiling  cause  of  the  trouble.  This  treat- 
ment is  not  eipially  successful  in  adults,  and  in  old  per- 
sons deep  and  dangerotis  sloughs  may  result,  wliieh  may 
lead  to  serious  hemorrliage.     In  them  the  treatment  bv 
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linear  cauterization  is  much  preferable.  It  consists  in 
making  several  deep  cauterizationsin  lines  radiating  from 
the  centre  of  the  iirolapse  toward  the  circumference. 
l'a(|UeHn's  cautery  with  the  line-iioinled  bent  tip  is  the 
judper  instrument 
to  employ,  and 
after  several  such 
cuts  have  been 
made  it  is  a  good 
p  Ian  I  o  b  u  rn 
t  h  ro  ugh  t  h  e 
sphincter  on  each 
side,  to  allow  of 
contraction.  This 
operation  must  be 
done  with  judg- 
ment, a  11(1  I  he 
amount  of  canter- 
izalion  iiiiist  cor- 
respond wilh  the 
amount    of     pro- 

lajise.  In  old  and  inveterate  cases  the  fault  is  gener- 
ally, however,  in  not  making  the  cauteri/ations  sufK- 
cieiitly  extensive.  A  portion  of  the  mucous  membrane  is 
burned  olf,  but  the  cuts  do  not  e.vlend  into  the  connec- 
tive ti.ssue  around  the  anus,  as  they  should. 

The  second  variety  of  prolajjse  is  that  composed  of  all 
the  coats  of  the  rectum — mucous,  submucous,  and  nius- 
eular — and  is  shown  in  Fig.  2-4.  The  essential  point  in 
the  consideration  of  this  form  of  the  disease  is  to  remem- 
ber that  the  ])rolaps('  may  contain  peritoneum;  and  it 
follows,  from  the  anatomy  of  the  parts,  that  the  perito- 
neal pouch  will  be  larger  in  front  than  beliind.  In  the 
pouch  thus  formed  may  be  located  coils  of  small  intes- 
tine, or  even  the  uterus  or  an 
ovary.  In  this  form  of  prolapse 
there  is  no  groove  or  sulcus,  and 
its  absence  is  therefore  no  proof 
of  tlur  absence  of  peritoneum. 
Its  anatomical  characters  are 
well  shown  in  Fig.  2'-l').  This 
variety  of  the  disease  generally 
follows  the  tirst.  though  it  may 
come  on  suddenly  from  violent 
straining.  It  is  distinguished 
from  the  first  by  its  size,  by 
greater  tirnmess  and  thickness 
as  ascertained  by  the  touch,  jiossilily  by  resonaiice  on 
|iercussioii,  or  by  the  gurglin.g  of  ,gas  in  a  contained  loop 
of  small  intestine,  by  its  conical  shape,  and  by  the  slit- 
like orilice  which  is  generally  drawn  to  one  side  by  the  at- 
t:iclinieiit  to  the  vagina,  or  by  the  binding  down  of  the 
ineso-rectum. 

It  i.s  evident  that  an  o|ieiation  which  might  cure  the 
first  variety  might  easily  end  fatally  in  this  one,  by  rea- 
,son  of  th(^  preseiic("  of  iieritoneiim,  and  that  the  pos.si- 
bilify  of  this  complication  must  always  be  borne  in  mind. 
The  treatment  by  linear  cauterization  is  the  sab'st,  and 
\iw  cuts  should  be  made  into  I  he  substance  of  thesiiliincter 
after  the  tumor  has  been  reduced,  and  not  into  the  tumor 
itself.  Should  Ibis  fail,  the  tumor  must  be  amputated 
with  subse(|uent  circular  eiiterorrhaphy  above  the  ex- 
ternal sphincter.  Tiic  jialliativc  treatment  is  the  same  as 
for  the  otiier  variety. 

The  third  and  fourth  varieties  will  be  described  to- 
gether, because  they  do  not  differ  from  each  other  in 
their  nature,  but  simply  in  theirexteiit  and  location.  To 
both  the  term  invagination  is  properly  applied,  because 
of  the  ensheatliing  of  one  ))art  of  the  bowel  within  an- 
other, which  is  shown  in  Fig.  •J'Jti.  In  the  third  variety 
the  telescoi)iii,g  occurs  near  the  anus,  the  intruded  portion 
appears  at  the  anus,  and  the  sulcus  between  the  ex- 
truded portion  and  the  lower  part  of  the  rectum  may  be 
felt  with  the  linger.  Its  deptli  forms  an  indication  of  Ihe 
length  of  the  contained  part.  When  a  portion  of  the 
bowel  still  further  icmoved  from  the  anus  has  become 
invagiiiated   into  that    immediately   below,    the  included 
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iiiius  to  be  felt  by  recta!  touch,  and  the  s\ilcus  may  not 
be  apparent.  This  constitutes  the  fourth  variety,  and  is 
generally  known  as  intussusception.  In  the  treatment  of 
intussu.sccption  we  enter  at  once  into  the  domain  of  ab- 
dominal surgery,  and  into  one  of  its  most  dillieuit  de- 
liartmcnls.  viz.,  that  of  intestinal  anastoniosis.  This,  I 
liave  always  claimed,  the  spi'cialist  in  the  rectum  should 
be  able  to  do,  but  the  limits  of  this  article  will  not  permit 
a  study  of  these  cases. 

AtiscEss  .\ND  FisTfi.A. — Absccsses  near  the  rectum 
may  be  divided  into  the  suiicrticial.  those  of  the  ischio- 
rectal fossa,  and  those  of  the  pelvis. 

An  abscess  of  the  ischio-rectal  fossa  is  bounded  liy  the 
levator  ani  muscle  aliove,  the  skin  below,  the  n'Clum  on 
one  side,  and  the  adjacent  tulierosity  of  the  i.sehium  on 
the  other.  An  abscess  of  the  pelvis,  on  the  other  hand,  is 
located  in  the  lax  connective  tissue  around  the  upper  por- 
tion of  the  rectum  above  the  levator  ani.  It  may  assume 
vast  proportions,  blending  laterally  with  the  subperitoneal 
connective  tissue  of  the  iliac  fossa,  and  burrowing  in 
almost  any  direction  in  the  true  pelvis. 

The  causes  of  deep  rectal  abscess  are  various.  Trau- 
matism is  perhaps  the  most  frequent,  and  the  injury  is 
general!}'  inti-rna!  ratlicr  tlian  external,  being  caused  b\- 
the  point  of  a  syringe  or  fdreign  body  rather  than  by 
kicks  or  falls.  Such  an  abscess  may  also  be  due  to  the 
injury  intlicted  by  the  fcetal  head  in  parturition,  and  in 
such  a  case  it  may  be  a  difficult  matter  to  distinguish 
the  disease  from  jjuerperal  intlannnation.  It  mav  also  be 
secondary  to  tliseases  of  the  urinaiy  organs,  and  it  may 
result  from  rupture,  ulceration,  or  perforation  of  the  rectal 
■wall  in  connection  with  stricture.  Again,  it  may  result 
from  an  inflanunation  of  the  sulmiucous  tissue  with  the 
production  of  pus  which  tirst  opens  into  the  bowel  and 
forms  an  internal  fistula,  and  subsequently  extends  out- 
wafd  and  forms  a  large  abscess.  Finally,  such  abscesses 
may,  so  far  as  their  origin  is  concerned,  have  no  connec- 
tion with  the  rectum ;  they  may  be  due  to  disease  of  some 
neighboring  part,  such  as  ajipindicitis,  or  to  necrosis  of 
someadjacent  bone;  or  perhaps  noadequate  cause  can  be 
found,  so  that  for  lack  of  knowledge  it  may  become  neces- 
sary to  set  them  down  as  idiopathic. 

In  abscess  of  the  pelvis,  w  hen  not  due  (as  it  generally 
will  be)  to  .septic  endometritis,  the  symptoms  are  often 
obscure  and  seldom  characteristic.  There  is  more  or  less 
vague  pain  in  the  pelvis  or  lumbar  region,  which  is 
seldom  intense  and  is  generally  increased  by  defecation. 
Fever  may  l)e  entirely  absent,  but  if  it  is  present  it  is 
more  a])t  to  be  continuous  tlian  very  high  in  degree,  and 
chills  are  only  occasionally  met  with  when  pus  is  formed. 
In  addition  there  is  more  or  less  general  malaise,  and  the 
vesical  symptoms  (retention  and  incontinence  of  nrine) 
are  apt  to  be  marked.  The  diagncisis  must  rest  chicHy 
upon  the  result  of  carefid  bimanual  pelvic  examination. 
An  abscess  of  the  ischiorectal  fossa  may  at  its  conuuenee- 
ment  be  marked  by  the  same  oliscure  symptoms,  but  later 
the  skin  becomes  red  and  o'dcmatiius,  sometimes  over  a 
large  part  of  the  buttock,  the  pain  is  very  severe,  and 
rectal  examination  is  impossible.  In  abscess  of  the  pelvis 
inmicnse  collections  of  pus  may  form  and  burrow  in  any 
direction.  In  men  the  pus  generally  follows  the  course 
(if  the  bowel,  involves  secondarily  the  i.schio-ieetal  fo.ssa, 
and  makes  its  way  through  the  skin  at  some  distance  from 
the  anus,  possibly  over  the  trochanter  or  out  on  the  but- 
tock. In  women  it  is  more  apt  to  pursue  a  contrary 
course,  and  usually  bursts  through  the  rectum  or  the  va- 
gina. An  abscess  of  the  ischiorectal  fossa  generally 
breaks  both  upon  the  cutaneous  surface  and  into  the 
bowel  at  .some  distance  from  the  anus,  while  one  in  the 
male  pelvis  is  just  as  likely  to  ojien  into  the  bladder  or 
the  ])eritoneal  cavity  as  into  the  bowel. 

The  great  cjuestion  in  treating  an  abscess  of  the  ischio- 
rectal fossa  is  to  prevent  the  formation  of  a  fistida.  This 
can  generally  be  done  if  the  proper  course  be  followed, 
but  the  treatment  must  lii'  ju'iinqit  and  cllicient.  It  con- 
sists in  etherizing  the  patient  as  soon  as  tlic  dia.gnosis  is 
made,  and,  without  waiting  for  Huctuation  or  even  for 
the   formation  of  pus,  in  making  a  free  inc-ision  into  the 


Fic.  227.— Varieties  of  Fis- 
tula. IGosselin  )  A, 
anus;  R,  rectum;  B. 
complete  fistula :  C, 
blind  internal  ttstula;  I>, 
lilind  external  fistula. 


centre  of  the  diseased  area,  thoroughly  cleaning  out  any 
cavity  that  may  have  formed,  breaking  down  all  bridles 
of  slougiiiug  ti.ssue,  laying  open  all  pockets,  washing  out 
the  cavity  with  carbolic  acid,  and  stuffing  it  with  lint. 
If  this  tie  properly  doni'  the  fornuition  of  a  fistula  will  be 
prevented  in  the  majority  of  cases.  If  the  abscess  be  left 
to  itself,  or  even  i)artiallj'  opened, 
a  bad  form  of  complete  fistula  is 
pretty  sure  to  follow.  The  treat- 
ment of  an  abscess  of  the  pelvis  in 
men  is  not  so  simple,  the  disease 
lieing  more  serious  and  the  prog- 
nosis more  grave.  If  possible  the 
abscess  cavity  should  be  opened 
with  the  knife  through  the  rectum 
or  by  waj'  of  the  abdominal  cav- 
itj'.  In  women  it  should  be  opened 
through  the  vagina.  Here  again 
we  enter  upon  the  domain  of  ab- 
dominal surgery,  to  wdiich  prop- 
erly belongs  the  whole  cjuestion 
of  the  comparative  value  of  va- 
ginal an<l  abdominal  co'liotomy  for 
the  relii'f  of  pelvic  iuHammation. 

Fintidci. — A  fistula  nijich  is  not  due  to  perforation  of 
the  rectal  wall  from  within  is  the  result  of  a  previous 
abscess,  and  therefore  the  consideration  of  one  leads  di- 
rectly to  tliat  of  the  other.  Like  the  abscesses  from  which 
tliej'  arise,  such  fistula?  may  well  be  divided  into  super- 
ficial and  deep;  oy  into  those  of  the  anus  which  are  sub- 
cutaneous and  involve  at  most  only  a  few  fibres  of  the 
external  sphincter,  and  those  of  the  rectum  and  pelvis, 
^vhich  open  into  the  Viowel  at  a  higher  ]ioint  or  im  the 
surface  at  a  considerable  distance,  perhaps,  from  the 
anus.  Both  the  superficial  and  deep  may  lie  divided 
into  the  complete,  or  those  whicli  open  both  into  the 
bowel  and  on  the  surface;  the  external,  which  open  only 
on  the  skin;  and  the  internal,  which  have  an  opening 
only  within  the  bowel  (Fig.  227).  Deep  or  submuscular 
fistula-  differ  greatly  in  their  extent  and  gravity.  In 
them  the  tiack  is  large  and  often  double  or  branching, 
and  the  external  opening  may  be  far  away  from  the  anus. 
The  whole  perineum  and  even  the  gluteal  region  will 
sometimes  be  found  pierced  with  openings.  In  these  the 
internal  orifice  does  not  in  all  cases  mark  the  superior 
limit  of  the  fistulous  track.  This  may  run  up  a  distance 
of  several  inches  alongside  the  bowel, 
under  the  mucous  membrane,  while 
the  internal  ori- 
fice is  only  ju.st 
w  i  t  h  i  n  t  h  c 
s]ihincter  (Fiirs. 
228  ;aul  229  >.  " 

Blind  internal 
fistula",  or  those 
which  have  an 
opening  only 
into  the  bowel, 
h  a  V  e  a  some- 
w liat  special 
p  a  t  h  o  1  o  g  y. 
When  such  ii 
fistula  is  caused 
Ijy  an  abscess,  it 
is  generally  one 
of  the  deep  va- 
riety, which  has 
ojiencd  into  the 
rectum  high  up 
and  continues  to 
discharge  in  this 
way.  The  opening  may.  however,  be  the  result  of  idoera- 
tion,  and  the  track  ;i  secondaiy  consequence.  A  small  ulcer 
which  shall  iieil'orate  thennicous  membrane  and  result  in 
internal  fistula  may  be  due  to  scvei'al  causes:  to  rupHirc 
of  an  infiauu'd  internal  hemorrhoid;  to  the  infiammation 
of  one  of  tlu-  laeima-  just  above  the  siibincter — an  inllam- 
mation  caused  by  tlu'  lodgment  within  it  of  an  irritiiting 


FIG.  238.  FKi.  229. 

Fistute  with  Double  Tracks.     ( Mollifere. ) 

Fig.  228.— AB,  Deep  submuscular  track  result- 
ing from  an  iscbio-rectal  abscess:  AI,  sub- 
mucous track  running  up  and  down  Ilie 
bowel, 

Fk;.  2;SI,— DE.  Subtegumentarv  and  submucous 
tlstiila  Willi  an  internal  and  an  external  open- 
ing. DF.  deep  subnuiseular  track  tiavingsame 
intei'nal.  but  sepaiat-.*  external  opening. 


804 


REFEREXCE   HANDBOOK   OP  THE   JIEDICAL   SCIENCES. 


AllliM  iiiiil  Keel II III. 
AllllM  and   l£i'('l  iiiii. 


particle;  to  the  application  of  stiong  acids  or  any  otlicr 
traumatism;  orto  tulicrculous  ulceration.  Such  a  ciindi 
tion  is  a  very  painful  one.  The  opeuiuj;,  which  may  be 
large  euotijrh  to  reveal  a  distinct  loss  of  substance  to  lh<' 
touch,  catches  and  retains  paiticU'S  of  fu'ces.  which  cause 
a  burninir  pain  that  may  last  many  hours  al'.erdefecalion. 
As  a  result  of  the  ulc<'i'.  an  abscess  forms  after  a  time, 
aud  is  accompanied  by  the  usual  symiitoms.  When  this 
is  small,  and  the  induration  not  e.\tensive.  a  speculum 
examination  may  reveal  the  idcer.  but  the  track  and  the 
abscess  may  cscai)e  detection — a  mistake  which  will  reii 
der  all  treatment  directed  toward  tlie  cure  of  Ww.  ulcer 
futile.  There  may  Ix'  .several  ulcers,  only  one  of  which 
has  u  fistida  comiected  with  it. 

A  fistula  may  heal  spoMtaneously  or  after  very  slight 
stimulation,  but  svuh  cases  are  very  ran'.  Settiiii;  them 
asi<le,  we  are  brought  to  the  (|uesticin  which  will  often  be 
asked  by  the  iiatient.  and  which  the  suineoti  may  not 
always  be  able  to  answer  to  liis  own  satisfaction,  viz., — 
whether  or  not  it  is  always  best,  or  even  stife.  to  attempt 
a  cure.  In  certain  cases  of  Uriyht's  disease,  eaiu-er.  car- 
diac and  h<'patic  alfect  ions,  etc.,  all  surjjical  interference 
may  be  jilainly  coiitrainilicate<l ;  but  the  nueslion  is  most 
apt  to  arise  in  conneelioM  with  tidierculosis.  rersojially 
I  always  operate  on  tuberculous  tistuhe  if  I  believe  the 
disease  is  not  too  extensive  to  pernnt  of  liealiny;.  No 
cautious  ])ractitioner  would  think  of  operating  on  an  old 
case  of  flisease  which  was 
quiescent  and  causing  little 
troidile.  in  a  person  suffering 
from  very  advaiii'ed  or  rapid- 
ly advan<-ing  lung  trouble. 
Cough,  when  violent  and  fri'- 
(pu'ut.  is  a  decided  conlra 
indication,  interfering,  as  it 
most  certainly  does,  with  the 
healing  of  the  wound.  The 
si>liinctcrs  should  be  inter- 
fered with  as  little  as  pos.si- 
ble,  for  they  are  itlH  to  be 
weak  at  the  best;  and  the 
general  health  of  the  patient 
must  in  no  way  be  imiiaired 
by  the  contiuemeiit  neces.sary. 
after  an  operation,  to  secure 

healing  of  the  wotuid.  When  the  fistula  is  of  r<' 
origin,  and,  as  is  most  often  the  case,  attended  by  a  .ijood 
deal  of  iinilermining  of  the  skin  and  profuse  discharge, 
much  may  be  done  lor  the  i)atient's  relief,  and  in  the 
majority  of  cases  a  cure  can  be  established  witluiut  any 
but  good  results  as  regards  the  lungs. 

The  prevailing  idea  that  in  order  to  cure  a  tist\ila  it  is 
necessiry  to  divide  the  sphincter  nuiscle.  is  often  carried 
to  a  harnd'ul  extreme.  .Many  of  them  may  be  cured  liy 
nunh  simpler  means,  and  man.v  of  them  cannot  be  cured 
even  by  this  one.  There  is,  in  fact,  no  rule  w  hich  applies 
to  all  cases.  Many  sinuses  in  this  ])art  of  the  body  are 
curable  by  the  well-known  means  which  are  used  in  .gen- 
eral surgery — free  drainage  and  stimulation.  Injections 
of  iodine  <ir  nitrate  of  silver,  the  applicaticin  of  nilrale  of 
silver  fu.sed  on  a  probe,  or  of  strong  carbolic  acid,  tlie 
introduction  of  a  tine  sea-tan,i;ie  tent,  of  a  draina.ge  lube 
or  of  a  galvano-cautery  wire,  may  any  of  them  prove  to 
be  cfTcctual  curative  agencies,  but  they  are  so  more  often 
in  cases  of  superficial  tisttda'  which  do  not  communicate 
with  the  bowel  than  in  tlie  (lee])er  ones.  In  com|ileti' 
fistul.T.  when  not  too  deep,  the  best  operation  is  that  of 
incision  with  the  knife.  'l"he  mode  of  proc<'dure  in  this 
operation,  as  well  as  that  of  employing  the  .irorgel  or 
lar.iie  wooden  director  to  cut  ujiou.  which  is  ofli-n  of 
great  a<lvanlage.  is  shown  in  Fig.  2:'il). 

When  no  internal  opening  can  be  found,  tint  the  nui- 
tons  membrane  feels  tmdermined.  and  the  ]>robe  can  be 
felt  by  tlie  finger  in  the  rectum,  separated  only  l)y  a.  thin 
layer  of  mucous  membrane,  it  is  a  good  plan  to  iorce  an 
internal  opening  and  treat  the  tisttila  as  though  it  were 
com|dete.  When  there  are  two  internal  ojienings.  both 
should  be  included   in  one   incision.      When,  after  the  in- 
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cision,  the  dis<'ased  inle.i^umenl  is  found  to  overla])  the 
cut  and  fall  into  it,  it  should  be  cut  away,  and  in  olil 
tra<ks  the  healing  may  be  hastened  many  days  by  thoi- 
oughly  scraping  out  the  lai'daceous  wall  with  tlie  liandle 
of  the  scalpel,  or  by  scarifying  it  in  several  places  so  that 
a  healthy  reparative  action  may  lie  set  up.  Where  the 
fistuli>us  tracks  exist  in  great  luunbeis — twenlj'  or  thirty 
in  .some  cases — it  nia,v  be  advisabli'  to  do  two  or  thrc'e 
oiierations  at  intervals,  rather  than  attemiit.  at  a  single 
sitting,  more  than  the  patient's  strength  is  able  to  bear. 
In  such  cases  there  will  generally  be  found  two  or  three 
tracks  which  are  primary,  the  others  being  merely  olf 
shoots  fiom  these,  and  each  main  track  witii  its  branches 
may  be  divided  in  one  operation, 

Fistuhe  of  the  blind  internal  variety  can  oidy  be  dealt 
with  rationally  by  incision. 

Ftssihk  .\.M)  I  i.(  kk.vtion. — The  many  diiTcrent  varie 
ties  of   non-malignant    ulci'is  which   are  met  with   at  the 
anus  and  within  tla^  rectum  may  best  be  classified  in  the 
following  groujis:  simple,  dysenteric,  lub<'rcid<ius,  vene- 
real, and  rodent. 

Simple  ulcers  aic  always  (jf  Irauinatic  origin,  and  liie 
most  fre(|Uent  injury  to  which  the  rectum  is  subject 
is.  perhaps,  that  arising  from  the  passage  of  hardiMied 
fa'ces.  Fronr  this  cause  alone,  or  partly  also,  in  some 
cases,  by  reason  of  the  fact  that  they  protrude  from 
the  anal  oiilice.  the  hemorrhoidal  tumors  niav  become 
ulcerated  for  a  considerable  e.xti'nt.  From  this  cause 
also  a  fissure  is  often  produced  within  the  .grasp  of  the 
sphincter.  Anolher  fre(|uent  cause  of  injury  is  the  pres- 
ence of  foreign  bodies,  eillier  fish  bones,  date  stones,  etc.. 
which  have  been  swallowed;  or  larger  sulistances  which 
luve  been  introduced  //(V  (niiiin.  An  ulcer  of  the  rec 
tum  isoflen  caused  by  surgical  iiiterference.  su<li  asoper- 
afions  upon  hemoirhoids  or  tistuhe.  or  unsuitable  ajilili- 
cations  to  fissures  or  a  ]U'olapse;  and.  in  women,  exten- 
sive ulci-ration  and  subsequent  stricture  nia.v  be  caused 
by  bruising  the  rectum  between  the  head  of  the  fielus 
and  the  sacrum,  in  |)arturilion. 

An  injury  due  to  some  of  tlie  causes  already  mentioned 
mav,  in  ci'rtain  persons,  and  when  located  at  the  verge  of 
the  anus,  assume  the  characters  of  an  alTection  wlii{'li  has 
been  elevated  into  a  se|iarate  class,  and  is  known  as 
fissure,  or  irritable  ulcer.  The  irritable  ulcer  differs  in 
no  respect  from  other  simple  ulcers  in  the  .same  locality, 
except  in  the  tact  of  its  irritabilit\'.  There  is  nothing 
peculiar  iu  the  ulcer  itself.  It  may  be  due  to  a  slight 
rent  in  the  mucous  membrane  from  hard  bvces;  to  a  con- 
genital narrowness  of  the  anal  orifice  and  a  naturally 
over  powerful  sphincter;  to  the  irritation  of  a  leucorrhceal 
discharge  in  wdinin;  to  an  herpetic  v<'sicle;  or  to  the 
venereal  son^  which  it  .so  strongly  resembles,  the  soft 
chancre.  Any  sore  which  is  fairly  in  the  grasp  of  the 
external  S])liiiicter  is  apt  to  lu'comean  irritable  or  painful 
one;  and  a  fissure  may  be  painless  at  one  time  and  jiain- 
ful  at  another  in  file  same  person;  or  painless  in  one  per- 
son and  iiainful  in  another.  An  ulcer  associated  with 
contracture,  s)iasni,  irritability,  pain,  and  sometimes 
even  with  actual  hypertrophy  of  the  sphincter,  is  what, 
is  known  jiroperly  as  an  irritable  one;  but  a  fissure  may 
be  present  without  exciting  any  of  these  symptoms. 

These  ulcers  are  generally  situated  at  the  posterior  com- 
missure, but  thiy  may  be  found  any  w  here  on  the  anal  cir 
cnmfereiici'.  Tluy  are  generally  single,  but  there  may  be 
two  or  tliree.  more  especially  when  they  are  of  venereal 
origin.  Tluy  are  more  conimoii  in  women  than  in  men. 
liecanse  conslipation  is  more  common  in  the  former  and 
because  the  skin  is  more  delicate.  Tluy  are  lontincd  to 
no  age  and  are  by  no  means  relatively  rare  in  infants. 
They  are  ,generall,v  oval  in  shape  with  the  long  axis  ver 
tical.  and  involve  both  skin  and  mucous  memlirane.  being 
situated  just  at  the  junction  of  the  two.  In  some  cases 
they  have  the  appearan<-e  of  a  simple  erosion,  in  others 
that  of  an  old  ulcer  with  grayish  base  and  iniliirated  ed.irrs 
which  has  in  vol  veil  the  Ihicknessof  tlie  mucous  membrane 
and  has  extended  fairly  down  to  the  muscle  lieneath.  In 
the  majority  of  cases  iliey  are  not  attended  by  suppura 
tion  or  the  (lischar.Kc  of  pus.  but    tluy  are  apt  to  bleed  a 
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Siltlc  (111  slight  provocation.  They  arc  often  attcndcil  by 
small  polypi  altachcil  near  their  upper  enil,  or  on  the  op- 
posite siiie  of  the  bowel,  the  presence  of  which  may  coun- 
teract all  curative  measures  ilirected  lo  the  Hssure  alone. 

The  ulceration  which  results  from  a  surgical  operation 
fir  from  a  foreign  body  is  easily  recognizcil.  Tliose  which 
result  from  acute  anil  chronic  et'zcnia  and  from  pruritus 
are  generally  due  lo  Ihc  injury  intlict<(l  by  tlie  nails  of 
the  snlTcrcr."  and  present  no  special  characteristics.  An 
eruption  of  herpes  around  the  anus,  similar  to  wliat  is 
seen  on  I  he  lips,  luuy  result,  after  rupture  of  the  primary 
vesicles,  in  uuiuerous  small,  svipcrticial  ulcers  of  a  redilish 
color,  secreting  a  little  pus.  These  may  coalesce  at  their 
edges  and  form  a  serpiginous  sore.  ''J'liey  must  be  care- 
fully distinguished  both  from  mucous  patches  and  from 
.soft  chancres. 

From  what  has  been  said  of  tlie  etiology  of  these  simple 
uli'crs.  it  is  iilaiu  that  they  must  present  many  variations 
in  appearance;  yet  the  diagnosis  of  each  from  the  other, 
and  of  the  whole  class  from  tliose  which  are  to  follow, 
will  not  generally  be  found  dillicult  if  proper  attention 
be  given  to  the  history,  tlie  appearance  of  the  lesion,  aud 
its  course.  The  disease  is  generally  of  a  healthy  type, 
and  tends  to  self-limitation  and  spontaneous  cure,  rather 
than  to  increase.  The  ulcerative  action  is  generally 
.superficial,  and  tends  to  spread  on  the  surface  rather  than 
in  depth.  The  ulcer  itself  is  generally  surrouniled  by 
the  signs  of  reparative  action,  and  with  proper  care  will 
undei-go  cicatrization,  the  result  of  which,  when  tlie 
ulcer  has  a  large  area,  will  be  a  stricture  of  the  rectum. 

In  dysenteric  ulceration  the  diseased  portion  of  the 
bowel  becomes  infiltrated  with  fibrinous  exudation,  aud. 
as  a  result  of  the  jiressure  which  this  e.\ercises.  it  under 
goes  necrosis  and  sloughs.  There  results  a  loss  of  sulj- 
stance,  and  if  this  is  superficial,  the  luucous  membrane 
may  regain  its  former  state:  but  if  it  is  deep,  the  usual 
cicatrix  is  produced,  and  this,  when  of  sufficient  extent, 
will  cause  stricture.  The  stricture  arising  from  this  form 
of  ulceration  is  sometimes  very  extensive. 

The  characters  by  which  tuberculous  ulceration  may  be 
recognized  are  the  following:  a  pale  red  surface.  cov<'rcd 
with  a  small  ipiantity  of  serum  but  devoid  of  liealthy 
granulations  and  having  a  varnisheil  appearance;  the 
alisence  of  surrounding  inflammation ;  a  tendency  to 
.spread  in  depth  rather  tlian  on  the  surface;  the  absence 
of  any  marked  pain;  the  regular  outline  ending  abruptly 
in  liealthy  skin;  the  clironicity  of  the  disease;  and  the 
niter  failure  of  all  treatment  to  arrest  its  course.  The 
diagnosis  may  be  confirmed  by  the  micro.scope.  A  tu- 
lierculous  ulcer  starting  in  tlie  rectum  may  end  in  per- 
foration and  fistula — a  fistvila  witli  large  internal  open- 
ing,— and,  as  a  matter  of  course,  the  usual  ojicration  in 
such  a  case  would  be  followed  only  by  disappointment. 
.Such  an  ulcer  has  also  been  known  to  cause  sudden  death 
from  hemorrhage.  The  treatment  should  either  be  sim- 
ply palliative,  or  else  should  aim  at  the  comidete  removal 
of  the  tuberculous  deposit,  either  with  the  catiterv  or 
with  the  knife, 

I'uiler  the  titleof  esthiuiiii nc  (lupusexedens  of  the  ano- 
\  ulvar  region)  a  number  of  phagedenic  ulcerations,  com- 
plicated with  more  or  less  hypertrophy  of  the  nature  of 
elephantiasis,  have  been  described,  aud  thus  much  con 
fusion  has  been  caused.  The  term  should  be  dropped 
from  our  nomenclature  as  having  no  definile  meaning. 
The  ulceration  which  is  subsequently  attended  liv  so 
much  hyperlrophy  commonly  starts  from  the  external 
organs  of  generation  in  the  female,  and  invadi'S  the  amis, 
rectnin,  anil  vagina  secondarily.  It  is  almost  never  seen 
in  men.  Its  favoritestarting-point  is  the  perineum,  and  it 
may  be  superficial  or  perforating,  and  may  produc-c  great 
loss  of  tissue,  turning  the  rectum  and  vagina  into  one 
cavity.  In  the  late  stage  other  ulcers  arc  apt  to  appear 
higher  up,  causing  diarrlio'a  and  sometimes  peritonitis; 
but  whether  these  are  siiii]ily  tollieiilar.  or  are  due  to 
further  deposits  of  lupus,  has  not  lieen  determined.  The 
ulcer  is  irregular  in  outline,  with  a  granular  liase  of  a 
violet  red  color,  and  there  is  a  slight  ,saiiious  ilischarge. 
'I'liecdycs  are  but  liltle  elevated,  and  arenol  undermined, 


and  there  is  more  or  less  hypertrophy  of  the  surrounding 
tissue,  and  this,  in  sotne  cases,  is  exceedingly  well  marked. 
The  ulcer  may  cicatrize  in  part,  the  cicatrix  being  thin 
and  white,  and  at  the  same  time  the  ulcerative  process 
will  be  found  to  extend  in  the  opposite  direction.  At  a 
little  distiuice  from  the  ulcer  there  is  often  a  pathogno- 
monic aiipearance  of  slightly  reddish,  hard  nodules  of 
tuberciihuis  lupus,  sejiarated  from  the  primary  sore  by 
healthy  skin.  With  this  amount  of  disease  the  constitu- 
tional disturbance  is  often  not  sufficient  to  confine  the  pa- 
tient to  the  house. 

Tlie  diagnosis  is  not  generally  difficult,  although  the  dis- 
ease may  be  confounded  w  ith  cancer,  or  with  phagedenic 
chancroid,  or  with  elephantiasis  aceoiupanied  by  .second- 
ary ulceration.  It  isliest  distinguished  from  cancer  by  the 
cicatricial  bands  w  hich  it  leaves  behind  in  its  ineffectual 
attemiits  at  healing,  and  from  chancroid  by  the  sur- 
rounding tubercles,  which  in  lupus  develoj)  in  the  thick- 
ness of  the  derma  and  ulcerate  secondarily,  while  the 
ulcers  which  surround  a  chancroid  are  ulcerous  from  the 
first,  being  due  to  secondary  inoculation.  The  duration 
of  the  disease  is  indefinite,  and  it  seldom  leads  to  fatal 
results.  It  is  best  treated  by  destructive  cauterization 
and  rddfir/i . 

Tlu^re  are  several  varieties  of  ulceration  of  the  rectum 
and  anus  of  venereal  origin.  Without  attempting  to 
decide  upon  the  specific  character  of  the  inflammation 
which  may  follow  the  contact  of  the  gouorrha?al  dis- 
charge, I  may  properly  call  attention  to  the  severity  of 
that  inflammation  and  to  the  fact  that  it  ma\'  cause  ul- 
ceration and  proliably  subsequent  stricture.  During  the 
height  of  the  disease  the  rectum  is  hot,  red,  swollen,  and 
granular,  and  there  is  an  abundant  purulent  discharge 
issuing  in  clots.  The  irritation  of  this  may  cause  erosions 
and  fissures  which  may  reach  a  considerable  size,  or  a 
previously  existing  fissure  may  become  inoculated  in  this 
way  and  may  increase  in  extent. 

One  of  the  most  freqtient  of  all  the  superficial  ulcera- 
tions at  the  anus  is  the  chancroid.  It  is  much  more  com- 
mon in  females  than  in  males,  constituting  one  in  nine  of 
all  cases  of  cliaiuroids  in  the  former,  anil  one  in  four 
hundred  and  forty-five  in  the  latter.  To  account  for 
this  greater  relative  frequency  it  is  only  necessary  to  re- 
member the  frequenc_y  of  accidental  contact  of  the  male 
organ  in  coition,  and  the  facility  of  auto-inoculation  due 
to  the  proximity  of  the  vulva.  These  ulcers  are  seen 
either  on  the  skin  around  the  anal  orifice  or  just  w-ithin 
the  canal,  and  show  a  lU-cidcd  tendency  not  to  pass  be- 
yond the  internal  sphincter.  They  may  be  single  or  mul- 
tiple, and  may  be  situated  at  any  point  in  the  anal  cir- 
cumference, or  may  coiuiiletely  surround  it.  When  sev- 
eral such  ulcers  ha\"e  coalesced  the  suffering  may  be 
severe.  The  sores  ha\e  the  same  characters  as  those  which 
they  present  in  other  parts  of  the  body,  and  the  class  of 
women  uiion  whom  they  are  found  is  an  aid  to  diagnosis. 
If  any  siispiciou  of  the  real  character  of  these  sores  exists, 
the  test  of  auto-inoculation  may  be  tried.  Ulcers  of  this 
variety  tend  to  s|iontaneous  cui'e  if  the  parts  are  ke])t 
clean.  In  some  cases,  however,  iiidicious  cauterization 
may  be  found  necessary.  No  matler  how  completely 
the  tilcers  may  have  involved  the  anus  or  the  skin  around 
it,  they  seldom  leave  any  trace  after  healing.  On  the 
other  iiand,  the  cure  may  be  delayed  for  mouths,  and  the 
sore  may  assume  a  chronic  type  due  either  to  the  coexis 
fence  of  some  olherdisease  of  the  rectum,  or  to  a  s^vphilitic 
or  scrofulous  taint  in  the  patient. 

That  a  chancroid  may  extend  into  the  rectum,  cause 
greatdestruction,  cicatrize,  and  leave  a  .striclure,  seems  to 
be  beyond  tloubt.  That  chancroid  is.  however,  the  most 
common  cause  of  tho.se  grave  strict  ures  which  are  so  often 
met  with  in  women  who  have  had  syphilis,  and  which  are 
generally  known  as  ".syiihililic."  is  by  no  means  proved 
and  is  no  longi'r  gi'iierally  accepted.  That  many  of  them 
are  not  due  to  Ibis  cause  is  rendered  certain  liy  the  fact 
thai  they  are  often  found  in  women  beyond  the  suspicion 
of  chancroid,  and  they  are  often  develoiied  late  in  the 
course  of  true.sy|ihilis,  arenol  preceded  by  any  ulceratior 
near  the  anus,  wliere  chancroiils  are  usuallv  located,  and 
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ilo  have  tlicir  starting-  puint   in  ;im   iilccnilion  well  alicivc 
the  intcrii;U  sjiliim-tcr. 

True  climiirc  at  llic  anus  is  not  very  vinconimoii. 
Probalily  many  more  of  tliciii  exist  tliaii  arc  ever  dia!.' 
iiosticatcd.  hccausi'  they  eaiisc  so  little  local  troulilc. 
True  cliaiicrc  within  the  rectum  is  so  rare  as  to  be  almost 
unknown,  and  the  dilliciiltics  surroumlinjr  its  diaL'tiosis 
are  very  ,i;reat.  The  apiiearanccs  which  it  presents  would 
scarcely  lie  conclusi\e.  anil  the  alisencc  of  any  other  pri 
mary  son^  would  need  to  he  ahsolulcly  proved  -sdinelhiMir 
which  in  women  would  be  a  wry  dillicull  Ihinir  lo  do. 
Typical  ca.ses  liave.  however,  been  reported  (llailley). 

One  of  the  secondary  manifeslalions  of  syphilis  is  to 
bo  looked  for  at  the  amis  and  rectum,  viz.,  llie  nuu'ous 
patch,  nol  an  infrequent  sitrn  in  the  former  locality,  and 
one  liable  to  take  on  ulceration  from  local  irriialion. 
Generally,  however,  these  mucous  patches  are  devoiil  of 
symptoms  and  disappear  without  treatment,  or  with  sim 
l)le  attention  to  cleanliness  and  the  use  of  an  astrinjrent 
wash. 

Well-iuarked  ca^es  of  tertiary  syphilitic  ulceration  in 
the  rectum,  such'  as  are  seen  in  the  mouth  and  thiciat.  are 
seldom  mentioned:  and  yet  that  they  may  exist  and  may 
cause  extensive  destruction  is  jirobable  from  analogy. 
Clinically  there  is  an  entire  absence  of  au  I  hen  tic  and  well 
reported  eases. 

Rodent  ulcer  is  a  rare  disi'ase  at  the  anus,  but  it  has 
been  occasionally  seen.  It  is  found  by  prcbTcnee  just  at 
the  vcrjie  and  cxtendinijr  into  the  canal  from  this  point. 
It  has  the  same  characters  as  when  .seen  on  the  face. 

Not  onl_v  is  ulceration  the  most  conunon  cause  of 
stricture,  but  the  latter  is  generally  a  cause  of  the  foiinei' 
by  its  obstructive  action,  and  by  reason  of  the  cbanu'cs 
which  it  causes  in  the  nutrition  of  tin-  parts.  .\t  liisl 
there  are  dilatation  of  the  rectal  ]iouehand  liy]ierti-opliy  of 
its  walls  above  the  seat  of  the  disease,  due  to  the  elTorl 
to  overcome  the  obstruction.  In  this  way  the  coats  m;iy 
beeonu'  of  double  their  natural  thickness.  Next,  an 
ulcerative  action  is  set  up  in  the  nuicous  membrane,  which 
begins  as  a  simple  congestion,  and  advances  lo  complete 
destruction  of  the  tissue  over,  perhaps,  the  whole  circuni 
ference  of  the  bowel,  and  for  several  inches  above  the 
stricture.  Asaresull.  Iheniuscidar  layermay  be  entirely 
(U'nuded,  and  even  pei'forated,  at  a  considerable  distance 
ahove  the  si'at  of  the  disi'ase.  Finally.  I  lie  gangrene  which 
sometimes  follows  the  eon  tinned  b'\ersand  is  par  lieu  la  rly 
liable  to  all'ect  the  female  genitals,  and  the  more  severe 
forms  of  abscess  may.  by  their  extensive  sloughing,  end 
in  the  production  of  large  idcerated  surfaces. 

The  symptoms  of  ulceration  are  i|iiile  characteristic. 
In  simple  tissnre  thechief  one  is  the  iiectiliar  pain,  which 
may  be  constant,  but  is  always  increased  by  defecation. 
The  latter  act  itself  may  not  be  jiarlicularly  painful,  Iml 
afterward,  sometimes  almost  immediately,  sometimes 
after  a  short  interval,  the  characlcrislie  suffering  liegins. 
and  may  last  in  mild  ca.ses  an  hour  or  two.  or  in  seveie 
ones  nearly  all  of  the  twenty-four  hours.  The  pain  is  de 
scribed  asdull.  gnawing,  and  lU'liing.  latberthan  laneinat 
ing,  pnd  will  often  extend  into  the  loins  and  tliiglis. 
Uleeding  at  stool  is  also  a  common  symptom,  and  the 
extent  of  the  fissure  is  no  indication  of  the  amount  of 
sulTering  it  may  cause.  The  element  upon  which  the  pain 
directly  depends  is  ])robably  the  eX|iosure  of  nerve  lila- 
ments.  Ulceration  wilhiii  the  rectiun  is  also  attended  by 
a  train  of  symptoms  sullicienlly  charaet  eristic  to  render  its 
existence  extremely  probable  when  these  occur.  They  are 
morning  diarrhu'a  of  a  peculiar  kind,  the  desire  for  a 
passage  coming  on  as  soon  as  the  jiatient  awakes,  and  the 
stools  being  at  first  nuieous,  and  tinally  containing  fa'ces. 
mixed,  (lerhaps,  with  Mood,  .\rtera  coupleof  hours  these 
stools  cease  for  the  day,  and  nolhing  more  is  fell  except 
occasional  liainand  a  constant  uneasiness  in  the  part.  .\s 
the  disease  increases,  the  diarrhiea  will  leturn  in  the 
evening,  the  discharge  of  blood  and  mucus  will  increase  in 
quantity,  and  the  pain  will  beconu'  constant  and  very  ex 
liausling.  It  is  scarcely  necessary  to  call  atlenlion  to  the 
extreme  gravity  of  this  condition,  or  to  the  certainty  with 
which,  if  untrciited,  and  sometimes  in  spite  of  the  best 


of  treatment,  it  will  end  either  fataliy  or  in  stricture.  The 
picture  is,  unfortunately,  only  toii  familiar,  and  a  case 
of  ulceration  within  the  rectum  is  perhaps  one  which 
calls  for  as  much  skill  in  treatment  and  yields  as  poor 
resulls  as  anything  in  the  range  of  surgery! 

The  diagnosis  of  the  iiresenee  of  ulceration  is  nol  difh 
cult  if  sullicient  pains  are  taken  to  ascertain  the  truth 
No  ulcer  within  four  inches  of  the  anus  is  lieyond  the 
reach  of  actual  touch  and  vision,  and  none  need  therefore 
escape  detection.  The  rule  is  simple.  If  the  sore  cannot 
he  h'lt  liy  digital  examination,  ether  should  he  given,  the 
anus  dilated,  and  a  thorough  spi'cubim  examination  made 
of  ever\-  part.  In  every  ease  the  history  must  betaken 
into  considcralion  as  well  as  the  appearance  of  the  sore. 

The  treatment  of  fissure  should  in  the  first  jilace  he 
preventive.  In  tho.se  persons  in  whom  the  skin  is  unusu 
ally  sensitive  and  liable  to  crack,  there  is  nothing  better 
than  daily  ablutions  with  cold  water  and  the  a\oidanei- 
of  anything  which  may  tend  to  irritate  the  anus— such, 
for  examiile.  as  the  use  of  printed  or  rough  paper  after 
defecation.  A  fissure  may  often  he  cured  liy  applications 
of  weak  solutions  of  nitrale  of  silver,  Goulard's  liniment 
on  a  jiledgef  of  lint,  an  ointment  of  oxide  of  mercury  (  3  ss, 
to  3  i.).  or  the  introduclion  of  a  welloiled  bougie.  I 
seldom  find  a  fissure  which  cannot  be  cured  by  this  line  of 
frealment  and  without  the  necessity  of  stretching  the 
s]ihineter;  but  with  these  local  measures  must  be  combined 
the  greatest  possible  amount  of  rest  and  the  daily  ad  minis 
tration  of  a  mild  laxative  to  secure  an  easy  passage.  If 
the  pain  lie  severe,  it  is  a  good  plan  to  have  the  evacuation 
late  at  night  just  before  retiring,  and  llien  to  use  an  oint 
ment  of  belladonna  freely.  Instead  of  strclehing  the 
sphincler.  which  involves  the  previous  administration  of 
ether,  many  eases  may  be  cured  by  drawing  a  sharj)  knife 
over  file  b.iseof  the  ulcer,  and  cutting  sutlieiently  ilee|i  to 
divide  those  filires  of  the  sphincter  which  are  ex]io.sed 
If  a  polypus  be  present  it  nutst  be  removed,  else  no  lini- 
of  treatment  will  be  of  any  avail. 

The  tii'atmi'nt  of  ulceration  within  the  rectum   is  a 
much  more  dillicult  matter,  but  the  ])rineiples  involved 
are  the  same.      In  both  we  give  the  ideer  rest  and  try  to 
assist  nature  in  her  own  mclhods  by  wauling  off  any  irri 
tation  which  may  interfere  with  the  work  of  repair.    Tin- 
general  treatment  eonsislsof  absolute  rest  in  bed  and  the 
taking  of  fluid  diet.     Cod  liver  oil   may  also  be  given, 
when  well  borne,  as  a  laxativi'and  tonic.     The  loe:, I  treat 
ment  consist  sin  various  applications.     8u  pposi  lories  serxi- 
a  good  purpose  and  may  contain  any  drug  desired — tannin, 
iodoform,  liismiilh.  opium,  belladonna,  etc.     The  iiracticc 
of  introducing  local  remedies  in  this  form  has  many  ad 
vantages  over  that  of  applying  them  by  means  of  a  s))ecu 
him,  for  the  mere  inlioduction  of  a  speculum  twoorthree 
times  a  week  is  apt  to  do  more  harm  tliiui   the  remedies 
will  do  good.     Certain  good  results  may  be  gained  liya|i 
])lieations  made  in  the  form  of  enemata,  es|iecially  w  Inn 
the  disease   is  high   up.     Three   pints  of   wafer  may   \<i 
llirown  into  the  sigmoid  flexure  Ihrough  a  long  rectal  tube, 
and  iiartsmay  be  reached  in  this  way  which  cannot  be  so  by 
any  othermethod.     The  drug  from  which  the  best  results 
may  be  expeefcd   is  nitrate  of  silver  in   the  strength  of 
from  twenty  to  forty  grains  to  three  pints  of  water.     The 
application   of   pure   nitric   or  carbolic  acid   lo  an  ulcer 
w  it  bin  the  rccUnn  is  often  followed  liy  immediate  lejiara 
live  action.      Il  ises]ieeially  i?idicaleil  in  syphilitic  ili.seasi- 
which  has  failed  to  respond  to  constitutional  treatment. 

SrKlCTlltK. — .Stricture  of  the  rectum  may  be  congenital 
or  acquired.  The  congenital  will  be  referred  to  uniler 
the  head  of  Malformations.  Acquired  strictures  may  bi' 
divided  info:  (1)  those  due  to  pressure  from  outside  the 
bowel;  ('.J)  sjiasmodic :  (:i)  intlammalorv  :  (-()  canci'ious. 

A  tumor  of  any  kind  in  the  pelvis  will  nol  infreqiir'nlly 
SI)  press  upon  the  rectum  as  to  obstruct  its  calibre.  .\ 
pelvic  inllammalion  in  women  may  be  aceomiianieil  by 
an  amount  of  exudation  which  shall  almost  completely 
occlude  the  reclum.  ^h•dical  lileralure  is  full  of  such 
eases,  and  here  it  is  only  necessary  lo  refer  to  them. 

Much  has  been  wrillen  in  the  past  upon  the  question 
of  spasmodic  stricture,  but   the  condition  is  |oo|.;(  i|  upon 
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by  the  best  authorities  with  greal  dciulit.  Spasmodic 
foiitraetion  or  strieture  of  the  external  spliineter  musele 
is  not  an  unusual  eomlitinn,  hut  spasniodie  contraction  of 
the  canal  above  that  point  has  always  been  a  niatler  <if 
belief  and  of  assertion  rather  llian  of  demonstration.  It 
is  perhaps  too  much  to  say  that  spasmodic  stricture  never 
c.\ists;  liut  a,  well-marked  contraction  within  reacli  of  the 
finicer,  which  can  be  iilainly  detected  l)y  an  ordinary 
diii'itiil  examination,  and  wliich  disappears  under  ana;s- 
tliesia.  is  rarely  seen. 

Among  the  iullammatory  strictures  may  be  classed  the 
dysenteric  and  the  traumatic.  Dysenteric  ulceration  has 
ah'eady  been  spoken  of.  and  strictures  ilue  to  tliis  cause 
arc  often  very  extensive  and  not  infrequently  multiple. 
Proctitis,  whether  acute  or  chronic,  when  suliiciently  se- 
vere ami  attended  by  sufficient  cliauges  in  the  coata  of 
the  bowel,  causes  stricture  and  is  the  most  frequent  cause 
of  the  cnixliti'iii,  and  a  simple  traumatism  may  lead  to  this 
result,  either  l)y  eausinir  ulceration  and  cicatrization  or 
by  exciting  a  chronic  iutlanunatiou  in  the  submucous  con- 
nective tissue.  Among  these  traumatisms  may  be  enu- 
merated, surgical  operations,  foreign  bodies,  kicks,  and 
falls,  and  the  injury  produced  bv  the  head  of  the  fa?! us 
at  birth. 

A  stricture  of  the  rectum  of  venereal  origin  is  rather  a 
matter  of  svirmis<'  and  suiiposed  analogy  with  what  is 
observed  in  other  parts  of  the  body  than  of  actual 
demonstration.  The  venereal  ulcerations  which,  by  sub- 
sequent cicatrization,  are  supposed  to  be  ca|iable  of  pro- 
ducing stricture  have  already  been  referred  to.  They 
are  the  chancroid  and  the  later  syphilitic  ulcers.  As 
for  the  old  time-nonored  "syphilitic  stricture  of  the  rec- 
tiun,"  modern  jiatholog}'  teaches  that  it  is  a  simple 
chronic  liyiiertroiihie  proctitis  entirely  independent  of 
syphilis  and  due  to  any  one  of  the  various  causes  which 
may  excite  a  simple  intlanunation  in  the  wall  of  the  bowel. 
The  process  usually  begins  in  the  submucosa.  the  ulcera- 
tion and  hypertrophy  being  the  natural  sequences. 

The  first  step  toward  establishing  the  diagnosis  of 
stricture  of  the  rectum  is  to  make  an  examination  with 
the  finger,  and,  as  the  great  majority  of  strictures  aie 
confined  to  the  lower  part  of  the  rectimi,  this  is  in  itself 
generally  sufficient.  It  is  the  best,  safest,  and  least  painful 
of  all  the  means  of  diagnosis  when  properly  executed, 
and  yet  it  may  be  the  immediate  cause  of  death  when 
roughly  practised.  Where  the  seat  of  the  disease  is 
within  reach  of  the  finger,  all  can  be  learned  in  this 
way,  as  a  rule,  that  can  be  learned  in  any  other,  and 
nothing  is  to  be  gained  by  a  painful  speculum  examination 
or  by  the  use  of  a  bougie. 

When  a  strictiue  is  situated  high  uji  in  the  rectum  or 
in  the  sigmoid  flexure,  the  confidence  in  diagnosis  which 
comes  from  actual  contact  of  the  finger  with  the  disease, 
is  eutirel}'  lost  when  any  other  method  of  examining  is 
emplo\ed.  The  search  for  a  stricture  in  this  localit}-  must 
alwa.ys  he  made  with  the  greatest  gentleness,  and  the  re- 
sult will  oft<'n  be  negative.  The  attempt  to  decide  the 
question  by  the  use  of  bougies  is  altogether  unsatisfac- 
tory, and  by  no  means  free  from  dan.irer. 

In  certain  cases  information  may  be  gained  by  the  use 
of  a  long,  cylindrical  siieeulum.  while  the  patient  bends 
over  a  chair  and  strains  to  bring  flu-  parts  into  view  ;  and 
it  is  worth  remembering  that  a  full  inch  may  be  gained 
in  a  digital  examination  by  having  the  patient  stand  erect 
and  .strain  down  upon  the  linger.  Fortunately,  however, 
we  are  not  limited  to  these  means  alone  for  a  diagnosis. 
Most  strictures  in  this  part  of  the  bowel  are  cancerous, 
their  i)resence  can  lie  pretty  accurately  suimised  from 
the  gen<'ral  .■^ynqitoms.  and  after  a  time  they  can  be  felt 
through  the  abdominal  wall  by  careful  palpation.  If  the 
diagnosis  cannot  be  made  in  this  way,  and  the  symptoms 
justify  it,  there  is  but  one  means  left,  viz..  to  make  a 
bimanual  pelvic  examination,  the  iiatient  being  tuider 
I  he  influence  of  an  ana'sthelie.  1  know  of  no  other  way 
than  this  l)y  which  a  stricture  of  the  sigmoid  flexure 
which  cannot  be  felt  b}'  external  manipulation  can  be 
certainly  recognized. 

The  treatment  of  stricture  of  the  rectum  is  both  con- 


stitutional and  local.  The  first  question  to  be  answered 
is  as  to  the  advisability  of  antisj'philitie  treatment,  and 
this  may  generally  be  answered  in  the  negative.  The 
practitioner  who  considers  the  great  majority  of  strict- 
ures as  syphilitic,  and  indiscriminately  uses  mercury  and 
iodide  of  potassium,  will  be  mistaken  about  as  often  as  he 
who  looks  upon  most  of  his  cases  as  being  cancerous, 
and.  therefore,  incurable. 

There  are  \arious  means  by  which  the  comfort  of  these 
liatients  may  be  increased  without  recourse  to  operative 
treatment.  The  most  effectual  of  them  will  be  found  to 
be  a  careful  regulation  of  the  diet  and  rest  in  tfie  hori- 
zontal attitude.  The  diet  should  be  mostly  fluid,  and 
preferably  nnlk.  The  bowels  should  move  daily  without 
straining.  Should  any  medication  be  necessary  to  effect 
this,  the  niinei-al  waters,  Rochelle  or  Glauber's  salts,  or 
the  compound  licorice  powder,  will  be  amply  sufficient. 
The  general  .strengtli  must  be  carefully  supported,  and  in 
most  cases  in  which  it  is  well  borne,  coil-livcr  oil  will  serve 
a  good  2)urpose.  When  obstruction  actually  exists,  much 
may  be  done  in  the  way  of  general  treatment  before  re- 
sorting to  operation.  Food  should  be  almost  absolutely 
suspended ;  opium  should  be  given  in  large  doses  to 
allay  peristalsis:  and  large  poultices  covering  the  ab- 
domen will  give  great  relief  to  suffering. 

The  various  means  of  local  treatment  may  be  included 
under  the  four  general  heads  of  dilatation,  division, 
colostomy,  and  extirpation.  Dilatation  may  be  either 
gradual  or  sudden,  partial  or  complete.  The  use  of 
bougies  for  gradual  dilatation  is  an  example  of  good 
practice  originating  in  false  ideas.  The  bougie  is  in- 
tended by  its  presence  merely  to  excite  absorption  of 
organizal)le  matter,  and  if  the  pressure  be  too  great,  too 
long  continued,  or  too  fre(|Uently  applied,  it  will  cause 
more  than  stifficient  irritation  for  this  purpose,  and  will 
induce  again  the  very  condition  it  is  intended  to  over- 
come. The  rules  which  should  guide  the  surgeon  in  this 
plan  of  treatment  are  now  well  understood  and  generally 
admitted.  The  dilatation  shotild  be  intermittent  and  not 
constant.  Attempts  at  constant  dilatation  by  means  of 
a  bougie  of  any  sort  which  shall  remain  permanently  in 
lilace,  generally  result  either  in  failure  or  in  actual  disaster. 
The  dilatation  should  never  be  forced.  A  bougie  should 
be  chosen  which  will  readily  pass  the  stricture  without 
stretching  it.  and  if  there  be  any  doubt  in  the  operator's 
mind  about  the  proper  size  of  the  instrument  to  be  used, 
one  should  be  selected  which  is  too  small  rather  than  too 
large.  The  instrument  shoidd  never  be  passed  oftener 
than  on  every  alternate  dav,  and  twice  a  week  may  be 
better  still.  Little  is  gained  by  allowing  it  to  remain  for 
any  length  of  time  within  the  grasp  of  the  stricture.  In 
cases  as.sociated  with  much  ulceration,  dilatation  by  bou- 
gies is  very  apt  to  make  matters  Avorso  instead  of  lietter; 
and.  if  they  are  used  at  all,  they  should  be  introduced 
with  the  greatest  gentleness.  As  to  the  kind  of  bougie 
to  be  used,  the  softer  and  more  flexible  the  better.  When 
the  strictuie  is  within  reach  of  the  finger  I  invariably  use 
my  finger  instead  of  a  bougie.  Tlie  patient  may  be 
greatly  relieved  by  this  method  of  dilatation.  It  must, 
however,  always  be  continued  indeflnitely,  for  it  does  not 
ciu'e  the  disease.  A  rectum  which  has  once  been  the  seat 
of  an  old  strictiu-e  can  never  be  made  as  it  was  before  the 
disease  liy  this  or  any  other  trcatnu'nt.  But  though  the 
measure  may  not  be  curative,  it  is  pei^haps  as  valuable  a 
palliative  as  is  at  the  command  of  the  surgeon,  and  by  it 
in  suitable  cases  a  patient  may  be  kept  in  comfort  for 
a  period  of  years.  It  is  applicalile  to  all  benign  strictures, 
which  are  within  reach  from  the  anus;  but  when  the  dis- 
ease is  high  up  the  procedure  is  not  entirely  free  from 
danger. 

The  unsatisfactory  resultsof  dilatation,  and  the  natural 
objection  on  the  part  of  both  patient  and  surgeon  to  the 
operation  of  colostomy,  have  given  rise  to  another  method 
of  treatment  which  within  a  few  years  has  assumed,  de- 
servedly, considcralile  prominence.  This  is  the  operation 
of  proctotomy,  or  compU'te  division  of  the  stricture  by  a 
single  deep  incision.  The  operation  may  consist  either 
in  dividing  the  stricture  alone,  or  the  stricture  and  all 
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the-  tissues  below,  including  the  sphincter.  The  latter  is 
Ihesiiferas  it  provides  free  drainage  and  niiniinizes  the 
<langer  of  cellulitis. 

It  should  be  remimbered  that  this  operation  is  |iut  for- 
ward as  a  good  and  sutlicii-iil  substitute  for  colostomy. 
that  it  is  applicable  to  nearly  all  of  the  cases  to  which  the 
latter  is  applicable,  and  that  in  certain  respects  it  is  pref- 
erable to  colostomy.  The  results  sought  for  by  colostomy^ 
are  the  formation  of  a  new  outlet  for  the  fecal  matter  and 
the  relief  of  pain ;  in  proctotomy,  the  aim  is  to  elTect  the 
reestablislnnent  of  the  old  outlet  and  the  relief  of  pain. 
There  are  certain  cases  beyond  the  reach  of  proctotumv. 
cases  of  stiicture  too  high  u])  for  its  safe  pcrforniaMce. 
and  cases  of  such  extensive  ulceration  and  listulous  bur- 
rowing that  the  powers  of  the  patient  are  unrcpial  to  heal- 
ing the  wounds  which  an  attempt  to  restore  (he  natural 
passa,!;c  would  render  necessary. 

The  last  resortof  the  surgeon  in  the  treatment  of  ulcer- 
ation and  stricture  of  the  rectum  is  colostomy.  In  the 
foi mer  disease  the  operation  may  lie  curative:  in  the  lat 
ter  it  is  only  palliatjve.  As  the  results  of  total  c-\lirpa 
tion  of  the  rectum  are  constantly  becoming  inure  favor- 
able, and  the  mortality.. is  decreasing,  this  operation  has 
to  a  great  degree  taken  the  place  of  colostomy  in  the 
treatment  of  non-malignaiU  as  well  as  cancerous  strict- 
ures. 

('.\N<K!!. — Cancer  of  .the  reelum,  liU(!  cancer  el.sewhere 
in  the  body,  generally  occurs  in  middle  life  or  olil  age, 
l)nt  it  has  been  seen  in  a  child  of  six  years.  Its  favor 
ite  site  is  the  rectal  pouch,  three  or  four  indies  from 
the  anus;  next  to  this  it  is  most  freciuenliy  seen  just 
above  the  internal  sphincter;  juid  after  this  the  junction 
of  the  rectum  and  sigmoid  flexure  will  be  found  to  be  its 
favorite  starting  point.  Here  it  seems  to  nui  a  more 
rapid  course  than  elsewhere,  or  at  all  events  accomiilishes 
its  fatal  v.'ork  more  quickly  from  ilie  increased  li;ibility 
to  obstrueticm  which  the  anatomical  conditions  favor. 

.\  cancer  of  the  rectum  may,  and  often  does,  begin  so 
insidiously  that  its  existi-nce  is  not  suspected  for  months 
by  cither  patient  or  physician.  Slight  waiidi-ring  pains, 
occasional  diarrha'a,  and  perhaps  an  occasional  mixture 
of  blood  with  the  pa.ssage.s,  often  lead  to  a  dia.guosis  of 
ulceration,  and  the  usual  treatment  of  this  condilion  is 
followed  without  efFccf.  After  a  time  the  pain  becomes 
a  more  marked  symptom;  the  diarrhcea  and  discharges 
of  nun-US  and  blood  become  more  frequeni  ;  there  is 
iinaciation  and  cachexi.-i;  a  rectal  examination  is  finally 
made,  and  if  tlie  ilisease  is  within  reach  of  the  finger  the 
dia,gnosis  is  at  once  api)arent.  The  iiresence  of  steady, 
.severe  ])ain  either  localized  at  one  iioinl  in  the  pelvis  or 
.shooting  from  one  point  into  the  loins,  "the  testicles,  or  the 
thighs,  is  a  sjunptom  of  great  importance.  It  is  often 
the  only  one  of  which  the  patient  will  comphun.  its 
severity  causing  the  diarrhcea  to  sink  into  insignificance. 
I  have  more  tlian  onci^  made  the  diagnosis  from  tliese 
two  symptoms  alone,  in  cancer  too  high  up  to  lie  felt  or 
seen;  for  the  diarrlio-a  is  diagnostic  of  ulceration,  and  the 
pain  (dull,  steady,  exhausting,  n<'ver  intermitting)  gener 
ally  means  the  presence  of  a  new  growth.  The  liemor 
rhage  is  seldom  profuse  enough  to  lie  dan.gerous,  Imt  it 
is  geiu'ially  constant,  and  is  an  element  in  the  wastin,g 
which  the  disease  causes.  The  symiiloms  directly  refera- 
ble^ to  contraction  are  often  slight,  and  dillVr  in  no  way 
from  those  caused  by  the  sinqilc  fibrous  stiictur  ■  already 
described.  It  is  often  astonishing  to  find  an  ailvanced 
case  of  seirrhus  in  which  the  calibre  of  the  bowel  is  so 
nearly  occluih-d  as  .scarcelv  to  adniil  the  end  of  the  index 
linger,  and  yet  in  which  the  patient  has  never  had  any 
symptoms  of  obstruction.  When  the  cancerous  mass  oiuc 
begins  to  break  down  and  ul<-erate  its  extension  is  limited 
by  no  tissues  of  the  body.  The  bludilei'  may  lie  opened 
and  a  permanent  fistula  result,  causing  more  ]iain  than 
the  cancer  itself.  The  prostate  and  seminal  vesicles  in  the 
male,  anil  the  recto-vaginal  scjifum  in  the  female  may  each 
lie  destroyed,  and  any  part  near  the  focus  of  disease  may 
lie  involved.  The  lymphatics  from  the  anus  to  the  groin, 
anil  those  from  Iherectum  to  the  hollow  of  the  .sacrnni. 
may  each  become  involved,  and  shoukl  both  be  examined. 


The  treatment  of  malignant  disease  of  tlie  rectum  is 
designed  to  lie  either  curative  or  palliative.  In  a  .small 
number  of  selected  cases  a  cure  is  jiossiblc;  at  all  events 
the  disease  may  be  removed  and  its  return  delayed  for  so 
many  years  as  to  give  rise  to  the  hope  of  permanent  cure. 
This,  of  course,  can  lie  elTected  only  by  excision,  and 
this  o])eration  may  be  perfonned  in  several  ways.  When 
dealing  with  a  growth  at  the  margin  of  the  anus  the 
operation  is  .simple,  and  the  chief  aim  of  the  operator 
should  be  to  cut  wide  of  the  disease  in  all  directions. 
These  ca.ses  .give  the  most  siifisfacfory  results  as  to  cure. 

Kn'ixiiiii  (if  tht  liirtiiiii. — The  operation  of  complete 
excision  of  the  i<'Ctum  may  be  described  as  follows: 

At  least  four  days  should  be  allowed  in  which  to  pre- 
pare a  )iatienf  for  extiriiation  of  the  rectum,  in  order  to 
liavi^  the  bowel  as  empty  as  possible  at  the  time,  and  to 
piistiione  as  long  as  iio.ssibic  the  first  fecal  evacuation 
afterward. 

I)n  the  first  evening  three  compound  cathartic  pills 
should  111'  given,  and  these  should  be  re|ieated  on  the 
second.  The  (hiy  before  operating  the  diet  should  be  ex- 
clusively milk  and  beef  tea.  iireferably  the  l.-ifter.  and.  on 
the  evening  before,  a  dose  of  bismuth  and  mor])hine  should 
be  given.  This  should  be  repeated  a  few  hours  before 
the  operation. 

Xo  preliminary  iiicparation  of  the  field  of  ojieration  is 
necessary,  but  when  the  ]iatient  is  under  ether  great  care 
should  he  devoted  to  this  point. 

With  the  patient  in  the  lithotomy  position  the  perineum 
is  first  to  be  shaved  and  the  cavity  of  the  rectum  Ihoroughly 
cleansed  as  high  up  as  jiossible.  This  is  done  through  a 
speculum,  at  tir^t  by  prolonged  irrigation  with  bichloride 
solution  (1  to  oOd)  and  then  by  carefully  wi]iing  the  (anal 
with  wads  of  iodoform  gauze  on  the  end  of  long  forceps. 
As  the  oiieralor  is  obliged,  during  the  progress  of  the  ojier- 
ation,  to  introduce  his  finger  into  the  rectum,  and  then 
is  likely,  at  some  later  moment,  to  bring  it  in  contact 
with  the  cut  surfaces,  it  will  readily  be  appreciated  how 
inqiorlant  a  matter  it  is  that  the  inteiior  of  the  bowel 
should  lirsl  be  thoroughly  disinfected.  The  form  of  dis- 
infection described  may  not  be  theoretically  or  practically 
lierfcct,  but  exactly  in  proportion  to  its  thoroughness,  and 
lo  the  care?  with  which  the  wound  is  kcjit  clean  during 
every  stage  of  the  operation,  will  be  the  mortality. 

A  small  tamjion  of  iodoform  gauze  may  be  left  in  the 
rectum,  but  too  great  a  mass  distends  the  canal,  obscures 
pal]ialiiin  of  the  diseased  ]iart  from  the  incision,  and  dis- 
torts the  normal  relationof  the  parts  during  theoperation. 

The  patient  is  next  turned  on  the  face,  or  piiictically 
so,  and  the  whole  site  of  the  o]ierati(in  scrubbed  and  dis- 
infected. Soap  and  brush  well  applied,  with  sulisec|Uent 
w  ashing  with  bichloride,  and  a  final  wash  with  ether,  will 
be  found  ellicient. 

The  incision  should  be  chiefly  in  the  groove  between 
the  nates,  and  need  be  carried  to  the  li-fl  of  the  median 
line  only  at  its  u])pi-r  limit.  It  should  reach  from  op- 
posite the  promontory  of  the  sacrum  to  the  anus,  and  the 
knife  should  be  carried  directly  down  to  bone  at  once. 
Flaps  should  be  turned  to  left  and  right  by  a  few  strokes 
of  the  knife  hugging  the  bone;  the  Hap  on  the  right 
should  lay  bare  that  side  of  the  sacrum,  that  on  the  left 
must  be  carried  beyond  the  edge  of  the  bone  in  order  to 
expose  the  ligaments  connecting  it  with  the  rest  of  the 
pel\  is,  and  these  should  be  divided. 

A  ]ieriosteal  elevator  is  next  passed  under  the  sacrum 
from  left  to  right  (the  operator  stands  on  the  left)  at  the 
level  of  the  incision  to  be  made  across  that  bone,  and  is 
worked  down  as  tar  as  to  the  tip  of  the  coccyx,  so  as  to 
separate  all  the  soft  tissues  from  the  hollow  of  the  sacrum. 
In  this  way  the  sacra  media  artery  .-md  the  iilexus  of  veins 
are  lifted  away  from  the  lioiie.  and  troublesome  bleeding 
during  the  rest  of  the  opuralion  may  be  avoided. 

When  the  jieriosteal  elevator  has  heen  removed  one 
blade  of  a  strong  straight  bone  forceps  is  slipped  under 
the  sacrum  in  its  place  and  the  bone  is  (ll\  ided  trans- 
versely, the  piece  cut  off  being  immediately  dissected  out. 
I'sualiy  this  tnan,;;ular  jiieee  of  bone  should  consist  of 
the  last  two  sacral  \ertebi;i.'  and  the  cocc\x. 
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Hyilyji'ier's  ostroiilastio  resectiou  is  shown  in  Fig.  231. 
15y  it  the  sacrum  i.s  tunied  to  the  right  lilie  a  trap  door 
and  replaced  after  the  operation.     It  certainly  diminishes 


Fig.  231 


tlie  deformity  of  the  pelvis  caused  by  the  operation, 
luit  I  have  always  thought  it  also  increased  the 
risk  bv  rendcrina;  drainum'  less  perfect. 

The  ]ircliniinary  iiirisioiis,  Avliicli  are  shown  in  the 
accompanying  ilhistration,  should  be  completed  in 
a  very  short  time.  Until  aftei  the  end  of  the  sacrum 
has  been  removed  no  attention  need  be  given  to 
hemorrhage,  except  such  as  an  assi,jtaut  can  give 
by  making  ])ressui-e  with  sponges.  The  bleeding 
will  be  mostly  venous  and  not  very  severe;  most  of 
it  will  be  found  to  have  ceased  hy  the  time  the  bone 
lias  been  removed. 

.'^hoiild  there  be  a  steady,  persi.stent  loss  of  blood 
from  just  under  the  stinnp  of  the  sacrum,  it  will  be 
from  the  sacral  plexus  of  veins  and  it  may  be  very 
annoying.  It  may  be  eontrolh-d  by  the  jiVcssure  of 
an  assistant's  finger,  or  by  a  long  pair  of  forcejis 
slightly  curved,  or  by  a  ligature  passed  under  it 
with  a  needle;  but  tying  in  the  usual  way  without 
a  needle  is  often  impossible.  Attention  is  called  to 
this  little  ])oint  because  it  is  often  a  tr<iublesome 
one.  When  the  reelum  has  be(«  removed  the  bleed- 
ing will  generally  be  foiuiil  fo  have  ceased  spontane- 
ously, but  much  time  and  many  ounces  of  blood  may 
he  lost  in  unsuccessful  efforls'to  ligature  these  ves 
sels,  when  the  pressure  of  an  assistant's  finger  would 
save  both. 

The  pelvis  is  now  freely  opened  and  Ihi'  operalion 
may  proceed. 

First,  the  rectum  should  be  isolated  on  each  side 
by  the  linger.  No  cutting  is  necessary,  as  the  gut 
will,  to  a  certain  extent,  be  found  movable  inits 
bed;  but  the  finger  cannot  be  pa.ssed  completely 
under  and  around  it  on  accoimt  of  its  si/.e  at  thfs 
lioint,  nor  can  it  be  drawn  down  at  all  on  account 
of  the  firm  atlaehments  of  the  peritoneum  and  the 
meso  rectum.  Any  forcible  attempt  to  drag  it  down 
at  this  stage  of  the  operation  is  alt<'iided  by  great 
risk  of  ru]itureand  eonseiiuent  soiling  of  the  wound, 
and  all  that  should  beattempted  is  gentle  isolation  on 
each  side  by  separating  it  from  its  loose  attaeh- 
nu'iits  with  the  tinger.  and  discovering  by  touch  the 
extent  of  the  di.sease  to  be  removed,  which  can  gen- 
erally be  easily  done  by  palpalhig  tlie  tidie  us  it  lies 
in  the  wound. 

The  next  .ste])  in  (he  piMeedure  sliould  be  the 
deliberate  opening  of  the  peritoneal  cavity  as  near 
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as  possible  to  the  bottom  of  the  recto  vesical  or  recto- 
vaginal fold.  This  is  not  always  (piickly  accomplished, 
as  the  peritoneum  is  often  covered  by  a  consideralile 
layer  of  connective  tissue,  and  this  may  be  nicked  several 
times  at  various  points  before  an  entrance  to  the  free 
peritoneal  cavity  is  elTeeted. 

As  the  operator  stands,  uidess  he  is  ambidextrous,  the 
most  favorable  |)oint  for  oiiening  into  the  cavity  will  be 
to  the  right  of  the  gut,  high  up  in  the  incision,  as  the  gut 
is  held  oxer  to  the  left  side  by  an  assistant.  Care  must 
be  taken  not  to  cut  into  the  gut  itself  instead  of  into  the 
subperitoneal  connective  tissue. 

VVlien  once  the  peritoneum  has  been  opened  the  right 
index  finger  may  be  ])assed  into  the  cavity,  hooked  under 
the  gut  from  right  to  left,  and  forced  out  of  the  peritoneum 
again  on  the  left  side  of  the  gut  and  into  the  wound. 
In  this  way  the  upper  rectum  siu-rouudcd  by  its  perito- 
neal layer,  with  its'torn  margin  which  went  to  make  the 
ciil  lie  sac,  comes  into  the  wound  and  the  gut  isfreed  from 
one  of  its  strongest  suspensoiy  ligaments. 

The  rectum  is  now  held  from  connng  down  only  by 
the  meso-rectum,  which  binds  it  to  the  Iiollow  of  the 
sacnun,  and,  while  gentle  traction  is  made  upon  it  with 
the  index  finger  under  it,  as  I  have  described,  this  last 
obstacle  to  its  free  descent  may  be  cut  away:  but  this, 
like  every  other  stej)  in  the  operation,  should  be  done 
with  precision  and  without  violence. 

It  mu.st  be  borne  in  mind  that  the  nutrition  of  the 
upper  end  of  the  rectum  after  the  removal  of  the  diseased 
part  will  depend  entirely  upon  vessels  belonging  to  the 


Fig.  2K.— Posterior  View  of  Rectum  in  Male. 
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tissue  which  is  now  lieing  cut,  and  this  nutrition  sliould  bi- 
intprforcd  with  as  little  as  possible-.  The  bowel  should 
not  be  forcibly  snipped  olT  from  the  mesentery  and  eon 
nectivo  tissiu',  leavinj;  it  a  mere  tub<'  without  sounvs  of 
nourishment,  but  the  mesentery  should  be  divided  with 
scissor.s  at  some  little  distance  from  its  attached  bonlei', 
so  that  any  vessels  coming  from  hi.gher  up  and  rinmins; 
parallel  with  the  gut  may  be  saved.  I.ar.ge  veins  may 
be  divided  between  double  ligatures  to  save  blood. 

The  rectum  has  now  been  rendered  freely  movabli'. 
and  the  time  has  come  to  resect  or  amputate  the  diseased 
portion.      liy    palpating 


th. 

the 

lignant  disease  can 

ilv    be    determined. 


ul    from    without, 

uppij'  limit  of   nia- 

eas- 

In 


the  case  of  non malig- 
nant ulceration  it  may 
often  l)e  necessary  first 
to  cut  across  the  bowel 
above  the  slriclurecl  aijd 
thickened  portiiin  and 
then  to  remove  succes- 
sive sections  till  healthy 
m  u  e  o  u  s  membrane  is 
reached. 

IJefore  dividing  the 
gut  a  ligature  of  gauze 
or  an  intestinal  clamp 
should  be  applied  aliovc 
the  point  of  section,  and 
the  wound  should  be 
carefully  protecle<l  with 
packing  of  gauze.  The 
cut  <-nds  should  be  care- 
fully wiped  with  pledg- 
ets of  gauze  and  dusted 
with  iodoform,  and  the 
upper  one  shoulil  be 
entrusted  to  an  assist- 
ant who.  by  covering  it 
with  gauze  and  holding 
it  out  of  the  wa.v,  will 
keep  it  from  infecting 
the  wound. 

The  lower  end.  held 
firmly  by  the  opi-rator, 
must  then  be  lajiidly 
dissected  from  its  re- 
maining anterior  altaeh- 
nientsand  either  cut  otT 
below  the  disease  or  re- 
moved down  to  the 
anus.  In  most  cases  of 
disease  within  reach  of 
the  finger  by  rectal  ex- 
amiiiatiiin.  the  latter 
stej)  will  be  found  neces- 
sary, and  the  attach- 
ments of  the  levator  (m 
both  sides  will  liave  to 
be  cut  by  .scissors  or 
knife.  Bold  an<l  rajiid 
dissection  at  this  stage 
willsiivc  much  bleeding. 

During  all  this  part  of  the  operation  the  constant 
dan.irer  of  infectin.L;- the  wound  with  the  contents  of  the 
divided  bowel  must  be  scrupulously  guarded  a.iraiiist. 
L'p  to  this  time  complete  antisepsis  is  easy,  but  at  this 
stage  it  is  very  diflicult,  and  yet  the  life  of  the  patii-nt 
depends  most  ci'rtaiidy  upon  its  Ix'ing  done  successf\illy, 
for  fouling  of  the  woimd  with  intestinal  contents  means 
liigh  fever,  prolonged  suppuration,  and  a  very  high 
death  rate. 

After  removal  of  the  diseased  portion  it  should  be  care 

fully  examined.      At  least  an  inch  of  healthy  gut  should 

always  be  removed  above  the  up])cr  limit  of  the  cancer. 

and  ill  non  nialignant  disease  the  mucous  membrane  of  the 

Vol..  I— -.iG 


Fig.  233.— Posterinr  Vipn-  of  Rpotum  In  Woman,  pprltoneiim  Opened. 


cut  end  of  tlu'  upper  segmcnl  should  be  rosy  and  liealtliy 
in  appeaniMce.  and  not  purple  and  eechyinosed. 

No  hemorrhage  need  be  ieared  in  dividing  the  br»wel. 
rnforlunalely,  it  is  never  too  well  nourished,  anil  a  blceil- 
in,;:  vessel  or  two  on  section  is  always  a  good  sign. 

The  operator  will  now  find  that  he  has  the  w  hole  pelvic 
cavity  at  his  command.  In  women  the  tubes,  ovaries, 
and  uterus  can  be  jilainly  seen  and  palpated. 

The  iie.\t  point  to  be  decided  is  what  is  to  be  done  with 
the  upper  end  of  the  gut — whether  to  bring  it  down  to  the 
skin  and  suture  it  in  the  perineum,  to  suiiiri'  it    to  any 

part  of  the  rectum  which 
may  havi-  been  left  be- 
low, or  lo  bring  it  out  in 
the  middle  of  th(-  skin 
incision  and  sulure  it 
just  below  the  slump  of 
the  sacrum.  This  is  al 
ways  a  dilli(-nlt  mattei 
tode(-ide.  anil.  e.\ci-pt  in 
cases  of  disease  high  u]), 
where  a  dislinel  resec- 
tion and  not  an  ampu- 
tation lias  be(-n  done, 
and  where  some  sort  of 
end  to  end  union  is  lo  'le 
atlc-mpleil,  the  location 
of  the  new  anus  will 
ha\"e  to  depend  mor<.' 
upon  the  nulrilion  of  tla- 
U])l)er  fra.irmeiit  than 
upon  any  ]U('coneeiv(-d 
iileas  of  the  o])erator. 

If  the  loose  end  of  the 
gul  seems  well  nour 
ished.and  can  be  separat- 
ed from  its  attachments 
sulticienlly  to  allow  of 
its  being  stitched  to  the 
perineum  to  form  an 
amis  in  the  normal  place, 
it  will  be  a  great  advan- 
tage. If,  on  the  other 
hand,  the  segment  is 
pale  and  bloodless  on 
section;  if,  in  order  to 
get  it  down  at  all.  the 
mesentery  has  been  free- 
ly divided,  it  is  much 
safer  to  bring  it  out  be- 
hind under  the  cut  eilge 
of  tlu-  sacrum  and  at- 
tach it  to  the  skin,  as 
was  originally  the  rule 
in  all  cases. 

Of  course  an  anus  in 
the  perineum  is  much 
more  s;itisfaetoiv  than 
one  in  the  sacral  rc-gion; 
but  next  to  the  dan.iicr 
of  infecling  the  wound 
during  the  operation 
comes  the  danger  of 
sloughing  of  tin-  end  nf 
the  .i;ul  afler  the  opera 
tioiv.  and  infi-ction  of  the  wound  from  this  cause,  and  it 
may  easily  hapiieii  that  an  o])iration  will  Ik-  fatal  in  this 
way  which  would  have  been  succ<-ssful  had  the  operator 
been  content  with  a  little  less  iierfeet  after  result. 

In  cases  of  cancer,  in  which  all  i|ueslioiisof  future  func- 
tifinal  ])erfectioii  are  as  nothing  to  the  great  one  <if  pro 
longing  life  by  removing  the  disease,  it  may  be  pi-rfr<tly 
proper  to  disregard  a  minor  point  such  as  this  and  aim 
siinidy  to  s;ive  life  at  the  least  jiossible  risk  by  fonning 
the  new  anus  in  the  siu-ral  region  (Fi.ir.  ■,';;">).  But  in 
cases  of  non  inali.iinant  stricture  and  in  ulcers  demanding 
i-xcisioii  the  subsei|Uent  functional  (-imdilion  of  llii-  jiarts 
will  prove  a  matter  of  more  couseiiueucc.     The  surgeon 
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may  know  that  he  has  as  surely  saved  the  life  of  such  a 
patient  as  if  he  liad  removed  a  cancer,  but  the  patient  may 
not  appreciate  it.  and  may  be  temi)ted  to  compare  his 
List  state  vitli  his  former,  even  thoujih  he  may  be  cured 
of  his  disease  and  have  gained  great  ly  in  fiesli  and  strengtli. 
'I'herefore  it  is  always  better  to  bring  the  upper  end  down 
to  the  site  of  the  natural  anus  wheu  it  can  be  done  with- 
out too  much  danger  of  sloughing. 

This  point  having  been  decided  and  the  gut  having  been 
lit  ted  to  the  position  it  is  to  occupy,  the  toilet  of  the  peri- 


Fig.  234.—  Eectum  after  Excision. 

toncum  may  be  attended  to.  This  is  much  the  same  as 
in  an  ordinary  laparotomy — hot  douches  with  saline  solu- 
tion, or  sponging  till  all  fluids  are  removed  from  the  deep 
portions  of  the  wound. 

Should  the  operator  prefer  to  close  the  opening  into  tlie 
peritoneum  by  a  separate  catgut  suture,  this  shoidd  next 

be  done.  It 
is  not  difti 
cult  to  find 
the  ragg'ed 
margins  o  f 
what  is  now 
leftoftherw/- 
(le-sae,  to  run 
these  mar 
gins  togetlu'r 
by  a  continu- 
ous s  u  t  u  r  e 
from  below 
upward,  and 
fi  n  a  1 1  y  to 
close  the 
peritoneal 
cavity  by 
stitching  the 
edges  of  the 
torn  perito- 
neuni  to  the 
|ie  ri  toneal 
layer  of  the 
bowel.  I  do 
not,  liow- 
onsider  this  sei)arate  suture  to  be  necessary, 
end  of  the  gut  shoidd  ne.xt  be  stitched  "totlie  skin 
jKiint  decided  ui^ou,  and  all  pai'ts  of  the  wound 
be  drawn  together  as  carefully  as  possible  by  deep 
]ierticial  sutures.  The  cavity  left  by  removal  of 
tiim  is  too  large,  however,  for  perfect  apposition 


FIG.  104.— Sacral  Artificial  Anus. 
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Fig.  236.— Truss  for  Sacral  Anus. 


of  the  parts  or  for  union  to  be  expectedby  first  intention, 

and  a  drain  of  aseptic  gauze  sliould  lie  passed  down  to  its 

deeper  jiarts.     Free  oozing  will  always  take  place  from 

the  bed  from  which  tlic  anal  portion  of  the  gut  has  been 

removed,     a  n  d 

this  can  best  be 

stop|ied  bya  few 

deep   sutures   in 

the  final  closure 

of    the    wound. 

In  fact,  it  often 

cannot      b  e 

stopped   in   any 

other  way. 

Usually  a 
sharp  rise  of 
temperature — to 
102' or  10:2.5  F. 
— maj'  be  looked 
for,  even  in  fa- 
vorable cases,  at 
the  end  of  the 
second  day,  but 
in  those  that  are 
to  do  well  this 
will  subside  in  a 
day  or  two  spou 
taueously,  and  the  patient  will  make  an  uninterrupted 
good  recovery.  A  successful  case  may  be  sitting  up  at 
the  end  of  two  weeks,  and  several  of  my  own  have  re- 
turned to  their  liomes  at  the  end  of  three. 

The  most  careful  end-to-end  suturing  of  the  gut  after 
the  removal  of  the  disease  should  always  be  practised. 

If  the  anus  lias 
also  been  extir- 
pated, then  a 
very  careful  sut- 
uring of  the  end 
of  the  gut  to  the 
skin  should  be 
practised.  The 
Murphy  button 
is,  g  e  u  e  r  a  1 1  y 
speaking,  not 
adapted  to  these 
cases  for  the  rea- 
son that  its  sue 
cessful  use  de- 
pends in  great 
measure  upon 
securing  perito- 
neal apjiroxima- 
tion,  and  there  is 
usually  no  peri- 
toneum on  the 
distal  end  of  the 
gut  after  extir 
p  a  t  i  o  n  of  the 
rectum. 
AVlien  the  sut 
uriiig  fails  the  vast  wound  will  be  found  after  two  or 
three  days  to  be  full  of  fetid  gas,  pus.  and  fecal  matter, 
and  if  the  patient  is  fortunate  enough  to  recover  it  is 
with  a  fecal  fistula  in  addition  to  the  anus  provided  by 
tlie  operation. 

In  eases  in  wiiicb  a  fecal  fistula  has  resulted  at  .some 
point  in  the  line  of  incision,  secondary  plastic  operations 
are  often  successful.  As  a  rule  the  gut  itself  must  be 
dissected  out  and  closed  with  Lembert's  suture,  and  then 
the  wound  covered  by  suturiug  the  skin  and  subcutane- 
ous tissue.  Closing  the  .skin  over  the  opening  in  the 
bowel  without  closing  the  opening  in  the  bowel  itself  is 
seldom  successful. 

In  avoiding  fecal  fistula  trust  must  be  placed  entirely 
in  a  careful  suturing  of  the  cut  ends,  and  the  more  care- 
fully this  suturing  is  done,  and  the  more  jierfect  the  anti- 
septic prec'autious,  Ihi;  better  chance  there  is  of  union 
without  a  large  fecal  abscess  and  subseqiient  fistula. 


Fig.  237.— Truss  for  Sacral  Amis, 
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In  anipiitatiou  the  upper  oml  should  be  liroiiiiht  as 
near  the  site  of  the  natural  amis  as  possible;  ami  if  the 
s])liineler  has  been  left,  the  iiisiile  of  the  aims  shoulil  be 
vivified  iu  order  to  give  some  ehanee  for  union.  Fecal 
listiila  may,  it  is  true,  result  in  any  case,  but  the  main 
object  of  the  operator  should  be  to  avoid  this  result,  and 
Ihe  more  Ihought  he  devotes  to  il.  and  the  more  perfect 
Ids  antisepsis,  the  less  likely  it  is  to  occur. 

Sp/iiiicterii'  Aclio/i  After  E.tt)rp((!iiiii. — Many  allenipis 
have  been  made  to  .secure  (his  very  desirable  result,  liut 
most  of  them  liave  proved  iueffeetual.  As  a  rule  thei-e 
will  be  no  spliineteric  action  after  an  aminitati(ai,  and  all 
hopesof  sphincteric  power  after  desi  ruction  of  the  muscle 
upon  which  alone  it  depends  ma.y  as  well  be  aliandoned 
first  as  last.  The  twisting  of  the  end  of  the  gut  before^ 
suturing  it  to  the  skin  may  do  somiMliing,  aiul  so  may  an 
opening  in  the  substance  of  thegluta-us  ma.\imus  muscle 
to  whicli  the  end  of  tlie  gut  is  sulured.  but  il  is  best  not 
to  hope  for  much  from  these e.vpedients.  The  main  thing 
to  be  hoped  for  is  the  avoidance  of  any  contaniination  (jf 
the  wound  with  fecal  matter,  and  I  can  only  saj'  with 
regard  to  my  ow.u  [Iraetiee  that  I  now  generally  e.\peet  a 
patient  to  recover  from  the  opeiation  of  c.xliipation  of  the 
rectum,  and  Ihat  by  caiTful  attention  to  all  the  details  of 
antisepsis  and  careful  suturing  of  Iln'ciul  of  the  gut  1 
giMierally  manage  to  avoid  tlie  large  sup|>urating  cavilies 
"full  of  fecal  mattc'r  which  were  formerly  Ihe  chief  cause 
of  death  after  my  ow  u  o])eratious. 

Many  complications  may  arise  during  an  fppenition  for 
exiirpation  of  the  rectum.  One  of  the  most  awkward  I 
have  ever  personally  encountered  was  to  find  a  rectum 
absohilely  devoid  of  mtsentery  and  bound  immovably 
to  the  hollow  of  the  sacrum.  AH  attempts  to  gel  il  loo.si' 
and  bring  it  down  resulted  merely  in  stripping  up  one  of 
ihe  longitudinal  bands  of  mu.scular  fibres,  anil  in  Ihe  end 
I  held  iu  my  hand  six  inches  of  striii|ied  and  injured  gut 
■vhich  was  entirely  without  any  souice  of  nulrilion.  .\s 
1  was  about  to  abandon  the  operation  and  lurn  Ihe  \y,\ 
tient  over  for  a  left  inguinal  colostomy,  it  tiecurred  to 
me  to  make  use  of  a  loop  of  large  gul — piobably  the  ujiium- 
fre<'ly  movable  part  of  the  sigmoid — which  during  a  great 
parlOf  Ihe  time  had  been  hanging  freely  in  the  field  and 
occasionally  getting  in  the  way.  This  was  drawn  into  Ihe 
incision  and  stilched  to  the  edges  in  much  the  same  manner 
as  would  be  done  in  ordinary  colostomy.  Il  was  then 
opened  and  the  section  between  this  ojiening  and  the  end 
irrigated.  Finally,  the  useless  end  of  the  gut  was  also 
stitched  to  the  incision  in  the  expeelalion  that  il  would 
slough  and  come  away,  as  it  did.  The  man  made  a  rapid 
and  uneventful  recovery. 

Another  complication,  though  not  a  fre(iueiit  one,  may 
be  found  in  the  consolidation  of  all  the  perirectal  tissue 
by  inllammalory  changes,  in  cases  of  old,  non  malignant 
uleeral ion  and  stricture.  Under  these  circunislances  Ihe 
isolation  of  the  rectum  niav  be  a  malterof  Ihe  greatest 
diltieully,  and  beyond  the  powers  of  the  inexperienced 
fiperator. 

Such  in  brief  is  the  o|)eralirin  for  exlir]>alion  of  the 
canc<'rous  or  strictured  and  ulcerated  recluin.  The  most 
casual  reader  will  at  onci^  be  .struck  by  the  fact  that  it  is 
iUl  operation  of  absolute  precision,  very  dilTerent  in 
character  from  the  old  one  through  the  |)eriiieum.  in 
which  a  more  or  less  blind  plunge  was  made  inlo  the 
pelvis  f(M'  a  iiieee  of  Ihe  rectuni,  and  in  which  the  loss  of 
lilood  depended  almost  entirely  on  the  speed  wilh  which 
llw  o])erator  di<I  his  work. 

The  o]ieration  ilescribed  may  be  done  liy  an  expirieiiced 
man  in  about  forty-five  minutes,  and  the  residling  nior 
tality  will  depend  much  more  on  keeping  fecal  mailer 
and  other  inli'slinal  contents  out  of  the  wound,  both  dnr 
ing  the  oiieratiou  and  during  the  first  days  of  In  aliiig 
than  upon  Ihe  amount  of  sho<'k. 

My  own  first  stati.sties  showed  the  full  death  rate  of 
thirty  per  cent.,  but  by  attention  to  the  details  given 
above  this  has  gnidually  been  reduced  until,  at  this  time 
of  writing,  I  have  had  nodeathin  the  last  seventeen  cases. 

A  wound  into  the  vagina,  Ihough  always  to  beavoiih'd 
when  possible,  may  often  be  neees.S!iry  in  order  fully  to 
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remove  the  disease.     Such  a  li.slida  may  be  dosed  during 
the  oi)eration.      .\    wouixl   of  tin-   urethra  in   the   male, 
when  slight,  is  to  be  trealed  as  Ihough  the  palieni   had 
subiuilled   to  an  external  urethrotomy,  viz.,  by  Ihe  fre 
queni  |>assa.sre  of  the  sound  to  jin-venl  conlraelion. 

When  a  large  piece  has  been  taken  from  the  urethral 
wall,  a  ])erm;uienl  reelo-urelhral  fistula  is  Ihe  neeessjiry 
resuH,  and  Ihe  danger  of  fatal 
inflammatory  action  is  greatly 
ineveased  friaii  the  presen<-e  of 
Ihe  mine  in  tlui  reclal  wound. 
^Vounds  of  Ihe  periloueum  may 
or  may  not  be  sulured  w  ilh  cat- 
gut, as  Ihe  o\)erator  prefers.  As 
for  the  cases  reported  by  Nuss- 
baiim  and  ofhers.  iu  which  the 
whole  neck  of  the  bladder,  Ihe 
greater  part  of  fhe  proslale,  and 
the  s<'minal  vesicles  have  been 
removed,  and  the  patients  have 
lived  for  years  in  comfort,  they 
are  merely  curiosities  of  lilera- 
ture. 

In    certain    cases     in     which, 
from    th(!  extent  of    rectum    re 

moved,  il  is  inipo.ssible  to  draw  Ihe  ends  togelher.  or 
in  whicli.  from  the  tightness  of  the  stricture,  it  has  been 
found  impossilile  to  eiuply  Ihe  bowel  above  of  fa'ces,  or  in 
which  lliewounii  has  become  soHimI  with  the  same  during 
olieralion,  Kraski^  ])osli)ones  the  suturing  of  the  ends  of 
till!  gut  at  the  posterior  segment  fill  a  later  period,  and 
forms  a  provisional  .sacral  artificial  anus,  as  shown  iu 
Figs.  2:i4,  2;io.  For  this  a  subseipient  jilastic  oiieration 
is  neces.sary.  Iloeheiiegg  has  devised  and  applied  for 
use  in  these  cases  tla^  truss  shown  in  the  cuts  (Figs.  230 
and  2;iT). 

Seheile  accomplishes  llii^  same  end  by  a  colostomy  in 
the  groin  after  the  resection,  and  a  subsecpient  closure  of 
Ihe  Jirtilicial  anus  when  the  sacral  wound  has  healed. 

Non  m.m.tonant  Gitowriis. — I'lidi-r  this  head  may  be 
included  polypi,  vegctalious,  conilylomata  and  Ihe  rarer 
exaiuples  <}f  benign  fungus,  gummata,  fibromata,  lipo- 
niala.  and  the  various  forms  of  cysts. 

A  polyiius  may  be  deliiud  asa  benign  tumor  compiwed 
of  one  or  more  of  fhe  normal  clenieuts  of  the  rectal  wall ; 
an  hypcrlroiiliy  either  of  the  mucous  membrane  or  of  the 
submucous  coniiecliv('  tissue.  The  former  is  generally 
spoken  of  as  .soft  or  villcnis,  and  fhe  latter  as  hard  or 
fibrous.  The  former  is  shown  in  Fig  2:iS,  and  is  often 
Ihe  polypus  of  childliooil ;  the  latter  is 
known  as  the  polypus  of  adults, 
tlKJUgh  these  distinctions  are  of 
lit  lie  practical  value. 

A  polypus  of   till'  soft  variety 
"V  /,  ,/ J  ,!|     may  reach  the  size  of  a  pigeon's 

^'^^^       '   '''';;)      egg,    is  soft  to  the    touch,    may 
"'^''  break  down  under  the  finger  nllh 

rough  hanilliiig.  and  has  a  shaggy 
or  i-nilifiower  surface.  A  micro- 
scopic exaiuinaliou  shows  it  to  be 
composed  of  long,  fine.  Iiifiiicaled 
papilf-e,  covereil  wilh  cylindrical 
e])illieliuin.  The  glandular  or  ad 
eiiomalous  ]iolyi)iis  (Fig.  2:i!))  is 
generally  Ihe  size  of  a  small  |)lnm, 
rarely  Ihat  of  a  pear,  and  yet  may 
reach  a  weigh!  of  four  pounds. 
It  is  vascular,  and  therefore  of  reddish  color:  some 
limes  smoolh  on  Ihe  .surface,  but  often  inanimillaled. 
like  a  sliawberry:  altachi'd  liy  a  pedicle,  genemlly  to 
llii-  posterior  wall  at  a  jioinl  within  reach  of  the  linger; 
and  may  be  found  anywheie  belween  Ihe  ileo  cacal 
valve  and  the  anus.  Il  is  due  lo  an  hypertrophy  of 
either  Ihe  tolli(;les  of  I.ieberkiilm  or  the  closed  folli- 
cles There  is  anolher  variety  of  poly|ius  which  is 
formed  by  an  liy  perl  lojjhy  of  both  the  villi  ami  the  fol- 
licles of  Eiebcrki'ilm.  and  is  known  under  the  various 
names  of  villous  polypus,  villous  tumor,  granular  papil- 
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loma,  ami  "poculiar  bleodiun-  (mnor. "  Tlirsc  tumors  aro 
very  rare.  haA'c  the  feel  nf  a  larye  warty  iHilypus,  witli 
caiilitlower  surface,  are  of  red  color,  bleed  easily  when 
tiuiched.  and  are  of  relatively  slow  sirowth.  They  ad 
liere  to  the  rectum  liy  a  nedicle,  sometimes  composed 
elii<'t1y  of  mucous  nieinl)rane.  and  at  oilier  limes  larue, 
short,  and  tleshy.  Tlie  pedicle  may  lie  ali.sent  and  the 
growlh  will  vary  in  structure  aecordinj;'  to  llie  propor 
tions  of  its  dillVreid  elements.  It  may  reach  the  size  of 
an  orange,  is  found  only  in  adtdts,  and  the  symptoms  are 
the  same  as  those  caused  by  other  polypi. 

The  hard  or  fibrous  iiolypus  (sarcomatous  polypus), 
which  is  comjiosed  iiriniarily  of  the  elements  of  the  sub 
mucous  connective  tissue,  is  much  rarer  than  the  soft 
variety,  and  is  most  commonly  foimd  in  adults,  in  whom 
it  may  be  single  or  mulliple.  It  is  eomposi'd  chiefly  of 
tibrous  tissue,  and  resembles  the  uterine  tibroid:  but  it 
may  c<intain  both  muscular  and  glandular  elements. 
'I'hese  polypi  vary  greatly  in  the  degree  of  hardness  to 
t  he  touch,  according  to  theircomposition  and  turgescence. 
They  may  creak  luider  the  knife  on  section  and  look  very 
much  like  hypertrophied  and  tedematons  skin;  or  they 
may  resemble  the  better  known  nasal  polyims  in  com])o- 
sition.  Wlien  they  are  seen  in  tla-  rectum  liefore  removal 
the  surface  is  generally  red  from  va.scnlarily ;  Imt  after 
removal  they  are  pale  and  generally  smoolli,  though  some- 
times uneven  aud  irregular  in  surface  an<l  covered  with 
hypertrophied  papili:E.  The  nuicous  membrane  is  gener- 
ally easily  stripped  off,  unless  there  has  been  local  intlam- 
matory  action,  in  which  case  it  may  be  lirmlj'  attached  and 
have  lost  its  natural  appearance.  The  vascular  sup])ly  is 
abundant,  both  in  the  substance  aud  on  the  surface  of  the 
tumor.  The  ])edicle  is  generally  slight,  and  is  formed 
mechanically  by  the  traction  of  the  growth.  The  tumor 
is  benign  in  character,  and  when  once  removed  does  not 
generally  return,  although  cases  of  recurrence  at  or  near 
the  same  point  are  not  unknown. 

A  rectal  polypus  may  exist  many  years  aud  give  no 
signs  of  its  presence.  The  two  chief  symptonis  w-hicli  it 
is  apt  to  excite  are  hemorrhage  and  dischai'gc.  The 
former  may  be  of  dail_y  occurrence,  or  may  be  i^resent 
only  at  long  intervals,  and  it  may  vary  in  amount  from 
a  few  drops  to  a  cpiantity  which  shall  cause  grave  dis 
tiu-bance  and  alarm,  AVhen  the  mucous  membrane  cov 
ering  the  tumor  has  once  become  ulcerated,  the  bleed- 
ing will  be  frequent  and  the  discharge  more  or  less  fetid. 
Wlien  the  tumor  is  so  high  and  the  pedicle  so  short  as  to 
lie  beyond  the  grasp  of  the  sphincter,  there  will  be  little 
or  no  pain;  but  after  prolapse  once  begins  to  occur,  the 
suffering  at  each  act  of  defecation  may  be  extreme.  The 
.sphincter  may  become  dilated  and  relaxed,  or  if  it  remain 
strong  it  may  work  a  spontaneous  cui-e  by  strangulating 
the  pedicle.  The  dischai'ge  is  sometimes  profuse  and 
constant,  escajiing  not  only  at  the  times  of  defecation,  but 
at  frequent  intervals  between,  and  being  of  an  exceed 
iugly  fetid  character.  This  by  its  irritation  may  set  up 
secondary  troubles — congestion  of  the  mucous  mendnane, 
erosions  around  the  anus,  vegetations,  diarrhoea,  and 
tenesmus;  aud  joined  with  the  lossof  blood  the  coiuliticin 
may  be  mistaken  for  extensive  ulceration  or  malignant 
disease. 

The  treatment  is  generally  simple.  When  the  pedicle 
is  long  and  slender  the  tumor  may  as  a  rule  be  safely 
twi.sted  off',  but  it  is  better  to  apply  a  ligature.  There 
are  two  dangers  to  be  considereil:  the  first  is  that  the 
pedicle  may  contain  large  vessels,  and  llie  other  is  that  it 
may  contain  peritoneum.  The  extir]iation  of  a  polypus 
which  came  down  from  the  sigmoid  flexure  and  dragged 
the  peritonevuu  with  it  has  been  followed  by  death 
Should  there  be  a  large,  fleshy  pedicle  it  must  lie  securely 
ligatiricd. 

The  anus  an<l  adjacent  skin  are  often  the  seat  of  vege 
tations  of  a  Avarty  or  jiaiiillomatous  nature,  due  to  a 
.simple  hypertrophy  of  the  ]ia|iillarv  layer  of  the  skin. 
They  are  composed  of  the  conneclive  tissue,  the  epilhclial 
covcrini;',  and  the  blood  vessels,  which  in  their  natural 
proiiortions  and  (|Uantities  make  nji  the  papilla'  of  the 
derma.      These   little   tumors  resemble  ordinary  warts. 


"When  one  of  them  is  isolated  it  is  dry,  but  when  several 
of  them  are  united  tliey  become  macerated  in  the  secre- 
tion of  the  part;  this  secretion  undergoing  decomposi- 
tion in  the  spaces  between  them,  and  then  giving  rise 
to  inHammatory  phenomena.  'i"he  tiunor  then  becomes 
moist  and  fetid,  and  all  the  adjacent  parts  become  ir 
rilateil.  .\ceording  to  the  number  anil  si/e  of  the  warts, 
the  condition  of  the  patient,  the  abundance  of  tlie  secre 
tions,  aud  the  irritation  to  which  they  are  originally 
due,  these  vegetations  take  on  various  shapes,  and  hence 
have  been  described  as  cock's  combs,  cauliflower  ex 
crescences,  etc.,  but  the  fundamental  structure  of  all  of 
them  is  the  same.  They  were  formerly  considered  as 
]iroof  iiositive  of  syphilis,  and  e\eu  of  sodomy,  and  were 
sotreati'cl;  but  they  have  nothing  to  do  with  syphilis, 
and  they  owe  their  growth,  in  the  tir.st  pJace,  to  a  special 
prrdis|iosition  to  tile  formation  of  warts  in  the  indi 
vidual,  and,  in  the  second  place,  to  the  presence  of  some 
irritating  cause  acting  on  this  particular  part.  Thus  the 
discharge  from  any  disease  of  the  rectum  or  genitals  may 
cause  them  to  grow,  and  they  may  apjiear  in  persons 
apparently  perfectly  healthy  and  cleanly.  Pregnancy 
has  an  undoubted  influence  on  their  production,  and  they 
may  di.sa|>i>ear  spontaneously  after  delivery.  Tliev  may 
apjiear  at  any  age  from  infancy  to  adult  life,  though 
generally  belf)nging  to  the  latter.  They  may  vary  in 
size  and  quantity,  from  a  single  enlarged  paiiilla  to  a 
mass  weighing  a  ]iound.  When  they  grow  from  one 
side  of  the  intergluteal  fold,  and  are  large  enough  to 
press  with  their  moistened  surface  ujion  the  correspond- 
ing point  on  the  opjiosite  side,  a  second  patch  may  be 
developed  at  the  point  of  contact.  Their  development 
may  be  slow  or  rajdd.  and  when  they  reach  a  large  size 
the  patient  is  troubled  by  the  feeling  of  a  foreign  body, 
by  a  saniousanil  foul  discharge,  aud  by  fresh  erosiousand 
superficial  ulcers  in  adjacent  parts.  Great  pain  in  defeca 
tion  may  be  caused  by  a  small  wart  just  at  the  verge  of  tln' 
anus,  and  such  a  little  tumor  may  cause  all  the  symptoms 
characteristic  of  fissure.  These  warts  may  also  spring 
entirely  from  the  mucous  membrane  above  the  sphincter. 
There  is  little  danger  of  misttiking  a  mass  of  such  warts 
for  a  malignant  growth,  thounh  they  have  been  known 
to  assume  a  semi  malignant  character,  and  to  return  fre 
quently  after  removal.  Tlu^  most  common  error  is  to 
consider  them  as  .syphilitic  condylomata,  and  indeed  they 
may  not  always  be  easily  distinguishable  from  the  raised 
mucous  patch  or  flat  condyloma  which  is  a  manifestation 
of  true  syphilis.  The  two  may  exist  simultaneously,  the 
former  caused  by  the  irritation  of  the  latter. 

The  surest,  most  rapid,  and  in  every  way  most  satis 
factory  mctliod  of  curing  these  warts  is  simjily  to  cut 
them  oft'  with  the  knife  or  scissors.  The  ligature  is  not 
always  applicable,  and  cauterization  is  apt  to  do  more 
than  is  necessary.  The  growths  may,  however,  be  in 
duced  to  dry  up  and  shrivel  away  by  applications  of 
powdered  alum  or  tannin,  and  by  wasliing  with  astrin 
gent  lotions,  such  as  Labarracpie's  solution. 

The  term  conilyloma  has  bcen'a|>]ilicd  to  so  many  dif- 
ferent growths  around  the  anus  that  it  has  lost  all  definile- 
ness.  The  variety  of  syphilitic  mucous  patch  situated 
upon  the  skin  near  the  anus,  and  known  as  condylonui 
lata,  or  vegetating  condyloma,  first  manifests  itself  as  a 
red  spot,  aud  by  a  slight  ctTusion  beneath  the  epidermis, 
which  is  ,soon  rublied  off  by  friction,  exposing  a  raw  sur 
face  generally  covered  by  a  grayish  pellicle.  This  sur- 
face is  subsequently  elevated  by  an  tijiward  growth,  and 
by  branching  of  the  papilke,  with  formation  of  connec 
five  tissue  and  dilalatiou  of  the  blood-vessels.  Where 
this  process  has  reached  a  considerable  extent,  a  cauli- 
flower appearance  is  the  result,  and  what  was  at  fii-sf  a 
siin]ile  mucous  )ialcli  may  become  a  lar,se,  peduncnlated, 
warty  growth  surrounded  by  other  vegetations  which 
have  sprung  up  around  the  original  lesion,  and  which 
are  due  to  the  inilalion  of  its  presence. 

The  more  general  meaning  of  the  word  condyloma  is, 
however,  a  non  syphilitic  tumor  eomposi'd  of  au  hyiier 
trophy  of  the  skin  around  the  anus,  attached  by  a  broad 
base,  "  pinkish   in   color,    soft,  fleshy,   glistening,   moist. 
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im'giilnr  in  shape,  flattcnt'd  whcic  two  are  ])res.sf(l  to 
jictlier.  and  geut'rally  giving  ovit  a  slijrlit  secretion.  Tliesc 
tUMiiii's.  as  a  rule,  liave  one  of  the  ladial  in;;'  folds  of  I  lie 
anus  as  their  point  of  departure,  and  the_v  dilTer  from  tin' 
warty  growths  in  tlie  faet  that  they  consist  of  an  hyjier 
trophy  of  the  whole  thickness  of  the  skin  and  not  alone 
of  th("  jiapilhe.  The  epithelial  element  in  them  is  not  as 
marked  as  in  the  ■warts,  and  the  blood  vessels  also  are  less 
developed.  They  are  merely  the  res\ilt  <if  a  localized 
chronic  inllanunation  of  the  skin,  and  often  result  froui 
an  e.xtirnal  hemorrhoid  or  any  local  irritation,  such  as 
has  already  been  spoken  of.  They  are  a  very  connnon 
accomiianiment  of  au)'  ulcerative  process  within  the 
rectum,  and  hence  of  stricture,  and  many  a  stricture  has 
l)een  unjustly  stamped  as  syphilitic  because  the  discharge 
from  the  anus  has  caused  the  development  of  these  fleshy 
tags.  Unless  thcic  is  some  special  rca.son  for  interfering 
with  them  they  may  generally  he  left  to  themselves,  as 
they  ari^  not  likely  to  cause  any  amount  of  trouble  unless 
they  become  idceratcd  upon  the  surface.  In  this  case  they 
are  easily  removed  by  the  scissors  and  ligaturi'. 

PufHiTrs  Axi.— itching  at  the  anus  is  geicrally  a 
symjitom  of  somo  other  disease,  such  as  hemorrhoids  or 
eczema,  but  it  is  often  present  in  a  marked  ilegree  when  no 
cause  for  its  existence  can  l)e  discovered.  It  is  at  tunes  an 
exceedingly  painful  and  annoying  affection,  which  seems 
to  be  depenilent  upon  no  particidar  general  stale,  being 
found  in  all  classes.  The  itching  is  more  or  less  constant, 
but  is  gc-nerally  worse  after  the  patient  has  become  warm 
in  bed  for  the  "night.  The  scratching  which  is  indulged 
in  for  relief,  often  unconsciously  during  sleep,  aggravates 
tlu^  condition  by  lacerating  the  skin.  The  disease  is 
sometimes,  in  old  cases,  attended  by  marked  changes  in 
the  ai)pcaraueeof  the  parts.  Th('skin  beconu;s  tliickcned 
and  iiarchment  like,  or  else  eczematous  and  moist  from 
exudation,  and  there  may  be  a  very  characteristic  loss  of 
pifUH-nt,  in  which  case  the  skin  beconiesof  a  dull  whitish 
color.  This  is  partii-idarly  noticeable  in  cases  of  long 
standing.  Associated  with  this  condition  it  is  not  un 
usual  to  tind  one  or  several  tissvires. 

The  causes  of  pruritus  arc  sometimes  easily  discover 
able,  and  in  such  ca.ses  a  cure  rapidly  bjllows  tluir  r<' 
moval.  It  is  often  due  to  internal  hemorrhoids,  and  will 
be  eiTectually  cured  by  their  removal.  It  is  often  a 
symjitom  and  complication  of  a  tistula  with  a  small  ex 
li'rnal  opening,  which  is  easily  overlooked  .and  may  lie 
relieved  by  the  cure  of  the  latter  and  the  cessation  of  the 
<lisehargc.  It  is  often  dependent  ujion  the  ]ircsence  of 
worms  in  the  rectum,  and  in  every  case  these  .should  be 
carefully  looked  for.  When  they"  exist  they  may  gen- 
erally be  seen  like  small  jiieccs  of  fine,  \vhit<'  thread  lying 
between  the  radiating  folils  at  the  verge  of  the  anus,  espc 
cially  at  night  after  tlu!  itching  has  begun.  Instead  of  the 
disease  being  due  to  a  panisit('  within  the  rectum  if  is 
sometimes  easily  accounted  for  liy  the  presence  of  pi'diculi. 
Again,  pruritu.s  of  an  inten.se  kind  may  be  due  to  crzcum 
)uiiiyiiii(t'im,  or  it  may  be  a  symptom  of  a  chronic  eczema, 
of  lierix'S,  or  of  erythema.  "  Wlicn  no  local  cause  can  be 
discoven'd,  a  careful  inquiry  nuist  be  made  into  the  p.a- 
tient's  general  health  and  lialiits.  If  chronic  constipation 
be  present  it  must  be  overcome  first  of  all.  In  women  the 
condition  of  the  generative  organs  must  be  looked  after. 
and  the  urine  should  be  examined  for  sugar. 

In  case  none  of  these  causes  can  be  found  to  account 
for  the  symptom,  errors  of  diet  nuist  lie  searched  for  and 
corrected.  Anything  likecxccss  insmokingorin  the  use 
of  alcohol  will  "a.irgravatc  the  disease,  and  these  habits  if 
indulged  in  at  all  nnist  be  carefully  regulaO'd.  Tlie(lisease 
will  sometimes  be  encountered  in  stout,  full-blooded  per 
sons  who  live  well,  and  ijcrhaiis  incline  to  gout.  In  such, 
active  exercise  and  plainer  living,  with  cold  bathing  of 
the  part  night  and  morning,  an<l  the  use  of  a  wash  con- 
taining tar  or  carbolic  acid,  will  often  ctTect  a  speedy 
cin-e.  '  On  the  other  hand,  the  disease  may  be  in-eseni  in 
persons  of  exactly  the  ojiposite  class,  the  overworked  and 
woriied  iirofcssional  or  business  man,  and  in  this  class  of 
cases  alone,  where  the  itching  seems  to  be  a  purely  ner 
vous  allectiou,  arsenic  is  indicated.     It  may  be  combined 


with  quinine  and  cod  liver  oil,  and  admim'stered  until  its 
full  physiological  elTccts  are  manifested.  If  pin-worms 
are  the  cause,  they  may  generally  be  removed  by  certain 
siniiile  measures,  the  liesi  known  i)i  which  is  an  enema  of 
lime  water  or  carbolic  acid,  3  i.  ;  glycerin,  3  i  ;  and  water, 
3  vij.,  injected  after  each  passage.  Turpentine  and  tine 
t  ure  of  iron  used  in  the  same  way  are  very  elVectnal.  The 
most  useful  remedy  for  eczema  marginatum  is  a  wa.sh 
of  equal  parts  of  sulphurous  acid  and  water,  fre(|uently 
applied  with  a  soft  cloth,  and.  when  necessary,  gradually 
increased  in  strength  up  to  the  pure  aciil,  wliicli  is,  how- 
cvci',  a  jiaiidul  appliealion  and  one  which  will  readily 
blister.  Strong  tincture  of  iodine,  Ihorouglily  applied,  is 
also  an  effectual  apjilication.  If  there  be-  thickening  of 
the  skin  from  cfTusion,  the  api)lication  of  very  hot  water 
freely  with  a  sponge  may  give  relief,  and  if  a  stronger 
application  b(^  necessary,  the  compoun<l  tincture  of  green 
.soap,  or  a  solution  of  causti<-  |iotash  (gr.  v.  to  3  i.),  or 
li(|Uor  polassa',  may  \n-  resorted  to.  A  good  ointment  is 
made  of  the  ordinary  oxide  of  zinc  ointment  made  soft 
and  applied  gently;  and  one  which  is  very  etfcctual  in 
lempoiarily  allaying  the  itching  is  made  <if  chloroform 
(  3  i.  to  3  i.).  Another  cllVclnal  apiilication  is  composed 
of  carbolic  acid,  3  ss. ;  glycerin.  3  i.  ;  and  water,  3  iij. 
This  may  be  applied  at  night,  and  its  strength  may  be 
adapted  to  th(^  case.  There  are  many  formula'  of  this 
kinil.  all  of  which  answer  a  good  pnrposi'.  but  the  euro 
is  to  be  undertaken  in  a  bro.-ider  spirit  than  by  searching 
for  any  single  ointment  or  lotion  which  shall  allay  the 
itching  fora  time.  In  every  case  thecause  nuist  be  found 
and  removed  if  a  permanent  cure  is  to  be  expected. 

Sf.\sM  OF  TiiK  SrniNCTEK.^Tliis  is  an  aflection  which 
has  been  much  disputi'd  about,  but  which  undoubtedly 
.sometimes  exists  alone,  and  without  any  complicating 
fissure.  It  is  generally  foimd  in  nervous  and  debilitated 
liatienis,  and  its  synqiloms  are:  more  or  less  uneasiness 
aliout  the  anus,  a  sense  of  fnbu'ss  in  the  perineum,  often 
more  or  less  dillieully  in  unci mition,  constipation,  and 
pain  and  diflieulty  in  defecation.  A  digital  examination 
will  often  show  a  markedly  contracted  anus,  and  an  at- 
teinjjt  to  introduce  the  finger  will  cause  unbearable a.aony. 
'I'he  act  of  defecation  may  be  exceedingly  diflicult  to 
accomplish  on  account  of  the  p.-un  it  causes;  and  any 
anxiety  <ir  distn-ss  of  mind,  and  anything  which  tends  to 
irritate  the  rectum  or  the  parts  arovuid,  will  aggravate 
flic  ilifliculty.  The  lii-alment  consists  in  attention  to  the 
genc-ral  health,  ill  allaying  nervous  cxciti'ment,  in  the 
administration  of  laxatives  to  relieve  the  bowels,  and  in 
anodyne  injections,  such  as  twenty  drops  of  laudanum. 
The  surgical  Ireatmenl  consists  in  etherization  and  thor- 
ough diiatatiou  of  the  sphincter.  If  this  cannot  be  done, 
the  next  best  thing  is  the  systematic  usc^  of  bougies. 

Nkii{.m.oi.\. — Tills  is  an  alfection  which,  like  the  last, 
is  most  often  seen  in  nervous  jieople,  jiarlicularly  women. 
The  pain  is  apt  to  be  paroxysmal  but  may  be  continuous, 
and,  unlike  spasm,  is  entirely  inilc|)endent  of  the  act  of 
defecation.  It  is  much  the  same  disease  as  neuralgia 
clsewhen'  in  the  body,  and  must  be  treated  in  the  same 
general  way.  Where  there  is  well-marked  periodicity  a 
malarial  element  must  be  looke<l  for;  and  the  disease  is 
some-times  the  only  manifestation  of  the  gouty  diathesis. 
The  first  care  should  be  for  tlii'  general  health,  the  sec- 
ond for  the  regularity  of  the  bowels;  and.  after  this.  local 
apidieations  of  cold  water  and  of  an  ointment  of  bella- 
donna should  be  tried.  Sometimes  blisters  applied  over 
the  sjicrum  alTord  relief.  The  ili.sease  nuist  be  carefully 
distinguished  from  coccygodyuia  and  from  spasm  of  the 
sphincter.  Cluirh-.-i  B.  Kclncy. 

ANUSOL,— .\  proiirietary  name  forsui>positoriesstat<'d 
to  contain  liismulh  icjilo  ri-sorcin  sulfonic  acid.  A  f(rrmu- 
la  which  has  bi-cn  published  says  that  they  contain  bal- 
sam of  Peru,  zin('  oxide,  rcsoreiii,  bismuth  oxyiodide,  and 
cacao  butter.  They  are  used  for  catarrh  of  the  rectum, 
tenesmus,  anal  fissure,  pruritus,  etc.        11'.  .1.  ihiKteil". 

ANYTIN  isaihrivativeof  ichthyol  introduced  by  Unna 
in  dcrm.ifological  practice.     It  is"a  thirty-three  l>er  cent. 
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aqueous  solution  of  sulpho-ichthyolic  acid  and  the  aro- 
matic, oily  sulpho-comiiouuil  contaiucd  in  iclitliyol.  Dark 
brown  in  color,  it  contains  1G..T  per  cent,  of  sulphur  and 
4.5  percent,  of  anunonium.  It  isilecoinposeil  hy  acids  and 
strong  alkalies,  and  posse.ssesthe  peculiar  iiropcrty  of  ren- 
derinj;  such  substances  as  phenol,  jjuaiaeol,  en'sol.  cam 
plior.  etc.,  freely  solubU'  in  water.  Thcsi'  sulutiims  are 
called  "anytols"  and  promise  to  be  valuable  additions  to 
our  antiseptic  materia  medica.  Koelzer  used  a  7.,')-per- 
cent.  aqueous  solution  of  mctacresol  auytol  (metacresol, 
forty  per  cent.)  in  erysipelas.  By  painting  it  on  fre- 
quently over  an  area  extending  somewhat  beyond  tlie 
inflammation  he  obtained  a  good  result  in  every  case. 
These  anytols,  especially  those  of  phenol  and  cresol,  may 
be  used  in  five  to  ten  percent,  dilution  for  disinfection 
of  the  hands  or  for  vaginal  or  intr.i  uterine  douches. 
They  then  have  much  the  same  effect  as  creolin. 

Anytin  itself  is  capable  of  setting  up  an  active  derma- 
titis, but  diluted  to  ten  per  cent,  it  is  very  useful  in 
chronic  eczema,  simburn,  and  ivy  poisoning.  Like  ich- 
thyol,  it  will  probably  be  used  internally  as  an  intestinal 
or  respiratory  antiseptic.  It  is  stated  to  be  directly 
antagonistic  to  the  diphtheria  bacillus. 

TT'  .-1.  Bmtedo. 

AORTA  (Latin). — Greek,  aopri/,  from  aripnf,  to  lift,  to 
carry;  French,  avi'te,  grosse artife;  German,  Aorta,  yrosne 
SiMfigader. 

Synony.ms. — Arteria  magna  (Harvey);  hfemal  axis 
(Owen).  Originally,  in  the  plural,  aortoe  (anprai),  the 
bronchial  tubes  (Hijipoerates). 

Definition. — The  main  trunk  (single  in  mammals  and 
birds,  double  in  cephalopods  and  most  reptiles,  triple  in 
the  crustaceans)  of  the  systemic  arterial  system,*  by  means 
of  which  the  oxygenized  blood  is  carried  to  all  parts  of 
the  body. 

E.MEHYOLOGY. — Accordiug  to  Gibson,  "the  single  me- 
dian tube,"  whicli  is  seen  at  one  stage  in  the  development 
of  the  vascular  ap])aratus,  begins  to  jiulsate  before  tlie  ap 
pearanee  of  either  muscular  or  nervous  elements.  "The 
heart  movenu'nts  must  be  due  to  some  as  yet  unknown 
iiuhvelling  property  of  the  embryonic  heart  tissue."  In 
the  development  of  tlie  embiyo  there  are  two  primitive 
aortas.  These  unite  early,  and  to  them  four  lateral  pairs 
are  successively  addeil.  and  all  develop  into  the  artery 
seen  at  birth — the  aoria  anil  its  branches. 

An.\to.my. — The  aorta,  although  the  main  arterial 
trunk,  is  at  its  commencement  generally  a  little  smaller 
than  the  pulmonary  artery,  but  in  the  aged  it  is  usually 
slightly  larger  than  that  vessel.  Its  position,  like  that  of 
other  arteries,  is  protected  in  proportion  to  its  importance. 
It  takes  its  origin  from  the  upper  part  of  the  left  ventricle, 
extending  upward  and  to  the  left  for  a  short  distance; 
then  curving  over  the  root  of  the  left  lung,  it  descends  in 
front  of  the  spinal  column.  ])assiug  through  the  aortic 
opening,  /liiifnt:  aortii'iis.  which  is  in  the  middle  line  be- 
hind tlie  diaiihragm,  and  which  also  tran,smits  the  vena 
azygos  major,  the  thoracic  duct,  and  occasionally  the  left 
sympathetic  nerve.  The  vessel  descends  to  the  left  side 
of  the  fourth  lumbar  vertebra,  where  it  terminates,  divid 
ing  into  the  right  and  left  common  iliac  arteries.  In  its 
course  it  gradually  decreases  in  size  from  28  to  17  mm., 
giving  off  at  ditt'erent  points  branches  of  varying  calibre. 
Quain  divides  this  artery  into  the  (iseniOin;;  aorta,  the  ]iart 
within  the  iiericardiiun  ;  the  arc/t,  that  part  extending 
backward  from  the  pericardial  limit  to  the  spine  at  the 
lower  margin  of  tlie  fnurlh  dor.sal  vertebra;  the  rlr.saial 
ing  thoracic,  aorta,  from  this  point  to  the  diaphragm,  and 
the  ahdoiirina.l  aorta,  tla-  part  below  the  diaphragm.  This 
method  of  division  is  founded  on  the  fact  that  the  tirst 
part  is  intraperieardial  and  lias  its  origin  fnm  the  fetal 
aortic  bulb;  while  the  third  part  of  that  section,  which 
was  formerly  known  as  the  (//■(•/(,  does  not  differ  in  rela 
tion,  direction,  or  origin  from  the  rest  of  the  descending 
portion.  The  older  anatomists  treated  the  arch  as  consist 
ing  of  three  parts — the  ascending,  t  ransver.se,  and  descend- 
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ing,  and  comprising  that  part  of  the  artery  found  between' 
its  ventricular  origin  and  the  lower  border  of  the  tifth 
dorsal  vertebra.  This  latter  division  seems  far  less  logical 
than  the  former  according  to  the  reasons  just  given.  The 
tirst  parts  of  both  the  aorta  and  the  pulmonary  artery  are 
regarded  embryologically  as  parts  of  the  heart. 

Ascendino  Aor,T.\. — The  ascending  aorta  springs  from 
the  upper  and  fore  part  of  the  left  ventricle  on  a  level 
with  the  lower  border  of  the  third  costal  cartilage  behind 
the  left  half  of  the  sternum.  It  passes  upward,  forward, 
and  to  the  right  in  a  line  with  tlie  heart's  axis  till  it  reaches 
the  upper  border  of  the  sternum,  at  which  point  its  direc- 
tion changes  and  the  arch  begins.  The  ascending  aorta 
measures  about  two  inches  or  tw-o  inches  and  a  quarter 
in  length,  and  it  ctirves  upward,  backward,  and  to  the  left. 
Just  above  its  origin  this  part  of  the  aorta  shows  cxter 
ually  three  small  dilatations  of  about  the  same  size,  known 
as  the  sinusta  of  the  aorta  or  sintmes  of  Vnlialra.  One  of 
these  sinuses  is  anterior,  the  other  two  posterior.  The 
anterior  and  left  posterior  give  origin  to  the  two  coronary 
arteries  of  the  heart.  Opposite  to  these  three  sinuses  are 
the  semilunar  valves.  A  cross  section  of  the  vessel  at  this 
point  is  rather  triangular  in  form,  while  below  the  valves 
it  is  circular.  At  the  commencement  of  the  areh  and 
along  the  right  side  of  the  ascending  aorta  there  is  gen 
erally  found  another  tndging,  the  great  sinus  of  the  aorta. 
Now  and  then  this  sinus  is  not  present.  It  is  seen  more 
distinctly  in  the  aged  The  fibrous  pericardium  embraces 
the  whole  length  of  the  ascending  aorta,  while  a  tulie  of 
serous  membrane  extends  up  from  the  cardiac  surface  to 
invest  this  vessel  together  with  the  pulmonary  artery,  ex- 
cept where  they  are  in  contact  with  each  other. 

Relations. — At  its  commencement  the  ascending  aorta 
is  covered  anteriorly  by  the  pulmonary  artery  and  the 
right  auricular  appendix.  Higher  up,  the  directions  of 
these  vessels  diverge,  the  aorta  passing  forward  and  to 
the  right  and  the  pulmonary  artery  backward  and  to  the 
left.  At  this  point  the  aorta  closely  approaches  the  ster 
num,  being  separated  from  it,  however,  by  the  pericar- 
dium, the  right  pleura,  the  narrow  part  of  the  anterior 
mediastinum,  the  anterior  edge  of  the  right  lung,  liesides 
a  little  fat  and  areolar  tissue,  as  well  as  the  remains  of 
the  thymus  gland.  Posteriorly  are  the  left  cardiac  auricle 
and  the  rigiit  pulmonary  artery.  At  its  right  are  the 
right  auricle  and  the  superior  vena  cava.  On  the  left  is 
the  main  pulmonary  artery. 

Branches. — The  ascending  aorta  lias  two  branches  only, 
the  right  and  left  coronary  arteries.  These  vessels,  rela 
lively  small,  spring  generally  from  that  part  of  the  vessel 
width  is  just  above  the  free  margin  of  the  semilunar 
valves,  in  the  upper  part  of  the  two  sinuses  of  Valsalva, 
and  they  supply  the  heai't.  The  right  coronary  artery  is 
about  the  size  of  a  crow's  quill,  while  the  left  is  some- 
what larger. 

Varieties. — The  ascending  aorta  and  pulmonary  artery 
may  be  transiiosed,  i.e..  the  former  may  arise  from  the 
rigiit  ventricle  and  the  pulmonary  artery  from  the  left. 
There  may  be  a  communication  between  tliese  two  arteries 
by  abncn'mal  openings.  One  may  be  wholly  or  partly  ol.i 
literated.  while  the  other  serves  as  a  passageway  for  the 
blood  of  botli  by  means  of  communications  between  them. 
There  is  now  and  then  seen  one  simple  tube  connected 
with  a  simple  iieart  like  that  in  fishes.  Sometimes  the 
coronary  vessels  arise  l.iy  a  common  trunk,  or  at  times 
from  the  same  sinus  of  Valsalva.  As  many  as  four  arte 
ries  have  been  observed,  in  whieh  case  the  su]>iilementaiy 
vessels  are  smalliT  llian  normal  and  play  the  part  of 
branches  of  the  main  coronary  trunk,  near  which  they 
take  their  origin.  An  extra  coronary  has  even  hail  its 
origin  in  the  pulmonary  artery.  When  one  of  the  arteries 
is  unusually  small,  the  other  is  corri'spondingly  large  and 
suiijiliesa  greater  area,  especially  at  the  back  of  the  heart. 

.\iuii  OK  TiiK  AoiiTA. — The  arch  or  transverse  aorta 
begins  at  the  upjier  margin  of  the  second  right  costal 
carlila.ffc  at  the  right  border  of  the  sternum  and  arches 
around  the  trachea,  in  its  course  passing  uiiward,  back- 
ward, and  to  the  left  of  the  body  of  the  fourth  donsid 
vertebra.    At  this  point  it  j)asses  downward,  and  at  the 
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inferior  iiiarjriii  of  this  vcrtt-bni  the  thnniciciKirta  bcirins 
Tlic  arch  at  iis  siiprrior  border  is  ,L'<'iierally  alicuit  an  iiicli 
b<'lo\v  the  upper  inarL'in  of  llie  steiiniiii  in  tlie  nieiliaii 
plane. 

IMatlonx. — 'riie  areh  of  the  aorta  is  situated  in   the  su 
perior  incdiastinuiii.  ami  it  is  covered    in  front  liy  the 
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Fig.  ^4(1.— AiitJ'i-ior  View  of  tlie  Great  Vessels  of  the  Heart.  (Froiti 
His".-*  "Handatlas  iler  Anatomie  des  Mensflien.")  1.  First  rib;  -, 
suljclavian  vein:  3.  suhi-lavian  artery;  +.  internal  jnpular  vein  ;  ."i, 
rigUt  lii-ancli  of  iMilmonarv  artery;    B.  vena  azynos ;    7.   inferior 

thyroiil  vein  ;  s,  left  iiii linate  vein :  il.  trachea ;  10.  areh  of  aorta  ; 

lU  iltiotiis  arteriosus;  12.  left  pulmonary  artery:  U.  siiliclavian 
vein:  14,  rittht  Inns;;  l-i,  risrht  pulmonary  veins;  10,  vena  eava 
superior:  IT,  left  atrium;  is,  aseentlinir  aorta;  10.  pulmonary 
artery;  30,  left  pulmonary  veins;  31,  left  lung. 

pleur.B  anil  ltin,a;s.  and  llio  fatt.v  remnant  of  tlie  Ihyiniis 
gland.  (.)n  the  left  it  is  crossed  by  th<'  left  imeiiiiuiii::istrie 
and  phrenic  and  the  superior  cardiac  bnuirlies  of  the  left 


FiCr.  341.— Areh  of  the  Aorta  with  Its  Branehes  fanterior  and  from 
theleftl.  After  a  plastei'-of-Paris  c;ist.  (From  llis"s  ■■Ilandallas 
der  Anatomie  des  Menschen."  Band  li..  S.3S7.1  1.  liicht  suliilavian 
artery:  2.  i-isrhl  eominon  earotid  ;  ;i.  innominate  arlerv  :  4.  anh  of 
aorui';  .'>.  aseendiUL'aorw  ;  i;.  hulliusaort;e;  7.  riBhleoronarvarti 
s.  sinuses  of  the  aorta  (Valsalv*);  ft,  left  coMnary  art.-rv; 
thoraeie  aorta :  11.  aortie  spindle:  12.  aortii' i.stljmus ;  i:j,  left  e 
mon  carotid ;  14,  left  subelavian  artery. 
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sympathetic  nerve  and  by  I  he  left  superior  intercostal  vein. 

while  the  left  reciirrenf  hirynjiea!  bends  upward   beneath 

it.      Posteriorly  and  to  the  riu'lil  lie  llic  tniehea,  the  deep 
cariliac  jilexiis.  the  left  recur 

rent    hirynjrejil.    the  (esoplia- 

jrus,  the   thoracii;   duct,  ;ind 

the  body  of  tin-  fourth  ilmsal 

verti-bi;t.     The  anterior  p;irt 

of   the   upper  mar" in  of  the 

arch   is  in  coiitiict   with  the 

left     innomiiiiite    vein,     and 

jrivcs  orijrin  to  the  large  ar- 
teries— innominale.  left,  caro- 
tid.   ;uid     left     stibclavi:in  — 

which    siipi>ly   the  head  and 

nppc]-  limbs.     'J'Ik-  border  is 

jiisl  above  the  left  bronchus 

;ind    the    bifiiic;illoii   of    the 

|)iilinonary  artciT,  and   it   is 

joined   with  the   left    br;inch 

of    that    vessel    by  a    lilirous 

cord,     rcpreseiitinir     the    rc- 

ni;uns  of  rhi'  diieltis  arteri- 
osus,    which      is      conneeled 

will)    the   aort;i    just   lieyond 

tiie  orij;in  of  the  left  subcla- 
vian,     i'.etweeii  the  areh  and 

the    bifiiicalion  of    the    jml- 

monai'y  iii-tciT  are  foiiipl  llie 

siiperlicial  cai'ili;ic  ]ile.\iis;ind     lo ~ 

ii    few   larjre    bronchi:il    lym- 

]ili;itic  glands.    To  ilsiiifei  im-. 

anterior   siii'face    llic    lilpi'oiis 

pericardiiini    is    a  1  I  ;ic  li  ed. 

.\fler  giving  olf  its  branches, 

the  tirch  is  reduced  in  size  to 

some  extent  C-i:!  mm.).     TIko-c 

is    often    .seen   ;it   that    point 

where  the  diictiisarlcriosiis  is 

attached,  a  constricted   part. 

which     is    called     the    narlii' 

islliiiiiis.     Tlic  isthiiiiis  is  far 

more    marked   in   the   lo'tiis 

fi-om    the    expansion    caused 

by  the  ojiening  of   the  dnctiis 

arteriosus.       Hi-yoiid      comes 

ii  fusiform  dilatation  reach- 
ing to  the  thor:icic  aort;i  tind 

called    the    (lortir,  Hjiinilh'  of 

His. 

Ilnnic/ifs. — The  aortic  airli 

has  three  bninchcs  springing 

from   its  upper  surface — the 

innominate  or  brachio- 
cephalic artery,  tin;  left  coni- 

m<in    carotid,    and    the    left 

subclavian.     The  left  carotid 

;ind   the   innominate  artr-rics 

;iri^  generally  nearer  together 

than  the  left  ("irolid  and  the 
left  subclavian.  These  ves- 
sels supply  tin'  he;id,  neck, 
upper  extremities,  and  l);irt 
of  the  thorax 

Viiriitirx. — The  upp(-rliiiiil 
of  the    aoi-ta    may    vary    as 

widely  its  two  veriebr:e."  It  is  found  in  some  subjects  !is 
hiL'-h  :"is  the  third  dois;il  vert<'bia.  ;it  the  level  of  thelop 
of  the  sternum,  while  in  others  it  is  as  low  as  the  fifth 
ilorsal.  f^ometimi-s  there  is  complete  latenil  transposition 
of  the  aortie  areh  anil  pulmoniu'y  artery  together  with 
the  great  veins  and  the  divisions  of  the  heart  (ih:<lr<u;ii- 
iliiil  This  aliiHirmality  may  be  conlined  to  these  parts  or 
may  embrace  jill  thi'  v'iscerJi  (.v^Vi/.i  ini-rfstis).  The  aortic 
arch  has  been  observed  to  be  completely  double.  It  lias 
;ilso  been  seen  to  p;iss  to  the  riirht  of  the  trache:iand 
(esophagus  instead  of  to  the  left,  and  to  continue  its 
downward  course  on  the  right  side  of  the  spine.     In  this 
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Fifi.242.  View  of  the  AMoin- 
inal  Aorta.  (From  Joessel- 
Walilever:  '  Lehrbueh  der 
Topoprraphisch-C h  i  r u  rpl  • 
schen  Anatomie.")  1,  liight 
common  carotid;  2. innomi- 
nate artery ;  3,  right  sub- 
clavian art«ry;  4.  riplit 
lymphatic,  duct:  H.  right 
innominate  artery;  fi,  su- 
perior vena  cava :  7.  pos- 
terior intercostal  glands : 
8,  vena  az.vpos:  9,  interior 
vena  cava  ;  10,  right  lumbar 
lymphatic  duct;  11,  left 
liimbar  lymphatic  duct;  12. 
n'ceptaciilum  ehyll:  13, 
thoracic  duct :  14,  posteri- 
or intercostal  glands ;  l-'i, 
aorta ;  hi.  left  innoitunate 
vein;  17,  left  subclavian 
vein ;  is,  left  subclavian 
arterv;  lil,  nmuthof  tbonicic 
(lui-t;  20,  internal  jugular 
vein ;  21,  left  common  cai'o- 
tid. 
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ease  the  throe  branches  have  an  avrangemcul  the  re\e!se 
of  the  \isual  one. 

VarialioMs  in  the  number  and  position  of  the  branehe.s 
of  tlie  areh  are  frequent.  Tliere  may  be  only  one  trunk, 
or  there  may  be  from  one  to  six  inehisive. 

Dkscicndino  Tiioh.\(IC  Aoinw. — At  tlie  termination 
of  the  areh,  at  tlie  lower  border  of  llu^  fourth  dorsal  ver- 
tebra, the  desecuding'  aorta  begins  and  continues  down 
aloni;- the  spine  to  the  fourth  lumbar  vertebra,  where  it 
divides  into  the  two  I'onuuon  iliue  arteries.  Its  direction 
is  not  vertical,  for  as  it  rests  against  the  spine  it  neces- 
sarily follows  the  spinal  curves,  being  concave  forward 
in  the  dorsal  region  and  eonve.x  forward  in  the  lumbar. 
As  ils  commencement  is  to  the  left  of  the  spine  and  its 
termination  nearly  in  the  median  line,  its  general  direc- 
tion thro\ighiiut  its  whole  length  is  inward,  this  being 
more  marked  in  its  upper  part.  The  lower  Hunt  of  the 
thoracic  aorta  is  the  /iinfus  ((ortictiH  at  the  level  of  the 
diaphragm.  This  part  of  the  aorta  is  from  seven  to  eight 
inches  long  and  is  contained  in  the  back  part  of  the  pos- 
terior mediastinum,  where  it  rests  against  the  spine.  Its 
branches  are  small,  and  consequently  its  .size  is  little  di- 
minished (from  23  to  21  nun.). 

Brandies. — The  branches  of  the  descending  thoracic 
aorta,  though  muuerous,  are  .small.  They  are  the  peri- 
cardial, bronchial,  tesophageal,  posterior  mediastinal,  and 
intercostal. 

Varieties. — Now  and  then  an  obliteration  of  the  aorta 
at.  the  point  of  junction  of  the  arch  and  thoracic  aorta  is  ob  - 
served,  just  tielow  the  connection  between  the  ductus  ar- 
teriosus and  the  arch,  known  as  coarctation  of  the  thoracic 
aorta.  This  condition  results  in  the  establishment  of  the 
interesting  collateral  circulation  wliich  takes  place  Not 
infre<iuenlly  variations  in  the  number  and  position  of  the 
branches  of  this  section  of  the  aorta  arc  ol)sei  ved. 

AniMiMi.NAL  AoKTA, — This  name  is  given  to  the  vessel 
between  the  diapliragm  and  its  bifurcatitai  into  the  two 
common  iliac  arteries.  In  relation  to  the  spinal  column 
it  begins  about  the  lower  margin  of  the  last  dorsal  verte- 
bra and  ends  at  a  point  about  the  middle  of  the  fourth 
lumbar  vertebra,  most  generally  slightly  to  the  left,  some- 
times almost  exactly  in  the  median  Ime.  at  other  times 
slightly  to  the  right.  This  point  almost  corresponds  to  the 
level  of  a  line  drawn  between  the  two  iliac  crests  or  to  a 
point  just  below  and  to  the  left  of  the  umliilicus.  In  length 
it  is  aliout  five  inches.  As  its  branchesare  both  numerovis 
and  large,  its  size  rapidly  diminishes.  As  mentioned  be- 
fore, its  curve  as  it  rests  against  the  vertebra^  has  its  con- 
vexity forward,  being  most  prominent  at  the  third  lumbar 
vertebra,  slightly  above  and  to  the;  left  of  tlii!  umbilicus. 

Selationx. — Anterior  to  the  abdominal  aorta  ant  the 
lesser  omentum  and  stomach,  the  solar  plexus,  splenic 
vein,  pancreas,  left  renal  vein,  transverse  duodenum, 
mesentery,  aortic  plexus,  peritoneum,  lynqjhatic  ves.sels 
and  glands,  and  dense  areolar  tissue ;  posterior  to  it  arc  the 
liodies  of  the  vertelnw  and  the  left  hunbar  veins,  the 
thoracic  duct,  and  the  rcceptaculum  chyli.  On  the  right 
are  the  inferior  vena  cava,  right  crus  of  the  diaphragm, 
vena  azygos  major,  thoracic  duct,  and  right  senuluuar 
ganglion.  On  the  left  are  the  sympathetic  nerve  and  the 
left  semilunar  ganglion. 

Branrhen. — These  may  be  classified  luider  two  heads: 
(1)  Visceral — eo'liae  axis  (gastric,  heimtic.  splenic),  supe- 
rior mesenteric,  inferior  mesenteric,  suprarenal,  renal,  and 
spermatic  or  ovarian.  (2)  Parietal — phrenic,  lumbar, 
and  sacra  media.  The  branches  of  the  a<irta  mostly  pass 
olT  at  right  angles. 

Variefie.1.  —  Instances  are  known  in  whicli  the  aorta  is 
divi<led  by  a  septum  for  either  a  part  or  the  whole  of  its 
course,  so  that  two  closely  united  tubes  are  the  result. 
Sometimes  this  condition  hasa  pathological  foiuidation,  at 
other  times  it  is  due  to  an  embryological  defect  in  the 
fusion  of  the  doid)le  fetal  aorta.  The  vessel  has  been 
known,  as  in  certain  (piadrupeds,  to  divide  up  into  an  as 
rending  and  a  descending  branch,  the  former  subdividing 
into  three  trunks  to  supply  the  head  .and  upper  exiremi 
ties.  The  aorta  may  vary  in  position  and  extent.  Its 
lower  limit  may  vary  to  tlie  depth  of  a  hunbar  vertebra, 


so  that  its  bifurcation  may  take  place  at  the  third,  or  even 
higlier,  at  the  fifth.  Itsdeviation  from  its  normal  position 
with  reference!  to  the  vertebral  colunm  is  generalh'  due 
to  i)atliological  changes  rather  than  to  congenital  causes. 
(Juaiu  speaks  of  two  ca.ses  of  a  large  pulmonary  branch 
siiringing  from  the  aorta  very  near  the  cteliac  axis, 
which,  after  having  passed  upward  through  the  (esopha- 
geal foramen  in  the  diaphragm,  sei>arated  into  two 
branches  and  entered  the  lungs  near  their  bases.  Balfour, 
in  writing  of  the  simulation  of  aneurism  by  raaljiositiou 
of  the  aorta  due  to  rickets,  says:  "In  rickety  chests  the 
aorta  may  be  so  deflected,  without  any  marked  dilatation, 
as  to  make  its  pulsation  vi,sible  citlier  to  the  right  or  left 
of  the  sternvuu,  and  so  to  simulate  an  aneurism.  It  is  of 
even  greater  consequence  to  have  proof  that  in  certain 
comparatively  rare  cases  a  similar  abnormal  pulsation 
may  be  due  to  a  trifling  divergence  from  the  normal 
coiuse  of  the  vessel  itself,  apart  from  any  marked  change 
in  the  bony  skeleton.  But  we  must  never  forget  that 
aortic  aneurism  may  coexist  with  malformation  of  the 
thorax  with  or  without  scoliosis,  and  whatever  may  be 
the  condition  of  tlie  skeleton,  any  abnormal  pulsation 
must  be  carefidly  considered  from  e\Try  jmint  of  view 
before  we  are  able  to  give  any  definite  opinion  as  to  what 
it  really  is."  Yirchow  has  pointed  out  the  ri'lation  of  the 
reduction  in  size  of  the  aorta  to  chlorosis,  and  he  named 
the  condition  anrta  elijurntiea.  Congenital  stenosis  of 
the  aorta  is  seldom  seen.  Hosenbach  lias  noted  this  con- 
dition found  together  with  hypertrophy  of  the  heart.  It 
may  cause  sudden  death,  and  when  it  is  present,  other- 
wise unimportant  affections  may  assume  a  grave  aspect, 
from  sudden  untoward  cardiac  s}  mptonis.  In  congenital 
stenosis  of  the  aortic  sy.stem,  a  striking  characteristic  is 
the  continuous  subnormal  temperature  present  in  infec- 
tious diseases  which  normally  show  a  high  temperature. 
In  women  this  condition  is  generally  associated  with  in 
fantile  uterus  and  other  signs  of  arrested  development 

Stkittuhe. — The  aorta  is  very  strong  and  elastic  and  is 
enclo.sed,  like  most  other  arteries,  in  a  sheath,  which  has 
more  connective  than  yellow  elastic  tissue,  so  that,  when 
cut,  the  vessel  shrinks  within  the  sheath.  It  is  composed 
of  three  coats — (1)  tunica  intima;  (2)  tunica  media;  (3) 
tunica  adventitia.  The  internal  coat,  .smooth  and  offering 
but  little,  if  any,  resistance  to  the  blood,  consists  of  three 
layers:  {a)  Epithelial  layer  or  arterial  endothelium. 
This  is  made  up  cIiieHy  of  irregular,  flat,  polygonal  cells 
with  round  or  oval  nuclei  with  nucleoli,  (h)  Subepithe- 
lial layer,  which  is  well  marked  and  consists  of  numerous 
anastomosing  cells  resting  in  a  tlclicately  tibrillated 
groundwork  of  connective  tissue.  There  are,  besides,  elas- 
tic fibres  which  arc  in  connection  with  the  next  layer,  (e) 
Elastic  layer,  which  forms  the  princijial  part  of  this  inner 
coat.  Sometimes  this  network  assumes  characteristics 
which  have  caused  it  to  be  designated  as  the"  perforated  " 
or  "  fenestrated  "  mendirane  of  Heiile.  At  t  imes  it  is  rep- 
resented by  a  longitudinal  network  of  fibres.  The  mid- 
dle coat  is  muscular,  consisting  of  bundles  of  plain  muscle 
fibres,  which  are  disposed  circularly  around  the  ves- 
sel, although  not  forming  a  complete  ring.  These  fibres 
contract  and  relax,  thus  changing  the  calibre  of  the  ves- 
sel. Elastic  fibres  are  also  found  well  developed  in  this 
tunic,  and  there  is  also  considerable  connective  tissue. 
Tills  coat  is  thicker  than  the  corresponding  coat  in  other 
arteries.  It  has  also  relatively  more  elastic  tissue  and  less 
muscular  tissue  than  is  found  in  other  arteries.  The  ex- 
ternal coat  consists  of  white  connective  tissue  and  elastic 
fibres.  The  eonncctive-tissue  bundles  run  chiefly  diag- 
onally around  the  vessel  and  connect  it  with  its  sheath. 
This  is  the  strongest  and  densest  coat. 

I  V.s-.v<'?,'i  aial  3'<;v(S. — Both  small  arteries  and  veins  ram- 
ify in  the  external  coat  of  the  aorta  and  are  called  rasa 
rasannn.  They  serve  as  nutrient  vessels.  Hanvierstjites 
that  in  health  in  the  human  subject  they  never  penetrate 
to  the  middle  coat.  The  inner  coat  is  thought  to  be  nour- 
ished by  tlie  lilood  ciiculating  through  it.  Although  the 
aorta  is  siqiplied  by  nerves,  it  is  insensible  when  in  a 
healthy  condition.  These  nerves  are  chiefly  non-medul- 
lated.     The  finer  branches  are  distributed  chiefly  to  the 
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uiuscnUir  tissiK;  of  the  niiddk'  coat.  Tlic  aorta  i.s  su]) 
plied  by  both  va.so  constrictor  and  vasodilator  tihics. 
Nerve  plexuses  are  forineil  around  the  aorta. 

Plivsioi,o(;v. — Gibson  says  that  it  has  been  di.scovcrrd 
that  the  etTect  of  an  clastic  tube  on  an  inlciiniltcnt  llnu 
of  Ihiid  is  to  convert  it  iiraclically  into  a  conliiuious 
stream.  The  elastic  tube,  also,  by  means  of  its  disleusi- 
bility.  allows  only  pari  of  the  lluid  to  be  driven  on,  and 
so  lessens  the  propelling  force.  Ilamel.  in  cerlaiu  c.xpi'ri. 
incuts  on  a  frog's  muscle,  proved  that  a  contiiuious  stream 
of  lluid  causes  (edema,  while  an  intermillenl  stream  does 
not  have  this  cITcct.  The  pressure  of  the  blood  is  con 
trolled  b_Y  the  "eneral  lawsof  hydrostatics,  e.xceplin,!.''  Ilie 
iiitlnences  resiillin,g  from  cardiac  energy,  arterial  tone, 
and  i)eri|iheral  resistance.  The  avera.ae  blood  pressure 
in  the  aorta  is  conuuoidv  taken  as  about  loO  mm. 

Vetueity  of  tlu-  ISbxiil. — In  consideriug  the  blood  in  the 
arteries,  two  facts  must  be  noted.  Diirin.g  systoh',  the 
jircssure  is  raised  an<l  is  sent,  onward  as  wave  motion. 
Hesides  this,  there  is  the  propulsion  of  the  blood  sent  by 
the  heart  out  into  the  organism.  Arteiial  pulsation  be- 
ginning in  the  aorta  is  "a  wave  of  increased  ])ressure, 
tnivelling  from'llie  centre  lo  IIk-  periphery  of  the  arterial 
system.''  On  account  of  thisconslant  variation  of  jiress 
lire  the  blood  Hows  conlinually  from  tlu^  higher  to  the 
lower  level  of  pressure.  The  three  factors  on  which 
arterial  pulsation  depends  are  quant ily  of  blood,  cardiac 
energy,  and  the  resistance  oll'crcd  by  the  blooil-ves.sels. 
The  force  of  the  heart  beat  has  two  results— potential 
energy  stored  up  in  (he  clastic  arterial  walls,  and  kinetic 
energy,  Avbich  forces  the  blood  onward  During  diastole 
there  is  a  tendency  lo  ne.irative  pressure  in  the  lar.ire 
arteries  leaving  the  heart,  causing  a  "  backward  wave  of 
pressure  and  to  some  extent  a  backward  How  of  blcjod." 

Pathology. — Of  all  the  arteries,  the  aoita,  and  parlic 
nlarly  its  arch,  is  most  subject  lo  pathological  changes. 
First,  as  to  aneurism.  Mcl.achlan  enumeiales  many  rca 
sons  why  this  alVection  sliouhl  be  mon^  common  in  thi' 
thoracic  aorta  than  in  any  ollu'r  part  of  the  vessel.  "  ( I ) 
It  is  much  curved;  {'i)  it  gives  olf  large  briuiches;  (o) 
the  tirst  part  of  the  arch  has  no  sheath,  and  the  rest  of 
the  Ihoracic  aorta  is  but  feebly  su]i|)orled;  (1)  the  jet 
of  Ijlood  driven  againsi  its  upper  wall  at  e;ich  systole  is 
apt  tn  bulge  the  coats  at  that  iioiiit ;  (.■">)  sudden  varia 
lions  in  pressure,  according  to  the  state  of  the  heart ;  (G) 
the  asjiiration  of  thi'  thora.x  alfects  it.  for  as  the  chest 
enlar.ges  the  vessel  lends  to  cxiianil."  When  aneurism  is 
found  in  the  sinuses  of  the  ascending  aorta,  it  is  most 
generally  seen  in  the  right  anterior,  sinci'  this  sinus,  from 
its  position,  is  most  exiioscd  to  the  impulse  of  the  bhiod 
currents,  Wlwii  above  Ihe  sinuses,  the  aneurism  is  geii- 
erall,v  in  Ihe  anterior  wall  of  the  vessel,  owing  probably 
to  the  blood  being  pumped  chictly  against  tliisi)arl.  The 
uneiirisinal  sac  ,irenerally  iiu'lincs  toward  the  right  and 
nio.-f  frequently  bursTs  into  the  jiericardium,  causing  sud- 
den death.  Any  of  Ihe  siructures  in  contact  wilh,  and 
pressed  upon  by,  tiie  aneurism  mav  beall'ecled,  and  Ihe 
resulting  discomforts  are  of  various  kinds.  The  heart 
may  lie  displaced  or  its  movements  ma,v  be  impeded. 
There  may  be  pal])ilalion  orabnormal  pulsation.  (Edema 
occurs  from  i)rcssuieon  the  veins.  Pressure  on  the  (esoph- 
agus may  cause  dysphagia.  Pressure  on  the  trachea  may 
produce  sensations  of  choking,  shortness  of  breath,  or 
noisy  respiral ion  or  brassy  cough.  Pressure  on  Ihe  dif- 
fererit  nerves  may  cause  pain,  ana'sthesia.  paralysis,  altera- 
tion of  voice,  ajilionia,  hiccough,  retching,  nausea,  inllam- 
inalion  of  Uk-  lungs.  The  ])upils  may  be  either  dilated 
or  contracted.  There  may  be  pallor  and  coldness  of  the 
same  side  of  the  face  and  head  from  vasomotor  slimula- 
tion,  and  later  redness  and  increased  heat  of  the  same 
jiarls  from  va.so-niotor  paralysi.s.  Bone  may  be  eroded, 
causing  agonizing  ))ain.  Fatal  hemorrha,tre  usually  re- 
sults from  I  h(^  bursting  of  I  he  aneurism.  Death  may  occur 
from  inanition  in  cons(-(pienceof  pressure  on  the  thoracic 
duct.  tSomelimcs  Ihe  innominate,  subclavian,  or  left 
carotid  may  be  so  blocked  by  clots  as  to  cause  a  partial 
or  coinpleic  disiippcarance  of  the  pulse  on  Ihal  side. 
The  thoracic  aneurism  generally  inclines  backward  along 


the  left  side  of  Ihe  spine,  and  curvalnre  of  Ihe  spine  may 
resiill  from  its  eH'ccts  on  Ihe  bone.  Osier  speaks  of  a 
curious  phenomenon  which  he  has  noticed  in  two  cases 
of  intrathoracic  aneniism — Ihe  clubbing  (d'  the  lingers 
and  Ihe  incurving  of  the  nails  of  one  hand.  In  iieiTher 
case  was  ther('  any  special  distention  or  signs  of  venous 
engorgenient.  .\neurisms  of  Ihe  abdominal  aoria  are 
aboiil  ci|iially  divided  between  the  anieiior  and  ["isterior 
walls  of  the  vessel,  Ihe  most  <  (inmionsilualioji  being  near 
the  (-(eliac  axis.  Tlu;  symptoms  vary  accordingly.  In 
lower  animals  this  vi/sscl  has  been  successfully  lied,  but, 
although  the  exiieriment  has  been  Iried  on  man,  recovery 
has  never  followed.  8ansom.  in  writing  of  Ihe  diseases 
ot  the  aorta,  speaks  of  the  ])ossibilily  of  aliscesses.  The 
vessel  walls  may  be  invaded  by  pyogenic  micro-organ 
isms  which  .gi\'e  rise  lo  abscesses,  .\orlilis  ma\'  be  acule 
or  chronic.  Aiaite  aortitis,  according  lo  Gibson,  may  be 
of  two  kinds — (ii)  an  accompanini(.-nt  of  aciue  di.sc-ase; 
(li)  jirimaiT,  /.<■,,  having  no  apparent  conneclion  with 
acule  (iisea,se.  The  former  may  originate  in  rheinnalism, 
.syphilis,  scarlel  fever,  smallpo.x,  measles,  inlluenza,  and 
tuberculous  conditions.  Il  has  lieen  associated  willi]ieri- 
carditis,  pneumonia,  and  pleurisy.  It  has  billowed  renal 
disease.  o\ crl'aligue,  and  liauiiialism,  and  il  has  coni- 
plicated  pregnancy  and  parlniilion.  In  short,  itiscaused 
by  infections  and  intoxications.  Chronic  aortitis  (athe- 
roma or  endarlerilis  deformans  of  \'irchow)  is  generally 
a  part  of  the  process  of  arteriosclerosis,  and  ils  etiology 
is  essentially  the  ,same,  alcohol,  .syphilis,  and  overwork 
being  rcsiKMisible  in  most  cases.  Atheroma  ma.v  be  nod- 
ular (localized)  or  dilfuse  Tuberculosis  of  Ihe  aorta  has 
been  reported.  Hyaline  degeneration  may  attack  tlu! 
aorta  and,  aciording  to  Osier,  is  conunonly  an  initial 
stage  of  arteriosclerosis.  liardaceous  (amyloid,  waxy,  or 
albuminoid)  degeneration  ]nepares  Ihe  way  for  atrophy 
and  fally  degeneralion  of  lliese  lissnes.  Fatt,v  degenera- 
liiai  is  common.  Calciticalion  of  the  aoria  .srenerally  oc- 
curs in  cases  in  which  the  nnlrition  of  Ihe  vessel  wall  has 
been  impaired  and  commonly  follows  faltv  change  and 
atheroma.  Ossilicalion  of  the  arterial  wall  may  take 
|)lace.  Wounds  (d'  the  aorta  at  the  base  of  the  heart  or 
in  Ihe  descending  portion  are  geneially  ipiickly  fatal  and 
not  within  Ihe  scope  of  surgical  Ircalmenl. 

h'.iiiiiiii  K.   Walker. 

APHASIA. — Aphasia  is  a  term  used  lo  indicate-  any 
distniliaiice  or  |ierversion  of  intellectual  expression.  It 
incbiiles  all  defects  or  disorders  of  inlclleclual  expression, 
whelhei'  such  disorders  be  the  result  (.f  (li.sarrangement 
or  deslriiction  of  Ihe  receptive  or  of  Ihe  emissive  com- 
ponents of  the  speech  mechanism,  or  of  anything  which 
may  be  employed  as  1  he  siibslilulc  or  e(|uivalent  of  speech. 
Thusa  jierson  \s\vi,  despite  Ihe  integrity  of  the  peripheral 
speech  mechanism,  is  unable  to  iiller  his  own  name  or  lo 
give  expression  to  thoughts  arising  in  the  usual  way,  has 
aphasia.  If  he  is  incaiiable  of  communiealing  thoughts 
by  the  employmeni  of  some  e(piivalenl  of  spoken  words, 
such  as  w  riling  of  any  .son  or  by  expressive  mimicry  or 
pantomime  he  likewise  has  aphasia.  .Moreover,  a  |ierson 
has  aphasia  who,  wilh  the  exlracerebral  apparal us  intact, 
is  unable  lo  undersland  Ihe  language  in  llie  use  of  which 
he  has  been  trained;  who  does  not  even  recognize 
although  he  hears,  the  sounds  of  the  most  (ainiliar  nature 
and  words  lo  which  he  has  for  a  lifetime  been  accustomed, 
sucli  as  his  own  name;  and  who — all  hough  h(^  may  be 
able  lo  read — is  unable  to  write  voluntarily  or  from  dic- 
tation, or  lo  ex|uess  his  Ihoughls  by  words,  by  symbols, 
or  by  pantomime 

Yet  even  thes(!  shortcomin.irsdo  nol  cominiseall  that  is 
meant  by  aphasia.  If  a  person  with  normal  ocular  ap 
paralus  looks  upon  a  prinled  or  written  pa,se.  and  th.' 
.symbols  there  wilh  which  he  has  lucviously  been  enlirely 
familiar,  convey  no  meaning  to  him  in  Ihe  shape  of  ap- 
|)roxiiuate  thought  or  idea,  such  person  has  aphasia,  even 
though  he  may  undersland  all  that  is  conununicaled 
orally  lo  him,  and  thou.srh  he  may  himself  lie  able  to  ex- 
press his  Ihoughls  (iiK-omplelcl.v  and  defcclively,  how- 
ever) by  spoken  and  wrilleii  words. 


409 


A|>hnsin. 
Apliasiji, 


REFERENCE  HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


Thus  it  will  be  soon  that  aphasia  may  be  the  result  of 
conditions  by  which  the  patient  is  uiiable  to  part  witli 
the  exjiressivc  eqnivaleul  of  an  idea  which  has  been  prop- 
erly fornicil.  The  failure  is  not  eonlined  to  words,  but 
includes  all  modes  of  expression.  Or  it  may  be  caused 
l)y  any  conditions  that  interfere  with  the  reception  of  im- 
pulses or  stiiuidi  that  enter  into  the  genesis  of  ideas  used 
in  the  construction  of  internal  or  external  language.  As 
movement  in  some  form  is  recpiisite  for  the  manifestation 
of  all  expressions,  defect  of  this  is  the  condition  to  which 
the  term  motor  aphasia  or  aphasia  of  emission  is  ap- 
plied. 

In  the  second  foi'm  of  aphasia  the  sufferer  is  unable  to 
adapt  receptive  comnnuiications  and  make  them  tit  the 
idea  represented  by  the  verhal  symbol,  auditory  or  vis- 
ual:— that  is,  he  has  lost  the  faculty  of  adaptin,g  the 
complement  of  the  word  to  Ids  own  idea;  it  matters  not 
whether  these  words  be  spoken  or  written,  or  conunuui- 
cati'd  by  some  eipnvalent.  such  as  music  and  jiantouuuie 
In  a  general  way.  this  is  aphasia  of  reception,  or  sensory 
aphasia. 

Motor  aphasia,  or  aphasia  of  emission,  which  was  de- 
scribed by  Broea  as  ajiliemia,  and  by  many  writers  after 
him  as  ataxic  aphasia,  may  be  divided  into  as  many 
fornis  as  there  are  liabitual  avenues  of  externalizing 
thoughts.  Ideas  are  usually  exteriorized  by  spoken 
words,  by  written  words,  liy  s.^lnbols,  and  liy  pantomime. 
Thus  we  have  aphasia  of  articulation,  logajihasia;  aplia 
sia  of  writing,  agraphia  or  logagrapbia;  asyndjolia,  and 
asemia.  Aphasia  of  reception,  or  sensory  aphasia,  is  also 
made  up  of  a  nmnber  of  constituents,  tlie  two  great  di- 
visions being  auditory  aphasia,  or  word  deafness,  and  vis- 
ual aphasia,  or  word  blindness.  Each  form  of  aphasia 
admits  in  turn  of  further  subdivision. 

Aphasia  may  be  classified  as  follows: 

1.  True  Aphfisia. — Apliasia  of  apperception.  Due  to 
lesion  of  any  constituent  fif  the  speech  region,  the  zone  of 
langua,ge.  It  might  be  subdivided  into  (a)  vi.sual  apha- 
sia, due  to  lesiou  of  the  visual  areas  and  centix's:  {/') 
auditory  aphasia,  due  to  lesion  of  the  auditory  areas  and 
centre:  (r)  articulatory  kin;i?sthetic  aphasia,  due  to  lesion 
of  the  centre  in  which  are  stored  memories  of  the  move- 
ments necessary  to  externalize  the  word  by  speech. 

2.  Sensory  Apliiisin. — Due  to  lesion  of  tlie  central  and 
peripheral  sensory  pathways  leading  to  the  zone  of  lan- 
gua.ge. 

8.  Motor  ApIiMta. — Due  to  lesion  of  the  motor  path- 
ways, over  \vhich  the  motor  impulses  travel  in  passing  to 
the  peripheral  speech  musculature. 

4.  Coiiipoiind  Aphasiri. — Any  combination  of  two  or 
more  of  these. 

5.  Asxocintire  or  Tnoiscorticnl  Ap/n/sio. 
The  lesion  ma.v  be: 

(1)  In  the  habitual  pathwaj'  traversed  by  impulses  go 
ing  from  the  auditory  to  the  visual  area  (the  patient  can 
hear  a  name,  but  cannot  write  it  from  hearing:  cannot 
write  it  from  dictation,  he  has  paragraphia). 

(2)  It  ma.v  be  in  the  habitual  patliway  of  impulses  go- 
ing from  the  visual  area  to  the  auditory  area  (the  patient 
can  see  an  object,  but  he  cannot  call  up  its  name,  because 
this  requires  the  mediation  of  the  auditory  area). 

{'ij)  A  lesion  that  interru|ils  the  habitual  pathway  that 
impulses  take  when  .going  from  the  auditory  area  to  the 
seat  of  phonetic  memories  in  Broca's  convolution  (the 
patient  can  hear,  can  interjiret  from  liearing,  but  cannot 
talk  correctly:  paraphasia), 

(4)  The  lesion  may  interrupt  the  pathway  taken  by  im- 
pulses going  from  the  visual  area  to  the  auditory  area 
(tlie  patient  is  dyslexic, 'paragraphic,  and  slightly  para- 
pliasic). 

For  purposes  of  convenience  I  shall  adopt  the  following 
classification  as  a  working  one.  and  1  liesire  to  say  at  the 
outset  that  the  word  motor  aphasia  is  never  used  synony- 
mously in  my  own  mind  with  the  word  ataxic  aphasia: 
moreover,  that  the  word  motiir  is  reserved  forapplicalion 
to  that  form  of  aphasia  which  is  anatomically  character 
ized  by  lesion  of  Broca's  convolution,  solely  because  such 
usage  has  been  consecrated  by  lime.     The  images  stored 
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1.  Lesion  of  the  kina^sthetli' -articulatory  centre. 
Broca's  area  (and  probably  of  the  associative  llbres 
coniiectinir  tlieiii  witti  tin-  conical  uiotor  areas  in  the 
Rolandic  ict-nnto,  causjut:  articuhitorv  amnesia. 

'J.  I.oion  nf  inotnf  llbio  which  convey  speech  im- 
pulses :  subcortical  motor  aphasia.  Pure  motor 
apha.sia  of  Dejerine. 

3.  Lesion  of  any  part  of  the  peripheral  neuromus- 
cular apparatus  serving  articulate  expression ;  dys- 
phasia, liillatioiT,  alallia. 

1.  Lcsiiin  of  the  receptive  cells  constituting  the 
auditorv  centre  calI^ing  abolition  of  function,  word 
deafness  ami  ils  entailment. 

2.  Lesion  <if  the  sul)cortical  sensorv  tract:  sub- 
coitlcal  auditory  aphasia;  pure  auditory  aphasia  of 
De,ierine. 

1.  Lesion  of  the  receptive  cells  of  Uie  higher  visual 
centre  causing  word  amnesia,  graphic  and  visual 
word  i)iiurlness.  and  its  entailment. 

«.  Le.siimof  the  sul)eui  ti'al  tract  and  the  primary 
visual  centre  which  ent^iils  loss  of  the  recognition  ot 
things,  words,  and  ohjei'ts :  that  is,  loss  of  their  sig- 
nificance, object  amnesia  or  apraxia,  or  true  neural 
blindness. 

Lesion  of  the  entire  zone  of  language :  disturbed 
function  of  visional,  auditory,  kin;psthetic-articula- 
torv  centres. 


History. — The  real  liistoiy  of  aphasia  dates  from  1.S61, 
In  that  year  Broca  presented  an  epoch-making  comnuini 
cation  to  the  Paris  Anatomical  Society,  which  seemed  to 
jirove  that  the  morbid  antttomy  of  aphasia  was  a  lesion 
of  the  posterior  part  of  the  third  convolution. 

Broca's  communication  opened  a  new  era  in  the  under- 
standing of  .speech.     It  was  not,  however,  more  epoclial 
than  that  which  marks  the  direction  of  "Wernicke's  master  ' 
mind  toward  a  solution  of  the  problems  of  apliasia  in  the 
early  .vears  of  the  seventh  decade  of  this  century. 

Speech  disturbances  had  been  recognized  clinicall.v  and 
stutiied  even  so  far  hack  as  the  time  of  ancient  Grecian 
writers,  who  used  the  term  auandia  to  signify  loss  of 
speech  ;  but  the  tirst  records  of  serious  attempts  to  sti-.dy 
the  facult.v  of  siieech  from  the  standpoint  of  its  pathology 
were  made  by  Bouillaud  in  France  in  1823,  by  Jackson 
in  this  country  in  1839,  by  Dax  in  1830,  and  b.v  Lordat 
in  1843.  Many  years  before,  the  brilliant,  misguided  Gall 
had  located  the  faculty  of  speech  in  the  supra-orbital  con- 
volutions. Early  in  tlie  century  Lordat  seemed  to  have 
an  astonishingly  accurate  conception  of  aphasic  speech 
disturbances  as  they  are  understood  to-da.v.  The  (ier 
mans  made  several  early  contributions  to  the  study  of 
aphasia,  among  them  being  those  of  Bergemann  in  1847, 
Hasbacii  in  1803,  and  Nasse  in  1833.  In  our  own  country 
tlie  observations  of  Jackson  must  be  mentioned,  and  also 
those  of  Rush,  Hun,  Bigelow,  and  others.  The  most  im 
[lortant  etirly  American  contribution  made  to  the  subject 
of  aphasia  Avas  that  of  Seguin  in  1867. 

In  England  the  labors  of  Russell,  Gairdner,  Bastian, 
Broadbent,  Ogle,  and  Bateman  contributed  largely  to  our 
present  knowledge:  in  fact,  the  names  of  these  physicians 
are  landmarks  in  the  history  of  aphasia. 

In  Germany,  the  work  of  "Wernicke,  Grashey,  Licht 
heim,  and  Freud  did  mticli  to  e.x-teud  the  conception  of 
the  term  aphasia  and  to  give  rational  exjdanations  of 
.some  of  its  subdivisions.  "\Vernicke  particularly,  in  1874, 
furnished  a  basis  for  the  conception  of  sensory  aphasia, 
lie  showed  clearly  that  lesion  of  the  first  temporal  g; 
riis  produced  a  syniptom-compli'X,  constituting  what  lie 
called  sensory  aphasia. 

Aside  from  Broca  and  "Wernicke,  the  three  names  that 
stand  out  above  those  of  all  the  others  who  early  increased 
our  knowledge  of  aphasia  are  Trousseau  in  France. 
Iliighlings  Jackstui  in  England,  and  Kussmaul  in  Ger 
many,  the  latter  having  written  in  1877  what  is  to  day 
the  soundest  and  fullest  tfeatise  on  the  subject  of  aphasia 
in  any  language. 

In  1881,  Exner  maintained  that  there  is  a  separate  area 
of  the  bniin  in  which  are  stored  the  motor  memories  of 
writing,  destruction  of  which  area  causes  ti.graphia.  This 
centre  he  jilaced  at  the  base  of  the  left  second  frontal 
convolution.  The  majority  of  modern  iincstigators  and 
writers  on  flic  subject  of  aphasia  ai'c  opposed  to  the  exist- 
ence of  such  a  centre. 
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Of  Italiiin  iiivcslisjalois,  inciilidii  iimst  ]><•  iiuido  ul  llic 
works  of  Seppilli  and  of  Banli. 

In  Fmiicc.  tlif  iiunicroiis  coiitrilnilioiis  of  Trousseau 
were  ably  followed  !)y  those  of  Charcot,  who  sugjresled 
an  exiiluuatioM  of  a|ihasia  based  upon  the  Iheory  of  au- 
tonomous s])eech  eeulies. 

\Vhile  Cliareot's  views  were  beiui;  disseminated  tli<' 
reign  of  diagrams  began,  an  ejioch  wliieli  seems  to  day 
to  liav(!  been  attended  ]irineii)ally  by  the  eoiistruetioii  of 
schemata  by  wliieh  could  be  explained  tlieoretieally  tlie 
different  forms  of  aiihasia  that  iniglit  occur  from  inter- 
rui)tion  in  the  conductive,  receptive,  and  emissive  parts 
of  the  various  speech  centres.  The  names  that  are  par- 
ticularly associated  with  this  ]ieri(«l  are  Wernicke,  Licht 
lieim,  Kahlcr,  and  I'icU. 

In  ISSl  appeared  an  excellent  suuunary  on  "  Word 
lilindness  and  Word  Deafness,"  from  the  pen  of  iMlle. 
SkwortzolT,  Tlirce  years  later,  seu.sory  a|)hasia  was  dis- 
cussed tlioroughly  by  8ei)pilli.  In  issd  Jiallct  coiitrib- 
tited  a  very  serviceable  article  on  "Internal  Langua,t;<' 
and  the  Various  Forms  of  Aphasia.''  and  in  tlie  following 
year  Ross,  of  .M;m('liester,  published  a  most  valuable  series 
of  pajiers  on  "  Aphasia." 

Meanwhik-  there  lifld  been  accumulating  evidence  in 
the  shape  of  apparently  anomalous  cases  to  show  thai  the 
conception  of  aphasia  as  taught  liy  Charcot  and  his  schocjl 
was  largely  erroneous,  and  the  labors  of  Dejerinc  :ind  of 
liis  pui)ils,  of  Serieux,  and  of  others  led  to  the  overthrow 
of  tile  reign  of  autonomous  s])eccli  centres  The  conlri. 
butions  of  Dejerinc  from  l!S7il  to  ISKil  bearing  on  this 
subject  deserve  spc<ial  mention. 

Tlic  invest igal ions  of  Vi.alet,  embodied  in  "  'l"hc  Cereliral 
Centres  of  Vision  uud  the  Intercereliral  N'isual  Mervous 
Apparatus."'  in  l><iKi,  were  also  most  imjiortaut. 

In  1S93  and  189-1  Wyllic^'s  comin-chensive  lectures  on 
the  disturbances  of  speech  appeared.  In  the  following 
year  Freiind,  of  Breslau,  published  a  short  monograph, 
the  thesis  of  which  was  that  tla^  conception  of  socalled 
subcortical  sensory  ajihasia  is  entirely  loo  narrow  . 

In  the  same  year  Redlich  gave  a  detailed  and  iuslruc 
tivc  report  of  a  case  of  pure  word  blindness.  In  ISiMj 
]\Iirallie  revii;wetl  Dejeiine's  work,  made  aii  analy.sis  of 
the  cases  of  sensory  ajiliasia  which  had  been  recorded 
witli  autopsy  lindings.  and  published  sexcral  new  obser 
rations  of  sensory  aphasia. 

In  the  follDwingyear  Lantzcnberg  pid)lished  a  brochure 
on  "  Motor  Aphasia  "  reHectiug  the  teachings  of  IJrissaud 

In  1S97  three  imiiortant  English  contributions  appiMi'ed 
— those  of  Rasliau,  a  pioneer  in  the  subject  whose  early 
utterances  on  aphasia  have  been  shown  by  time  to  be 
astonishingly  correct;  liramwcH's  inastcrful  lectures,  in- 
cludin.s  many  most  important  cases;  and  I'^lder's  studious 
monograph.  In  the  following  year  the  writer  published 
a  volume  on  the  stdiject.  entitled  "  The  (Jcnesis  and  Dis- 
solution of  the  Faculty  of  Sjieech;  A  Study  of  Aphasia" 
(The  Macmillan  Company),  upon  which  this  article  is 
based. 

Tlius  even  tlie  briefest  review  of  the  history  of  aphasia 
'shows  that  this  symptom  has  allnictcd  wide  attention 
during  the  past  third  of  the  nineteenth  century.  Among 
the  names  without  mention  of  which  the  liistoiy  of 
aphasia  should  not  be  written,  are  those  of  Pick.  Ham- 
mond, Ferrier,  Eskridge,  Wilbrand,  licrlin,  (irashcy. 
Soury,  Sachs,  Starr,  Ileiischen,  Ilenshclwooil.  Thomas 
and  lloux,  Strieker,  and  many  others. 

TiiK  Zo.NK  OK  LAN(a  Aoic. — The  /.one  of  language  is  an 
area  of  the  brain  in  which  are  carried  (ai  the  ])rocesses 
essential  to  siK>e<-h  and  its  components.  It  is  tliat  jiarl  of 
tli('  brain  whose  functioning  is  the  neeessiiry  material  sub- 
tratuni  of  eoneepti<in,  of  com|>relicnsion,  and  of  e.\pres 
sion.  This  speech  area  or  zone  of  langua.L'c  is  not.  in  all 
probability,  strictly  delimited.  It  varies  in  indi\  idual 
ca.ses,  and  at  different  periods  of  life  in  the  same  individ- 
ual, i.e.,  it  is  subject  to  ])liylogenelic  variation  and  to 
ontogenetic  variation  as  well ;  the  latter  depending  some- 
what on  till'  speech  acquisition  of  the  individual,  and  on 
the  range  and  nmnber  of  avenues  by  which  he  receives 
or  has  schooled  liimself  to  receive  information  of  objects. 


This  area  is  a  receptive  and  an  emissive  cenln'  for  all 
forms  of  stimuli  or  excitations  that  reach  it,  and  that 
its  individual  developmental  metamorphosis  has  accus- 
tomed it  to  accept,  to  give  tenancy  to,  and  to  elaborate 
into  new  forms  of  stimulation.  It  is  receptive  chieliy  to 
:ui(litory  and  visual  stimuli,  which  it  emits  (o  otlier  ecu- 
Ires,  and  also  to  kina'sthetic,  olfactory,  and  gustatorv 
stimuli.  It  is  emissive  to  the  frontal"  lobes  and  to  l lie 
cortex  of  the  Rolandic  region,  from  which  start  the  mo- 
tor jirojection  tracts  and  liy  which  all  thought  externali 
zation  is  mediated. 

'I'lie  sijcech  area  or  zone  of  langua,irc  is  an  area  made 
lip  of  neurons,  some  of  whi<-h  ,send  their  axones  into  the 
Rolandic  region  and  into  the  frontal  n-gions  of  the  bi'ain, 
while  others  (online  their  distribulion  io  the  s]iecch  area 
it.self ,  and,  as  they  do  not  pass  outside  of  this  area,  thiy 
may  be  looked  upon  as  interceiitral  neurons 

The  zone  of  language  has  no  projection  libres  going 
directly  through  the  motor  projection  tract;  it  sends  no 
impulses  directly  to  the  projection  trad  which  carries 
down  neural  impulses  to  be  externalized  as  speech.  On  the 
contrary,  the  zone  of  language  .sends  impulses  coin]iosed. 
in  the  illiterate,  of  audilory  and  articulatory  memories 
of  the  Avord,  and,  in  the  educated,  of  auditory,  visual, 
and  articulatory  memories,  to  Ihe  Rolandic  corle.x  and  to 
particular  areas  of  this  region,  (le]icndiiig  on  the  manner 
in  which  tlie  idea  is  to  be  exfcMiialized ;  thai  is.  whether 
by  spoken  or  written  word  or  symbol,  or  by  some  form 
of  mimetic  or  purposeful  action.  If  the  idea  is  to  be  ex- 
pressed by  articulate  S])eech,  the  iminilses  are  sent  to 
that  area  of  the  Rolandic  region  in  whieh  there  is  sepa- 
rate al local  ion  for  thi'  movements  of  respiiation,  vocaliza- 
tion, lingual  anil  labial  action.  This  area  is  in  the  front 
of  Ihe  aseei:ding  central  convolution,  adjacent  to  the  area 
in  which  are  stored  sensory  memories  of  articulate  move- 
ments iBroca's  area).  From  here  the  real  motor  impulses 
start.  They  godown  through  the  motor  projection  tract, 
the  axones  of  which  (ii  iita.i.sf  form  the  ])yi'ami<lal  tract, 
and  the  c<'ntral  motor  (iroject ions  of  the  cranial  nerves, 
to  the  various  muscles  whose  contraction  mediates  artic- 
ulate speech.  There  is  reason  to  lielieve  Ihal  these  out- 
going impulses  are  coordinated,  given  rhythm,  force, 
and  association,  not  in  the  cortex  of  the  brain,  but  in  sta- 
tions situated  in  the  brain  ganglia,  the  cerebellum,  and 
the  pons  oblongata,  the  centres  composing  thr'se  stations 
acting  auloma.lically. 

When  the  idea  is  externalized  in  writing,  in  complex 
movemenis  such  as  mimetic  movements,  or  liy  a  sinii)le 
nod  of  negation  or  atlirination,  a  sim|)le  movement  of 
beckoning,  the  genesis  of  the  symbol  or  the  pautomiine 
is  exactly  analogous  Io  that  of  articulate  speech.  They 
arc  the  result  of  inlernal  lan.i;uage  and  rcipiire  the  abso- 
lute integritj- of  the  zone  of  language.  All  thoughts  or 
ideas  are  revealed  through  words,  acts,  anil  deeds,  all  of 
which  are  the  immediate  result  of  muscular  action.  This 
aclion  is  conditioned  by  intluenecs  operativeon  the  Rolan- 
dic cortical  area,  for  it  is  there,  and  there  alone,  that  move- 
menis having  dilTeieutiated  functions  have  representa- 
tion. 

The  centres  of  spi'ech  in  the  area  of  language  are  three 
in  number;  the  centre  for  auditory  memories,  the  centre 
for  visual  memories,  and  the  centre  for  articulatory  kin- 
;estlietic  memories.  The  latter,  unfortunately,  is  often 
called  the  centre  for  motor  memories.  These  three  cen 
Ires  have  a  very  delinite  localization,  and  their  position  is 
of  great  ontogenetic  importance.  The  centre  in  which 
are  stored  the  memories  of  articulation  is  situated  in  the 
third  frontal  convolution.  immedi;itely  adjacent  to  that 
jiorlion  of  the  Rolandic  cortex  the  cells  of  which  give 
origin  to  the  iirojeclion  libres  going  to  the  tongue.  Ihe 
lips,  and  the  larynx;  that  is.  to  the  parts  ■wliieh  supply 
Ihe  perijiheral  mechanism  of  articulate  speech.  The  ecu 
Ire  in  wliieh  are  stored  I  lie  visual  ima.^es  is  situated  in  a 
detitiite  part  of  the  inferior  parietal  lobule,  in  that  jiorlion 
of  the  lobule  known  as  the  angular  gyrus,  and  if  we  have 
in  mind  the  central  projcclions  of  the  oiilic  tract  after  it 
leaves  the  external  genieulale  body,  the  inlerior  (piadri- 
geminal  body,  and  the  [mlvinar  iif  the  Ihalamns.  until 
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they  rracli  IIk-  lingual  and  fusiform  lobuU'S  bordering  the 
calcarinc  fissure,  we  sliall  ajiprceiate  tliat  the  angular 
gyrus  is  the  most  diiwt,  the  most  adjacent,  and  the  most 
eleetive  plaee  in  which  the  visu.il  images  could  lie  stored. 
In  fact,  its  relationship  to  the  jirimary  visual  centre  and 
to  the  libres  that  convey  visual  impulses,  the  radiations 
of  Gratiolet,  is  analogous  to  the  environmental  relation- 
ship between  the  ceuti'e  for  articulatury  memories  and 
the  Holandic  cortex  that  externalizes  speech.  The  third 
centre,  the  auditory  centre,  the  most  important  of  all 
speech  centres,  the  one  by  whose  fimctioning  speech  is 
develope<l.  the  one  that  conditions  spee<h  more  than  do 
both  tii<'  others  combined,  the  one  in  which  words  arc 
]irimarily  revived  in  the  vast  majiuity  of  peoples,  the 
laie  that  is  least  tolerant  of  disorder  withfiut  manifesting 
itself  by  imperfections  of  speech,  is  situated  between 
these  two  centres  in  tlie  zone  of  language,  and  occupies 
the  first  temporal  convolution,  and  particularly  that  por- 
tion of  the  cortex  which  surrounds  the  temporo  parietal 
sulcus.  It  occupies  such  a  ]Misition  in  relation  to  the  dis- 
tribution of  the  auditory  nervvs  and  the  mechanism  of 
hearing  that  experimentalists  as  well  as  clinicians  have 
been  led  to  look  upon  it  as  a  general  auditory  area.  The 
<-eutre  for  the  storage  of  auditory  memories  is  not  placed 
anywhere  in  the  generaf  auditory  area;  it  is  placed  in  the 
jiosterior  part  of  the  first  temporal  immediately  adjacent 
to  the  gyrus  in  which  are  stored  visual  memories.  Thus 
it  will  be  seen  that  the  auditory  and  visual  memories 
which  are  contributory  to  the  development  of  speech  and 
education  in  general  are  not  widely  separated;  they  are. 
on  the  contrary,  immediately  adjacent.  On  the  other 
hand,  they  are  not  adjacent  to  the  centre  in  which  are 
stored  the  memories  of  articulation,  and  to  which  the 
products  of  the  activity  of  the  former  two  are  sent  before 
they  go  to  the  Rolandic  area  cortex  to  be  executed.  Fur- 
thermore, the  location  of  the  visual  and  auditory  centres 
on  the  one  hand,  and  of  the  centre  fcu'  articulatory  mem- 
ories on  the  other,  woidil  seem  to  me  to  have  a  very  defi- 
nite suggestiveness  in  relation  to  the  frontal  lobes,  which 
physiologists,  psychologists,  and  pathologists  believe  to 
be  the  most  essential  parts  of  the  brain  for  the  production 
iif  the  higher  mental  processes — judgment,  will,  inhibi- 
tion, and  emotions — and  whose  integrity  must  be  main- 
tained if  the  individual  is  to  develop  or  persist  in  habits 
of  attention,  concentration  of  thought,  balance  of  feeling, 
sound  judgment,  and  moral  conduct. 

!MoTou  Apii.\si.\. — (1)  Cortical  motor  aphasia:  articu 
latory  kinesthetic  aphasia.    (2)  Subcortical  motoraphasia. 

Disturbance  of  speech  is  manifested  predominantly  in 
its  reception  and  emission,  and  as  the  reception  of  speech 
is  dependent  essentially  on  sensation,  and  only  in  a  con- 
tributory way  on  motion  (movements  of  eyes,  ears,  ex- 
tremities— kimesthetic  .sen.sation).  the  defect  in  speech 
that  results  from  interference  in  the  reception  and  inter 
pretation  of  speech  is  called  sensory  aphasia.  On  the 
other  hand.  connnunic;ition  of  thought  by  speech,  and, 
in  fact,  comnuinication  of  thought  in  any  form,  is  medi- 
ated through  movement.  For  the  spoken  word  it  is  by 
the  coordination  of  the  resjiiratory  movements,  the  mo\'e 
mcuts  of  the  vocal  cords,  the  palate,  tongue,  and  lips;  in 
writing,  by  the  movements  of  the  mobile  part  of  the 
body  holding  the  pen  and  acting  under  the  conscious  or 
sidieonscious  direction  of  the  visual  centre;  in  the  easeof 
liantomime,  by  movements  of  the  muscles  of  the  face  and 
of  the  extremities.  A  lesion  that  disables  or  militates 
against  externalization  of  speech  is  termed,  in  a  gener- 
al way,  and  principally  for  convenience'  .sake,  motor 
aphasia. 

There  are  two  divisions  of  motor  ajihasia,  cortical  and 
subcortical.  Clinically,  if  they  are  studied  with  gri'at 
care,  they  can  be  dilTercnliated,  although  it  mu.st  be  said 
that  the  features  which  allow  us  to  (listinguish  the  one 
from  the  other  are  not  quite  .so  absolute  and  convincing 
as  one  might  be  led  to  infer  from  reading  works  on  the 
subject.  Lichtheim  suggested  a  test  for  subcortical  mo- 
tor apha.sia  to  prove  that  patients  preserve  the  memo 
rial  notion  of  the  word;  that  is.  that  they  have  in  their 
minds  the  name  of  the  object  which  they  are  incapable 


of  emitting.  This  test  is  not  infrequently  mentioned  in 
literature  as  the  IJchtheim  test,  but  it  was  first  suggested 
and  utilized  by  Proust  in  1S73.  To  test  this  deficiency 
of  internal  language,  Proust  and  Liihtheim  showed  that 
it  sufticed  to  ask  the  patient  who  had  heard  some  poly 
syllabic  word,  or  had  seen  and  recognized  the  object  in- 
dicated by  that  word,  to  press  the  interlocutor's  hand  as 
many  times  as  the  word  has  syllables;  and,  if  not  by 
pressure  of  the  hand,  to  indicate  by  some  movement  the 
number  of  syllables;  then  to  indicate  by  similar  pressings 
the  number  of  letters  in  the  word  and  the  number  of  let- 
ters in  the  syllables. 

The  lesion  that  causes  motor  aphasia  is  in  the  great 
majoritj'  of  ca.ses  a  vascular  one.  and  as  the  same  blood- 
vessel, the  left  middle  cerebral,  is  the  principal  me 
dium  of  arterial  supply  for  the  remainder  of  the  speech 
area,  it  is  oul}'  in  exceptional  instances  that  destruction 
of  Broca's  convolution  is  not  accompanied  by  some  ana- 
tomical perversion  of  other  parts  of  the  zone  of  language, 
although  these  are  usually  transitory.  There  is  invari- 
ablj'  some  perversion  of  fiuiction  of  tlie  other  speech  cen- 
tres, because  perfect  speech  demands  the  harmonious  co- 
operation of  all  the  speech  centres,  anil  one  cannot  be 
disordered  without  entailing  derangement  of  all. 

Cortical  Motor  Aphasia  (Articidatory  Kina>sthetic 
Aphasia). — By  cortical  motor  aphasia  I  mean  a  disturb- 
ance of  speech  due  to  loss  of  the  sensory  images  of  articu- 
lation associated  with  loss  of  the  sensory  memories  of  co- 
ordinate movements  entering  into  vocal  expression:  the 
latter  is  not  essential,  but  it  is  an  accompaniment  in 
nearlj'  every  instance.  Cortical  motor  aphasia  is  charac- 
terized particularly  bj-  a  loss  of  spontaneous  and  repeated 
speech,  and  by  the  preservation  of  the  capacity  to  com- 
prehend spoken  six'cch.  The  peripheral  speech  mechan- 
ism— the  tongue,  lips,  palate,  and  vocal  cords — is  in  con- 
dition to  functionate.  The  only  justification  for  the  use 
of  the  word  motor  in  this  form  of  aphasia  is  that  the  im- 
ages of  articulation  are  called  into  being  by  movement 
and  are  externalized  by  moN'cment.  Therefore,  in  true 
cortical  motor  aphasia  there  exists  the  same  inability  to 
call  into  being  tlie  sensory  memories  of  articulation,  and 
thus  to  make  them  a  part  of  internal  speech,  as  there 
is  to  externalize  them  in  theshape  of  articulate  words. 
Afany  of  the  cases  of  aphasia  in  the  literatiue  which  are 
considered  to  belong  in  this  category  are  not  of  this  va- 
riety at  all.  but  are  examples  of  pure  motor  aphasia  (of 
Dejerine).  or  sidjcortical  ajihasia;  that  is.  dist<u-bance  of 
speech  dejicndent  upon  interruption  of  the  projection 
tracts  which  convey  the  articulatory  impidses  from  the 
cortical  area  of  the  peripheral  speech  mechanism  to  the 
peripheral  speech  apparatus. 

Associated  with  this  loss  of  spontaneous  speech,  due 
to  the  destruction  of  the  sensory  images  of  articulation 
stored  up  in  the  foot  of  the  third  frontal  con\olution, 
there  is  a  loss  of  all  forms  of  speech  uttcrauc'e  for  which 
an  evocation  of  articulatory  kina>sthetic  memories  is 
requireil  Tlu'refore  there  are  inability  to  repeat  words 
and  inability  to  read  aloud,  but  the  patient  comprehends 
spoken  words,  oftentimes  somewhat  imperfectly  There 
is  inability  to  express  thoughts  in  writing,  because  in 
writing  the  motor  word  representations  are  always  re- 
vived by  the  imindse  which  travels  from  the  percipient 
centre  (which  is  either  in  the  visual  area  of  the  brain  in 
spontaneous  writing,  or  the  auditory  speech  area  in  writ 
ing  from  dictation)  through  the  articulatory  kina'sthetic 
centre  to  that  ]iart  of  the  Rolandic  region  which  guides 
the  mobile  iiart  of  the  body  holding  the  pen.  On  accoiml 
of  the  ontogenetic  intimacy  existing  between  the  recep 
live  speech  centres  and  the  emissive,  disturbance  of  the 
emissive  speech  centre  almost  invariably  produces  some 
disturbance  which  is  manifest  through  th<'  former.  This 
is  shown  in  cortical  motor  a|>hasia  by  difiicully  in  calling 
vip  promptly  and  with  readiness  auditory  word  images 
to  which  articulatory  kina'sthetic  images  are  subservient, 
and  in  some  degree  by  a  distinbauci^  of  internal  reading. 
In  the  great  majority  of  pcojile  it  is  probable  that  read 
ing  to  one's  self  is  accomplished  by  evoking  the  images 
of  articulation,  and  that  as  a  matter  of  education,  of  ex- 
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])e<liency.  a  short  cut  is  cstablishcj  between  the  iiica  in 
which  visual  images  arc  stored  and  tlic  association  tracts 
coiistituliiiu'  thi'  anatomical  liasis  of  coniprclicnsion 

In  cortical  motor  apliasia  tlicrc  is  soniclinics  very  com 
plcte  amiinia.  'I'liis  is  to  lie  cxiilained  by  the  fact  that 
studied  pantomime  is  associated  normally  with  thearousal 
of  the  iinaiies  of  articidation. 

If  destruction  of  Broc;i's  area  is  total,  or  nearly  so,  the 
capacity  for  articulate  speech  will  be  corrcspondinjjly 
complete:  while  if  the  convolution  of  Broca  be  only  par- 
tially destroyed,  ancl  particularly  if  the  lesion  be  a  v:is 
cillaV  one,  such  as  plu^iuinij  of  the  brancli  of  the  midille 
cerebral  arlery  that  sniiplics  liroca's  convolution,  with 
snbsciiucut  exudation,  a  reparative  process  may  set  in. 
Then  the  dcirrce  of  the  {■onii)leteness  of  the  aphasia  bears 
sonic  relation — Ihonuh  just  how  uuich  caimot  be  sai<l — to 
the  amount  of  repossession  of  artictdatory  imapes. 

The  capacity  for  articulate  expression  which  a  few 
(compared  with  the  entire  number)  motor  ai)hasics  re- 
tain is  for  a  few  words  whose  utterance  i)artakes  more  of 
tlie  nature  of  a  retlcx  act  or  of  an  emotional  possession 
than  it  does  of  a  process  of  intellection. 

Another  very  striking  variety  of  articulate  sin'cch 
whidi  patients  with  motoraphasia  sliow  is  that  to  which 
the  term  lalling  or  lallation  is  ap]ilied. 

Although  in  cortical  motor  aphasiii  the  power  to  make 
voluntary  expression  is  usually  entirc-ly  gone,  the  loss 
may  be  partial.  AVhen  partial,  the  power  of  expression 
is  limited,  as  a  rule,  to  one  or  more  monosylhdiic  words. 
Occasionally  patients  who  are  alllictcil  with  complete 
motor  ajihasia  are  able  to  utter  some  words  of  the  nature 
of  an  oath,  which  seem  to  escape  from  them  in  a  rapid, 
tincontrollahle  way,  or  to  ejaculate  w<irds  expressive  of 
the  feelings.  Such  expressions  are  not  the  jirodtH't  of 
cognition,  but  of  the  emotions,  and  partake  of  the  nature 
of  reflex  action.  Other  ]iatients  r<'pc'al  contiiuially  some 
expressive  or  meaningless  word  or  words.  Such  recur 
ring  utterances  are  distinctive  featuies  of  cortical  motor 
ajihasia,  and  not  of  the  subcortical  variety. 

Cortical  motor  aphasia  is  sometimes  manifest  men'ly 
by  a  loss  of  substantives;  amnesia  of  the  names  of  the 
thin.gs  or  olijects  of  which  the  patient  tries  to  speak, 

A  patient  with  cortical  motor  aphasia  is  unable  to  ex- 
press his  thoughts  in  writing.  His  incapacity  to  write  is 
jiroportionate  to  the  amount  of  derangement  of  internal 
language,  and  it  bearsa  deliiiite  relation  to  the  amount  of 
latent  or  actual  visual  amnesia  of  words  w  liich  every  ]ia- 
ticiit  with  conical  motor  ajihasia  lias.  In  most  cases  i1h' 
caiiacity  to  write  is  limited  to  writing  the  name  and  a 
few  other  words,  such  as  the  age,  the  address,  and  the 
name  of  the  wife  or  the  parents,  that  have  been  done  so 
liabitually.  automatically,  and  frecpicntly  that  they  form 
a  part  of  tlie  iialicnt's  habitual  acts,  and  are  done  almost 
retiexly.  However,  every  modality  of  writing  is  not  in 
terfered  with;  though  writing  voluntarily  and  wriliiii; 
from  dictation  are  iiractically  impossible,  yet  the  patient 
is  able  to  write  from  copy.  .'Motoraphasia  is  almost  in 
variably  associati'd.  at  least  in  the  beginning,  with  right- 
side  hemiplegia,  due  to  extension  of  the  lesion  on  which 
tlie  aphasia  is  dependent  to  the  psychomotor  zone,  and 
this  hemiplegia  jH-evcnts  the  patient  fidiii  writing  with 
the  right  hand. 

Siilii-oi-liriil  Miitiir  Apliiisid — The  term  subiiirl  i(  al  motor 
aphasia  is  used  to  indicat<'  a  partial  or  coiii|il(li'  iiiabiliiy 
to  externalize  s]ieech  which  has  been  |)roperly  formed  in 
tlie  speech  centres  constituting  the  zone  of  language. 
The  lesion  is  one  that  causes  a  break  in  those  speech  car 
rying  neurons  extending  from  the  jiortion  of  the  Kolandic 
cortex  to  which  is  allocated  the  representation  of  the 
different  jiarls  of  the  peripheral  speech  mechanism  to 
tlu^  cells  constituting  the  [icriphcral  lU'iirons  of  the  siinie 
mechanism.  Some  recent  writers,  siitji  as  Ziehen,  use 
the  teriii  "fascicular  anarthria"  to  indicate  the  same 
condition. 

The  symptoms  of  subcortical  motor  ai)hasia  are  )iracli 
cally  the  same  as  those  attending  destruction  of  liroca's 
area,  with  two  striking  and  all-importjint  exceptions. 
The  first  of  these  is  that  the  patient  retains  the  capacity 


to  write,  which  is  lost  in  cortical  motoraphasia  propor 
tionately  to  the  comiiletencss  of  the  a|ihasia;  and.  sec 
oiidly.  the  liatieiit  responds  to  the  Proust  l.ichtheim  test  ; 
thus  proving  that  he  ri'tains  the  ability  to  call  up  spon 
taneoiisly  the  sound  of  the  word,  the  visual  image  of  the 
word,  anil  the  arliculatory  memory  of  the  word. 

When  the  lesion  that  causes  sulicortical  motor  apliasia 
is  situated  at  a  level  as  low  as  the  internal  capsule,  then 
a  diagnosis  can  often  be  made  |>ositively.  not  alone  from 
the  employmeiit  of  the  I'roust  l.ichlheim  test,  but  from 
study  of  liie  dilliculty  of  articulation.  Such  a  patient  has 
all  the  components  of  inleriial  language  absolutely  intact, 
inclusive  of  the  articulatory  kina'sthctic  images  of  words. 
He  hears,  sees,  writes,  mimics,  and  in  other  ways  gives 
evidence  of  intellectual  integrity.  He  is  incapable  only 
of  causing  the  coordinate  movements  which  subserve 
articulate  siieech.  He  may  not  be  totally  devoid  of  power 
of  articulation;  his  incapacity  may  vary  from  simiile 
slurring  anil  elision  of  certain  syllables  and  words, 
through  dysarthria,  dysrhythmia,  up  to  complete  anar 
thria  and  arhylhniia.  and  thus  cumplete  speechlessness. 

In  the  <-onventional  u.«e  of  the  term,  this  condition  is 
aphasia;  but  it  is  not  true  aphasia,  for  true  aphasia  oc 
I  Ills  only  with  lesion  of  the  area  of  language.  Yet  it 
simulates  true  aphasia  so  closi'ly  that  a  dilTerential  diag 
iiipsis  can  be  made  only  after  very  careful  study.  The 
nearer  the  lesion  to  the  cortex,  the  more  dilliciill  will 
this  dilfereiilialion  be  for  such  cases.  All  the  ]iidjectioi] 
libres  coming  from  the  executive  arliculatory  area  are 
more  likely  to  be  involved,  and  with  it  there  may  be 
some  funciional  perversion  (possibly  transitory)  of  the 
zone  of  language. 

The  dillerentialion  of  cortical  and  subcortical  a|)hasia 
sometinies  becomes  of  great  imporlance  fioni  a  medico 
legal  iioini  of  view.  For  instance,  a  patient  who  has 
the  symptom  complex  of  motor  ajihasia  due  to  a  sub 
cortical  lesion  may  be  just  as  comjictcnt  to  make  a  will 
and  disjiose  of  his  jiossessions  as  a  man  w  ho  has  liemian 
asthesia  due  to  a  central  lesion;  but  a  man  who  has  cor 
Ileal  mot  or  ajihasia.  and  thus  a  derangement  of  his  internal 
language,  entailing  some  deviation  from  normal  in  ever>' 
conijionent  of  sjieecli,  be  it  in  hearing,  in  seeing,  or  in 
exjiressing  himself  (including  writing),  may  be  quite  in 
cajiacitaled  from  such  disjiosition.  according  to  the  inter 
jiletallon  of  the  law. 

Cortical  motor  anil  subcortical  motor  aphasia  are  both 
almost  Invariably  associated  with  right  hcmijilegia.  and 
are  dejieiideiit  tijion  the  same  lesion.  In  the  cortical  form 
hcmijilegia  is  ajit  lo  be  less  comjilete,  and  the  sjiasticily 
of  the  jiaralyzed  parts  great.  IMoreover.  it  usually  fol 
lows  imniediately  after  the  stroke,  although  it  may  occur 
wilh  cjiilejisy.  tumors,  abscesses,  foci  of  inflammation, 
or  other  conditions  which  slowly  di'Stroy  Broca'sarea. 

Sf.Nsonv  .\i'ii.\sr.\. — .\s  motor  ajihasia  is  iisi/d  lo  desig 
nale  lliose  disturbances  of  sjicech  exjiri'ssion  in  which  the 
chief  dillicully   is  in  making  sjiccch.  sensory  ajihasia  is 
ajijilied  to  those  cases  in  which  imjicrfectionsof  language, 
disability  or  inability  to  sjieak.  are  due  lo  interference 
with  till'  rccejition  siieech  forms;  that  is.  to  lesion  of  the 
perceiitive  areas  of  the  brain  and  the  immediate  incoming 
and  commissural  jiathways  of  such  areas.     Tlie  jierceji 
five  centres  by  whose   fuiu-t  ioning  SJ)eech  is  ontogeneti 
cally  develojied  are  llie  auditory  and  the  visual,  and  sen 
sory   ajihasia   is   thus   jiraclically   auditory   and    visual 
ajihasia.  and  as  such  I  shall  describe  it. 

Sensory  ajihasia  may  be  delined  as  loss  of  the  under 
standingdf  words,  due  lo  interference  with  the  formation 
of  associations  necessary  for  comjilete  jiercejilion.  Ana 
tomically  sjieaking.  cortical  sensory  ajihasia  might  he 
delined  as  ajihasia  due  lo  lesion  of  the  jiosterior  jiarl  o| 
the  area  of  language,  and  cortical  motor  ajihasia  as  due 
lo  lesion  of  the  anterior  end  of  this  zone.  'l'liesuhcortic;d 
forms  of  each  variety  occur  when  there  is  lesion  of  iIk- 
jialliways  which  carry  imjiressions  into  and  away  from 
the  zone  of  language. 

Sensory  aphasia  jiosscsscs  ci'rtain  general  features 
which  ai-c  in  many  ways  materially  ililVereni  from  llie 
general  feutures  of  motor  aphasia,  and  they  arecxjilaiued 
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by  the  location  and  relationships  of  the  clifTcrcnt  centres, 
>iolor  iipluisia  is  ahnost  invariably  associated  witli  lienii- 
]il('i;ia.  while  sensory  aphasia  is  rarely  aeeonipanied  by 
liciniple!j,ia  unless  the  lesion  is  a  niosl  extensive  and  si' 
vere  one.  In  llie  ease  of  motor  aphasia  Ihis  is  easily  e\- 
plahied  by  Ihe  proximity  of  the  eonvoUition  of  ISroea  to 
llie  motor  centres  in  the  liolandic  rii;ion  and  to  tlu'  motor 
projection  tract.  On  the  other  hand,  if  the  lesion  be  con- 
lined  to  the  posterior  part  of  the  zone  of  laugiiage.  the 
cortical  niot<n'  area  and  the  projection  tract  constituted 
liy  its  central  axones  may  lie  entirely  spared.  Compared 
w  ith  motor  aphasia,  si'ns(n'y  aphasia  is  relatively  more 
often  associated  with  lesions  that  arc  not  ])rimarily  vas- 
cular in  orinin.  In  otlier  words,  it  is  more  likely  looccur 
with  encei)halitis.  with  tumors,  with  injury,  and  with 
certain  degenerative  diseases  of  tla'  brain;  and  thus  its 
evolution  is  often  very  difTereut  from  that  of  motor 
.aphasia.  Whereas  the  former  is  almost  always  abru])t, 
and  subsequent  to  an  apoplectic  stroke  which  usually 
entails  more  or  less  prolonged  loss  of  consciousness,  sen- 
sory apliasia  not  infrequently  unfolds  itself  slowly,  and 
even  when  due  to  a  vascular  lesion  it  oftener  develops 
progressively  or  in  repeated  accessions  than  docs  motor 
aphasia. 

Another  very  striking  feature  of  .sensory  aphasia  is 
that  in  the  beginning  it  is  the  aphasia  of  comparative 
specchfulncss.  while  motor  apihasia  in  the  beginning  is 
usually  absolute  speechlessness.  Sensory  aphasia  is 
characterized  by  logoi'rha'a.  motor  aphasia  by  alogia. 
Then  the  career  of  sensory  aphasia  is  most  instructive. 
The  luifortunate  patient  starts  in  with  his  senseless  lo- 
i|uacity,  and  week  after  week,  sometimes  day  by  ilay,  one 
notes  the  shrinkage  of  bis  irseless  vocalnilary.  through 
the  stages  of  lalliug,  and  of  echoing,  down  to  absolute 
mutism  as  complete  as  that  ini)duce(l  Ijy  total  destruction 
of  the  articulatory  kina'sthetic  area. 

Patients  with  sensory  aiihasia  are  rarely  reduced  to 
a  condition  nf  mutism  by  such  lesion  alone,  because 
destruction  of  the  auditory  centre  is  rarely  complete. 
When  the  lesion  of  the  auditory  centre  is  slight,  the  most 
striking  abn<irniality  in  voluntary  speech  is  the  inability 
to  use  words  willi  their  proju^r  signification,  although  the 
Avords  that  are  used  are  articulated  with  as  much  clear- 
ness and  distincme.ssas  in  the  normal  state.  The  patient 
may  utter  words  that  are  entirely  the  opposite  of  those 
which  he  intended  to  use. 

Till'  defect  of  siicecb  known  as  "  jargonajibasia  "  occurs 
oftentimes  with  sensory  aphasia.  TJiis  may  lie  consid- 
ere<l  a  degree  of  parajiliasia.  although  the  latter  is  ])rop- 
erly  applied  to  a  condition  in  which  words  arc  used  in 
an  incorrect  sense.  Jargonajihasia  consists  of  the  [iro 
duction  of  a  jumble  of  words  all  forged  into  one.  the  syl 
labk'S  of  which  may  be  articulated,  but  the  words  have 
no  similarity  to  words  as  usually  spoken. 

Not  secondary  in  inqjortauee  to  the  information  that 
may  lie  filitained  of  sensory  aiihasia  from  a  study  of  articu- 
late speech,  is  that  which  is  lo  be  had  from  an  examina- 
tion of  the  sjiontaneous,  dictated,  and  copied  writing. 
Patients  with  pronounced  sensory  aphasia  are  not  usually 
hiMniiilegie.  so  that  tests  for  defects  of  writing  can  be 
undertaken  without  trouble  if  the  patient  be  made  to 
conqireheiid  what  is  wanted  Defectsin  writing  are  most 
striking  when  visual  a]ihasia  is  the  prominent  feature  of 
the  aplia.sla.  altliough  they  occur  in  every  case  of  sensory 
aph.isla.  The  degree  to  which  spontaneous  writing  may 
be  preserved  or  lost  in  sensory  aphasia  varies  with  the 
jiaticnt,  an<l  with  the  scat  and  the  intensity  of  the  lesion. 
(Oftentimes  there  is  preserved,  even  in  cases  of  genuine 
visual  aphasia,  the  ability  to  write  a  few  words'sponta- 
neously  If  the  patient  has  destruction  of  the  angular 
gyrus,  there  w  ill  he  practically  total  agraphia.  If  the 
lesion  is  princi]ially  a  deslruciion  of  the  auditory  area. 
I  lure  will  be  jilisolute  inaliillly  to  write  from  ilict:iti<in ; 
.and  even  though  wriling  spontaneou.sly  may  be  preserved 
to  ii  very  limited  extent,  the  words  or  .sentences  produced 
will  be  markedly  disordcreil  in  their  arrangement. 

The  power  to  write  after  co]iy  is  preserved  in  every 
case  of  genuine  sensory  aphasia,  but  the  patient  copies 


in  a  way  that  at  once  puts  the  stamp  of  his  infirmity 
upon  his  work.     He  copies  letters  the  w'ay  a  beginner 
does  a  drawing,  and  makes  an  exact  reproduction  of  what' 
•  is  before  him. 

In  iiitdiUiri/  aphasia  there  is  inaliility  to  understand 
spoken  worils.  This  is  dependent  apparently  upon  the 
total  loss  of  auditory  verbal  memory  images.  It  is  one 
of  the  uueommoncst  forms  of  aphasia,  and  it  rarely  occurs 
independently,  being  frequentl}- associated  with  some  de- 
gree of  visual  aphasia  or  motor  aphasia. 

The  seat  of  tin.'  lesion  which  causes  auditory  ajihasia  is 
the  cortex  of  the  middle  and  posterior  portions  of  tlie  first 
temporal  convolution,  extending  over  into  the  second 
temporal  and  upward  into  the  supramarginal  convolu- 
tion, where  it  impinges  upon  the  cortical  area  for  visual 
verbal  images. 

The  symptoms  of  auditory  aphasia  are  subjective  and 
objective.  If  the  aphasia  is  limited  to  simple  word  deaf- 
ness, the  patient  hears  the  voice  in  which  words  are  spo- 
ken, but  the  words  convey  no  idea  to  him.  and  he  has  no 
more  comprehension  what  they  mean  than  if  they  were 
spoken  in  a  tongue  which  be  never  befia-e  had  "heard, 
lie,  however,  recognizes  the  si.guiticance  of  other  sounds, 
unless  it  be  that  the  memory  pictures  for  such  sounds 
are  also  lost.  Naturally  there  are  different  degrees  of 
word  deafness,  depending  ujiou  the  extent  of  the  lesion 
or  the  destruction  of  the  auditory  area.  In  some  cases 
the  extent  is  .so  great  that  the  sound  of  the  voice  which 
speaks  them  is  simply  perceived  as  a  sound,  and  sucii 
patients  do  not  recognize  the  sound  of  their  own  name. 
In  other  instances  they  recognize  the  sounds  of  their  own 
names,  and  possibly  the  names  of  other  members  of  their 
family,  their  places  of  residence,  business,  etc. 

In  the  milder  forms  of  auditoiy  aphasia  it  is  often  nec- 
essaiy,  in  order  to  estimate  correctly  the  degree  of  word 
deafness,  to  test  the  patient  carefully  and  repeatedly. 

The  concomitant  accompaniments  of  word  deafness 
are  inability  to  write  from  dictation,  defective  compre- 
hension of  what  is  read,  imperfect  writing,  paragraphia, 
etc.  The  first  needs  no  explanation.  The  power  of  in- 
ternal reading  is  disordered,  because  the  primarily  excited 
visual  word  centre,  in  transmitting  the  impulses  to  the 
auditory  area,  tinds  the  latter  disordered,  and  there  is  in 
consequence  defective  revival  of  corresponding  word 
memories  and  lack  of  comprehension  of  what  is  read. 
The  paragra]ihia  is  an  expression  of  the  disorder  of  inter- 
nal language,  which  is  always  present  in  true  auditory 
aphasia. 

A  patient  with  word  deafness,  having  a  lesion  that 
cuts  him  off  from  the  significance  of  all  that  is  Siiid  to 
him.  is  practically  rendered  deaf.  He  is  quiet  and  obser- 
vant;' his  glance  betrays  suspicion  or  fear,  and  his  de- 
meanor is  often  one  of  trouble  and  unrest.  This  change 
of  demeanor  and  manner,  the  inability  to  repeat  from 
dictation,  and  the  profound  diminution,  even  to  complete 
absence,  of  spontaneous  speech,  have  often  led  physicians 
and  laymen  alike  to  look  upon  these  unfortunate  patients 
as  insane. 

Wold  deafness  rarely,  if  ever,  exists  alone.  It  is  often 
associated  with  cortical  motor  aphasia,  and  frequently, 
on  account  of  the  proximity  of  the  auditory  area  to  tiic 
visual  area,  with  some  degree  of  word  blindness. 

There  must  necessarily  be  as  many  forms  of  atiditory 
aphasia  as  there  are  distinctive  symbolic  sounds.  Spoken 
speech  is  the  most  highly  symbolic,  the  next  most  differ 
cntiated  to  music.  To  tlic  form  of  aphasia  in  which  there 
is  deafness  for  musical  notes  the  designation  tone  deaf 
ness  (musical  deafness)  is  given.  >Iusical  lieafncss  is 
almost  always  associated  with  word  deafness,  but  there 
have  been  a  few  cases  recorded  in  which  it  occurred 
apart  from  the  latter. 

The  clinical  forms  of  amusia  are  strikingly  analogous 
to  the  clinical  forms  of  aphasia,  and  they  generally  ac- 
company the  lattc]-,  although  the  different  varieties  of 
amusia  have  some  clinical  independence, 

ViKtiaJ  Aphaxid  :  ]'rrl>nl  fH/iKhuss  ;  Word  liliiidness. — 
This  is  a  form  of  ajihasia  in  which  there  is  a  loss  of  the 
siguilicance  of  written  or  printed  words,  although  the 
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words  tbenisi'lvi's  can  be  scon  willi  riistdiiiuiv  <listiii<! 
iicss.     lu  the  form  of  aphasia  dcstribeil  as  vcrlial  liMiul 
lU'SS  the  patient  can  sec  the  woril  i)crt'ectly.  hut  lie  ,i;ath<  is 
no  meaning  from  it.     The  peripheral  visual  api)aratus  is 
intact.     A  printed  paiie  of  a  hmjruage  previously  enlirely 
1'amiliar  to  the  patient  sull'ering  from  this  form  of  ai)liasia 
<'oiiveys  no  more  meaning  to  liim   than  <loes  a   page  (jf 
Greek  or  llehrcu  to  the  illilerale,  or  a   page  of  Chinese 
.symbols  to  him  who  reads  only  English,  although  he  sees 
with  the  greatest  distinctness  the  letters  |irinled  or  writ 
leu.  an<l  he  may  even  be  able  to  tell   the  handwriting  of 
one  person  fiom  that  of  another.     As  in  woid  deafness. 
in  the  literal  interpretation  of  the  term,  the  defect   is  not 
word  blindness,   but  loss  of  the  siguilieauee  of  grajiliic 
words.      Words  seen  do  not  arouse  a  eorrespondiug  eon 
tent  of  consciousness. 

Word  blinilni'ss  may  be  elassilied  according  to  the  de 
gree  of  its  comi)leteness  and  aeconling  t(i  the  Uind  of  con- 
crete written  or  printed  syudiols  which  we  associate  with 
ideas,  such  as  algel]raic  symbols,  musical  notes,  geomet- 
rical figures,  hierogly|)hs,  etc.,  that  the  palicul  is  unable 
to  recogni/e.  Whi'ii '  the  umuodilicd  term  word  blinil- 
ness  is  used,  it  is  understood  that  other  forms  ol  )iriiited 
and  written  symbols  than  letters  and  words  are  si'cn 
and  iuteriircted.  and  that  they  call  forth  corresponding 
ideas. 

The  visual  area  is  in  the  posteri<ir  end  of  the  brain.  It 
is  made  U[)  of  two  more  or  less  distinct  centres;  a  visual 
perceptive  centre  and  a  centre  in  which  is  stored  the 
visual  memory  of  words  and  other  symfjols.  The  former 
is  situated  on  the  mesial  surface  of  the  occi))ital  loi)cs  in 
\\u:  environmental  area  of  thecalcariue  li.ssure;  tlie  latter 
(usually  known  as  the  visual  centre)  is  in  the  posterior 
portion  of  the  inferior  jiarietal  lolude,  the  angulai'  gyrus, 
and  lliead,jacent  margin  of  the  su|iramargiMal  ((aivolu 
tion  which  curves  over  the  posterior  c.vtrcunty  of  the 
ti.ssure  of  Sylvius.  Destruction  of  this  centre  produces  a 
form  of  sensoiy  aphasia  in  which  there  is  inability  to  ]uit 
interpretation  on  word.s  seen  and  c'onse(|ueut  inaliility  to 
read — the  condition  known  as  word  blindness,  alexia,  but 
it  causes  no  loss  of  visual  acuteness.  The  primaiT  \isual 
ai'ea  and  the  higher  visual  ccntri'  arc  frcipienlly  <lisea.sid 
simultaneously,  but  the  symptoms  |irodui'eil  byeaclican 
be  dilfcrentiated.  In  these  eases  it  is  to  be  understood 
that  there  is  no  lesion  of  the  peripheral  visual  apparatus, 
although  the  coiidilion  known  as  homonymous  hemian- 
opsia oftentimes  exists. 

Word  blindness  in  its  simplest  form  entails  alexia,  in- 
ability to  read,  or  inability  to  get  any  iid'ormation  from 
written  or  |)rintcd  symltols.  IS'aturally  there  are  various 
degrees  of  ititensity  of  word  bliialness.  The  patient  may 
be  unalile  to  rea<l  words,  and  y<t  retain  the  faculty  of 
recognizing  leltc't'S;  or.  (Mi  the  other  hand,  this  may  also 
be  lost,  constituting  literal  as  well  as  \ crlial  blindness;  or 
he  m;iy  be  able  to  recognize  letters  and  unable  lo  join 
tliem  into  syllables  (asyllabia). 

In  many  cases  of  visual  aphasia,  or  word  blindness,  the 
patient,  although  tibsolutely  unable  to  rec<ignize  any- 
thing else,  still  iells  his  own  name  when  he  sees  it  writ- 
ten. But  ludess  he  has  been  accustomed  to  see  it  in 
print,  he  will  not  recognize  it.  In  such  cases  it  is  undei- 
stood  that  the  angular  gyrus  is  not  comiiletely  destroyed. 
Oftentimes  t!u'  patient  will  preserve  a  recognition  of  a 
numberof  other  word.s.  particularly  of  names  with  which 
he  has  been  for  a  long  time  familiar.  Occasionally  cases 
arc  met  with  in  which  the  verbal  blindness  is  so  very 
slight  that  it  re(Hiircs  careful  and  persistent  e.xanunation 
to  reveal  it. 

If  the  angular  gyrus  is  completely  de.stroycil.  the  fac 
ulty  of  writing  is  lost  with  it.  In  those  cases  in  whic'h 
voluntary  writing  is  preserved,  the  lesion  invfilves  the 
l)rimary  visual  centre,  and.  as  this  lesion  is  so  often  asso- 
ciated with  right  homonymous  hemianopsia,  the  patient 
begins  to  write  at  the  extreme  left  .side  of  the  .sheet  anil 
stops  in  the  middle  of  the  page.  These  patietits.  being 
unable  to  read  what  they  have  written,  are  totally  un- 
conscious of  any  errors  of  spelling  or  phraseology  that 
they  may  make,  although  they  may  put  the  words  on 


paper  in  as  orderly  a  fashion  as  they  were  able  lo  do  lie 
lore  the  development  of  the  aphasia. 

If  the  auditory  centre  is  uninjured,  the  patient  is  able 
to  comprehend  what  is  read  to  him,  and  if  ins  (jwu  hand 
writin,g  is  read   he  may   be  able  to  detect  errors  of   se- 
i|uence,  of  diction,  and  of  spelling,  but  he  is  unable  to 
take  a  pen  and  correct  them. 

Patients  with  word  blindness  arc  sometimes  able  lo 
read  written  or  printed  words  and  sentences  by  tracing 
the  word  with  the  end  of  the  index  tingei-  or  with  a  pen 
cil.  Such  patients,  by  utilizing  kina'sthetie  stimuli,  ex 
cit<'  previous  kina'sthetic  memories,  which  in  turn  react 
upon  or  act  conjointly  with  auditory  and  articulabay 
memories  to  revive  the  mental  concept  of  tli<'  word. 

The  patient  may  not  be  blind  to  all  birms  of  notation, 
.graphic  and  syndjolic  representation.  Thus  tla^re  may 
be  sensory  amusia,  sensory  asvmbolia,  sensory  aminda. 
etc. 

There  are  two  or  three  sub(li\isions  of  visual  aphasia, 
to  which  I  .shall  refer.  The  lirst  is  the  form  in  which 
thi'i-c  is  loss  of  the  perception  of  the  word,  not  only  of 
the  visual  impressions  corresponding  to  the  word,  but  a 
loss  of  the  value  of  the  ,symbol  in  arousing  the  i<lea  of 
which  it  is  the  written  representation.  This  form  of  sen 
sory  visual  aphasia  is  entitled  to  the  name  "loss  of  word 
visualization."  verljal  amnesia,  or  ]isychie  blindness  of 
words.  I'nlike  word  blindness,  the  patient  interprets 
letters  as  letters  and  words  as  words,  and  he  can  read 
them  and  copy  them,  but  they  convey  no  meaning  to 
him  after  he  has  read  them.  \Vhen  thiy  are  pronounced 
beb)re  him  he  hears  and  interprets  them  very  reailily, 
but  he  has  no  idea  that  flaw  ar<'  the  same  words  that  he 
has  been  reading  or  copying  uidess  he  is  so  informed. 

The  lesion  which  produces  such  a  condition  is  one  that 
inlerferes  with  the  |iatli\vay  that  conveys  the  sensation 
fr(jm  the  printed  word  or  oiijcct  to  the  idea,  or  to  where 
the  idea  is  formed. 

A  second  s\ibdivision  is  that  in  which  the  patient,  on 
looking  at  tin  object  wdnch  he  has  previously  seen  and 
used,  is  unable  to  call  up  its  name,  although  he  is  in  con- 
dition to  utter  the  name  if  he  could  call  it  up.  This  is  the 
loudition  lo  which  the  name  "optic  ajihasia''  has  been 
given  by  Freuud.  The  striking  .symjitom  is  the  inability 
to  name  thin.ys.  The  lesion  inlenupts  the  p.atliways  that 
unite  the  seat  of  cortical  visual  representation  and  the 
seat  of  cortical  auditory  memories. 

In  addition  to  the  kind  of  visual  aphasia  in  which  there 
is  loss  of  memory  for  written  and  jirinted  letters,  and  to 
which  the  name  "verbal  amnesia"  or  "psychic  blindness 
of  words''  has  been  given,  there  is  a  form  of  less  common 
but  tnore  striking  occurrence,  known  as  psychic  blindness 
or  mind  blindness,  the  "  Seelenblindheit  "  of  tbi'  (iermans. 
■'Cecitc  psychique"  of  the  French,  a  condition  not  infre- 
(piently  associated  witli  the  ordinary  form  of  word  blind 
ni-ss  and  letter  blindness.  In  this  condition  the  patient 
not  only  d(jes  not  recognize  the  significance  of  letters, 
but  he  loses  the  jiower  to  ditVerentiale  between  familiar 
objects  or  persons  and  to  distin,<ruish  the  use  of  things. 

The  condition  known  asapraxia — the  inabilit,v  to  com- 
prehend the  usage  of  ordinary  objects  and  things  to 
which  one  has  been  accustomed — is  analogous  to  this, 
'I'hc  nature  of  the  ajinixia  is  probalily  an  abolition  of  the 
visual  memories  of  objects,  which  memories  have  been 
stcaed  up  in  the  higher  visual  area,  a  condition  analogous 
to  that  of  word  blindness.  The  patient  who  has  this 
conililioti  may  sec  the  object;  that  is,  he  sees  il  objec- 
tiveiy,  but  he  does  not  see  it  sidijectivcly. 

The  subcortical  forms  of  sensory  aphasia,  pure  sensory 
ajihasia  of  Dejerine,  are  analogroiis  to  the  subcortical 
forms  of  motor  aphasia.  The  lesion  of  subcortical  sen- 
sory aphasia  is  one  that  inlerferes  with  the  passage  of  the 
spoken  and  written  word  to  the  idea  of  the  word  or  lo 
where  the  idea  is  formed,  it  being  understood  that  the 
structures  bj-  whose  functioning  the  idea  of  the  word 
is  formed  are  intact. 

The  real  components  of  sensory  aphasia  ari'  visual 
aphasia  and  auditory  aphasia,  and  it  follows  that  the 
visual  cortical  area  and  the  auditory  cortictil  area  are  the 
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parts  by  virtue  of  whoso  activity  one  gets  a  visual  and 
auditory  idea  of  worils.  Tlierofore,  tlicre  may  be  a  sub- 
eortical  iiiliTruption  of  tlie  visual  aud  auditory  pathways 
wliich  eausrs  a  svdieortieal  visual  aphasia  and  a  sulu-or- 
tieal  auditory  aphasia. 

In  sulirortical  visual  apliasia  coniii'dion  with  tlie  pri 
mary  visual  ccnlrcs  is  severed,  and  eiinsc(|uenllv  the 
hiirher  visual  centre,  although  retentive  ot  its  anatoniieal 
integrity,  is  i)erverted  in  its  physiological  aliility.  The 
connection  of  the  visual  centre  with,  the  other  speech 
centres  is  not  disturbed,  except  in  so  far  as  the  latter  are 
not  properly  and  customarily  influenced  on  account  of 
the  fact  that  the  visual  centre  itself  does  not  receive  cus- 
tomary stimuli.  This  accounts  for  tlie  occasional  occur- 
rence of  shortcomings  of  speecli  (slight  paraphasia,  such 
as  noted  by  Braniwell),  which  might  otherwise  seem 
parado.xieal. 

Tlie  symptoms  of  sidjcortical  visual  aphasia  \'ary  some 
what  with  the  seat  of  the  lesion,  i.e.,  with  its  pro.ximity 
to  the  left  angular  gyrus.  Generally  speaking,  they  are 
verlial  blindness,  always  associateil  \vith  right  latei'al 
homonymous  hemianopsia,  as  the  lesion  is  either  of  the 
primary  visual  area,  in  the  cortex  of  the  occipital  lobe 
bordering  on  the  calcai'ine  fissure,  or  of  the  optic  radia- 
tions connecting  the  occipital  lobes  with  the  left  angular 
gyrus,  the  higher  visual  centre. 

Spontaneous  speech,  except  occasionally  the  slight  para- 
phrasia  already  referred  to,  and  capacity  to  reiieat  are 
intact.  The  patient  is  able  to  write  vobintarily  and  from 
dictation,  but  he  cannot  read  what  has  been  written  any 
more  than  he  can  read  what  some  one  else  lias  written, 
except  in  those  instances  in  which  tiic  sense  can  be  gatli 
ered  from  tracing  each  letter  with  the  tinger  tip.  Tin- 
patient  understands  readily  what  is  said  to  him  and  can 
reply  intelligently  and  correctly. 

Subcortical  visual  aphasia  may  or  may  not  be  accom- 
panied by  a  degree  of  optic  aphasia  manifested  byinaliil- 
ity  to  name  objects.  Whether  or  not  these  patients  have 
any  difficulty  in  spelling  needs  further  investigation. 
In  all  probabilit}-  they  do  not,  save  in  rare  instances. 

Subcortical  word  deafness,  or  pure  word  deafness  of 
Dejerine,  is  characterized  especially  by  inability  to  under- 
stand spoken  words,  and,  naturally,  Viy  inability  to  write 
from  dictation.  It  is  of  much  less  frec|uent  occurrence 
than  subcortical  visual  aphasia.  The  feature  that  dis- 
tinguishes it  from  cortical  auilitoi-y  a])hasia  is  the  fact 
that  spontaneous  speech  is  preserved,  there  is  no  amnesia 
verbalis,  tlie  patient  is  able  to  read  aloud,  to  write  volun- 
tarily, to  copy,  and  to  read  understandingly  what  he  and 
others  have  written.  As  in  every  other  furm  of  subcor- 
tical aphasia,  every  constituent  of  internal  language  is 
intact.  It  is  rarely  if  ever  associated  with  jiaralysis  of 
the  extremities. 

Occasionally  cases  of  aphasia  are  encountered  in  which 
there  is  a  disturbance  of  all  fcirms  of  intellectual  expres- 
sion, involving  disturbance  in  the  reception  of  stimuli 
which  condition  mental  states  preimratory  to  speech,  and 
disturbance  in  the  emission  of  such  mental  states.  To 
such  cases  the  name  total  a]ihasia  is  given  because  it  in- 
cludes the  phenomena  of  both  motor  and  sensory  aphasia. 

ni.\GNosis. — The  first  step  in  attempting  the  diagnosis 
of  aphasia  is  a  simple  method  of  eliciting  and  associating 
the  different  syniiitoniatic  constituents.  It  should  be 
kept  in  mind  that  the  sjieech  faculty  consists  of  two 
parts,  the  reeeptivi'  and  the  emissive,  and  that  either  of 
these  two  jiarts  may  manifest  the  predominance  of  the 
apliasic  symptoms,  but  that  in  true  aphasia,  that  is, 
aphasia  dependent  upon  lesion  of  the  speech  centres, 
neither  can  be  the  sole  medium  of  manifestation  of 
the  siiceeli  defects.  It  should  further  he  remembered 
that  emissive  speech  is  manifest  by  articulation,  tiy  writ- 
ing, by  pantomime,  and  that  integrity  of  the  receptive 
side  of  language  is  couuneiisurale  with  the  interpretation 
of  visual  and  auditory  stimuli. 

The  attitude,  the  demeanor,  the  conduct  of  the  patient 
may  be  of  the  greatest  service  in  orienting  the  physician, 
from  the  very  beginning  of  the  examination.  The  de- 
meanor and  expression  of  one  with  auditory  aphasia  are 


frequently  those  of  a  person  who  has  lost  all  interest  in 
his  surroundings,  and  his  attitude  is  that  of  a  deaf  per- 
son who  is  slightly  demented.  The  same  is  true,  though 
to  a  lesser  degree,  of  the  jiatient  with  visual  aphasia. 
Moreover,  patients  who  have  this  form  of  aphasia  are 
often  garrulous,  and  on  the  slightest  provocation,  or 
without  iirovocatiou.  emit  a  string  of  articulate  or  gib 
berish  sounds  that  convey  no  meaning  to  tho.se  about 
them.  This  is  especially  true  of  cases  of  not  very  pro- 
tracted duration.  Patients  with  cortical  motor  aphasia 
and  with  subcortical  motor  ajjliasia,  on  the  other  hand, 
]>resent  a  very  ditferent  as|iect.  The}'  are  often  abso- 
lutely silent  but  watchful,  and  the  intensity  with  which 
they  hold  every  move  of  the  persons  surrounding  them 
is  often  striking.  This  intensity  of  observation  is  ]iartie 
ularly  to  be  marked  in  casi's  of  subcortical  motor  ajihasia 
in  wiiich  the  patient  is  absolutely  speechless  yet  cajiable 
of  the  fullest  understanding  of  all  that  goes  on  about 
him  and  within  his  hearing  and  vision. 

A  number  of  schemes  have  been  devised  to  facilitate 
the  examination  of  aphasic  patients,  but  I  have  found 
the  following  simple  plan  most  serviceable  After  se 
curing  a  general  history  of  the  patient's  life  and  of  his 
previous  illness  from  some  member  of  the  tamily,  and  in 
this  way  getting  information  of  the  character  of  the  dis 
ease  of  which  the  apha.sia  is  a  sym|)tom.  the  patient's 
ability  to  express  ideas,  to  receive  and  interpret  informa- 
tion, should  be  inquired  into.  The  mental  processes, 
apart  from  the  manifestation  of  mental  states  and  the 
mental  capacity  for  the  receiition  of  sensory  stimuli, 
should  then  be  examined.  Although  a  number  of  the.se 
may  be  determined  simultaneously,  it  is  best  to  take  each 
one  separately. 

Ill  approaching  a  patient  with  aphasia  it  is  natural 
that  the  endeavor  should  be  made  to  elicit  information  by 
speaking  to  him.  It  becomes  necessary,  therefore,  to 
determine  if  the  patient  takes  note  of  what  is  .said  to 
him  orally,  aud,  secondly,  if  he  understands  what  is  said. 
In  other  words,  does  spoken  speech  awaken  in  his  audi- 
tory centre  corresponding  memories"?  This  can  be  done 
ordinarily  by  asking  some  simple  question,  as,  "How 
long  have  you  been  sick"?"  or  by  addressing  to  him  some 
simple  command,  such  as,  '"Give  me  your  hand."  Care 
must  be  taken  not  to  employ  too  couvenliimal  questions 
or  commands,  such  as,  "What  is  your  name'?"  "Put  out 
the  tongue,"  etc.  The  patient  may  have  lost  the  audi- 
tory apperceptive  faculty  and  still,  oftentimes,  make 
reasonable  repl\'  to  such  questions,  merely  from  associa 
tion  and  habit.  Naturally  the  patient  should  get  no 
information  of  what  is  being  asked  through  any  other 
avenues  than  those  of  hearing.  Such  patients  are  quick 
to  grasp,  particularly  if  they  have  been  aphasic  for  some 
time,  the  significance  of  even  slight  emotional  expression 
or  pantomime  on  the  part  of  the  interlocutor.  If  the 
])atient  does  not  K\A\  to  such  questions  or  commands, 
there  may  be  trouble  with  the  receptive  or  with  the 
emissive  speech  faculties.  If  he  js  word  deaf — that  is. 
if  the  trouble  is  one  that  prevents  the  sound  of  the  word 
from  reaching  the  centre  in  which  the  memories  of  pre 
vious  word  sounds  are  stored  up — the  patient  will  not 
endeavor  to  respond  by  word  or  act,  though  in  some  in- 
stances he  does  so.  Nor  "will  the  face  show  the  slight 
est  response  or  indication  of  comiu'chension.  If  he  does 
respond,  the  diagnostic  feature  is  that  his  answer,  even 
though  it  be  made  up  of  articulali'  words,  has  no  perti- 
nency or  bearing  on  the  (piestion.  If  the  patient  is  not 
woni-deaf,  he  will  make  some  movement,  be  it  of  the 
head,  hand,  or  features,  to  indicate  that  though  he  tin 
derstauds  he  cannot  re])ly.  Generall_v  this  gesture  is 
very  significant.  It  consists  of  a  despairing  expression 
of  the  countenance  aud  a  touching  of  the  lips  or  the 
throat  with  the  tingers.  Oftentimes  the  question  can  be 
decided  verv  (piickly.  if  there  remains  some  doubt  even 
yet.  by  asking  some  absurd  or  ludicrous  question  and 
noticing  how  the  jialient  receives  it.  If,  in  reply  to  the 
question,  "  Are  y(ni  one  hundred  years  old "'  "  he  solemnly 
says,  "Yes."  or  if  he  does  not  see  the  ludicrousness  of  a 
request  to  turn  a  somersaidt  when  he  is  obviously  para- 
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lyzed,  it  is  iuIIkt  cunviiicing  [iioof  lliat  such  speeches 
do  not  awaken  the  proper  responses  in  his  mind;  and  if 
there  be  no  dementia,  it  is  siij;j;-eslive  evidence  tluit  the 
patient  is  word  (h'af,  and  tlie  examination  should  then 
proceed  from  tlial  standpoint.  Althoiiirli  other  of  the 
speedi  centres  may  he  siumltaneously  di.sorftanized.  the 
sym]>toms  attributahk:  to  tlie  tirst  one  will  (hnm'nate 
the  character  of  the  speech  defect.  If  tlie  e.vaniinalion 
so  far  seems  to  su;r,u:est  the  existence  of  word  deafness 
as  the  leadin.£c  featiir<'  of  the  sensory  aphasia,  it  shouM 
then  he  determined  to  what  deiii'ce  of  eomidetcness  this 
exists,  and  the  extent  and  kind  of  dislurliance  that  it 
causes  in  the  e.xternali/ation  of  lanj;ua!;e.  The  amount 
of  diminution  of  the  iiatient's  vocabulary,  the  dej;ree  of 
inuppropriale  usasre  of  words,  the  imperfections  of  se 
quencc  and  rhythm,  should  all  be  noted.  The  patient 
should  be  tested  for  his  power  of  reeojrnition  of  sim|ile 
words,  short  sentences,  and  loni;:  sentences.  As  he  niav 
react  to  conventional  questions,  suih  as,  "Put  out  the 
tongue,"  etc.,  uncommon  requests,  such  as,  "Touch  the 
nose  with  the  ti])  of  the  inde.x  tinijer,"  or  "Stand  ou 
the  chair,"  should  be  made.  The  ability  of  the  patient 
to  interpret  sounds  should  then  be  noted.  Do  sounds 
evoke  previous  memories  of  similar  sounds,  and  do  they 
incite  the  auditory  centre  to  revive  the  name  of  the  ob- 
ject from  which  such  sounds  proceed?  When  a  bell  is 
sounded,  or  a  watch  is  held  behind  the  ear  and  iqiart 
from  the  stimulation  of  any  ])erceptual  avenue  other 
than  heariiiLr.  can  the  patient  say.  "  Bell"  or  "  Watch  ''? 
Finally,  tlie  e.xislenee  of  any  disl  urhanee  of  bone  orai'rial 
conductivity  should  be  demonstrated  or  e-\cluded. 

If  word  deafness  can  be  e.xcluded.  and  the  iiaticnt  still 
makes  no  reply. — that  is,  if  he  remainscompletely  speech- 
less,— the  examination  should  be  made  to  determine 
whether  or  not  internal  lau.uuase  is  defective,  for  it  must 
be  readily  seen  that  the  (piestion  has  then  narrowed 
itself  to  a  determination  of  wliellier  or  not  tliea|iliasia 
is  cortical  motor  (kina'stbetic-  word  iniaj;c)  a|)hasia,  or 
•whether  it  is  subcortical  motcu' aphasia.  In  other  words, 
is  the  inability  to  speak  due  to  a  lesion  of  the  storehouse 
of  kina-stlietic  memories  of  articulated  words.  Broca's 
area,  or  is  it  due  to  a  lesion  of  the  neurons  that  conduct 
tne  motor  word  impulses  from  the  IJolandic  area  to  the 
jiarts  that  externalize  the  word?  The  essential  thiu.tf 
then  is  to  determine  if  the  patient  is  in  full  pos.session  of 
internal  languauc  If  internal  lannnaiic  in  any  of  its 
components  is  <lisordered,  then  the  palieiit  has  true  cor- 
tical motor  aphasia.  If,  on  the  other  hand,  there  is  no 
such  disturbance,  the  Ifsion  is  elsewhere  tlian  in  the 
zone  of  langua.sc  In  some  patients  the  ditlVrentiation 
will  be  an  easy  one.  On  the  other  hand,  liowev<'r,  the 
task  is  oftentimes  an  extremely  dilllcult  one.  It  is  par- 
ticularly so  because  the  test  to  di'termiiie  if  the  legiti- 
mate idea  of  words  can  be  evoked  in  the  internal  Ian 
guage  (the  test  of  Proust  and  of  Liclilheimj  is  not  one  of 
universal  application,  because  in  the  lirst  jilace  many 
patients  have  not  sutticient  scholarship  to  know  any- 
thing of  syllables  or  word  conslruelion.  Ill  the  second 
place,  there  is  very  often  associated  with  aphasia,  and  a 
concomitant  of  the  disease  giving  rise  to  the  latti-r.  a 
degree  of  deliciency  in  the  as.sociative  faculties  that 
amounts  to  a  slight  degree  of  dementia.  In  such  pa- 
tients it  is  often  extremely  difficult  to  make  them  under- 
stand just  what,  is  meant  by  telling  them  to  press  the 
physician's  hand  as  many  times  as  there  are  syllables  in 
the  word  ('onstantinople.  or  .some  cipially  resonant  and 
l>olysyllabie  word.  Nor  is  the  substitute  suggested  by 
Dejerine,  of  asking  the  jiatient  to  make  voluntary  ex- 
piratory efforts  as  many  times  as  there  are  .syllables  or 
letters  in  a  word  more  aiiplicable.  But  even  when  we 
cannot  get  the  patient  to  res|ioiid  to  these  tests,  there  is 
a  general  atmosphere  about  the  ])atient  with  sulicortieal 
motor  aphasia  that  one  caniiol  be  long  in  wilhoul  recog- 
nizing that  (he  patient  is  in  full  possessiiai  of  his  intel- 
lect and  internal  sjieech.  The  only  shortcoming  of  llie 
subcortical  motor  ajihasia  is  inability  to  articulate  He 
understands  everything  that  is  said  ioliiin;  he  interprets  I 
information  received  through  the  visual  sphere;  he  is  j 
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capable  of  expres.sing  his  tliouglits  fully,  ca.sily,  and 
correctly  by  writing  and  bv  pantomime,  or,  al  least,  he 
wcaild  be  if  il  were  not  that  the  right  half  of  the  bodv 
is  usually  paralyzed,  and  he  is  obliged  to  portray  mental 
states  by  the  pantomime  activity  of  the  left,  "the  less 
<lextrous  half  of  the  body. 

Pliy.sicians  oftentimes  find  some  dinicultv  in  proi)erlv 
a.ssigning  cases  of  eortii'al  motor  (articuiatorv  kin;i-s- 
tlietic)  aphasia,  because  the  |iatient  is  still  able  to  articu- 
late some  words.  If  it  be  kept  in  mind  that  the  patient 
with  cortical  motor  ai)hasia  (articuiatorv  kiiiasthetic) 
need  not  be  absolutely  dejirived  of  the  power  to  articu- 
late words;  that  he  freipieiitly  retains  the  aliilitv  to  siiy 
one  or  several  words,  which  be  uses  at  all  times  and  un- 
der jdl  conditiinis,  and  that  frequently  these  words  taKe 
the  form  of  recurring  utt<'ranccs;  that  there  is  alwavs 
agrajihia,  which  may  be  very  e\ident  or  which  may  be 
dillicuK  to  liring  out  "because  the  patient  pleads  jiaraivsis 
of  the  right  hand  as  an  excuse  for  not  making  an  elfort 
to  write';  that  the  agrajihia  is  usually  lirojiortionate  lo 
tlie  aphasia  ;  that  it  is  manifest  in  voli'inlary  writ  iii<;  anil 
in  writing  from  dictation,  but  not  in  writing  from  eopv. 
and  that,  the  jiatieiit  in  copying  copies  jirint  in  serijii 
and  script  in  script,  showing  that  the  co]iying  is  not  a 
ineclianical  but  an  intellectual  act;  and  tliid  llier<-  is  de- 
fective internal  speech,  as  shown  by  the  test  of  Proust 
anil  laehtheim,  then  the  diagnosis  of  articuiatorv  kiii;es- 
tlietic  a|)liasia  will  not  be  a  dillieult  matter. 

After  voluntary  speech  has  been  satisfactorily  exam- 
ined, tests  should  be  niiide  to  determine  the  patient's 
capacity  to  rejieat.  There  is  inability  to  repeat  in  both 
motor  and  sen-iory  aphasia,  and  if  word  deafness  has 
been  excluded  there  will  be  no  difliculty  in  determining 
this  inability,  which  is  coexistent  with  loss  of  voliuilarv 
speech  in  articuiatorv  kina'sthetic  aphasia 

Particular  attention  should  be  given,  in  everv  case  of 
aphasia  in  whicli  the  symptoms  point  to  destruction  of 
Broca's  area,  to  the  faculty  of  writinij. 

After  having  tested  the  patient's  capacity  to  )ierceive 
and  interpret  words  through  the  auditory  ajijiaratus.  he 
should  be  examined  with  a  view  of  determining  if  there 
is  any  disability  of  acquiring  and  inter|ireting  inl'orma 
tion  ihrough  the  visu.al  ajiparatus.  To  do  this  requires 
patience  and  cireums]iection.  In  the  first  ]ilace.  it  should 
be  eslablislied  tliiit  the  patient  has  no  trouble  willi  till! 
peripheral  ap|iaratus  This  can  be  done  by  an  ophthal- 
moscopic examination.  Tests  should  be  made  lo  deter- 
mine the  existence  of  hemianopsia.  This  is  not  an  casv 
matter  to  do  if  the  jiatient  is  aphemic  or  if  he  has  word 
deafness:  in  fact,  it  is  extremely  dillieult  to  do  satisfac- 
torily. With  a  patient  who  can  understand  what  is  said 
to  him  and  who  can  indicale  when  lie  iierceives  the  en 
trance  of  an  ohjeet  into  the  visual  field,  who  can  tell 
when  the  indicator  of  a  |)erimeter  pas.ses  beyond  the 
range  of  vision,  testing  for  liemiano])sia  is  a  very  simple 
mailer.  If  the  patient  is  word  deaf,  and  if  he  has  vi.sual 
blindness,  which,  of  course  he  is  apt  to  have  if  he  has 
lii'iiiianopsia,  one  finds  himself  unable  to  convey  to  the 
patient  by  written  orsjioken  word  that  whicli  one  wishes 
liim  to  do  or  to  ob.serve.  In  such  cases  one  must  con 
lent  himself  with  the  informalion  that  is  to  be  derived 
from  forcibly  and  suddenly  thrusting  .some  object  into 
the  visual  fields,  from  the  right  side  (for  right  handed 
]ialienls  invariably  have  right  lateral  homonymous 
hemianopsia  when  they  have  any),  and  Inking  note 
whelher  or  not  the  ]ialient  blinks,  as  he  should  do  if  the 
object  be  perceived.  If  he  does  not.  it  is  rather  cerlain 
that  he  has  hemiano]>sia.  Each  eye  should  be  examined 
separately  and  the  findings  noted  on  a  chart. 

In  testing  the  patient  to  determine  the  integrity  of  the 
visual  me<-lianism  one  may  begin  by  showing  him  famil 
iar  objects.  If  he  does  not  recognize  them  or  show  liy 
act  or  deed  that  he  comprehends  their  uses  or  purposes, 
if  he  looks  upon  them  as  does  one  who  sees  them  for  the 
first  time,  then  he  has  object  aphasia  and  tlic  lesion  is  of 
the  o(-cipilal  cortex.  Such  an  individual  may  obtain  in- 
formation through  the  medium  of  other  special  senses. 
such  as  the  tactile,  gustatory,  etc     that  will  enable  him 
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to  rccojinizp  the  obji-ct.  the  |H'isi>n.  oi-  tlu-  tliinjj;-.  If  lu' 
is  shown  fiiiiiiliar  objects  uiui  lie  recognizes  them,  knows 
■what  t\u-y  are  for.  but  cannot  name  them,  then  he  may 
liave  eitlier  an  intcrrujition  in  tlie  jiathway  leadinj;  to 
the  hijjhcr  visual  centre  in  the  annular  syrus.  or  there 
may  be  lesion  of  the  angular  nyrus  itself.  If  it  he  the 
foriuer.  Infernal  lan.i,nia,ne  will  be  preserveil  anil  sjionta- 
iieous  speech  may  lie  intact,  althouuli  there  is  usually 
some  iiaraphrasia  anil  |iossibly  jarjionaphasia,  and  this 
preservation  is  shown  most  conclusively  by  the  retention 
of  ability  to  write.  He  may  write  easily  and  moderately 
well,  not  only  voluntarily  but  from  dictation ;  but  the 
patient  is  unable  to  read  what  he  writes.  If  the  aphasia 
lie  of  the  latter  character  and  complete,  the  patient  will 
be  ab.solutely  agraiiliic.  This  ajfraphia  is  to  he  consid- 
ered a  part  of  the  disorder  of  internal  lanuuajje;  there  is 
inability  to  arouse  the  visual  image  of  the-  word.  In  such 
a  ease,  an  arousal  must  precede  the  transmission  to  the 
part  of  the  Kolandic  cortex  that  innervates  the  member 
holding  the  pen;  there  is  complete  agraphia. 

The  physician  then  proceeds  to  examine  whether  the 
patient  has  word  blindness:  that  is,  whether  the  patient 
can  read  (1)  print,  (2)  script,  (3)  figures  and  other  forms 
of  notation. 

In  cases  of  complete  aphasia  the  examination  is  very 
dilticult.  and  to  one  not  accustomed  to  such  a  task  it 
seems  very  imsatisfactor_v.  as  he  is  apparently  unable  to 
communicate  witli  the  patient  or  to  receive  any  infor- 
mation from  him. 

Etiology. — Etiologically,  aphasia  may  be  classified 
into  organic  and  dynamic.  The  jirincipal  organic  forms 
are  due  to  ruptvire  of  the  blood-ves.sels  and  occlusion 
of  their  calibres,  whether  from  embolus  or  from  throm- 
bus, and  the  consecutive  changes  dependent  thereon. 
The  lesions  of  the  blood-vessels  may,  however,  be  due 
to  inflammatory  conditions  of  the  vessels,  but  even  then 
it  is  not  at  all  improbable  that  the  pathogenesis  of 
the  lesion  is  the  direct  result  of  a  septic  or  infectious 
process  that  causes  infectious  emiioli  and  thrombi.  The 
traumatic  conditions  that  may  ]iroduce  aphasia  are  bul- 
let and  stab  wounds,  depressed  fractures  of  the  skull, 
and  injuries  producing  meningeal  hemorrhage. 

I'nder  the  dynamic  forms  may  lie  included  those  in 
which  no  organic  lesion  is  responsible  for  the  develop- 
ment of  aphasia  symptoms.  The  term  dj-namic  is  used 
merely  as  a  convenience  in  preference  to  the  conven- 
tional "functional."  The  dynamic  variety  includes 
aphasia  occurring  with  neuroses  and  psychoses  which 
are  not  yet  proven  to  be  dei)endcnt  upon  some  recogniz- 
able brain  lesion,  of  which  eiiile]isy.  neurasthenia,  and 
hysteria  may  be  taken  as  examples.  It  also  embraces 
most  of  the  cases  of  aphasia  occmi-ing  with  toxaemia, 
such  as  ura'mia,  diabetes,  and  gout;  although  aphasia  in 
some  of  these  cases,  especially  aphasia  occurring  with 
urtemia,  is  often  dependent  upon  organic  vascidar  lesion 
of  the  cerebral  blood-vessels.  Aphasia  caused  by  the 
vegetable  poisons,  santonin,  belladonna,  tobacco,  etc.,  is 
almost  invariabh'  of  the  dynamic  form.  The  aphasia 
that  sometimes  occurs  in  individuals  who  have  been 
jioisoned  by  lead,  copper,  etc.,  may  be  of  the  dynamic 
variety,  or  it  may  be  a  focal  manifestation  of  the  en- 
cephalopathy which  these  poisons  occasionally  cause. 
The  dynamic  aphasias  also  include  the  aphasic  speech 
disturliances  occurring  with  neuralgic  affections  of  a 
migrainous  order,  those  occurring  with  forms  of  insanity 
that  have  no  known  anatomical  basis,  and  finally,  the 
cinnparatively  insignilicant  number  which  are  attributed 
to  fright,  anger,  so-calh'd  rrllex  causes,  snih  as  intestinal 
worms,  and  the  transitory  aphasias  from  loss  of  blood. 

Ordinary  etiological  factors,  such  as  age,  sex,  occupa- 
tion, etc.,  have  no  bearing  on  the  causation  of  aphasia, 
because  it  is  itself  a  symptom,  and  it  results  only  when 
the  diseases  of  which  it  is  a  .symptom  occur  or  are  jirone 
to  occur;  but  .'is  aphasia  is  so  often  associated  with  cere- 
bral a]ioplcxy.  and  as  cerebral  a|)oiilc\y  occurs  iisually 
in  late  maturity  and  advanci'd  age,  il  follows  that  apha 
sia  is  .seen  oftener  in  iieojile  beyond  fifty  years  of  age. 
Nevertheless,  it  would  be  misleading  to  leave  this  state- 


ment immodified,  for  the  reason  that  three  diseases 
which  not  infreiiuently  have  aphasia  as  a  symptom, 
namely,  ura'inia,  acute  hemorrhagic  encephalitis,  and 
tuberculous  meningitis,  are  particularl}-  liable  to  occur 
in  the  young.  Moreover,  aphasia  sometimes  develops 
in  the  wake  of  the  infectious  diseases,  typhoid,  diphthe- 
ria, and  iicrtu.ssis.  and,  as  these  occur  more  frequently  in 
youth  than  at  any  other  time,  it  follows  that  the  apha- 
sias of  this  variety  will  be  seen  oftenest  at  such  time  of 
life. 

Tre.\tment. — The  medicinal  treatment  depends  en- 
tirely ui)on  the  nature  of  the  lesion  that  causes  the  apha- 
sic symptom  complex.  If  the  lesion  be  a  focus  of  en- 
cephalomalacia,  then  all  that  can  be  expected  is  to  as.sist 
nature  to  prevent  further  destruction  of  tissue,  and  par- 
ticularly to  a.ssist  in  preventing  a  repetition  of  the  im- 
mediate exciting  cause  of  the  softening.  On  the  other 
hand,  if  the  lesion  be  a  gummatous  meningitis,  or  an 
isolated  gunmiatous  formation  in  the  zone  of  language 
or  in  the  subcortical  speech  tracts,  and  these  can  be  diag- 
nosticated as  such,  medicinal  treatment  is  of  the  greatest 
value.  The  difficulty  in  cases  of  this  kind  is  oftenest 
with  the  etiological  diagnosis.  Usually  the  patient  is 
not  in  condition  to  vouchsafe  any  information  concern- 
ing himself,  and  as  his  family  arc,  as  a  rule,  ignorant 
of  such  matters,  the  physician  is  compelled  often,  if  he 
has  not  been  familiar  with  the  patient's  history,  to  make 
a  diagnosis  of  previous  syphilitic  infection  on  less  satis- 
factory data  than  arc  ordinarily  considered  essential. 

It  would  be  a  work  of  supererogation  to  repeat  in  de- 
tail the  causal  treatment  applicable  to  the  different  forms 
of  aphasia.  The  treatment  for  aphasia  in  one  patient 
may  be  just  as  different  from  the  treatment  apjilicable 
to  the  next  one,  as  the  causes  are  different.  For  in- 
stance, the  treatment  in  the  beginning  of  an  uncmic 
attack  is  venesection  if  the  patient  has  not  an  organic 
form  of  renal  disease;  yet  this  kind  of  treatment  would 
be  fatal  to  a  patient  whose  aphasia  was  dependent  ujiou 
autochthonous  tlu'ombosis. 

Wlien  aphasic  symptoms  develop  slowly  without  fever 
and  with  symptoms  of  increa.sing  intracranial  irritation 
and  pressure,  then  tumor  and  ab.sccss  must  be  thought 
of.  In  making  the  diagnosis  and  the  differentiating 
diagnosis  one  must  be  guided  by  the  general  rules  ap- 
plicable to  the  solution  of  these  problems.  When  there 
are  grounds  for  the  belief  that  the  lesion  is  of  a  luetic 
nature,  then  the  administration  of  mercury  and  iodide 
of  potassium  cannot  be  carried  out  w'ith  too  great 
promptness  and  attention. 

The  treatment  of  aphasia  dependent  upon  organic  dis- 
ease, such  as  tumor,  abscess,  piuailcnt  meningitis,  and 
focal  disease  of  any  nature,  does  not  differ  from  the 
treatment  of  these  conditions  when  aphasia  is  not  present. 
When  their  presence  is  attended  by  symptoms  which 
seem  to  indicate  that  they  are  amenable  to  surgical 
treatment,  their  removal  shoidd  not  be  delayed.  In 
fact,  the  ajjhasia  is  oftentimes  the  localizing  symptom 
that  makes  diagnosis  positive  arid  operation  possible. 

Taking  it  all  in  all,  the  question  of  the  medicinal 
treatment  of  ajihasia  never  comes  up  for  consideration 
The  question  that  docs  present  itself  is.  How  shall  we  treat 
the  condition  of  which  aphasia  is  the  symptom?  To 
answer  that  c|uestion  satisfactorily  requires  an  intimate 
knowledge  of  the  therapeusis  of  all  the  diseases,  func- 
tional and  organic,  that  have  been  enumcrati'd  in  the  sec- 
tion on  etiology,  with  which  aphasia  may  be  associated. 
Treatment  may  consist  of  such  a  simple  matter  as  the  in- 
terdiction of  alcohol  in  a  case  of  toxic  dyslexia,  or  it  may 
rctiuire  the  combined  skill  of  the  jdiysician  and  surgeon 
to  diagnosticate  and  remove  an  ab.sccss  or  tumor.  The 
treatment  of  the  dynamic  aphasias  is  a  dilferent  matter 
from  the  treatment  of  the  organic  aphasias.  In  thi'  for- 
mer all  that  is  necessary  is  to  remove  the  cause  and  the 
symptom  will  disaiqiear,  while  in  the  latter  the  cause 
may  be  removed  an<l  the  pathological  condition  which  it 
has  excited  still  continues  and  with  it  the  aphasia.  De- 
s)iiti'  this  many  of  the  dynamic  or"  functional  "aph:isias 
yield  to  aiipropriate  medication  for  the  conditions  upon 
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which  they  are  dependent,  combined  with  fitting  treat- 
ment addressed  to  tlic  mental,  moral,  and  jihysieal  side.s 
of  the  individual. 

Tlic  i>eda,!ji)j.neal  treatment  of  ajiha.sia  is  a  matter  of 
recent  development.  It  has  l)een  the  lesritimate  result, 
of  an  ini|uiry  into  the  physioloirieal  and  iisyeholofjieal 
antecedents  of  articulate  speech  and  of  clinical  oh.serva- 
tions  that  when  a  young  person  becomes  aphasic.  even 
though  the  lesion  he  a  very  severe  and  extensive  one,  the 
faculty  of  speech  may  still  be  restored  to  him.  Moreover, 
almost  from  the  very  beginning  of  the  history  of  .aphasia 
it  has  been  recognized  that  even  when  the  socalled 
"speech  centre,"  meaning  Broca'sarea,  has  been  <'omi)lete- 
ly  destroyed,  the  patient  may  occasionally  regain  .some 
capacity  to  sjx-ak  .single  words  or  a  number  of  words. 
Various  hypotheses  have  been  formulated  toex])lain  these 
occurrences,  the  most  widely  accepted  apparently  being 
that  of  J.  Ilughlings  Jackson,  who  suggested  twenty 
years  ago  that  the  "  uneducated  centre  "  of  the  opposite 
side  is  in  a  way  related  to  conventional,  emotional,  and 
other  forms  of  what  he  terms  '"  degrailed  "  speech,  in  con- 
tradistinction to  intellectual  speech.  This  is  the  tlieory 
accepted  liy  many  wjiters  to-day.  Recently  W'ylHe  has 
framed  a  theory  along  .somewhat  the  same  lines,  on  the 
"Overflow  of  education  into  the  oi)posite  hemisphere;" 
the  hemispheie  that  contains  the  zone  of  language 
takes  np  all  that  it  can  in  the  way  of  education,  and 
that  which  it  is  not  equal  to  taking  up  tlows  over  into 
the  other  hemisphere.  The  entire  subject  of  the  repos- 
session of  the  speech  faculty  in  iiatieiits  in  wliom  it 
has  been  lost  must  needs  be  looked  at  to-day  fi'i>m  an- 
other standpoint  than  it  was  a  few  years  ago,  when  the 
forms  of  subcortical  aphasia  had  not  been  satisfactorily 
difVerentiatcd.  It  seems  to  me  that  in  the  light  of  our 
jn-esent  knowledge  of  aphasia  it  must  be  granti'd  that 
not  only  do  the  corresponding  areas  of  the  opposite 
hemisijhere  sometimes,  under  the  stress  of  education,  un- 
dertake, in  a  very  incomplete  way,  the  s|ieech  function 
of  the  destroyed  area  of  the  heniisplicre  phylogencti- 
cally  and  ontogenetically  prepared  to  carry  on  the  speech 
faculty,  but  that  the  imtnediate  environmental  areas  (jf 
the  speech  centres  of  the  left  iiemisiihere  may  take 
up  the  f\inetion  in  part.  In  the  process  of  functional 
comiiensatiiin  the  portion  of  the  speech  centre  that  is 
not  <lestroyed  becomes  connected  with  the  other  speech 
centres  in  previously  unaccustomed  ways,  not  by  the 
development  of  new  commissural  fibres,  but  through 
their  acipnsition  of  functional  activity.  .S'coiidly.  the 
opposite  hemisphere,  the  one  that  has  the  zone  of  lan- 
guage ontogenetically  developed,  is  not  an  uneducated 
liemisphere  at  all.  but  it  is.  in  one  seiisi'.  just  as  much 
educated  as  the  hemis]ihere  in  which  tli<'  zone  of  lan- 
guage is  situated. 

It  must  needs  be  admitted  that  there  is  a  general 
auditory  area,  a  general  visual  area,  and  a  general  kina's- 
thetic  area  in  the  right  hemis])liere  as  well  as  in  the  h'ft 
hemispliere,  and  that in-comingstimuli  make  on  it  an  im- 
pression similar  to  that  which  tliey  do  on  the  socalled 
"educated  "  hemisphere.  These  impressions  are  bilateral 
in  reception  but  unilateral  in  interpretation.  This  unity 
of  interpretation  is  determined  by  commissural  tibn'S  <if 
the  corpus  callosum.  Now  the  same  factors  tli:it  deter- 
mine right-handedness  determine  also  that  the  left  hemi- 
sphere shall  be  the  executive  speech  side,  but  the  elemen- 
tary work  is  done  on  both  sides.  It  seems  to  me  that  so 
far  every  one  who  is  willing  to  acce])t  the  suggestionsof 
experimental  [ihysiology  must  go.  How  many  are  will- 
ing to  admit  that  the  execution  of  speech  is  an  automatic 
act  and  rei|uires  no  conscious  preparation,  if  process  of 
anatouu'eal  completion  is  not  consi(iered  "preparation." 
is  anivther  matter.  Tho.se  wlio  believe  that  the  execu- 
tion of  siieech  is  an  automatic  act.  find  it  easier  to  ex- 
plain how  an  approacli  to  automatism,  or  an  untinished 
automatism,  can  be  assumed  by  the  ojiposite  hemisphere, 
which  is  educate<l  but  which  is  not  inleiidi'd  to  be  auto 
matic,  and  especially  in  young  children  in  whom  the  habit 
of  automatic  activity  has  not  become  fixed  by  eontinui'd 
practice.     A  number  of  the  cases  that  have  been  reported 


to  show  the  assumption  of  speech  function  by  the  opposite 
hemisphere  have  been  conclusively  shown  to  be  depend- 
ent upon  a  sul)cortical  lesion  and"  not  upon  destruction 
of  a  speecli  centre,  and  the  i)artial  or  complete  recovery 
of  speech  was  eonunensurate  with  a  disippearance  of 
the  conditions  that  had  determined  the  partial  interrup- 
tion of  the  conducting  fibres.  In  tliese  eases  recovery 
of  speech  has  gon(>  on  imri  jiimiiH  with  disappearance  of 
other  symptoms,  such  as  lu-miplegia,  for  iu.stance.  In 
other  ca.ses  in  which  the  lesion  has  been  of  the  speech 
centres,  tin'  partial  reposses.sion  of  speech  has  been  due 
to  the  fact  that  the  entire  speech  centre,  which  in  the 
beginning  of  an  aphasic  attack  was  completely  over- 
thrown, has  in  a  slight  measure  righted  itself  after  the 
exudative  and  occlusive  conditions  jiave  subsided.  Then 
the  patient  finds  himself  in  possession,  to  a  very  insig- 
inticaut  degree,  of  his  previous  speech  endowment.  In 
other  ca.ses  there  can  l)e  no  question  that  the  educated 
areas  of  Hie  other  henu'sphere  develop  some  executive 
capacity.  This  is  determined  artificially,  i.e.,  by  educa- 
tion, and  not  ontogenetically  as  it  is  normally,  except  to 
the  very  slightest  degree. 

In  brief,  then,  the  education  of  an  aphasic  patient 
should  consist  in  endeavoring  to  cause  the  centre  or 
centres  in  the  leftside-  of  the  brain  that  are  not  destroyed 
by  the  lesion  which  causes  Iheaphasia  to  take  the  initia- 
tive in  the  primaryreca.il  of  words  and  complete  the 
"circuit  "  m'cessary  fen-  interna!  language  and  speech  bj' 
forcing  the  educaied  opposite  side  to  supply  a  centre 
similar  to  that  which  has  been  destroyed;  "or,  if  the 
damaged  centre  is  not  entirely  destroyed,  by  re-educat- 
ing the  cells  that  reniidn,  assisting  them  as  it"  were  in  the 
aeejuisltion  of  a  function  which  they  were  intended  to 
l)erfoiin  in  tuiison  with  other  cells.  For  example,  if  the 
articulatory  kin.-esthetic  centre  is  destroyed,  the  primary 
revival  of  the  word  that  should  be  spoken  is  through 
the  auditory  centre,  and  this  call?;  up  in  tcmiioral  coinci- 
dcncecn-  succession  the  visual  and  theartieulatory.  The 
articulatory  centre  being  destroyed,  the  speech  impul.se 
of  the  formed  word  camioi  be  coin|)leted.  and  the  kina'S- 
tlii'tic  articulatory  centre  of  the  ojipositc  side  is  acted 
upon  through  commissural  fibres  in  just  the  same  way 
as  the  articulatory  centre  of  the  left  side  was,  through 
intercentral  tibres.  in  thi'  beginning.  The  ])roce.ss  of 
education  is  very  slow  and  nuist  be  given  artificial  aid  in 
the  way  of  shr)wing  the  iiatient  how  to  arrange  the 
organsof  articulation  foi'tlie  production  of  simple  vowel 
anil  consonant  sounds,  a  lierformance  which  he  should 
be  daily  encouraged  to  do.  After  he  has  aecjuired  the 
capacity  to  produce  these  sounils  and  has  regained  some 
control  of  the  peripheral  speech  mechanism,  he  is  to  be 
t  utored  in  the  sam(^  way  in  the  production  and  articubition 
of  monosyllables  and  their  combination  in  words.  This 
)iroeessis  a  laborious  one  and  requires  great  jierseverance 
on  th(^  jiart  of  the  physician.  VV'h<'n<!Ver  possible  the 
task  should  be  entrusli-d  to  a  teacher.  Naturally  the 
greatest  jn'ogress  will  be  made  with  cases  of  subcortical 
motor  aphasia,  because  these  patients  take  a  more  intel- 
ligent interest  in  the  matter  and  because  they  can  aid 
themselves  b)'  reading  and  writing.  Most  of  the  pub- 
lished cases  of  niiirked  functional  compensation  liave 
been  cases  of  subcortical  motor  ai)liasia.  in  which  ability 
to  read  has  been  ju'cserved. 

AVhen  the  auditory  centre  is  diseased,  then  the  object 
of  ti-aching  is  either  to  get  a  i)rimary  revival  of  the  idea 
of  words  in  the  visual  or  the  arlictdatory  centre,  and 
then  to  throw  into  thi'  circuit  the  comi)onent  parts  of  the 
auditory  that  are  not  disorganized,  or  to  favor  the  de- 
velo|nni'nt  of  the  auditory  word  centre  in  the  opposite 
hi'inisphere.  The  patient  must  biMaught  to  concentrate 
his  attention  on  vowel  sounds  and  then  on  words  of  one 
syll.ible,  spelt  letter  l)v  letter,  while  he  trii'S  to  repeat 
them  by  the  oral  method.  This  is  a  very  much  more 
ditlicult  matter,  because  in  the  vast  majority  of  [leoples 
the  primary  revival  takes  placi'  in  the  auditory  ci'ntre, 
and  when  this  is  di'slroyed  thi"  paliiiit  is  left  stranded, 
from  a  s|)eecli  standpoint.  The  plan  of  education  is  in 
reality  that  which  is  used  for  deaf  mutes  who  are  taught 
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to  think  liy  the  rpvival  of  the  word  impulse  by  the  visual 
centres,  the  reviviririilion  of  visuiil  symbols  being 
prompted  by  luind  or  lip  movements. 

Patients  witli  the  luidilory  form  of  sensor}'  aphasia 
should  be  patiently  tanirht  to  repeat  words,  the  meaning 
of  whieh  is  eonveyed  to  them  through  other  senses,  the 
visual,  tactual,  and  olfactory.  It  is  apparent  that  most 
progress  will  be  made  with  patients  whose  general  in- 
telligence is  least  disturbed.  In  subcortical  word  deaf- 
ness^ the  amelioration  is  always  greater  than  in  sen- 
sory aphasia  due  to  destruction  of  the  supertemporal 
gyrus. 

The  treatment  of  sensory  aphasia  conditioned  by  de- 
struction of  the  visual  centre  is  most  unsatisfactory, 
and  very  little  can  be  done  to  ameliorate  the  condition  of 
such  patients  even  though  all  modes  of  education  be 
assiduously  employed.  An  effort  should  be  made  to 
teach  the  patient  tlie  recognition  of  forgotten  symbols 
in  connection  with  the  arousal  of  other  tiiemoi-ies  of  them, 
the  auditory  and  the  articulatory.  In  short,  the  peda- 
gogical treatment  of  aphasia  embraces  the  methods  of 
the  kindergarten  and  thcmethodsof  instruction  for  those 
defective  in  one  or  more  of  the  special  senses.  Even 
with  their  aid  but  little  can  be  done,  except  in  the  sub- 
cortical varieties.  Joseph  O'llim. 

APHRODISIACS. — Aphrodisiacs  are  agents  whose  em- 
ployment is  supjiosed  to  increase  sexual  desire  or  ability. 
A  division  might  be  made  by  classing  together  those 
causing  increased  desire  or  ability  temporarily,  as  do  small 
amounts  of  alcohol  or  other  stimulant,  and  those  doing 
so  penuauently ;  or  a  division  might  lie  made  of  those  in- 
creasing desire  as  opposed  to  those  increasing  ability  to 
perform  the  sexual  act.  In  no  condition  must  the  maxim 
"remove  the  cause  tirst"  be  more  considered,  and  we 
are  dependent  ujion  general  measures  after  the  cause 
has  been  removed  rather  than  upon  the  employment  of 
drugs. 

Loss  of  sexual  power  may  have  origin  in  various 
ways  and  is  frequentlj'  divided  into  i/r;j(tnic,  jisychical, 
neri'oijs  or  irriUihle,  and  pumfi/tic.  Organic  impotence  is 
dependeut  upon  structural  change,  either  congenital  or 
acquired,  such  as  anomalies,  malformations,  new  growths, 
etc.,  for  which  relief  must  be  sought  by  sui-gical  or  other 
special  treatment. 

For  nermiis  or  irritable  impotence,  which  is  due  gen- 
erality to  weakness  of  the  genital  organs  and  abnormal  ex- 
citement of  the  reflex  centres  causing  premature  ejacula- 
tions, or  due  to  irritations  caused  by  some  morbid  condition 
of  the  urine  or  by  the  presence  of  strictures,  resource  must 
be  had  to  measvires  such  as  the  passage  of  a  cold  sound 
and  other  local  treatment,  whieh  will  relieve  tin'  causative 
factor.  In  jhinili/tic  impotence,  which  is  usually  caused 
by  structural  changes  in  the  nervous  mechanism  of  the 
sexual  organs  or  by  disease  of  the  central  ner^•ous  system, 
syphilis,  grave  anseiuia.  systemic  |)oisoning  from  lead, 
tobacco,  etc.,  the  prognosis  is  unfavorable,  and  we  can 
hope  to  do  little  beyond  arresting  the  course  of  the  disease 
which  is  catising  the  trouble  and.  possilil.y.  by  building 
up  the  patient,  we  may  restore  to  him  some  degree  of  sex 
ual  power,  Ps//r/i/riii  joss  of  sexual  jiower  oll'ers  probably 
the  best  opportunities  for  the  use  of  aphrodisiacs.  Most 
cases  are  due  to  nervousness,  overwrought  desire,  indif- 
ference, .grief,  fright,  and  mental  i)reoceu]iation. 

If  the  ease  lias  its  origin  in  nervousness  caused  by  fear 
of  the  conseipiences  of  early  abuse,  the  confidence  of  the 
patient  must  be-  obtained  and  moral  suasion  be  used.  He 
must  be  told  to  alistain  from  all  sexual  intercour.se  for 
ten  daysor  two  weeks  and  may  be  given  a  iilacebo  which 
it  is  well  to  tell  him  will  endow  him  with  sexual  .strength, 
attention  of  course  lieing  paid  to  his  general  well-being. 
Those  cases  depending  upon  overwrought  desire,  fre- 
quently seen  in  newly  married  men  after  long  engage 
ments  or  sexual  abstinence,  are  best  treated  by  the  /em 
porori/  use  of  the  bromides,  together  with  suggestion. 
For  these  and  for  the  remaining  class  of  cases  indications 
will  be  found  for  prescribing  such  general  measures  as 
hydrotherapy  with  massage,  a  diet  consisting  of  highly 


seasoned  food,  red  meats,  and  a  moderate  amount  of  alco- 
holic stimulants,  and  freedom  fioni  exhausting  mental  or 
physical  \v<irk.  Tonics  may  also  be  employed  and  the 
rei)uted  aphrodisiac  drugs,  such  as  strychnine,  in  doses 
aiiproxiniately  of  gr.  tj'^  three  times  daily,  and  phospho- 
rus, gr,  yjj  three  times  ilaily.  Ergot  is  said  to  be  of  value 
in  those  cases  of  impotence  which  depend  upon  lack  of 
erectile  power,  and  among  other  drugs  daiuiana,  caffeine, 
and  cantharis  have  .some  re]nite.  The  use  of  the  last  can- 
not be  too  strongly  condemned,  for  if  it  aids  sexual  de- 
sire at  all,  which  is  doubtful  at  best,  it  does  so  by  causing 
irritation  of  the  genitourinary  passages  and  not  by  irri- 
tating or  stimulating  the  nervous  system.  Other  agents 
used  are  alternate  api>lications  of  hot  and  cold  water 
locally,  electricity  applied  to  the  urethra  or  to  the  rec- 
tum, and  the  passage  of  a  sound  either  reinforced  by 
electric  stimulation  or  by  cold.  But  to  repeat,  impotence 
rarely  if  ever  reipiires  the  use  of  aphrodisiac  drugs,  and 
success  must  come  from  moral  force,  general  hygienic 
measures,  and  the  removal  of  the  cause. 

Charles  Adams  Holder. 

APHTH/E.     See  Mouth.  Diseases  of. 

APLASIA.     See  Agenesia. 

APNCEA.     See  Respiration. 

APOCODEINE— CiJI.aNO,,  is  a  reddish,  amorphous 
powder,  almost  insoluble  in  water,  soluble  in  alcohol, 
ether,  and  chlorofcjrm.  The  hydrochlorate  of  apocodeiue 
is  a  graj-ish  amorphotts  powder,  very  soluble  in  water. 
It  is  obtained  by  heating  hydrochlorate  of  codeine  for 
fifteen  minutes  with  a  concentrated  solution  of  chloride 
of  zinc,  at  a  temperature  of  170'  or  180°  C,  On  cooling, 
a  yellowish-brown  mass  separates  from  the  liquid.  This 
is  drawn  in  thin,  silk-like  threads,  and  is  almost  pure 
hydrochlorate  of  apocodeine.  The  preparation  is  easy, 
and  there  is  yielded  a  much  greater  product  than  tiie 
morphine  salt ;  it  is  also  much  more  stable.  The  base 
may  lie  obtained  by  precipitating  it  from  a  solution  by 
the  addition  of  carbonate  of  sodimn  and  extracting  with 
ether. 

The  reactions  jiroduced  by  reagents  upon  ajiomorphine 
and  apocodeine  are  almost  identical,  with  the  exception 
that  the  blood-red  coloration  produced  by  nitric  acid  is 
much  more  permanent  with  the  latter. 

This  drug  has  been  introduced  as  an  expectorant  and 
emetic.  The  dose  is  from  gr.  -^f,  to  gr.  i.  It  is  recom- 
mended in  the  treatment  of  chronic  bronchitis,  croup, 
whooping-cough,  etc.  A  one- or  two-per-cent.  solution 
may  be  prepared,  and  from  five  ta  teu  minims  adminis- 
tered. It  acts  rapidly,  and  the  effect  is  prolonged.  It 
may  also  be  used  hy]iodermically.         Beaumont  Small. 

APOCYNACE/E.  —  (The  Oleander  or  Strophanthiis 
family. )  A  great  family  of  one  hundred  and  thirty 
genera  and  more  than  one  thousand  sjiecies.  very  abun- 
dant in  the  tropics  of  both  hemis]iheres.  a  few  extending 
into  the  temperate  zones.  The  jilants  are  almost  all  trees 
or  erect  or  climbing  shrubs,  with  milky  juice,  and  ate 
highly  ornamental  and  frequently  cultivated  for  deco- 
rati\e  purposes.  The  juices  of  Landolphia,  Hancornia, 
and  some  others  are  utilized  in  the  production  of  rubber. 
Valual)le  timbers  are  yielded  Iiy  several  species.  The 
most  noteworthy  characteristic  of  the  family  is  its  poison- 
ous nature,  few  otlii'r  families  being  able  to  compare  with 
it  in  this  respect.  Many  of  the  species  have  been  utilized 
as  arrow  poisons,  and  a  number  of  these  have  been  intro 
duced  into  the  materia  medica.  The  active  constituents 
are  mostly  ghicosidal,  conunonly  alkaloidal. 

The  action  is  chii'fly  upon  the  heart,  stimulant  in  small 
doses,  ultimately  paralyzant,  aitd  thus  fr<'(|Uently  power- 
fully diuretic.  Often,  also,  they  are  irritant  emclieo- 
cathartics.  Their  action  is  so  poweif\il  that  even  minute 
dilVerenees  between  them  are  of  im|Hirtance,  and  new 
remedies  introduced  from  this  family  are  ahva.vs  worthy 
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of  careful  iittention.  The  imixjitant  iiieiiieiiuil  genera 
are  strophauthus.  aspiciospernia,  apocyuum,  and  a!- 
stonia. 

The  poisonous  principles  are  widely  distributed  Ihrou^h 
the  plant  bodies.  //,  //.  Undiji. 

APOCYNUM.— Canadian  Ileniii.  "The  root  of  .•!/»/ 
rj/iiiiiit  r.iiiiKtliiiiiim  E.  (Fani.  Apori/iniciii').''  U.  S.  P. 
Up  to  a  comparatively  recent  period  tlie  genus  Aiiocynmu 
was  supposed  to  contain,  in  the  Eastern  I'nili'd  Slates, 
but  two  si)ecies,  ^1.  ninnafji/uiiii  L,  and  A.  iiiii/nmiiiii- 
foliuin  L.  As  the  latter  was  known  to  have  but  a  weak 
"physioloirical  action,  it  wassup])osed  to  be  ne<-essary  to  ex- 
elude  only  tills  well-known  species  from  the  drug  in  order 
to  ius\H-e  its  full  ])roperties.  It  is  now  known  that  tlie 
several  su])posed  varieties  of  A.  e<inii(ihinuiii  are  ]>erfeetly 
distinct  species.  A.  cuniinhinum.  therefore,  as  it  has  been 
understood  and  collected,  is  in  reality  several  (probalily 
four,  at  least)  distinct  species,  the  true  .1.  cdiiiiiihiuiini  be 
iug  apparently  rather  scarce.  That  some  one  or  more  of 
these  s|)ecies  is  a  powerfid  and  imp<irt!UU  medicine  is  in 
ihibitable.  in  view  of  the  evidence  ])reseuted  :  but  in  view 
of  the  numercjus  recorded  failures,  it  is  equally  certain 
that  not  all  of  them  are  so.  We  are  at  jiresent  (piilc 
ignorant  as  to  which  is  the  active  species,  all  .statements 
of  manufacturers,  as  well  as  the  Pharmacoiin'ia.  to  the 
contrar}'  notwithstanding.  The  en  tire  comparative  study 
of  these  species  is  still  before  us.  Under  these  circum- 
stances any  specitic  pharmacological  accoimt  of  the  drug 
is  out  of  the  question. 

The  jdantsare  erect,  perennial  herbs,  growing  by  jiicf- 
erence  along  railroads  and  roadsides.  They  i)ro|)agale 
by  long,  horizontal  imdergronnd  structures,  which  ai>|icur 
to  combine  the  characters  of  both  root  and  stem.  The 
latter  is  the  part  used.  The  aPrial  portion  may  be 
smooth  or  pubescent,  and  is  usual!}'  ])urple  or  ]iurplish. 
The  leaves  are  opposite,  oblong,  or  oval-ovati',  thickish, 
mucronate.  The  stem  is  bran<-hed  above  and  bears  very 
small  white  or  greenish-white  tlowers  in  ilose  cymes. 
The  fruit  is  a  pair  of  long  slender  follicles,  tilleil  witli 
small  plumose  seeds.  The  entire  plant  e.\udesan  abuiid 
ant  milky  juice. 

The  drug  occurs  in  long,  rather  strai.slit  i)ieces,  of 
about  the  thickness  of  a  lead  pencil  and  sparingly 
branched.  It  is  of  a  brown  color,  havin.i;  an  orange 
shade  if  not  old  and  stale.  The  bark  exhibits  few 
coarse  wrinkles,  finer  nerves  and  coarse  circular  lissures. 
It  is  very  thick,  and  pinkish-while  internally.  The 
wood  is  yellowish,  veiy  soft  anil  liritlle,  its  pores  are  large 
enough  to  be  visible  to  the  naked  eye.  It  contains  resin, 
tannin,  starch,  an  amar<iid.  and  \\w.  jM-culiar  crysialline 
body  apocynin,  soluble  in  alcohol  and  poisoiKnis.  and 
the  glucoside  apocynein.  soluble  in  water  and  of  feeble 
action.  The.  apocynin  is  a  nauseating  exjiectorant,  and 
emetico-cathartic  in  over-doses,  like  the  drug,  but  none 
of  ^he  constiluents  yet  examined  has  an  action  exactly 
parallel  with  that  of  the  drug.  It  is  (piile  likely  thai 
they  dilTer  in  the  dilTcrcnt  species.  Apocynum  is  a  car- 
diac stimulant  and  a  diuretic,  as  well  as  a  nauseating  ex- 
pectorant. The  most  important  use  of  the  drug  is  in 
causin,s  the  removal  of  dropsical  elTusions.  .-V  tluiil  ex 
tract  is  ollieial.  the  dose  of  which  is  ().:{  to  '-'.0  r.r.  {V\  v. 
to  XXX,  I,  II   IL  Itii.sl'ir 

APOMORPHINE.— .\pomorpliiiie  isan  alkaloid  derived 
from  nLoiphiiie  by  abstra<-ling  from  the  latter  a  molecule 
of  water.  This  is  doni'  by  heating  it  in  sealed  tubes  with 
zinc  chloride'  or  hydrochloric  acid.  It  may  also  be  de 
rived  from  codeine.  It  is  commonly  used  in  the  form  of 
the  hydrochlorate.  which  is  oHicial,  The  Pliarmacopieia 
thus  describes  it :  "Mimile,  grayish-white  shiiung,  acicu- 
lar  crystals,  without  odor,  liaving  a  faintly  bitter  taste, 
and  ac()uirinir  a  greenish  tint  upon  exposure  to  light  and 
air.  Soluble  at  I.")  C.  (."iii  F.)  in  about  -lo  parts  of 
water  and  about  4.")  jiarls  of  alcohol ;  very  litlle  soluble 
in  ether  or  chloroform.  'When  heated  to  near  1IK»  C. 
(212°  J'".),  the  .salt  is  decomposed,  rajiidly  if  in  solution, 
slowly  when  dry." 


The  properties  of  ai)Oniorphine  are  totally  distinct 
from  those  of  morphine.  It  is  primarily  an  emetic,  act- 
ing altogether  cenlrally,  and  with  .irreat  pronii)lness  and 
power.  It  is  secfindarily  an  expectorant,  increasing  and 
.irreatly  thinning  the  bronchial  mucus.  In  poisonin.ir, 
there  is  intoxii-ition  or  delirium  and  paralysis  of  tjie 
motor  nerves,  wilh  failure  of  respiralion  and  especially 
of  the  heart. 

In  use,  apomorphine  is  probably  our  most  prompt  and 
energetic  emetic,  its  special  value  bein.;;  llii-  promptness 
and  certainty  with  winch  vomiting  can  be  induced  by 
hypodermic  injection  when,  for  any  reason.  1  he  stomach 
cannot  be  acted  ujion  to  produce  it.  As  an  ex|iecloi-ant, 
it  is  perhaps  our  most  useful  agent  for  relieving  a  "dry  " 
cou.sh.  If  given  early,  it  will  do  much  to  avert  bron- 
chitis, and  it  isalsoes|)ecially  useful  in  the  liackiiig  cough 
of  tubercidosis.  Th(f  emetic  do.se  for  an  adult  is  gin. 
(1.000  to  0.01  (gr.  y'j  to  J);  as  an  expectorant,  gni.  0.0015 
to  0.0025  (gr.  Vs  to  s'j).  //.  ;/.  Rusln/. 

APOPLEXY.     Hec  Bntiii  DixdiHiv :  Jfiiii'irr/mge. 

APPENDICITIS.— The  term  appendicitis  is  one  that 
has  Clime  inio  .L'eneral  use  of  late  years  only.  and.  while 
occasional  articles  in  the  past  have  called  attention  to 
and  well  described  thai  disease  which  now  goes  under 
llie  name  of  appendicitis,  the  general  recognition  and 
projier  treatment  of  the  same  may  be  , said  I o  date  from 
the  well  known  arlicle  by  Fitz.  It  is  true  that  inflam- 
malion  of  Ihe  ca'cum,  perity phlilis,  and  paraiyphlitis  are 
terms  which  ex])ress  accurately  the  jiathological  condi- 
lion  in  rare  cases,  yet  intlamniation  in  the  right  iliac 
fossil  is  known  to  be  dependent  upon  some  disea.sed  con- 
dition of  Ihe  appendix  save  in  very  exceptional  instances. 
Hence  the  term  "appendicitis"  has  displaced  all  others, 
III  indicate  inllammalory  troubles,  either  acute  or  chronic, 
siluated  in  Ihe  ri.iihl  iliac  fossa. 

The  anatomy  of  Ihe  aiipendi.x  is  extremely  varied. 
The  organ  is  ibe  remains  of  a  porlinn  of  bowel  which, 
during  fietal  life,  had  inui  h  the  same  diameter  as  the  rest 
of  the  ca'cum.  but  at  birth  il  presents  an  appearance 
which  is  accurately  described  by  its  name,  worm  like  ap- 
pendage. It  is  atlached  by  one  e.xtremity.to  the  lower 
end  of  lh('  ca'cum  into  which  its  lumen  opens,  and  a  fold 
of  mucous  membrane,  the  valve  of  (ierlach.  more  or  less 
covers  the  opening  between  the  two  jjortions  of  bowel. 
The  attachment  of  the  appendix  to  the  ca'cum  will  be 
found  at  Ihe  lower  end  of  the  ("ecimi.  wliere  Ihe  muscu- 
lar bands  so  characteristic  of  Ihe  large  intesline  come  to- 
gether. Hence  by  followin.u  a  nuiseidar  band  of  the  colon 
and  tracing  it  downward,  one  can  reach  the  root  of  the 
ap|iendix.  The  diaineler  of  the  appendix  varies  greatly. 
1  have  seen  it  an  eighth  of  an  inch  in  diameter;  I  have 
seen  it  dilated  until  its  diameter  was  not  le.ss  than  one  inch 
and  a  (juarter.  Pe'rhajisa  quarter  of  an  inch  would  be  not 
far  from  the  usual  size.  The  length  varies  as  much  as 
does  the  diaineler.  An  ap|iendix  is  mentioni-d  in  Dennis' 
■'System  of  Surgery  "  as  bein,ir  nine  and  a  half  inches  in 
length.  I  have  seen  it  exist  simply  as  a  bimcli  of  fibrous 
tissue  not  a  i|uarter  of  an  inch  lon.s;'.  and  between  these 
two  extremes  the  ordinary  length  will  be  found.  The 
|)osition  of  the  a|il)endix  in  relalion  lo  the  ca'Cum  will 
vary  not  less  than  do  ils  lenglh  and  diameler:  and  this 
is  to  lie  expected,  since  it  is  attached  lo  Ihe  bowel  by  one 
exireniity  only,  Ihe  oilier  b<-iiig  more  or  li'ss  free.  It 
may  li<^  to  the  outer  siileof  the  cacum  and  be  luriied  uji 
ward,  or  behind  the  ca'cum  ;ind  be  turned  upward:  it 
may  also  bi'  so  long  as  to  hang  over  the  brim  of  Ihe 
pelvis  and  become  an  intraiiclvic  organ.  1 1  is  surrounded 
jiartially  by  ]ieri1oneuni.  In  rare  cases  it  will  be  founil 
lyinii  entirely  in  the  meso-ca'cum.  covered  lillle  or  not 
at  all  by  peritoneum.  It  has.  under  other  conditions,  a 
nieso-a]ipendix  cunlaining  blood  vessels  and  lymplialics. 
as  have  the  colon  and  other  jiortions  of  the  inloiiiial  canal. 
The  me.so-appendix  is  rarely  as  Ion;:  as  is  ilii'  appeiidi.x, 
lo  the  tip  of  which  it  extends:  hence  ihis  portion  of  the 
bowel  is  bent,  ,sometimes  acutely  llcxed,  and  thus  it  may 
become  a  cause  of  trouble  owing  to  obstruction  of  the 
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luiiipii.     It  is  ]irol)al)ly  very  cxccptioual  to  tind  an  ap 
liciiilix  wiiirli  is  slraii;lit. 

ll  is  usual  to  coiisidcT  tliat  the  appemlix  is  liistoUij;! 
rally  similar  to  tlic  small  iiiU'stiiic.  namely,  that  it  has 
circular  and  loniritudinal  muscular  layers  overlaid  by 
])eritone>nn  and  lined  internally  by  mucous  membrane. 
The  lym|)hatics  frimi  the  apjiendix  empty  into  the  glands 
ill  the  nieso  appendix.  The  appendix  is  supjilicd  by  a 
rather  lariie  blooilvessel  which  extends  to  the  tip  of  the 
ortran.  and  does  not  at  its  termination  anastomose  with 
another  vessel.  Obliteration  of  this  vessel  at  the  ea-cal 
end  will  therefore  interfere  witli  the  blood  siqiply  of  the 
whole  appendix. 

The  healthy  apjiendix  feels  to  the  touch  as  does  the 
small  intestine.  When  it  is  the  scat  of  chronic  inflam- 
mation, the  ajipendix  becomes  firm  to  the  touch  and  may 
be  here  and  there  pouched,  or  the  lumen  partially  oc- 
cluded, or,  in  exceptional  cases,  enlirely  closed. 

The  appendix  contains  normally  mucus.  Sometimes 
a  little  fecal  matter,  generally  called  "'concretions."  may 
be  found  in  it.  and  exceptionally  a  foreign  body. 

The  pliysiology  of  the  appendix  is  unknown.  lu  cer- 
tain of  the  lower  animals  it  is  a  large  organ  and  imdoubt- 
cdly  assists  in  digestion.  There  is  no  reason  to  suppose 
that  this  condition  of  affairs  exists  in  tlie  human  being. 
After  the  organ  has  been  rwmoved.  or  after  its  lumen  has 
been  oljliterated.  tlie  human  economy  does  not  seem  to 
suffer  because  of  either  of  these  conditions.  In  the  fe- 
male a  fold  of  peritoneum  extends  from  the  right  o\ary 
to  the  appendix,  and  is  invoked  as  a  reason  why  intiam- 
niation  of  the  right  iliac  fossa  in  the  female  ma}'  invoh-e 
both  organs. 

The  bacteriology  of  the  apjieudix  will  not  differ  from 
that  of  the  ca>cum,  with  which  it  is  in  free  communica- 
tion; a  perforation  from  the  cavity  of  the  ap]H'n<lix  into 
the  peritoneal  cavity  can  be  considered  as  a  perforation 
of  the  ca'cum,  the  colon  bacillus  being  the  organism  on 
which  ilie  .greatest  stress  is  laid  as  a  cause  of  the  result- 
ing inrtammation  and  sepsis,  thougli  many  organisms 
are  found. 

Aiipendicitis  may  occur  at  any  time  of  life  from  youth 
to  old  age.  but  between  the  ages  of  ten  and  thirty  the 
majority  of  .cases  are  met  with.  Of  the  two  sexes  the 
male  seems  to  be  more  often  affected.  In  the  female  in- 
flammation of  the  right  tube  may  be  mistaken  for  ajipen 
dicitis. 

It  is  usual  to  separate  appendicitis  into  certain  classes, 
tlie  better  to  appreciate  the  pathological  conditions  pres- 
ent and  the  train  of  symptoms  which  one  may  be  called 
niion  to  investigate;  and  while  there  is  no  hard-and-fast 
line  between  the  diff'erent  groups, — the  division  being 
jmrely  arliitrary. — clinically  such  a  classification  will  be 
found  very  helpful.  Thus  appendiceal  colic,  catarrhal 
appendicitis,  suppurative,  perforative,  and  gangrenous 
appendicitis  are  recognized  as  individual  diseases  of  the 
appendix. 

CiiKoxic  Appendicitis. 

In  the  chronic  form  of  inflammation  the  appendix  has 
elastic,  thickeneil.  white  walls  and  contracted  lumen. 
To  the  touch  the  organ  feels  firm  and  stiff'  anil  more  or 
less  straight.  An  acute  flexure  exists  rarely,  for  such  a 
condition  predisposes  to  an  sicute  attack  and  to  [leriap- 
pendicular  inflanunation.  The  whole  aiiiiendix  ai)i)ears 
to  be  infiltrated  with  an  exudate  that  usually  does  not  in- 
vade the  peritoneal  coat,  which  retains  its  original  shiny 
ajipearancc;  occasionally  the  appendix  is  a<lherent  to 
adjacent  organs  by  firm  exudate,  the  evidence  of  one  or 
more  acute  attacks.  The  meso-appelidix  may  be  thick- 
ened and  firm,  only  in  exceptional  cases  retaining  its 
normal  appearance.  Whether  the  appendix  lie  entirely 
in  connective  tissue  beliin<l  the  c;ecum.  or  be  a  |)eritoneal 
organ,  its  walls  present  when  clironically  inllamed  the 
same  general  aiipcarance.  Attacks  which  accomiiaiiy 
the  conilition  of  the  api)endix  here  staled  vary  initUensit'v 
and  frequency.  'I'liey  may  persist  for  years,  occurring 
at  irregular  intervals,  or  Ihcv  may  occur  at  more  or  less 


frcipu'nt  intervals,  within  ii  short  time.  Between  the 
attacks  the  symptoms  may  <lisjippcar  altogether,  or  there 
may  be  a  sense  of  discomfort  in  the  right  iliac  fossa,  with 
recurring  exacerbations.  The  terms  relapsing  and  recur- 
rent appendicitis  are  analogous  to  the  terms  remittent 
and  intermittent  malarial  fever.  The  attack  may  be  so 
slight  as  to  be  worthy  of  the  name  only  of  appendicular 
colic.  Usually  the  term  appendicular  is  omitted,  by  the 
patient  at  all  events,  and  the  term  colic  only  used.  It 
is  very  probable  that  a  large  number  of  cases  of  ordinary 
colic,  called  attacks  of  indigestion,  are  due  to  au  appen- 
dicular sclerosis. 

The  symptoms  wliicli  have  been  referred  to  as  present 
in  attacks  of  appendicitis  will  be  noted,  but  to  a  minor 
degree,  in  the  form  of  appenditis  which  is  now  under 
con.sideratiou.  It  is  to  be  remembered  also  that  attacks 
of  chionic  appendicitis  may  become  perforative  and 
therefore  acute;  this  is  the  danger  to  be  feared.  With 
our  present  knowledge  it  is  not  possible  to  say  when  the 
next  attack  of  a|ipendicitis  may  occur  and  whether  it 
may  be  of  a  serious  character  or  not.  Physical  cxjilora- 
tion  of  the  right  iliac  fossa  between  the  attacks  ma_v  en- 
able the  examiner  to  localize  the  thickened  and  hardened 
appendix.  Pressmeupon  it  will  cause  discomfort,  if  not 
pain,  and  especially  is  this  the  case  just  prior  to  an  at- 
tack and  for  some  time  afterward.  The  duration  of  an 
attack  will  vary;  fever,  constipation,  etc.,  bearing  a  close 
relationship  to  the  extent  of  disease  present.  After  a 
few  days,  or  perhaps  even  earlier,  the  symptoms  diminish 
and  the  patient  returns  to  his  usual  condition,  only  to  be 
the  subject  of  another  attack  later.  There  is  always  the 
chance  that  an  attack  of  chronic  appendicitis  may  be- 
come perforative,  with  results  such  as  have  already'  been 
stated. 

Etiology. — No  sittisfactory  cause  of  inflammation  of 
the  appendix  is  known.  Traumatism,  constipation, 
irregular  development  of  the  appendix,  right  tubal  in- 
flammation in  women,  indigestible  substances  taken  into 
the  stomach  at  meals,  a  superabundance  of  glandidar 
tissue  in  the  appendix,  bending  of  the  appendix  whereby 
the  lumen  is  mechanically  obstructed,  and  many  other 
reasons,  are  all  put  forward  as  the  cause,  probably  with 
equal  truth.  Even  the  grippe,  with  which  we  Ameri 
cans  have  been  favored  of  late  years,  is  suggested  as  a 
cause,  although  up  to  this  time  the  organism  jieculiar  to 
the  grippe  has  not  been  discovered  in  caus;il  relation  with 
appendicitis,  and  epidemic  influenza  in  the  jiast  does  not 
seem  to  have  given  rise  to  appendicitis.  The  firm,  stiff, 
elastic  appendix,  the  subject  of  what  we  call  chronic  ap- 
pendicitis, resembles  .scarcely  any  other  pathological  con- 
dition met  with  in  the  alimentary  canal,  and  it  does  not 
seem  to  be  .so  extraordinary  a  supposition  that  appendi- 
citis, with  its  various  terminations,  may  not  be  the  jiatho- 
logical  expression  of  a  constitutional  condition  not  vet 
recognized  and  named.  I'erforation  of  the  ajipendix  and 
the  residting  peritonitis  produce  a  change  in  the  aspect 
of  affairs  not  more  marked  than  that  which  occurs  after 
a  perforation  of  the  small  intestine  by  a  typhoid  ulcer. 

The  com])lications  met  with  in  iqqiendicitis  have  to  do 
with  the  extension  of  the  inflanunation  from  the  original 
seat  of  the  disease  to  othi'r  ]iarts  of  the  body,  not  only 
through  the  lymphatic  system,  but  also  through  the 
venous  system.  Among  them  may  be  mentioned  throm- 
bosis of  the  iliac  vein,  abscess  in  the  liver  (developed  by 
way  of  the  portal  circulation),  etc. 

Forc/f/ii  I}ij(lu:i. — From  time  to  time  inflammation  of 
the  appendix  has  been  attributed  to  foreign  bodies  im- 
liactcd  in  the  lumen  of  the  tube — prune  stones,  date 
stones,  grajie  seeds,  etc.  Examination  shows  that  such 
so-called  foreign  bodies  arc  usually  mas.ses  of  fa'ces  more 
or  less  hard;  and  while  foreign  bodies  are  occasionally 
met  with  the_y  are  encountered  very  rarely.  Probably 
the  ordinary  pin  is  the  foreign  body  most  frequently 
found.  Not  infreqviently  a  fecal  concretion  is  held 
firudy  in  the  apiiciidix.  jiartly  by  the  swelling  of  the 
surrounding  mm-ous  membrane  and  jiartly  by  the  con- 
traction of  the  circular  muscular  fibres.  I'nder  this 
)n'essurc   the   coucretiou   may   gradually  force   its  way 
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through  the  wall  cf  tin-  appeiiilix.  As  to  the  ciiiisi-  of 
the  iiii])aftiou.  iintliiiij;'  is  known,  nor  do  we  know 
uliiMlur  it  is  a  common  tliin.ir  for  fa'Cis  to  enter  tlie  ap 
[lendi.x  anil  then  jias.s  out  of  it  again. 

P.vTiioi.oGY. — Intlaniination  of  the  difVerent  coats  of 
the  bowel  proceeds  from  within  outward,  the  mucous 
coat  lieiii!;  lirst  alTectcd,  then  the  muscular,  and  tinally 
the  peritoneal.  The  ulceration  involves  a  larircr  area  of 
the  mucous  than  of  the  nuiscular  coat,  and  in  turn  a 
Uiriier  area  of  the  muscular  than  (jf  the  |icritoneal  coal. 
The  form  of  ulceration  does  not  seem  to  dilVer  from  that 
which  is  met  with  in  similar  tissues  elsewhere.  As  yet 
uothins  specific  has  been  discovered.  Ulceration  may 
occur  anywiiere  within  the  interior  of  the  bowel,  on  the 
side  of  the  meso-ca'cum  or  opposite  to  it,  or  at  the  e.\ 
treniity  of  theaiipendix.  It  is  notable  that  as  the  ulcera- 
tion deepens  and  involves  the  peritoneal  coat,  pain  is  ex- 
perienced. When  the  peritoneal  coat  becomes  iinolved, 
ivmph  is  <'ft'used  on  the  free  surface  of  tlie  sei-ous  mem 
brane,  and  adjacent  coils  of  intestine  become  adherent  to 
the  aiipendix,  thus  preventing  in  many  cases  extravasa- 
tion into  the  pe.ritom'al  sac.  If  perforation  occurs  sud 
denly,  the  adhesions  between  the  ajipcndi.x  and  the  ad- 
jacent coils  of  intestine  may  not  he  strong  enough  to 
l)revent  this  extravasiition:  but  if  jierforation  occurs 
more  slowly,  these  adhesions  will  probably  be  sufhciently 
strong  to  wall  in  firmly  the  extra vasatcd  material  and 
the  rapidly  forming  pus.  A  sul)si{pient  giving  way  of 
such  an  abscess  into  the  general  ]ieriloiieal  s:ic  is  followed 
by  a  furious  septic  inflammation,  which  is  general  and 
aimosl  uecessjirily  fatal. 

If  the  scat  of"  tdceratiou  and  subsequent  perforation 
occurs  in  a  part  of  tli<'  appendix  not  covered  by  perito- 
ncuni — for  instance  where  the  appendix  is  tur?ied  behind 
the  ca'cum  in  the  connective  tissue — the  perfonillou  will 
siniiily  give  rise  to  a  circumscribed  abscess,  inlii  the 
formation  of  which  ])eritf>nitis  does  not  I'liler,  Such  an 
abscess  will  be  in  the  meso-ea'Cinn,  and  the  tendency  to 
jierforation  will  be  toward  tlie  loin  rather  than  toward 
the  peritoneal  eavily.  The  periajiiiendieular  lesi<ins  will 
vary  greatly  in  the  two  cases,  tlie  one  giving  rise  to 
peritonitis,  circumscribed  or  general,  the  otliei  to  a  cellu- 
litis, eircumserilied  always  and  general  never.  The 
situation  is  far  less  grave  if  the  peritoneum  is  not  in 
volved,  and  the  symptoms  are  less  .severe. 

Pus  having  formed  about  the  appendix  and  being 
walled  in  by  the  adhesions  between  this  organ  and  the 
adjacent  coils  of  intestine,  docs  not  remain  (luiel.  11  in- 
creases in  amount  and  makes  its  way  in  ihe  direction  of 
the  least  resistance,  sometimes  in  one  direction,  somc'- 
timcs  ill  another.  The  advance  to  the  surface  may  hi- 
very  slow:  down  the  tliigh,  through  the  lumbar  region, 
into  the  intestiac.  large  Vir  small,  are  the  nmles  along 
which  it  ma.v  advance.  'When  an  abscess  forms  and  ex 
ists  for  any  tiiiK',  the  apjiendix  will  often  be  foiiiul  float- 
ing in  the  pus,  perhaps  in  its  entirety  or  disinlegralcd. 
After  the  a|ipindix  has  sloughed  off  fa'ces  rarely  are  dis- 
cliarged— fecal  smelling  matter  yes,  but  fteees  as  such 
very  rarely.  The  opening  of  the  bowel  usually  closes 
without  help  on  the  jiurt  of  the  surgeon.  It  is  didieull. 
from  an  examination  before  the  oiieration,  to  state  ac 
curately  where  the  appendix  may  be  siluate<l.  1  Iiave 
seen  itattached  to  the  liver,  which  formed  one  of  the 
boundaries  of  tlie  abscess.  I  have  seen  it  also  in  the 
scrotum,  simulaling  strangulateil  hernia;  in  the  left  iliac 
fossa;  and  in  the  pelvis  liehind  the  rectuni. 

Eefl-sidcdapiiendieitis  is  not  so  very  unusual  and  max' 
occur  from  a  fransposition  of  viscera,  from  a  loii.^'  ap- 
jiendix,  or  from  an  extremely  movable  ca-cum.  which 
carries  the  appendix  with  it."  The  form  of  perilonllis 
which  follows  upon  the  jierforation  of  the  ajipendix  w  ill 
vary  largely  with  the  rapidily  of  the  ulcerative  pmciss. 
Sloiighin.g  (if  the  ap]>cnilix  and  gangrene  are  more  apt  to 
occur  when  the  seat  of  ulceration  is  near  the  ca'cuni.  and 
possiblv  this  outcome  of  the  disease  may  be  tracealile  to 
the  obliteration  of  the  nutrient  artery  of  the  appendix  at 
the  seal  of  the  ulceration.  Theoretically,  at  least,  such 
a  blocking  of  the  nutrient  artery  near  the  ca'cum  would 


leave  Ihe  a]ilienilix  without  \aseular  supply.  This  ex- 
planation, however,  will  not  sulliee  for  llirise  cases  in 
which  Ihe  lumen  of  Ihe  artery  is  found  not  to  be  ob 
stru<-|ed,  and  conse(|uenlly  one  is  forced  lo  supjiosc  thai 
micro  organisms  have  to  do  »  ilh  the  production  of  the 
.irangreiic. 

SvMi-roMs   .\M)    Di.Mi.Nosis, — If  the  iiillanmiation  in 
volves  the  |>eritoneal  coat  and  if  il  is  accompanied  by  the 
formalionof  pus,  the  examination  of  the  blood  will  show 
a  leucoeytosis  more  or  less  marked.      In   I  wo  of  my  re 
cent  cases,  in  both  of  which  eircumserilied  siqipuralion 
within  the  periloneal  eavily  existed,  1  found  in  one  case  a 
leucoeytosis  of  l."),(l()0  and  in  the  other  case  one  of  IIS, 000. 
So  far  as  the  (KlVerenlial  diagnosis  is  concerned,  it  will 
be  necessjiry  to  distinguish  between  the  disease  under 
consideration  and  renal  or  ureteral  disease,  iiillanimation 
of  the  gall  bladder,  typhoid   perforation  of  the  inlestine, 
right  ,salpiii.i;ilis,   ab.seess  of   the   liver,    tubercibous   in 
tlammalion   of   the  (jeeiim  or  mesentery,   and  intestinal 
strangulaliou.     In  a  case  recently  under  my  care,  which 
came  to   the  hospital   forty  eight   hours  after   the  com 
meiicemcnt  of  symploms,  abdominal  section  showed  that 
a  .Meckel's  diverticulum   had  jiassed   through  a  hole  in 
the  mesentery  of  the  ileum,  was  slrangulaled,  and  .irave 
rise  to  symptoms  which  justified  the  expectation  of  tind- 
iiig  an   inllamed  appendix.      While,  then,  in  a  majority 
of  casc-s    iiillanimalion  of    the  appi'iidix.   or  of  Ihe   im 
niediale  iieigliborhoo(l,    can   be  diagnosticated,   in   other 
eases  abdominal  section   is  necessary  in   order   that    ae 
curacy  of  diagnosis  may  hi'  arrived  at, 

('(iiistiiiiitiiiii. — Constipation  is  an  unfavorable  si.gn  and 
can  be  tjiken  to  mean  that  some  part  of  the  intestinal 
wall  is  iiiHamcd  and  eoiiseipiently  is  not  able  to  carry  on 
ils  function  pro|ierly, — namely,  flat  fiansmissionof  fa-ccs 
williin  the  lumen  of  the  tube.  Such  constipation  may 
give  way  under  Ihe  use  of  pnr.gaf ives  or  eiiemata.  but 
persists  when  inllammalion  is  advancing.  In  se|itic 
]ieritoiiitis,  when  il  is  general,  the  constipation  is  abso 
lule.  So  long  as  it  is  not  present  and  the  bowels  act  in 
response  to  the  adminisfraf  ionof  purgatives,  just  so  long 
niav  a  favorable  prognosis  be  given,  I)!arrlm\T,  ill  my 
o]iiiiion,  is  a  vastly  more  favorable  symjifom  than  is  con 
stipation  ;  indeed,  diarrliiea  does  not  occur  as  a  synipfom 
of  aiipeiidicitis. 

.Viixc'iliii-  T(iiKi(,n. — The  absence  of  mofioii  which  is 
iiolieed  in  the  lower  liorlion  of  the  ah(l<imiiial  wall  be 
comes  more  and  more  marked  as  the  disease  progresses, 
and  lliis  williout  the  sufl'ercr's  knowledge.  If  the  ap- 
pendix is  ill  Ihe  ordinary  situation,  the  right  reelus  and 
the  right  olili(|ue  muscles  will  Ik^  somewhat  more  tense 
than  are  the  corresponding  muscles  on  the  other  side 
(left)  of  the  b<idy;  this  being  proli.-ibly  more  marked  in 
the  caseof  the  rectus  than  in  that  of  theolili(|Ue  muscles. 
Flexion  of  the  right  thigh  has  been  referred  to  below, 
under  the  head  of  aftilude.  This  iiosilion  of  the  limb 
suugesls  that  the  appendix  is  situated  behind  the  ca'cum 
rather  than  in  front  of  it,  anil  it  may  be  so  marked  as 
enlirely  to  incaiiacifate  the  patient  from  extending  the 
limb.  "  Muscular  tension  on  the  front  of  the  belly  disiip- 
pears  when  a  Jiaresis  of  the  intestinal  wall  from  general 
sepsis  takes  place.  This  is  not  seen  e.irly  in  an  attack. 
The  belly  wall  then  ballo.>nsout  and  jusliiiesaii  iintVivor- 
able  prognosis.  The  abdominal  walls  may  be  extremely 
tense.  Hat,  and  board  like.  This  condition,  which  is  not 
met  with  in  simple  aculi^  appeiidicilis,  is  a  very  unfavor 
able  symploni,  and  indicates  the  i-xistence  of  an  aeule 
periloi'iitis  due  to  the  giving  way  of  the  wall  of  the  in 
lesliiK'  and  the  exiravasafion  of' bowel  contents.  Ii  is 
accompanied  by  high  rectal  Icniperature, 

HvvdlhiiKj. — The  hrealliing  is  usually  acceleratnl.  and 
becomes  more  so  as  inllamnialion  advances.  If  llie  fieri- 
loiieal  coat  of  the  appendix  is  involved,  the  palieiit's 
breathing  will  be  largely  thoracic.  Hesiiiralory  move- 
mi-iits  of  -'^  lo  '21  iH-r  nii'milc  may  be  expe<  ted  when  an 
acute  inllammation  is  present,  and  the  abdominal  wall 
over  the  inflamed  area  will  be  ipiiel  if  not  motionless, 
the  breathing  being  therefore  .somewhat  short.  When 
much  peritoneal  membrane  is  intlameil,  the  belly  wall 
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bi'low  the  navel  will  be  quite  still,  and  tliis  lack  of  mo- 
tion can  1)0  consideicd  a  symptom  of  gravity.  Ilic 
ciiugli  is  not  present  in  the  early  stage  of  inflammation, 
and  when  seen  later  it  mnst  be  regarded  as  a  grave 
symptom. 

.lnnciilldtioii. — Auscultation  enaliles  one  to  recognize 
that  movements  of  the  bowels  arc  taking  place,  the 
gurgling  of  gas  and  other  sounds  being  easily  perceptible. 
Absolute  silence  over  the  belly,  on  auscultation,  is  an 
unfavorable  symptom;  it  suggests  intestinal  paresis,  and 
justities  a  most  grave  i)roguosis. 

Attit'idc  'f  the  J'litieiit. —Thf  patient  will  take  the  atti- 
tude winch  puts  the  inflamed  iiortion  of  the  body  at 
rest;  hence  the  recumbent  position,  the  fie.xed  right 
thigh,  the  removal  of  all  compressing  bauds  or  sub- 
stances which  weigh  ujion  tlie  belly,  and  the  absolute 
ipiiet  which  he  maintains.  The  tle.xion  of  the  thigh 
shortens  the  psoas  and  iliacus  muscles  which  are  adjacent 
to  the  inflamed  area;  and,  to  etfect  a  still  further  sliort- 
ening.  the  knee  may  be  grasped  and  the  thigh  pulled 
toward  the  body.  The  facial  e.vpressiou  varies  greatly; 
tlie  general  expression  is  one  of  anxiety  and  uncertainty, 
and  this  expression  becomes  more  and  more  pronounced 
as  the  disease  advances.  In  septic  peritonitis  the  Hip- 
]iocratic  countenance  occurs.  A  flushed  face,  dry  li]is. 
etc..  accomjiany  fever,  but  the  typhoid  expression  is  not 
characteristic  of  an  acute  attack  of  appendicitis. 

Tfii'  T/itJli</e)u'('. — The  intelligence  of  the  patient  is  not 
affected;  it  is  often  very  acute,  and  persists,  notwith 
standing  the  many  changes  in  the  disease,  until  shortly 
before  death.  Even  when  general  sepsis  is  present,  the 
acuteness  of  mind  and  intelligence  may  persist.  Daik 
circles  around  the  eyes  and  an  apparent  recession  of  the 
eyes  into  the  orbits  may  be  taken  to  indicate  that  ]ieri 
toneal  iuflannnation  is  serious  and  advancing. 

Pain. — Pain  commences  .suddenly ;  it  may  amount  only 
to  discomfort  or  it  may  be  acute,  even  t<i  the  extent  of 
incapacitating  the  patient  from  moving  or  seeking  help 
in  any  way.  While  the  pain  may  be  severe  the  acme  is 
not  reacheil  for  a  certain  timi'.  At  flrst  the  pain  is  re 
ferred  to  the  epigastric  or  umbiiical  regicai,  but  later  it 
seems  to  shift,  and  the  patient  will  refer  it  to  the  region 
of  the  appendix.  Rarely  is  this  noticed  until  some  hours 
after  the  commencement  of  suffering,  unless  jjcrforation 
takes  place;  but.  sooner  or  later.  ]iain  in  the  region  of 
theappendix  is  to  be  expected.  It  is  perliaps  noteworthy 
tliat  while  dry  warmth,  as  a  bottle  of  Jiot  -n  ater  or  hot 
flannel  may  relieve  jiain.  the  patient  will  never  make 
juessure  over  the  tender  region ;  indeed,  iiressure  increases 
suffering,  a  circumstance  which  distinguishes  this  disease 
fn.m  the  colic  of  indigestion.  Pain  may  be  felt  in  the 
lumbar  region,  and  this  is  especially  noticeable  when 
the  appendix  is  behind  the  ca>cum.  The  writer  lias 
noticed  in  chronic  appendicitis,  when  discomfort  was  re 
ferred  to  the  epigastric  region,  that  support  by  a  band- 
age applied  to  the  right  iliac  fossa  lias  sufhced  to  remove 
the  epigastric  pain.  If  the  a|ipen(lix  is  long  and  the  in- 
flamed end  is  in  relation  with  the  urinary  bladder  or 
TU'eter,  pain  in  micturition  and  j^ain  referi-ed  to  the 
meatus  are  complained  of,  the  latter  being  possibly 
acute.  The  desire  to  jjass  water  fretpiently  is  then  com- 
plained of.  When  the  appendix  is  on  the  left  side,  or  is 
so  long  as  to  extend  to  the  left  side,  and  becomes  there 
inflamed,  pain,  as  would  be  expected,  is  referred  to  that 
region.  >Icl5urney  has  called  attention  to  the  fact  that 
])ressure  pain  is  mo.st  marked  in  many  eases  at  a  point 
situated  two  inches  to  the  inner  side  of  the  anterior 
suj.ierior  sjiinous  (iroeess  on  the  right  side,  along  a  straight 
line  drawn  from  that  process  to  the  navel.  At  or  about 
this  place  is  usually  .situated  the  root  of  the  appendix. 
If  the  inflamed  organ  lies  anterior  to  the  ca'cum.  the  pain 
is  more  acute  on  |n-essure;  but  if  it  is  liehiud  the  ea'cum. 
deep  Iiressure  may  be  necessary  to  elicit  an  expression 
of  Jiain.  ludess  the  peritoneal  coat  is  already  involved. 
"When  the  end  of  the  inflamed  appendix  hangs  over  the 
brim  of  the  pelvis,  deep  ri'ctal  examination  may  give 
pain.  It  goes  without  saying  that  when  th<' peritoneal 
coat  of  the  a])pcudix  is  inij)licated  in  an  intlanmiatory 


process,  ab.soluterest  is  comfortable  to  the  patient,  hence 
wliatever  nuiseular  effort  will  in  any  way  relieve  the 
movement  of  the  abdominal  mu.scles  is  unconsciously 
made  use  of  by  the  patient.  Thus,  for  example,  while 
the  lower  abdominal  wall,  especially  on  the  right  side, 
will  be  quite  still,  it  will  be  observed  that  the  patient 
does  his  breathing  by  means  of  the  thoracic  muscles.  As 
more  and  more  peritoneal  membrane  becomes  involved  in 
the  inflanuuatoi-y  jirocess,  so  the  pain  becomes  more  and 
more  extended,  diffuse,  and  acute.  Hence  a  fair  knowl- 
edge of  the  amount  of  peritoneum  involved  can  be  ob- 
tained from  the  patienfs  expression  of  pain  when  press- 
ure is  made  over  different  parts  of  the  abdomen.  Pain 
in  the  right  iliac  fossa,  in  the  epigastric  region,  under 
the  left  ribs,  in  the  rectum,  may  indicate  that  a  general 
peritonitis  is  present.  Pain  iu"  the  right  flank  suggests 
the  presence  of  the  appendix  beliind  the  ca'cum.or  of 
matter  tending  to  point  in  that  direction.  Should  pain 
iu  the  right  iliac  fossa  in  front  be  wanting,  the  opinion 
jvist  expressed  would  be  rendered  wellnigh  certain.  A 
sudden  disappearance  of  all  pain,  when  taken  in  connec- 
tion with  tlie  advance  of  the  symptoms  and  with  the 
great  weakness,  makes  the  prognosis  very  grave. 

Vomiiiiitj. — Vomiting  is  often  met  with  during  the 
onset  of  an  attack  and  may  be  taken  to  indicate  severity. 
The  material  vomited  will  be  that  which  the  stomach 
contains;  afterward,  it  will  consist  of  mucus,  perhaps 
bile-stained;  but  the  so-called  stereoraccous  vomiting  of 
strangulated  hernia  is  not  seen.  Vomiting  may  be  ex- 
cited by  taking  substances  into  the  stomach — water,  food, 
etc.,  but  it  rarely  persists  beyond  the  onset  of  the  attack. 
When  general  septic  iieritonitis  exists,  vomiting  resembles 
i-egurgitation.  and  the  material  regurgitated  will  look 
like  finely  chopped  spinach,  so  green  will  it  be 

Pulse. — The  pulse  rapidly  rises  and  the  rapidity  bears 
a  close  relation  with  the  amount  of  inflammation  present. 
In  cases  in  which  the  attack  is  very  sudden  and  the  peri 
toneal  coat  is  rapidly  involved,  the  pulse  increases  with 
amazing  raiiidity.  A  rapid,  full  imlse  suggests  an  ad 
vancing  and  perforative  inflammation,  especially  if  the 
rapidity  continues.  Perforation  is  characterized  by  a 
^•el•y  rapid,  feeble  pulse.  The  pulse  is  a  better  index  than 
the  temperature,  unless  this  latter  is  taken  by  both  rectum 
and  mouth  and  the  two  are  compared.  When  death  is 
impending  and  in  rapidly  advancing  cases,  the  pulse  will 
disappear  from  the  wrist  some  time  before  dissolution. 

The  pulse  seems  to  bear  a  close  relation  with  septic 
absorption 

Fi'rer  — The  amount  of  fever  apparent  when  the  tem- 
perature is  taken  with  a  thermometer  in  the  ordinary 
way,  is  deceptive.  By  the  mouth  or  the  axilla  the  tem- 
perature may  be  normal  or  subnormal.  It  is  not  at  all 
unusual,  especially  when  perforation  of  the  bowel  has 
taken  jdace.  for  the  surface  temperature  to  be  subnormal 
and  flu-  skin  clammy  and  pale.  In  acute  appendicitis  the 
only  bodily  tenqieraturc  that  is  worth  considering  is  that 
Avhieh  is  t;ikcu  by  the  reetum;  and  by  this  I  do  not  mean 
the  temperature  which  is  taken  just  within  the  anus,  but 
the  temperature  which  is  taken  four  or  five  inches  above 
the  anus,  at  or  aliout  the  point  where  the  peritoneum  is 
reflected  on  to  the  lectum.  The  temiierature  by  the 
mo\ith  should  be  taken  and  comiiared  with  the  tempera- 
ture by  the  reetum.  A  difference  of  several  degrees  in- 
dicates peritonitis. 

When  the  temperature  of  the  mouth  and  that  of  the 
reetum  are  nearly  the  s;ime.  general  iieritonitis  can  be  ex- 
cluded. The  temperature  of  the  ivctum  then  can  be  taken 
as  a  fair  index  of  the  gravity  of  the  patit'nt's  condition. 
It  is  usual  to  consider  that  the  pulse  is  a  better  index  of 
the  patient's  condition  than  the  temperature,  but  when 
the  temjicraturc  is  taken  Ijy  the  reetum  and  compared 
with  the  temiierature  by  the  mouth,  valuable  inforiua 
tiou  is  gained  by  the  physician.  A  rectal  temperature 
of  103.5°  or  ItK!  F.  strongly  suggests  circumscribed  su|) 
puration  about  the  appendix.  It  will  be  one  or  two  de- 
grees higher  than  by  the  mouth,  A  general  peritonitis 
not  walled  off  by  adhesions  will  usually  give  a  rectal 
temperature  of  1()4'  F.  or  higher. 
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A  siiliiionnal  teinpcnitiiro  by  iiioiitli  or  axilla,  cspc 
riiiUy  if  tlii'  skin  is  pale  aiul  jnilse  rapid.  sii;rs;('sts  a  ilc 
tcriiiination  of  blood  t;)  tlio  peritoneal  eavity  and  always 
nceessitales  that  the  temiier.ittire  be  taken  by  reetuin. 
Am  advaneinir  temperature aluay.*;  suiinestsan  advaiu-in^- 
intlammation.  but  llie  absence  thereof  does  not  mean  th;it 
the  inllainination  is  at  rest.  .V  chill  rarely  occurs  \nd<'ss 
the  peritoneum  is  involved  and  su])puration  is  imminent. 
The  chill  may  be  of  such  a  minor  dejrree  as  to  attract  no 
decided  notice  on  the  patient's  part.  The  patient  will 
sometimes  comidain  of  a  little  chilliness  in  the  back,  or 
ask  that  an  adjacent  window  be  (dosed,  but  a  severe  chill 
is  exceptional.  Chills  al  short,  intervals  can  lie  taken  as 
a  svmptoni  of  constitutional  sejisis,  rather  tlian  of  local 
inllammation. 

Subsidence  of  the  tempcruturc,  when  associated  with 
slowness  and  stren!;tli  of  the  ])ulse.  is  a  sfood  si^'ii  and 
indicates  a  favorable  clianj;e  in  the  jiatient's  condition. 
It  will  be  noticed  durinii;  an  attack  of  colic,  and  it  suu; 
i.'ests  the  removal  of  tli<'  cause  that  jrives  rise  to  the  colic. 
When  catarrhal  intlammation  of  the  appendix  exists, 
there  will  be  a  free  ■discharge  of  mncns  into  the  rnectim: 
jmd  when  suppuration  exists  within  the  appendix,  the 
disappearance  of  pain  Will  indicate  that  the  contents  of 
the  appendix  are  being  emptied  into  the  ca'cum  and  that 
consequently  the  tension  has  diminished. 

Perfoi!.\tivk  Aitendicitis, 

SYMfTOMs  — -The  symiitoms  which  characterize  \x-r- 
foration  with  extravasation  into  the  general  peritoneal 
cavity  are  marked.  There  occurs  generally  a  sense  as  of 
something  giving  way  followed  by  excruciating  pain  and 
pronounced  collapse.  The  patient  ex]ieriencesa  sense  of 
profound  illness  or  even  of  impending  ilissolution  ,  he  is 
restless  and  his  voice  is  feeble  and  sighing  The  surface 
becomes  cold  and  clammy,  the  pulse  very  frequent  and 
feeble,  the  skin  pale  anil"  covered  with  .sweat,  the  mus- 
cular system  relaxed.  The  temperature  at  this  time  is 
subnormal  upon  the  surface  and  in  the  moutli:  in  the 
rectum  it  is  si'veral  degrees  higher.  If  the  extravasation 
is  small  and  can  be  circumscribed,  adjacent  coils  of  in- 
testine adhere  together,  and  symptoms  of  an  abscess 
within  the  ))eritoiieal  cavity  appear.  If  the  inflanmia- 
tion  is  general  and  not  circuiuscribed,  then  in  addition 
to  |ieritonitis  the  symptoms  of  .general  sejitic  absorjition 
liecome  jdain.  The  rectal  temperature  goes  to  104  or 
10.")  or  10(i  F..  the  pulse  rises  gradually  until  it  can  no 
longer  be  counted,  the  abdomen  either  becomes  board- 
like from  the  rigidity  of  the  muscles  or  else  balloons  out 
(intestinal  paresis).  Auscultation  shows  no  movement  in 
the  bowels.  Tumefaction,  formerly  apparent  in  the  right 
iliac  fossa,  <lisapp<'ars  A  finger  ]n-essed  on  tin'  skin 
leaves  a  white  mark  which  disappeais  slowly,  and  the 
(•yes  are  surrounded  by  dark  rings  and  seem  to  recede  in 
tiieir  sockets.  Consti|)ation  is  absolute,  urination  infrc 
queiit;  the  patient  is  thirsty  and  craves  crushed  ice:  the 
tongue  becomes  dry,  advancing  restlessness  is  very  ap 
|iarent ;  intcdligence  is  usually  and  unfortunat(dy  acute. 
Gradually  the  extremities  become  chiily  and  then  c<ild. 
the  |iuls(-  disajipears  from  the  periiihi'i'y  to  the  centre, 
and  death  closes  the  scene. 

I'hoo.nosis. — AVhen  the  fever  is  not  high  and  docs  not 
advance  rapidly,  when  the  pulse  is  full  ami  not  very 
tasi,  when  the  bowels  are  moved  by  mild  purgatives, 
when  the  abdominal  walls  are  not  hard  or  rigid  during 
res)uration,  when  tenderness  in  the  right  iliac  foss;i  is  but 
slight,  when  vomiting  has  occurred  perhaps  once  or  tw  ice 
onlv,  when  the  jiatierU  sleeps  without  narcotics  and  ex 
perieiices  little  general  discomfort,  and  when  the  expres- 
sion of  the  face  does  not  indicate  peritoneal  inllammation, 
it  may  safely  be  .said  that  an  operation  nc'cd  not  hr  im- 
deriakeu  inimediately,  and  that  medical  mentis  may  be 
employed.  When  the  pulse  grows  more  rapid  and  the 
temperature  rises  steadily,  when  pain  and  discomb>rl 
increase,  when  rigidity  oi'  the  abdominal  w;dl  is  present 
and  is  becoming  more  luarked,  when  ])ain  in  the  right 
iliac  foss;i  is  more  apparent  than  some  hours  i»reviously. 


when  the  bow(ds  are  constipated  it  is  to  be  recognized 
that  the  disease  is  advancing  With  a  rapid  pulse, 
flushed  face,  high  rectal  temperature  Ithat  in  the  month 
being  moderate),  pain  decideil  in  the  right  iliac  fossa  and 
much  increased  on  pressure,  firmness  of  the  abdominal 
walls  and  inunobility  of  the  jiarts  in  the  right  iliac  fossii 
during  respiration,  and  a  leucocytosis  present,  it  luay  be 
sjdd  with  some  decision  that  supp\iration  is  present  out 
side  of  theaiipeiidix.  A  very  rapid,  feeble  jiulse,  a  tem 
l)erature  of  10:i..T  to  10.")  F.  in  the  rectiun,  elevated  only 
a  degree  or  two,  ])erhai)S  subnormal,  in  the  mouth,  a  jiale 
skin,  linger  pressure  on  the  skin  making  a  white  dis 
coloration  whi<di  slowly  disaiipears  as  the  blond  returns 
in  th(^  capillaries,  board  like  abdomen  or  a  ballooned  out 
abdomen,  urine  in  scanty  amount,  with  or  withoid.  a 
hardness  in  the  right  iliac  fos.sa,  and  tenderness  on  press 
ure  over  the-  whole  abdomen,  justify  a  diagnosis  of  a 
general  jieritonilisand  a  very  unfavorable  prognosis.  If. 
added  to  the  above  symptoms,  the  pul.se  camiol  lie  counted 
at  th(^  wrist,  the  extremities  are  cold,  and  there  is  lividity 
about  the  mouth,  ears,  and  over  dejiending  portions  of 
the  (rtink,  dissolution  may  lie  held  to  be  not  very  far 
distant 

TKic.vr.MKxr — The  treatment  of  appendicitis  is  folic 
considered  in  relalion  to  the  pathological  condition  pres 
cut.  It  may  be  accepted  that  an  intlanied  appendix  is 
not  in  its  jiroper  place  when  situated  in  the  human  body, 
and  the  sooner  it  is  taken  away  the  better,  in  order  that 
the  patient  may  liave  no  more  acute  attacks  and  that  the 
attack  then  present  shall  be  cut  ,sliort.  Ijo  much  for  the 
general  statement.  But.  unfortunately,  this  treatment, 
wliile  it  is  good  in  general,  will,  in  a  certain  number  of 
cases,  nndoubteilly  cause'  the  death  of  the  patient. 

,Uii//ciil.  Tnatiiiiut. — In  view  of  the  evidences  of  pre 
vious  inllanunation  about  tlii'  appendix  found  post 
mortem,  it  is  jilain  that  many  cases  of  ajipendicitis  re 
cover  not  only  without  operation  but  without  treatment, 
and  it  goes  without  siiying  that  surgical  treatiuent  is 
unuecessiry  in  many  instances,  medical  treatment  suffic- 
ing to  produce  a  cure — or,  at  all  events,  if  not  a  cure, 
an  amelioration  of  the  intlammatory  conditions  existing, 
so  that  an  o|ieralion  between  attacks  is  possible 

The  medical  treatment  for  aiqiendicilis  can  be  briefly 
summed  up  as  follows-  absolute  rest  in  the  recumbent 
position,  abstinence  from  food,  dry  cold  in  the  form  of  a 
rubber  bag  or  bladder  filled  with  ice  kept  over  the  right 
iliac  region,  and  free  purgation.  The  use  of  opium  lias 
not  been  beneficial  in  my  hands  and  I  abstain  from  using 
it  until  the  pathological  condition  of  affairs  in  and  about 
the  appendix  is  plain.  "Where  doubt  exists  opiates  are 
colli raindicated.  I  have  not  been  able  to  see  that  free 
purging  has  ever  done  any  harm  or  that  it  has  induced  a 
giving  way  of  the  appendix  wall  which  otherwise  might 
not  have  been  exiicctcd.  hence  rest  to  the  body  and  free 
liurging  are  mainly  to  be  relied  on.  Intense  and  agoniz 
ing  pain  in  the  region  of  llii'  appendix  should  lead  to 
operation  rather  than  to  (he  ailministralion  of  opium 
.\n  a<ldilional  reason  for  withholdinL'  i>|iiuni  is  that  by 
deadening  the  sensibility,  the  important  symptom,  jiain. 
is  lendered  uncerlain;  and  it  is  a  very  important  symp 
tom,  often  enabling  the  surireon  to  recognize  tlieconili 
lion  of  alfairs  jircsent.  Opium  also  constiiiates  Pain 
an<l  inllammation  occurring  in  the  right  iliac  fossa 
acconqianied  by  const iiKil ion  justify  a  much  graver 
imignosis  than  (Iocs  the  same  amount  of  inllanunation,  if 
puruing  can  be  induced  easily.  AVhen  it  is  necessary  to 
induce  sleep,  chloral  in  large  ('loses,  by  the  rectum  if  there 
is  vomiting,  can  be  given.  Some  of  the  coal  tar  deriva 
tivesalso  niav  be  used  ;  but  it  is  not  wise  to  obtiiinl  sensi 
bility  and  t('>  produce  constipation  by  drugs  until  the 
con(iitioiiof  alTairs  is  (piite  evident.  If  opiates  are  given 
before  an  oiieration,  the  bowels  will  remain  consliiiated 
after  the  oiieration.  and  so  there  is  brought  about  a  con 
dilion  of  affairs  unfavorable  for  recovery. 

S'/rr/inil  TrnitiiHiil.  —  In  acute  appendicitis,  when  the 
disease  is  limited  to  the  a])|iendix  itself,  the  periaiipeii 
dicidar  tissue  beiii!;  but  little  involved  and  the  appendix 
not  yet  perforated,  if  it  is  possible  for  the  surgeon  to 
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recognize  this  condition  of  aiTiiirs  as  present,  it  is  un- 
(|lieslioiiably  projier  at  once  to  remove  the  apiiendix. 
With  modern  metliods  the  danger  attending  alidoininal 
section  and  the  removal  of  the  inflamed  appendix — the 
inllamntation,  lioucver,  not  having  extended  to  tiie  ]ieri- 
toneal  eoat — is  small,  and  incomparably  less  than  when 
the  appendix  is  allowed  to  remain.  Furthermore,  it  is 
proper  to  do  the  operation  immediately.  Unfortunately, 
it  does  not  often  happen  that  the  surgeon  sees  the  case 
at  this  stage  of  the  disease,  because  the  patient  may  have 
been  treated  by  a  physician  until  this  time  has  passed,  or 
because  the  disease  lias  passed  bcycjnd  this  stage  before 
the  patient  has  called  attention  to  the  trouble.  Not  in- 
frequently the  patient's  attention  is  seriously  attracted 
for  the  lirst  time  to  his  or  her  condition  only  when  the 
peritoneum  becomes  involved,  i.e.,  when  the  pain  be- 
comes severe  and  the  fever  marked. 

The  following  case  is  an  example:  A  girl,  aged  nine, 
while  at  dinner  with  a  friend,  was  taken  with  an  acute 
pain  in  the  abdomen.  She  left  the  table  complaining, 
and  Went  home.  She  voniiteil  during  the  eveinng.  and 
went  to  bed,  suffering  much  pain.  I  saw  her  the  follow- 
ing morning.  There  was  then  acute  pain  in  the  right 
iliac  fossa,  extending  somewhat  across  the  middle  line  of 
the  body.  Temperature  by  the  rectum  was  103.5"  F., 
pulse  118,  face  flushed,  thirst  was  complained  of.  I  at 
once  ojieued  the  abdomen,  finding  a  ruptured  appendix 
and  a  jiiece  of  fecal  matter  in  the  ])eritoneal  cavit}-. 
Decidedly  less  than  a  day  had  elapsed  since  the  first 
symptom  of  discomfort  or  illness  had  bi'cn  complained  of 
by  the  child.  It  is  jirobable  that  in  tliis  case  the  ocetir- 
rence  of  a  j^erforation  gave  rise  to  the  lirst  symptoms 
recognized  by  the  child  and  that  ulceration  of  the  mucous 
membrane  of  the  apjiendix  and  of  the  muscular  coat  had 
been  going  on  for  some  time  without  the  patient's  dis- 
comfort or  knowledge.  The  ciiild,  up  to  the  time  of  its 
attack  at  the  dinner  table,  had  been  in  active,  vigorous 
health,  to  all  appearances,  and  had  been  enjoying  all 
the  sports  of  childhood.  Inasmuch  as  iierforation,  when 
it  takes  place  during  the  tirst  two  or  three  days,  is  not  so 
ajjt  to  be  walled  in  liy  adhesive  peritonitis  as  when  per- 
foration takes  iilace  at  a  later  period,  it  is  wise  to  remove 
the  apjiendix  and  cut  short  the  disease  during  these  first 
two  (u-  three  days — i.e..  providing  the  disease  is  advanc- 
ing— lest  general  peritoneal  inflammation  su]iervene. 
In  the  acute  cases  this  is  the  must  favorabk'  time  for 
operation.  Later,  when  pus  forms  about  the  apjiendix, 
there  is  then  to  be  considered,  not  only  the  disease  of 
the  appendix,  but  also  in  addition  an  abscess  which  is 
walled  in  by  the  adhesions  of  coils  of  intestine,  for  the 
abscess  is  very  generally  intraperitoneal.  In  exceptional 
cases,  in  which  the  appendix  lies  behind  the  ca'cum  in 
connective  tissue,  the  abscess  is  found  to  be  extraperi- 
toneal. Although  it  occupies  a  position  behind  the 
serous  membrane,  the  tendency  there,  as  has  been  al- 
ready pointed  out.  is  for  the  pus  to  move  toward  the  loin. 

The  treatment  of  appendicitis  as.sociated  with  iieria]!- 
pendiculai  intraperitoneal  abscess  is  a  subject  of  great 
nioiuent  and  one  in  which  it  is  not  possible  to  lay  down 
definite  rules  of  practice,  more  particularly  in  regard  to 
tlie  precise  time  when  tlie  pus  is  to  be  evacuated.  The 
danger  is,  that  the  general  peritoneal  cavity  may  become 
infected,  and  that  a  general  septic  peritonitis,  with  all 
its  grave  results,  will  follow.  The  a|ipendix  itself. 
which  is  the  cause  of  the  trouble,  is  perforated,  or,  at  all 
events,  if  not  actually  perforated,  it  is  unquestionably  in 
that  condition  of  intiammation  which  permits  the  ])ass- 
age  through  its  walls  of  the  organisms  within  its  lumen. 
Under  such  conditions  it  is  clear  that  the  ajipenilix  itself 
sliould  be  removed.  The  abscess,  with  the  tissues  im- 
mediately .surrounding  it,  should  also  be  removed,  and 
the  peritoneal  cavity  .should  be  rendered  thoroughly 
clean.  But  just  here  we  encoimter  a  serious  dillieidty. 
The  manipulations  necessary  to  accomplish  the  desired 
purpcse  may  cause  a  ru])ture  to  take  place  in  the  .soft- 
ened tissues  and  thus  may  lead  to  a  general  infection  of 
the  peritoneal  cavity.  When  pus  exists  in  this  cavity  it 
is  imperative  that  eifeetive  drainage  should  be  provicied. 


This  may  be  provided  either  by  strii^s  of  gauze  or  by 
some  form  of  tubes.  My  per.sonal  preference  is,  in  the 
majority  of  cases,  for  gauze;  I  use  tubes  very  rarely 
and  oidy  in  conjunction  with  gauze,  or  when  gauze  has 
shown  itself  to  be  a  failure.  It  may  be  extremely  diffi- 
cult, when  an  abscess  is  present,  to  tind  the  appendix, 
so  buried  will  it  be  in  the  wall  of  the  abscess.  Is  it  right 
to  search  for  and  remove  a  diseased  appendix,  no  matter 
what  difticulty  the  operator  ma.y  experience  in  searching 
for  it,  or  to  what  extent  he  may  <ipen  and  infect  a  clean 
peritoneal  cavit}-'/  Probalily  the  best  rule  for  the  sui- 
geon  is  to  open  freely  the  abdomen,  evacuate  the  periap- 
pendicular abscess,  search  for  tlie  appendix  carefully, 
and  remove  it  unless  such  search  and  removal  shall  actu- 
ally threaten  to  infect  the  hitherto  uninfected  peritoneal 
cavity.  After  evacuation  of  the  pus,  fill  lightly  the 
abscess  cavity  with  gauze,  which  should  be  in  strips  and 
should  jiroject  beyond  the  skin  of  the  abdomen,  thus 
serving  as  a  drain. 

Sometimes  it  will  be  found  that  the  appendix  has  al- 
ready sloughed  otf  from  the  ca-eiun.  and  is  lying  free  in 
the  abscess  cavity,  or  it  may  bo  washed  out  with  the  pus 
during  the  first  few  days  following  the  operation.  At 
times  a  little  fecal  matter  appears  in  the  discharge,  and 
yet,  notwithstanding  this,  the  perforation  maj'  close 
without  the  neces.sity  of  suturing  or  applying  a  ligature. 
I  do  not  thjuk  it  wise  to  wash  out  with  water  the  cavity 
of  an  intraperitoneal  abscess  at  the  time  when  it  is  lir.st 
opened.  Immediately  after  such  opening  the  pus  is  to 
be  evacuated  and  gauze  is  to  be  packed  lightly  in  the 
abscess  cavity,  but  no  irrigation  is  to  be  made  use  of. 
This  course  is  advocated  because  irrigation,  even  when 
effected  by  means  of  a  gentle  stream,  may  sejiarate  ad- 
hesions and  so  transport  pus  to  the  previously  healtliy 
general  peritoneal  sac.  After  a  few  daj-s  the  adhesions 
will  have  become  stronger  and  then  general  irrigation 
may  be  not  only  pernnssible  Init  necessary,  in  order  to 
cleanse  the  cavity.  Irrigation  tuider  strong  pressure  is 
never  expedient.  'When  general  se])tic  peritonitis  exists, 
no  harm  can  follow  the  separation  of  adhesions,  if  such 
a  step  is  found  to  be  necessary  in  searching  for  the  aji- 
pendix  or  for  outlying  collections  of  pus.  The  general 
]ieritoneiira  everywhere  is  to  be  wiped  with  gauze  until 
all  pus  and  lymph  shall  have  been  removed,  and  gauze 
strands,  many  in  number  and  of  large  size,  .should  be 
packed  among  the  intestines  so  as  to  drain  from  every 
direction.  I  am  not  enthusiastic  in  regard  to  the  prac- 
tice of  employing  large  (|uantities — gallons — of  water 
in  washing  out  the  general  jieritoneal  cavity,  as  is  ad- 
vocated by  some  excellent  smgeons.  The  results  which 
I  have  obtained  without  such  co])ious  irrigation  will 
compare  favorably,  I  believe,  with  those  obtained  by 
the  advocates  of  tliis  procedure.  The  danger  here,  as  it 
seems  to  me,  lies  in  the  possibility  of  infectious  material 
being  carried  by  the  water  to  jiarts  previously  free  from 
infection. 

By  way  of  preiiaration  for  the  operation  the  entire  ab- 
domen sliould  be  shaved  and  cleansed,  and  the  cleansing 
process  should  extend  on  the  right  side  as  far  as  the 
spine,  for  there  is  always  a  possibility  that  drainage 
through  the  flank  may  be  required. 

:MeBiirney  has  called  attention  to  the  advantages 
ofl'ered  l;y  an  incision  in  the  line  of  the  fibres  of  the  ex- 
ternal oblii|ue  muscle,  an  inch  or  two  internal  to  the  an- 
terior superior  spinous  process  of  the  ilium,  and  long 
enough  to  enable  one  to  gain  access  to  the  belly.  The 
middle  iioint  of  this  inci.sion  sliould  fall  upon  a  line 
drawn  from  the  navel  to  the  anterior  su|)erior  siiiuous 
process.  The  incision  having  been  made,  the  external  ob- 
lique tendon  should  be  split  in  the  line  of  its  fibres  and 
its  muscular  fibres  should  lie  separated  in  tlie  same  way. 
When  the  edges  of  this  incision  are  well  retracted,  there 
comes  into  view  the  internal  obliciue  and  then  the  trans- 
versalis.  with  fibres  running  at  right  angles  to  the  skin 
and  external  oblique  incision.  These  internal  oblique 
and  transversalis  fibres  are  to  be  seiianiled  by  scissors 
or  kiiif<',  but  not  <-ut  aero.ss.  By  retracting  these  two 
muscle  layers  in  opposite  directions  access  is  given  to 
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the  pcrildiicul  cavity,  and  in  many  cases  it  is  ])()ssil>lc 
llii'oMjrli  this  incision  I o  operate  satisfactorily.  Ko  til)rc 
of  muscle  has  been  diviileil.  and  after  the  operation  llie 
integrity  of  the  l)elly  wall  is  restored.  When  suppura- 
tion has  taken  place  outside  of  the  appendix.  aii(l  more 
room  is  needed,  this  incision  can  be  prolonged  to  give 
sulticicnt  room:  first,  by  separating  the  external  oblicpie 
libres  over  a  longer  distance,  the  skin  incision  id' course 
corresponding;  and.  secondly,  by  extending  the  (deep) 
transverse  incision  so  as  to  divide  the  anterior  and  jios 
terior  sheaths  of  the  rectus.  The  epigastric  vessels  are 
easilvseen  and  are  to  be  tied  with  two  ligatures  and  tliiii 
divided.  The  muscle  itself  is  not  to  be  divided,  but  is  to 
be  drawn  toward  the  median  line  by  retractors.  By  "x 
tending  .McBurney's  incision,  therefore,  the  surgeon  will 
obtain  amide  room  for  further  ojierative  work,  cxce])! 
jierliaps  in  cases  of  exceptii>nidly  large  iidlammatory 
areas  aioiuid  the  apjiendix.  The  fascia  under  the  trans- 
versitlis  and  the  peritoneum  are  to  be  opene(l  to  an  ex 
tent  iustitied  by  the  necessities  of  the  case.  Should  there 
exist  a  ])eriaiipen<licular  abscess  in  front  of  the  (-ecum. 
the  connective  tissue  outside  of  the  peritoneiun  under 
the  transvcrsalis  will  be  (edemalous.  and  if  the  inllam- 
mation  be  great,  (edematous  coimective  tissue  will  be 
noticed  as  soon  as  the  tendon  of  the  external  olilii|ue 
mu.scle  is  diviiled.  When  the  intlammation  is  contined 
to  the  aiipen<lix.  one  or  twofin.gers  ]iut  thioU!;li  tlii'  peri- 
toneal incision  will  enable  the  operator  to  hook  up  the 
appendix,  w  hicli  can  be  drawn  into  the  wound  and  re 
moved.  There  is  no  necessity  for  making  a  very  small 
incision.  ]f  the  excellent  advice  of  McBurney  in  regard 
to  sejiarating.  rather  than  culling  across,  nniscular  fibre 
has  been  followed,  the  integrity  of  the  abdonnnal  wall  i~ 
assnre<l  after  operation. 

I  find  the  remcjval  of  the  aiipendix  is  best  done  as  fol 
lows:  After  if  has  been  drawn  into  the  woimd.  the  peri 
toneal  cavity  is  to  be  walled  off  by  .gauze  and  thi'  nieso 
appenilix  tied  off,  if  voluminous,  in  segments;  if  not 
volundncnis,  by  a  single  silk  ligature.  The  ]ii'ritoneal 
and  nuiscular  coats  of  the  appendi.\  are  next  lo  be  cut 
circularly  at  a  distance  of  about  one-fourth  of  an  inch 
from  the  ca'cum,  but  the  incision  is  not  to  b<-  exfenih'd 
thiduirh  the  nnicous  membrane.  The  musi'ular  iuid 
lieritoneal  tissues  are  tlien  pushed  back,  away  from  the 
mucous  membrane,  until  the  ea'cum  is  reached.  An  as- 
sistant should  now  grasp  this  denuded  cylindrical  lube 
of  mucous  inendn-ane  by  tneans  of  two  slender  artery 
forceps,  while  the  surgeon  makes  the  dividing  incision 
between  the  forceps.  The  fri'e  a])pendix  is  then  to  be 
reiiKived.  and  the  proximal  i-n<l.  close  to  the  ea'cum.  well 
touelied  with  pure  carbolic  acid.  The  op<'rator  may  tie 
the  appendix  stump,  if  he  feels  inclined,  but  patients 
seem  to  clo  as  well  without  such  tying  as  with  it.  The 
.stiunp  of  the  apiieniiix  is  to  l)e  turned  into  the  ea'Cum. 
and  file  peritoneal  surfa<'es  of  the  a|i])endix  cuff  are  to 
b(;  brought  together  by  means  of  a  Lemberf  suture, 
thereby  inva.ginating  the  stump.  If  there  is  any  doubt 
as  to  what  is  tlie  condition  o[  affairs,  the  operator  may 
pass  a  probe  into  the  ca'cuni  after  removal  of  the  artery 
i'orce])s  from  the  mucous  membrane  of  the  a]ipendix.  but 
this,  it  seems  to  me.  is  needless.  The  wall  of  the  ea'cum 
having  been  united  over  the  in  vaginal  ed  a  p|ienilix  stump. 
tli(^  same  Lemberl  suture  is  to  be  emidoye<l  in  closing  in 
the  stump  of  the  meso-appendix.  Nothing  but  perito- 
neum is  then  visible.  The  operator  may  ajijily  addi- 
tional sutures  to  the  [leritoneal  surface,  if  he  feels  so  in- 
clined. As  a  rule  it  is  my  custom  lo  do  this.  Thi' 
wound  is  cleaned  and  wiped  with  gauze,  and  the  gut  is 
liuslied  back  iido  tie-  abdonn'nal  cavity.  The  iieritoiieum 
is  then  sutured  with  fine  silk,  and  the  two  layers  of  mus 
cle  are  united  separately  with  silver  wire  or  other  ma- 
terial, as  file  operator  prefers.  Finally,  the  skin  edges 
ari>  broiighl  togcfhiT.  Silkworm  gut  or  silver  is  my 
|ireferenee  here.  When  a  periappendicular  abscess  ex- 
ists, and  r  find  it  neeessjiry  to  drain  the  cavity.  I  bring 
the  ends  of  the  gauze  to  tjie  surface  for  drainage,  and  1 
close  the  edges  of  the  wound  lightly  with  layers  of  re 
movable  sutures;  for  when  drainage  is  c-mployed.  my 


bnned  sutures  are  apt  to  become  infected  and  to  give 
troubh',  as  drainage  precludes  absolute  eleaidiness."  If 
the  appendix  is  swollen  and  stiff  and  cannot  be  invagi- 
nated.  it  is  a  good  plan  to  tie  a  string  around  the  l)ase. 
to  cut  off  tiiat  part  of  tin-  appendix  which  is  distal  lo  the 
string,  and  then  to  leave  file  string  to  come  away  with 
the  gauze  ])aekiiiir  with  wliicli  the  abscess  cavit\-  is  liiflit- 
ly  filled. 

It  is  Very  comfortable  for  liie  operator  lo  know  that 
the  a])iiendix  has  been  removed  and  th;it  that  source 
of  trouble  is  eliminated  from  consideration.  Whenever, 
therefore,  it  is  possible  to  do  so.  the  ajipendix  is  to  be 
taken  away.  Hut  it  cannot  be  done  in  a  certain  number 
of  ca.ses  without  serious  danger  lo  the  patient;  hence  in 
such  cases  it  must  be  left.  Sometimes  no  trouble  is  evi-r 
experienced  from  an  ajipendix  which  has  not  been  .seen; 
but  in  other  cases  it  may  be  necessary  to  df)  a  second 
operation  for  the  remi>val  of  the  appendix.  .\n  op.eration 
is  iuconii)lete  w  illiout  the  removal  of  the  appendix,  bin 
the  incomi)leleness  of  the  operation  is  less  dangerous 
than  is  the  search  for  the  appendix  and  the  conse(|Uent 
tearing  up  of  adhesions,  wifli  possible  general  infection. 

A  secoml  operation  is  undertaken  wiien  the  inflamma- 
tory area  is  in  a  (|uiescent  state.  Secondary  operations 
and  those  und<'rtaken  for  chronic  appi'udicitis  are  verv 
successful.  When  general  septic  jieritonitis  is  ])resent. 
free  opeiung  of  the  belly  is  necessary,  for  the  ])reserva- 
fion  of  life  takes  iireccdenec  of  every  other  consideration. 
Hence  the  opening  into  the  belly  will  be  cfTected  by  an 
incision  snllicienfly  long  to  enable  Ihe  operator  to  ivjich 
all  the  seat  id'  disease.  Pus  and  fa-ces  are  to  be  cvacu 
ated;  th<-  whole  peritoneal  cavity  is  to  be  eandully 
cleaned,  dry  gauze  or  irauze  wrung  out  in  hot  salt  sohi- 
tion  bi'ing  used  for  the  purjiose;  any  lymiih  that  may 
be  present  should  be  removed  when  possible;  and  it  may 
be  thought  best  (although  I  have  not  done  il)  to  wash 
out  the  peritoneal  cavity.  Hot  salt  .solution  of  course 
will  be  em|)loyeil  for  this  |)Uri)ose.  I  tluid<  I  have  had 
as  good  results  by  using  dry  gauzi-.  or  gauze  wrung  o\it. 
as  stated  already,  in  hoi  Siill  solution.  The  places  where 
]ius  nuist  be  sought  for  and  remo\cd  iU'e  the  following: 
ihe  outer  side  <if  the  ascending  colon,  below  the  liver, 
the  jielvie  cavity.  Ihe  side  id'  the  rectum,  and  between 
the  folds  of  the  small  intestine.  If  necessary,  the  iutes 
tines  are  to  be  taken  from  the  belly  cavity,  wiped  and 
cleaned  oulside.  but  much  shock  follows  such  eviscera- 
tion. The  pelvis  is  the  legion  which  specially  requires 
to  be  e\amineil  and  (deaned.  After  the  periloneuni  has 
been  cleaned.  I  Ihink  the  recovery  of  the  patient  is  aided 
by  laviim:  large  strands  of  gauze  in  every  direction  in 
the  abdomen,  as  has  been  already  referred  to.  The 
edges  of  the  incision  are  to  be  left  wide  open.  There  is 
scarcely  a  limit  to  tlw  number  of  strands  of  gauze  which 
a  .ireneral  peritoneal  infeclion  may  call  for.  Il  maybe 
wise  in  some  cases,  in  order  to  iirovide  more  direct  drain 
age.  to  make  an  opening  at  the  back  of  the  belly  through 
tjie  lumbar  region. 

In  general  septic  peritonitis  the  bowels  usually  refuse 
to  act.  and.  w  hen  this  is  the  ease,  it  may  be  well,  as  was 
first  suggested  by  Dr.  .MeCosh,  of  New  '^'oik.  to  inject 
into  the  upper  part  of  the  small  intestine,  before  the  ab- 
domen is  closed,  a  cou|de  of  ounces  of  Hoclielle  s;dts  dis- 
solved in  wafer.  In  order  to  accomplish  this  it  will  be 
necessary  first  to  pa.ss  a  small  cannula  through  the  inti'S- 
final  wall.  Then,  affcrall  the  solution  hiis  been  injected, 
the  hole  made  by  the  cannula  can  be  elo.sed  by  a  single 
Lemberf 's  suture. 

O/irnifiiiii  f'lr  Oiriiuic  ApjieiiiJiinlix. — The  best  time  for 
operating,  in  a  case  of  recurrent  attacks  of  aiipeiidicitis. 
is  during  the  interval  between  two  attacks,  say  two  or 
three  weeksaffer  the  subsidence  of  the  first  of  these  two. 
provided  if  has  not  been  an  attack  of  uinisnal  severity. 
In  the  latter  ease  the  operation  should  lie  deferred  for  a 
somewhat  longer  period.  The  reason  why  an  operation 
shoidd  not  be  done  sooner  is  that  suHieieiil  lime  must  be 
allowed  to  clajise  in  ordir  th.at  any  peri;ip|ieiidieular 
lymph  may  be  absorbed,  that  any  pus  that  may  have 
collected  wifliiii  Ihe  appendix   may  have  time  lo  escape 
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into  the  ciccum.  and  fiuaUy  that  any  veniaining  intiam- 
niatiou  may  subside  completely  before  the  abdonu-ii  is 
oiH'ned.  It  is  interestinsr  to  note  that  when  inllainiiKil  ion 
lias  been  cxeessive.  an  o]ieration  undertaken  a  nnnilur  of 
weeks  aftc-rwanl  will  liiid  thi'  adhesions  thin  and  weak. 
It  may  be  exjiedient  to  wait  even  lonjicr.  bnt  sneh  a 
wailin;;  should  be  permitted  only  when  the  patient  is 
directly  under  the  eye  of  the  suraeon.  who  can  intervene 
at  any  moment,  should  another  attack  occur. 

As"  the  steps  of  the  operation  have  already  been  de- 
scrilied,  it  will  not  be  necessary  to  so  over  this  groiuid  a 
second  time.  I  will  simjdy  add  that  in  these  chronic 
cases,  especially  if  tlie  inllanunatory  attacks  have  been  of 
a  somewliat  severe  character,  it  is  often  a  dillicult  matter 
to  tiud  the  appendix,  or.  if  we  do  tind  it.  to  recognize  at 
what  point  its  free  end  lies.  In  such  cases,  tlie  sliortest 
way  is  proliably  to  divide  the  appendi.x  across,  between 
two  pairs  of  artery  forceps,  and  then  to  work  each  end 
free  from  adhesions.  In  this  way  there  will  be  no  special 
ditHculty  in  reaching  the  point  where  the  appendix 
springs  from  tlie  ca-cum.  ^Vhenever  this  can  be  done 
we  should  cover  raw  surfaces  over  with  peritoneum. 

X.  Mr  Lane  Tiffini)/. 

APYONIM. — This  is  a  yellow,  crystalline  powder,  in- 
troduced as  a  substitute  for  auromine  (yellow  pyoktanin) 
in  ophthalmic  practice.  It  is  slightly  soluble  in  water, 
freely  so  in  alcohol,  and  it  is  used  in  one-percent,  aque- 
ous solution  as  an  antiseptic  and  stimulant  in  conjunc- 
tival disease,  and  in  pundeut  keratitis. 

ir  ,1.  Bi(.st,do. 

AQUlFOLIACE/€  or  ILICINE/E.— (The  Ilex  or  Holly 
family.)  A  family  of  three  genera  and  some  two  hun- 
dred species,  chiefly  of  Korth  and  Soutli  America.  It  is 
chiefly  notable  for  the  jiresence  of  an  appreciable  amount 
of  caffeine  in  the  leaves  of  at  least  two  species,  on  ac- 
count of  which  they  have  been  used  as  Ijeverages  (sec 
^fllte  and  Cus-iiiie).  Other  s])ecies  havelieen  used  as  bitter 
tonics  and  alteratives  (see  Alder,  Black,  and  Ilalli/). 

II.  H.  Riisby. 

ARACE/€  "r  AROIDE/t— (The  Arum  family.)  Alarge 
family,  of  more  than  one  liiuidred  genera,  growingmostly 
in  the  tropics  of  both  hemispheres.  Many  species,  as 
the  cultivated  ralla,  are  liighly  ornamental.  Cdlocnuia 
produces  an  important  starch-yielding  corm,  monstera, 
an  edible  fruit.  ;\Iany  of  the  tropical  species  are  known 
as  poisons,  but  their  constituents  and  actions  are  little 
known.  It  is  remarkable  that  a  few  northern  species  in 
the  genera  f^pat/iyema,  ncoran,  rirum,  and  arisa'ma,  should 
represent  about  all  the  medicinal  contributions  of  the 
family,  and  more  active  agents  may  be  expected  to  be 
mad<-  known  in  it  in  futun-.  //.  //.  Busby. 

ARACHNIDA.*— In  the  branch  or  idiylum  Arthropoda, 
characterized  l)y  l)ilateral  symmetry,  by  metameric  seg- 
mentation of  a  beteronomous  type,  and  by  the  possession 
of  jointed  apjiendages,  tj'pically  a  single  pair  for  each 
metamcre  of  the  body,  may  be  distinguished  five  great 
groups;  the  Crustacea,  including  crabs,  lobsters,  water 
lleas,  etc.;  the  Onychophora.  including  but  a  single 
genus.  Peripatus;  the  ilyriapoda,  including  nullipeds. 
centipeds.  etc.;  the  Insecta.  including  the  true  insects; 
and  the  Ai'achniila  or  Arachnoidea.  The  latter  may  be 
defined  as  air-breathin.g  arthropods,  characterized  by 
the  fusion  of  head  and  thorax  into  a  single  region,  the 
cepbalothorax.  which  is  without  antenna',  but  bears  two 
pairs  of  ajipendages  more  or  less  closely  connected  with 
the  mouth,  anil  four  jiairs  of  walking  legs.  The  ab- 
domen, which  may  or  may  not  be  segmented,  is  usually 
distinct  from  the  cepbalothorax,  though  in  the  mites  it 
is  fused  with  it. 

The  class  Arachnida  is  subdivided  by  various  autlior 
ities  into  from  seven  to  nine  orders,  among  which  are  the 

*.4,Keneriil  disnission  nf  panisitisiii  tmd  its  cITeii.s  will  lie  fnuml 
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Scorpionida  or  true  scorpions,  the  Pseudoscorpionida  or 
book-scorpions,  the  Phalangida  or  "  Daddy  Long  legs." 
the  Araneida  or  true  spiders,  tlie  Acarida  or  mites,  and 
the  Linguatulida. 

The  true  scor|iions  have  the  power  to  inflict  a  painful 
wound  by  the  stiug  located  at  the  tip  of  the  abdomen. 
In  the  case  of  large  tropical  species  the  effect  of  the 
sting  may  even  cause  the  death  of  small  children,  but 
only  in  the  most  exceptional  cases  does  It  seriously  affect 
an  adult.  There  is  injected  at  the  time  a  quantity  of 
poison  from  a  gland  in  the  last  Joint  of  the  abdomen ; 
its  action  is  in  general  to  irritate  nerve  centres  while  at 
the  same  time  producing  paralysis  of  motor  nerves.  The 
sting  of  the  smaller  species  found  in  the  United  States  is 
harmless,  giving  rise  to  a  slight  irritation,  which  lasts  at 
most  seven  or  eight  daj'S.  Mr.  Herbert  H.  Smith,  the 
well-known  collector  in  South  and  Central  America  and 
the  West  Indies,  after  enumerating  symptoms  and  re- 
sults in  a  number  of  carefully  observed  instances,  says; 
'■  Proliably  death  might  result  in  some  cases,  as  (if  re- 
ports are  true)  it  does,  rarely,  from  bee  stings.  .  .  .  >Iy 
wife  was  stung  by  a  small  one;  the  wound  was  exceed- 
ingly painful.  By  the  advice  of  a  servant,  she  held  the 
linger  for  an  hour  in  hot  sweet  oil,  mixed  with  an  equal 
measure  of  laiulauum.  There  was  no  swelling  and  three 
hours  after  all  pain  had  left  her." 

Among  the  spiders  also  there  are  those  that  are  able  to 
pierce  the  human  skin  by  the  action  of  the  jaws  or 
clielicera?  which  also  contain  the  orifices  of  a  pair  of 
poison  glands.  The  effect  of  a  spider's  bite  on  an  adult 
has,  hoVever,  been  much  exaggerated;  of  itself  the 
bite  produces  at  most  a  slight  "dermal  swelling  which 
soon  disappears.  The  large  hairy  theraphosids,  popu- 
larly known  as  tarantulas,  are  not  to 
be  called  dangerous.  Their  bite  is 
painful,  but  the  inflammation,  though 
often  violent,  subsides  rapidly.  On 
the  other  hand,  .several  cases  on  record 
of  death  from  spider's  bite  have  been 
traced  to  a  small  sjiider  (Latrodcctus 
mactans)  which  is  related  to  suppos- 
edly poisonous  species  in  other  coun- 
tries of  the  world,  and  it  is  not  un- 
likely that  the  spiders  of  this  genus 
secrete  a  more  powerful  fluid  than 
others.  The  conditicm  of  the  jiatient, 
his  susceptibility  to  poison,  and  other 
important  facts  are  not  on  record  in 
these  cases,  and  it  may  happen  that 
the  chance  introduction  of  extraneous 
matter  through  the  bite  has  .ifiven  rise 
to  the  more  serious  and  rarely  to  the 
fatal  results  noted.  There  are  no 
spiders  in  this  country  of  which  it 
may  positively  be  atlirmed  that  they 
are  venomous,  though  certain  South 
American  species  enjoy  an  evil  reim- 
tation  which  is  undoulitedly  well 
founded. 

Order  LlSGr.\TtLiii.\. — The  highly 
modified  forms  included  in  this  .group 
have  a  certain  superti<-ial  resemblance 
to  tapeworms,  from  which,  however, 
they  ditTer  radically  in  structure. 
Their  closest  afhnitics  are  doubtless  to 
be  found  among  the  arachnids  of 
which  they  are  here  considered  as  an 
oi'der. 

The  body  (Fig.  243)  is  elongate, 
cylindrical  or  flattened;  the  anterior 
end  (Cepbalothorax)  is  more  or  less 
clearly  marked  olf  from  the  rest  (ab- 
domen), which  is  subdivided  by  au- 
nulations  varialile  in  number  and  distinctness.  At 
the  blunter,  anterior  end  the  mouth  is  located  on  the 
ventral  surface  and  jirovided  on  cither  side  with  two 
lirotractile  hooks,  contained  in  sheaths  or  pockets. 
These  hooks  represent  the  mouth  parts  of  of  her  arachnids, 


Fig.  243.  —  Linfriia- 
tuia  r  b  1  n  a  r  i  a , 
female.  Natural 
size.  t.\  f  t  e  r 
Bniiin.) 
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Araciiulda. 


w  liilc  other  iqipoinlagi'S  arc  entirely  Uickiiifr.  There  is 
no  sijecial  respiratory  apparatus,  and  tlie  so-called  stiL' 
mata  are  but  the  oritiees  of  dermal  jrlands.  At  the 
posterior  end  may  be  found  the  anal  opeuinjr. 

The  linguatides  are  of  separate  sexes,  the  males  beini;- 
much  ihe'smaller.     The  female  irenital  pore  is  located 


Flfi.  244.— I.intruiitula  ■  Miinaria ;  Stages  of  Dcvelnpiiictil.  i.Urcr 
I.euekiirt.i  a.  Ksri,'  with  emhryo ;  b.  five  I'liitirvii;  c.  nyiiiph  nr 
plipjl,     .Maf^nilUed. 

near  the  anus,  the  male  on  the  ventral  surface  near  the 
anterior  end  of  the  abdomen.  The  adults  live  in  the 
nasiU  cavities  and  lun.ixs  of  mammals  or  reptiles,  and  the 
eggs,  ])r()dueed  Jicre  in  large  numlicrs,  nnist  be  in\i)orled 
by  chance  into  a  suitable  secondaiy  host  in  which  they 
give  rise  to  tetrapod,  acariform  embryos  (Fig.  ~44.  //)  that 
metamorphose  into  a  second  stage  (nymiih.  Fig.  244.  c). 
manifesting  the  main  features  of  the  adult.  By  a  mi- 
gration usually  semi-passive,  this  form  reaches  the  pri 
mary  host  and  attains  full  di'Veloiimeiit  in  it. 

l,'iiif/ii(i/iil'(  Frohlieh. — Body  Haltened,  with  arehrd 
dorsum  and  crcnated  margins.  Body  cavity  extending 
into  tlu;  lateral  regions  of  the  rings  (pectinate). 

Liiiif)i(il)ila  r/iiiiiiria  PUiicr  ^=  Pc/itiix/miifi  iirtiiunlin 
Rud. — l.n.rva.  =  P.  cleiit/yiiliihiui  Rud.  and  P.  xirni/m/i 
Fnihlicli. — Body  lanceolate,  attenuated  postcnad;  head 
rounded,  annuli  circa  90,  hooks  acuminate,  eidarged 
towaril  the  base,  with  basal  joint  elongated  jiroxiniad. 
Femali^  Sd-KM)  nun.  long,  S-i(l  nun.  broad  anteriorly.  '..' 
mm.  posteriorly.  Male  lhl-20  mm.  long  by  :!  iiun.  liroad. 
decreasing  to  0..")  mm. 

The  adult  inhabits  the  nasal  cavities  of  many  mam- 
mals, particularly  the  carnivora,  among  which  the  dog- 
is  perhaps  most  "commonly  infested.  The  larva  occurs 
in  the  viscera  of  the  herbivorous  mammals.  The  masses 
of  eggs  containing  \vell-devcloi>ed  embryos  are  deposited 
liy  tile  adult  female  in  the  na.sal  mucus  and  distributed 
overgrass,  etc.,  with  which  they  are  swallowed  chielly 
by  rabbits,  but  even,  as  on  salads,  by  man  himself, 
lialchctl  in  the  stomach  the  larva;  penetrate  the  iul<'Stinal 
wall  and  encyst  in  liver  or  mesentery,  where  after.several 
eedyses  covering  a  jieriod  of  from  five  to  six  months,  they 
reach  the  second  stage,  characterized  by  the  rows  of  re- 
trorse  spines  on  each  anniilus.  From  the  liver  they  may, 
as  some  maintain,  wander  out  actively  and  if  eaten  by  a 
dog  rca<h  the  nasal  <-avilies  directly:  or  they  may  await 
the  consumption  of  the  flesh  by  some  carnivorous  form, 
in  wliichcasc'  theyareset  free  in  the  stomach  ami  wandi-r 
through  the  tissue  to  the  lung  and  thence  by  tlie  air 
liass;igi's  to  their  final  location.  Some  authorities  deny 
the  possibility  of  the  larva  ileserting  its  cyst  and  wander- 
ing out,  and"  maintain  that  the  transmission  is  always 
passive. 

Rare  instances  of  the  occurrence  of  the  adult  in  man 
are  on  record.  probaVily  due  to  the  consumiition  of 
poorlv  cooUeil  tlesh  (mutton)  containing  the  larva'. 
The  'larva  (Fig.  2\n)  has  lieen  report eil  frequently  as 
a  human  parasite,  chiefly  from  Germany  and  Austria. 
.Most  commonly  found  in"  the  liver,  it  has  also  bec-n  met 
with  in  other  viscera.  Here  it  occurs  in  sharply  detined 
yellow^  tumors,  embedded  in  the  substance  of  the  liver 
or  protruding  somewhat  from  its  surface.  Tlie  touL'h 
capsule   contains  caseous  or  calcareous   contents,    and 


varies  in  diameter  from  about  1  cm.  to  the  size  of  a  pea. 
The  capsules  are  kss  fre(|uently  found  scattered  irregu 
larly  over  the  surface  of  the  peiitoneum.  Tlie  parasite 
is  probably  innocuous,  as  its  presence  has  not  been  sus 
|iecled  previous  to  autopsies,  at  which  Zenker  found  it 
in  Dresdin  i)  times  in  KiH  cases,  Heschl  at  Vienna  ;"« 
times  in  iO;  Klebs  at  Basel,  however,  only  twice  in  1,914 
cas<'S.  I  have  found  no  records  of  its  presence  in  man 
in  tliiscounlry,  although  it  has  been  reported  rarely  from 
other  hosts  (rabbit  anil  cattle). 

l':/r'/i-i'ji/iii/iis.  —  IJody  cylindrical ;  body  cavity  conlinu 
ous. 

Piiriii'iphdhis   iii'iHi'lifoniih    Diesing. — Larva  —  Penln 
.■il"iiiiii/i  (■iiiixtrictiim.  von  Siebold.      Annuli  about  20.  sepa- 
raleil    from  one.  another   by  a  widi'   interval.      Female 
70-!l.'i  mm.  in  length,  (i-T  mm.   broad,  male  l:'-17  mm. 
in  length. 

The  adult  is  very  incompletely  known;  it  occurs  in 
the  .Vfrican  pythons.  The  larva  lias  been  reported  from 
monkeys  and  "the  giraffe.  It  has  also  been  found  several 
limes  at  autopsies  of  negroes  in  Egypt  and  even  of  Eng- 
lish soldiers  in  African  colonies.  Since  it  was  found  en- 
cysted in  the  liver,  and  death  res\ilted  from  peritonitis, 
tiiere  is  room  for  the  belief  of  somi-  authorities  that  the 
parasites  could  not  have  been  the  cause,  but  were  merely 
accidentally  i)ri-sent  in  these  ca.ses. 

Order  A(Ai!ii>.\. — The  mites  are  throughout  of  small 
size,  even  the  largest  ticks  attaining  a  length  of  only 
half  an  inch  and  the  majority  being  but  a  fraction  of  this. 
Thebodv  is  circular  or  oval  in  outline,  with  flattened  ven- 
tral snrfaci'  and  arched  dorsal.  Ordinarily  it  manifests 
no  separation  into  parts,  though  in  some  forms  a  dis- 
tinct groove  makes  two  regions  dislinguishalili'.  While 
the  skill  is  commonly  marked  by  transverse  striations  or 
folds,  ti'aces  of  melamerii' segmentation  are  only  rarely 
to  be  found.  The  chilinous  covering  is  fretincntly  pro- 
vided with  plates  or  shields,  and 
biislles  are  characteristically  pres- 
ent. .\  small  jirojection  (rostrum 
or  I'apilulum)  carries  the  mouth 
])arls.  which  are  often  more  or  less 
iu.sed  into  a  beak  and  modided  for 
liiting.  piercinir.  or  sucking.  As 
moutli  |iarts  are  distiniruishcd  (1) 
the  mandililes  or  cliclicera';  cJ) 
maxillipeils  or  peilipaliii.  the  most 
prominent  part -of  which  are  the 
maxillary  jialjis.  jointed,  highly 
mobile  "structures,  locatcii  at  the 
sides  of  the  mandibles.  Thi'  lower 
lip  (liypostome),  anterior  and  in- 
ferior to  the  maxill.-e,  is  ordinarily 
fused  to  their  bases. 

The  four  pairs  of  legs,  composed 
of  from  three  to  eight  joints  each, 
are  terminated  by  claws,  bristles, 
or  suckers  of  various  sorts.  They 
may  be  attached  directly  to  the 
skill  or  reinforced  by  a  chitinous 
framework  (epimeres)  which  may 
join  to  forma  median  ventral  ridge 
(Sternum).  A  special  respiratory 
(tracheal)  system  is  la<-king  in 
most  iiarasites,  though  i)reseiit  in 
some;  it  opens  by  iiaircd  stigmata 
with  sieve-jilate  coverings  (peri- 
trcmes)  the  location  of  which  is 
characteristic  for  various  groujis. 
Kyes  are  also  usually  wanting  in 
the  parasitic  forms. 

The  separate  sexes  may  be  distinguished  generally  by 
dilTcrence  in  size;  in  some  forms  a  marked  sexual  di- 
morphism exists.  The  genital  orilice  is  surrouiide<l  by  a 
svstcm  of  chilinous  thii'kenings  known  in  tlie  male  as 
tiie  epiaiHlrium  and  in  the  female  as  the  cpigyuium. 
The  vulva  serves  as  birth  oiiening.  whereas  a  special 
copulatorv  orifice  occurs  at  the  posterior  end  of  the  ab- 
domen.    The  acarida  are  usually  oviparous,  and  from 
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the  egg  emerges  a  hexapod  larva  which  metamorphoses 
into  an  octopotl  nympli.  aiui  tinally  by  the  development 
of  the  sexual  organs  becomes  adult.  This  metamor- 
phosis is  accompanied  by  a  variable  number  of  moults, 
and  in  the  t>arcoptida'  by  histolysis  and  complete  regen- 
eration of  I  lie  animal  at  each  ccdysis. 

The  following  table,  taken  from  Kailliet.  will  be  con- 
venient in  recognizing  the  various  sub-  orders  and  families : 


No  traclieiv. 
f  Legs  vvitb  epimeres. 


Two  pairs  of  legs.     ) 

Palpi  unarmed.         !-  Phytoptldae. 

MuTidil)lesstyliform. ) 

F<iur  pairs  of  legs.     1 

Palpi  uncinate.  ]■  Demodicldte. 

Mandibles  styliform.  i 


No  li^ohea'. 
.\sti$^iiiata. 

Le^  with  epimeres. 

TraclieiE  opt-iiing  in 
anterior  portion  of  the 
body,  atropbied  in  tbe 
aquatic  forms. 

Prostifi^iiiata. 

Leers  witb  epimeres. 


\  Palpi  joined  at  base, 
-,     unai'med. 
f  Mandibles  cbelate. 
.     (Palpi  free,  unarmed, 
'°®  I     antennifonii. 
Mandibles  cbelate. 
1  Palpi      free,     armed 
(i-apaci). 
Mandibles  with  hooks, 
I    or  styliform. 


>  SarcoptldEe. 


Bdellida>. 

Marine : 
Haltcaridae. 
Freshwater ; 
Hydraohnldie. 
Terrestrial : 
Trombidiid*. 


Tracheie  opening  in  the 
posterior  portion  of 
the  body,  at  the  base 
of  the  legs,  sometimes 
atrophied. 

ifle1aMti»;iiiata. 

Legs  without  epimeres. 


I  Palpi    free    fusiform,  (.  „j^,,^, 
mandibles  chelate.     !  "rioauQce. 

I  Palpi  free,  flllform  or 

I     valvate. 

I  Mandibles,  p  s  e  u  d  o  - 

I     chelate. 

1  Palpi  free,  filiform.       ( 

I  Mandibles  chelate.        f 


Ixodidse. 


Gamasidie. 


Demodicidm  (Ihe  Follicle  Mites). — Small,  elongated 
mites;  anterior  region  undivided,  in  adult  with  rostrum 
and  four  pairs  of  short  legs;  the  posterior  transversely 
striated,  without  appendages.  Trachea?,  stigmata,  and 
eyes  wanting.  No  marked  sexual  dimorphism.  Ovipar- 
ous. Larva  without  legs  or  with  three  pairs  of  tubercles, 
uj'mph  with  four  pairs  of  rudimentary  legs.  Parasites 
of  hair  follicles  and  sebaceous  glands  of  mammalia. 
Only  a  single  genus  with  several  species. 

l)ciiiijih.rf(illicHloniiiL  (G.  Simon).  =i)./>)/?.  var.  hrtininls 
auct. ;  Steatosoon  foil.  E.  Wilson.  Rostrum  short,  an- 
terior region  of  body  approximately  one-thirtl  of  total 
length.  Egg  cordil'orm.  !Male  0.3  mm.  long,  0.4  mm. 
broad;  female  0.38  mm.  by  O.Oi.-)  mm. 

This  form,  which  ]ir(sents  a  characteristic  appearance 
(Fig.  2-16),  is  a  common  parasite  of  the  sebaceous  glands 
of   the   human   skin.     It  is  easily  dis- 
G.«^  covered  in  the  sebum  from  the  glands 

•  J.I  •  of  the   nose,  lips,  and  forehead;  also 

'  in    the    ceruminous    and    ileibomian 

t-  -•  glands,  and  from   the  abdominal  and 

pubic  regions.  Normally  tlie  mites 
rest  in  the  gland,  head  inward  (Fig. 
247),  and  but  a  few  ai'e  present  in  each 
gland;  occasional  inci'case  in  numbeis 
is  said  to  give  rise  to  stoppage  of  the 
duct  and  from  five  to  twenty  may  be 
found  in  a  comedo  plug.  The  state- 
ments of  some  authors,  according  to 
which  these  parasites  occur  in  two- 
thirds  of  the  persons  examined,  are 
held  by  other  investigators  to  be  far 
tievoiul  the  usual  iiercentage  of  infec- 
tion. Precise  data  are  lacking.  Ilenle, 
who  discovered  tliis  species  in  1841, 
obtained  living  specimens  of  the  mite 
from  a  cadaver  six  days  after  death. 
In  spite  of  the  fact  that  this  species 
is  difficult  to  distinguish  from  related 
forms  of  the  dog,  cat,  and  other  do- 
mestic animals,  with  a  single  doubtful 
c.vceptiou,  no  case  of  infection  trans- 
mitted in  cither  direction  is  on  rccoid,  and  all  ctTorts  to 
accomplish  this  experinu'iilally  liave  faileil. 

.\lthougli  D.  oiiiix  gives  rise  in  the  dog  to  a  serious 
dermal   disease  (Fig.   247)   wliich   is   rather  difficult  to 


Fig.  S16.— Deliiodex 
c  a  n  i  s .  \'enti'al 
view  of  fctnale 
and  of  egg.  x 
100  d  ia  meters. 
l.\fter  Mcgnin.l 


handle,  no  similar  difficulty  is  reported  for  man  with  D. 
fiiUii'iilurum,  even  in  the  case  of  those  individuals  habitu- 
ally regardless  of  personal  cleanliness;  and  an  etiological 
relation  between 
these  mites  and 
acne,  as  maintain- 
ed by  various  ob- 
servers, has  not 
been  satisfactori- 
ly  demonstrated. 

So  rcoptidce. — 
Small,  pale  mites, 
with  soft  body, 
not  elongated, 
separated  into 
two  regions  by 
a  more  or  less  dis- 
t  i  u  c  t  transverse 
groove.  Mandi- 
bles chelate,  max- 
illary palpi  styli- 
form. Four  pairs 
of  five -jointed 
legs  with  cpi- 
mera,  in  two 
groups  cori-e- 
sponding  to  the 
regions  of  the 
body,  terminal 
joints  (tarsi)  with 
one  or  two  claws, 
a  sucker,  or  both, 
o  r  with  long 
bristle.  Tracheae 
wanting.  Sexual 
dimorphism  gen- 
eral, ^lelamor- 
phosis  with  hexa- 
pod larva  and  two 
nymphs,  often 
complicated  by 
t  h  e  appearance 
of  a  h  y  p  o  p  i  a  1 
nymph. 

Of  the  seven 
subfamilies  only 
the  Sarcoptina'  or 
itch  mites,  and 
the  Tyroglyph- 
ina'  or  cheese 
mites,  are  of  im- 
portance here. 

l^iii-coptiiKS  (the  Fig.  24' 
Itch  Mites).— 
Paiasitic  mites 
with  trans%'ersely 
striated  i  n  t  egu- 
ment.  with  cam- 
pan  ulate  pedtin- 
c  u  1  a  t  e  tarsal 
sucker,  often  at- 
rojihied  and  re- 
jilaced  by  bristles  on  the  third  and  fourth  pairs  of  legs. 
Vulva  transverse.  Found  in  the  skin  of  mammals  and 
birds,  where  they  produce  the  various  forms  of  scjib 
and  itch. 

Sarc»ptes  (the  Itch  ]\Iite  of  ^Mammals). — Body  round  or 
slightly  oval.  Rostrum  short,  and  thick;  posterior  feet 
entirely  or  nearly  hidden  by  the  body.  Tarsal  suckers 
with  long,  simple  peduncle;  in  female  on  the  first  and 
second  iiairs  of  legs,  in  the  male  also  on  the  fourth  pair. 
Anus  l<i-minal. 

Some  authors  distinguish  but  a  single  species  with 
numerous  varieties;  it  seems  better,  however,  in  spite  of 
the  often  insignificant  and  in  part  inconstant  specific 
dilTercnceslhus  far  known,  to  follow  the  later  authorities 
ill  regarding  these  forms  as  dilTerent  species,  even  though 
phy,siological  characters  must  still  be  used  in  part  for 


Tniii--  ^kin  of  Dog,  Show- 

ing Demodc.x  cams  iii  I'l.sition  in  Hair  Fol- 
licle and  also  in  Sebaceous  liland.  i.Wter 
Laulanie,  from  N'eumann.t  t\  K.pidermis; 
f,  hair  follicle  containing  two  haii^.  p.  the 
bulbs  of  which  can  lie  distinguished  at  b 
and  /»' :  at-the  points,  a.  (V.  o''.  a'*'  and  d'^, 
tbe  follicle  has  undergone  ililalatii'ii.  by 
reason  of  the  accumulaimn  of  the  follicle 
mites,  fl ;  .v/>.  sebaceous  glands,  (.'iie  of  which 
(s/ji)  contains  the  mites:  .s*/,  siuloriferons 
glands.    X  to  diameters. 
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A  rarit  iilfla. 
Aracliiiida. 


ilicir  ilistiiiftion.  Tliey  apparently  do  not  iiitiTbrccd, 
and  certainly  are  permanent  (inly  on  the  appropriate  host 
from  whieh  iu  some  eases  they  cannot  be  transferred  to 
any  other,  even  for  a  short  time,  though  usually  such 


Fl<;.  ai«.— Sarcoptes  soabiei,  female.  In  Dorsal  Aspect.  C.ifter  C'anes- 
triui.)     X  lliO  diameters,    o,  h,  c.  Scales. 

transfer  results  in  temporary  existence  without  the  dis- 
ease reaching  a  serious  stage  and  often  disappearing  spnn 
taneously. 

Sjreaptes  sca/tiei  (de  Gcer)  (the  Human  Itch)..=  -1'''"'"'' 
Mro,  A.  exnlcerauK,  Linn, ;  Ai'di'HS  naihU'i  de  (icer;  Nr/c- 
e/fpteshoininiaWmw^^;  S.  ne.  var.  7iOw;/»'.«  Megnin.  Dor- 
sal scales  pointed,  longer  than  broad.  Anterior  projec- 
tions of  epiandrium  short,  scarcely  reaching  the  epimeres. 
Posterior  sjiines  long,  pointed.     3Iale  (Fig.  2-li))  tt.'J-O.-J-l 

nun.  long.O.  !.~)- 
(1.2  mm.  l)road, 
female  (Fig. 
241^)  (».:5  to  0.-15 
nuu.  long.  O.'i't 
to  Q.Z'i  mm. 
liroarl. 

The  Iiistory  of 
1  li  e  d  i  s  I!  a  s  e 
caused  by  the 
itch  mite  is  con- 
n  e  e  t  ed  \v  i  t  b 
some  o  f  t  h  !• 
most  moment- 
ous disp\aes  in 
medicin<'.  The 
complaint  is  re- 
cordeil  in  the 
earl  iesl  writ- 
ings, an<l  the 
mite  may  havi- 
been  known  to 
,  Aristotle;     but 

\        ^       '       /  t)ic    Arabian 

Fk;.  i«).— Sarcoptes  scatiiei.  male,  from  Ventral  1'  1'  .V  **  i  ''  ia'is  l.'i 
Surface.  •  axiiilaiiiHiers.  (Afterl'anestrini.l  the  twelfth  cen- 
tury were  iIk' 
first  to  state  clearly  the  existence  of  a  minute  character- 
istic; animal  which' could  be  removed  from  the  skin  and 
"cracked  ''  on  the  finger  nail.  The  galleries  bored  iu  the 
skin  were  discovered  in  the  fourteenth  century,  and  the 
mile  described  and  figured  clearly  in  the  seventecnih. 
while  iu  a  letter  to  the  famous  Italian  anatomist  Kedi.  in 


ICiST.  Bonomo  and  Cestoni  gave  a  precise  description  anil 
tigures  of  the  mites  and  their  eggs,  inferring  correctly 
that  the  animals  were  of  separate  sexes  and  were  the  act- 
ual cause  of  the  disease,  so  that  a  cure  depended  ujion 
their  eomi)lete  destruction.  Others  of  prominence  in  der- 
matology, however,  attributed  the  trouble  rather  to  "de- 
structive juices,"  either  denying  the  existence  of  the 
mites  or  their  relation  to  tin-  itch,  or  holding  that  a  poi- 
son was  inoculated  into  the  blood  by  their  bite.  F^arly 
in  this  century  tlie  French  Academy  ollered  a  jirize  for 
the  rediscovery  of  the  mile,   whereupon  a  certain  Dr. 


.         ,'.■    \  '    ■-'iU  in\i;  ■      lua,  ,  .   ■  ,  ,i 


L.... - 

Kiii.  i'lO.— Sarcoptes  scal>ioi.  Imprecnatcrt  female  M  In  cunlculus. 
•  After  Hailliet;  seml-fliiu-'rammatic  tli-'uro  adapteil  fniiri  (ierlacti.) 
Mr'.  o( '.  <»■".  KiTirs.  those  fai-ther  a^vay  from  itie  mite  tx-hif^  older:  c. 
an  emiiiy  esru  shell ;  o.  orillce  through  which  a  larva  lias  escaped; 
( ,  e.\crcmeiit;i. 

(Jales  palmed  otT  cheese  miles  on  a  learneil  jury,  pocket- 
ing both  tin;  medals  and  the  prize!  Finally,  in  1834, 
Kenucci  demonstrated  in  I'aris  the  ni(-tliod  by  whieh 
Corsican  women  were  accustomed  to  remove  the  mite  on 
the  point  of  a  needle  from  the  end  of  its  tunnel,  and  thus 
established  its  actual  presence  in  the  disease.  The  male 
was  discovered  by  Kramer  in  IS)."),  ami  the  inilhologv 
of  the  disease  established  upi'ii  unimpeachable  cxperi 
mental  and  clinical  evidence  particularly  by  Helira. 

The  mile  ap|)ears  to  the  naked  eye  white  and  glisten- 
ing, and  wasa])tly  described  by  lionimo  as  like  a  little 
bliidder  of  watei\  Vieweil  uniler  the  microse.rpe  there 
is  seen  a  tortoise-shaped  head  with  a  J'air  of  -.iiort,  heavy 
leirs  on  either  side,  which  have  a  framework  of  chitinous 
ba"inls  like  the  garters  of  an  Italian  bainiit,  'I'he  third 
and  fourth  pairs  of  legsare  concealed  under  the  posterior 
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margin  of  the  body-  The  male  is  much  smaller  than  the 
female  and  has  the  fourth  pair  of  legs  teruiinated  by  a 
sueUer  instead  of  the  bristle  which  is  on  tlie  fourth  jiair 
in  the  female.  There  is  also  on  the  ventral  surface  of 
the  male  a  complicated  chitinous  framework  wanting  in 
the  female. 

The  human  itch  mite  lives  in  the  skin  in  wliich  the 
female  tunnels  an  irregular  winding  passage,  where  she 
passes  her  entire  existence  (Fig.  'i~>0).  These  burrows 
vary  in  length  from  a  few  millimetres  to  two  or  more 
centimetres  and  are  excavated  preferably  where  the  skin 
is  thin,  as  between  the  fingers,  in  elbow  or  knee  joint, 
on  mammiF  or  penis.  The  gallery,  directed  first  down- 
ward through  the  stratum  corneVMU,  is  extended  through 
the  softer  cells  of  the  JIalpighian  layer  just  above  the 
papilla.  Eggs  and  fecal  matter  fill  the  most  of  tins 
tunnel,  at  the  inner  end  of  which  may  be  found  the 
female.  The  male  is  much  rarer:  its  existence  is  passed 
on  the  surface  of  the  skin,  hiding  un<ler  scales  and  in 
furrows.  After  an  incubation  of  only  a  few  days  there 
emerges  from  the  egg  a  hexapod  larva,  which  bores 
tlu'ough  the  roof  of  the  tunnel  and  gains  the  surface  of 
the  skin,  where  after  three  or  four  moults  and  the  ac- 
quirement of  a  fourth  pair  of  legs  the  developiuent  of 


V-   ^  V/'V/VV/'A^ 


Fig.  3.51. — Acarian  Furrows,  «,  Position  of  mite:  A.  tlie  ante  has 
gone  down  tit'no;ali  tlio  epidermis:  B,  the  mite  has  comnioncod  to 
dig  a  loiitritudinal  tmri'ow.  ;ini:i  the  place  ( / )  where  it  was  in  A.  lias 
by  thetrrowtli  <.>f  colls ronie  upneai'erto  the  surface;  (.'.  tlic  point  u  ) 
has  come  up  to  the  surface,  while  the  mite  has  gone  along  farther 
with  its  burrow.     (After  Jeffries.) 

tlie  .sexual  organs  is  completed.  Copulation  is  followed 
by  the  last  moult  on  the  part  of  the  female.  The  latter 
now  pregnant,  begins  the  constrtiction  of  a  gallery  in 
the  epidermis  (Fig,  2,51)  and  once  buried  in  the  skin,  the 
recurved  dorsal  spines  I5re\ent  her  escape. 

This  species  is  probably  distributed  over  th<i  entire 
world;  it  is  very  common  on  the  Continent  and  among 
the  poor  in  England  wdiere  it  constitutes  8  ]icr  cent,  of 
dermatological  cases  in  hospital  practice  and  3  per  cent, 
in  private  practice.  It  is  much  rarer  in  the  I'niteil  States 
and  is  most  frequent  in  the  East:  in  New  York  BulUle_y 
had  2  per  cent,  in  the  hospital  and  one-fourth  of  one  per 
cent,  in  private  practice.  In  Boston  AVhite  noted  an  in- 
crease from  t)  cases  in  1880  to  165  in  1888,  Of  318, .500 
cases  recorded  by  the  United  States  Dermatological  As- 
sociation within  a  period  of  a  little  over  tweuty-tme 
years  (from  July,  1877.  to  January,  1898).  it  was  found  in 
3.66  per  cent,  of  the  total  number.  Although  rare  under 
ordinary  circumstances,  it  inca-eases  rajiidly  under  con- 
ditions of  crowding;  thus  in  18!)3,  the  year  of  the  Chiea.go 
Exposition.  !)01  cases  were  I'eiiorted  in  the  United  Stales, 
while  in  1805  the  total  was  oidy  :iS3  eases.  Where  siieli 
crowding  is  combined  with  finilty  sanitary  condititms.  it 
becomes  eijidemic  in  a  severe  form.  Tlius  diu'ing  the 
Civil  War,  the  "army  itch,"  "Jackson's  itch,"  and 
"seven  years'  itcli,"  which  aiv  merely  aggi'avated  forms 
of  the  disease,  followed  the  movements  of  the  troops. 


The  diseast'  is  produced  by  the  transfer  of  the  parasite 
by  actual  contact  from  an  infected  jierson  to  one  not  in 
fected.  Such  infection  must  transport  botli  sexes,  or  at 
least  pregnant  females,  and  uniler  such  conditions  that 
they  can  successfully  form  burrows,  lns|)ite  of  the  fact 
that  in  large  continental  hosjiitals  and  clinics,  yearly 
thinisands  of  cases  are  treated  and  handled  by  nurses  and 
students  w'ithout  an.y  precautions  whatever  in  tlie  way 
of  disinfection,  no  trouble  is  experienced  from  the  di-sease. 

Infection  is  easily  and  most  commonly  brought  about 
by  long-continued  and  intimate  C(mtact,  and  the  noc- 
turnal habits  assigned  by  some  to  these  mites  are  due 
to  their  increased  activity  under  the  influence  of  the 
warmth  of  the  bed.  The  disease  is  also  most  common 
among  men  and  of  such  classes  and  occujiations  as  are 
wont  to  sleep  together.  A  transient  infection  may  be 
induced  by  the  transfer  of  this  sjieeies  to  the  horse, 
dog,  or  ape,  but  the  cat  is  apparently  immune  toward  it. 

The  itch  mite  excites  at  first  only  a  moderate  irritation, 
which  gradually  grows  in  intensity  and  liecomes  an  ex- 
tensive pruritus,  accompanied  by  eczeiuatic  iufiamma- 
tion  with  the  formation  of  papules  and  vesicles.  The 
malady  increases  in  severity  with  duration,  and  especially 
as  the  result  of  scratching,  until  it  may  aeiiuire  tlie  char 
acter  of  a  severe  eczema,  the  vesicles  and  ]instiiles  being 
associated  with  extreme  excoriations  and  the  formation 
of  crusts.  The  itch  may  be  confused  with  eczema  and 
pediculosis,  which  latter  may  in  fact  coexist  with  it. 

The  first  step  in  the  treatment  of  the  itch  is  the  abso- 
lute destruction  of  the  entire  colony  of  mites  and  their 
eggs,  for  which  purpo,se  various  suljihur  ointments  are 
successfully  employed.  Xaphthol  is  also  hitrlily  recom 
mended.  In  severe  cases  some  eczema  remains  to  be 
treated  after  the  destruction  of  the  mites. 

It  is  imjiortant  to  record  here  froiuNuttall  the  view  of 
Joly  that  the  itch  mites  may  serve  at  times  as  carriers  of 
lepra  bacilli.  In  parts  of  Norway  where  much  leprosy 
exists,  these  mites  are  also  abundant,  and,  together  with 
pediculi,  they  are  usually  found  among  the  poorerclasses 
in  Algeria,  "from  w  hieli  the  greatest  number  of  le|)ers 
come.  "In  the  Soudan  the  sarcoptes occur  on  almost  all 
the  dogs  [most  probably  liot  the  .9.  srahlei — W.].  and  often 
iittack  the  natives  amongst  whom  there  are  numerous 
lepers.  It  seems  to  me  that  the  possibility  of  this  mode 
of  transfer  cannot  be  denied,  and  it  is  also  conceivable 
that  the  pathological  changes  produced  in  the  skin  by 
the  parasites  may  even  favor  the  multiplication  of  the 
lepra  bacilli." 

Siiraijtti's  scnhieirnisioso'  (Fiirstb.)  (Norway  Itch  Mitesi. 
— iS,  scabii'i  var.  liijii  'SlOgn'm.  Dorsal  scales  obtuse. 
Anterior  projections  of  epiandrium  well  developed, 
reachini;'  the  epimeres.  Posterior  spines  long,  pointed, 
easily  bent.  :Male  0. 17  by  0. 1.5  mm. ;  female  (i.-ll  by  0.3-1 
mm. 

This  form,  though  uiuch  like  tlie  preceding,  produces 
such  radically  dissimilar  effects  on  the  human  skin  that 
we  are  forced  to  regard  it  ;is  a  distinct  species.  It  was 
first  discovered  in  (^'liristiania.  w'hence  the  name  Norway 
itch,  by  whicli  it  is  commonly  known,  though  cases  liavi- 
been  reported  in  most  European  nations  and  one  from 
this  country  (lndiana]iolis)  by  Ilessler. 

The  malady  is  easily  distinguished  from  the  common 
itch  by  the  formation  of  coarse  crusts,  which,  howevi'r. 
do  not  usually  make  their  apjiearanee  for  some  years. 
This  gives  color  to  the  view  that  this  form  of  tlie  itch 
finds  itsex]ilanatioii  in  individual  ditl'erences  on  the  part 
of  the  host  rather  than  of  the  parasite.  Opposed  to  this 
view  is  the  formation  of  crusts  .several  millimetres  in 
thickness  and  several  centimetres  in  extent,  the  enor- 
mous numbers  of  mites  found  in  the  midst  of  these  masses, 
and  the  attacks  of  the  mites  on  face  and  scalp  where  the 
common  itch  mite  does  not  occur.  This  species  is  ap- 
liarently  tninsmitted  with  great  ease,  and  its  attacks  do 
not  readily  yield  to  treatment.  .'Megnin's  idea  that  it  is 
identical  with  the  .sarcoptes  of  the  wolf  is  entirely  un 
tenalile. 

The  case  reiiorled  by  Ilessler  apjiarentlv  belongs  here, 
though   the   author  did   not   dillerentiate   the   jiarasitc 
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found  from  Ww.  onlinary  itcli  mite.  The  patient  was 
partially  paralyzed  an<i  entirely  helpless — henee  we 
may  infer  absence  of  the  ordinary  seraleliing;  its  se<piela! 
are  apparently  entirely  wanliiii;-.  The  body  of  the  pa- 
tient was  literally  eovere<l  with  lliiek,  yellowish  white, 
lealliery  seales.  the  larsrest  measuriiiir  2~>  mm.  in  diameter 
ami  nearly  i>  mm.  thick;  these  scales  consisted  merely  of 
proliferated  epithelial  cells,  and  bloody  or  serous  erusis 
were  not  present.  They  were,  Iiowever,  prfidneed  liy 
moderate  friction.  In  tlu;  scales  on  the  body  the  author 
estimates  tlie  number  of  eir.ir  cases  and  egccs  as  seven 
million  of  wliich  one  half  to  three  fourths  were  empty, 
and  the  number  of  mites  as  two  million  of  which  only  a 
small  fraction  wen;  livinj^. 

Tlie  followin.i;  forms,  normally  jiarasiticon  other  liosls. 
may  be  tran.smitted  accidentally  or  experimentally  to 
man  and  give  rise  to  an  itch,  rarely  severe  and  usually 
transitory.  No  doid)t  other  forms  yet  undeseribed  will 
fall  ii\  this  same  cate.irory.  Resides  man,  only  the  nmsl 
common  host  is  given  for  each  s]iecies. 

.S:  {inrhciiid:  J[ale  0.-,>-t  by  (I.  is  nun.;  female  0.34  by 
0.26  mm.  On  thc'llaiua;  transmitted  to  attendants,  re- 
quirin.g  treatment  to  dislodire. 

,S.  ciniis.  JFale  0.  Ill  to  O.'ii  by  0. 10  to  0,  is  nmi. ;  female 
0.:!  to  {)A'i  by  ().2;S  to  O.H."i  mm.  On  the  dog;  frequently 
transmitted  to  man,  variable  in  severity. 

8.  aiprie.  Male  ().2A'i  by  0.  ISS  nun. ;"  female.  O.-Ur,  by 
0.;U2  mm.  On  the  goat;  readily  transmitted  to  man;  in 
duces  an  itch  of  great  severitv. 

S.  diwinrhirii."  Mi\\e  O.i'J  by  0.  IS  nun.  ;  female.  Il.:!ti 
by  ().:J3  mm.  On  the  camel;  readily  trausmissiblc  and 
severe;  in  Egypt  almost  all  camel  drivers  are  affected; 
the  Senegal  negroes  call  the  complaint  larbiscli. 

S.  cquL  Male  0.22  to  0.2S  by  0.  !.■.  to  0.2  nun. ;  female 
0.45  to  0.5  by  0.31  to  0.37  mm.  On  the  horse;  rare  on 
man,  transitory  and  usually  disajipears  spontaneously. 

S.  konh.  Male  0.25  by  O.IS  mm. ;  fernah'.  0.45  by  t"».35 
mm.  On  the  lion;  easily  Iransmitted  to  man  ;  flisappears 
spontaneously  in  thirty  to  forlv  davs. 

8.  oris.  JIale  0.22  by  U.lli  inm.  ;'  female,  0.314  by  0.3 
mm.  On  the  sheep;  yery  rarely  transmitted  tn  man,  if 
indeed  at  all. 

.S'.  knin.  Jlale  0.25  to  0.35  by  0.19  to  0.3  nun. ;  female 
0.35  to  0.5  by  0.29  (o  0.39  nun."  On  the  jjig ;  transmitted 
to  man,  sometimes  disai)pears,  sometimes  .grows  worse. 

8.  i-iilpin.  Male  0  245  by  0.185  nun.  ;  female  0.442  by 
0.315  mm.  On  the  fox;  its  transmission  to  man  rests 
on  doubtful  evidence. 

8.  iriniihiili.  Species  not  describeil  in  detail:  forms  a 
crustaceous  itch  cm  the  wombat ;  rcaililv  lransmitl(il  to 


0.15  by  0.12  tr)  0.125  mm.;  female  (Fig.  252,  A,  B)  0.21 
to  0.23  by  0.10  to  0.1T5  nun. 

This,  the  itch  mile  of  the  cat,  attacks  on  its  normal 
host  the  skill  of  the  head  and  ear.s,  and  induces  a  serious, 


Fl(i.  2.Xt.— Tyrogl.vplnis  luatriiM-,  Keinalc.  in  Venlr.il  .A.'^pei-t,      After 
Met^riin.)     Maffiiilleil. 

often  highly  epi/.niiiie  malady  with  a  termination  usu- 
ally fatal.  This  species  is  of  importance  here  because 
of  its  easy  Iransmi.ssioii  to  man.  On  the  latter  it 
produces  a  limited  itch  which  disappears  spontane- 
ously at  the  end  of  from  ten  to  twenty  days.  It  occurs 
on  cats  in  Mneolii.  Xebr.,  and  doubtless  elsewhere;  no 
cases  of  tiansinitled   infection  are,  however,  on  record 


h( 


I'e. 
The 


FIS.  252,  — N'otoedre.s  rati:  A,  Female,  fniin  .Mcove,  B, 


man;   produces  a  type  of  itch  intense  and  unlike   the 
ordinary  form;  yields  readily  to  treatment. 

yoineilns  riiti  (llering.  =  Sri iroptix  iiiiii'ir  Fi'irstb.  Tar- 
.sal  suckers  with  long,  unjointed  pedicle:  in  the  female 
on  the  tirst  and  second  pairs  of  li'gs.  in  the  male  also  on 
the  fourth.  Anus  dor.sal.  near  iiosterior  margin  of  ab- 
domen. Dorsal  seales  obtuse.  .Male  (Fig.  252,  C)  0. 14  to 
Vol..  I.— 28 


ther  .ireneia  .and  sjiecies  of  itch  miles  common 
to  domesticated  animals  are  not  known  to  be 
transmissible  1(;  man. 
Sub-family  'J')jniijl)ii)liiiiii-  (f'heese  Mitesl  — 
Minute  forms  with 
.soft  body,  without 
eyes  or  trachea'.  In- 
te.sument  never  uni- 
formly striated,  but 
smooth  and  graiiu- 
iated  or  irregularly 
verni(-ose.  East  leg 
with  claw  and  usu- 
ally also  with  foliate, 
non  iiedunculate  ves 
icle. 

These    mile-  (Fig. 

253)    live    in    dry    nr 

slowly  decaying  nia- 

fenals   (Hour,    suirar. 

cheese,   anatomical 

picpiirations.     e  I  c.l 

ibundaiit  0(-cunenee  lln-y 

lui- 

Ihe 

beiiiLr    entirely    desiroved. 


X  I(X).     (AtU-r  Railllet.) 


From  their  minute  size  ant 
:ilc    liable  to  be 
man    boily.    ant 
iiiiinenlarv    canal    without 


introiluceil  on  to  or  even   into   tie 
may    even    make   the   pass.m^e    of 


From  their  presence  on  the  hotly  or  in  fecal  matter  uiiiler 
circumstances  of  tli.sease  they  ha\f  lieeii  often  rejiortcd 
as  cofporii  dclicta.      In    rare   instances   certain    species 
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have  been  transitory  panisitesof  num.  AVliere  abundant, 
as  in  old  jrroeories  or  warehouses.  Iliey  liave  lieeu  known 
tc  give  ri.se  to  a  temporary,  though  often  violent  der- 
mal irritation  on  eMiploye<'S  handling  the  int'eeted 
produets,  Avithoiit  the  evil  having  been  traeed  in  all 
cases  to  any  single  speeies,  Sueli  a  eomplaint  is  the 
"grocers'  iteh"of  England.  Since  the.se  are  the  nio.st 
frequent  psendo-parusiti's  with  which  the  physician 
1ms  to  deal,  e.Mrcme  caution  shmdd  be  e.verciscd  in  as- 
sociating etiologieally  any  species  which  belongs  in 
this  group  with  a  ease  of  disease  in  which  it  has  been 
discox'ered. 

Ah'urohimfiiriiuf  (De  Geer).  (The  Flour  ;Mite)=  Ti/m 
g/i/p/i)i>if(irii)wGvr\'n\s.  First  pairof  legs  in  male  much 
heavier  with  spur  on  second  joint.  AVhite,  tip  of  legs 
pale  violet.  Length:  male  0.B3  mm.,  female  C.'Jo  nnn. 
C'osmoiiolitan  on  tlour.  fruit,  tobacco,  cheese,  and  other 
organic  material  in  process  of  alteration  by  age.  This 
species  is  much  more  abundant  than  the  following  even 
in  cheese,  and  has  frequently  been  described  as  that 
species  in  spite  of  evidi'ut  differences.  It  was  observed 
by  Moniez  as  the  cause  of  a  cutaneous  eruption  on  work- 
men unloading  Russian  wheat  at  Lille. 

Tyroglyphfix  siro{\j.)  (The  Cheese  Miie)=Acarus  fttm, 
A.  lactis,  A.  dynentenit'  L.  Last  pair  of  legs  with  both 
claw  and  sucker,  with 
terminal  joint  short  and 
with  proximal  sucker 
close  to  proximal  end  of 
terminal  joint.  Length 
0.6  mm.  Found  on  fle- 
composing  substances  like 
the  last,  but  rarer.  This 
is  the  cheese  mite  re]inrt- 
ed  by  various  authors 
from  dysenteric  stools  and 
from  urine.  Its  occur- 
rence was  undoubtedly 
accidental,  and  its  harm- 
less nature  may  be  ad- 
judged from  the  quantity 
taken  daily  in  cheese 
everywhere  and  the  ab- 
sence in  medical  works  of 
any  records  of  conse- 
quent diseases.  Yet  Zlirn 
records  that  in  certain  dis- 
tricts where  mites  are 
raised  to  impart,  a  pecul- 
iar flavor  to  the  cheese,  a  gastric  or  intestinal  catarrh 
is  prevalent  among  consumers  of  the  cheese  which 
he  attributes  to  the  effect  of  the  mites.  As  this  spe 
eies  is  abundant  in  old  linseed  meal,  its  reported  oc- 
currence in  iioultieed  wounds  is  easily  explained.  In 
eantharides  it  is  also  abundant,  and  in  vanilla,  where 
its  presence  has  been  associated  w'ith  the  vanilla  com- 
jilaint,  a  dermal  eruption  frequent  among  workers 
handling  this  product.  The  famous  ArKriis  di/xe)/- 
leiid'  of  Linna'us,  which  was  found  abundantly  in 
stools  of  one  of  his  scholars  and  traced  back  to  the 
wooden  vessel  from  which  the  young  man  drank,  was 
jirobably  this  species.  It  has.  howe\-er.  Ix'c'U  reported 
but  once  since  then  from  dysenteric  stools,  those  of  in- 
fants in  Prague,  and  the  etiological  relation  may  cer- 
tainly be  called  in  question. 

Tiirixjliipliiix  lonr/ior  (Fig.  2.~)0).  which  is  similar  in 
habit  to  tlie  last  sjieeies,  tliough  less  abundant,  is  easily 
distinguisheil  by  its  larger  si/.e  and  more  ru|Md  move- 
ment. It  enjoyed  transient  fame  in  ls;!7  as  liaving  been 
prodviced  ( I)  by  the  electrical  exi)eriments  of  Cross  on 
■weak  chemical  solutions. 

The  mummification  of  bodies  in  caves  has  been  shown 
by  recent  investigations  of  Megnin  to  be  due,  in  some 
eases  at  least,  not  to  chemical  or  atmospheric  intluenees, 
but  to  tlKMvork  of  Tiirniiljuiliiis  hifinhiii.s.  Avliich  is  abun- 
<lant  in  such  localities.  Tlie  external  aiqiearance  of  the 
body  and  organs  of  the  mummy  was  well  |u'eserved.  but 
microscopical  examination  showed  the  tissue  to  be  tilled 


Fni.  2.54." 


with  incalculable  myriads  of  the  mite  in  all  stages  of 
develo|unent. 

Oiniiiisida'  (Beetle  Mites'). — Skin  leathery,  reinforced 
by  ehitinous plates;  mandibles  chelate,  maxilUc  filiform  : 
six-jointed  legs  terminated  bj'  two  somewhat  concealed 
hooks.  Stigmata  lateral,  between  legs  of  second  and 
fourth  pair  with  peritreme  directed  anteriad.  Without 
eyes. 

The  Gamasida>  are  abundant  small  mites,  often  free  or 
semi-parasitic,  in  the  latter  case  found  on  insects  espe- 
cially. Certain  speeies  occur  on  the  fowl,  but  are  often 
very  troublesome  to  man.  Of  the  large  number  of  forms 
which  belong  in  the  family  only  two  need  especial 
mention  here. 

I)eniiinii/,\iiiii  r/alh'iiw  (de  Geer")  (The  Poultry  Mite). 
Body  pyriform.  .slightly  flattened;  in  the  male  0.6  by 
0.:K  mm.,  in  the  femah' 0.7  to  0.75  by  0.4  mm.  Color 
varies  from  white  to  dark  red  according  to  the  contents 
of  the  alimentary  canal.  Legs  stout,  rather  short. 
Peritreme  extends  as  far  as  the  base  of  the  second  pair 
of  legs. 

The.se  mites  (Fig.  2.'54)  swarm  in  the  crevices  of  poultry 
houses  and  in  the  refuse  of  the  floor,  even  living  in  the 
dung.  At  night  they  emerge  from  their  hiding-places 
and  suck  the  blood  of  the  birds.     Under  circuiiistances 

they  increase  to  such  an 
extent  as  to  become  a 
veritable  pest,  even  to 
man  himself.  Many  cases 
are  i>n  record  in  which 
both  children  and  adults 
have  been  subject  to  re- 
peated attacks  of  the 
mites,  which  give  rise  to 
an  itching  eruption  of  the 
skin.  Naturally  such  in- 
stances  are  observed 
among  persons  having  to 
handle  fowl  or  to  resort 
f  r  e  q  u  e  n  1 1  y  to  ill  -kept 
|)oultry  houses.  KUchen- 
meister,  Railliet,  and 
others  record  details  of 
cases  on  the  Continent ;  I 
have  found  none  for  this 
country. 

Dcniiiiiii/xsiis  ?iirt/)i(!i Ill's 
(Hermann)  (The  Swallow 
Mite).     Decidedly   larger 
than  the  preceding,  reaching  a  length  of  1  nmi.     Peri- 
treme extends  barely  to  the  third  pair  of  legs. 

This  sjiecies.  which  normally  attacks  the  swallow,  has 
been  known  to  jiass  from  the  nests  luider  the  eaves  into 
sleeping-rooms  and  to  attack  the  occuj^auts  of  the  room, 
giving  ri.se  to  severe  itching. 

Trombicliidir  (The  Harvest  Miles).  Soft-skinned,  vel- 
vety, often  highly  colored  mites,  with  trachc;T?  opening 
at  the  base  of  the  rostrum  or  on  the  cephalothorax.  and 
usually  with  eyes.  Suckiug  rostrum  with  styliform 
mandibles  and  uncinate  palpi.  Legs  six-jointed,  termi- 
nated by  a  double  hook  together  with  a  small  sucker. 

Of  the  large  number  of  terrestrial  mites  included  in 
this  family  only  a  few  species  are  parasitic,  but  some  of 
these,  though  only  occasionally  attacking  man,  are  yet 
among  his  most  di.sagreeable  chance  parasites.  Doubt- 
li'ss  many  other  species  than  these  noteii  lu're  may  be 
found  to  attack  him  in  one  place  or  another;  it  is  desir- 
able that  accinate  data  regarding  all  such  species  be  on 
record.  According  to  .loly  ami  others,  these  mites  are 
the  passive  carriers  of  infectious  agents,  but  Nut  tall 
doubts  Ihisand  thiid\S  the  cutaneous  affections  ,;iroduced 
by  their  iiresence  on  the  skin  are  due  to  irritating  secre- 
tions of  the  mites.  The  effect  Jlegniu  prodviced  by 
binding  on  the  skin  llie  dead  bodies  of  one  of  the  niost 
toxic  speeies  tends  to  sujiport  this  view.  To  secondary 
bacterial  infection  brought  abo\it  by  scratching  the  skin 
and  to  reduced  vitality  of  the  latter  referable  to  the 
mites,  are  to  be  attributed  the  extreme  elbcis  manifisted 


Dermaiiyssus  galliniv,  a.  Adult:  ?>,  tareus:  c.  mouth  parts:  tl,  t\ 
young.    Magnitted.     (After  Osborn.i 
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in  the  formatiou  in  some  casos  of  ulcerous  and  running 
sores. 

Pcdiculmdes  rentr/'eosun  ('Si'\\\)i)rl)=ITe(e.>Yip».s  rcnlri 
msii.1  Newport.  Male  O.Vi  by  O.dS  mm.,  oval,  willi  .>ii.\ 
pairs  of  bristles  and  a  pvrifona  plale  on  llie  doisal  sur- 
face. Female  eylindrical.  0.2  by  O.OT  mm.,  with  four 
pairs  of  bristles.  When  gravid  with  posterior  resiou  in- 
flated to  a  spliere  tilled  with  develojjiug  eggs,  nearly  ',' 
mm.  in  dianieler.  viviparous. 

This  form  lives  parasitic  on  insect  larva',  jiartieularlv 
those  of  grain.  Xumerous  cases  of  accidental  parasiiisiu 
on  gniin  shovrllers.  or  those  otherwise  enga,!;<'cl  in  iianil- 
lin.i;  it,  are  reported  from  dilTei'cnt  jiarts  of  France  and 
Germany.  The  bite  of  the  mite  jiroduces  iMsiitferable 
itching  and  e.\eites  a  consideral)le  cutaneous  inllamma- 
tion. 

Similar  tioubles  have  been  l)rodueed  by  'I'dr^omiiiiis 
uitirtiix  Karpelles  from  Bulgarian  grain  and  I'l/ijiiicphonis 
iiiidiuif'/s  (Flennuing)  from  Russian  wheat. 

(.'/ifli/tiis  c;7/(/;7';,«  (Schrank).  Pale,  rarely  reddish  in 
color,  with  bilid  lio.ok  on  the  palpi.     Length.  0  ,-*  mm. 

This  mite  occurs  at  times  in  old  books  or  among 
<lusty  rags,  but  more  connnonly  in  stables,  chicken  or 
pigeon  liouses.  in  old  feed  bins  and  in  tobacco  stor<'- 
liouses,  or  wherever  mites  are  abundant,  lu  spite  of  its 
predacious  habits,  it  has  not  been  known  to  attack  man, 
and  its  presence  in  fecal  matterand  in  pus  collected  from 
the  ear,  as  reported  in  various  medical  works,  was  un- 
doubtedly due  to  accidental  introduction.  When  SI. 
Peter's  in  ]>ondon  was  restored,  tliis  form  swarmed  in 
myriads  over  workmen  engaged  in  rei>aii'ing  the  ancient 
tombs. 

Liptunirnlinin  Riley.     Color  brick  or  bl 1  n-d;  legs 

terminatin,g  in  two  stiff  hairs.  Mandibles  tridentate  at 
end.  Length,  0.24  mm.  (Fig.  Soa,  C).  Adult  un 
known. 

This  is  the  larval  form  of  some  unknown.  ]irobal)ly 
plant  feeding  spe<-ies  which  under  tempt.-ttion  adopts  a 
liabit  as  fatal  for  itself  as  it  is  uncomfortable  for  man. 
Brushed  from  grass  or  shrulibery  on  to  human  clothing, 
it  finds  its  way  to  the  skin  into  which  it  burrows  until 
entirely  buried.  The  resultant  irritation  varies  consider- 
ably witli  the  individual  and  in  some  cases  produces  ex- 
treme torture.  The  inflammation  gives  rise  to  a  large 
red  blotch  with  jialer  spotsand  spreads  rajiidly  when  the 
briily  is  scratched  in  consequence  of  the  itching. 

This  mite  occurs  over  much  of  the  eastern,  central, 
and  southern  i)ortion  of  this  country,  extending  in  the 
^Iississipi)i  valley  as  far  north  as  central  Iowa  and  being 
very  abundant  in  parts  of  Indiana,  Illinois,  and  Ohio, 
even  as  far  north  as  the  islands  in  Lake  Erie,  in  Wash- 
ington it  is  abundant  from  June  throughout  thesununer, 
and  farther  south  the  season  is  longer.     Osborn  speaks 


Fa;.  Si'i. - n.  I.epUis  americanus.  (ircativ  enlarefil.  i.\fler  liilcv.i 
('.  Leptus  irritans.  Greall.v  enlarged,  (.^fter  I{jle.v.)  (Inliauilc 
tlie  ilDts  unclerneatli  indicate  tlie  natural  si/e. ) 

of  the  same  species  as  annoj-ing  in  Soulliern  Mexico  in 
January.  Those  who  are  susceptible  to  the  pest  are  ac- 
euslomed.  on  returning  from  ti<ld  excursions,  to  resort  at 
once  to  a  hot  bath  with  strong  .soa]),  or  to  the  use  of  a 
wash  of  dilute  carbolic  acid  to  kill  the  niitcs  before  tliev 


Fig.    2.V).  —  Rfislnim     of    Ixodes 
iroiius.    Female,    from    Below. 
diamc-tiTs.        i.\fUT    Delafond, 
liailliet.) 
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become  embedded  in  the  skin  Dilute  alcohol  is  also 
recoimnended.  At  this  time  it  is  also  possible  by  clo.se 
scrutiny  to  recognize  the  mites  in  the  centre  of  "ihein- 
llamcd  area  and  to  remove  them  inilividually.  doing 
away  thus  with  the  subsequent  discond'orl  to  a  large 
extent. 

It  is  interesting  to  note  thai  the  invasion  of  the  human 
skin  causes  the  death  of  the  mite  and  prevents  its  reach- 
ing niaturity,  a  perv<>rled  habit  being  thus  fatal  to  the 
species.  As  a  result  the  adult  form  is  not  known,  but 
a.ssumed  as  possibly 
one  of  the  genus 
'I'miiihidinm. 

I.i jifiix  iinuririinus 
Riley  (Fig.  '-'o.-),  B)  is 
an  associated  form, 
the  effects  of  which 
are  very  similar. 
The  Continental  spe- 
cies is  L.  (tutiitinuiUss 
Shaw.  Similar  forms 
are  known  from  all 
regions:  among  these 
that  known  as  TUd- 
siih niiti:  in  JI  e  x  i  c  o, 
and  tli(^  Culi/rado  of 
Cuba  deserve  men- 
tion. 

1)  tnniiji'li us  intth .\- 
lixxiiiiint    Weyenberg 

from  I."ruguay  and  Argentine,  which  lives  normally  on 
an  aster,  is  of  like  evil  repute. 

The  case  of  'I'lide'in  i/Hi/tstun  Moniez,  a  blind,  rose- 
colored  mit(!  of  the  family  Bdellida'  or  snouted  mites, 
which  was  discovered  on  a  large  estate  in  Belgium  where 
it  lirst  made  its  ajiijcarancc  in  1S04  after  an  importation 
of  Peruvian  guano,  illustrates  the  chance  inti-oduclion 
of  an  undesirable  species.  Each  year  it  ap]iears  at  mid- 
sununcr  and  remains  until  frost,  so  abundant  that  it 
constitutes  a  veritable  pest.  It  throws  itself  on  man 
passing  through  the  grass  or  shrubbery  and  produces  an 
insuppoitable  itching,  lasting  several  days. 

J.iiiiHi/(i'  (  Ticli-K). — The  Ixodida'  are  large  mites  possess- 
ing a  tough  leathery  skin  to  which  the  six-jointed  legsare 
attached  directly.  Their  bodies  are  tlatlencd  in  y.)uth. 
but  become  more  or  lesssjihcrical  with  age.  The  rostrum 
or  capitulum  (Fig.  S-")!;) comprises (1)  a  tlattcned  maxillo- 
laliial  hyposlonie;  (2)  two  elongated  mandibles  intlaled 
at  the  ba.se  but  llattened  toward  the  ti|i;  ['■'>)  Iwo  maxil- 
lary pal])i.  The  lower  fac<'  of  hyi)osloinc  and  the  ter- 
minal joint  of  the  mandibles  are  supplied  with  recurved 
spines  or  hooks.  The  two  stigmata  are  located  near  the 
base  of  the  fourth  |)air  of  legs.  The  larva  are  hexapod, 
the  nymphs  octopod.  The  adults  manifest  striking- 
sexual  dimorphism. 

The  licks  are  temporai'v  ])arasites  of  the  land  living 
allantoic  vertebrates,  among  which  the  hosts  are  chosen 
often  largely  1)3' (Oiance,  No  one  of  them  is  regularly 
parasitic  on  man.  but  almost  any  of  them  may  be  upon 
iMM-asion,  and  those  species  most  fi-e(|Uently  reported  are 
so  largely  by  virtue  of  Iheirgrcater  frc(|Ueiice  in  general 
or  by  reason  of  circumstances  favoring  their  attachment 
in  the  particular  instance  rather  than  that  they  possess 
any  clniracteristic  allinity  for  this  host. 

Naturally  abumlant  in  woods  and  among  underbrush 
the  ticks  attach  themselves  to  such  animals  as  jiass. 
either  rc|itiles.  birds,  or  mammals.  For  the  larva'  and 
nymphs  this  is  most  commonly  but  the  means  of  dis- 
persion, but  with  the  imprcgnaied  female  the  |iarasitism 
liecomes  more  dctinile.  With  the  rostrum  implanted  in 
the  skin  and  anchored  by  the  recurved  teeth,  the  lick 
gorges  itself  with  the  blood  of  the  host  unlil  the  leathery 
body  has  swollen  to  the  size  of  a  castor  bean,  which  it 
stron,!rly  resembles.  Once  fully  sali.ated  the  female  re- 
leases her  hold  and  falls  to  the  ground,  wheie  sheilciiosils 
her  eggs  anil  perishes.  If.  however,  the  elVort  be  made 
to  remove  the  female  by  force,  only  tlu'  greatest  care 
prevents  leaving  the  rostrum  iinbeddcd  in  the  llesli  of 
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the  host,  uud  at  best  a  portion  of  the  skin  comes  away 
witli  tlie  ticli. 

A  drop  of  turpentine,  benzin,  ])etroleinn.  or  even 
melted  butter  or  oil  placed  on  the  lieail  of  the  tick  will 
often  succeed  in  causing  it  to  loosen  its  hold  and  fall 
from  the  host.  Or  it  may  be  lorn  or  cut  away,  in  which 
case  the  rostrum  is  left  in  the  skin  to  be  set  free  shortly 


Fig.  257.— Ixodes  hexagonus,  Male,  in  Ventral  Aspect. 
Neumann. ) 


X  13.     (After 


by  suppuration.  It  is  worth  mentioning  that  dipping 
is  now  extensively  practised  to  free  cattle  from  the  ticks 
which  are  the  means  of  infection  in  Texas  fever,  though 
the  method  is  still  in  the  ex]ierimental  stage. 

The  species  which  ha\e  been  found  upon  man  have 
not  been  reported  with  dcsiralile  accuracv.  Among 
woodchoppers  and  others  of  similar  liabits,  I  am  informed 
that  the  presence  of  ticks  is  by  no  means  a  rarity,  though 
it  rarely  becomes  a  matter  of  medical  record  since  the 
animal  falls  olf  or  is  removed  by  simple  means  in  a  brief 
time  without  noticeable  se(iuela'.  In  a  few  cases,  how- 
ever, dangerous  sym]itonisinanifi'st  thi'mselves.  demand- 
ing the  attention  of  the  jihysician.  The.se  complications 
may  well  be  due,  as  Railliet  suggests,  to  the  inoculation 
of  infectious  agents.  Thus  he  saj'S  that  Guadeloupe 
ticks  carry  "a  sort  of  glanders."  due  to  a  specific  micro- 
organism, and  Blauchard  believes  that  the  bacilli  of  an- 
thrax and  tetanus  may  lie  also  transported  in  this  way. 
Nuttall.  however,  regards  the  evidence  as  un.satisfactory. 

The  two  subfamilies  Ixodina'  and  Argasinn^  may  be 
distinguished  easily  by  the  jiosition  of  the  rostrum,  which 
is  terminal  in  the  former  and,  at  least  in  the  adult,  be- 
low the  anterior  margin  of  tlie  body  in  the  latter. 

Ixodes  rcduvins  (L.)  (The  Castor  Bean  Tick)  =  /.  riri- 
nus  h.  Male:  brown  oval,  larger  posteriorly,  2. .5  mm. 
long  by  1.5 mm.  broad.  Female:  4  mm.  long  and  3  mm. 
f)road,  or  when  gorged  10  to  11  mm.  long  by  G  to  7  mm. 
broad,  ashen  gray  tending  to  brown  or  yellow. 

The  marked  sexual  dimorjihism  manifested  by  this 
species  was  the  reason  that  the  male  and  female  were 
original!}'  described  as  ditferent  s]iecies.  It  is  common 
in  Europe  and  throughout  the  southern  United  States 
from  Maryland  to  Kansas  and  California.  As  host  it 
apparently  prefers  sheep,  goat,  or  beef,  less  often  horse, 
dog,  cat.  and  even  man.  Numerous  cases  of  sejiticajmia 
apparently  resulting  from  the  bite  of  this  species  are 
recorded  by  European  authors.  In  Norway  emphasis 
is  laid  on  the  importance  of  not  tearing  off  the  head  of  a 
tick  that  has  begun  to  bore  itself  into  the  skin.  This  is 
undoubtedly  a  wise  precaution,  and  the  lick  may  be  re- 
moved without  damage  to  the  skin  by  the  use  of  butter, 
oil,  gasolene,  or  turpentine  as  mentioned  above. 

I.riiiirs  Iie.rii;ioinis  Leach  (The  Euro])can  Dog  TiekV  In 
color,  form,  and  si/.e  much  like  the  |u-<-ceding.  this  form 
may  be  distinguished  by  the  shorter  rostrum  (Fig.  'i'u) 


and  by  the  tarsi  which  are  also  shorter  and  inflated  tow- 
ard the  end.  The  male  (Fig.  SoT)  of  this  species  is  also 
larger,  measuring  ;!..">  to  4  mm.  by  2  to  2.o  nun. 

This,  the  common  dog  tick  of  Europe,  occurs  over  the 
entire  region  east  of  \\w  Rocky  Mountains,  where  it  is 
reported  from  a  large  number  of  Iiosts.  Blanchard  cites 
cases  in  which  it  has  even  penetrated  below  the  liumau 
skin. 

The  presence  of  eyes  distinguishes  sufficiently  the 
genus  Amhli/omma.  which  includes  a  large  number  of 
species,  from  I.mdex,  as  the  absence  of  adanal  jilates 
separates  the  former  from  Ilnaloinuui,  a  genus  not  yet 
reported  in  this  country:  to  this  genus  belongs  the 
African  or  Senegal  tick,  common  in  tropical  regions, 
especially  of  Africa,  and  introduced  on  cattle  into  sub- 
tropical lands  adjacent  thereto, 
where  it  has  been  frequently  re- 
ported on  man  as  the  cau.se  of  in 
tense  fevers:  probably  the  lick  was 
only  the  agency  in  transporting  the 
infection. 

Ani/ili/omma  iimerirnnvm.  Koch 
(The  Lone  Star  Tick)=/.rw?e.?  nni- 
piinciiitfi  Packard.  Male;  body 
brownish  red.  o\al.  much  elongated 
posterioily,  3  mm.  long,  2. .5  mm. 
broad.  Female  (yoimg)  colored  like 
the  male  with  a  white  spot  on  the 
back  of  the  living  animal.  Length 
4.3  mm.,  breadth  3  mm.,  increasing  in  gravid  females  to 
8  by  13  mm.  (Fig.  2.58). 

This  characteiistic  American  species  occurs  from  Lab. 
rador  to  Florida  and  Texas  and  is  known  from  South 
America  as  well.  It  is  common  on  cattle  in  the  southern 
part  of  the  United  States,  and  is  reported  from  other 
domesticated  as  well  as  wild  sjiecies.  Packard  repoi-ts  a 
case  in  which  a  specimen  had  penetrated  into  the  arm  of 
a  young  girl,  forming  there  a  tumor.  It  is  said  to  be 
veiy  annoying  to  man  in  the  warmer  portions  of  the 
cotmtiy,  and  a  correspondent  in  Texas  writes  that  he  re- 
moved several  females  from  his  own  children  in  om; 
evening. 

Dei-macentor  amerimnM (L.)  (The  American  Dog  Ticki 
=I.wdcs  ameyicainis  Gervais.   /.  Ttnjwiiciisis  and  I.  alhi- 


FiG.  2.58.  —  Amblyomma 
.ainericanum  kocli. 
Adult  female,  ((trif,'- 
inal.) 


Fig.  259.— Dennacentor  amcriuauns.   Iiorsal  view  of  male.     X   10. 
(.\fter  Osborn.) 

pictus  Pack.ard.  The  body  and  margins  of  the  legs  are 
marked  by  silver-white  lines  and  blotclies.  AVhen  gorged, 
the  female  measures  as  much  as  14  mm.  in  length  by  !> 
mm.  in  breadth. 

This  most  conuuon  dog  tick  (Pi,g.  2r)9)  is  reported  from 
almost  every  State  in  the  Union  as  well  as  from  Labrador, 
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Aracliiilda, 
A  ra  ■:<>■■. 


Alaska,  anil  Mexico.  Tho  tlosr,  f,-iltlc,  and  man  arc  its 
most  regular  hosts,  tlioiigli  a  uvimber  of  otliersare  on 
record. 

liliipiccplKiliiH  (III nyliiti's (i^i\y)= I.mdfin  hoHii  Rilev  ;  flm 
p/iilux  Imn'x  Curtice.  Female:  body  elli])tieal.  sliirhtly 
constricted  at  the  middle,  up  to  13  mm.  loni:  by  7..T 
mm.  broad.  Reddish  brown  with  two  lona-itiidinal  iin 
pressions  above  the  constriction  and  one  below  it.  Kos 
trum  very  short.  Male,  oval.  2.1.5  to  'Z.S'>  mm.  lonj^  by 
I  .:i  mm.  liroad. 

'I'hismost  common  of  cattle  tick.sin  the  Southern  States 
deserves  mention  here  by  virl  tie  of  its  role  in  Texas- fever 
epidemics  anions  cattle.  It  has  been  conclusively  dc 
monstiated  tliat  this  form  acts  as  agent  in  transmilling 
^  the  organism  which  causcsTexas  fever,  and  tliisso callccl 
"romance  of  pathology"  is  now  an  established  fact. 
This  lick  is  aViinidaiit  south  of  the  ^Maryland  ICan.sas  line 
and  throughout  Mexico  and  Central  America;  even  in 
Australia,  Asia,  and  especially  Africa  its  ju'csence  is  also 
recorded.  In  Guadeloupe  it  goes  under  the  name  of  the 
"Creole  tick"  as  against  the  "Senegal  tick"  i Iliiiili'iiinni 
iiyjijitiiim)  previously  luenlioned. 

Although  I  have  found  no  record  of  tlie  ])arasitism  of 
this  tick  on  man.  u  correspondent  in  Texas  writes  that  it 
does  attach  itsi-lf.  though  rarely,  to  the  human  sUin,  in 
whicli  situation  he  has  seen  it  a  half  dozen  times  in  the 
last  ten  years.  Similar  occurrences,  though  infieipient. 
may  be  expected  in  regions  where  the  s]iecics  is  abun- 
dant. The  bite  of  Hynlninmn  nyiijiliinn.  the  Senegal  tick, 
may  cause  severe  local  etTects  in  man,  attributed  by 
some  to  the  entrance  of  pathogenic  germs.  Such  results 
are  of  course  most  probable  in  tropical  and  suli-trojueal 
regions,  and  may  also  at  times  follow  the  bite  of  this 
species. 

The  subfamily  of  the  Argasin:p  includes  ticks  whicli 
are  parasitic  on  warmblooded  vertelirates.  wvirv  jiarticn- 
larly  on  birds,  but  which  are  frequent  accidental  para- 
sites of  man  and  occasionally  the  cause  of  serious  incon- 
venience at  least.     The  common  Kiiropcaii  I'onn.  Ari/nx 


Fig.  200.— Arsasamericanus:  Dorsal  and  Ventnil  .\sj)t_'i;ts.    Knlar^'Cd. 
(.^fter  Mar.x.) 

refif-rim,  which  lives  in  pigeon  roosts  but  attacks  also 
chickens  and  even  man,  is  represented  in  this  country  by 
the  following  closely  related  species: 

AiyiK  ameriefiniinPackanl  (The  Chicken  Tick).  Body 
very  flat  and  thin,  oval.  -1  to  0  mm.  long,  'i.o  to  (i..1  mm. 
broad,  brownish-red  uniformly  tinted,  integtiment  jjitted, 
with  the  pits  lar,ger  near  the  middle,  becoming  smaller 
toward  the  edges. 

This  tick  (Fig.  200)  attacks  especially  chickens  and 
turkeys.  It  is  iirobably  the  "Argas  chinche."  siiid  by 
Goudot  to  be  abundant  in  Colombia  and  to  reseml)le  the 
bedbug  in  habits  as  in  appearance;  there  it  torments 
especially  the  human  species.  It  lives  in  the  chinks  of 
woodwork  and  walls,  from  which  it  sallies  forth  at  night 
to  feast  on  the  blood  of  some  convenient  host.  These 
mites  are  very  liardy  and  have  been  known  to  live  in 
abandoned  dove  cotes  from  eight  to  forty-eight  months 
withcnit  food.  The  bite  of  the  Kuropean  iormt.l.  ;v- 
Jh'.rii.i)  undoubtedly  causes  serious  consec|uencesat  times. 
fhictiy  in  the  case  of  infants  iind  children,  or  of  individ- 
uals highly  susceptible  to  lu'ticaria  factitia,  causing 
tt'dema  of  the  part  or  even  of  1  hi' entire  body,  together 
with  intense  pruritus  lasting  several  days.  Forarecoril 
of  the  cases  and  details  see  Brandes.     Records  of  the 


American  species  are  scanty,  but  it  is  sjiid  to  attack 
sieei)ing  men  and  animals,  producing  in  the  former  der- 
mal irritation  of  a  grave  charader. 

The  Arf/iiK  pi'mirun,  or  ^liana  bug,  is  an  Eastern  species 
of  some  reputation  which  is  said  to  molest  travelleis  in 
I'crsia,  and  the,  bite  is  believed  to  be  aecom])anied  at 
times  by  serious  consequences.  The  general  report,  ae- 
cording  to  which  the  liile  of  these  ticks  is  especially 
dangerous  during  the  hot  months,  may  find  its  justifica- 
tion in  the  transmission  by  this  means  of  some  tropical 
disease  germ,  as  has  been  dcmonslrated  in  the  case  of 
Texas  fever,  Tlie  jicute  sym])loms  which  may  be  mani- 
fested at  any  season  an:  believed  lo  be  due  to  a  poison- 
ous saliva,  and  the  experiment  of  Megnin  on  a  specimen 
kept  in  eoiitincment  for  four  years  cerlauily  does  not  de- 
monstrate the  harmless  character  of  the  tick.  "Bacteria 
may  of  course  gain  access  lo  the  wounds  inllicted,  which 
are  possibly  more  |irone  to  iid'ection  in  consequence  of 
the  injurious  inlluences  of  the  secretions  of  the  Argas. 
Depending  on  thecharacter  of  Iheorganisms  introduced, 
the  later  symptoms  will  naturally  vary  "  (Xiittall).  Ai'- 
f/iix  .vnichizi  of  California  and  3[exico,  which  is  very 
closely  related  to  A.  piraii'ns,  doi's  not  enjoy  a  similar 
reputation. 

Oniithiiihirm  turleiiiii.  fVuind  in  the  Gulf  States  and  in 
^fexieo,  and  <>.  tdlujc  oi  Central  and  South  America,  are 
forms  not  well  known,  which  encroach  u])on  our  south- 
ern borders.  The  first  is  p;irasitic  upon  the  pig  and  man. 
Its  bite  is  painful  and  may  ])rodiice  dangerous  symj)- 
loms.  "  Ih'iii-ij  Li.   Ward. 
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Packaril:    (iiiidu  to  the  Stiuly  of  Insefts,  sixth  eilitioii.  .New  York 

1S7S. 
liailliet :  Traiti-  ilc  Zotil.  .Med.  et  Acrif..  2llie  i-il.,  Paris.  lK'.l;{-!l.i. 
Itiley  :  Ptiisonons  Inscfts.    First  editii>n  Iteferelue  Haildb.  of  the  Med 

Sf'.,  New  York,  ISS7. 
Stiipley  :   Heyision  of  the  lanj^natiilithe.    .\riii.  t^arasitol.,  vol.  1.,  pi;. 

',-.!  m.  ISilK. 
.Mso  smaller  papers  by  the  same  ami  otliiT  aiillmrs. 

ARAGON.  BATHS  OF.— These  baths  are  located  in 
Ihe  .\i'ag'ni  I  hitieinLi,  miinicijialily  of  Giiadalu|)e  Hi- 
dalgo. The  sil nation  is  4  km.  from  the  (iuadalupe 
llitlalgo  and  is  accessible  by  the  electric  railway  line  be- 
tween Mexico  and  Guiulalnpe. 

According  to  an  ;inalysis  by  Prof.  (}.  Meiidoza  the 
water  is  composeil  as  follows: 

OXK    fXITKI)  .ST-VTKS  (I.M.l.tlX   (DXT.VIXS: 

Solids.  f;ra1ns. 

Iron  l)lcarhon:ire ^1.82 

Sodium  bii-arbonate 3.42 

P'ltassium  bif;irbonale 0.;i7 

Calfium  bii-aliii>iiat.' Il.l."> 

iMairnesinm  tiiciirbonate •'.!•» 

SiKlinm  liiloritie *l.'(8 

Siliea S.ij8 

Free  ebromie  acid  (?) 4..">3 

Tot;il Is.'iil 

The  wjifer  is  heavily  chargcil  with  carbonic-acid  gas. 
It  has  a  tem|)erature  iif  77  F.  and  a  density  of  1.021. 
It  may  beclassilied  asa  carbonated  chalybeate  w;iter.  and 
jios.sesses strong  tonic  ]iro|)crties.  It  Inislieeii  found  very 
useful  in  antemia,  chlorosis,  anil  kiiulrcd  disorders.^ 

.\.  ./.  Punfc  dc  l.eon. 
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ARALIACE/E.— {77(«  Ivi)  Family.)  A  family  of  some 
forty  jiciu'ra  and  alio\it  four  lunidrcd  siiccics.  widtdy  dis 
tributcd  thnmgli  tcmiicratt'  and  lio]ii(al  irjiions  of  Itoth 
tlip  old  and  the  new  worlds.  Its  ]iliinis  are  liiijldy  orna 
menial,  some,  like  the  ivy,  lieinji  extensively  eidlivated 
for  tliis  purpose.  Jledieinally,  it  is  of  note  as  yieldinjf 
the  famous  einsing.  Its  constituents  are  simply  aro 
mafic  and  without  special  properties.  The  spikenard, 
and  several  other  species  of  aralia,  were  formerly  very 
extensively  used,  and  are  still  used  to  a  considerable  ex 
tent,  for  these  properties.  Some  of  them  contain  ama 
roids  in  connection  with  their  resins  and  volatile  oils. 

//  11  L'lixhi/. 

ARBOR  VIT/E.— (77/i/>(      The  fresh   tops   of    T/iiiJ,i 
occidentnliD  L..  Fam.  Coiiifcm'.)     This  is  a  North  Ameri 
can  tree,  growing  abundantly  in  Canada  and  the  Northei  n 
States,  and  extendin.g  at  liigher  elevations  as  far  south 
as  Pennsylvania  and  Virginia      It  is  a  middling  or  good 
sized    evergreen     tree     with    spreiiding    and     graceful 
branches,  and  a  line,  often  large,  trunk,  which  supplies 
a  close-grained,  durable  wood      It  is  occasionally  planted 
here  for  ornament,  but  more  often  abroad,  where  it  is 
valued  as  a  garden  tree;  the  Arhur  ri/re  of  our  gardens  is 
usuall.y  the  smaller,  closer',  erect-branching  Thiijn  ori 
entails  Linn,  of  Asia,  which  is  a  favorite  hedge  plant 
The  genus  to  which  these  belong  is  a  small  one  of  only 
a  dozen  species. 

The  twigs  were  tlius  described  in  the  Pliarmacopa'ia. 
edition  of  1880:  "Twigs  flattish,  two-edged,  the  scale 
like  leaves  appressed  and  closely  imbriciite  in  four  i-ows, 
rhombic-ovate,  obtusely  pointed,  with  a  roundisli  gland 
upon  the  back;  of  a  balsamic,  somewhat  terebinthinate 
odor,  and  a  pungently  aromatic,  camphoraecous,  and 
bitter  taste." 

Arbor  Htw  contains  about  one  per  cent,  of  a  volatile 
oil,  something  like  that  of  juniper;  tannic  aeitl  (pini- 
tannic);  a  minute  amount  of  a  glncoside  called  thiijin, 
etc. 

Medicvl  Properties, — Astringent,  diuretic,  cxjiecto- 
raut,  tonic,  etc.,  in  no  direction  of  much  value.  Some 
times  used  for  cough;  a  tincture  is  employed  occasion 
ally  for  external  use  upon  ulcers,  rheumatic  joints,  etc. 
Dose,  3  to  4  gm.  An  alcoholic  fluid  extract  would  be  a 
suitable  preiiaration.  IT.  P.  BoUrn. 

ARCACHON.— Thetownof  Areaehnn  lies  about  thirty 
miles  southwest  of  Bordeaux,  on  the  margin  of  a  very 
extensive  ,salt-water  lake,  and  some  ten  miles  back  fi'om 
the  Atlantic  coast.  The  modern  origin  of  the  town  is 
indicated  by  the  motto  inscribed  upon  its  coat-of-arms. 
Heri  solitiido,  hodie  par/iii!,  eras  eiriias  ;  which  motto  is 
also  an  indication  of  the  former  character  of  the  sur 
rounding  coimtry.  A  desert  waste  of  barren  .sand  dimes 
extended  for  man\'  miles  in  every  direction  about  the 
present  site  of  Arcachon,  until  the  French  Government, 
some  fifty  years  ago,  conceived  the  project  of  planting 
these  dunes  with  pine  forests,  as  a  means  of  inimol.iiliz 
ing  the  .sand  w-hich.  driven  by  the  fury  of  the  Atlantic 
gales,  was  continually  encroaching  more  and  more  upon 
file  country  of  the  interior.  A  thick  forest  of  these  trees 
(Pinus  maritima)  now  covers  the  whole  face  of  the  conn 
try,  and  by  these  pine-covered  sand  hills  the  site  selected 
(in  18.')4)  for  the  now  well-known  sea-coast  resort  of 
Arcachon  is  shut  in  and  protected  on  every  side  except 
upon  the  north,  which  is  occupied  by  the  .great  sail- 
water  lake  above  mentioned,  njion  whose  .southern  shore 
the  town  is  built, 

[There  are  nuie  thousand  acres  of  these  pine  trees, 
which  produce  a  most  peculiar  stillness — owing  to  the 
deej)  sand  roads  and  walks  not  giving  any  ,S(mnd,  and 
the  pine  trees  having  no  leaves  to  rustle. — K.  O.  0.] 

From  its  close  ]UYixinuly  to  the  Atlantic  Ocean,  Arca- 
chon necessarily  jio.ssesses  a  climate  characterized  by  the 
moderate  moisture  of  atmosphere,  and  by  the  e(|Uabilit_y 
of  temix-rature  jiroper  to  most  maritime  sliitions.  The 
direction  of  the  prevailing  winds,  which  in  this  region 
blow  from  the  ocean,  is  an  important  factor  insuring  to 


this  sea-coast  station  its  proper  maritime  climate.  From 
the  direct  violence  of  (he  Atlantic  gales,  as  well  as  from 
tlie  winds  blowing  from  the  east  and  south,  Arcachon 
is  sheltered  by  the  ilense  jiine  forest  which  clothes  the 
surrounding  sand  dunes;  while  the  sandv  nature  of  its 
soil  serves  in  some  measure  to  diminish  the  tendency  to 
excessive  atmospheric  humidity  which  might,  perhaps, 
be  expected  to  exist  in  a  region  thus  exposed  to  ocean 
winds. 

Winds  lilowing  from  the  north  and  from  the  northeast 
reach  Arcachon  after  passing  over  its  great  lake  or  land- 
locked bay.  the  circumference  of  which  is  stated  by  Dr. 
J.  H.  Bcnnet  to  ha  sixty-eight  miles  in  length.  Such 
north  and  northeast  winds,  therefore,  "become  some- 
what warmed  in  winter,  and  their  irritating  dryness 
diminished,  while  it  is  maintained  that  they  also  bring 
from  the  surface  of  this  unusually  salt  ,sca  water,  and 
from  the  vast  extent  of  sands  exjiosed  by  the  retreating 
tides,  an  appreciable  amount  of  saline  and  other  marine 
emanations,  to  .give  a  special  eflicacy  to  the  air  in  certain 
scrofulous  conditions"  {"  Health  Resorts  and  Their  Uses." 
by  J.  Burney  Yeo,  jM.D.,  ji  261).  According  to  the 
author  just  quoted,  tlie  prevailing  winds  at  Arcachon. 
namely,  the  sea  winds  blowingfrom  the  northwest,  west, 
and  southwest,  occiu'  most  frequently  from  Decemlier  to 
February,  "  usually  blow  continuously  day  and  night  for 
several  days  in  succession  .  .  .  often  blow  with  great 
violence,  and  were  it  not  for  the  protection  of  the  lofty 
pine-trees  ,  .  .  would  form  a  serious  drawback  to  the 
climate."  The  avera.ce  number  of  rainy  days  in  that 
portion  of  France  in  which  Arcachon  is  situated  is  stated 
by  Lombard  to  be  one  hundred  and  thirty,  while  the 
total  amount  of  the  annual  )-ainfall  is  twenty-three 
inches,  a  greater  part  of  which  falls  during  the  winter 
and  autumn  months  than  during  the  spring  and  summer 
sea.sons 

The  mean  temperature  for  the  year  at  Arcachon  is 
59°  P.  ;  the  mean  temperature  of  the  winter  season  4G.4'' 
F.  to  .50"  F.  (Ijombard).  At  Bordeaux  the  mean  winter 
temperature  (according  to  the  same  author)  is  43.7'  F.. 
and  the  mean  annual  temperature  is  5.5.6°.  A  very  pro 
nounced  dilTerence  of  temjierature  between  these  two 
points  is  thus  made  manifest  despite  the  trifling  differ- 
ence in  latitude  existing  between  them.  Accordiu.s  to 
data  quoted  from  Dr.  0.  Hameau  in  the  "'  Dictionnaire 
L'^suel  des  Sciences  Medicales,"  the  result  of  a  series  of 
thermometric  oliservations  taken  in  tlie  pine  woods  at 
Areachon,  and  covering  a  period  of  ten  years,  showed 
the  mean  annual  temperature  at  8  a.m.  to  be  55. T6'  F., 
and  at  noon  to  be  59.96°  F. ;  for  the  minimtun  tempera- 
tures the  annual  mean  was  found  to  be  46.94'  F. ;  for 
the  maximum  temperatures  it  was  66.2°  F. 

Arcachon  is  both  a  summer  and  a  winter  resort,  and 
there  are  two  distinct  portions  of  the  town,  the  one, 
adapted  for  residence  during  the  warmer  months,  lying 
directly  on  the  shore  of  the  salt-water  lake  or  basin,  and 
possessing  facilities  for  bathing;  the  other  lying  away 
from  the  water  in  the  midst  of  1he  pine  forest,  separjited 
from  the  shore  town  by  a  high  sand  dune,  and  consist- 
ing of  "  numerous  villa  residences  actually  built  in  the 
forest,  each  house  being  surrounded  by  jiiiie  trees"  (Dr, 
J,  Burney  Yeo,  o/i.  cit.).  This  latter  section  is  known  as 
the  Ville  d'Hiver,  or  winter  town,  while  the  former  is 
called  the  Plage,  or  beach.  Of  this  Plage,  Dr.  Yeo  re- 
marks that  it  is  "occujiied  by  somewhat  closely  packed 
streets  and  houses."  and  becomes  in  summer  time  "a  sort 
of  Margate  for  the  poiiulatiou  of  Bordeaux."  Dr.  J.  H. 
Bennet  says  of  Arcachon  that  it  is  "apretty  sea-side  tow-n 
.  .  .  with  good  hotels,  picturesqtie  villas,  convenient 
and  handsome  club  hotise  and  baths — indeed,  all  the 
ajipurtenanei'S  of  advanced  civilization.  The  summer 
town  is  built  on  the  .sandy  shore  of  the  great  lake  or  sea. 
which  affords  exe<'llent  bathing.  The  lake  itself,  from 
its  great  extent  and  from  its  beiii.g  landlocked  on  every 
side,  offers  every  possible  facility  for  safe  boating, 
yaehfin.g,  and  fishing."  After  describing  the  Ville 
d'Hiver  and  giving  much  other  interesting  information 
coueerning  Arcachon  in  his  entertaining  book.  "Winter 
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and  Spiins  on  the  Shores  of  the  .Mi-dilcrianciin  "  (fifth 
fdilidii,  1)^75),  and  after  alludin.!.'  to  llie  "  riilhcr  mild  and 
eiiual)le  tenipeiatufe  "  of  the  \vintei<-liniuleal  .VrearluiM, 
to  tlic  advantaire  it  possesses  over  Biariit/,  in  l)eiii?;  sur- 
rounded t).v  pine  forests,  affording'  "considerabh'  slielfer 
against  wind  for  walks  and  drives."  etc..  etc.,  Dr.  licii- 
nel  nevertheless  exjiresses  tlie  o|>iiiiou  that  the  ]ilaee 
has  been  over-estiinuted  as  ti  winter  residence  for  run- 
sumptives,  and  that  it  is  not  so  favorable  for  this  class 
of  patients  as  is  the  Genoese  Riviera.  Dr.  Sparks,  in 
hi.s  article  on  the  tieatuient  of  disease  by  climate,  in 
Quain's  "  Dictionary,"  specifies  Arcachon  as  a  good  re 
sort;  for  neuralgic  patients.  This  place  cerlaiidy  pre- 
sents to  the  invalid  the  rather  unusual  combination  of  a 
mild  seaside  resort  and  of  a  pine-woods  sanitarium. 
The  air  of  its  surrounding  forests  is  said  to  be  remark- 
al)Iy  rich  in  ozone,  and  is  of  course  laden  with  the  bal 
samic  exhalations  always  to  be  fcnuid  where  treesof  this 
species  abound.  According  to  Dr.  Yeo.  the  climate  of 
Arcaclion  is  "sedative  yet  not  relaxing,"  is  "mild,"  and 
is  "especiall.v  suitable  to  ca.ses  of  irritative  bronchial  or 
laryngeal  catarrh,  .to, cases  of  phthisis  with  tendency  to 
congestion  or  inllanimatorv  complications,  and  to  persons 
of  nervous  temperamful  It  is  Tiot,  suiti'd  to  persims  of 
a  lymphatic  and  toriiid  habit,  wlio  do  belter  in  the  tonic 
and  stimulating  air  of  the  Western  Riviera,  Cases  of 
consumption  and  of  other  chronic  lung  diseases  have 
certainly  bemi  arrested  at  Arcachon,  and  dyspeptic  pei-- 
.sons.  in  whom  the  dvspepsia  has  lieen  complicated  with 
liystcria,  hypochondriasis,  and  nervous  irritability,  liave 
derived  .great  benefit  from  its  climate  "  (.1.  Burney  Yeo, 
op.  ri'l..  J),  202).  ]liintiii(jtiin  llii-hiiiilx. 

[Dr.  Lalesque,  in  a  work  entitled  "Cure  Jlarine  tie  la 
Phthisic  Pulmonaire,"  Paris,  lSi)T,  gives  a  very  exhaus- 
tive analysis  of  the  climate  of  Arcachon,  and  itsapjdi 
cation  in  the  treatment  of  pulmonar.v  tuberculosis  He 
writes  as  an  enthusiast  on  the  ellicacy  of  an  Atlantic 
marine  climate  associated  with  the  balsamic  almospherc 
of  pines,  in  the  cure  of  pulmonar.v  tuberctdosis  ,\n 
analysis  of  202  ca.ses  treated  b.\  him  at  Aicachon  gives 
the  folhjwing  results.  Pro]ihylacticaclion — fiScases  with 
68  cures;  Curative  actitiu — 1S4  rases,  divideil  as  follows; 
of  the  first  stage,  70  cases  w  iih  27  cuies,  40  improveil, 
and  13  a.g,gravated;  of  the  second  stage,  4:T  cases,  with 
9  cures,  24  improved,  and  12  a.g.gravated ;  of  the  third 
stage,  60  cases  •with  four  cures,  21  inqirovcd,  and  ;!■") 
ag.gravatcd.  In  184 cases,  then,  he  olitained  21.7  i)ercenl. 
of  cures  and  46  per  cent,  improved.  He  ajiplies  very 
rigorou.sly  the  "Cure  d'airet  de  repos,"  although  his  pa- 
tientsarc  not  under  sanatorium  control;  and  he  thinks  the 
"cure  marine,"  as  illustrated  by  Arcachon,  .gives  results 
comparing  favorably  with  those  oljlained  in  the  moun 
tain  resorts,  both  being  efllcacious  tbrou.ah  a  couunon 
element,  pure  air.  Undoubtedl.v  constant  exposure  in 
pure  air  is  the  principal  factor  iu  the  climatic  trealment 
of  pulmonary  tuberculosis,  whatever  the  climate  and 
wherever  the  resort;  but  so  far.  the  high  altiludes  have 
given  appreciabl.v  lietter  residts,  as  shown  by  the  stalls 
tics,  esi)ecially  the  recent  ones  of  Turban  at  Davos,  The 
open-air  treatment,  however,  is  still  in  ils  infancy,  and 
in  its  wider  and  more  strenuous  application  we  sh.-ill, 
in  the  writer's  opinion,  obtain  surprising  results  in  anv 
and  all  <'Iiniates,— £",  O.  O.] 

ARCO. — This  villa.sc  occupies  in  .\ustrian  estimation 
till-  pnsition  which  is  held  in  Italv  by  San  Ri-ino.  and  in 
Fran<'e  by  Mentone.  It  issitualed  inthe  extreme  south- 
ern portion  of  the  Au.strian  Tvrol,  on  the  line  of  the  i-;nl- 
way  between  Botzeu  and  Vciona,  three  miles  distant 
from  the  beautiful  Lake  Garda,  It  lies  in  a  valley  en- 
closed, on  all  sides  but  the  south,  by  lofty  mountains  ris- 
ing from  four  to  .seven  thousand  feet.  The  norllicrn 
o]ienin.g  is  ]irotected  liv  a  mass  of  rock  :i70  feel  high. 
The  elevation  of  ihe  village  is  slight,  viz.,  from  2.')0  to 
500  feet  above  sea  level.  It  is  said  to  be  .aluiosl  windless; 
but  little  rain  falls  aiid.snow  is  seldom  seen.  Its  climate 
during  the  winter,  which  is  the  fiitie  of  residence  for  in- 


valids, is  mild  and  eipiable,  as  the   follow  i:ig  chart  indi 
cales: 

"liSKHVATIOXS  OK  TKMI'KIt.XTIRK   AT  .-MiCO,    Wl.NTKK,    IKT.T-lSVti. 
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Tile  relative  hnruhlii.v  Is  atwmt  T2  [kt  cent, 

Dr  Weber  (Ziemsseu's  "  Handlnich  der  all.ir.  Tberapie." 
Bil.  ii.,  S.  17;!)  .gives  the  following  facts  concerning  the 
climate  of  the  Italian  lake  region,  and  includes  A rco  in 
his  list  of  places  properly  belonging  within  this  climatic 
district.  Tlu'  relative  humidily  of  such  points  he  states 
as  being  between  72  and  78  per  cent,  during  the  autumn 
and  winter  months,  and  somewhat  less  than  70  jier  cent, 
in  tliespring  season.  Tlieavera.ge  nimberof  lainy  davs 
is  from  'Mi  to  -10  during  Ihe  autunui,  from  ^4  to36  dur 
Ihe  siiring,  and  from  \'>  to  20  during  the  winlei 
falls,  as  !i  rule,  in  this  region, 
days  of  the  vear,  and 


iring 
Snow- 
on  not   more  than  6  or  8 

, seldom   lies  for  several   days  to 

geilier  upon  the  ground.  Among  the  local  winds  which 
prevail  about  all  great  lakes,  those  blowing  from  the 
north  and  from  Ihe  ncu'tbeast  areof  most  fi-eijuent  occur- 
n'lice  iu  this  region.  Fogs  are  rare,  there  are  few  days 
durin.g  which  an  itivabM  must  keep  within  doors  from 
sunrise  to  sunset,  and  there  is  less  (lusl  than  is  found 
along  the  Italian  Hiviera. 

The-  mildness  of  the  climate  is  shown  by  the  fact  that 
the  oran.^'i'  ripens  in  the  open  air,  and  the  olive  tree,  Ihe 
tig,  and  Ihe  iiomegranate  also  fiourisji. 

The  invalid's  day  is  nine  hours  long  in  October,  .seven 
in  Xovember,  six  in  December,  five  in  .lannary,  si.x  in 
Feliruary.  eight  in  March,  and  Ihe  whole  time  between 
sunrise  and  .sunset  in  April.  The  season  exiends  from 
Septcml)er  1st  to  .\pril  1st.  The  class  of  diseases  for 
which  .\rco  is  suited  as  a  residence  are  affections  of  the 
chest  and  throat,  ana'uiia,  want  of  a|)]ietite,  nervousness, 
chronic  catarrh  of  the  stomach,  intermillent  fever,  rhcii- 
matisin,  gout,  and  tla^  scrofulous  atVections  of  children. 
There  art!  provisions  for  the  various  forms  of  hydro- 
jiatbic  treatment,  and  an  Oertel  Terrain  Cur. 

The  driidving-wati'r  is  of  good  qtialitv,  ami  the  accom- 
modations an,'  said  to  be  comforlableand  easily  obtained. 
There;  art;  man.y  atlractivt;  walks  and  ])le;isani  exc  ursions 
in  th('  nci.ghborhood, 

WeberclassesArco  as  among  the  lowest  Alpineclimates 
and  .says  its  winter  climate  is  ■'sufViciently  mild  for  per- 
sons with  stationary  phlhisi;;,  or  convalescents  from  the 
.same  disease,  and  also  tor  those  whose  object  is  only 
to  find  cban.ge  and  a  suimy  climate." 

All  cascsof  pulmonary  <lisease  suitable  for  the  medium 
and  higher  altitudes  would  of  course  be  suitaltle  for  this 
climate,  which  offers  favoiabh'  conditions  for  the  open- 
air  treatment ;  and.  after  all,  this  is  the  ]irin<ipal  facloriii 
any  climatic  treatment  of  pulmonary  tuberculosis. 

For  the  above  accouiu  of  Arco  Ihe  v.riter  is  indebled 
to  Dr.  Huntington  Bichards'  report  inthe  ])revious  issue 
of  Ihe  Handi'.dok,  and  to  Boe's  "Health  Resorts  and  the 
Bitter  Waters  of  Hung,-ny."  Ktlirnt-d  O.  Otis. 

ARCTIC  SPRINGS  —Tnnipileaii  Cixinty,  \\isconsin. 
PosT-oKl-'ICi:.  Galesville,       Hotels  iu  Galesville. 

These  springs  are  situated  near  the  village  of  Galesville. 
at  the  lermiiuisof  a  branch  of  the  Chiiagoand  Northwest- 
ern Bnilroad.  The  springs  are  at  the  he:id  of  a  small  lake 
called  "Mariuuka,"  while  Ihe  village  is  al  the  fnot.aoout 
a  mill!  away.     During  the  summera  small  steamer  carry- 
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ing  fifty  passengers  plies  between  tlie  two  points.  Tiie 
location  is  seven  Inindred  and  lifl y  feet  above  tlie  sea 
level.  The  country  siirrounilin.i;'  tlie  springs  is  broken 
by  ranges  of  elevations  callcil  "  bl  all's,"  bet  ween  which 
are  beautirnl  and  jiniductive  valleys  from  one  to  three 
miles  wide.  The  main  valleys  are  iiilerseeted  by  smaller 
depressions  at  intervals  of  about  a  mile.  All  of  these 
valleys  contain  clear  trout  streams  coursing  down  their 
centres.  This  peculiar  conformatifiu  gives  the  country 
an  aspect  of  picturesque  beaut}-  not  soon  forgotten  when 
once  seen.  The  tine  scenery  and  salubrious  climate  are 
beginning  to  attract  visitors  to  this  region  in  rapidly 
increasing  numbers.  A  large  hotel  is  badly  needed. 
The  springs  How  from  beneath  a  precipitous  bluff  out 
of  the  rocks,  filling  a  pipe  si.\  inches  in  diameter.  The 
water  as  it  tlows  has  a  temperature  of  48°  F.  The  fol- 
lowing analysis  was  made  by  Prof,  W.  W.  Daniels,  of 
the  State  University; 

One  Unmted  States  Gallon  Contains: 
Solids.  Grains. 

Potassium  sulphate 0.19 

Sodium  sulpliate 0.07 

Sodiuui  rlilitriile  0.76 

Calriuui  ililiirlde  .   0.0.5 

Calciuui  liiiarbouat*? T.i.Bo 

Magnesium  liicarbonate    9.fi4 

Iron  l>irartionate 0.26 

Alumina 0.15 

Silica 0.06 

Total 2.").03 

The  water  is  a  mild  alkaline-calcic,  with  light  chal.y- 
beate  properties.  It  is  useful  in  acid  dyspepsia,  chronic 
constipation,  renal  congestion,  the  early  stages  of 
Blight's  disease,  and  in  general  debility. 

Galesville  is  a  thrifty  village  of  more  than  one  thou- 
sand inhabitants,  and  numbers  among  its  attractions 
telegraph  and  telephone  facilities,  electric  lights,  water- 
works, a  tine  water-jiower,  etc.  ./.  K.  Crook. 

ARCUS  SENILIS.— Geronlo.xon  (from  Greek,  yepuv, 
old  man.  and  ro^ov,  bow,  arch);  Macula  arcuata  or 
inacuhi  coriiHK ;  Mm-nsnuis  senilis  cornem  ;  Annidus  se 
lu'lis ;  German,  6'rc?'sf?iJo^(!n  ;  French,    Are  Senile. 

Arcus  senilis  occupies  the  peripheral  portion  of  the 
cornea  as  a  light  gray  arc.  The  opacity,  smooth  on  the 
surface,  is  more  pronounced  toward  the  limbus,  being 
shai'iil.v  defined  from  it  by  a  narrow,  transparent  strip, 
while  the  concavity  of  the  arc  emerges  .gradually  into 
the  trans]iarent  cornea.  The  opaque  arc  always  appears 
first  above,  and  gradually  advances  downward.  It  al- 
w'aj's  remains  broadest  above  and  is  at  the  same  time  more 
opaque  in  this  part.  Finall.v,  the  two  arcs  unite  at  the 
outer  and  inner  side  of  the  cornea  to  form  a  closed  ring. 

The  opacity  is  at  tirsl  of  a  light  gray  color,  appearing 
like  a  silver  band.  At  a  later  period,  the  opacity  assumes 
a  denser  and  more  creamy  tint,  increasing  at  the  same 
time  in  depth  and  width.  Aveus  senilis,  as  the  name 
indicates,  is  an  afl'eetion  of  advancing  years,  and  rarely 
occurs  under  fifty  years  of  age  except  in  those  infrequent 
cases  in  which  it  .seems  to  occur  as  an  inherited  charac- 
teristic. Thus,  for  example,  I  know  of  a  familj'  in 
which  three  male  members  have  all  had  the  completed 
arc  as  early  as  at  the  age  of  thirty-five,  and  in  none  of 
them  is  there  any  apparent  cachexia. 

The  condition  is  usually  bilateral,  although  one  eye 
alone  may  be  affected.  It  occurs  more  frequently  and 
at  an  earlier  date  in  men  than  in  women.  In  warm 
climates  it  is  developed  earlier  than  in  cold  latitudes, 
and  it  is  frequently  seen  iu  negroes  on  the  north  coast  of 
Africa. 

A  condition  resembling  very  much  ai'cus  senilis  is 
found  in  the  young,  but  is  not  to  be  confounded  with  it. 
It  has  been  calleci  by  WWiV-  iimis  jur<  iiilis.  and  may  be 
distinguished  from  the  former  by  the  ])resence  of  a  di 
aphanous  ring  between  the  margin  of  the  cornea  and  the 
opacity. 

Arcus  senilis  never  interferes  with  vision,  although  it 
may  extend  somewhat  into  the  corneal  suhslance. 


P.\Tnoi.OGY.— Arcus  senilis  is  due  to  an  infiltration  of 
a  finely  granular  hyaline  substance.  It  is  comnumly 
stated,  even  in  the  more  recent  text-books,  that  it  is  due 
to  a  fatly  degeneration  or  infiltration  of  the  cornea;  but 
this  has  been  shown  by  Fuchs  not  to  be  the  case,  for  he 
.says  it  is  a  typical  example  of  pliysiolo,>,'ieal,  uon  infiam- 
matory  opacity.  He  found  that  the  infiltrated  material 
never  has  any  relation  to  the  cells  of  the  corneal  tissue, 
but  lies  free  upon  the  surface  of  the  connective-tissue 
fibres.  Neither  ether  nor  chloroform  has  any  effect 
uiion  it;  consequently  if  cannot  be  of  a  fatty  character. 
Fuchs  considers  it  to  be  a  hyaline  degeneration  of  certain 
fibres. 

This  depo.sition  of  hyaline  masses  is  also  associated 
with  deposits  of  minute  particles  of  lime  on  the  more 
superficial  layers  of  the  cornea,  close  to  the  limbus,  and 
the  cause  is  assumed  to  be  a  senile  atrophy  of  the  limbus, 
with  involution  of  a  portion  of  the  vascular  loops  con- 
tained therein.  Gruber  attributes  the  appearance  of 
these  changes  in  this  particular  portion  of  the  cornea  to 
the  peculiarities  of  the  circulation  in  the  cornea;  the 
peripheral  zone  being  nourished  mainly  by  transudation 
of  nutritive  materials  from  the  circumcorneal  plexus. 
At  the  .same  time  the  changes  in  question  are  favored  by 
the  fact  that,  with  advancing  age,  the  circulation  grows 
less  active  and  consequently  the  nutrition  progresses 
more  feebly. 

Arcus  senilis  would,  therefore,  appear  to  be  a  normal 
phenomenon,  that  occurs  in  perfectly  healthy  people,  is 
due  to  the  decrease  of  nutrition  incident  to  advancing 
years,  and  has  no  relation  to  fatty  degeneration  of  the 
heart,  as  was  formerly  supposed. 

There  are  no  symptoms.  The  slight  disfigurement 
and  the  ajiprehension  of  future  trouble  which  many,  not 
knowing  its  character,  anticipate,  constitute  the  only 
sources  of  annoyance.  So  far  as  the  patient's  fears  are 
concerned,  these  may  easily  be  allayed;  for  the  condition 
never  interferes  with  vision.  Incisions  through  the  arcus 
senilis,  as  iu  the  extraction  of  cararact.  heal  as  well  as 
those  made  through  the  clear  parts  of  the  cornea. 

William  Oliver  Moore. 

AREA  EMBRYONALIS.— Eg,gs  may  be  divided  into 
two  gemral  classis  holohlastic,  wliich  have  a  com- 
plete segmentation;  and  meroblastic,  in  which  only  a 
portion  of  the  eg,g  becomes  divided  into  cells  during  "the 
process  of  cleavage.  In  the  first  class  the  eggs  contain 
little  or  no  yolk,  like  the  egg  of  a  starfish.  In  the  second 
class,  on  the  other  hand,  there  is  a  great  deal  of  yolk,  as 
in  the  hen's  egg  (see  article  Segmentation,  of  ilie  Onim). 

It  is  the  second  class  of  eggs,  as  a  rule,  iu  which  the 
distinction  can  be  drawn  between  the  strictly  embryonic 
jiortiou,  or  area  enihri/onnlis.  and  the  strictly  extra- 
embryonic portion,  or  yolk  sac.  The  area  embryonalis 
is  spoken  of  also  as  the  area  germinatira.  germiim!  disc, 
or  hlastoflirm.  While  as  a  rule  holohlastic  c.ggs  do  not 
show  a  differentiation  into  these  tAvo  areas,  it  is  a  remark- 
able fact  that  the  mammalia  present  a  minute  egg  which 
undergoes  complete  segmentation  and  yet  in  its  sub- 
sequent development  follows  the  type  of  the  meroblastic 
eggs. 

The  area  embryonalis  of  the  hen's  eg.s  may  be  taken 
as  presenting  the  typical  structures.  Tliis  has  been  the 
subject  of  investigation  by  a  number  of  authors,  the 
most  complete  and  .satisfactory  description  being  that 
given  by  Mathias  Duval. 

At  the  close  of  segmentation  the  area  embryonalis,  or 
blastoderm,  consists  of  a  lenticular  mass  of  cells,  about  3 
mm.  in  diameter,  lying  in  a  hollow  over  the  plug  of  white 
yolk.  The  rest  of  the  egg  is  unsegmenfed,  but  iu  the  yolk 
close  to  the  periphery  of  the  blastoderm  are  a  number  of 
nuclei  that  maybe  called  the  yolk  n\K-\tj\,  or  pcrihhu^tic 
nuclei.  The  bl.-istoderm  coiisisis  of  two  layers:  an  outer 
single  layer  of  columnar  cells,  tlie  ectoderm,  and  an  inner 
mass  of  rounded  cells,  the  jirimifive  entoderm.  As  the 
blastoderm  increases  in  size  the  entodermal  cells  in  the 
cent le  become  more  loosely  arran,!fed,  forming  finally  a 
layer  one  cell  deep,  which  is  separated  from  the  yolk  by 
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a  siilx/cniitnal  nii-ili/  tilk'il  willi  lliiid.  At  tlic  margin,  on 
the  otlicr  hand,  tho  cnlodcnii  foinis  a  thick  rim,  and 
at  the  extreme  ed!,'e  it  i>;  inipossihle  to  (h'uw  an  exact 
houndaiy  line  between  tlie  entoderm  and  tlie  ectoderm. 
At  tliis  stage  the  marginal  rim  is  somewhat  liroader  and 
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Kiii.  2iil.— Median  Longitmiinal  Section  Thrcnieli  Hen's  lilastciflerm  !nciit)ated  six  hours.    T),  X  about  10  riiain- 


eters  :  A,  B,  ('.  details  of  D  more  Inulily  iiiaKnillcd  :  Arli.  suliftcrrninal  1 
/(«',  germinal  wall;  me.-i,  margiual  rim.    (AlttT  Duval,  from  Miuot.i 


thicker  at  the  posterior  margin  than  it  is  at  the  anterior. 
Later,  the  ectoderm  becomes  separated  from  llic  entoderm 
at  the  margin  and  grows  over  the  surface  of  the  yolk. 
This  process,  by  which  the  rini  gi-ailually  disappears, 
begins  at  tile  antei'ior  edge.  I'efween  the  lil'tli  and  eighth 
hours  of  incubation  it  has  reached  the  sides  of  the  blasto- 
derm, and  it  finally  extends  annind  Ihewliole  iiei-i|iheiy. 
At  tlie  same  time  the  ciitodei'in  becomes  connected  with 
the  yolk  at  the  edge  of  the  sidigermiiial  cavity,  which 
meanwhile  )ias  become  deejily  excavated  and  liouiulcd  at 
the  margin  l)y  a  per])endicnlar  wall  (Fig.  2til).  Further 
growth  of  the  entoderm  lakes  place  by  the  addition  of 
cells  from  the  ])eriblast.  The  pcriblastic  nuclei  divide, 
and  those  nearest  the  margin  become  sun-oundcd  Ijy  a 
cell  body  of  finely  granular  protoplasm,  and  the  cells 
thus  formed  by  eh'avage  of  tlie  yolk  are  added  to  the 
margin  of  the  entoderm. 

It  is  now  possible  to  divide  the  area  embryoiialis  into 
two  regions.  The  central  transparent  iiortion  overlying 
the  subgerminal 
cavity  is  called  the 
nrril  i>cll  u  ciilii, 
while  the  peripher- 
al pc>rtiou  in  di- 
rect contact  with 
the  yolk  is  the  urea 
opiirii . 

"While  the  mar- 
ginal rim  is  disap- 
pearing from  the 
anterior  edge  of  the 
blastodei'in,  a  new 
sirncture  is  making 
its  ai)]iearance  on 
the  median  line  ex- 
tending from  tlie 
posterior  edge  tow- 
ard tlie  centre  of 
the  area  pelUicida. 

This  is  the  prinullri'  slrail,-.  In  a  surface  view  it  a|ii)ears 
as  an  opaque  area,  and  in  sections  it  is  found  that  the 
ectoderm  and  entoderm  have  the  same  relations  to  one 
another  that  they  do  in  the  marginal  rim.  That  is, 
there  is  an  accumulation  of  the  priniilive  entoderm 
which  cannot  be  separated  from  the  ectoderm  by  anv 
sliarj)  line  of  demarcation  (Fig.  202.  ;//■).  The  primitive 
streak  elongates  with  the  general  enlargement  of  the 
blastoderm    until   the  marginal   rim    is    re(luced    to    a 


mere  point  of  connection  between  the  primitive  streak 
and  the  edge  of  the  blastoderm— about  the  twelfth 
lionr  of  incubation.  Finally,  the  ecloderm  separates 
from  the  entoderm  at  this  point  also  and  grows  out  over 
tlur  yolk.     In  this  way  the  primitive  streak  a<-(jiiires  the 

jmsi  I  i  o  n    shown    in 
Fig.  'im. 

From  Ills  observa- 
tions Duval  concludes 
that  the  primitive 
streak  is  formed  by  the 
eoncicseence  of  tin; 
inaiginal  rim,  as  if  the 
enlargement  of  the 
blaslorlemi  were  ar 
rested  at  oni'  point  and 
the  margin  at  the  two 
sides  of  this  jioint  were 
brought  together. 
This  is  best  illus- 
trated by  Duval's  dia 
gram.  Fig.  '2(>4. 

The  growth  of  the 
blastodeiin  of  thechiek 
h.'is  been  studied  ex- 
perimentally by  Asshe- 
Ion,  .Miss  Peebles,  and 
Ko]isch,  but  Asslie- 
ton's  experiments  ari^ 
the  only  ones  that  bear 
directly  upon  Duval's  theory.  The  experiments  were 
made  by  inserling  a  fine  sable  hair  in  llie  unincnliatcd 
blastorlerm.  afier  which  the  egg  was  placed  in  the 
incubator  and  the  position  of  the  hair  was  not<'d  in 
the  sub.se<jiient  stages  of  devidopment.  It  was  assume<l 
that,  according  to  Duval's  theory,  ahairidaeed  in  the  ])os- 
terior  median  jiortion  of  the  marginal  rim-should  appear, 
when  the  primillve  streak  is  formed,  somewhere  in  front 
of  the  pi'imitive  streak  (Fig.  2(m,  (/).  n),  and  hairs  in.sert- 
ed  in  I  he  iioslerior  margin  at  X  \  sliouhl  appear  in  the 
primitive  streak  or  prevent  its  formation.  On  the  con- 
trary, il  was  I'ound  that  hairs  inserted  al  ((  anil  X  X  ap 
peared  behind  the  primitive  streak  in  the  area  opaca  (Fig. 
204,  ii).  while  a  hair  inserted  at  the  centre  of  the  unin- 
cubated  blasfodcnn  appeared  at  the  antcrif.r  end  cif  the 
primitive  streak.  From  the.se experiments  it  may  b.'con- 
cludcd  Ihal  the-  priniilive  streak  of  the  chick  does  not 
form  by  eonei-c'.sccnce.  but  that  its  anterior  cnil  is  formed 
in  .situ  by  the  multiplication  of  cells  in  that  area,  and  its 
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I-"i<;.  ai2.  -  Transverse  Serlion  llirouch  the  Front  End  of  the  Primitive  Streak  of  the  ficnnlnal  Area  of  a  Hen's  Ovum, 
iuculialed  alioiit  elglueen  I'l  tweiiiv  houi-s.  (After  Foster  and  Dalfour.)  pr,  Priiultive  sireak  ;  (j>,  ectoderui ; 
/iy,  entoderm;    ni,  iiiesinleriu  ;   ;;/(,  ^'erminal  wall. 


further  increase  in  length  is  jirobably  due  to  an  area  of 
proliferation  at  its  ]iosterior  end.  These  results  are  in 
accord  with  the  observations  of  Morgan  on  bony  fishes 
and  of  II.  Virehow  and  Kopseli  on  sharks.  In  the  blas- 
toderm of  Seyllium  there  is  a  distinct  iioicli  in  the  line  of 
the  primitive  .streak,  and  Kopseli  found  tluil  a  wound  at 
the  edge  of  this  notch  would  interfere  with  the  formation 
of  the  embryo;  but  a  wound  of  the  marginal  rim  a  short 
distance  from  the  notch  caused  onlv  a  distortion  of  the 
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extra-embryonic  part  of  the  blastodiiin   und  u  curvins 
of  tlie  embryo. 

Duriiit;-  Hie  liitter  half  of  tlie  first  day  of  iiieubafioii  of 
the  hen's  eisg  the  detiuitive  entoderm  is  formed  by  tlie 
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Fig.  263.— Area  Pelluc-i(i!i  of  the  Hen's  Egg  Incubated  about  Ifi  houns. 
o."..  .^reaiipiirii;  rt.  anterior  orescent:  (t. p.,  area  pellueida;  ))(, 
primitive  srinove  beneath  which  is  the  primitive  streak.  X  20. 
(.\fter  Duval,  fi'om  Jlinot.) 

arrangement  of  the  cells  on  Hie  lower  side  of  the  blasto- 
derm in  a  continiiotis  siiiffle  layer  of  flattened  cells.     In 
the  region  of  the  jirimitive  streak  there  is  left  a  mass  of 
cells  oonliuuoiis  with  the  ectoderm 
above  but  separated  from  tlie  ento- 
derm below.     These  cells  form  an 
important    part  of   the   mesoderm. 
According  to  Duval  they  are   the 
re_mains  of  the  primitive  entoderm, 
but  according  to  Marshall  they  are 
of  ectodermal    origin.     In   the  an 
tericir  and  lateral  parts  of  the  area 
pelhieida   other    mesodermal    cells 
are  formed  by  proliferation  of  the 
entoderm. 

The  mesoderm  of  the  primitive 
streak  extends  in  all  directions,  but 
most   rapidly  posteriorly  Avliere  it 

extends  out  over  tlie  yoik  beyond  the  entoderm.  Three 
stages  in  the  extension  of  the  mesoderm  are  shown  in 
Fig.  266,  where  the  area  covered  by  the  mesoderm  is  rep- 


resented by  I  lir  vertical  shading.  By  this  time  the  area 
pellueida  has  changed  from  its  original  circular  form  to 
a  pear-shai>ed  oulline,  and  the  extra-enibryoiiic  ectoderm 
has  spread  far  out  over  the  J'olk,  whieli  it  will  ulti- 
mately inclo.se. 

Nothing  is  known  regarding  the  area  embryonalis  of 
man,  and  owing  to  the  great  difficulty  of  obtaining  ma- 
terial it  has  been  studied  in  but  few  of  the  other  mam- 
malia. At  the  close  of  segmentation  of  the  mammalian 
ovum  the  blastoderm  is  a  closeil  vesicle  consisting  of 
a  single  layer  of  cells,  except  in  the  disc-like  area  em- 
liryonalis  where  there  is  an  accumulation  of  cells.  In 
the  rabbit,  in  which  the  early  stages  are  best  known, 
this  area  is  at  first  circular.  It  consists  of  an  outer 
covering  layer,  the  Deckschicht  of  Rauber,  continuous 
with  the  single  layer  of  cells  forming  the  rest  of  the 
blastodermic  vesicle.  Beneath  the  covering  layer  is  a 
heap  of  cells  which  soon  become  differentiated  into  two 
layers,  each  one  cell  thick,  the  inner  ectoderm  and  the 
entoderm.  Later,  the  covering  la.ver,  or  outer  ectoderm, 
disappears  as  a  separate  structure  by  its  cells  becoming 
interpolated  with  those  of  the  inner  layer.  According 
to  Assheton  this  circular  area  forms  the  primary  area 
of  growth  of  the  young  embryo.  A  secondary  area  of 
growth  appears  on  the  periphery  of  the  jirimary  area  at 
about  the  one  hundred  and  sixtieth  hour  after  coitus. 
In  this  secondarv  area  the  primitive  streak  is  formed, 
from  which  wings  of  mesoderm  grow  out  as  in  the  chick. 
By  the  end  of  the  eleventh  day  the  area  embryonalis  of 
the  rabbit  has  assumed  the  form  represented  in  Fig.  207. 

The  embryo  is  seen  lying  in  the  centre  of  the  area  and 
surrounded  by   a   more   transparent   portion,    the  area 


o 


« 
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FUi.  3M— Diagrams  to  llluslrale  Imv;il's  Theorv  of  llie  l".inii:ilioii  nf 
the  Primitive  Streali  by  tlie  (  oni-risci'iice  of  the  Marginal  liiin.  n. 
Marginal  rim  roinpleie  ;  /*.  lirst  ai'pejrniire  I'f  ]ii*iimlivo  streak  at 
posterior  margin,  Mie  ilutteil  circle  imlicjites  I  he  relative  position  of 
the  rim  in  (t;  c,  rf,  c,  succeeding  stages  :  /,  remnant  of  rim  at  pos- 
terior end  ot  nearly  completed  primitive  streak,     tAfter  Duval. ) 


Fig.  2ftj.— Diagrams  to  Illustrate  Assheton's  Experiments,  (i).  tlnin- 
cnbated  blastoderm  of  a  b!i"d:  (ii,,  lilastoderm  after  the  complete 
formation  of  the  primitive  streak.    (After  Assheton.) 

amniotica,  corresponding  approximately  to  the  area 
pellueida  of  the  chick.  Beyond  this  is  the  ai'ea  vascii- 
losa.  A  part  of  the  ectoderm  in  this  region  has  already 
come  into  intimate  contact  witli  the  wall  of  the  uterus. 
forming  the  area  placeutalis. 

In  some  rodents,  for  example  the  ral,  the  area  embryo- 
nalis is  formed  as  a  solid  plug  of  cells  which  grows  in- 
ward and  subse(|ueiitly  acquires  a  lumen,  so  that  what 
is  morphologically  the  external  surface  of  the  ectoderm 
bccom("s  the  wall  of  a  closed  sac.  In  such  eases  we  have 
a  condition  that  has  been  described  as  an  inversion  of 
the  germ  layers,  the  entodenii  appearing  to  lie  outside 
of  the  ectoderm  (Fig.  268). 

Certain  features  of  the  cai'liost  known  liunian  embryo 
have  given  rise  to  the  supposition  that  tliei-e  may  be  a 
similar  inversion  of  the  germ  layers  in  man. 

Tlie  origin  of  the  area  embryonalis  is  described  under 
Scgmeniaiioii  of  the  Ovum,  and  the  formation  of  tlie  em- 


442 


REFERE^•CE  HAXDndOK   OF  THE   MEDICAL   SCIENCES. 


Ami  ICiiibrj'onallH. 
Aroa  Eiiibrj'oualiK. 


bryo  is  treateil  in  the  artifle  on  tlie  Fietus.  It  nniiiins 
for  the  present  article  to  diseiiss  only  the  later  changes 
in  the  pxtra-enibryonic  area. 

The  most  imjiortaiit  function  of  the  extra cmliryonie 
area  is  tlie  formation  of  blood- vessels  auil  the   I)loo<l. 


Fig.  2tii;.— Diaeranisof  ib'e  Area  Embrvonalis  ot  Itii-  clilck.  SliowiiiK  (irowtli  of  the  Mesortenii.    An 
.\rea  opaia ;  AiJ,  area  pellucida  ;  iiics,  niesoderm  ;  iir,  primillve  streali.     ( After  Duval,  from  .'(liiiiit. i 


This   begins    in    the   chick 
opaciV   where  the  wings  of 


in    that    jiarl    <if 
niesoilerni   spread 


the  area 
over  the 
yolk  forming  the  area  vasciilosa,  anil  in  the  rabbit  it 
occurs  in  the  homologous  area.  From  this  the  vessels 
extend  later  through  the  area  pellueida  into  the  embryo. 

According  to  Srahl.  iu  the  lizard,  on  the  contrary,  the 
blood  and  the  blood-vessels  apjiear  lirst  in  the  area  pel 
lueida. 

Toward  its  edge  the  area  vaseulosa  is  so  thick  lliat 
it  appears  as  though  the  whole  mesoderm  took  part  in 
the  formation  of  the  blood-ves.sels.  But  wherever  the 
splitting  of  the  mesoderm  into  the  two  layers,  somato- 
pleure  and  splanchnopleure,  has  taken  place  it  is  seen 
that  the  blood-ves.sels  form  iu  the  inner  layer,  ne.\t  to 
the  entoderm,  that  is,  in  the  splanchnopleure.  The 
formation  of  blood  corpuscles  and  the  development  of 
the  vessels  are  intimately  connected.  Schiifer's  aeeoiinl 
of  the  process  is  as  follows: 

"Those  mcsoblastic  cells  in  the  va'.cular  ana   svliich 


the 
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Fii;.  atJT.-Area  Knilirvoiialis  uf  a  liabbit  of  I'.leven  l>ay<,  wuh  \\v  Ai 
parUv  Kirn  off.  (After  Van  Benedcn  and  .lulai.i  /.)-.fi.,  I'm-aniiiiii 
aninlotica:  ax.,  area  vasculosa;  a.pl.,  area  placeutalis. 


arc  concerned  with  the  formation  of  vessels  {lUiiiiohlnntx) 
become  extended  into  processes  of  varying  length,  which 
grow  out  from  the  cells  in  two  or  more  (lirections.  The 
cells  become  united  with  one  another,  either  directly  or 
by  the  junction  of  their  processes,  so  that  an  irregvdar 
network  of  |iroloplasmic  nu 
cleated  corpuscles  is  thus 
formi-d.  Meanwhile  the  nu- 
clei become  multiplied,  and 
whilst  the  greater  number 
ri'main  grouped  together  in 
the  original  cell  boilies.  or 
nodes  of  the  n<'tw(>rk,  ,some 
are  seen  in  the  uniting  cords. 
The  nu<-l<'i  which  remain  in 
I  he  n<jdes  accumulate,  each 
one  around  itself,  a  small 
amount  of  cell  ]irotoplasm. 
The  cori)Useles  thus  formed 
acipdre  a  reddish  color,  and 
tlw  protojilasmic  network  in 
which  they  lie  becomes  va- 
cuolated and  hollowed  out 
into  a  system  of  brancheil 
canals  enclosing  a  fluid,  in 
which  the  nucleateil  colored  corpuscles  float  (bloorl 
islanils).  The  inlei-eonmiunicating  canals  gradually  be- 
come ladarged  so  as  to  iidiuit  of  the  (Passage  of 
corpuscles.  The  protoplas)u  which  forms  the  wal 
these  first  vessels  becomes  dilTerentialed  around  the 
clei,  which  here  remain  embed 
(led  in  it,  so  as  to  giv('  rise  to 
the  Hid  cells  which  compose  the 
blood  capillaries." 

These  first -formed  blood  cor- 
imscles  are  nucleated  in  all  ver- 
tebrates, and  the  corpuscles  re- 
main nucleated  throughout  life 
in  all  except  the  mammals.  In 
later  embi-yotiic  life  red  blood 
corpuscles  are  fijrnied  in  the 
subcutaneous  tissue,  in  the  liver, 
the  spleen,  lymiih  glands,  and 
in  the  marrow  of  lioms.  In  the 
adult  uuiler  normal 
<-()mljlions  new  red 
blood  corimscles 
are  formed  oidy  in 
the  red  marrow  of 
certain  bones,  the 
ribs,  slernum,  short 
liones  of  the  ex- 
tremities, and  epi- 
])hy.ses  of  the  long 
bones. 

The  study  of  the 
development  of  the 

bl 1  corpuscles  in 

later  embryonic  life  and  in  the  adult  pre- 
sents many  diiliculties,  and  therefore  the 
residts  obtained  by  the  numerous  investi- 
gators differ  greatly  in  regard  to  details. 
it  seems  to  b('  fairly  well  established,  how- 
ever, that  the  red  blood  corpuscles  are 
formed  by  division  of  primary  blood  cells, 
erylhidbliists,  which  have  nuclei  that  di- 
vide by  mitosis,  and  in  which  theeytojilasm 
contains  hanioglobin.  Whether  the  cry- 
throl)lasls  arise  within  the  capillaries  or 
outside  of  them,  and  whether  the  erythro- 
blasts  have  an  origin  in  common  with  the 
primary  white  blood  coriniscles.  leiico- 
blasls.  "or  are  cells  of  a  peculiar  kind,  are 
questions  that  have  been  answered  so  dif- 
ferently bv  (litb-rcnt  investigators  that  no 
general  rule  can  be  slated.  The  red  blood 
eorpusclcsof  the  mammals,  at  any  rate,  are 
at  first  nucleated  cells.      According  to  some 
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YU'.  aw.^HlasIoderniie 
Vesicle  of  a  .Mouse,  .Mll.s 
Svlvaucns.  (I.  Cavity  of 
■■Triisrer";  Ec.  ectoderm; 
;•;».  entoderm:  c,  cavity 
of  ve.siele:  ul.  outer  layer : 
Ti:  "TriKer."  (After 
selenka,  from  Minot.) 
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accounts  the  miclei  are  extruded  from  the  corpuscle,  ac- 
cording to  others  they  undergo  degeneration  in  situ  and 
lluis  disappear. 

Schiifcr  lias  described  as  occurring  in  the  newly  born 
lat  a  peculiar  method  of  origin  of  red  blood  corpuscles. 

r      ^ 


0. 


Fig.  269.— Vessels  of  the  Area  Pelliioida  (if  a  Chick  of  Two  Days,  a,  a. 
Vessels ;  b.  b,  interstitial  tissue ;  c,  c,  blood  islands.    (After  KoUiker.) 

He  found  in  the  subcutaneous  tissue  blood  islands,  which 
are  prodviced  from  connective-tissue  cells  in  the  follow- 
ing manner: 

■■  A  part  of  the  protoplasm  of  the  cell  acquires  a  red- 
dish tinge,  and  after  a  time  the  colored  substance  becomes 


Fie.  270.— Part  of  Area  Vasciilosa  of  Embryo  Chiek  of  Forty  Hours. 
X  2ti  diameters.  (After  Kolliker.)  Only  the  vascular  network  is 
drawn,  |»s,  and  the  terminal  sinus  or  vein,  rt. 

condensed  in  the  form  of  globules  within  the  cells,  vary- 
ing in  size  from  a  minute  speck  to  a  spheroid  of  tlie  di- 
ameter f)f  a  blood  corpuscle,  or  even  larger;  but  gradu 
all}'  the  size  becomes  more  uniform.  .  .  ,  After  a  time 
the  cells  become  elongated  and  pointed  at  their  ends, 
and  processes  grow  out  to  join  pi-olongatious  of  neigh- 
boring blood-vessels  or  of  similar  cells.  At  the  same  time 
vacuoles  form  within  (lii'm.  and  becoming  enlarged  coa- 
lesce to  form  a  cavily  tilled  Avith  fluid,  in  wliich  the 
leddish  globules,  which  are  now  becoming  disc-shaped, 
float."  Corpuscles  foi-nied  thus  by  a  process  akin  to 
.seci'etion  cannot  be  regarded  as  homologous  with  the 
corptiscles   that  arc  foiini-il   by  the  metamorphosis   of 


nucleated  cells  in  the  early  stages  of  the  embryo  and  in 
the  adult.  This  process  of  intracellular  blood  formation 
does  not  receive  confirmation,  howevei-,  from  the  studies 
of  Sa.xer,  who  found  similar  blood  islands  in  the  subcu- 
taneous tissue  of  the  newly  born  sheep.  According  to 
his  account,  these  islands  ari.se  by  the  repeated  mitotic 
division  of  giant  cells.  The  corpuscles  are  at  first 
nucleated  and  subsequently  lose  their  nuclei  as  the_v  do 
in  the  adult. 

Returning  now-  to  the  area  vasculo.sa,  we  t3nd  in  the 
chick  of  the  second  day  that  the  vessels  form  a  coarse 
network  (Fig.  270),  without  any  indication  of  large  stems 
or  trunks,  except  the  broad  limiting  .sinus,  it,  which 
marks  off  the  edge  of  the  area.  There  is  only  one  layer 
of  vessels.  Scattered  about  in  the  network  are  irregular 
red  spots,  wliich  received  froiii  early  embryologists  the 
name,  still  current,  of  blood  islands.  At  tirst  the  network 
consists  of  solid  cords  of  cells,  but  the  cords  soon  become 
hollow-ed  out  as  described  above. 

Soon  after  the  capillary  network  of  the  area  opaca  and 
area  pellucida  has  ])euetiated  the  embryo,  certain  lines  of 
the  network  begin  to  widen,  and  soon  distinctly  assume 
the  size  and  functions  of  main  trunks ;  some  of  these  unite 
with  the  posterior  venous  end  of  the  heart,  which  has 
meanwhile  been  formed  in  the  embr3-o,  and  others  be 
come  connected  with  the  anterior  or  aortic  end:  even  be- 
fore this  the  heart  has  begun  to  beat,  so  that  as  soon  as 
all  the  connections  are  made,  the  primitive  circulation 
starts  up.  The  aiTangcment  of  the  vessels  is  not  the 
same  in  birds  and  mammals,  although  commonly  so 
stated.  The  disposition  in  birds  is  indicated  by  the  dia 
gram  shown  in  Fig.  271,  in  which,  it  should  be  remem- 
bered, the  embryo  and  the  capillary  network  are  drawn 
many  times  too  large  in  proportion  to  the  area  maculosa. 
The  area  is  bounded  by  a  broad  circular  vessel,  the  sinus 
terminalis,  S.T.,  which  constitutes  a  portion  of  the  ve- 
nous system  in  birds,  for  in  front  of  the  head  of  the  em- 
bryo the  sinus  lea\es  a  gap  and  is  reflected  back  along 
the  sides  of  the  body  of  the  embryo,  to  make  two  large 
veins,  which,  after  unitiug  with  other  venous  channels 
coming  from  various  parts  of  the  area  vasculosa  on  each 
side,  enter  the  embryo  as   two  large  trunks,  Om.V., 


Fig.  271.— Diagram  of  the  Cirouhuii'n  in  a  i  hick  at  tbe  End  of  the 
Third  Day.  as  seen  from  the  Under  or  Ventral  Side.  The  embryo, 
with  Ihee.xceplion  of  the  heart,  //(..  is  dotleil;  ^4 re.,  aortic  arches: 
D.C,  ductus  Cuvieri ;  Ji/i/.,  jugular  vein;  cani.,  caixtinal  vein; 
the  remaining  letters  ai-e  explained  in  the  text.  The  veins  are  black ; 
the  arteries  cross-lined.    (Fiom  Minot.) 


known  as  the  ri'feHiiic  reiim  ;  these  two  veins  unite  in  a 
median  vessel,  the .lititisreiiosiis.  S.V..  which  runs  straight 
forward  and  enters  the  posterior  end  of  the  heart.     The 
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sinus  Vfiiosus  also  receives  tlie  veins  from  the  body  of 
the  embryo,  namely,  the  jujrulars,  .;''/.'/.,  and  eardinals, 
card.:  the  former  from  in  front  unite  <'aeli  witli  the 
cardinal  of  the  same  side,  makinir  a  short  transverse 
trunk,  known  as  the  Ductus  Cuneri,  D.C. ;  the  two  dncts 


Fig.  272.— Area  Vasculiisa  and  Embryo  "f  a  llaliliii. 
eUenand  Jiilin.) 

empty  into  the  sinus  venosus.  The  entire  venous  cur- 
rent is  thus  broujrht  to  tlie  heart  in  a  miited  stream;  it 
passes  out  throuirh  tlie  aorta;  the  greater  jiarl  ascends 
the  aortic  areh<'s'and  passes  back  as  shown  in  the  tisure. 
Ao.,  and  divides  at  the  posterior  fork  of  the  aorta,  the 
bulk  of  the  two  currents  passinj;  out  throujili  the  vitel- 
line arteries.  Om.A..  and  thence  into  the  ca|iillaries  of 
the  iirca  ntsculosa.  and  so  on  to  tlie  venous  trunks  asiain. 
As  shown  in  the  fijiure.  which  presents  the  luidcr  side  of 
the  area,  the  left  vitelline  vein  preponderates,  and.  in  the 
latter  Slaiies  this  dill'erence  becomes  more  marked,  until 
finallv  the  ri.tfhl  stem  is  verv  inconsiderable  in  compaii- 
son  with  the  great  left  vein.  Tlie  time  at  which  the 
disparity  commences  is  extremely  variable,  as  is  also  the 
dei^ree  of  inec[uality  between  the  two  veins. 

According  to  Van  Beueden's  researches  on  the  rabbit 
the  arraiiffcraentof  the  main  vessels  in  tlii^  area  vasculosa 
of  mammals  is  quite  diftercnt  (Fi.g.  272).  The  sinus  ter 
minalis  iorm?.  &  complete  ring  and  is  connected  with  the 
artii-iiil  s\iitvm  by  a  single  "trunk,  which  corresponds  to 
the  left  vitelline  artery  of  the  bir<l.  For  some  tinii'  the 
connection  between  the  embryonic  arteries  an<l  the  area 
vasculosa  is  entirely  through  "capillaries,  and  the  arteriid 
trunk  on  the  vascular  ari'a  does  not  appear  in  the  rabbit 
for  several  davs.  There  are  two  veins,  one  arising  from 
each  side  of  "the  body  and  passing  out  on  to  the  area 
va.sculosa  over  the  back  of  the  embryo;  they  are  the  two 
large  upper  vessels  in  the  figure. 

in  the  mammalian  ovum  we  have  further  to  distinguish 
the  (ireii  plKcentnUa.  that  portion  of  the  chorion  by  which 
the  embryo  is  attached  to  X\w  uterine  wall,  and  which 
afterward"  particijiates  in  the  formation  of  the  jilaei'i'la. 
Whether  this  exists  in  all  mammalia  distinctly  marked 
out  during  verv  earlv  stages  is  uncertain,  but  in  some 
species,  at  least,  it  is  present  at  an  extremely  young 
stage.  nnljcrt  I'mjuc  IVKJihur. 
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ARECA.— (.l/-(/v/  X'lt.  litcl  Xiit.)  The  areca  palm. 
.];-,<-((  Citd-hti  I,.,  isa  line  large  tree,  with  siiKiolli.  grace- 
ful stem  iind  a  handsonie  crown  of  long  pitm;ite  leaves. 
The  flowers  are  mono'i-ioiis;  the  fruit  is  egg  sluiped,  witli 
a  fibrous  me.so(-;iri)  and  a  Inird  stone  consisting  of  the  seed 
:ind  adlu-ring  endoc:up.  It  is  from  oO  to  7.")  t-ni.  (2  to  S 
inches)  long.  The  albumen  is  hard,  runiinated.  and  con- 
tains a  minute  embryo  ne;ir  the  base.  This  tree  is  a  na- 
tive of  Inilia.  the  Siindii  Islands,  and  lirobably  of  other 
neighboring  ])iirts.  It  is  cultivated  there  and  elsewhere 
in  tlie  tropics  for  the  s:ike  of  its  sci'ds,  which  have  been 
iui  article  of  Asiatic  commerce  for  centuries.  There  is 
still  an  enormous  consumption  of  them  in  China  and 
Iiidiii.  (-hieflv  as  a  maslic:itoi-y  ;  for  this  purpose  they  are 
boiled,  or  lised  when  fresh  and  soft.  They  are  often 
chewed  with  the  leaves  of  Ihe  betel  iiejiper  and  lime. 
Their  introdiK-tion  into  European  medicine  is  rather 
recent. 

Areca  nuts  of  our  market  consist  of  the  kernel  of  the 
seetl  only,  the  testa  being  removed  with  the  pericar]). 
They  are  about  2  cm.  in  diameter,  and  about  as  long  as 
bi-oa'tl.  Their  shape'  is  between  spherii-al  anil  conical, 
with  a  verv  blunt  rounded  point,  and  a  In-oad.  flat,  or 
sometimes  depressed  base.  Thesurfatc  isof  a  cinnamon- 
brown  or  gravish  color,  and  covered  with  a  network  of 
vein-like  iine"s,  whi<-h  radiate  irregularly  and  spirally 
from  Ihe  base  toward  the  apex,  the  albunieii  is  very 
hard  tind  bone  like,  and  upon  bc'ing  sawed  through  pre- 
sents a  marbled  surfac<-  like  that  of  the  nutmeg,  eau.sed 
in  the  same  wav.  that  is.  by  the  infolding  of  the  brown 
siirlai-e  hiverof  the  sc-iil  (emlosiiernil.  which  lakes  ]<lace 
under  till-' reticulated  lines  above  describ<d.  The  general 
color  of  the  .section  is  whitish,  the  lines  are  Iirown. 

The  important  constituent  of  areca  i-^  its  alkaU'id. 
aret-oline.  which  is  oilv.  volatile,  misi-ible  with  water  or 
alcohol,  strongly  alkaline,  very  |ioisonoiis  mid  yields 
crystalline  sails!  Its  (dher  three  alk;il"ids.  arecaine. 
arecaidine,  and  giivacine,  are  not  iioi.soiioi  s.  iind  appar- 
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ciitly  not  active.  Areca  also  contains  fourteen  per  cent, 
of  fixeil  oil,  much  taiiniu.  mid  some  resin.  Allhoiia:!!  the 
ta'nieiilal  properties  of  areca  ft'side  in  the  areeoline.  which 
is  given  to  hor.ses  for  this  ijiirjio.se  in  doses  of  0.03  to 
0.06  gm.  {,a'r.  ss.  toi.).  this  dose  aclingalsoas  a  cathartic, 
il  is  too  poisonous  foru.se  in  human  pra<-l ice.  Asolutiou 
<if  one-iiercent.  strength  is  instilled  into  the  human  eye 
as  a  myotic. 

I*o\\  dcred  areca  is  frequently  given  as  a  ta'nicide,  in 
doses  of  8  to  12  gm.  (3ij.  to  iij.).  It  also  acts  as  an 
astringent,  so  that  the  usual  accompaniment  of  a  cathartic 
must  be  resorted  to.  //.  //.  Hi/glii/. 

ARGEMONE. —.VcrjcrtH.  Poppg.  Of  these  jilants  the 
must  ini|Hatant  thing  that  can  be  said  is  that  they  are 
eminently  worthy  of  careful  investigation.  They  were 
formerly  regarded  as  eonstituting  but  a  single  species, 
but  are  now  known  to  represent  several.  Of  tliese,  it  is 
not  certainly  l;nown  which  supplied  the  material  ujion 
which  previous  studies  were  based,  so  that  we  are  able 
to  speak  only  of  the  group  in  general.  They  are  very 
widely  distributed  through  tlie  tropical  and  warm  parts 
of  America,  as  well  as  widely  introduced  into  Africa  and 
tropical  Asia.  The  plants  are  of  striking  appearance, 
two  or  three  feet  high,  with  large,  broad,  glaucous, 
priekl_v-toothed  leaves,  large  poppy-like  white  or  yellow 
flowers  and  prickly  capsules.  On  being  wounded,  the,v 
e.\ude  a  thick  yellow  juice.  They  gro\v  in  great  alum- 
dance  in  waste  places  and  over  dry  sterile  soil.  They 
have  been  used  medicinally  in  the  form  of  an  extract  of 
the  whole  plant,  of  the  expressed  jvnce,  of  the  seeds,  and 
of  the  oil  ex])ressed  from  the  seeds.  The  juice  lias  been 
ignorantly  used  in  venereal  diseases,  and  instilled  into 
the  eye  for  conjunctivitis.  This  juice  contains  in  very 
small  amount  an  alkaloid  which  is  believed  to  be  mor- 
[ihine.  The  fixed  oil  of  the  seeds,  yielded  to  the  extent 
of  about  thirty-six  percent.,  has  received  the  most  atten- 
tion. It  has  lieen  clearly  shown  to  bo  mildly  cathartic, 
without  )iad  effect,  in  doses  of  four  to  five  grams,  and  to 
form  a  tasteless  and  not  un|ileasant  substitute  for  castor 
oil.  Taken  in  larger  doses  it  and  the  .seeds  are  emetico- 
cathartic,  with  the  svmplonis  of  local  irritation. 

//.  JI.  Rushy. 

ARGYRIA.  ARGYRISM,  ARGYROSIS,  ARGYRIASIS— 

the  tei'iiis  applied  t"  the  diseolnrati' m  nf  the  skin  and 
certain  other  tissues  of  the  body  resulting  from  the  long- 
continued  medicinal  useof  soluble  silver  salts,  and  caused 
by  the  deposit  in  the  affected  tissues  of  metallic  silver,  or 
sdine  of  its  lower  compounds,  iu  a  state  of  minute  subdi- 
vision. 

Clinically  the  condition  is  characterized  bv  a  slaty  or 
grayish-brown,  or  in  the  most  severe  eases,  by  a  bluish 
<liseoloration  of  the  skin,  conjunctiva^,  and  visible  mucous 
membranes.  The  internal  organs,  with  the  exception  of 
the  central  nervous  s.v.stem,  suffer  a  similar  pigmentation. 
The  discoloration  of  the  skin  appears  to  vary  in  different 
regions,  being  less  intense  where  the  horny  layer  is 
thick,  as  in  the  palms  of  the  hands  and  soles  of  the  feet; 
and  of  greater  intensity  wliere  the  horny  layer  is  thin. 
The  hair  and  nails  are  not  affecti'd,  but  the  bed  of  the 
latter  is  usually  deeply  pigmented.  Scars  formed  before 
or  during  the  jieriod  when  the  silver  was  taken  are  ])ig- 
iiK'nted.  but  those  formed  after  the  cessation  of  its  use 
remain  white.  The  apparent  intensity  of  the  pigmenta- 
tion also  varies  with  the  temperature  of  the  surface  of 
the  body,  being  most  niarkeil  in  the  cold,  and  greatly 
decreased  when  the  skin  is  warm  and  llusheil. 

The  ingmentation  increases  as  long  as  the  internal  use 
of  the  silver  salt  is  kept  up.  Its  degree  and  extent  are 
in  direct  proportion  to  the  amount  used  and  the  period 
of  time  through  which  its  administration  is  extended.  It 
is  essentially  a  chronic  process.  Tlie  discoloration  never 
(lisap|iears.  and  it  is  doubtful  if  the  silver  dejiosit  is  ever 
removi'd  from  the  bod\',  though  it  has  been  elainu'd  in 
a  number  of  instances  that  after  the  lapse  of  years  a  de- 
crease of  the  color  has  taken  place.  (See  author's  ease 
mentioned  below.) 


The  condition  has  been  known  since  the  alchemistic 
period  when  the  internal  use  of  silver  salts  was  very 
popular,  and  descriptions  which  undoubtedly  refer  to 
argyria  exist  in  the  literature  of  that  time.  The  first 
case  mentioned  in  medical  literature  is  the  one  observed 
by  Sclnvediauer  and  re)ioi-ted  by  Fourcroy  iu  1791.  In 
the  early  part  of  the  nineteenth  century  numerous  cases 
were  described,  and  the  number  of  these  increased  greatly 
about  the  middle  of  the  century  when  the  useof  silver 
nitrate  in  epilepsy  and  tabes  reached  its  greatc^st  popu- 
larity. At  that  time  a  generation  of  individuals  atlected 
with  argyria  may  be  said  to  have  arisen,  and  frequent 
examples  of  the  condition  came  to  the  post-mortem  tables 
of  the  great  European  hospitals.  That  generation  has 
now  jiractically  disappeared,  and  cases  of  general  argyria 
resulting  from  long-continued  use  of  silver  salts  "are 
to-day  of  very  rare  occurrence.  The  present  cases  of 
argyria  are  for  the  greater  part  localized  discolorations  re 
suiting  from  local  medicinal  applications  of  silver  nitrate, 
or  from  absorption  through  the  skin  or  respiratory  tract 
of  silver  dust,  as  in  the  case  of  workmen  who  file,  grind, 
or  polish  the  metal.  Three  forms  of  argyria  may  be  dis- 
tinguished clinically :  argyria  vniversacis,  argyriii  Ivcalis 
circninscn'ptn.  urgyriii  loeriUs  disseminata. 

Arf/yrii)  I'liinrsaHs. — The  condition  of  universal  pig- 
mentation of  the  skin  and  mucous  membranes  is  caused 
by  the  long-continued  internal  use  of  silver  nitrate.  The 
discoloration  develops  independently  of  any  pre-existing 
condition  of  the  skin  or  body  tissues,  and  its  intensity  is 
in  proportion  to  the  amount  of  silver  absorbed  and  the 
period  of  time  covered  by  its  administration.  As  a  rule 
the  pigmentation  appears  several  months  after  the  use 
of  the  silver  is  begun,  and  develops  slowly.  As  the  dis- 
coloration is  usually  not  observed  until  it  has  reached  a 
certain  degree  of  intensity,  it  is  imjiossible  to  speak  with 
certainty  of  the  exact  course  of  the  pigment  deposit. 
It  has  been  claimed  that  a  blue  or  violet  line  on  the  gums 
is  the  earliest  symptom,  but  this  does  not  occur  in  all 
«ases.  The  degree  and  extent  of  the  pigmentation  of 
the  skin  varies  in  different  cases:  the  face,  thorax,  and 
abdomen  may  show  it  earliest  and  to  the  greatest  degree, 
while  the  extremities  may  remain  unaffected.  The  mu- 
cous membranes  may  show  no  discoloration  iu  intense 
argyria  of  the  skin;  while  on  the  other  hand  a  marked 
degree  of  pigmentation  may  exist  in  the  internal  organs 
without  any  great  change  in  the  skin.  A  metaUic  odor 
of  the  breath  accom]iaiiied  by  a  stomatitis  with  or  with 
out  salivation  has  beeu  described,  but  the  occurrence  of 
these  sym]itoms  is  very  rare  or  doubtful.  There  are  no 
symptoms  coincident  with  or  following  the  condition 
tiiat  can  be  said  to  be  the  direct  result  of  the  deposit  of 
the  pigment. 

The  total  amount  of  silver  nitrate  which  must  betaken 
in  order  to  produce  a  well-marked  case  of  argyria  varies 
greatly,  the  lowest  limit  being  placed  at  25  to  30  gm. 
The  administration  of  the  metal  must  be  extended  through 
a  considerable  period  of  time.  Large  doses  given  within 
short  periods  produce  synqitoms  of  ])oisoning  without 
the  deposit  of  pigment,  while  minute  doses  administered 
for  iiuuiy  mouths  or  years  produce  the  most  intense  dis- 
coloration. Liouville  rejiorted  a  case  in  which  the  total 
amount  of  silver  nitrate  used  was  only  7  gin.,  but  there 
resulted  an  intense  argyria  of  the  internal  organs,  the 
skin  over  the  abdomen  alone  being  slightly  discolored. 
The  Siime  writer  also  claimed  to  have  seen  in  another 
case  the  appearance  of  the  blue  line  on  the,cuins  after  the 
use  of  thirty  jiills  each  containing  0.01  gm.  of  silver 
nitrate.  The  skin  in  this  case  was  not  atfected.  It  is. 
of  course,  evident  that  it  is  the  aniountof  silver  absorbed 
and  not  the  amount  taken  into  the  body  that  influences 
the  degreeand  extent  of  iiigmeiitation.  With  the  minute 
doses  of  silver  nitrate  now  gi\en  and  the  relatively  short 
periods  of  administration  there  is  but  little  danger  of  the 
production  of  argyria;  but  if  the  s;ilt  is  givi'ii  for  any 
considerable  |)crio(i,  the  possibility  of  its  occurn'ncc  must 
alwa\s  be  Iiorne  in  mind  and  the  patient  duly  informed. 

.\  geneial  argyria  may  also  be  produced  by  the  local 
absorption  of  silver  nitrate,  as  in  the  long-continued  use 
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(if  applications  of  the  sjilt  in  afTcetions  of  the  tliioiit.  eye. 
anil  uirtlira.  Lavage  of  the  stomach  anil  large  intestine 
with  dilute  solutions,  when  eonliinieil  for  lung  periods  of 
time,  niayalso  lead  togeneral  ])i.^mentalion.  These  cases 
are  very  "rare.  Neumann  observed  a  case  in  wliich  after 
twelve" lavages  of  the  stomach  with  a  solution  of  l.-l") 
gm.  of  silver  nitrate  to  90  of  water,  an  intense  argyria 
of  the  skin  of  the  face,  head,  neck,  thorax,  and  back  was 
produced.  The  skin  of  the  ext remit ies  was  but  sli.ghtly 
discolored,  and  the  nuicous  membranes  remained  normal. 
In  a  ease  observed  by  the  writer  the  daily  irrigation  of 
the  colon  with  a  one-per-cent.  solution  of  silver  nil late 
led  in  eighleen  months  to  a  very  marked  grayish-brown 
discoloralion  of  the  entire  skin,  which  was  mo.st  intcnsi! 
over  the  face  and  extremities.  The  iiatient  was  a  lad  of 
fourteen  years,  suffering  from  a  chronic  ulcerative  colitis 
following  measles.  At  the  be.giuning  of  the  treatment 
there  was  present  a  severe  grade  of  amenna  with  very 
marked  pallor  of  the  skin,  the  condition  having  persisted 
for  about  two  years.  There  were  also  very  severe  iu;tri 
tional  disturbances  w;ith  stunting  of  growth  and  delayed 
|iuberlv.  After  six  months  he  had  so  imiu'oved  that  he 
was  allowed  to  go  home.  At  this  time  no  discoloration 
of  the  skin  was  noticeable.  The  treatment  wasconliinu'd 
during  Ills  stay  at  home,  and  when  he  returneil  lliree 
months  later  the  pigmentation  of  the  skin  was  the  first 
thing  noted,  although  neither  the  patient  nor  his  friends 
liad  observed  it.  The  visible  nuicous  mendmiiies,  espe- 
<iallv  those  of  the  anus  and  rectum,  were  also  discolored, 
but  ill)  linecnuld  lie  seen  upon  the  ,irums.  Thelreatment 
was  coutiuued  for  about  nine  montlis  longer.  During 
this  time  the  discoloration  of  the  skin  increased.  lie  was 
then  diseharsed  as  cured.  Six  yearsafler,  he  liad  become 
verv  stout,  having  matured  rapidly.  The  pigmentation 
while  still  present  had  .so  decreased  in  iiiten.sity  that  the 
patient  declared  that  it  had  entirely  disappeared.  It  is 
probalile  that  the  total  amount  of  silver  in  liis  body  had 
not  decreased,  but  that  the  iu(  reuse  of  tissues  made  it  less 
prominent.  Contiinial  exposure  to  aimosiiliere  laden 
w  ith  silver  dust,  as  in  the  case  of  silver  grinders  and  pnl 
i.shers.  may  lead  to  a  general  argyiia  through  absorptinii 
from  the  lungs  (see  below). 

There  are  no  other  pathological  chan.gesassociated  with 
general  argyria  that  can  in  any  way  be  said  to  be  second 
ary  to  it.  ffidema  of  the  skin  and  degeneraiive  changes 
inthe  kidneys  have  been  (bought  to  be  caused  by  (lie  de 
[losit  of  the'iiigment.  but  there  is  no  <li  tiiiile  evidence  to 
this  elTect.  Large  or  frequently  re])eated  doses  of  silver 
nitrate  may  lead  toasevere  gastritis  or  even  to  uleia'alion 
of  the  stomach.  Death  may  result  from  very  large 
amounts,  as  in  a  case  reported  by  Scattergood  of  a  child 
whose  death  was  caused  by  the  accideulal  swallowing 
of  a  portion  of  a  stick  of  the  nitrate  which  had  lieeu  used 
for  painting  the  throat. 

Arnjiriii  Locdis  Ci rni inncripla . — The  local  absorption^ 
of  sliver  may  result  from  the  continued  use  of  nitrate  of 
silver  aiiplicSitions  in  solution  or  in  the  solid  stick  to  mu- 
cons  membranes  or  to  a  wound  surface.  The  single  ap- 
plication of  the  salt  leads  usually  to  a  precipitate,  wliich 
is  cast  olT  with  the  superficial  slough;  but  after  rciieated 
applications  the  salt  penetrates  more  deeply  into  the 
subepithelial  tissues,  where  it  is  chemically  changed  ami 
precipitated  in  the  form  of  minute  lilaek  granules,  which, 
according  lo  iheir  number,  lead  to  a  .greater  or  less  pig 
meiilalioii.  The  discoloration  is  confmeil  lo  the  seal  of 
applieatimi  and  is  as  ]iermanent  as  that  of  general  argyria. 
Such  local  jiigmentations  may  occur  in  the  conjunctiva', 
urethra,  throat,  .iruiiis,  tongue,  etc.  In  very  rare  cases 
the  local  condition  has  been  followed  by  .seneral  argyriii. 
This  is  most  likely  to  occur  in  the  treat meiil  of  chronic 
affections  of  the  mouth  and  throat,  where  some  of  (he  sil- 
ver application  may  be  swallowed  and  absorbed  Ibrougli 
the  slomach. 

Ari/i/n'ii  Lor/iliK  BixKniiin'i/'i. — In  workmen  wlio  are 
eiigaifed  in  ciilting  or  polishing  silver  there  may  api^ear 
in  Ihe  exposed  portions  of  (he  body,  most  freiiiiently  in 
(he  liiuids  and  arms,  grayish  or  bluish  simts.  These  may 
also  appear  iu  the  face.     The  spots  are  pale  in  the  begin 


ning.  but  gmdually  increase  in  intensity  and  remain  un- 
changed througliiail  Ihe  life  of  Ihe  individual.  The  jiig- 
mentalion  develops  from  small  particles  of  silver  wliich 
either  |iciietra(e  or  are  rubbed  into  the  skin.  The  con- 
dilioii  is  said  to  be  not  so  freijuent  in  silver  poli.shers  as 
in  workiueii  whocut  or  grind  the  metal,  Longconlinued 
ex|)osure  lo  an  atmosphere  laden  willi  silver  dust  may 
lead  to  absorption  of  (he  metal  through  the  respiratory 
tract  and  to  a  general  argyria.  Such  an  occurrence  can 
be  ex])laiiied  only  by  the  assumption  that  Ihe  silver  par- 
ticles laken  up  by  (he  lung  are  dissolved,  and  pas.sin.fr 
in(o  (he  general  circulalion  are  iirecipilided  in  oilier  parts 
of  (he  body  in  the  shape  of  line  black  granules.  As  a 
supiKirllo  this  view  is  the  fad  that  silver  cannulas,  when 
kept  in  (racheodimy  wounds  for  long  periods  of  time, 
show  signs  of  gradual  di.ssolu(ion. 

Micrdxmpiriil  Aji/uitmncex. — In  general  argyria  the 
liigment  aiijiears  inicrosco])ically  as  very  fine  black 
granules  which  are  deiiosiled  in  the  connective-tissue 
stroma  near  the  walls  of  the  capillaries;  and  may  lie 
found  in  (he  dermis,  mucosa  of  (he  moulli.  larynx,  and 
intestine,  kidney,  inlimaof  (he  larger  vessels,  ailventitia 
of  (he  smaller  oiics,  mucous  glands,  peritoneum,  testicles, 
bone  marrow,  liver,  sjileen,  lymiih  glands,  and  choroid 
plexus.  The  e|)i(lielial  slrucdircs,  brain,  cerebral  vessels, 
muscle  fibres,  carlilairc,  bone,  hair,  and  nails  are  not 
alTec(ed. 

In  (he  skin  the  deposit  of  the  pigment  is  most  marked 
in  the  stroma  of  the  lialiilke  just  benealh  the  refe,  and 
around  the  glands.  Toward  (he  subculaneous  tissues 
the  ]iigmeiitation decreases  in  intciisily.  In  (hein(es(ine 
(he  basemeiK  niembrane  of  (he  nuKo.sa,  the  connective 
tissue  of  the  mucosa  and  submncosa,  (ogedier  with  Ihe 
Ivmiihadeiioid  slrucdircs,  show  the  pigmentation  in  the 
greatest  degree.  In  (111'  kidneys  (he  dcposil  is  greater  in 
(he  glomeruli,  especially  aboiil  the  affereiif  vessels,  and 
occurs  (o  a  much  less  degree  in  (he  inlerlubiilar  coniiec- 
(ive  (issue.  In  (he  liver  (lie|)igmen(  is  found  in  the  con- 
nciiixe  (issue  about  (he  bluod-vessels  and  bile  duels  and 
in  (he  iiiduia  of  (he  larger  branches  of  Ihe  liepadc  veins. 
(If  Ihe  odier  or,<rans,  (he  niesen(eric  glands,  (he  spleen, 
and  the  tesdcles  show  (he  greatest  intensity  of  pigmenta- 
don. 

The  microseopical  seclions  of  (he  spots  found  in  the 
skill  of  silver  winkers  present  a  somiwliat  ditl'ereiit  ap- 
|irarariee  from  lha(  of  general  argyria.  The  jiroccss  is 
aiialoirous  lo  (hat  of  tattooing:  the  small  particles  of 
silver  which  have  lieen  rubbed  into  the  skin  become  sur 
rounded  by  a  connecdve-t issue  capsule.  As  a  rule  Ihe 
silver  granules  are  larger  lliaii  those  found  iu  general 
argyria.  In  the  neighborhood  of  the  larger  particles 
snuiller  granules  are  found  scallered  (lirougliout  the  con- 
need  vc  (issue,  and  the  elastic  tissue  of  (be  papilla'  and 
corium  is  colored  brown  or  black  by  a  very  tine  i>recipi- 
(a(e  of  silver  granules  similar  (o  (ha(  found  in  general 
argvria.  As  in  (lie  lader  condidon,  (liese  ,granules  are 
iiiosl  aliiindaid  .jusl  undernealh  Ihe  rete.  Fig.  273  shows 
a  secdon  laken  from  such  a  silver  spot.  The  elastic  tissue 
network  of  (he  papilhe  and  corium  contains  throughout 
a  lineprecipilad'of  silver  granules,  while  coarser  granules 
are  seen  al  (he  periphery  of  (he  jiapilUe  and  scaKered 
(hrough  Ihe  corium. 

Willi  the  exce|i(ion  of  (he  conned ive  tissue  increase 
found  in  silver  spots  the  presence  of  (he  liigmcnl  gran- 
ules does  not  seem  (o  lead  to  any  secondary  palhological 
change.  It  has  been  claimed  llial  indr.sddal  nephrids 
has  followed  the  deposit  of  die  pigment  in  the  kidneys, 
but  it  is  miichmore  probable  Ihat  the  two  processes  were 
coincident  or  w  holly  unrelated. 

The  ]iroblems  of'  Ihe  iiaihogenesis  of  argyria  remain 
at  the  present  day  unseltled.  .\nimal  ex|ierinieiits  have 
aided  but  li((lc  in  (he  solution  of  the  (|Ues(ioii.  as  the 
artificial  argyria  iiroduced  in  animals  ditfers  very  greatly 
ill  its  locaii/.adon  and  ind'iisily  from  die  arunria  of  (he 
liiiman  body.  Concerning  (he  jialhogenesis  of  (he  lader 
xarious  vi(t"ws  are  held.  The  oldest  •,(  (liese  is  (he  one 
iii(rodiiced  by  Kramer  and  supported  by  Froinmann, 
which  holds  thai  Ihe  silver  nitrate  (akeii  in(o  the  body  is 
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cliangcd  by  tlie  stomach  and  intestinal  juices  into  a 
soluble  silver  ixlbuniinate,  ivliieli  is  alisorbed  from  the  in- 
testines into  the  eircidatiou  and  is  ultimately  passed  with 
the  lymph  through  the  walls  of  the  blood-vessels  into 
the  tissues,  where  it  is  precipitatetl  iu  the  form  of  fine 
granules. 

Opposed  to  this  view  is  the  theory  supported  by  Vir- 
rhow  and  Riemer  that  the  silver  nitrate  is  reduced  in  the 
intestinal  tract  and  taken  up  from  the  latter  ]ilace  in  the 
shape  of  line  granides,  partly  through  the  lymph  and 
partly  through  the  blood,  into  the  general  circulation, 
where  by  metastasis  these  are  deposited  in  various  parts 
of  the  body.  Jacobi  showed  that  the  reduced  particles 
of  silver  caunot  penetrate  the  epithelium  of  the  intestine. 


)  '    -J 


\ 


/^^^^".f. 


.^ 


J> 


^V/ 


FIO.  273.— Section  of  Silver  Spot  of  Skin  from  Case  of  Disseminated 
Argyria  (silver-worliers'  argyria).     (After  Lewin.) 

and  further  proved  experimentally  that  the  greater  part 
of  the  silver  nitrate  taken  into  the  body  is  noF  reduced  in 
the  intestine,  but  is  changed  to  silver  chloride  and  al- 
buminate, and  absorbed  as  such,  the  reduction  taking 
place  in  the  tissues.  Loew  held  that  the  reduction  of  the 
.silver  held  in  solution  in  the  circidating  blood  is  the  re- 
sult of  the  action  of  living  cell-protoplasm,  mo.st  probably 
that  of  the  eudothelium.  On  the  other  hand,  Robert 
holds  that  the  reduction  takes  place  oulv  in  certain 
organs — the  liver,  kidneys,  papilla;  of  skin,  and  intestinal 
wall — and  that  the  reduced  silver  is  carried  elsewhere  by 
leucocytes,  for  the  greater  part  to  the  spleen,  lymph 
glands,  and  bone  marrow,  where  it  is  ultimately  deposited 
in  the  connective  tissue.  Through  the  agency  of  the 
wandering  cells  containing  silver  granules  a  part  of  the 
silver  may  lie  removed  from  the  body.  The  ivduction  in 
the  wall  of  the  intestine  he  holds  to  be  due  to  the  absorp- 
tion by  the  intestinal  w.all  of  certain  gases,  hydrogen  and 
hydrogen  sid])hi(le,  which  are  formed  in  tin-  intcslinal 
tract  l)y  the  growth  of  anaCmbie  germs,  the  hydrogen 
leading  to  a  rediietioii  of  the  silver,  and  the  hydrogen 
sulphide  to  the  formation  of  a  silver  albuminate  suphide. 


The  reduction  of  the  silver  in  the  papillae  of  the  skin 
Kobert  holds  to  be  due  to  or  associated  with  the  proc- 
ess of  eornilieation,  which  lie  regards  as  a  reduction  jiroc- 
ess.  He  explains  the  fact  that  argyria  in  human  skin  is 
of  so  much  more  constant  occurrence  than  iu  the  skin  of 
animals  by  tlie  assumption  that  the  process  of  coruitiea- 
tion  faki's  place  to  a  nnich  greater  degree  iu  human  skin. 
This  theory-,  however,  does  not  receive  the  support  of 
the  actual  i'aels. 

In  the  light  of  our  present  knowledge  the  most  reason- 
able hypothesis  is  that  the  silver  is  absorbed  from  the 
intestine  into  the  general  eircidatiou  in  the  form  of  a 
soluble  albuminate  which  is  taken  out  of  the  blood  and 
reduced  by  the  protoplasm  of  the  endothelial  or  perithelial 
cells,  aud  secreted  by  these  cells  into  the  neighboring 
connective  tissue,  where  it  may  ivmain  or  lie  further 
transported  liy  means  of  wandering  cells.  The  deposit 
of  the  silver  in  certain  parts  of  the  body  cannot  be  ex- 
liiained  by  the  theory  of  simple  metastasis,  and  as  it  has 
been  established  lie^ond  doidjt  that  the  endotlielinm  in 
different  parts  f)f  the  body  has  a  selective  action,  it  seems 
to  the  writer  that  the  best  hypothesis  for  the  explanation 
of  the  pathogenesis  of  argyria  is  the  theory  of  endothelial- 
cell  activity. 

The  chemical  nature  of  the  tine  silver  granules  in  the 
tissues  has  riot  as  yet  been  definitely  determined.  Ac- 
cording to  Kobert,  the  pigment  is  a  loosely  held  organic 
compound  of  silver  and  presents  the  following  react^ions: 
the  granules  are  insoluble  in  acetic  and  dilute  mineral 
acids,  fixed  alkalies  and  ammonia;  they  lose  their  black 
color  but  do  not  vanish  iu  strong  nitric  acid  and  in 
moderately  strong  solutions  of  potassiiuii  cyanide;  the 
black  color  may  be  restored  by  means  of  hydrogen  sul- 
phide. Sid)stances  which  decolorize  the  organic  pig- 
ments have  no  effect  upon  the  silver  granules.  If  a  piece 
of  tissue  heavily  pigmented  with  silver  is  warmed  with 
nitric  acid  until  it  loses  its  color  and  the  acid  then  filtered 
off,  the  filtrate  will  contain  no  silver,  the  metal  remaining 
in  the  decolorized  tissue.  Other  investigators  hold  thai; 
tlie  pigment  is  metallic  silver  or  a  low  oxide  (AgO^  or 
AgO,). 

The  amotuit  of  silver  deposited  iu  the  tissues  is  very 
small  compared  to  the  amount  taken  into  the  body.  Ex- 
perimental anal.yses  of  tissues  showing  a  high  degree  of 
argyria  have  yielded  only  minute  quantities  of  "silver. 
Frommann  obtained  from  760  gm.  of  li\er  which  had 
been  preserved  in  alcohol  only  0.O09  gm.  of  silver  chlo- 
ride, equalling  0.0068  gm.  of  metallic  silver.  Versmauns 
found  the  s;ime  amount  of  metallic  silver  in  14.1  gm.  of 
dried  liver,  and  in  8.6  gm.  of  dried  kidney  0.053  gm.  of 
the  metal. 

Since  the  silver  pigment  is  deposited  in  the  conneetiv(> 
tissue  outside  of  the  vessels,  its  complete  removal  dmiug 
the  life  of  the  affected  indi\idual  is  very  improbable. 
Through  the  agency  of  wandering  cells  a  very  slow  re- 
moval may  take  place,  but  it  is  doubtful  if  iu  well- 
marked  cases  this  leads  to  any  noticeable  decrease  in  the 
degree  of  pigmentation.  Cases  of  recovery  have  been 
ivported.  l)ut  they  are  doubtful.  Rogers  affirms  that 
blistering  will  lighten  the  color  very  much,  and  Eich- 
mann  claims  to  have  produced  a  cuie  by  means  of  potash 
liaths.  Yandell  has  reported  two  cases  iu  whicli  large 
doses  of  potassium  iodide  were  given  in  connection  with 
mercurial  vapor  baths  for  several  months  in  the  treatment 
of  syphilis  with  complete  cure  of  the  existing  argyria. 
the  pigmentation  fading  very  gradually.  In  spite  of 
these  rejiorted  cures  the  great  ma.jorit}-  of  cases  are  un- 
affected by  ti'eatment.  and  the  affected  individual  carries 
his  pigmentation  to  the  end  of  his  life.  In  cases  similar 
to  the  one  reported  by  the  writer  in  which  the  argyria  is 
produced  at  an  early  jieriod  of  life  before  puberty,  the 
later  increase  of  tissues  may  lead  to  an  apparent  decrease 
in  the  iutensit}-  of  the  pignienlation. 

Aldred  Scott  Waitlu'ii. 
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ARISTOL— ('•.„H..,0  J...  is  the  registered  triide  ii:iiiie  of 
(lithvnuililiiddide.  The  piiie  drug  lias  l)eeii  introduced 
to  the  protVsslou  under  tlie  title  Tlnjiiiiil  lutHtl  to  e.sea])e 
the  registered  name.  It.  is  prepared  from  thymol, 
(\c>HijH().  by  substituting  two  moleeitles  of  iodoxyl, 
lO,  for  two  of  hyilroxyl.  HO.  It  contains  Corty-tive  per 
eenl.  of  ioiline.  A  moniodide  and  a  triiodiili'  have  iil.so 
been  prepared.  The  latter  has  been  ealleil  iniiiiddliii. 
and  is  used  for  the  .siuue  purposes.  Aristol  may  be  mad<' 
as  follows:  one  and  a  quarter  drachms  each  of  thymol 
and  caustic  .soda  and  one  and  a  lialf  drachms  of  potas- 
sium iodide  are  gently  healed  witli  enough  distilled  water 
to  make  one  ounce  four  and  a  half  drachms,  and  then 
cooled.  This  solution  is  added  to  eight  ounces  of  a  con- 
cenlraled  solution  of  liypochlorite  of  soda  and  agitated. 
Tlie  solution  is  then  filtered,  and  the  precipitate  washed 
with  water  and  dried. 

It  is  a  light,  reddish-brown  powder,  with  a  very  faint 
odor,  insohdile  in  water  and  glycerin,  sliglitly  solnbli' 
in  alcohol,  soluble  in  ether,  collodion,  and  oils.  It  should 
be  <-arefully  preserved,  as  it  is  decomposed  liv  light  and 
heat. 

Therapeutically  it  is  reconnnendi'd  for  the  same  pur- 
poses as  iodoform.  l)ut  it  is  less  active  and  not  so  reliable 
as  an  antiseptic  in  suigii-al  work.  Its  advantages  arc 
that  it  is  devoid  of  the  disagreeable  odor,  and  docs  not 
])ossess  the  to.xic  properties  of  the  latter  drug.  It  has 
l)ceii  used  in  the  treatment  of  eczema,  (isoriasis.  scabies, 
chroiuc  intlammation  of  the  mucous  membranes  of  llic 
nose  and  pharynx,  erosions  of  the  os  uteri,  condj'lomata. 
granulating  wounds,  and  ulcerating  surfaces.  Il  pos 
se.sses  the  jjower  of  causing  rajiid  cicatrization  in  a 
marked  degree,  an<l  has  proved  of  greatest  service  in  the 
lalter<-!;issof  cases,  particularly  in  the  treatment  of  burns 
and  varicose  ulcers.  Ininjius,  tuberculous  and  syjiliililic 
uUterations  it  was  snjiposcd  to  possess  spccilic  powers, 
but  e.\|)erience  has  not  supported  this  view. 

The  powder  is  best  applied  by  <lusting  on  the  part,  or 
by  insutilalion:  it  may  be  used  as  an  ointment,  one  part 
in  ten,  or  dissolved  in  ether  or  collodion. 

As  il  is  partly  eliminated  through  the  lungs,  it  has 
been  used  in  jilithisis  by  liy])odcrniic  inji-ctions  of  :i  one 
pei'-c<'nl.  solution  in  sterilizi'd  oil  of  sweet  almonds.  Il 
is  said  to  lessen  the  cough  and  night  sweats. 

rjoriniifnt  Sninll. 

^\K\%JOLOCH\^C^/E.—{TheSrl■petltlll■i(l  V'mniUi  )  A 
small  family  o|  son;c  live  genera,  widely  distributed  over 
the  warm  parts  of  the  earth.  K  species  of  aristolochia 
l>roduces  one  of  the  largest  of  known  flowers,  .some  live 
feet  in  lengtii.  Many  species  have  been  igtioraiitly  re- 
puted as  antidotes  to  serpent  poisons.  ^Meilicinally,  the 
family,  rich  in  volatile  oils  and  resin,  is  well  represented 
by  Virginia,  Texas,  and  Canada  snake  roots.  Many 
species  are  used  in  native  practice  as  vnlncrarics. 

//.    //     U'lshll. 

ARIZONA. — 'I'hc  climate  of  Arizona,  being  inHuenced 
bolh  by  the  Kockv  .Mountains  aufl  by  the  Pacitic  Ocean, 
has  .some  of  the  al  tributes  possessed  by  the  climate  of  New 
iMexiei>and  also  some  of  tho.sc  belonging  to  the  climate 
of  Sontliern  Californiii;  and,  moreover,  it  liasdistinct  cli 
matic  advantages  dinereiil  from  those  of  any  f)tlier  State 
The  phiin  country  of  Arizona  has  not  iirajith'  been  called 
the  Egypt  and  sometimes  the  Persia  of  America.  Tlw 
great  coulinental  divide  traversing  the  wcslern  boun 
daries  of  New  Mexico,  along  the  lO.SIli  meridian  of  longi 
tude,  passes  almost  in  a  straight  line  from  north  to  south. 
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■Westward  of  ils  summit  the  stre.ims  How  toward  the 
I'acilic  Ocean,  an<l  the  land  drops  down  to  tin-  southwest 
corner  of  the  Territory  of  .\rizona  by  a  seiies  of  steps 
with  wide  intervening  plateaux. 

.\  .second  great  divide  separates  the  waters  of  the  (Jiia 
and  Colorado  rivers.  Its  main  direction  is  along  latitude 
;i.j°.  Starting  fiom  the  point  where  latitude  34'  meets 
the  New  .Mexican  boundaiy,  it  crosses  the  terrilorv  till  the 
S;in  Francisco  .Mounliiins  north  of  FlagslalT  are  reached. 
The  main  dircclion  of  lln'  mountain  axis  of  .\rizona  is 
from  northwesi  to  soullieasl.  '•Tlieaxisof  the  mountain 
.syslem  of  .Vrizona  is  remarkably  well  delined  and  appears 
with  the  utmo.sl  dislinctncss,  not  only  in  the  general 
trend  of  the  main  mass  of  the  elevation,  but  also  in 
minor  ninges  and  notably  in  delaclud  spurs,  ofien  widely 
.separated  from  the  plateau  syslem,  to  which,  ou  the  .score 
of  altitude,  lliey  may  cl.-iim  lo  belong."* 

From  the  valley  of  I  he  Kio  Saiila  Cruz,  starling  from  a 
mesa '.i. 000  feet  high,  no  less  than  liftc'cn  peaks  ascend  to 
an  allitudt!  of  upward  of  :!,00()  feet.  In  the  Cila  vallej-. 
springing  from  benches  of  1.000  to  ;i.000  feet  elevation, 
are  a' dozen  buttes  from  1. 000  to  2.000  feet  in  height. 
From  H  plateau  of  ."lOOO  feet  mountains  rise  from  7.000 
toil, 000  feet  in  height,  the  higliesi  being  a  group  called 
the  Siin  Francisco  .Mountains  willi  ils  three  peaks — Hum- 
lilirey.  .\gassiz.  and  Humboldt — wliieh  ajiproximate  an 
clevalion  (jf  Hi.OOO  feet   above  sea  level. 

The  air  of  Arizona  receives  ils  humidity  almost  en 
tircly  from  the  I'aeilic  Ocean.  The  prevailing  southwest 
winds,  ladi'ii  with  moisture  from  this  vast  expanse  of  .sidt 
water,  strike  the  broadside  of  the  clevaled  land  at  a  right 
angle,  because  of  the  uniform  trend  of  the  motuitain  axis, 
so  thai  "the  passage  of  the  r;iiny  winils  across  Arizona 
is  by  uo  means  an  easy  gliding  over  an  inclined  plane, 
but  the  laborious  a.scent  of  a  (light  of  .steps  "  (Captain  W. 
A.  (JIassford). 

The  viirialions  in  the  meteorological  conditions  of 
Arizona  are  much  iidluenced  by  its  topography,  which  is 
eonvcidently  arranged  under  three  divisions:  the  plain, 
the  pro  plateau,  and  the  plateau. 

'I'lic  I'liiiii. — "This  cmbi'accs  abmit  one  third  of  the 
lerritory  which  lies  to  the  south  anil  west  below  the  level 
of  ;i,000  feet,  and  includes  most  of  the  desert  country 
that  has  given  Arizona  ils  unenviable  reputation  tor  heat 
and  discomfort.  On  this  low  iilain  the  rainfall  is  only 
from  two  to  six  indies  during  the  year,  and,  iiiclu<ling  the 
desert  on  the  California  side  of  the  ('olorado  River,  the 
records  apiiroximale  the  absolute  minimum  of  rainfall  of 
the  world."! 

Here  we  have  a  striking  rcsemblanei^  lo  Ihc  valley  of 
the  Nile:  rivers  with  rich  iilluvial  soil  along  their  bot- 
toms, where  under  irrigaliou  all  kinds  of  crojisand  fruits 
will  grow;  whik' oil  llieir  borders  is  the  dry.  sandy,  soil 
of  llie  desert.  This  plain  counlry  is  loo  hot  in  summer 
save  for  lliosi'  who  in  their  habits  resemble  the  Siila- 
maiid<r.  In  wiiiler.  on  llie  t)lher  hand,  the  genial 
warmth,  the  brilliant  sunshine,  the  rainless  skies,  and 
moderate  elevation  give  a  climate  as  delightful  as  that 
of  the  far-famed  countries  of  Egypt  and  Persia. 

'/'/(('  iiro-pliitiiiii  stands  at  tin  elevation  of  from  3,000  to 
T^.{)W)  feet.  "It  closely  follows  the  axi.-il  inlleetion  of  the 
mountain  system,  idthoiigh  its  conlinuily  is  somewhat 
inlerrnpted  by  the  more  or  less  dclached  spurs  of  its 
higher  neighbor.  Acro.ss  tin' central  portion  of  the  Ter- 
ritory it  ])reserves,  with  considerable  uniformity,  a  mean 
width  of  less  than  100  miles.  \Vi<lening  at  the  canon  of 
the  (iila,  it  covers  the  whole  southeastern  corner  of  the 
Territory  "  (Captain  (Jlassford).  In  lliis  latter  jiortion  of 
llie  pro  ]ilaleau  are  mouiilains  which  rise  to  a  heighl  of 
2.000  feet  above  il.  and  which  exert  a  powerful  intlucnce 
upon  the  prccii)italion.  In  this  region  the  country  is 
gri'cncr,  more  piclurescnic,  wilh  mountain  canons  and 
valleys,  and  a  greater  rainfall  than  in  I  he  |)lain  c<nintry. 
Till'  plateau  covers  more  than  half  the  Territory,  having 

•Hcpiut  on  the  clliiiaU'  of  Arizona  liy  Captain  W.  A.  (;iii.ssford, 
Sicrial  Corps,  I'.  S.  A.,  1K!KI, 

t"  Handbook  of  fliinatologv,"  S.  E.  Solly,  >l.l).  I.ca  lirothers, 
Plilladelphia,  pp.  is,s-a<s). 
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an  average  elevation  of  5,000  feet.  On  account  of  the 
two  mountain  systems  near  wliicli  it  lies,  this  division  is 
the  one  in  which  the  raiulall  is  lieaviest,  being  from  ten 
to  twenty  inehes. 

Ari/iina  dilTers  from  New  Mexieo  and  Colorado  in  tliat 
it  lias  I  wo  rainy  .seasons.  The  summer  rains  which  fall 
during  July,  August,  and  Septemlier  are  local  in  char- 
acter, due  to  the  iurtuenec  of  the  mountains;  they  usu- 
ally occur  in  the  form  of  heavy  afternoon  showers,  dur- 
ing whicli  an  inch  of  rain  will  not  infrequently  fall. 

In  October  and  November  the  rains  do  not  altogether 
cease,  but  are  light  and  infrequent.  The  winter  rainy 
season  begins  in  December  and  ti'rniiuates  in  February. 

"These  rains  are  caused  by  the  pro.xiinity  of  approach 
of  great  storms  in  low-pressure  areas  which  form  a  part 
of  the  storm  .system  of  the  country  at  large.  .  .  .  They 
are  moderate  in  force  and  are  interrupted  by  the  anti- 
cyclonic  types  of  high  barometer  and  cloudless  skies 
which  are  distinctive  of  the  Pacitic  coast  weather"  (Cap- 
tain Glassf  ord ). 

Most  of  t\u'  precipitation  on  the  mountains  comes  in 
the  form  of  snow,  and  it  remains  there  till  summer;  but 
on  the  plains  it  usually  manifests  itself  as  rain. 

March,  April,  May,  an<l  June  form  the  one  drj'  season. 
This  is  in  marked  contrast  to  the  spring  weather  of  New 
Mexico  and  Colorado,  which  is  comparatively  moist.  The 
winter  rainfall  is  less  than  one-half  of  tliat  of  the  summer 
season. 

The  number  of  chauly  days  throughout  the  year,  es|ie- 
cially  in  the  autunni.  isalioiUcipial  to  that  of  New  Mexico 
and  Colorado,  but  in  the  plain  coimtry  the  number  is 
decidedly  less. 

The  wind  movement  is  ver\-  small,  especially  on  the 
plain. 

"The  belt  of  .50°  F.  or  less  mean  annual  temperature  in- 
cludes the  northeast  corner  of  the  Territory  above  Fi>rt 
Defiance.  In  the  southern  half  of  the  Territory  the  mean 
temperature  of  60°  F.  or  mure  shades  into  the  heat  of  the 
desert,  with  a  mean  annual  temperature  of  about  70'  and 
a  monthly  mean  for  July  of  'J(l    F."  * 

The  night  temperatures  in  the  plain  country  are  high, 
increasing  the  objectionable  features  of  the  summer  cli- 
mate for  most  invalids;  and  the  dust  which  is  irritating 
and  abundant,  is  more  particularly  so  in  the  sunnner,  so 
that  thrcughout  the  territory  of  Arizona  the  summer  heat 
is  peculiarly  trying,  except  at  an  elevation  of  7,000  feet 
and  upward,  when  the  altitude  exerts  more  influence  upon 
the  temperature  than  does  the  latitude.  It  is  not,  however, 
fair  to  estimate  the  effect  of  the  heat  entirely  by  the  lieight 
of  the  thernnaneter,  liecau.se  what  Prof.  M.  W.  Harrington 
has  happily  termed  f  "sensible  temperature"  has  to  be 
taken  into  consideration. 

"The  ]nd:ilished  teniperat\ires  for  the  different  weather 
stations  are  the  readings  of  the  ordinary  dry -bulb  ther- 
mometer. The  intluence  of  evaporation  is  shown  liy 
what  is  called  the  wet-bulb  thermometer,  the  bulb  having 
a  covering  of  cotton  or  muslin  which  is  kejit  moistened. 
The  consequent  evajioration  from  the  surface  of  this 
wetted  buib  is  similar  to  that  of  the  human  body  from 
which  the  perspiration  is  evaporated,  thus  causing  cool- 
ness. The  temperature  shown  by  the  wet-bulb  ther- 
mometer is  called  the  'sensible'  temperature,  and  is 
suj^posed  to  be  the  temperature  felt  at  tlie  surface  of  the 
skin.  As  a  matter  of  fact,  it  is  pmbably  lower,  because 
the  cloth  covering  the  wet  bulb  is  continuously  saturated 
with  water,  while  tlie  surface  of  tlie  skin  is  usuall}'  but 
slightly  moistened,  an<l  is  not  .subjected  to  such  Vaiiid 
evaporation.  The  wind  is  an  important  factor  in  sensible 
temperature,  because  if  the  air  is  in  motion  that  portion 
which  is  in  contact  with  the  human  liody  is  continuously 
replaced  by  dry  air,  while  if  the  air  is  stationary  it  l)e- 
comes  sliglitly  warmed  and  more  lunnid  from  heat  and 
moisture  of  the  boily,  and  the  amount  of  evajioration 
from  the  surface  of  "the  skin  is  necessarily  less.  The 
amount  of  the  reduction  or  cooling  of  temperature  is  in 

*  '■  Handbook  of  Climatology."  Solly,  pp.  liflS. 

+  Prof.  M.  W.  Harringum :  Transactlous  of  the  American  I'linia- 
tologieal  Association,  1894. 


direct  ratio  to  the  dryness  of  the  air.  It  will  be  greatest 
where  the  air  is  driest,  least  where  the  air  is  most  moist. 
The  greater  the  depression  of  the  dew  jioint  below  the 
ordinary  or  shade  temperature,  the  less  the  relative  hu- 
midily ;  the  drier  the  air,  the  more  rapid  the  evaporation 
and  the  greater  the  consequent  reduction  of  temperature. 
.  .  .  This  is  true  of  all  arid  regions,  where  the  differ- 
ence between  the  dry  and  wet  bulbs  during  the  warmest 
and  driest  portion  of  the  day  will  range  from  20  to  40 
F.  or  more."  * 

The  great  drawbacks  to  the  present  use  of  Arizona  b_v 
invalids  are  the  scarcity  of  the  resorts  and  the  generally 
indifferent  character  of  the  accommodations.  The  chief 
resorts  at  present  available  are  given  in  the  order  of  their 
elevation  above  sea  level: 

Yvnui.  elevation  140  feet,  population  1,200,  lies  in  the 
great  Arizona  desert  on  the  banks  of  the  Colorado  River, 
some  sixty  miles  from  the  Gulf  of  California.  The  winter 
climate  is  peculiarly  mild,  dry,  warm,  and  pleasant,  and 
it  is  here  that  the  bent-tits  of  desert  air  are  best  exhibited  ; 
but,  unfortunately,  the  accommodations  and  resources  arc 
at  present  not  worthy  of  the  climate.  The  summer 
climate  is  far  too  hot  for  most  invalids. 

Pha'itii,  elevation  1,100  feet,  population  lO.OOO,  is 
placed  about  two  miles  from  the  Salt  River  and  is  the 
largest  and  most  important  city  in  Arizona.  It  has 
good  hotels  and  accommodations  and  the  general  re- 
sources of  a  prosperous  Eastern  city.  The  broad  streets 
are  shaded  by  trees  and  the  houses  are  surrounded  by 
grass  lawns.  It  has  an  agreeable  winter  climate,  with  the 
least  wind  movement,  perhaps,  of  any  resort  of  like 
elevation.  Being  a  little  higher,  it  is  not  quite  so  hot  as 
Yuma,  and  also  is  not  (juite  so  dry,  because  of  the  exten- 
sive irrigation  which  goes  on  in  the  Salt  River  valley  in 
which  it  is  situated;  but  it  is  admirably  adapted  for 
winter  residence  for  patients  to  whom  a  warm  dry  climate 
without  altitude  is  sinted. 

Tomhxti'hc,  elevation  2.300  feet,  population  2.500.  is 
situated  on  a  high  bench  iiverlooking  tlie  San  Pedro 
River.  Its  winter  climate  is  good;  its  accommodations 
ai'c  only  moderate. 

Tucson,  elevation  2,400  feet,  population  6,000,  being 
higher  is  more  bracing  and  cooler  than  Phamix,  and 
CI  imbines  the  advantages  of  desert  air  with  slight  altitude. 
It  is  a  thrixing  city  with  fair  accommodations. 

Oistle  Creek  Hut  Sprinys,  elevation  2.300  feet,  is  a  small 
settlement  with  good  accommodations  and  tine  bathing 
facilities.  It  lies  in  a  spur  of  the  Bradsliaw  Mountains 
and  is  a  four  hours'  ride  from  the  Santa  Fe,  Prescott  and 
Phauiix  Railway.  Its  winter  climate  is  said  to  be  very 
agreeable,  but  weather  reports  are  not  at  present  availa- 
ble. 

Oraele,  elevation  4,500  feet,  is  a  small  settlement  of  a 
few  ranches  where  boarders  are  taken,  and  the  accommo- 
dations are  plain  but  good.  It  is  a  forty  miles'  stage  ride 
over  a  good  road  from  Tucson.  The  pine-clad  mountains 
afford  shelter  from  the  north.  It  is  free  from  dust  and 
cooler  and  more  bracing  than  Tucson,  and  is  a  beautiful 
country  which  is  pleasant  to  ride  through. 

Prc.irolt.  elevation  5,300  feet,  population  3,000,  lies  sixty 
miles  from  Aslifork  ujion  the  Santa  Fe,  Prescott  and 
Ph(euix  Railway.  It  is  surrounded  by  beautiful  moun- 
tain scenery,  and  has  adjacent  high  benches  with  pines 
and  sandy  soil  where  the  residences  .should  be;  but  the 
town  is  unfortunately  .situated  on  adobe  soil  in  the  river 
valley,  and  the  accommodations  are  indifferent.  The 
clinnite,  however,  is  excellent,  resembling  that  of  Denver, 
combining  the  advantages  of  upland  air  with  the  warmth 
which  comes  from  its  low  latitude.  The  temperature 
range  and  wind  movement  are  much  greater  than  at  the 
places  previously  mentioned. 

The  apiiended  tables  are  abstracted  from  the  author's 
paper  on  the  "  Cumparativi' ^lerits  of  Resorts  in  New 
Mexico.  Colorado,  and  Arizona,"  presented  to  the  Ameri- 
can Climatological  Association.}  ^.  E.  Solly. 

*  "  HandbiHik  of  Medical  Climatology,"  pp.  ffii-ii:!. 

t  TraiLsactions  of  tbe  American  Climatological  Association  for  1897. 
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The  wind  and  humidity  of  Ph'i_'nix  art 


based  i>n  aw  year  only. 


ARM,  THE. — Tlie  urui  b(<!iius  at  the  loucr  uiitcrior 
margin  (if  the  axilla — the  lower  Ixiriler  of  the  jieeloralis 
major  iimscle — and  ends  at  the  elbow  joint,  where  the 
joint  capsule  joins  the  humerus  liel'ore  and  liehiiid. 

The  .v/./« of  t lie  arm  is  similar  in  strucluri' (o  that  of 
other  tiueovered  sliin  surfaces  of  the  body,  is  thin,  espe- 
cially at  tlie  front  and  sides,  loosely  attached  lo  under 
l3'in!;  structures,  and  is  free  from  large  hairs. 

The  siiiiirjlriiil  fiiKcldl  Idf/cr  coiilains  fat  tissue  that 
rounds  out  tlu;  contour  in  the  wellnourisjied.  and  espe- 
cially in  tlie  female  and  femal(?  art  liguriv 

The  /iriif/ii/d  fii.scia  (deep  fascia)  is  derived  from  the 
deep  fascia  of  tlu^  pectoralis  major  in  front,  and  from 
IhiMnsertions  of  the  teres  major  and  latissimus  and  their 
sliealhs  lichind  ;  from  a  prolongation  of  tlie  deltipid  fascia 
on  the  outer  side,  and.  through  the  a.\illarv  fascia,  from 
tlie  deep  fa.scia  of  the  serratus  niagnus,  u|)oii  the  inner 
siil(!  of  th(!  arm.  Coming  together  from  these  origins 
these  fascia;  join  to  form  a  thin  but  (inn  .sliealh  from 
shoulder  to  elbow.  Arising  from  the  external  condylar 
ridge  of  the  humerus  and  passing  outward  lo  meet  this 
shealh  is  the  external  interinuscular  septum,  which  ex- 
tends from  the  condyle  to  the  deltoid  tubercle,  .\rising 
from  the  internal  condyle  and  the  internal  condylar  ridge, 
and  extending  from  tlie  coraco-brachialis  insertion  to  the 


elliow,  is  the  internal  inlermuscidar  septum.  Tliese  two 
septa  divide  the  arm  into  two  regions,  the  fi'"'it  and  the 
hiir/.: 

Tlie, /'/■"///  ruiiijiiirtiiiint  iy(  the  arm  contains  biceps  and 
brachialis;  theeoraco-braehialis  being aihh'd  at  an  iipper- 
tliird  arm  section,  and  the  bi-achio-radialis,  and  toaccrlaia 
exlcnl  also  the  extensor  carpi  i-adialis  longiis,  at  a  lower- 
third  arm  section. 

The  hiirk  I'miipitrttiunt  conlains  triceps  and  anconeus. 

The.se  compartmentscontain  also  their  respective  blood 
and  nerve  supplies.  The  musculospiral  nerve  jiasses 
backward,  downward,  and  outward,  with  its  accompany- 
ing superior  iirofunda  artery,  through  the  interseptal 
sjiace  between  the  internal  and  external  heads  of  the 
triceps,  from  a  point  high  up  in  the  back  eom|)artmcnt. 
The  miisciilo-culancous  nerve  passes  forward,  down- 
ward, and  outward  from  llie  brachial  plexus  in  the  axilla, 
through  the  coraco-brachialis  and  between  the  liicepsand 
brachialis  above  in  the  front  compartment,  the  brachial 
artery  supplying  this  compartment  throughout,  t^till 
lower  down  in  I  lie  arm,  above  the  elbow,  we  have  prac- 
tically in  the  external  intermuscular  septum,  the  musculo- 
spiral  nerve  and  the  superior  iirofunda  artery,  and  within 
the  enfolding  of  the  iiilernal  intermuscular  septum,  the 
ulnar  nerve  and  the  inferior  profunda  artery. 
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Tlie  con  format  ion  of  the  front  of  the  arm  is  due  to  the 
form  of  the  biceps,  which  nmndswcll  forward.  At  tlie 
slight  groove  at  the  inner  and  outer  base  of  tlie  bicejis  are 
plaiK'd  respectively  the  basilic  and  cei)halic  veins,  which 
extend  from  their  anastomoses  at  the  elbow  upward  along 


Ceplialic  vein . 

Lons  liead  l)i-  i 

ceps. 


Radial  nerve 


Sup.  profun-  ( 
da  artery,     i 

Triceris.  ex- 1. 
ternalbead.  1 


I  Biceps,  short 
I        liead. 

MusciiloH'ut.  n. 
.,  Median  nerve. 

Bracbial  artery 

...  Basilic  vein. 

Int.  cut.  nerve. 
_..  Ulnar  nen'e. 
_  Inf .  profunda  a. 
_  *  Triceps,     in- 

1   teriial  beiid. 

_^  t  Triceps,  long 
"~  i        head. 


FiCt.  274.— Transverse  Section  of  Arm  just  below  Insertion  of  Deltoid. 
<Froni  .loessel :  "  Lehrbuch  der  toix)grapbiscb-cbirurgiscben  Anato- 
mie,"  Bonn,  18S4.) 

tlie  l)orders  of  the  biceps  to  join  their  outlet,  the  axillary 
veins,  at  the  inner  and  outer  sides  of  the  arm  and  shouhler. 

In  association  with  the  skin  we  find,  forming  the  cu- 
taneous supply  of  the  outer  arm,  from  the  shoulder  to 
the  wrist:  cireumtle.\,  upper  external  cutaneous  branch 
of  the  musculo-spiral,  lower  external  cutaneous  branch 
of  the  nmseulo-spiral.  and  cutaneous  branches  of  the 
niusculo-cutaneous.  In  the  skin  and  su])erticial  fascia  of 
the  inner  arm  and  forearm  is  the  cutaneous  sujiply  of  the 
inner  arm  and  forearm:  interco.sto-humeral,  internal  cu- 
taneous branches  of  the  musculo-sjiiral,  lesser  internal 
cutaneous  (Wrisberg's).  and  internal  cutaneous, 

A  few  small  lym])hatic  nodes  upon  the  inner  side  of 
the  arm,  just  above  the  elbow,  ma}'  be  found  in  the 
superficial  fascia  near  the  course  of  the  basilic  vein. 

The  lowest  point  of  the  insertion  of  the  deltoid  marks 
the  middle  of  the  humerus,  the  middle  of  the  muscvdo- 
spiral  groove  behind,  the  lower  boi'der  of  the  coraco- 
braehialis  insertion,  and  the  upper  limits  of  the  brachialis. 

The  FiiONT  of  the  Arm. — Just  within  the  anterior 
fascial  compartment  is  the  bice|)s,  which  lies  upon  the 
brachialis,  while  the  latter,  in  turn,  lies  U|ion  the  anterior 
surface  of  tlie  humerus.  Along  the  inner  boi'der  of  these 
two  muscles  is  the  brachial  artery.  The  artery  winds 
about  the  Immerus  from  the  mid-axillary  space,  high  up 
in  the  arm,  to  the  internal  sejitum  in  the  mid-arm,  to  the 
anterior  part  of  the  brachium  at  the  elbow.  The  terminal 
branches  of  the  brachial  plexus  also  conform  to  this  route 
through  the  arm. 

The  /lifi'p.i  arises  from  the  scapula  by  two  heads;  the 
long  head  above  the  glenoid  fossa  of  the  scapula,  the.sliort 
head,  in  common  with  the  coraeo-liraehialis.  from  the  tip 
of  the  coracoid  process.  From  these  two  tendinous  ori- 
gins, these  heads  swell  into  long  muscular  bellies  that  con- 
verge and  lie  side  by  side  in  the  upjier  third,  and  unite 
at  the  lower  third  of  the  arm.  Toward  the  bend  of  the 
elbow  the  muscle  fibres  converge  upon  a  centrally  placed 
short,  stout  tendon,  which  is  inserted  upon  the  posterior 
facet  of  the  tuberosity  of  the  radius,  a  bursa  occupying 
the  anterior  facet  over  which  the  tendon  plays  w  hen  the 
forearm  is  flexed.  The  fascial  sheath  of  the  arm  anteriorly, 
after  becoming  distributi'd  to  bony  parts  of  the  elbow  and 
condylar  ridges,  receives  in  front  of  the  elbow  a  strong, 
Hattened  band  of  fibres  from  the  biceps  tendon,  the  semi- 
lunar or  biciiiital  fascia,  which  is  continuous  with  the 
deep  fascia  above  and  is  lost  over  the  pronator  teres  below 
in  the  ulnar  fascia.  This  fascia  bridges  ov<-r  the  brachial 
artery  and  separates  it  from  the  median  basilic  vi'in. 

The  bfiiehialis  arises  from  the  whole  lower  half  of  the 
inner  and  imter  surfaces  of  the  humerus,  from  the  front 
of  the  internal  intermuscular  septum,  and  from  a  part  of 
the  external  intermuscular  septum  above  a  point  where 


the  musculo-spiral  nerve  i)icrces  it.  Its  origin  embraces 
the  insert  ion  of  the  deltoid.  The  mu.scular  fibres  conver,ge 
broadly  into  a  short,  thick,  tendinous  insertion  upon  the 
coroiKiiil  jirocess.  This  muscle  is  overlaid  by  the  biceps, 
but  projects  beyond  it  inward  and  out  ward.  It  is  over- 
lapped on  the  inner  side  liy  the  bracliial  artery,  by  the 
median  nerve,  and  by  the  pronator  teres;  also,  deeply,  by 
the  anterior  branch  of  the  anastomotiea  magna  and  the 
anterior  ulnar  recurrent  artery.  Upon  its  outer  side  it  is 
overlajijied  liy  the  radial  recurrent  artery,  by  the  radial 
nerve,  and  by  the  brachioradialis  and  extensor  carpi  radi- 
iilis  longus ;  also  deeply,  by  the  musculo-spiral  nerve  and 
by  the  terminal  branch  of  the  superior  [irofunda  artery. 

The  corarii-liritrliiiili.i  is  an  elongated  muscle  arising  in 
common  with  the  short  head  of  tiie  biceps  from  the'tip 
of  the  coracoid  process.  It  is  inserted  on  the  inner  bor- 
der of  the  .shaft  of  the  humerus  at  about  its  middle.  It 
lies,  in  its  lower  jiart,  along  the  inner  border  of  the  bi- 
ceps, the  two  muscles  lying  to  the  outer  side  of  the  bra- 
chial artery. 

The  hraeli  inl  artery  is  the  direct  continuation  of  the  axil- 
lary at  the  level  of  the  lower  border  of  the  teres  major. 
Therefore  the  lower  half  of  the  third  portion  of  the  axillary 
artery  lies  uncovered  by  niu.sele  in  the  upper  arm.  The 
brachial  extends  a  short  distance  below  the  elbow  •where 
it  ends  in  its  two  terminal  branches — the  radial  and  ulnar 
arteries — on  opjiosite  sides  of  the  radius  near  the  junction 
of  its  head  and  neck.  The  course  of  the  artery  is  sinuous ; 
it  lies  at  first  internal  to  the  humerus,  then  in  front  of  the 
bone,  and,  at  the  bend  of  the  elbow,  midwaj*  between 


,  Deltoid  muscle. 


Ulnar  nerve. 
..Triceps  m. 


Fig.  JJ75.— Dissection  of  the  Arm,  Anterior  and  Internal  Surface.    The 
skin  and  fascia'  have  been  turned  baci;.    (From  Joessel,) 

the  condyles.  Compression  of  the  artery  at  any  point  iu 
the  arm  should  be  outward  towanl  the  lionc  above,  out- 
ward and  backward  at  its  lower  third,  directly  backward 
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Arm, 
Arm. 


Inldw.  Throughout  its  course  the  artery  ooeupies  a  posi- 
licm  near  the  surface.  It  lies  at  tirsl  iijioii  tlie  lonu;  head 
of  tlie  triceps,  but  is  separated  from  tlie  muscle  liy  (he 
miisculo-spiral  nerve  and  superior  profunda  artery,  and  is 
overlappid  by  tlie  biceps.  Next,  it  rests  upon  tlie  inner 
head  of  the  triceps,  at  the  iniildle  third  of  the  arm,  and  is 
overiappc'il  by  the  inserlion  of  the  coraco  brachialis.  At 
its  lower  lliird,  just  before  bifurcation,  it  lies  upon  the  bra- 
chialis.  h  lies  beiiealli  the  skin  and  fascia  and  is  ]iartially 
brid.ued  oxer  by  the  coraco-brachialis  and  biceps  upon  ils 
otitcr  side.  At  the  bend  of  the  elbow  it  is  overlapped 
again  by  tlie  strong  bicipital  fascia,  is  crfissed  by  the 
median  basilic  vein,  and  dips  deep  into  the  triangular 
(anticubital)  space  between  the  brachio-radialis  and  the 
pronator  teres.  The  sheath  of  the  artery  is  closely  incor- 
jiomteil  with  the  deej)  fascia  of  the  biceps,  so  that  in 
li.galion  of  the  artery  it  moves  in  its  position  according 
as  tension  is  jiut  upon  the  muscle. 

Tlu!  tiiididii  iicrn:  follows  closely  the  artery  and  ils 
sheath,  lying  first  to  its  outer  side,  then  iu  front  of  it,  and 
finally  toward  the  elbrtwat  its  inner  side.  The  nhuii-  and 
the  iiiteniid  cutinifDim  nerres  lie  to  the  inner  side  of  and 
behind  the  artery  till  aboirt  the  middle  of  the  arm,  when 
the  ulnar  diverges  to  jiass  well  liacUward,  to  reach  the 
internal  inlerniuscular  septum  above  the  inti'rnal  condy 
lar  riilge,  where  it  enters  the  posterior  conii)arliiient  of 
the  arm.  The  iniermil  ctiinneoitu  pierces  the  brachial 
fa.scia  and  passes  forward  just  below  the  middle  of  the 
arm,  and  it  lies  between  the  brachial  artery,  to  the  outer 
side,  and  the  basilic  vein  u]ion  the  inner,  to  be  wholly 
superticial  at  the  elbow.  The  mu.^r)ilii-xp/yiil  iiri'rc  lies 
for  a  very  short  distance  behind  the  brachial  artery  upon 
the  lon.g  head  of  the  triceps  before  it  is  joined  by  the 
Mi]ierior  profunda  branch  and  gains  the  musculo-spiral 
groove. 

The  artery  gives  off  the  superior  profunda,  the  inferior 
profunda,  the  anastomotica  magna,  the  nutrient,  the 
muscular,  and  the  terminals — the  radial  and  ulnararteries. 

The  mipiviiir  jirufunda  nrten/  which  lies  lirst  to  the 
inner,  then  to  the  ])ostcrior  side  of  the  brachial,  rises  usu 
ually  just  below  the  teres  major,  perforates  the  septum, 
and  tlien  ]ienetrates  to  the  musculo. spiral  groove,  in 
which  it  runs  for  a  certain  distance.  It  gives  olf  above, 
an  ascending  branch  that  su])i)lies  the  triceiisand  forms 
an  important  anastomosis  willi  the  posterior  circumtlex. 
The  cutaneous  branches  follow  the  nerve  and  supply  the 
skin  over  the  outer  arm.  The  articular  liranch  is  given 
off  behind  the  external  intermuscular  septum  and  runs 
downward  in  the  substance  of  the  tricep.s,  anaslonio.sing 
■with  the  interosseous  recurrent  below,  and,  across  the 
joint  behind,  immediately  above  the  olecranon  fossa,  by 
an  anil  with  tlu!  anastomotica  magna.  The  terminal 
branch  ])erforates  the  septum  to  become  anterior  at  the 
elbow,  and  it  anastomoses  with  the  radial  recurrent.  It 
often  gives  off  a  nutrient  artery  or  arteries  to  the  upper 
<!nd  of  the  liumerus.  and  it  gives  muscular  branches  |o  the 
tricejis. 

The  iiiftriiiy  priifiiitilK  usually  rises  from  the  inner  side 
of  the  biiichial  about  opposite  the  lower  part  of  the 
<-(iraco -brachialis  insertion.  It  passes  with  the  ulnar 
nerve  Ihrougli  the  internal  intermuscular  sei>liini  to  back 
of  the  condyle,  and  there,  under  cover  of  the  tendinous 
aponeurosis  of  the  llexor  carpi  ulnaris.  it  anastomoses  wil  h 
the  iiosterior  ulnar  recurrent  and  anastoniotica  magna. 
It  sujiiilies  the  humerus,  triceps,  and  elbow  joint,  and  it 
frequently  gives  otT  a  branch  that  passes  to  the  front  of 
till- joint  and  anastomoses  with  the  anterior  ulnar  recur 
rent. 

The  inidxtniiKitira  mti/irin  usually  rises  from  the  inner 
side  of  the  brachial,  a  short  distance  above  the  bend  of  the 
elbow,  runs  downward  and  inward  acro.ss  Ihe  hracliialis, 
and  divides  into  an  anterior  and  a  posterior  branch.  The 
anterior  branch  anastomoses  in  front  of  the  internal  con- 
dyle, beneath  the  pronator  teres,  with  the  anterior  ulnar 
recurrent.  From  this  branch  a  branch  often  jias.scs  be 
hind  the  condyle  to  anastomose  with  the  poslerior  ulnar 
recurrent  and  the  inferior  profunda.  The  iiosterior  branch 
perforates  the  internal  septum,  passes  to  the  posterior  sur- 


face of  the  internal  condylar  ridge,  j  ,.  ;■>  the  triceps, 
and  there  anaslomoses  with  the  articular  branch  of  tlie 
superior  iirofunda  and  with  the  interosseous  recurrent. 

The  iiiiti-iiiit  artery  is  given  off  variably  from  the 
brachial  or  one  of  ils  branches  and  passes  through  the 
niilrieiit  foramen,  downward  toward  Ihe  elbow.  After 
enlering  the  shaft  of  the  bone,  a  branch  passes  upward 
loward  Ihe  head  and  neck. 

The  iiiiixriildr  hmiicliiH,  from  five  to  eight  in  number,  arc 
variably  given  olf,  from  the  outer  side  of  the  arlery,  to  the 
coraco-brachialis,  the  biccjis,  and  the  brachialis  muscles, 
usually  at  the  points  where  the  nerves  enter  these  mus- 
cles. 

The  iii>isrii!ii-riiliine')iiH  tiirrr,  arising  from  the  outer 
cord  of  (he  brachial  plexus,  soon  perforates  the  coraco- 
brachialis.  and.  slill  inclining  outward,  reaches  (he  bend 
of  the  elbow  and  there  piercing  llii-  fascia  becomes  super- 
licial  just  at  the  outer  border  of  the  bicejis  tendon. 

TiiK  15\('K  OK  TiiK  .\ii.M. — The  Iririp.t  occupies  the 
whole  of  (he  (losterior  compartment  of  (he  arm  and  is 
made  uji  of  tlirci^  heads  of  origin.  The  long  head  rises 
by  a  llallened  tendon  from  the  upper  part  of  the  axillary 
border  of  the  scapula  and  ils  adjacent  lower  glenoid  rim. 
This  tendon,  with  ils  niuscle  bundles,  together  with  the 
outer  (ii|i|ier)  hnmeial  head,  forms  most  of  the  super 
ficial  Jiart  of  the  muscle. 

The  inner  head,  rising  below  (he  musculo-spiral  groove, 
is  more  deeply  placed.  Tin;  muscle  bundles  from  these 
three  heads  c(aiverge  below  into  a  short  common  tendon 
which  is  inserted  into  (he  posterior  part  of  the  top  of  the 
olecranon  process.  A  bursa  underlies  the  tendon  over  the 
rest  of  the  top  of  Ihe  process.  The  long  head  is  joined 
upon  ils  inner  side  by  a  slip  of  aponeurotic  fascia  derived 
from  the  lower  border  of  Ihe  Icnilon  of  tlii^  latissimus. 
The  outer,  or  ujipcr,  head  occuiiiesall  the  posti^riia' and 
extcnud  surfaces  of  the  humerus  from  the  teres  luinor 
inserlion  to  the  groove.  It  also  has  libres  which  are  at- 
tached to  the  external  inlerniuscular  seiilum  and  the 
aponeurotic  sheath  bordering  the  groove.  The  groove  is 
free.  The  inner,  or  lower,  head  rises  from  the  posterior 
surface  of  the  humerus  below  (he  groove  and  receives  a 
narrow-pointed  slip  from  high  u]i  near  the  insertion  of 
lli(!  teres  major,  upon  Ihe  inner  side  of  the  groove.  It 
rises  also  from  the  wlioh'  length  of  the  internal  intermus- 
cular sei>1um  and  from  a  small  jiart  of  (he  exlernal  in- 
termuscular seiituni.  The  libri'S  of  origin  of  the  long  and 
outer  heads  join  and  form  a  broad.  Hat  lenilon  of  inserlion, 
.V  part  of  the  fibres  of  this  tendon  are  .given  olT  especially 
over  the  outer  part  of  the  elbow  joiiil,  and  iillimalely  they 
expand  so  as  to  form  a  sirong  fascia  that  covers  the  fore- 
arm. The  .short  libres  of  the  inner  head  are  in  great  jiart 
inserted  iijion  the  deep  surface  of  this  tendon.  A  few 
tilires,  however,  an)  inserted  directly  upon  Ihe  olecranon 
or  into  Ihe  poslerior  ligament  of  I  he  elbow.  The  musculo- 
spiral  nerve  and  the  superior  iirofunda  arlery  supply  mus- 
cular branches  to  each  of  the  three  heads. 

The  iioi.\riil'i'!<i»'r(il  ncrre  is  the  continuation  of  the 
poslerior  cord  of  (he  brachial  plexus  after  there  have  been 
given  olT,  in  the  axilla,  the  circuiullex  and  the  suliscapii- 
iars.  After  passing  for  a  short  dislance  behind  the  lower 
part  of  the  axillary  artery  and  the  upper  part  of  (he  bra 
chial  artery,  it  dips  backward,  downward,  and  outward, 
from  the  position  when;  it  lies  upon  the  lower  part  of 
(he  tricep.s,  and  then,  after  being  joined  by  the  superior 
profunda  artery,  it  enters  (he  musculo-spiral  groove.  It 
luriis  round  be'hiiid  the  shaft  of  Ihe  humerus  and  appears 
at  the  outer  side  of  (he  arm,  where,  at  about  four  inches 
above  (Ik^  elbow  joint,  it  pierces  (he  exlernal  intermuscu- 
lar septnni  and  lies  in  the  front  compartnienl  of  Ihe  arm, 
deep  between  the  brachialis  on  the  inside  and  the  bra 
chio-radialis  and  the  extensor  carpi  radialis  longiis  upon 
the  outside.  In  front  of  the  external  condyle  of  the 
humerus  it  divides  inio  its  tcrmin.-il  branches,  the  radial 
and  the  poslerior  interosseous.  It  gives  olT  three  cutane- 
ous bnmchcs.  and  supplies  muscular  branches  in  ihe  arm 
to  the  (liree  liea<ls  of  the  iriceps.  the  anconeus,  (he  bra- 
chialis (in  pari),  (he  brachio-radialis,  and  the  extensor 
carpi  i~adialis  lougus.     The  last  three  muscles  arc  supplied 
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by  bi'iinclu'S  g'iven  off  in  tlic  front  comiiartnicnt.  Tliu 
inteniiil  ctitiiiifoiin  !ini  )ic/i  usually  lisosiii  I  hi'  axillii  in  ciiiu 
pauy  with  the  bnuich  which  goes  to  the  lout;' head  of  tlir 
triceps,  aiul  liu'ii  jiasscs  back  of  the  arm.  It  supplies  a 
luidillc  dof.sal  sti-i|)  of  iutegumeut  nearly  as  far  down  as  to 
the  elbow.  The  upper  e.Herual  culiiiieoKS  bniiirh  pierces 
the  deep  fascia  iu  the  line  of  the  external  intermuscular 
septum,  at  the  upper  third  of  the  arm,  accompanies  the 
cephalic  vein  iu  the  lower  half  of  the  arm,  and  supplies 
a  stri]i  of  skin,  from  exit  to  elbow,  on  the  antero-external 
surface  of  the  arm.  The  loirer  cxtcnKil  ciitinieoiis  branch, 
which  is  uuicli  larger,  pierces  the  fascia  somewhat  lower 
down,  and  supplies  the  skin  of  the  middle  of  the  back  of 
the  forearm  as  far  down  as  to  the  wrist.  In  its  course 
it  passes  between  the  internal  cutaneous  nerve  upon  the 
inside  and  the  musculo-spiral  upon  the  outside. 

The  lesser  internal  cutaneous  nerve  (Wrisberg's)  rises 
from  the  inner  cord  of  the  brachial  plexus,  passes  as  far 
down,  in  the  front  compartment,  as  to  the  inner  side  of 
the  axillary  vein,  which  latter  separates  it  from  the  tilnar 
nerve,  at  the  middle  of  the  arm.  At  the  elbow  it  turns 
backward  to  supply  the  skin  over  the  olecranon. 

The  internal  cutaneous  nerre  rises  from  the  inner  cord 
of  the  brachial  jilexus,  and  jiasses  dowu  the  arm  to  the 
inner  side  of  the  brachial  artery.  With  the  basilic  vein 
it  perforates  the  deep  fascia  aud  supplies  the  skin  of  the 
upper  and  inner  arm.  Abo\e  the  elbow  the  terminal 
branches,  anterior  and  posterior,  diverge  slightly  at  the 
antero-iuternal  side  of  tlie  arm,  to  pass  the  elbow,  where 
they  supply  the  skin  of  the  inner  forearm,  anteriorly  and 
posteriorly,  as  far  down  as  the  wrist. 

A  terminal  branch  of  the  m usculo-cutaneous  ?!e7Te passes 
over  the  elbow  and  lies  below  in  front  of  the  radial  artery. 
It  supplies  the  outer  side  of  the  forearm,  front  and  back. 

Luzerne  Corille. 
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ARM  AND  FOREARM,  DISEASES  AND  INJURIES 
OF  THE. — In  r(pusi(leririg  the  diseases  and  injuries  of 
the  arm  and  forearm,  I  shall  take  u])  the  ditfereut  affec- 
tions of  the  several  structures  uniler  the  following  heads: 
I.  Att'ections  of  the  Skin;  II.  Affections  of  the  Fascia; 
III.  Affections  of  the  Bones,  tlie  Periosteum,  aud  the 
Joints;  IV,  Affections  of  the  Muscles,  Tendons,  and  Ten- 
don Sheaths:  V.  Affections  of  the  Blood-vessels;  VI.  Af- 
fections of  the  Lyiuphatic  Vessels,  Glands,  and  Bursa>; 
VII.  Affections  of  the  Nerves;  VIII.  Hy.sferical  Lesions; 
IX.  Tumors. 

It  will  be  my  purjiose  to  discuss  luore  fuli.y  those  affcc- 
tionsof  these  different  structures  which  show  soiue])ecul- 
iar  manifestations  when  presenting  tliemselves  upon  the 
upper  extremities,  and  to  deal  witli  them  less  in  detail 
wlien  exhibiting  upon  the  arm  merely  those  features 
which  are  common  to  the  same  affections  elsewhere  in  the 
bod.y.  Particularly  in  the  case  of  diseases  affecting  the 
skin  of  the  arm  and  forearm,  not  all  the  dermatic  affec- 
tions which  may  be  found  in  this  locality  will  be  entitled 
to  extensive  consideration,  but  such  forms  of  skin  trouble 
only  as  are  particularly  prone  to  develop  their  lesions 
upon  the  arms.  Furtliermore,  it  will  sufiice  Mith  regard 
to  most  of  these  to  call  attention  to  the  fact  that  certain 
lesions  may  be  expected  on  the  arms  and  forearms,  aud 
to  describe  their  syiuptomsand  appearance  with  suflicient 
accuracy  to  allow  of  their  dia,gnosis,  while  more  extended 
consideration  of  their  iiathology  and  treatment  is  to  be 
sought  under  otjier  headings  in  this  work, 

I.  Affections  of  the  Sivin. 

AVith  regard  to  the  diseases  affecting  the  .skin  of  the 
iirms,  we  have  to  content  ourseh'cs  for  the  most  part 
with  recording  the  observed  fact  of  their  a]ipearance  in 
this  locality,  owing  to  our  ignorance  of  the  causes  that 
determine  the  outbreak  of  cutaneous  lesions  upon  this 
l)art  of  the  body. 

It  is  necessary  to  bear  in  mind  that  the  general  prin 


liples  of  dermatology  are  applicable  here  as  in  other  parts 
of  llie  liody,  notably  those  which  teacli  us  that  sym- 
metrical lesions  may  generally  be  considered  to  be  due  to 
internal  causes,  while  for  unsymmetrical  lesions  there  is 
!!■  priori  xea.so\i  to  think  of  local  irritation  as  a  cause  of 
the  affection.  Similar  weight  should  be  given  to  con- 
sidering the  relation  of  the  cutaneous  lesion  to  the  cloth- 
ing of  the  part,  inasmuch  as  certain  lesions  are  prone  to 
appear  on  unprotected  parts,  while  others  appear  where 
the  friction  of  the  clothing,  or  vermin  which  the  clothing 
may  harbor,  may  give  rise  to  local  irritation.  Other 
matters  concerning  the  site  of  lesions  of  the  skin  on  the 
arms,  which  may  affect  the  diagnosis,  are  the  lines  of 
cleavage  of  the  skin,  and  the  presence  of  the  lesions  upon 
the  flexor  or  upon  the  extensor  surface  of  the  affected 
liiub,  and  liually  the  known  course  of  certain  of  the 
brachial  nerves  and  blood-vessels.  Nor  shoidd  the  gen- 
eral rule  of  dermatological  practice  be  forgotten  which 
teaches  us  to  compare  the  integument  of  the  arms  with 
that  of  the  rest  of  tlie  body  and  so  gain  an  accurate 
knowledge  of  the  anatomical  distribution  of  the  cutaneous 
lesions. 

The  more  recent  nosological  systems  of  dermatology 
have  .sought  to  group  the  various  lesions  of  the  skin  ac- 
cording to  their  pathological  basis,  and  iu  the  rapid  review 
which  I  jnirpose  to  make  of  such  cutaneous  affections 
as  have  their  common  site  upon  the  arms  and  forearms,  I 
shall  consider  the  different  lesions  in  the  general  order  of 
the  classification  of  Jessner — to  wit,  fimctioual  disorders, 
cireulatoiT  disorders,  and  inflammations,  suiierticial  and 
deep-seated;  finally,  I  shall  consider  briefly  tiuumatisnis 
of  the  skin. 

(a)  Functional  Disorders  of  the  Skin. — Of  the  first  class, 
that  of  functional  disorders  of  the  skin,  such  as  pruritus, 
hyiieridrosis,  seborrluea,  it  will  sullice  to  say  that  none 
of  them  have  an}' predilection  for  the  anus  or  forearms 
which  would  justify  their  consideration  here,  if  we  ex- 
cept the  eutirelj-  unimportant  erythema  solare  which  is 
frequently  seen  on  the  arms  of  farmers,  bathers,  and 
laborers  who  work  in  the  ojjen  air  with  the  sleeves  rolled 
up. 

(b)  Circulatory  Disorders  of  the  Skin. — Of  the  diseases 
of  the  skin  classified  by  Jessner  as  circulatory  disorders, 
the  lesions  of  purpura  and  scurvy,  while  tmdoubtedly 
they  show  themselves  with  comparative  frequency  on 
the  arms,  j'et  it  is  rare  that  they  should  show  themselves 
there  with  any  special  pre]ionderance  of  distribution  over 
other  parts  of  the  body.  Peliosis  rheutuatica,  however, 
is  a  purpuric  affection  whose  predilection  for  the  arms 
merits  our  attention  in  considering  the  cutaneous  affec- 
tions of  these  members. 

In  I'Ki.iosis  uiiErM.\Tic.\.  also  called  purpura  rheumat- 
ica,  a  period  of  invasion  precedes  the  eruption  for  a  variable 
length  of  time,  and  is  shown  by  general  malai,se.  systemic 
disturbances,  and  paiufid  swelling  of  the  joints,  es])ecially 
of  the  knees,  wrists,  and  ankles.  The  temperature  may 
be  normal,  but  more  often  it  risCs  to  l(tO°  F.  ormore.  Ina 
few  days  the  eruption  appears  and  the  pain  then  subsides. 
The  lesions  occupy  practically  the  s;une  regions  as  do 
those  of  erythema  multiforme  (ride  infra),  namely,  the 
wrists,  forearms,  and  lower  legs,  but  sometimes  they  are 
particularly  located  about  and  around  the  inflamed  joints. 
Some  authorities  indeed  classify  the  affection  as  a  variety 
of  erythema  mtiltiforme.  The  lesions  consist  of  bluish- 
red  patches,  and  slightly  elevated,  bright -red  papules 
which  quickly  become  purplish;  they  may,  however,  be 
[lurpuric  from  the  first.  Their  color  cannot  be  effaced 
by  pressure.  After  per.sisting  for  a  few  days,  they  pass 
through  the  various  gradations  of  color  seen  iu  a  con- 
tusion and  di.siippear  altogether.  The  disease  m;ry  be 
limited  to  one  outbreak,  or  the  eruption  may  coiue  out  in 
several  crops  and  run  a  course  of  from  four  to  six  weeks,  or 
it  may  disajjpear  altogether  and  ten  d:iys  or  more  later  a 
relapse  occur,  and  the  joint  aud  other  symiitoms  ag,'iin 
become  manifest.  The  recognition  of  hemorrhage  into 
the  skin  is  easy  when  it  is  borne  in  mind  that  pressure 
does  not  cause  the  redness  to  fade.  Such  lesions  occupy- 
ing the   localities  nientioncd,   and   associated   with   the 
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systemic  disturbance  already  descrilicd.  witli  the  joint 
swelling's,  pains,  etc.,  are  sufficient  to  constitute  llie 
dia.ijnosis  of  peliosis  rheumatiea. 

if)  Iiiflaminiiiiiri)  l)i.-<ia«i'!ii>f  the  Coriuin  iiinl  Siihciilix. — 
Of  the  inlianunatoi-y  diseases  of  the  skin,  we  can  at  once 
dismiss  the  specilic  e.xanthematous  fevers  of  childhood  as 
havins  no  special  predilection  for  the  arms,  and  of  the 
diseases  >uider  the  nosolo,srical  classification  wc  are  fol- 
lowing, that  known  as  i.iciikn  l'i,.\Nts  is  the  first  that 
arrests  our  attention.  This  is  a  disease  who.se  predilec- 
tion for  the  arms  as  a  site  for  erujition  is  more  marked 
than  is  the  case  in  that  just  described.  Indeed,  it  is  often 
conlined  to  the  fle.\or  aspect  of  the  forearm,  thoujjh  it. 
inanit'csts  a  tendency  in  itscourseto  spreail  over  a  greater 
liartofthc  lower  arm  aTid  of  the  forearm;  liut  if  never 
unolves  the  wjiole  skin  as  do  eczema,  jisoriasis,  and 
lichen  ruber  in  certain  cases.  The  followini;  description 
of  the  symptoms  and  course  of  tln^  diseasi-  is  taken  from 
(Jottheii:  Lichen  planus  occurs  most  freciuently  as  a 
chronic  and  localized  malady,  the  more  acute  and  general 
form  of  the  disease  V)einir  rare.  The  site  of  the  eruption 
is  usually  the  flexor  surface  of  tlie  forearms.  es|)ecially 
around  llie  wrists  and  on  the  backs  of  the  hands  and  the 
li'ef,  but  other  regions  are  not  infrequently  aflVctcd,  and 
it  occurs  occasionallv  on  the  palms,  soles,  and  the  geni- 
tals. It  is  rare,  however,  on  the  face  and  scalp.  It  is 
frecjucntly  symmetrical.  The  lesions  ap])ear  tirst  as  ex - 
tremely  niinute  i)apules  of  a  characteristic  dusky  reil  or 
p\u-plish  color,  with  a  waxy  glance,  and  shar]ily  differ- 
entiated from  the  surrounding  skin.  Their  sides  arc 
slee|>,  and  their  shape  is  distinctly  angular.  Tlieir  toiis 
are  flat,  and  marked  with  a  central  de|iression  (a' capped 
with  a  minute  .scale.  On  the  ])alms  and  soles  the  indi 
viibial  lesions  may  be  hard  to  distinguish,  the  em  ire  epi- 
dermis of  the  affected  region  being  elevated  and  thick 
ened,  cracked  in  places  and  of  a  dusky  hue  and  covered 
with  whitish  scales.  On  the  mucosa'  they  appear  as 
whitish,  tlattened  papules.  They  may  be  scattered  or 
irregularly  grouped.  x\s  they  gradually  enlarge  to  pea 
size,  adjacent  papules  coalesce,  and  thus  extensive  in 
duratcd  and  scaly  areas  are  formed;  but  tlie  individual 
lesions  do  not  increase  beyond  their  original  size.  After 
persisting  for  a  long  tiiue,  months  and  years,  they  slowly 
undergo  absor])tion.  leaving  atrophic,  pigmented  areas 
l)ehind.  No  vesicles  or  pu.stules  are  ever  formed,  nor  are 
the  nails  or  the  hair  affected.  The  subjective  symiitoms 
are  confined  to  a  moderate  itchinir.  and  it  is  only  in  very 
extensive  forms  that  this  be<'omes  severe.  Tlie  jiatienls 
are  sometimes  debilitated  and  run  down  by  excessi-s  or 
overwork,  but  not  infreijuenlly  they  are  in  excellent 
health.  The  malady  occurs  witii  about  ei|ual  fretpn-ncy 
in  li(4h sexes.  It  is  .seen  at  all  a.ges,  but  is  most  freipieni 
during  middle  life. 

The  diagnosis  rests  \ipon  the  ]ieeuliar  sha])e,  size, 
grouping,  and  appearance  of  the  paiiulcs  as  described 
above.  Papular  ceie))(ti,  esiiecially  when  situaled  on  the 
forearm,  may  resemble  lich<-n  ])ianus.  but  the  jiapulcs 
are  rounded  and  frequently  have  a  little  serum  al  their 
apices.  They  are  intensely  itchy,  round,  run  a  rapid 
course,  and  leave  no  pigmentation  behind;  and  other 
C'czematous  changes,  excoriation,  oozing,  or  crusting  will 
probal)ly  be  found  somewhere  on  the  skin.  In  the 
j>aj)iihtr  siiphiladerm  the  lesions  are  round  topped  and 
often  arran.ged  in  cre.scenfic  or  circular  form:  they  are 
generally  distributed,  and  more  or  less  polymorphic; 
tliere  is  no  itching,  their  color  is  n'ddish.  Other  signs  of 
sy])hilis  are  probably  present,  and  the  disea.se  responds 
toantiluetic  treatment.  In  Udirii  Kcri'fula.tii/i  the  round 
papules  are  grouped  upon  the  trunk  and  arc  accompa- 
nied by  no  sniijective  symptoms  whatsoever.  Finally  in 
ps'iria.sis  the  lesions  are  pmk.  covered  with  abnn<lant. 
heaped-np  scales,  and  are  situated  solely  on  the  extensor 
surface. 

The  pi-ognosis  is  favorable  always.  The  disease  is 
chronic  and  olistinatc.  but  it  tends  to  rec<nery.  It  may 
be  added  that  the  disease,  though  not  common,  is  not 
excessively  rare. 

The  grave  progressive  disease  known  as  lichen  ruber 


may  have  some  of  its  characteristic  lesions  situated  upou 
the  arms.  b\it  its  distribution  is  so  nircly  limited  to  that 
locality  that  its  discus.sion  need  not  detain  us  here. 
When  present  upon  the  arms  its  tendency  to  follow  and 
accentuate  the  folds  and  lines  of  cleavage  of  the  skin 
sometimes  leads,  in  the  cidiital  folds,  to  the  development 
of  linear  sliingsof  ]iapules.  constituting  what  is  know'n 
as  "lichen  ruber  moniliformis." 

Few  of  the  forms  of  eczema  confine  themselves  to  the 
arms,  though  small  patches  of  scaly  eczema  are  not  in- 
frecpicnfly  met  on  or  near  the  wrists. 

K(;zi;m.\  i'.m'ci.osi'.m,  however,  is  a  form  of  eczema  both 
common  and  obstinate  which  lias  a  predilection  for  the 
lindis,  bolh  the  arms  and  the  legs.  I  hough  it  is  met  with 
on  the  trunk  as  well.  Most  forms  of  eczema  are  char- 
acterized by  lesions  with  a  mor<' or  less  fluid  exudaliorf 
which  loosens  thesui)erficial  jiortion  of  the  epidermis  and 
spreads  itself  over  the  all'ecfed  surface.  In  some  cases; 
of  eczema,  however,  the  tendency  to  exudation  is  less 
ened,  and  flat  i)robal)ililies  are  that  it  is  less  fluid  in 
I'haracter.  and  mider  thes<'  cii'cvunstanees  does  not  gain 
the  surface  but  collects  at  Jjoints  beneath  the  epidermis, 
raising  little  ,solid  projections  which  have  received  the 
name  of  papules.  These  may  be  somewhat  closely 
aggregated,  or  there  may  be  an  appreciable  distance 
between  them,  and  the  surface  will  lie  dry  unless  the 
jirnrif  us  leads  to  scratching  and  the  edgi-s  of  the  papules 
are  torn;  in  that  case  a  small  quantity  of  lymph  may 
exude  and  dry  intominufc  scides.  In  the  courseof  lime, 
however,  the  ]ia|iules  themselves  tend  to  suliside,  and  we 
have  a  surface  ,somewhat  glossy  and  scaly,  but  not  to  the 
extent  usually  seen  in  other  varieties  of  eczema.  This 
papular  form  of  eczema  has  its  seats  of  election.  It  is 
l)erha]>s  never  seen  on  the  seal])  and  some  other  parts. 
l)ut  it  is  (juite  common  on  the  arms  and  forearms,  thighs, 
and  legs,  especially  their  flexor  aspects  (PilTard). 

EczKMA  KissiM  is  still  another  variety  of  eczema  in 
which  we  have  neither  vesicles,  pustules,  nor  papides, 
nor  the  extensive  exfoliation  which  characterizes  the  ex- 
foliative form  of  this  di.sease.  \Ve  may  have  a  more  or 
less  reddeiu'<l  surface,  but  instead  of  the  lesions  already 
mentioned  wc  find  small  cracks  or  fissures  extending 
through  the  stratum  corneuiu  and  sometimes  through  the 
stratum  Malpighii  aswell.  Theexudation  in  thistissurert 
variety  is  slight,  crusting  is  slight,  and  after  a  time  the 
skin  i-eturnsto  the  lua-mal  condition  by  a  simple  clo.sing 
of  the  fissures  and  diwippeanuiee  of  the  congestion. 
These  fi.ssures  are  jierhaps  more  fre(pa-ntly  met  with  be- 
hind th(^  ears,  on  the  iialnis  and  soles,  and  at  the  various 
flexures  (I'ifTard). 

Ekvtiii;m.v  Mfi,Tii-'oit.\ii;  is  the  next  disease  under  the 
head  of  cutaneous  inflammations  which  claims  our  atten- 
tion, on  account  of  its  frecpient  apjiearance  on  the  fore- 
arms, (iotlheil  defines  it  as  an  acaile  inflamraatory  dis- 
ease, characteriz<'d  by  the  appearance  of  reildish  jiapules, 
tubercles,  vesi<'l(-s,  or  blebs  of  symniefrical  (listril)ution, 
and  affecting  by  preference  the  backs  of  the  hands  and 
fhe  feet.  Klliot  remarks  that  it  is  one  of  I  hi'  most  strik- 
ing and  constant  features  of  erythema  nmltiforme  that 
almost  invariably  the  lesions  appear  first  on  the  backs  of 
the  hands  and  extend  to  the  forearms  and  then  to  the 
lateral  portion  of  the  neck  and  face.  Fre<|ucntly  simul- 
faneously.  but  more  often  later  than  on  the  hands,  the 
cruiilion  is  manifested  on  the  dorsum  of  the  feet  and  on 
the  anterior  aspect  of  the  legs.  It  is  fre(|uently  absent 
altogether  from  these  regions,  and  liesides.  the  eruption 
will  present  much  variation  in  individual  cases.  The 
eruption  is  always  symmetrical,  without,  however,  pre 
seiiting  absolute  symmetry.  Often  oiu'  side  of  the  body 
will  be  more  severely  alTecfed  than  the  other.  Its  symp- 
toms, course,  and  the  difVerential  diagnosis  are  described 
by  (Jottheii  as  follows;  After  a  prodromal  ]»rioil  marked 
bv  a  moderate  febrile  movement  there  appear  tm  the 
backs  of  the  hands  an<i  feet,  or  on  the  palms  and  soles, 
and  more  rarelv  on  other  parts  of  the  boily.  a  varying 
nundierof  slightly  elevated,  firm,  reddish  \i.ilet  papides 
fading  on  pres.surc.  Thiscondition  is  known  as  erythema 
papuiatum.     lu  a  few  days  the  papules  grow  into  tnber- 
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clcR  perhaps  one-third  of  an  inch  in  size  (erytlicnia  tiil)er- 
<-ulatum).  The  cenlres  tlicn  lie-in  to  tlallcn  niiil  tilde  out 
and  assume  a  eharacteristic  lihdsh fed  line  (erytlienia 
annulare).  At  the  peri|)liery  where  tlie  eruiition  is  ex- 
tending, the  lesions  preserve  their  elevated  form  aud  red- 
dish tint.  Adjacent  patches  may  coalesce  aud  form 
irregular  figures,  known  as  erythema  gyratum  and  ery- 
thema tiguratum.  More  rarely  the  ajipearauce  of  blel)s 
gives  us  tlie  form  known  aserytliema  hulli)suni.  Herpes 
iris  is  the  designation  given  to  a  vesicular  form  of  this 
erythema  in  which  new  concentric  rings  of  papulo- 
vesicles appear  in  the  depressed  puri)lisli  centre  of  an 
annular  erythema.  These  various  forms,  often  looked 
upon  as  distinct  diseases,  are  in  reality  merely  stages  of 
the  same  process  with  varying  amounts  of  exudation. 
A  case  may  go  through  several  of  them  aud  even  .sliow 
them  simultaneously,  for  multiformity  is  characteristic 
of  the  disease;  but  usually  one  type  only  is  present,  and 
the  commonest  by  far  is  the  paiiular  one.  Tiie  malady 
occurs  especially  in  the  spring  and  fall,  and  lasts  for  from 
four  to  six  weeks.  It  happens  at  any  age,  and  is  some- 
what more  frequent  in  females  than  in  males.  The 
mucosK  are  occasionally  affected.  It  is  prone  to  relapse, 
and  usually  reappears  in  its  original  type.  It  is  oc- 
casionally complicated  with  purpura,  acute  articular 
rlieumatism.  and  endocarditis. 

Its  typical  course  and  location,  the  papules  or  tubercles 
■whose  red  color  is  removable  on  pressure,  and  the  absence 
of  desquamation  are  sufficient  to  characterize  the  disease. 
An  eczema  has  exudations,  scales,  and  crusts,  and  itclies 
intensely.  Urticaria  has  papules  or  pinkish,  fugacious 
elevations,  with  much  itching  aud  reflex  irrritability  of 
the  skin.  A  pipvhir  Ki/phihiljerm  is  copper  colored  and 
not  removable  by  luessure:  the  palms  and  soles  are  usu- 
all_y  involved,  and  other  syphilitic  symptoms  are  gener- 
ally present.  Pr'irir/o  has  deep  seated,  colorless  papules, 
begins  in  childhood,  and  itches  intensely.  Tricophytosis 
corporis  is  scaly  in  the  centre,  and  the  parasite  can  usu- 
ally be  readily  found. 

While  the  arms  are  one  of  the  rarer  sites  for  the  vesicu- 
lar eruption  of  herpes  zoster,  yet  the  fact  should  be 
borne  in  mind  that  this  disease  occasionally  manifests  itself 
in  the  course  of  tlie  brachial  nerves.  Its  characteristic 
symptoms  should  make  the  diagnosis  in  most  cases  easy. 
Its  symptomatology  is  this:  Tiie  eruption  is  almost  regu- 
larly preceded  by  distinct  premonitory  symptoms,  con- 
sisting mainly  in  neuralgic  pains  of  variable  degrees  of 
severity  over  the  area  about  to  be  affected  and  lasting 
from  a  few  hours  to  several  days,  occasionally  even  fo^- 
weeks.  Sometimes  they  are  missing  entirely,  particularly 
in  young  children.  The  ])ain  may  be  of  a  diffuse  char- 
acter, or,  again,  confined  to  certain  points  which  cone 
spond  anatomically  to  the  underlying  nerves  and  their 
ramifications.  The  cutaneous  phenomena  make  their  a])- 
pearance  always  in  an  acute  manner  At  first  there  are 
redness  and  slight  swelling  over  tlie  diseased  area.  This 
is  soon  followed  by  groups  of  small  papular  elevations, 
which  in  the  course  of  a  few  hours  are  transformed  into 
vesicles  from  the  .size  of  a  piu-hcad  to  that  of  a  small 
split  pea,  closely  clustered  together,  fully  distended, 
and  filled  with  a  clear  serous  fluid.  The  vesicles  are  at 
first  sharply  contoured  and  surrounded  by  an  erythema- 
tous halo.  Further  on  they  may.  by  peripheral  exten- 
sion, become  confluent  so  as  to  form  larger  bullte.  Tiicy 
have  generally  little  tendency  to  burst,  and  do  so  only 
accidentally.  Occasionally  a  larger  surface  may  be  uni- 
formly .studded  with  these  vesicles,  Init  as  a  nde  there 
are  several  distinct  and  isolated  groups  of  them,  varying 
In  size  from  a  dime  to  the  palm  of  the  hand,  of  irregular 
shape,  and  arranged  more  or  less  exactly  in  the  form  of 
a  semigirdle  when  situated  on  the  trunk.  "  In  other  regions 
the  unilateral  distrilnition  of  the  eruplimi  along  the 
course  of  one  or  several  cutaneous  nerves  forms  a  striking 
feature.  These  groups  come  out  successively,  the  one 
nearest  the  spinal  column  usually  appearing  first,  but  all 
the  vesicles  constituting  one  patch  are  formed  and  run 
their  course  conteinponmeously.  Their  contents  remain 
clear  for  three  or  four  days,  then  become  gradually  mure 


turbid,  pui'iform,  and  by  and  V)y  dry  out.  forming  brown- 
ish crusts  which  finally  fall  off  and  leave  in  tlieir  place 
reddish  or  bluish  discolorations.  These  persist  for  some 
time  and  gradually  fade  away.  In  some  instances,  how- 
ever, permanent  marks  may  remain,  which,  by  their  ar- 
rangement and  distribution,  are  quite  characteristic  of 
the  preceding  eruption.  The  time  consumed  for  the 
completion  of  the  cycle  in  each  indi\idual  group  is  from 
eight  to  ten  days,  Imt  through  the  successive  appearance 
of  fresh  crops  of  vesicles  when  the  older  ones  have  almost 
reached  the  iioint  of  involution,  the  whole  process  may 
last  up  to  four  or  even  six  weeks. 

The  sulijective  symptoms  which  accompany  the  eruii- 
tion are  very  variable.  While  in  some  cases  the  iirelimi- 
nary  neuralgia  ceases  with  the  advent  of  the  cutaneous 
manifestations,  it  is  more  often  present  during  the  whole 
duration  of  the  disease,  and  is  intensified  by  a  burning 
and  smarting  sensation  with  which  every  new  crop  of 
lesions  isu.shered  in.  Some  patients  complain  very  little, 
others  seem  to  sutTer  very  much,  particularly  from  nightly 
exacerbations  which  may  disturb  the  sleep.  Even  after 
the  completion  of  the  eruptive  stage  there  may  remain 
for  some  weeks,  and  occasionally  for  a  long  jieriod,  dis- 
turbances in  the  .sensory  functions  of  the  affected  area. 
Fever  is  frequently  present  with  the  zoster,  but  is  rarely 
of  much  consequence.  A  very  remarkable  fact  in  regard 
to  zoster  is  that  it  attacks  a  person  only  once  during  a 
lifetime.  Exceptions  to  this  are  so  few  and  far  between 
that  they  do  not  materially  affect  the  generally  accepted 
law. 

The  termination  of  the  local  manifestations  does  not. 
always  indicate  a  complete  restoration  in  the  affected 
territory.  Not  only  may  neuralgic  pains  persist  for  some 
time  aud  become  the  source  of  agonizing  attacks  which 
deteriorate  the  patient's  health,  but  in  some  cases  there 
remain  jiruritus,  liypeRvsthesia.  or  comjilete  aniesthesia 
and  analgesia.  Of  particular  interest  is  the  so-called 
"antiesthesia  dolorosa."  which  occasionally  follows  a 
zoster.  An  explanation  for  this  peculiarphenomenon 
may  be  found  in  that  the  pathological  changes  in  the 
course  of  the  nerve  disturb  the  transmission  of  sensation 
from  the  surface  to  the  centre,  whereby  the  an:?sthesia  is 
produced,  while  the  cause  of  the  pain  is  located  in  the 
sensory  root  of  the  spinal  column. 

Although  zoster  is  generally  attributed  to  disturbances 
in  the  sensory  nerves,  the  strange  fact  must  be  recorded 
that  often  muscular  atro])hy  and  motor  paralysis  are 
CJiused  by  it.  Paral.ysis  of  the  arm  muscles  after  zoster 
brachialis  was  noted  by  Schwimmer,  Joffroy,  Broadbent, 
and  Gibney. 

The  characteristics  of  zoster  are  usually  so  marked  that 
little  ditlicnlty  can  exist  in  recognizing  it.  Its  unilateral 
distribution  along  the  course  of  well-known  cutaneous 
nerves,  the  successive  apjiearance  of  groups  of  vesicles, 
their  cyclic  course,  and  the  concomitant  neuralgia  will 
easily  establish  the  diagnosis.  From  eczema  it  is  readily 
differentiated  by  the  larger  size- of  its  vesicles  and  their 
tendency  to  persist  as  such,  whereas  in  the  former  they 
burst  vei'y  soon  and  give  rise  to  ehanicteristic  oozing 
(Zeissler). " 

Psoui.\sis  is  a  disease  which  on  account  of  itscustomary 
distribution  merits  a  description  among  the  cutaneous 
affections  of  the  arm.  The  lesions  of  psoriasis  are  char- 
acterized by  the  formation  of  a  thick  imbricated  covering 
of  dry  scales  of  a  light  yellow,  pearly  white,  or  silvery 
color  situated  on  a  reddish,  slightly  elevated,  well-defined 
base.  The  disease  aiipears  without  iiremonitory  symp- 
toms, and  the  first  indication  of  its  presence  is  the  appear- 
ance of  small  pin-head  sized,  rose-colored  spots,  which  in 
a  day  or  two  become  covered  with  silvery  scah-s,  j.xsoriasis 
|)uuctata.  These  spots  increase  at  the  periphery,  whiU; 
the  scales  become  piled  up  into  thick  crusts  which,  from 
their  resemblance  to  drops  of  mortar  spattered  on  the, 
skin,  constitute  the  form  known  as  p.soriasis  guttata.  If 
the  attack  runs  an  acute  cour.se.  the  jiatches  rapidly  in- 
crease in  .size,  and  in  a  week  may  attain  the  dimensions 
of  I'oins,  iisoriasis  nunimularis.  Generally,  however,  the 
eruption  is  noted  for  its  chronicity,  and  months  are  re 
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quired  for  this  development.  The  teiideney  of  the  pso- 
riatie  lesion  is  to  {lis;i|i]K-ar  of  its  own  accoril,  althouixh 
the  tiniciiceupiecl  in  liiis  process  may  be  nionllisor  years. 
The  aetivity  of  the  scaly  proliferation  lirsl  iicfxins  to  sub- 
side in  the  middle  of  tlie  paleh.  which  linally  goes  on  to 
complete  resolution,  leaving  a  ring  shaped  margin  stand- 
ing out  in  bold  relief — psoriasis  aniudaris.  If  tlie  disease 
continues  to  extend,  tlie  rings  meet,  giving  ligure-of- 
eight-shaped  eru)itious.  and  as  the  healing  jiroceeds,  the 
point  of  eonliguity  in  turn  dis;ippears,  leaving  irregular 
or  serpentine  lines — ]isoriasis  gyrata. 

The  aceumulalion  of  scales,  which  is  the  most  distinct 
feature  of  psoriasis,  varies  in  dilTerent.  ca.ses  as  well  as  on 
different  parts  of  the  body  of  tlie  Siime  individual.  On 
the  scalp  the  scales  are  thick,  and  the  eru))lion  tends  to 
extend  beyond  the  margin  of  tln^  liair.  On  the  extensor 
surface  of  the  limbs,  also,  the  scales  become  jiiled  uj)  on 
elevated  bases  to  the  height  of  sc-veral  lines.  On  the  face 
and  penis  the  scales  are  less  abundant.  .\llh(jugh  tlie 
scales  are  adherent  to  each  other  and  to  the  base  under- 
neath, yet  they  may , be  detached  by  the  linger  nail,  when, 
if  the  disease  is  of  recent  origin,  a  pale  reddish  surface, 
which  readily  bleeds  and  is  but  slightly  raised  above  the 
surrounding  skin,  will  be  seen.  In  cases  of  longstand- 
ing tlie  base  is  of  a  dark  or  venous  hue  and  markedly 
thicker  than  the  normal  skin.  The  scales  thus  removed 
are  quickly  renewed  and  in  a  few  days  attain  tlieir 
former  thickness.  There  is  no  discharge  or  moisture 
connected  with  the  eruption  at  any  time,  and  the  sensii- 
tion  of  itching  may  or  may  not  be  present.  Altliough 
all  parts  of  tiie  body  may  be  involved,  yet  there  are 
regions  of  predilection  which  are  generally  involved, 
especially  at  the  onset  of  the  disease.  These  are  the 
points  of  the  elbows  and  the  anterior  aspect  of  the  legs 
just  above  the  patelUi?.  The  scalp  is  also  a  favorite  posi- 
tion, and  in  typieal  cases  the  disease  is  more  marked  on 
the  extensor  tlian  on  the  soft,  tlexor  surfaces  of  llie  body. 
In  all  cases  the  eru])t  ion  tends  to  symmelrieal  distribution. 

Althougli  psoriasis  is  usually  a  well-delined  disease  and 
easily  recognized,  jet  it  is  subject  to  variations,  and  in 
atypical  cases  may  batfle  the  skilled  dia.!rnostician.  In 
appearance  it  varies  from  a  simple  furfuraceous  desqua- 
mation which  may  be  the  result  of  friction,  to  a  veritable 
intlainmation  as  in  scaly  eczema.  Eczema  squamosum, 
however,  is  less  fre(iuently  symmetrical,  the  flexor  sur- 
faces of  the  joints  are  favorite  positions,  while  the  ex- 
ten.sor  surfaces  of  the  points  of  the  elbows  or  knees  are 
not  alTeeted  as  in  psoriasis.  In  psoriasis  the  eruption  is 
sharply  detined,  and  its  margins  frequently  stand  out 
like  a  bold  headland,  while  in  eczema  the  patch  is  thick- 
est at  the  centre  and  its  margin  merges  graduall}' into 
the  healthy  skin.  A  history  of  moisture  will  often  en- 
able one  to  decide,  for  eczema  at  its  outset,  is  always 
moist,  while  psoriasis  is  essentially  a  dry  eruption  from 
the  beginning.  In  ecziMua  the  accumulation  of  scales 
is  less  than  in  p.soriasis,  and  they  are  of  a  bluish  color 
rather  than  white.  The  scales  in  eczema  are  more  easily 
detached,  and  the  base  when  scraped  becomes  bathed 
with  serous  exudation  and  does  not  bleed  as  in  psoriasis. 
Eczema  of  the  palms  and  soles  is  more  common  than 
psoriasis  in  this  position.  It  is  more  tissured  and  may 
lie  the  only  part  involved,  wdiile  psoriasis  does  not  attack 
these  parts  alone.  The  nailsare  affected  in  both  diseases, 
but  in  eczema  they  arc  usu.-illy  .-ill  alTcctcd  at  once,  while 
in  |)soriasis  one  or  more  nails,  but  never  all,  are  involved 
at  the  Siime  time.  IjvUiii  jjluiiiis  imd  tirhcii  diImt  may  be 
mistaken  for  psoriasis  when  the  former  are  of  long  dura- 
tion. Lichen  first  ajijiears  in  the  form  of  small  pin-liead  to 
split-pea  sized,  flattopind  papules  which  are  distributed 
in  clusters  and  extending  al  the  jicripliery  run  together, 
giving  the  eruption  the  aiipearanee  of  one  continuous 
patch,  not  unlike  psoriasis;  but  there  is  less  .scaling  in 
lichen  and  the  eruplinn  extends  by  the  formati(jn  of 
charaelerislic  islets  which  may  be  seen  on  the  outskirts  of 
the  original  cluster.  The  chai-acterislic  position  of  lichen 
is  on  the  tlexor  aspect  of  the  wrist,  a  position  seldom 
occupied  in  psoriasis.  Stipliiliidtrma  nqHaiiiomuii  often 
resembles  psoria.sis  very  closely,  and  next  to  eczema  is 


most  liable  to  be  mistaken  for  this  diseas<'.  On  account 
of  the  close  similarity,  this  furm  of  syphilodcrm  was 
fiirmerly  called  sypliililie  ]is(iria--is.  liiil  syjihilis  atla(-ks 
the  mucous  surfaces  as  well  as  the  skin,  "and  is  seldom 
present  on  the  latter  witliout  ajipearing  on  the  former; 
while  p.soriasis  never  attacks  the  mucous  membranes. 
Syphilis  liut  rarely  occurs  on  tlu-  elbows  and  knees,  but 
it  is  very  commonly  met  with  on  the  palms  of  the  hands 
and  the  soles  of  the  feet.  One  hand  may  be  affected  in 
psoriasis,  while  bolli  are  usually  involved  in  syphilis. 
The  eruption  in  syphilis  is  jiolymorplKnis.  ])re"s<'nling 
from  time  to  lime  papules,  pustules,  and  mois!  eoiidvlo 
mata  which  would  at  onee  enalilc  one  to  distingiii.sh  it 
from  p.soriasis.  In  latesyphilis  the  destructive  iiatur<'  of 
the  disease  will  become  apparent  by  .scars  or  fissures  on 
the  tongue  or  at  the  angles  of  the  mouth,  while  psoriasis 
leaves  no  mark  behind.  The  scales  in  sypliilis  are  inuddy 
gray,  and  thi^  base  of  the  eru])tion  is  more  inliltrated  anil 
of  a  darker  color;  morenver.  the  history  of  tlie  <li.sease 
should  always  be  considered  (Coiiett). 

{<i)  /)ft /I  Sutfiff  //ijliti/tuttt/ioii.f  nf  the  Skin. — The  in- 
flammatory iliseaseswc  have  so  far  reviewed  are  classilied 
in  the  nosological  scheme  of  .lessner  as  intlamnialions  of 
the  corium  and  sulicutis.  Of  the  deep  seated  inllamma 
tions  which  constitute  the  next  category,  there  is  an 
alfeetion  classed  by  some  as  a  form  of  erythema  inidli- 
forme,  and  by  others  as  a  distinct  disease,  known  as 
KKY'niF..M.\  NoDosiM  which,  while  it  does  not  often  locale 
itself  on  the  arms,  mi.uht  yet  ])rove  puzzling  to  oik'  un- 
acquainted with  its  course  if  met.  as  occasionally  occurs, 
exclusively  in  that  locality.  Its  prodromal  symptoms 
are  practically  identical  with  those  preceding  an  attack 
of  erythema  mullil'orme  (7.  r.).  namely,  fever,  gastricr 
disturbance's,  and  jiains  in  the  joints.  It  attacks  likewise 
a  similar  class  of  patients,  young  people  in  a  eondilion  of 
depressed  vitality.  Its  lesions  are  an  exag,ijeration  of 
those  of  crylliema  muUifornie,  but  its  customary  distri 
but  ion  is  less  free  pienlly  upon  the  forearms.  One  of  its  al- 
ternate names,  dermatitis  contusiformis.  is  descriptive  of 
the  appearance  of  its  lesions.  The  eruiition  appears  in 
nodes  of  a  considerable  elevation,  rounded  or  oval  in 
shape,  varying  in  size  from  that  of  a  nut  to  that  of  an 
egg.  They  are  warm  to  the  touch,  surrounded  by  an 
(I'dematous  area,  painless,  but  tender  to  iiressure.  Their 
color  is  at  first  a  rosy  re<l,  changing  to  a  darker  and  more 
livid  hue.  and  not  removable  by  pressure.  They  never 
coalesce  nor  suiqiurate.  In  the  course  i>f  eight  or  ten 
(lays  they  gradually  disip])ear.  .going  through  the  color 
changes  that  are  sei'U  in  blood  extravasiitionsand  leaving 
a  dark  discoloration  liehiiid.  Three  or  four  nodes  only 
are  usually  present,  and  their  number  rarely  exceeds  a 
dozen.  Though  the  individual  lesions  last  only  a  few 
days,  a  succession  of  fresh  ones  often  prolongs  the  malady 
for  two  or  three  weeks.      I{<'currences  are  rare. 

Ordinary  eiuitiixiniix  may  be  mistaken  for  the  nodes  of 
erythema  nodosum,  but  they  never  have  the  peculiar 
rosy  color,  an^  not  usually  multiple,  are  not  round, 
there  are  no  general  symiitoms.  and  there  is  the  history 
of  an  injury.  Si/p/n'/i'/ie  (/iiintitiiln  may  resemble  them 
closely,  but'theanlecedcnt  painsaremuch  severer.  They 
are  .slower  in  their  course,  are  very  rarely  si'cn  in  the 
young,  and  are  almost  always  accomi)anied  by  other 
symiitoms  of  lues,  past  or  present.  The  prognosis  is 
lii'nerally  good,  though  coni]>lications  may  arise  which 
may  make  the  prognosis  more  serious. 

It  may  be  stated  as  a  general  proposition  that  there  is 
but  little  tendency  for  the  cutaneous  lesions  of  sviMiii.is  to 
localize  themselves  ujion  thearmsand  forearms.  Particu- 
larly is  this  true  of  the  earlier  macular  and  papular  eriip- 
lioiis.  which  have  as  a  jiathological  <listiiiction  the  in- 
volvement of  the  siilierncial  anatomical  elements  of  the 
skin  .and  a  generalized  distribution  all  over  the  body;  in 
which  distribution,  indei'd,  the  arms  are  not  exempt.  An 
occasional  iciKlency  toward  characteristic  localization 
upon  I  he  arms  is  manifested  in  some  of  the  later  syphilidcs, 
whose  charaelerislics  are  an  involvement  of  the  deeper 
cutaneous  slruetures  and  a  less  general  and  liss  sym- 
metrical  distriliutiou   over   the  bodv.     Accordingly  we 
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see  in  some  of  the  pustular  sypliilides  a  certain  very 
liniitoci  teudenry  to  a  location  of  the  lesions  on  the  arm. 
or  wliat  is  more  frequent,  a  tendency  to  aggravation  on 
the  arms  of  a  pustular  eruption  elsewhere  present  in 
a  milder  degree.  Thus  an  aeueiform  or  impetiginous 
syjihilide  upon  the  face  and  the  trunk  may  be  accom- 
panied with  an  ecthymatous,  exuleeiated  syi>hilide  of 
the  arms.  It  is  also  to  be  regarded  as  somewhat  charac- 
teristic of  syphilis  that  an  acneiform  eruption  should 
make  its  appearance  upon  the  arms  in  ]iortions  so  ill 
supplied  with  sebaceous  glands  and  hair  follicles  as  to 
be  ordinarily  exempt  from  the  manifestations  of  acne 
vulgaris. 

The  occasional  development  on  an  arm  or  forearm  of 
the  later  tubercular  or  gummatous  syphilides  can  hardly 
be  regarded  as  more  than  an  accident  to  whicli  any  jiart 
of  the  skin  of  tlie  body  is  liable  in  this  protean  disease, 
and  withal  the  arms  and  forearms  seem  rather  exempt 
than  otherwise  from  any  considerable  frequency  of  acci- 
dents of  the  kind. 

(e)  Trdiiiitatic  Affectinns  of  the  Skin. — It  should  be 
borne  in  mind  that  the  forearms  and  hands  are  the  portion 
of  the  anatomy  most  accessible  to  those  neurotic  patients 
who,  for  purposes  of  exciting  symjiathy  or  from  other 
morbid  impulses,  inflict  on  their  own  person  various  le- 
sions, rarely  severe,  yet  occasionally  difficult  of  diagnosis. 
Such  lesions  are  ordinarily  such  as  would  result  from  the 
application  of  irritant  or  vesicant  drugs,  or  such  lesions 
as  would  result  from  prolonged  mechanical  Irritation 
with  the  finger  tips,  the  nails,  or  some  rough  or  sharp 
instrument. 

In  considering  the  traumatic  affections  of  the  cutane- 
ous tissues  of  the  arm  and  forearm,  two  forms  of  injury 
present  themselves  as  of  special  frequency  and  impor- 
tance, owing  to  the  e.xpo.sure  of  the  upper  extremity  to 
all  manner  of  vicissitudes  incident  to  active  life.  These 
are  extensive  abrasions  and  extensive  burns.  The  treat- 
ment of  burns  and  abrasions  of  the  upper  extremity  does 
not  differ  essentially  from  the  treatment  of  similar  condi- 
tions elsewhere,  only  on  tlie  forearm  an  extensive  burn 
may  do  more  damage  than  elsewhere  on  account  of  the 
subsequent  contraction  which  niaj'  involve  the  subcutane 
ous  tissues  and  compromise  more  or  less  seriously  the  in 
dependent  action  of  the  muscles  which  move  the  hands 
and  fingers.  On  this  account  skin  grafting  according  to 
the  method  of  Thiersch  is  indicated  for  a  burn  on  the  fore- 
arm niiiny  times  when  a  l)iu'n  of  like  extent  and  equal 
depth,  if  situated  elsewhere  on  the  body,  might  be  left  to 
granulate  with  impunity. 

As  stated  above,  it  has  been  my  aim  in  considering  the 
cutaneous  diseases  liable  to  affect  the  arm  and  forearm, 
to  present  such  a  picture  of  the  lesion  as  would  suffice 
for  its  identification.  Further  discussion  of  the  pathology, 
etiology,  and  prognosis  and  treatment  of  the  dift'erent 
diseases  enumerated  must  be  souglit  in  other  parts  of  this 
work,  or  in  treatises  more  espcciall\'  concerning  them- 
selves with  dermatology. 

II.  Affections  of  the  Fascia. 

The  affections  to  which  the  fascia^  and  cellular  tissue 
of  the  arm  and  forearm  are  liable  are  of  three  general 
types:  erysipelatous,  tuberculous,  and  syphilitic.  To 
these  we  may  atld  certain  rare  ca.ses  of  contraction  of 
the  fascia  anti1)rachialis,  more  or  less  analogous  to  Du- 
puytren's  cnntraciion  of  the  palmar  fascia,  and  of  an 
equally  uncertain  pathology. 

(a)  Streptococcic  Iiwiisioii  of  the  Fascia. — Erysipelas  is 
usually  described  as  an  affection  of  the  integmneut.  and 
the  pi'oeess  is  imdoulitcdly  frcc|uentl_v  confined  to  the 
skin,  proceeding  with  its  characteristic  red  blush  to  ex 
tend  in  the  direction  of  the  lymjihatic  current  until  the 
energy  of  the  infecting  streiitococcic  colonies  is  exhausted, 
and  the  disease  sub.sides  alter  a  definite  nm  of  from  six 
to  fourteen  days.  Tliis  form  of  siuqile  cutaneous  ery- 
sipelas occurs  with  greatest  frecpu'ncy  upon  the  face,  but 
may  make  its  a])pearanee  anj'where  on  the  integument 
where  streptococci  may   find  an  entrance,   through   an 


abrasion,  perhaps  extremely  minute,  or  may  have  found 
lodgment  in  the  glands  or  follicles  of  the  unbroken  skin. 

Identical  with  cutaneous  erysipelas  in  etiology,  but 
differentiated  from  it  in  course  and  symjitoms,  is  strepto- 
coccic invasion  of  the  fascial  and  connective-ti.ssue  planes 
of  the  extremities  and  occasionally  of  the  head  and  trunk. 
On  account  of  tlie  dilliculty  of  access  to  the  subcutane- 
ous tissues  through  the  uubroken  skin,  the  history  of 
fascial  and  cellular  erysipelas  will  generally  reveal  a 
pre-existing,  probabl^v  bad-behaving  wound  on  the  distal 
side  of  the  focus  of  the  phlegmonous  process.  The 
liability  of  the  fingers  and  hands  to  traumatisms  small 
and  great,  and  the  exposure  of  these  parts  to  subsequent 
infection,  explain  the  great  frequency  with  whicli  fascial 
]ihlcgmoiis  are  met  witli  on  the  arms  and  forearms,  par- 
ticularly (if  iiicehaiiies. 

The  dilfercntiation  between  the  several  types  of  fascial 
infection  is  not  in  all  cases  easy  from  clinical  .symptoms 
alone,  but  the  behavior  of  typical  cases  is  sufficiently 
characteristic  to  permit  a  probable  diagnosis,  to  which  a 
bacteriological  examination  will  in  most  cases  add  con- 
firmation. Although  mixed  infections  doubtless  often 
occur,  other,  more  strictly  pyogenic,  infections  rarely 
confine  themselves  to  definite  anatomical  layers  as  do  in- 
fections by  streptococci.  The  course  of  streptococcic  in 
vasion  of  tlie  fascia  and  cellular  tissue  is  acccompanicd 
by  an  amount  of  fever  in  general  commensurate  with  the 
extent  to  which  the  lymphatic  channels  are  opened  up 
for  the  absorption  of  the  products  of  the  germ  life,  rather 
than  commensurate  with  the  mere  extent  of  territory  in- 
volved. The  temperature  reaction  in  cases  of  infection 
of  the  fascial  and  cellular  tissue  of  the  forearm  is  rarely 
very  great,  it  being  rare  to  witness  a  temperature  higher 
than  103°  to  102. .5"  F.  when  the  trouble  is  confined  to  the 
fascia  and  conneclive  tissue  of  the  arm.  In  marked  con- 
trast to  this  is  the  course  of  the  streptococcic  invasion 
of  the  pelvic  tissues,  where  the  abundant  lymph  channels 
allow  the  alisorption  of  enormous  quantities  of  toxins 
and  even  ]ius.  A  similar  difference  is  seen  in  erysipela- 
tous infection  of  the  arm  and  forearm  when  along  with 
the  infection  of  the  fascia  and  cellular  connective  tissue 
there  is  likewise  an  invasion  of  the  skin  itself,  phlegmo- 
nous erysipelas,  utricto  sensu,  where  the  general  vascu- 
larity of  the  tissue  allow-s  a  much  more  active  inflamma- 
tory reaction  to  tlie  microbial  invasion.  For  this  reason 
the  temperature  is  a  much  less  fallacious  guiile  to  the 
gravity  of  the  condition  in  this  than  in  many  other  sur- 
gical diseases.  Tlie  onset  of  the  disorder  is  usually 
marked  with  sensations  of  chilliness  if  not  with  positive 
rigors,  and  a  general  malaise,  anorexia,  and  more  or  less 
gastric  disturbances  are  pretty  constant  accompaniments 
of  at  least  the  early  course  of  any  extensive  affection  of 
the  kind.  The  amount  of  pain  is  very  variable,  and  is 
for  the  most  part  decidedly  less  than  one  would  expect 
to  meet  in  a  staphylococcic  invasion  of  equal  extent. 
This  difference  is  due  largely  to  the  different  anatomical 
tissues  for  which  the  two  kinds  of  germs  seem  to  have  an 
affinity.  Staphylococci  tend  to  form  circumscribetl  col 
onies  in  the  more  vascular  structures,  often  beneath 
tough  and  resistant  connective-tissue  planes,  where  the 
resultant  pus  or  exudation  gives  rise  to  great  and 
painful  pressure  upon  the  .sensitive  nerve  fibres.  Be- 
sides which  it  is  very  probable  that  the  toxins  jiroduced 
by  the  staphylococci,  pariicularly  the  staphylococcus 
aureus,  are  themselves  peculiarly  irritating  to  sensitive 
nerve  tissue. 

The  streptococcus,  on  the  other  hand,  has  a  predilection 
for  the  connective  tissues  and  for  the  fascial  membi-anes 
themselves,  invading  by  preference  their  suiierticial  sur 
face;  the  resultant  pus  is  not  bound  down  beneath  the 
tough  and  resistant  membranes,  and  does  not  cavise  so 
much  pain  from  pressure  under  coulinement,  and  it  is 
])erliaps  probable  that  the  specific  toxins  of  the  strejito 
coccus  are  somewhat  less  higiily  irritating  to  the  sensitive 
nerves.  The  human  system,  furthermore  seems  to  com- 
bat the  slreiiloeoceus  by  a  more  ready  manufacture  of 
antitoxin  than  it  does  in  its  efforts  to  overcome  thestaphy 
lococcus,  and  thus  to  establish  a  temporary  partial  im 
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niunity  to  the  attack  of  the  streptococcus.  This  will 
account  for  the  tcnrlcncy  tliat  is  soniPtimcs  iiiaiiifcslcd  in 
stiv|)tococcic  processes  to  linger  on  in  a  mitiuali'd  yel 
l)rotracted  niantier,  conliiiuiujr  to  vcgL'tate  in  the  tissues 
in  an  obstinate  yet  less  virulent  form  ihaujit  thr  outset 
of  the  attack.  This  is  particularly  iirone  to  be  i he  case 
in  cases  of  extensive  involvement  of  tissues  of  low  vascu 
larity.  The  vitality  of  the  y-erms  iierniils  their  continii 
ous  growth  in  tissues  of  feclile  risistinir-l)owers.  wliilc 
the  system,  Ihrouirh  the  aecumulalcd  stores  of  an1ito.\jn, 
can  so  far  neutralize  the  l(j-\ic  products  of  the  liaelerial 
growth  that  the  materials  alisi)rl)ed  do  not  poison  Ihe 
body,  as  is  shown  by  the  diminished  fevei  and  ihe  gen- 
eral subsidence  of  g('neral  constitutional  .symjitoms,  in 
spite  of  the  lingering  of  the  local  process  in  the  fascial 
layer.s.  Thus  arises  a  jirolonged,  cjuasi chronic  form  of 
the  trouble,  which  is  i)articularly  likely  to  supervene 
when  the  fascial  j)lanes  of  Ih<'  e\ir<'milies  are  invuded. 
'I'he  stre]it()i()ccic  invasion  of  the  fascial  planes  of  tlie 
arm  and  forearm  is  generally  lirst  along  the  (iee]i  fascia, 
with  or  without  conc(|mitant  involvement  of  the  superfi 
ciai  fascia  and  the  skin.  Only  wIk'U  the  process  lias  been 
for  some  tinu!  luider  way  do  the  muscular  septa  become 
involved,  and  then  a  mo.st  fornudable  condition  known 
as  a  deep  dissecting  phlegmon  results. 

The  systemic  elfects  have  already  been  mentioned 
above.  The  local  symptoms  are  characteristic  in  typical 
eases,  and  allow  a  ready  diagnosis.  At  a  point,  it  may 
lie  bordering  on  a  wound,  but  more  iTecpiently  at  a 
greater  or  less  distance  to  the  jiroximal  side  of  it,  the  skin 
will  be  seen  to  have  a  somewhat  livid  hue,  and  will  ap 
pear  somewhat  redematous;  yet  there  will  be  lacking  the 
dense  intiltration  of  all  the  tissue  layrs  which  character 
izes  a  general  cellulitis  depending  upon  infectiiai  with 
the  .staphylococcus.  Then,  too.  the  classical  signs  of  in- 
llanmialory  action  will  be  less  marked,  unless  the  skin 
and  sup<'rticial  fascia  are  also  involved — i.e..  there  will 
be.  as  compared  with  the  sta|)hylococeic  infection,  less 
redness,  less  swelling,  less  heat,  and  less  pain.  The 
original  wound  may  or  may  not  appear  to  be  involved 
in  the  infection,  or  if  the  wound  is  itself  the  seat  of  sn|>- 
|)uration,  the  channel  of  eoiimiunication  between  the 
original  wound  and  the  seat  of  the  secondary  supimra- 
tive  process  may  be  diltictdt  to  trace. 

The  limit  of  the  involved  area  is  very  indistinct,  as, 
owing  to  the  want  of  vascularity  of  the  all'eeled  tissues, 
there  is  no  in.-irked  iutlanmiatory  induration  acting  as  a 
wall  of  circiimvallation  aboiM  Ihe  focus  of  infection.  To 
the  e.vannning  linger,  the  sensation  imparteil  on  palpation 
is  rather  that  of  a  layer  of  fluid  .sejiarating  the  tissues, 
than  that  of  a  localized  abscess  with  indurated  borders 
and  softening  centre. 

When  the  skin  and  superficial  fascia  are  also  involved, 
which  is  Ihe  e\ee]iticpn   rather  than  the  rule,  the  imidica 
tion  of  thesi'  more  vascularstructures  in  the  morbid  proc- 
ess will   lend  the  ajipearance  of  a  more  acutely  intlaiLi 
niatory  typ(^  to  the  (lisease.     The  redness  will   be  that  of 
the  angry  blush  of  cutaneous  erysijielas.     The  inllam- 
matory  exiuialion  into  the   interstices  of  the  skin   will 
afford  a  mori^  marked  swelling,  and  a  brawny  feel  to  the 
tissues  on  i)ali)ation.     The  cpiilermis  may   be  lifted  in 
more  or  less  extensive  vesicles  or  blebs,  who.se  origintil 
serous  contents  may  become  siinguinolent.  and   the  de 
limitation  of  the  focus  <if  inrection  may  be  more  distinct, 
the  deep  fascia  being  rarely  involved  in  these  cases  nuich 
beyond  Ihe  cutaneous  blush. 

The  disease,  if  untreated  or  if  refractory  to  treatment, 
thotigh  it  b'uds  to  recovery  through  e.xliaustion  of  the 
virulence  of  the  infecling  germ,  yet  is  likely  to  be  ex- 
tremely destructive  to  the  tissues  which  it  iittacks:  and 
if  the  accumulating  pus  is  not  fnvly  evacuated,  the  iiroc- 
ess,  although  residiiig  by  jireference  in  the  layers  of 
coimective  tissue  tirst  attacked,  yet  can  easily  transgress 
these  lindts  and  by  the  erosive  and  solvent  action  of  Ihe 
pus,  or  by  the  progressive  outgrowth  of  the  strcjiloeoeei, 
involve  coulignous  structures  to  an  extent  that  may  be 
dangerous  to  life  through  secondary  hemorrhage,  dui'  to 
erosion  of  au  artery,  or  from   i)ya;mia,   due  to  sejitic 


thrombosis  in  the  veins  followed  by  "yellow  softening" 
of  Ihe  clot  and  emb<ilism. 

Till' prognosis,  in  the  forms  affecting  the  fascia  alone, 
is  good,  if  opportiuiity  is  given  for  a  free  hand  in  the  sur- 
gical treatment  of  the  case,  unil  the  patient  has  a  certain 
strength  of  conslilution  behind  him.  In  the  form  more 
strictly  known  as  iihlegmonous  eiysi])elas — /.(.,  the  form 
complicated  by  Ihe  involvement  of  the  skin  and  super- 
ficial fascia  as  well — the  prognosis  is  grave  if  any  con- 
siderable jiorliou  of  the  lind)  is  involved.  In  that  form 
of  the  di.sease  in  which  the  deeper  connective  tissue  planes 
are    involved  —  i.i..    the    iiUraimiscidar    sei)la    and    flu; 
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jierimysium — while  the  progimsis  as  to  life  is  fair, 
ju-ognosis  as  to  restoration  of  the  limb,  or  even  as  lo 
without  .Siicridcing  the  limb,  is  uncertain. 

The  diagnosis  of  typical  cases  is  not  dillicult. 
non  involvement  of  Ihe  adjoining  structures  beintr  more 
or  less  readily  ap]ireciable  and  characteristic.  Erysijiela- 
tous  iidectioii  of  the  fascia  is  to  be  dillerentialcd  from 
Ihe  general  intlanmialory  cedema  surrounding  a  focus  of 
dee])  seated  suppuraliou,  from  malignant  (edema,  aixl 
from  the  tubcrcidous  and  syphilitic  forms  of  eoimectivc- 
tissue  disease.  The  points  of  dilTerentiation  from  deep- 
.seated  and  destructive  abscess  of  staphylococcic  origin 
have  been  described  above.  They  are:  non  involvement 
of  Ihe  skin,  or  its  involvement  under  a  strictly  erysipela 
tons  type  of  inllammaliou  with  the  characli-ristic  blusli; 
the  formation  of  blebs  and  supi'rtieial  intiltration  and 
tliickeidng  of  the  skin  itself,  ipiile  different  frcmi  the 
brawniness  accompanying  the  intiltration  of  the  deeper 
layers,  which  iscliaracleristicof  a  deepab.seess.  Further 
more,  there  is  wanting  in  this  form  of  inflammation  the 
delimiting  wall  of  inflammatory  exudate  which  marks 
ordinary  abscess  formation,  and  no  di.stinct  line  of  de 
mareation  separates  the  alfected  from  the  healthv  tissue. 

From  malignant  (edema  an  erysipelatous  iid'eelion  of 
the  fascial  planes  is  likewise  to  be  dilferemiated  by  the 
less  malignaiU  and  acute  charactei  of  the  disease;  by  Ihe 
absence  of  the  extreme  fetor  acc(mipanying  that  lesion, 
and  bj-  its  teialency  to  confine  itself  to  one  kind  or  lo 
one  layer  of  ti.ssue.  Malignant  (edeiua  is  a  rare  disea.se  in 
tnan.  and,  according  to  Park,  is  essentially  a  siiecific 
form  of  gangrene. 

From  the  tidierculous  form  of  the  disease,  the  erysi- 
l)elalous  form  is  to  be  distinguished  by  its  rather  prompt 
following  upon  a  \V(auul  on  the  distid  side  of  the  phleg- 
mon (two  to  twelve  days),  by  its  rather  rajiid  rise  loan 
acme  (four  to  six  days),  by  distinct  evidences  of  sep,sis 
rather  than  cachexia,  by  the  character  of  Ihe  evacuated 
discharge  (more  distinctly  pundent  iind  often  containing 
more  or  less  extensive  sloughs),  and  by  the  pain  and  heat, 
which  are  much  more  distinct  than  in  the  cold  abscess. 

From  syiihilis  of  the  fascia,  an  erysiiielatous  jirocess 
can  be  distinguished  by  the  absence  of  the  gununatous 
infiltration,  by  the  fever  and  Jiain,  by  the  suddeit  onset 
often  consecutive  to  a  lesion  on  the  distal  side  of  the 
])hlegmon,  and  by  the  absence  of  other  manifestations  of 
syphilis.  It  nuist,  however,  be  borne  in  mind  that  a 
syphilitic  subject  may,  ipiite  as  readily  as  any  other,  be 
come  the  subject  likewise  of  a  non-sy])hilitie  infection  of 
Ihe  fascia. 

The  treatment  of  erysipeliitous  disease  of  the  fascia 
consists  in  giving  the  freest  jiossible  vent  to  the  juis.  in 
vigorous  local  anti.sei)sis.  in  stimulating  and  snp|ioning 
the  general  system,  iuid  in  som(\  instances  in  Ihe  iniro 
duction  into  the  circulation  of  a  specific  antitoxin. 

As  long  iis  Ihe  disease  is  confined  to  the  deei)  fascia, 
we  may  expect  by  free  incision  and  by  Ihe  local  iip]>lica- 
tion  of  antisei)fics  I o  arrest  the  infectious  process.  In- 
cisions lo  this  end  should  be  made  sidiject  lo  Ihesi-  ndes: 
They  should  be  |)arallel  to  the  longaxis  (jf  the  limb,  they 
should  ]ienetrate  down  to.  but  not  beyond,  the  deep 
fascia:  and  they  should  be  numerous  enougli  and  long 
h   to  give  ea.sy  access  lo  idl   demonstrably  alfected 

With  these  ndes  in  mind  the  surgeon  .should  and 

y  incise  the  tissues  freely  and  extensively,  and  may 
do  so  without  great  danger  either  of  provoking  extensive 
hemorrhage  or  of  exp(jsiug  the  i)alient  to  sloughing  of 
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the  skin,  or  to  moiv  cxti'ii.sivo  ganirrciic  of  llic  cxtremi 
ties,  iis  Ilic  main  blood  vessels  run  beneatli  llie  deep 
fascia,  and  I  lie  ciitaneons  branches  are  fuily  as  likely  to 
have  been  already  oliliterated  by  the  septic  iirocess  as 
Ihey  are  to  be  divided  by  the  knife.  It  is  well  to  avoid 
the"  larse  .snperticial  venous  trunks  of  the  forearm,  and 
particular  pains  should  be  taken  to  avoid  the  uiediana 
profunda  vein  at  the  angle  of  diveriieuce  of  the  median 
basilic  and  median  ceiihalic  vi'ins,  as  this  is  the  main 
eonnuuniealing  branch  between  the  deep  and  superficial 
sets  of  blood-vessels,  and  by  extension  along  this  vein  a 
thrombus  might  communicate  tlie  septic  process  to  the 
deeper  tissues. 

After  free  incisions  have  been  made,  tliere  comes  up 
the  question  of  wlu-ther  or  not  it  is  best  to  use  the  curette. 
This  is  generally  pretty  decidedly  to  be  answered  in  tlie 
negative.  The  introducticm  of  the  curette,  even  of  the 
rinsing  curette,  into  the  crevices  between  the  deep  fascia 
and  the  skin,  where  the  infectious  process  is  mainly 
located,  can  hardly  serve  to  dislodge  septic  material 
spread  over  a  large  area  to  any  such  degree  of  thorough 
ness  as  will  compensate  for  the  disadvantages  attending 
the  mechanical  lifting  of  one  anatomical  layer  off  the 
other,  for  by  means  oif  this  disturbance  of  the  anatomical 
layers  the  infecting  germs  are  given  more  ready  access 
to"  still  uninvaded  regions.  The  case  is  quite  different 
from  that  of  a  eirc\uuseribed  abscess,  where  over  a 
region  of  comparative  small  area  necrotic  tissue  needs  to 
be  removed  to  a  considerable  depth.  In  fascial  erysipelas 
a  large  area  is  alTected  to  only  a  moderate  depth ;  and 
Weighing  the  results  of  the  unavoidable  trauma  on  the 
one  hand  inHicted  l\y  the  instrument,  with  the  propor- 
tionate gain  in  the  removal  of  septic  material  on  the  other 
hand,  the  balance  will  in  most  cases  be  against  the  use 
of  the  curette  in  septic  fascial  disease. 

Less  damage  is  likely  to  ensue  from  the  careful  use  of 
the  probe  in  exploring  the  extent  to  which  the  purulent 
jirocess  may  have  undermined  the  skin;  in  fact,  a  careful 
exploration  of  this  kind  is  indispensalile  to  guide  the 
surgeon  in  making  his  incisions.  It  is  particularly  neces- 
sary to  make  at  least  one  incision  at  the  proximal  border 
of  the  suppurating  area,  so  as  to  permit  thorough  flush- 
ing of  till'  infected  tract  and  to  establish  through-and 
through  drainage,  and  the  upper  linuts  of  the  suppura- 
tion can  most  conveniently  be  determined  by  the  use  of 
tlie  probe. 

When  once  the  limits  of  the  disease  have  been  deter- 
mined and  the  necessary  incisions  have  been  made,  a  thor- 
ough flushing  of  the  diseased  area  with  antiseptic  solu- 
tions sl'-onld  follow.  To  this  end  considerable  hydrostatic 
pressure  should  be  emjiloyed,  and  every  effort  should 
be  made  to  force  the  fluid  injected  at  one  incision  to 
escape  at  another.  If  this  does  not  readily  follow  on  in- 
troducing the  tip  of  the  irrigating-tube  at  one  orifice,  it  is 
quite  in  order  to  make  a  passage  for  the  fluid  by  sulv 
cutaneous  dissection  if  necessary,  either  by  dividing  tlie 
obstructing  tissue  bands  with  the  knife,  or  by  forcing  the 
ti])  of  the  glass  irrigating-tube  under  the  skin  until  the 
flow  is  established  from  one  incision  to  another.  A  solu- 
tion of  mercuric  chloride,  1  to  1,00(1,  is  frequenlly  used  for 
this  purpose,  and  should  be  passed  through  the  wounds 
in  large  quantities.  Stronger  solutions  of  this  same  s;ilt 
may  be  used :  but  if  they  are,  a  seeon<l  flushing  with  plain 
water  slioidd  follow  on  account  of  the  poLsouous  tiualities 
of  the  salt. 

Aside  from  its  \alue  as  an  antiseptic,  certain  mechan- 
ical advantages  attend  the  use  of  hydrogen  peroxide  in 
septic  iiil'eition  of  the  fascial  planes — namely,  the  liber- 
ated gas  lifts  apart  the  layers  of  tissue  and  opens  up  the 
diseased  territory  to  the  further  action  of  the  antiseptic, 
yet  lifts  the  superficial  layer  very  gently  and  evenly 
without  carrying  septic  material  into  uninvaded  areas. 
Furthermore,  the  developnicnl  of  the  oxygen  gas  can  be 
felt  through  the  integument,  and  the  bubbling  of  the  gas 
may  be  sullieiently  appreciable  to  the  touch  of  the  sur- 
geon to  act  as  an  indicator  of  the  presence  of  suppurating 
tracts,  perhaps  unsuspected  from  investigation  with  the 
probe  alone. 


After  free  multiple  incisions  and  thorough  flushing, 
seton  drains  should  be  inserted,  passing  subentaueously 
from  one  incision  to  another;  this  is  a  far  more  useful 
form  of  drainage  than  the  mere  packing  of  tlie  wound 
with  gauze.  In  fact,  distention  of  the  pockets  is  to  be 
avoided  on  account  of  the  undesirable  tension  on  the 
margins  of  the  afl'ected  area  where  the  process  is  likely 
to  extend.  It  is  essential  to  the  usefulness  of  the  seton 
that  the  incision  through  which  it  enters  and  that  through 
which  it  emerges  should  be  sufficiently  ample  so  that  the 
lijis  of  the  wound  shall  not  hug  tightly  the  material  of 
which  the  seton  is  composed,  otherwise  the  ob.iect  both 
of  the  seton  and  of  the  incision  is  nullified.  Tlie  object 
of  the  seton  is  strictly  that  of  a  wick,  and  this  function 
is  much  bi'tter  fulfilled  by  a  slender  seton,  easily-  mova- 
ble to  and  fro  in  its  bed,  than  by  a  large  mass  of  material 
which  chokes  the  orifices  of  entrance  and  of  exit  and  dis- 
tends the  cavity  which  it  meant  to  drain.  The  best  ma- 
terial for  a  seton  is  sterilized  absorbent  lamp-wicking,  or 
perhaps  iodoform  lamp-wicking.  A  good  substitute  for 
this  is  a  riblion  of  jilain  or  iodoform  gauze,  from  one- 
half  to  one  and  a  half  inches  wide,  folded  once  or  twice 
on  itself.  Either  (he  seton  should  be  threaded  through 
the  eye  of  a  seton  probe,  or  through  the  eye  of  the  probe 
should  be  threaded  a  ligature  of  heavy  silk  and  this  loop 
be  used  as  the  carrier  for  the  bulkier  seton. 

After  the  incisions  are  made  and  the  wound  is  flushed 
out,  and  the  setous  are  draAvn  through,  the  question  of 
dressings  comes  up. 

Just  here  it  is  necessary  to  suggest  caution  in  the  in- 
discriminate application  of  wet  dressings.  The  advan- 
tages in  the  use  of  wet  dressings  lie  iu  the  greater  absorp- 
tive powers  of  the  wet  dressing  by  which  the  discharges 
are  more  I'cadily  withdrawn  from  the  neighborhood  of 
the  wounds,  and  in  the  more  efficient  action  of  the  anti- 
septics with  which  the  dressings  may  be  permeated. 

The  dangers  from  wet  dressings,  however,  arc  also  two- 
fold. First,  they  provoke  a  certain  amount  of  macera- 
tion of  the  skin,  by  which  erysipelatous  dermatitis,  an 
ever-threatening  complication,  is  invited.  Secondly,  the 
relaxation  and  softening  of  the  tissues,  which  is  advan- 
tageous in  relieving  the  stasis  in  the  capillaries  where 
more  vascular  structures  are  involved,  may  prove  equally 
effective  in  furthering  the  spread  of  the  streptococci  along 
the  planes  of  soft  anci  comparatively  non-vascular  tissue 
which  are  involved  iu  fascial  phlegmons,  allowing  the 
process  to  extend  in  tracts  which  might  otherwise  be  less 
vulnerable  to  their  attack. 

In  view  of  these  two  objections,  I  am  convinced  that 
wet  dressings  must  be  used  with  considerable  caution  in 
))lilegmons  whose  principal  seat  is  between  the  deep 
fascia  and  the  skin,  to  avoid  encouraging  the  extension 
rather  than  the  arrest  of  the  disease.  The  more  free  and 
complete  the  drainage,  however,  the  less  these  objections 
hold,  and  where  the  incisions  are  ample  and  numerous, 
the  obvious  advantages  of  the  wet  dressings  may  more 
than  counterbalance  the  objections  to  them,  to  which  at- 
tention has  been  called  by  way  of  caution. 

In  any  case  the  need  of  frequent  renewal  of  the  dress- 
ings is  imperative.  AVhen  it  is  impossible,  through  too 
great  fatigue  and  ]iain  to  the  patient,  to  redress  the 
wound  sufficiently  often  to  make  headway  against  the 
persistent  suppuration,  with  the  proviso  that  the  incisions 
shall  be  sutflcient  in  number  and  iu  extent,  the  constant 
drip  or  the  constant  bath  may  advantageously  be  substi- 
tuted for  the  wet  dressing.  Inasmuch,  however,  as  the 
disease  we  are  now  considering  affects  princiiially  non- 
vascular tissues,  the  great  benefits  which  follow  this 
form  of  treatment  when  another  class  of  tissues  is 
involved,  are  not  so  conspicuous  in  cases  of  purely 
fascial  disease.  In  cases  complicated  by  cutaneous  ery- 
sipelas, the  constant  bath,  however,  will  be  found  of 
great  value. 

At  subseqiicnt  dressings,  after  alnindant  provision  has 
been  made  for  the  speedy  discharge  of  i>us,  great  advan- 
tage will  be  found  in  saturating  the  wicks  which  are  drawn 
beneath  the  skin  from  incision  to  incision  with  Peruvian 
balsam,  ichthyol,  or  some  other  tissue  stimulant,  and  this 
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use  nf  slimulaiitdicKsings  witliin  tlie  wound  cavities  will 
be  foiiiul  usctul  as  long  as  these  remain  open. 

In  (lie  later  stages  of  the  disease  when  the  aetive 
spread  of  the  suppuration  seems  to  have  been  arrested, 
mueh  may  be  done  to  hasten  the  obliteration  of  the 
poik<'ts  beneath  the  skin  and  fascia  by  tiie  skilful  dis 
l)osilion  of  compresses  so  as  to  cause  a  mechanical  ilosure 
of  the  portions  of  undermined  tissue  wliich  are  farthest 
removed  from  the  track  of  the  setons.  Similarly  when, 
in  the  process  of  liealing.  the  undermined  tissues  iiavc  be 
come  once  more  agglutinated,  witli  the  exception  of  the 
tracks  of  the  different  setons.  each  scion  track  should  be 
mechanically  cut  in  half  by  the  pressure  of  a  com]iress, 
and  be  kept  ojien  only  in  tliat  part  which  is  near  tlie  in 
cision.  For  tins  mechanical  obliteration  of  parts  of  the 
undermined  tcri'itory,  tolerably  lirm  bandaging  of  Ihi; 
limb  is  necessary. 

The  constitutional  treatment  of  erysipelatous  disease 
of  the  fascia  is  simply  that  of  the  sepsis  which  always 
accompauies  it,  and  consists  in  |iusliing  nutrition,  and 
stimulating  the  circulation,  and  mainlaiMing  the  activity 
of  the  enuinctorieS',     . 

A  third  method  of  attacking  tlie  diseasi',  which  in  some 
grave  cases  it  may  be  worth  while  to  try,  is  the  direct 
introducti(jn  into  the  system  of  the  specilic  antitoxin  de 
rived  from  the  action  of  streptococci  on  iuuimnized  ani 
mals  (Marniorck's  scrum), 

(6)  Tuherculims  of  the  Fascia. — Primary  tuberculosis 
of  the  fascia  is  a  somewhat  r-arc  disease,  and  is  prone  to 
,show-  itself,  as  do  tuberculous  ,ioiut  lesions,  much  more 
frequently  on  the  lower  extremities  than  on  the  upper. 
Given,  however,  a  tuberculous  joint,  lesion  in  the  \i|i]ier 
extremity,  secondary  involvement  of  tlie  fascia  is  jiroli 
ably  as  fre(|uent  at  one  seat  as  at  th(^  other.  Fascial 
tuberculosis  differentiates  itself  from  fascial  disease  of 
other  kinds  by  all  the  characteristic  .signs  of  tuberculosis. 
The  onset  of  primaiy  fascial  tuberculosis  is  generally 
comparatively  painless  in  the  absence  of  .secondary  in 
feetion.s,  and  it  is  rarely  possible  to  trace  its  direct  con 
nection  with  a  coexistent  \voun<l.  for  the  reason  that  the 
development  of  the  tidiercle  germ  is  so  sh^w  that  the 
wound  (jf  ingress  may  long  have  hcale<l  and  have  been 
forgotten  l)efore  any  tuberculous  process  manifests  itself. 
On  the  other  hand,  secondary  involvement  of  the  fascia. 
where  tuberculous  joint  trouble  is  present,  is  generally  of 
easy  demoiistratifin. 

Though  streptococcic  iid'ection  of  the  fascia  may  re- 
lapse into  a  chronic  form,  it  does  not  begin  insidiously 
as  docs  a  tuberculous  iirocess.  and  though  in  the  latter 
stages  of  a  tuberculous  fascial  iihlegmon  when  secondary 
infection  has  occurred,  so  much  of  a  distinctly  pyogenic 
lyiK'  may  have  been  stamped  u)ion  the  process  as  to 
render  ditlicult  a  diagnosis  from  the  signs  ]n'csent,  yet  an 
accurate  liistory  of  chronic,  almost  latent  disea.se,  iiresent 
for  a  considerable  number  of  davs  or  weeks  before  the 
onset  of  acute  symptoms,  is  entirely  inconsistent  with 
what  we  know  of  the  behavior  of  the  strc]>tococei.  and  is 
almost  p.'ithognomonic  of  tuberculous  infection.  In  the 
absence  of  an  ingrafted  secondary  infection,  the  felirilc 
reaction  to  tuberculous  disease  of  the  fascia  is  slight,  and 
when  the  local  process  is  not  extensive  the  general  con^ 
stitulional  reaction  may  be  almost  nil.  The  tendency  to 
involve  adjoining  structures  is  not  marked,  the  skin 
proving  resistant  for  a  long  period  to  perforation  ;  on  the 
other  hand,  the  tendency  to  metastatic  involvement  at  a 
distance  is  one  of  tin.'  most  considerable  perils  attachin.ir 
to  the  malady. 

The  slight  "tendency  of  i)rimary  fascial  tubcrculo.sis  to 
involve  adjacent  structures  may  be  due  to  the  slow 
growth  of  the  tubercle  bacillus  giving  an  ojiportunity  to 
tlie  surrounding  tissues  to  fortify  themselves  by  a  dcfen 
.sive  hypenrmia  against  the  advance  of  the  germ  into 
more  vascular,  and  consequently  more  resisting,  lields. 
In  this  comparative  vulnerability  of  the  fascia,  and  com 
parative  invulnerability  of  the  surrotuiding  tissues  lie 
at  once  the  safeguard  and  the  dang<r  of  this  fomi  of 
tuberculosis.  So  long  as  skin,  joints,  and  tendon  sheaths 
are  not  involved,  the  subjective  symptoms  and  tlie  in 


volvcment  of  function  are  so  inconsiderable  thiit  Ihe 
process  may  remain  unrecognized,  and  radical  measures 
for  its  exlirpation  may  be  post  poind  until  great  de.st  ruc- 
tion of  ti.ssue  has  taken  iiiaee  benealli  tlie  integument,  or 
until  with  the  final  involvcmenl  of  the  skin  in  the  tuber- 
culous process  a  iiii.\ed  infec'ion  has  become  imminent, 
or  hasncliially  taken  placi'.  On  the  other  hand,  when  at- 
tacked at  an  early  slage  tlie  restriction  of  the  disease  to 
one  tissue  favors  greatly  the  chances  of  its  complete  eradi- 
cation by  appro])riate  measures. 

'I'lie  liiseasR  at  first  is  I'oiifincd  to  the  surface  of  the 
fascia.  Then'  may  be  a  small  area  affected,  or  it  may  be 
quite  extensive.  There  is  a  layer  of  luberculous  granula- 
tion tissue  which  can  be  readilv  .scraped  olT.  leaving  the 
proteeliiig  wall  of  inll.iinmalory  tissue  which  nature  al 
ways  throws  round  a  tubcrcnlous  abscess.  Willi  the  oc- 
currence of  .secondary  pyogeni(r  infection,  or  with  a 
primaiy  seat  in,  ov  a  later  involvement  of.  the  deeper  in 
termu.scular  septa,  the  prognosis,  which  is  otherwise 
pretty  good,  becomes  very  mueh  more  .irravc  both  as  to 
restoration  of  the  function  in  thi'  limb  and  as  to  life  itself. 

This  knowledge  of  thi'  prospect  ahead  at  once  gives  us 
the  key  to  the   proper  treatment.     The  nonvascular  na- 
ture of  the  tissue  involved  in   fascial   tuberculosis  dimin 
ishes  very  gri'ally  the  chances  of  a  s|)ontaneous  subsi 
denee  of  the  disease  Ihrough  the  process  of  encapsulation 
and  calcareous  inlillration  of  the  tubercles.     Jleclianical 
ablation  of  the  affected   tissue  is  the  only  hope  of  safety. 
Here,  too,  our  knowledge  of  the  natural  history  of  the  in 
feeting  agent  will  influence  the  lechnicpie  of  the  opera 
lion.      Whereas  incases  of  streptococi-ic  invasion  of  the 
fascia  it  wasadvi.sed  to  keep  iiislruiucnls  out  of  the  focus 
of  infection,  and   lodejiend   upon  coiiious  tlushiiig  willi 
antiseptics    anil    linear   incisions    with    multiple    drains, 
here  tlie  form  of  incision  should  be  so  varied  as  to  allow 
the  raisin,s  of  large  Haps  whose  under  surface,  as  well  as 
the   beds  ujiou   which   they   rest,  should   be  thoroughly 
scraped  with  the  sharp  spoon,   or  even  shorn   with  the 
edge  of  the   knife.     Sinuses  involving  the  skin  .should 
receive  still  more  railical  treatmeiil  ;  they  should,  if  possi- 
lilc.  be  resected  through  their  whole  extent. 

When  secondary  infection  has  not  taken  place,  or  does 
not  seem  to  be  virulent  in  character,  drainage  should  be 
dispensed  with  as  far  as  possible,  as  it  is  more  than 
doubtful  whether  tubercle  gi'rins  can  be  discharged  from 
the  system  Iiy  mechanical  drainage.  If.  on  account  of 
secondaiT  pyo.srenic  infection,  it  be  considered  necessary 
to  make  use  of  gauze  drains,  they  should  be  few  in  uum 
ber,  should  not  be  used  to  stuff  tlii'  cavities,  and  above 
all  should  be  iiercmplorily  withdrawn  at  the  earliest 
possible  moment.  The  use  of  a  moderately  tight  baiid- 
a.ire  by  mechanically  closing  all  "dead  spaces"  will  in  a 
large  measure  obviate  the  necessity  for  the  use  of  drains, 
whose  sole  function  it  is  to  |irevent  the  accumulation  of 
wound  secretions,  but  whose  unfortunate  attribute  il  is. 
in  many  cases,  by  the  irritation  they  cause  as  foreign 
bodies,  to  cxcile  secretion  from  the  tissues  with  which 
lliey  lie  in  contact.  A  conilition  which  would  seem  to 
deinaiKl  a  longer  continuance  of  the  drain  in  reality  in 
dicates  still  more  strongly  a  revision  of  the  operation; 
itideed.  in  all  casi'S  of  thi'  kind,  il  is  well  for  the  surgeon 
to  explain  to  the  patient  or  to  his  friends,  before  under- 
taking operative  measures,  the  possibility,  or  even  proba 
bilily,  of  further  oiieration  being  rciiuired,  and  to  get  con 
Sent  to  necessary  revisional  operations  al  the  beginning. 

The  free  use  of  iodoform  within  the  wound  is  slrongly 
to  be  rccommendeil  in  tuberculous  processes,  with  inoper 
caution  to  avoid  its  toxic  effects.  Powdered  iodoform 
•should  be  rubbed  into  the  curetted  surfaces  with  the 
fingers  .so  as  to  distribute  this  pre  emiiienl  tuberculocide 
into  the  ]iockets  and  crevicesof  the  infected  cavity.  For 
situations  where  the  turning  up  of  flaps  is  not  possible, 
iodoform  emulsion  may  be  injected  with  a  syringe. 

It  may  be  well  to  point  out  that  V-shaped  flaps  should 
be  so  ciit  as  to  have  their  apices  away  from  the  trunk  in 
order  to  secure  their  sulli<ient  blood  sup|>ly  and  lo  avoid 
slinighing. 

(c)  Hi/pliilix  <if  the   Fani-ia. — Syphilitic   involvemenl   nf 
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the  fascia  is  almost  always  of  one  type — that  of  a  gum 
matdiis  deposit.  Tliis  type  of  syjiliilitie  lesion  is  one  of 
the  later  manifestations  of  syiiliilis,  and.  e.xcept  in  the 
precocious  or  malignant  type  of  the  disease,  is  scarcely  to 
l)e  locikcd  t'lir  until  after  the  sceiind  year.  A  iiainlcss, 
though  |i(issibl_v  tender  subcutaneims  tumor  extending 
rather  widely  beneath  the  skin,  without  the  characteristics 
of  malignancy  on  the  one  hand,  nor  the  eneapsulatiou 
and  lobulation  of  the  lipoma  or  soft  fibroma  on  the  other 
hand,  nor  yet  the  tluidity  of  an  advanced  tuberculous  or 
pyogenic  ])riieess.  will  suggest  the  diagnosis  of  fascial 
gunuua.  When  the  gummy  deposits  have  likewise  in 
vadcd  the  skin  proper,  aud  secondary  infection  with 
pus  germs  has  taken  ]>lace.  the  diilerentiation  between 
syjihihsand  tulierculosis  of  the  fascia  may  be  somewhat 
ambiguous.  Incision  into  the  mass  will  soon  reveal  the 
characteristic  appearance  of  the  gumma  if  the  diagnosis 
be  not  already  made.  If  still  not  made  at  the  time  of  the 
incision,  the  e-\ceedingly  intractable  character  of  the  le- 
sion imder  oi'dinary  surgical  treatment  will  suggest  the 
diagnosis,  especially  when  contrasted  with  its  readiness 
to  heal  under  antiseptic  treatment  when  this  is  combined 
with  the  exhibition  of  antisyphilitics. 

It  has  been  Avell  said  that  the  whole  responsibility  of 
the  surgeon  is  not  discharged  whenadiagno.sis  of  syplnlis 
has  been  maile,  and  gvuiima  of  the  antibrachial  fascia  is 
eminently  a  case  in  point.  Although  by  stimulating  the 
activity  of  the  lymphatics  with  potassiinii  iodide,  even 
an  extensive  gummatf/us  deposit  may  be  eventually  re- 
moved, yet  the  complete  and  speedy  restoration  of  the 
arm  is  much  better  insured.  cs]iecially  when  secondary 
pyogenic  infection  is  jiresent.  by  free  incision  and  vigor- 
ous clearing  away  of  the  gunuua  with  the  rin.sing  curette, 
dejieuding  on  the  constitutional  treatment  to  complete 
the  cure. 

((/)  Contrai'tiire  «/  the  Antibrachidl  Fasvia. — To  the 
diseases  of  the  fascia  which  have  thus  far  been  described 
must  l)e  added,  for  the  .sake  of  completeness,  certain  rare 
cases  of  contracture  of  the  ;mtibraehial  fascia  in  which  this 
membrane  imi)edes  the  action  of  the  muscles  governing 
the  hand  by  rendering  the  memljer  as  it  were  "hide- 
bound." Little  or  nothing  is  known  of  the  pathology  of 
this  rare  condition,  except  that  it  is  sometimes  seen  as  the 
sequel,  either  temjiorary  or  permanent,  of  other  forms  of 
fascial  disease.  The  affection  is  sometimes  seen,  how 
ever,  in  a  strictly  progressive  form  without  traceable 
antecedent  disease  or  injury. 

Steaming  and  massagi'  would  suggest  themselves  as 
the  most  promising  means  at  hand  for  combating  the 
difficulty,  and  A.  Richet  has  recorded  one  case  which 
yielded  to  potassium  iodide,  and  was  in  consequence 
deemed  to  be  of  syphilitic  origin, 

III.    Affections   of    the    Bones,    the    Periosteum, 
AND  THE  Joints. 

(a)  The  Bones. — Of  the  bones  of  the  arm  aud  forearm, 
the  ulna  or  radius  may  be  congenit.m.ly  .\bsent;  in 
w'liich  case  the  remaining  bone  undergoes  a  compensiitory 
hypertrophy,  and  this  produces  a  lateral  curvature  of  the 
wrist  away  from  the  enlarged  side. 

The  bones  may  atrophy  as  a  senile  change  or  from 
disuse,  especially  in  long-standing  ankylosis,  unreduced 
dislocation,  or  paralysis,  or  their  devclo])ment  may  be 
arrested  in  the  later  stages  of  infantile  paralysis. 

In  ACiiONDRoi'i,.\siA  the  bones  of  the  forearm  often 
appear  much  thickened  and  curved. 

Rickets,  as  Park  describes  it,  is  a  constitutional  dys 
trophy  caused  by  improper  deposition  of  calcareous  ma 
tcrial  In  the  soft  and  .somewhat  perverted  fietal  cartilages. 
Pathologically  it  is  marked  both  by  a  defect  in  the  cal- 
cium content  and  also  by  the  irregular  epiphyseal  lines 
and  excessive  amount  of  vascular  tissue.  "  On  making  a 
si'ction  through  the  end  of  the  bone,  one  sees  tha  instead 
of  the  two  sides  of  the  epiphyseal  cartilage  being  parallel 
to  each  other,  that  next  the  diaphysis  is  quite  irregular, 
tliere  are  islets  of  cartilage  extending  into  the  bone,  the 
epiphyseal  line  is  very  much  thickened  and  the  ossifica- 


tion is  very  irregular  "  (Cheyne).  The  result  is  that  at 
the  epiphyseal  lines  one  can  feel  a  distinct  enlargement. 
es])ecially  noticeable  at  the  wrist,  the  lower  end  of  the 
radius  being  as  a  rule  the  tirst  part  affected.  Owing  to 
the  softening  of  the  liony  tissue,  curves  and  deviations  of 
the  bones  of  the  arms  occur  in  severe  cases  in  infancy, 
secondary  to  kyphosis  of  the  spinal  column,  the  child 
tending  to  assume  a  frog  like  position  to  relieve  the  spine 
of  the  weight  of  his  head  and  shoulders.  In  some  in- 
stances fractures  have  been  observed  to  occur  in  rickety 
bones  on  slight  provocation.  The  treatment  is  regulation 
of  the  diet  and  improvement  in  the  hygienic  conditions 
together  with  the  administration  of  tonics.  Phosphorus 
and  the  liypophosphitcs  arc  especially  recommended. 

The  radius  is  a  common  jilacc  for  the  commencement 
of  osteitis  DEFORMANS.  Here  the  bones  enlarge  and 
soften,  anil  a  distinct  bowing  is  at  times  noticed"  while 
from  the  iiTcgular  enlargement  of  the  articular  ends,  the 
hand  is  often  deflected.  This  disease,  which  is  also 
known  as  Paget  s  disease  of  the  bones,  is  a  rare  affection, 
appearing  generally  after  middle  age.  The  disease  is 
essentially  a  synuuetrical  one 

The  articular  ends  of  the  humerus  aud  ulna  may  be  in 
volved  in  the  hypertrophy  characteristic  of  marie's  dis- 
ease or  iintt'oni-thmpatlne  hypertrophiante  pneuiniqiie. 

In  senile  atrophy,  osteomalacia  and  osteopsathyrosis, 
as  also  in  rickets,  in  syringomyelia,  and  in  metastatic  de- 
posits from  malignant  tumors,  e.g..  carcinoma  of  the 
breast,  spontaneous  or  PATnoi.ooicAi,  fractures  are 
prone  to  occur  due  to  the  diminished  resisting-power  of 
the  bony  tissue.  Slight  falls,  as  from  a  chair,  or  even 
moderately  ,severe  muscular  strain  may  be  sutficient  to 
cause  these  injuries,  and  when  once  incurred  they  often 
refuse  to  unite  properly. 

Of  the  rarer  forms  of  inflammatory  disease  of  the 
osseous  system  occurring  in  the  upper  extremities,  actino 
jiYCOsis  occurs  as  a  secondary  deposit.  Leprosy  may  at- 
tack the  bones  directly  or  their  nutrition  may  be  inter 
fered  with  thinugh  the  influence  of  this  disease  upon 
their  trophic  nerves.  Hydatid  cysts  may  also  develop  in 
the  bones,  leading  to  spontaneous  fracture  or  to  circuiu- 
scribed  swellings.  In  scurvy,  hemorrhage,  either  of  a 
subperiosteal  nature  or  directly  into  the  epiphyseal  car- 
tilage, may  take  jilace  in  the  bones  of  the  arm,  especially 
at  the  distal  extremity  of  tiie  radius,  giving  rise  to  some 
swelling  and  nuich  tenderness  over  the  point  affected. 
Separation  of  the  epiphysis  is  apt  to  follow. 

Tuberculosis  of  the  bones  of  the  arm  may  take  place  in 
the  acute  miliary  foi'ui,  which  is  as  ra]iid  in  its  ravages 
in  this  tissue  as  elsewhere.  This  form  is  fortunately  rare, 
and  its  symjitoms  and  treatment  are  those  of  acute  osteo 
myelitis.  The  chronic  form  of  bone  tulierculosis  is  quite 
common,  and  most  often  occurs  near  the  epiphyseal  lines 
due  to  the  i)lugging  of  the  terminal  arteries  (Warren), 
From  this  the  disease  sjireads  by  the  formation  of  granu 
lation  tissue  with  a  tendency  to  sclerosis  and  thickening 
of  the  periosteum.  So  long  as  the  disease  is  active,  the 
tubercles  tend  to  spread,  and  following  the  direction  of 
least  resistance,  the  shaft,  the  periosteum  (with  sinus 
formation),  or  the  joints  may  he  invaded.  This  tendency 
to  invasion  of  the  joints  is  characteristic  of  tuberculous 
disease,  and  usually  occurs,  as  above  stated,  by  direct 
extension  from  a  focus  in  the  bone.  It  leads  to  destruc- 
tion of  the  joint  structures,  and  is  accompanied  by  tuber- 
culous or  inflammatory  intiltration  of  the  neighboring 
parts.  Deformity  of  the  bone  from  inflammatory  thick- 
ening with  .some  local  tenderness  will  indicate  chronic 
bone  tuberculosis.  The  amount  of  pain,  as  long  as  the 
joint  is  not  involved,  may  be  -slight.  A  characteristic 
afternoon  rise  of  temperature  will  serve  to  dift'erentiate 
tubercidosis  of  the  bone  from  gumma  and  from  osteo- 
sarcoma. 

The  treatment  of  bone  tuberculosis  is  both  constitu- 
tional and  local.  The  former  aims  to  maintain  the  liest 
possible  hygiene  an<l  to  build  up  the  debilitated  system 
by  tonics.  The  local  treatment  consists  in  immobilizing 
the  part  by  proper  orthopa>dic  aiijilianccs.  by  the  injec- 
tion diret'tly  into  the  affected  area  of  antituberculous  sub- 
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Stances,  notubly  a  ten  per  cent,  emulsion  of  iodofoiiu. 
the  balsiiin  of  Peru,  or  a  one  per  cent,  solution  of  the 
trichloride  of  iodine  as  recommended  by  Senn.  Ijrni- 
puncture  is  anotlier  measure  which  has  been  applied 
in  the  local  treat  uieiit  of  tuberculous  Ik  me  lesions.  The 
point  of  a  Paiiuelin  cautery  at  a  white  heal  is  thrust 
deep  into  the  alfected  area.  The  channel  thus  made  is 
then  dressed  with  iodoform.  The  local  treatment  may 
also  include  operative  measures  by  which  the  tuberculous 
focus  may  be  removed  with  a  sharp  spoon  and  the  pan 
put  up  in  an  antiseptic  dressing  and  a  fixation  splint. 

If  the  joint  is  extensively  involved,  its  resection  may 
be  necessiiry,  while  in  the  miliary  form  of  the  disease,  or 
when  a  con<lition  has  been  reached  in  which  resection 
will  no  longer  eradicate  the  alVection,  amputation  of  the 
limb  may  l)i'  required. 

Svi'Hii.is  in  its  later  stages  may  attack  the  bones  of  the 
arm,  involving  first  the  periosteum  and  leading  to  the 
formation  of  granulation  tissue  that  tends  to  become 
ossified,  or  to  the  growth  of  true  gnnnna  which  tends  to 
break  down.  When  the  bone  itself  is  inva<led.  which  is 
rare  in  this  locality,  ■either  a  gvunmaor  granulation  tissue 
is  formed  witli  a  general  tendency  toward  o.ssilication. 

The  differential  ion  between  syphilis  and  tuberculosis 
of  tlie  bones  may  be  made  clear  by  observing  the  follow- 
ing points.  In  syphilis  we  have  a  history  of  chancre  and 
skin  lesions.  The  disease  usually  attacks  the  iieriostenm. 
It  does  not  tend  to  invade  the  joint :  does  not  tend  to 
snpi)urate  or  break  down;  the  pain  is  usually  noctuinal, 
and  is  referred  at  first  to  the  points  of  attachment  of  the 
ligaments,  and  then  to  exposeil  portions  of  the  bone. 
These  symptoms  yield  to  the  exhibition  of  mercury  and 
iodide  of  potassimn. 

Tuberculosis,  on  the  other  IkuuI.  may  be  secondai'y  to 
tuberculous  disease  elsewhere;  il  tirsi  attacks  the  medulla 
and  as  a  rule  tends  to  invade  the  joints.  The  tuberculous 
de])osit  softens  and  liquefies.  TJiere  is  not  much  jiain  ox- 
cei)t  on  motion.  The  symptoms  do  not  yield  to  the  ex- 
liibition  of  antiluetic  remedies.  There  is  a  eharaiieristic 
pyrexia. 

"The  treatment  of  bone  syphilis  is  first  the  administra- 
tion of  the  usual  antisyphiiitie  remedies.  Should  second- 
ary local  ]iyogenie  infection  have  occurred,  it  is  proper 
to  cut  down  upon  the  part  and  thorouglily  curette. 

AcuTi';  osTKOMYELiTis  IS  an  inflammatory  disease  of  the 
marrow  of  the  bone  terminating  in  suiipuration.  As  a 
primary  disease  it  is  most  connnon  in  children.  It  is 
prone  to  occur  after  slight  traumatisms  followed  by  in- 
judicious exposure  to  the  weather  or  other  depressing 
influences,  particularly  when  furuncles  or  otlier  pyogenic 
proees.ses  are  active  in  other  parts  of  the  l.nidy.  Thus  it 
is  seen  after  slight  accidents  in  bathers,  skaters,  where 
sitting  on  the  ground,  or  exposure  to  the  weather  when 
inc(mVi)lete!y  clad,  allows  the  vital  forces  to  become  dc 
pressed.  It  may,  of  course,  follow  ujion  m<ire  extensive 
wounds,  esijccially  upon  compound  fractures,  where 
direct  access  to  llie  medidlary  canal  is  atTord<'d  to  the  in 
feeling  germ.  It  frecpienlly' follows  as  a  .se<|Uel  to  acute 
exhausting  disease — typhoid  fever,  scarlet  fever,  etc.  It 
is  essentially  a  phlegmonous  inflanunationof  the  marrow. 
The  osteal" and  pc-riostcal  veins  are  closed  by  .septic 
thrombi,  and  true  pyemia  may  result  from  their  lirpu'- 
faction  and  the  di.scharge  of  septic  matter  into  the  circu- 
lation. The  medullary  canal  becomes  filleil  with  siui- 
guineous  |ins  tliat  permeates  I h<>  bone  from  within.  On 
reaching  tlie  periosteum,  it  burrows  beneath  it  deiniding 
the  bone.  After  a  longer  or  shorter  (ji-riod  of  restraint, 
due  to  resistance  of  this  membrane,  it  breaks  through  it. 
and.  if  the  septic  processes  have  not  already  destroyed 
life,  sinus  formation  occurs  with  profuse  and  <ibstinate 
discharge  of  pus.  Owing  to  the  interrui)tiou  of  its  nutri 
cut  supply,  more  or  less  extensive  necro.sis  of  the  l)oni' 
generally  occurs,  and  sequestra  arc  formed  varying  in 
size  from  that  of  a  pin-head  to  tho.se  involving  almost 
the  whole  Ijonc. 

The  disease,  as  a  rule,  is  ushered  in  by  a  chill  and  other 
symptoms  of  an  acute  febiile  infection.  The  local  symp- 
toms are  an  intense  pain  of  a  diffuse,  boring  character 


and  tenderness  ov<'r  the  portion  where  the  disease  is  near 
est  the  surface.  .Marked  swelling  and  redness  occur  only 
when  the  intianunation  has  spicad  to  the  soft  i)arls.  The 
interference  with  function  is  most  pronounced.  Charac- 
teristic of  this  di.sease  is  the  intense  pain  which  is  caused 
by  tai)ping  or  lightly  jarring  the  bone.  By  careful  ma 
nipulatiiin  it  is  usually  po.ssilile  to  cxchide  disease  in  tlie 
adjacent  joints. 

If  left  to  itself,  the  disease  is  marked  by  most  intense 
pain  until  the  moment  when  the  restraining  periosteum 
gives  way,  yielding  an  avenue  for  tlie  escape  of  the  con 
lined  pus  into  the  surrounding  soft  ]iarts.  With  the 
eruption  of  the  pus  through  the  periosteum,  the  classical 
signs  of  intlamniation,  heat,  redness,  and  swelling  be- 
come nnich  UKiii'  marked.  A  secondary  o-dema.  how- 
ever, accompanied  with  a  more  or  less  distinct  niarblei/.a 
tion  of  the  superticial  veins,  is  often  evident  for  some 
time  bcfiM'e  the  perforation  of  the  periosteum  occurs. 
High  f(?ver.  delirium,  and  all  the  symptoms  of  most 
severe  sepsis  attend  the  disease  from  its  outset.  Spon 
taiieous  fracture,  snppimition  of  the  epiphysis,  [)urident 
synovitis,  throndjosis,  and  metastatic  infections  occtir 
as  coiuplications. 

Best  and  elevation  with  the  use  of  the  iccbag.  or  con- 
tinued fomentation  may  be  of  service  in  arresting  the 
disease  in  its  earliest  stages.  In  no  disease,  however,  is 
lironqit  and  decisive  surgical  intervention  more  urgently 
demandi'd  than  in  osteomyelitis.  When,  after  brief  trial 
of  these  agents,  decided  sid)sidence  of  the  symiitoms  is 
not  induced,  the  only  way  of  limiting  the  ravages  of  the 
infective  process  is  by  cutting  down  upon  and  drilling 
into  or  olhcrwise  opening  the  medullary  can;d  ;  nor  should 
the  involvenu'iii  of  the  adjacent  soft  Jiarts  be  awaited  be- 
fore lu'oeeeding  to  these  radical  measures.  The  jKiinl  of 
greatest  tcndcrni'ss  will  indicate  the  most  favoralile  site 
for  incision,  and  it  is  (piite  possible  that  when  thro\igh 
early  and  free  incision  relief  is  afforded  to  the  intense 
congestion  of  the  surrounding  parts,  actual  suppuration 
of  the  bone  may  be  averted.  To  this  end  the  incision 
must  extend  not  oidy  down  to  the  peri<istenni,  but  actu- 
ally to  the  bone  itself,  an<l  no  damage  will  be  done  and 
great  i-elief  may  be  afftniled  by  piercing  the  comiiact 
layer  of  the  bone  in  one  or  several  places  either  with  a 
bone  drill  or  with  a  small  trephine.  If  through  the 
apertures  thus  made  into  the  bone  pus  be  discovered  in 
the  medullary  canal,  it  will  be  necessary  in  almost  all  in- 
stances to  oi'n-n  the  canal  with  a  chi.sel  throughout  the 
greater  [jart  of  its  length,  and  with  a  sharp  spoon  to  re- 
move very  thoroughly  its  infected  ccintcnts.  The  wound 
should  llien  be  packed,  and  undi-r  the  use  of  frequent 
dressingsand  copious  irrigation,  we  may  inmost  instances 
hope  for  the  arrest  of  the  disease  without  too  extensive 
necrosis  of  the  bone. 

I'nder  any  other  form  of  treatment  the  destruction  of 
the  bone  thnuighout  the  greater  portion  of  its  length  is 
almost  certain,  and  withai  the  dang<'r  to  life  itself  from 
acute  osteomyelitis  is  very  great;  .so  that  extensiye  as 
may  seem  the  operative  measures  taken  for  the  relief  of 
the" condition,  they  are  really  to  the  last  degree  conserva- 
tive. It  is  astonishing  to  what  extent,  particularly  in 
children  in  whom  the  periosteum  has  survived  the  sup- 
purative process,  the  shaft  of  the  long  bones  will  l)e 
re])rodnccd. 

When  extensive  portions  of  one  of  the  bones  of  the 
forearm  have  been  removed,  eitiar  by  disease  or  by 
operative  measures,  it  is  necessary  to  take  great  jiains 
during  the  process  of  repair  and"  reconstruction  of  the 
tissues,  to  maintain  the  mechanical  sujiport  which  was 
afforded  to  the  forearm  by  the  defective  bone,  as  the 
alrophv  coiise(|Uent  upon  osteomyelitis  of  the  \\\ui\,  un 
less  projier  splints  be  provided,  will  cause  great  detleetiou 
of  the  hand  toward  the  alVected  side.  Still  nicae  mark- 
edly is  this  the  case  when,  through  similar  disease  of  the 
radius,  the  integrity  of  the  shaft  of  that  bone  has  been 
compromised. 

The  KH.\CTti{i';s  which  occur  in  the  arm  and  forearm  are 
fully  treated  of  elsewhere,  but  certain  facts  in  connection 
Willi  them  deserve  mention  here.     The  tip  of  the  olcc- 
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ranou  process  when  fractured  behaves  in  a  manner  simi- 
lar to  tlie  patella.  On  account  of  the  action  of  the  triceps 
muscle  there  is  more  or  less  diastasis  of  the  fragments, 
prechuiiTiir  the  <U'Velol)inent  of  crepitation  and  interfer- 
ing witli  liony  union.  The  trealincnt  is  iia  lines  an;ilo- 
gmis  to  that  ]uusued  in  fractures  ot  the  patella,  and  the 
surgeon  is  called  upon  to  decide  as  to  the  advisability  of 
incision  for  the  purpose  of  wiring-  the  fragments  together. 

The  multiplicity  of  the  muscles  attached  to  the  various 
bones  of  the  arm  causes  many  dcforniitics  in  the  iimli  after 
fiwture  of  the  bones.  If  the  ti'iidency  to  these  deformi- 
ties is  not  foreseen  and  adeipiately  pr(ivi<led  against  when 
the  fracture  is  recent,  the  fragments  may  unite  at  such 
an  angle  as  to  impede  considcraiily  the  function  of  the 
limb.  "This  is  particularly  the  case  in  fractures  above 
the  elbow  .ioint,  and  especially  in  fractures  of  the  con- 
dyles and  in  separation  of  the  lower  epiphysis  of  the 
humerus.  To  obviate  this  accident  it  is  often  necessary 
to  wire  the  .seiiarated  processes  to  the  shaft  of  the  bone 
and  to  each  other.  K-Vuheraut  callus  iiroduced  during 
the  healing  of  a  fracture  may  .seriou.sly  impede  any  or  all 
of  the  functions  of  the  elbow  joint,  and  synostosis  be- 
tween the  radius  and  uina  may  occur  to  such  an  extent 
as  entirely  to  destroy  the  functions  of  pronation  and 
supination.  Exuberant  callus  may  also  include  the  nerves 
and  vessels  of  the  arm  so  as  seriously  to  compromise 
their  functions. 

(ft)  The  I'erionti'iiiii. — The  bones  of  the  arm  and  fore- 
arm are  also,  in  conunon  with  the  other  bones  of  the 
body,  fre(|uently  the  seat  of  disease  afl'ecting  primarily 
and  sometimes  exclusively  the  periosteum ,  often  of 
traumatic  origin,  but  .sometimes  due  undoubtedly  to 
rheumatism  (met  with  particularly  about  the  point  of 
tendon  insertions),  and  not  infrequently  to  direct  or  in- 
direct pyogenic  infection,  or  to  syjihilis.  When  pyo 
genie  infection  has  taken  place,  tlie  dilfereutial  diag- 
nosis between  the  iieriosteal  and  endosteal  form  of  the 
disease  will  be  suggested  by  the  lessened  ,gra\it\'  of  the 
.symptoms,  by  the  absence  of  marked  evidences  of  general 
sepsis,  together  with  the  presence  of  similar  local  signs. 
In  the  absence  of  pronounced  suppuration,  ive  are 
justified  in  pursuing  longer,  in  this  form  of  bone  disease 
than  in  the  other,  our  cll'orts  to  cheek  the  process  by 
means  of  rest,  counter-irritation,  fomentations,  etc..  but 
with  the  advent  of  signs  pointing  to  pus  formation,  free 
incision  and  drainage  are  as  positively  indicated  as  before. 

((■)  T/ic  JiniilK. — The  articulations  of  the  up|ierextremi 
ties  are,  like  those  elscAvhere  in  the  IkhIv,  liable  to  dis- 
location; for  discussions  of  which  other  portions  of  this 
work  may  lie  consulted.  It  will,  however,  be  well  to 
call  attention  here  to  a  somewhat  rare  affection  of  the 
elbow,  occurring  exclusively  in  infants  and  young  chil 
dren,  resulting  from  forcible  dragging  on  the  forearm, 
often  by  the  nurse,  or  in  play.  In  this  condition  the 
forearm  is  held  flexed  in  a  |irone  or  semi-prone  position, 
and  su]iination  is  very  painful.  The  condition  i.s  prob 
ably  one  of  subluxation  of  the  radius  dnwnward.  anil 
the  partial  escape  of  its  head  from  the  grasp  of  the 
orbicular  ligament;  the  normal  laxity  of  the  ligaments 
in  childhood  and  the  want  of  full  develoinneut  of  the 
head  of  the  radius  contributing  to  make  the  condition 
possible.  The  signs  may  be  removed  by  com])lete  supi- 
nation followed  by  flexion,  under  an  ana'sthetic  if  neces- 
siiry.  The  forearm  slrnvdil  then  be  ]daecd  in  a  sling  and 
massage  and  careful  exercise  employed. 

Of  the  primary  inllamnuitions  in  these  joints,  si.mpi.e 
SYNOVITIS  is  perhajis  the  most  common.  The  acute  form 
may  be  due  to  trauma  or  to  over-use,  and  gives  rise  to 
pain  on  pressure  or  on  movement  of  the  joint,  and  to 
swelling  due  to  an  increase  in  the  amount  of  synovial 
fluid,  sometimes  to  an  effusion  of  blood.  A  Ijulging 
tumor  is  formed  where  the  joint  capsule  is  thin;  in  the 
elbow  joint  the  tumor  is  generally  shown  posteriorly. 
Purulent  infection  of  the  elTusion  may  take  place. 

The  treatment  of  simi)le  synovitis  is  rest,  pressure, 
cold  or  heat;  in  obstinate  or  unmanageable  cases,  incision 
and  irrigation  of  the  joint  may  be  called  for. 

The  chroinc  form  of  synovitis  may  date  from  a  previ- 


ous acute  attack,  or  may  be  chronic  from  the  start.  The 
pain  in  this  form  is  either  small  or  ab.sent.  Fluctuation 
can  usually  be  elicited,  while  creaking  on  moving  the 
joint  may  be  qtdte  a  noticeable  symptom.  The  treat- 
ment here,  too,  will  consist  in  pressure,  rest,  masssigc, 
counter  irritation,  etc.  It  is  particularly  in  cases  of 
chronic  synovitis  that  the  local  hot-air  bath  of  a  tempera- 
ture of  from  300"  fo  400'  F.  is  used  with  great  success. 

Tuberculosis  of  the  joint  is  usually  due  fo  infection 
fnaii  the  bone,  though  it  may  in  some  cases  be  primary 
in  the  synovial  membrane.  The  usual  symptoms  are 
swelling,  due  to  effusion  and  to  the  thickened  capsule; 
there  is  always  a  limitation  of  motion,  and  usually  pain, 
due  to  the  friction  of  two  roughened  joint  surfaces,  and 
marked  and  ]i;unful  spasms  of  the  muscles  surrounding 
the  joint,  while  atrophy  of  these  muscles  is  genemlly  to 
be  noted.  Inunobilization  of  the  joint,  together  with 
extension,  are  indicated  as  in  joint  tuberculosis  elsewhere. 
This  is.  however,  difhcult  to  achieve  in  the  upper  ex- 
tremity by  any  portalile  apparatus,  though  simple  im- 
mobilization at  the  elljow  and  the  wrist  may  be  attained 
by  proper  splints.  For  thoroughly  satisfactory  exten- 
sion, the  use  of  the  weight  aial  pulley  with  recumbency 
in  bed  is  essential,  and  even  with  these,  satisfacfoiy  ap- 
plication of  this  form  of  treatment  to  the  shoulder  joint 
is  very  difficult,  owing  to  the  extreme  mobility  of  the 
scapula.  On  account  of  the  imperfection  of  methods  of 
extension  and  immobilization  in  treating  tuberculosis  of 
the  joints  of  the  upper  extremitj-.  we  turn  the  more 
readily  to  the  use  of  iodoform  emulsion  and  other  sub- 
stances by  injection  into  the  joint  cavities,  and  in  severe 
cases  proceed  to  resection,  typical  or  atypical.  In  con- 
junction with  other  methods,  general  tonic  treatment 
should  not  be  forgotten. 

Acute  suppuk-^tive  akthritis  is  sometimes  found, 
due  to  tlie  infection  from  a  wound,  or  of  Inematogenous 
origin.  All  the  signs  of  a  severe  and  acute  inflammation 
are  present.  The  treatment  is  in  all  cases  by  incision  and 
drainage  and  by  inunobilization  of  the  joint.  Anky- 
losis is  often  a  result  in  si)ite  of  our  best  efforts. 

Infective  AitTHRiTis  is  seen  following  the  acute  infec- 
tious diseases.  It  has  much  the  same  clinical  characteras 
rheumatism,  but  it  does  not  tend  to  suppurate,  nor  is  it 
migratory. 

The  wrist  is  the  most  prone  of  any  of  the  joints  of  the 
upper  extremity  to  succumb  to  gonokkiiceai,  artiikitis. 
Its  well-known  obstinacy  and  intractability  have  made  it 
an  nppriihium  hiedimrum.  Recently  incision  and  irriga 
.tion  of  the  joint  have  been  made  use  of  with  gratifying 
results  in  this  form  of  arthritis. 

In  acute  rheum.vtism,  Ijcsides  the  sj'stemic  manifesta- 
tions, the  joints  are  inflamed,  painful,  and  tender,  and  the 
articular  affections  tend  to  migrate.  Rheumatic  arthritis 
is  prone  to  attack  the  larger  joints.  In  cases  of  chronic 
rheumatism,  the  joints  are  stiff  and  painful  but  not  al- 
ways swollen,  while  on  passive  motion  a  creaking  may 
be  elicited.  The  muscles  may  become  greatly  wasted, 
and  there  is  a  tendency  toward  fibrous  and  even  bony 
ankylosis.  The  treatment  of  the  acute  form  is  by  means 
of  alkalies  and  salicylates  and  other  appropriate  drugs, 
together  with  heat,  ])ressure,  and  rest.  In  tlie  chronic 
forms  the  best  results  are  obtained  from  massage  and 
active  and  passive  motion,  the  hot-air  bath,  the  copious 
and  long-continued  use  of  lithia  water,  and  a  strict  anti- 
rheumatic regimen. 

Rheumatoid  ARTnRiTis,  or  arthritis  deformans,  is  char- 
acterized by  changes  in  the  cartilages  and  synovial  mem- 
branes with  periarticular  formation  of  new  bone  and 
great  deformity.  The  cartilage  is  either  thin  or  entirely 
absorbed,  laving  bare  the  bone,  while  at  the  ends  of  the 
joints  osteoiihyfes  form  that  may  cause  even  comjilete 
ankylosis.  This  is  accompanied  by  a  thickening  and 
contraction  of  the  ligaments  and  great  atrophy  of  the 
muscles.  Hypertrojiby  of  the  articular  ends  of  the  bones 
is  common,  though  in  some  cases  atro])hy  is  observed. 
Neuritis  is  prone  to  occur  as  a  complication.  The  treat- 
ment is  by  massage,  forced  passive  motion,  and  hot-air 
baths,  but  the  disease  has  a  tciideucy  to  become  pro- 
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irressivc,  and  in  severe  cases  but  little  benefit  is  derived 
from  treatment  of  any  kind. 

A  si'HAix  is  produeed  wlicii  tlic  motidns  of  a  joint  arr 
carried  beyond  tlieir  |iliysioloj,ncal  liinils,  bill  stop  sboit 
of  l>ermanent  dis]ilaeeinent  of  the  articular  ends.  With 
this  tliere  is  either  a  slrelchini;  or  rupture  of  ])ortions  of 
llie  eajisule  or  li<;ameius,  aecoin])aiiied  by  pain,  swellini;'. 
cccliyiuosis.  and  lindlation  of  joint  motion  with  tender- 
ness over  the  joint.  Sprains  are  es])eeially  prone  to  occur 
at  the  wrist,  though  the  elbow  and  shoulder  are  fre- 
(pientl}'  affected.  It  is  important  to  dilferentiale  a  wrist 
sprain  from  a  Colles's  fracture,  and  this  can  ueuerally  be 
done  liy  determining  the  absence  of  crepitation  and  of  nn 
abnormal  point  of  motion.  an<l  also  by  the  fact  lliat  in 
Colles's  fracture  the  liand  is  drawn  toward  the  radial  side 
with  a  more  or  less  pronounced  "silver  fork  "  deformity. 
Tliis  last  condition  is  .sometimes  bettera|)preeiabie  to  firm 
palliation  than  lo  the  eye,  espeeiallj'  when  some  time  lias 
elapsed  since  the  receipt  of  the  injury.  The  use  of  tlie 
3'-ray  will,  however,  in  most  cases  m,-ike  the  diagnosis 
certain.  ' 

Tile  treatment  <jf  a  sprain  is  rest,  elevation  of  the  iinrl. 
and  compression,  with  the  tise  of  cohl  fulldwed  later  by 
hot  apidications.  The  useof  nias.sagc  from  the  beginning 
is  (juite  successful  in  skilful  hands.  whjli>  tills  witji 
passive  motion  is  alwaj's  indicated  after  the  .subsidence 
of  acute  symptoms. 

Ankylosis  may  be  due  to  eontraelures  of  the  niu.scles. 
or  to  fibrous  or  bony  union  of  the  articular  surfaces. 
Contracture  of  the  muscles  may  in  turn  be  due  to  dis- 
turbed innerwition  or  nutrition  of  the  niusele,  or  lo 
myositis  followed  by  degeneration  of  the  niu.sele  cells 
proper.  The  scm-oikI  variety  of  ankylosis  is  most  often 
due  to  acute  suppurative  osteitis,  joint  tubercidosis, 
chronic  rheumatism,  or  rheinnatoid  artlirili.s. 

The  treatment  w  ill  depend  upon  the  cau.se.  and  may 
consist  of  massi)ge  and  forcible  He.xion  and  extension  of 
the  joint.  These  not  availing,  more  or  less  extensive 
tenotomy  and  myotomy  may  be  practised,  or  \\h-  joint 
itself  may  be  excised.  At  the  elbow,  where,  on  account 
of  the  complexity  of  the  joint,  ankylosis  is  |iartieularly 
prone  to  occur,  a  flail  joint,  the  result  fif  an  excision, 
with  all  its  disa<lvantages,  gives  nevertheless  a  much 
more  serviceable  arm  than  can  be  obtained  by  any  other 
form  of  treatment  forextensive  fibrous  or  bony  ankylosis 
of  the  joint.  In  ankylosis  due  to  muscular  contracture 
it  is  less  to  be  recommended. 

(^uite  a  large  number  of  cases  are  on  record  of  loose 
bodies  in  the  elbow-joint.  Their  pathological  history 
is  similar  to  thai  of  loose  bodies  in  oilier  joints,  such  as 
the  knee.     The  onlv  treatment  is  n-moval  bv  artlirotoniv. 


IV.    Al'-KKCTIONS  or  TIIK  Mrsci.Ks, 

Tknuon  Sueatiis. 


TiCNIJONS,    AND 


(<(.)  The  MiiKcti's. — In  no  part  of  the  body  are  the  luus 
cles  and  tendons  grouped  in  such  numbers  about  the 
bones  as  in  the  forearm,  and  in  no  part  of  the  body  do  the 
alfeelions  of  these  structures  staud  out  so  prominently  as 
in  the  ujiper  extremity. 

The  commonest  of  all  diseases  of  the  muscles,  if  indeed 
the  name  of  disease  is  applicable,  is  that  condition  of  the 
muscles  which  results  from  long-continued  use  wilhout 
snitieient  repose  to  which  the  name  nn/iilnin  has  been 
given.  The  |mtliological  condition  present  is  in  the 
main  but  an  accentuation  of  flu-  normal  eonilition  of 
muscular  fatigue,  and  is  attended  by  similar  symptoms, 
nam<-ly.  tenderness  on  pressure,  "lameness"  in  u.^'.  and 
deti(i(.-nt  response  lo  ordinary  physiological  nerve  im 
pulse  (/.('..  weakness  in  action),  .and.  tinally.  involuntary 
and  l)ainful  spasm,  "twitching."  These  symptoms  in 
turn  are  caused  by  too  great  an  accumulation  in  the 
muscle  of  the  chemical  iiroducts  of  muscular  activity, 
and  this  accumulation,  again,  may  be  the  result  of  either 
or  both  of  two  factors:  excessive  production  on  the  one 
hand,  and  deficient  elimination  on  the  other.  As  to  the 
e.xact  cbemieal  bodies  involved,  the  reader  is  referred  lo 
treatises  on  |)hysiology;  their  e.xact  nature  is  .still  a 
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matter  of  dispute,  but  one  of  Ihe  best  established  of  the 
waste  substances  is  lactic  acid,  present  in  suflicient 
(pianlity  lo  alfect  markedly  Die  rciM-tion  of  tlie  mu.scle 
sub.stance  to  delicate  alkalinietri<-  tests,  and  lliere  is  little 
doubt  that  Ibis  changed  reaction  of  the  muscle  substance 
induces  in  its  turn  Ihe  precipitation  of  various  "leuco- 
niains"  which  it  is  dillieult  [>,v  the  ordinarv  blood  cur- 
rent to  remove  promptly.  So  long  as  lhc.se  decomposi- 
tion iHoducts  (uric  acid,  .xanthin,  hypoxantliin,  acid 
phosphates)  are  not  removed  from  Ihe  muscle  the  , symp- 
toms enumerated  above  will  continue;  with  their  tiisap 
pearance  Ihe  normal  function  of  the  mu.scle  will  return. 

The  exact  locality  of  these  morbid  deposits  is  not  en- 
tirely seltled,  hut  many  facts  point  to  the  probability  of 
their  being  located  rather  in  the  Siircolemma  and  in  Ihe 
perimysium  than  in  the  substance  of  the  muscle  proper. 
The  facts  which  wouhl  indicate  this  are  the  aggravation 
of  Ihe  tenderness  at  Ihe  mu.scular  origins  and  insertions, 
and  the  spread  of  the  myalgic  alTcction  throughout  the 
fibrous  tissues  beytaid  the  points  of  actual  muscular  in- 
sertion; indeed,  in  no  part  of  Ihe  body  is  what  passes  for 
myalgic  alTcction.  or  as  very  closely  akin  to  it,  more  ob- 
stinate and  troublesome  1  ban  in  the  fibrous  tissues  just 
below  the  origin  of  Ihe  erector  spime  muscles,  over  the 
sicrum  and  the  sacro  iliac  .syneliondrosis.  It  is  more 
than  jiidbable  that  consecutive  upon  a  ]iure  myalgia  may 
occur  a  rheumatic  form  of  periostitis  from  extension  be- 
yond the  point  of  bony  origin  or  insertion  of  a  muscle  by 
"contiguity  of  tissue."  This  is  exemplified  with  peculiar 
dislinctne.ss  in  cases  of  myalgia  affecting  the  muscles 
attached  tollie  coracoid  piocessof  the  scapula,  when'  Ihe 
coracoid  process  itself  may  often  b(>  found  to  relaiu  for 
a  long  period  a  great  degree  of  lenderuess  when  pain 
may  entirely  have  left  the  bodies,  or  the  tendons  of  the 
muscles  attached  to  it. 

Excessive  formation  of  waste  products  comes  from 
over  use  of  the  involved  muscie;  deficient  elimination 
may  lie  caus<-d  by  use  of  the  muscle  under  unfavorable 
conditions,  or  by  exposing  the  member  to  untoward  con- 
ditions after  its  severe  use.  thus  interfering  with  its 
prompt  rehabilitation.  .\ii  amount  of  mu.scU'  work 
u  ho.sct  catabolic  ]irodui.'ts  would  be  speedily  provided  for 
under  other  circumstances  nuiy  iialuce  a  severe  myalgia 
if  performed  when  the  |iatient  was  suffering  from  want 
of  sleep,  as  many  a  weaiy  ob.streticiancan  testify;  and  it 
is  notorious  that  .sitting  in  a  draught  after  active  exercise 
will  lead  to  " \\u:  cold  settling  in  the  limbs." 

Ther(Ms  one  form  of  this  allect ion  wlio.se  sudden  and 
severe  onset  may  lead  to  confusion  in  Ihe  diagnosis;  this 
form  more  frccpiently  attacks  the  erector  spina'  group  of 
muscles,  or  those  of  the  abdomen,  when  it  is  known  as 
a  ".stitch  in  I  Ik?  side."  This  form  of  myalgia  is  probably 
due  to  a  .gradual  accumidalion  of  fati.gue  products  in  the 
luuscle,  or  jKissibly  only  in  Ihe  fibres  of  a  small  portion 
of  a  mu.scle,  to  the  point  of  irritating  Ihe  affected  fibres 
to  a  sudden,  painful,  and  protracted  involunlary  contrac- 
tion. the]iatieiit  having  been  unaware  of  the  sori'iiess  of 
that  particular  musclethrough  Ihe  aeciihnt  of  not  having 
brought  those  fibres  into  play.  When  once  the  iiainful 
conlraction  has  taken  ]ihice.  the  irritability  of  thealfected 
muscle  becomes  extreme  and  the  wholemuscle  is  brought 
more  or  less  involunlarily  into  repeate<l  action,  to  "lesl 
its  soreness,"  and  a  more  or  less  persistent  myalgia  is 
found  to  be  established  nntil  driven  off  by  the  activity 
of  the  circulation  or  by  the  exhibition  of  suitablc>rein<(lies. 
Such  a  sudden  developmi'iit  of  a  latent  myalgia  among 
the  muscles  of  the  forearm  has  l<(l  in  one  instance  I  have 
known  of  lo  an  erroneous  diagnosis  of  rupture  or  disloca- 
tion of  a  tendon.  The  icitieni  was  a  young  woman  en- 
gaged in  wiping  dishes;  of  a  sudden  a  severe  pain  shoot- 
ing  through  the  forearm  caused  her  to  dro|)  the  dish  in 
her  hand,  and  certain  movemenlsof  llie  lingers  were  from 
that  time  on.  for  many  weeks  after,  painful  and  feebly 
executed. 

The  diagnosis  of  myalgia,  as  it  appears  in  the  arm  and 
forearm,  is  not  ordinarily  attended  w  ilh  trreat  dilliculty. 
The  hislory  of  fatigue,  or  exiiosure.  (^r  both,  will  gener 
ally  suggest   the   diagnosis,   while  the   presence   of  the 
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jrouty  ov  rliiniiiiiitic  (iiatlii'sis,  as  ronditioiis  under  which 
wasti' products  ale  iiiiiHM-rcclly  rcniovi'il  fcoiii  Ihc  tissues. 
will  lie  allowed  a  ceilaiu  \Mii;lil  iu  cstalilishinir  the 
probabilities  In  tlic  upper  aim  I  lie  e.Mciisors  (triceps) 
are  most  frequently  atTected,  in  the  lower  arm.  the  flexors 
and  extensors  with  about  ('(pial  fiecpieiicy.  Occasioually 
the  coracn-braehialis  or  tlif  anconeu.s  may  be  art'ccted 
alone,  givinj;  ri.se  to  rather  obscure  pain.s  iu  the  shoulder 
and  elbow  respectively.  Such  cases  arc  reailily  o\er- 
looked  in  a  careless  (liagnosis.  Incidentally  their  dec]) 
location  renders  treatment  morediMieull.  Tlic  tenderness 
over  the  atfeeted  muscle,  the  iiainfiil  and  imperfect  func- 
tion, and  the  occasional  librillary  spasm  are  the  iinsitive 
factors  upon  which  \vc  bascadiajiuosis,  while  the  ah.sence 
of  fever,  swelling;'  or  redness,  the  absence  of  tenderness 
about  the  joints,  along  the  course  of  the  nerves,  or  along 
the  tendon  sheaths  will  weigh  again.st  rheumatism,  neuri 
tis,  and  theeitis  respectively.  The  aljsence  of  fibrous 
crepitation  will  also  serve  to  aid  in  excluding  this  last  af- 
fection. From  painful  alTcction  of  the  bone  or  the  perios- 
teum it  may  be  extremely  diffleult  to  dilTerentiatc  a  deep- 
seated  myalgia;  the  absence  of  pain  on  jarring  the  limb, 
and  its  really  yielding,  if  recent,  to  the  faradic  current 
will  serve  to  aid  in  identifying  a  myalgia. 

The  prognosis  is  good  if  treatment  he  instituted  early; 
if  treatment  be  too  long  postponed,  and  atrojijiy  ensue. 
due  partly  to  disuse  and  partly  to  local  poisoning  of  the 
muscular  substance  by  the  "materies  peceaus  "  of  "the  dis- 
ease, the  affection  may  prove  very  olistinate  and  iiitiael- 
able,  but  will  in  almost  all  cases  eventually  yield  where 
the  persevering  co-operation  of  the  patient  can  be  secured 
It  is  m_y  firm  belief,  however,  that  simple  myalgia,  if 
severe  and  luitreatcd,  can  occasion  permanent  disability. 

The  treatment  of  myalgia  consists  in  efforts  to  throw 
again  into  solution  those  precipitates  in  the  mu.scles 
whose  presence  impedes  their  function  and  cau.ses  the 
pain.  This  we  seek  to  accomplish  along  certain  rational 
lines,  all  tending  to  this  common  end. 

Probably  the  first  therapeutic  efforts  of  sufferers  from 
myalgia  were  directed  toward  keejjing  the  atl'ected  jiart 
warm.  The  rationale  of  this  lies  in  inducing  a  dilatation 
of  the  blood-vessels,  which  brings  a  larger  supply  of  the 
solvent  serum  into  contact  with  the  offending  prccijiitatcs. 
thus  promoting  their  solution.  AYith  the  increased  advent 
of  blood  follows  in  turn  an  increase  of  heat,  which  in  con 
neetion  with  the  heat  adili'd  from  without  induces  an  act- 
ual rise  of  the  tein|)erature  of  the  part,  which  is  likely  to 
promote  considerably  the  .solubility  of  any  precipitates. 
Recently  this  method  of  treatment  has  had  its  eftieacy 
greatly  enhanced  by  the  devising  of  methods  of  exposing 
the  affected  limb  to  dry  air  at  very  iiigh  temperatures 
Local  hot-air  baths  may  now  be  procured  from  instrument 
dealers  by  means  of  which  an  extremity  may  be  expo.sed, 
without  damaging  the  skin,  to  drv  air  at  a  temperature 
of  300°  to  .")00^"F. 

Other  ways  of  increasing  the  afHux  of  fresh  serum  to 
aid  in  the  solution  of  preeijutates  are,  first,  counter-irrita- 
tion, applied  to  the  overlying  skin  by  the  use  of  iodine  or 
other  rubefacients,  cantharidal  blister.s,  or  "firing"  with 
the  actual  cautery;  secomlly,  moderate,  active  use  of  the 
mu.scles,  when  practicable  without  causing  too  much  pain  ; 
every  athlete  is  familiar  with  Ihc  disapjicarance  of  "mus- 
cular stiffness"  (the  mildest  grade  of  this  disease)  under 
fresh  exercise;  thirdly,  massage  of  the  alVectcd  jiarts  is 
extremely  useful,  particularly  in  the  more  obstinate  and 
chronic  forms  of  myalgia.;  it  acts  partly  by  mechaiiically 
dislodging  crystals  or  amorjihous  masses  of  precipitated 
matters,  forcing  them  into  the  l.ympliatic  circulation,  and 
partly  by  greatly  sliiiuilating  the  local  circulation. 

Antirheuiuatie  remedies,  and  the  antirheumatic  regime 
are  also  of  use  iu  coiil rolling  the  pain  of  myalgia,  chiefly 
by  the  solvent  alTect  of  alkalies  and  of  the  salicylates  on 
the  morbid  deposits,  and  of  these  measures  there  is  none 
that  compares  in  importance  with  the  ingestion  of  veiy 
large  quantities  of  water. 

While  massage  is  our  best  weapon  against  chronic  forms 
of  the  malady,  especially  in  the  presence  of  secondary 
atrophy,  there  is  no  agent  whatsoever  that  will  give  the 


immcdialc  and  lasting  relief  that  is  to  be  obtained  from 
the  application  of  the  faradic  current,  and  no  more  grate- 
ful patients  are  encountered  than  those  who  have  been 
relieved  from  the  misery  of  a  myalgia  by  the  brief  appli- 
(-■ation  of  a  mild  current. 

t)ne  special  point  it  is  iuqiortant  to  notice  in  the  treat- 
ment of  myalgia  of  the  upper  arm — namely,  this,  that  the 
uuiseles  whieli  move  the  uitper  arm  have  their  origin  on 
the  trunk ;  and  that  their  function  is  twofold,  fir.st.  tliat  of 
imparting  voluntary  movements  to  the  upper  extremity, 
and  secondly,  that  of  supjiorting  the  weight  of  the  arm. 
This  second  function  is  not  appreciated  during  health, 
but  in  the  presc'nce  <if  a  severe  deltoid  myalgia,  the  six 
to  ten  pounds  weight  of  the  arm  dragging  u]ion  the  lame 
muscle  is  a  vei-y  considerable  factor  in  increasing  the  pain 
and  a  serious  obstacle  to  recovery.  In  all  acute  myalgias, 
therefore,  affecting  themuscles  which  pass  from  the  trunk 
to  the  arm  it  is  necessary  to  suiiport  the  weight  of  the 
member  by  a  firm  iiandage  at  the  elbow.  The  most 
effective  device  for  this  purpose  is  a  Moore's  dressing  for 
fracture  of  the  clavicle,  as  described  under  the  head  of 
fractures. 

Occasionally  one  .sees  cases  of  what  are  called  "  chronic 
sprains  "  or  "strains,"  caused  by  the  overuse  of  certain 
muscles,  in  which  the  pain  is  principally  at  the  origin  or 
in.sertion  of  the  muscles.  Tenderness  and  stiffness  are 
jn-omincnt  symptoms.  Examples  of  this  are  seen  in 
the  so  called  "  1!.\se-b.\i.l  pitcheh's  Aior,"  "tennis  el- 
how,"  etc.  Such  persistent  overuse  of  a  muscle  may 
give  rise  to  a  local  iieriostitis  at  one  of  the  points  of 
atiachment  of  the  muscle,  possibly  resulting  in  necrosis. 

AcfTE  JiYosiTis  is  occasionally  encountered  in  tlie  mus- 
cles of  the  arm  as  a  result  of  pyogenic  infection.  The 
pyogenic  type  of  this  disease,  however,  is  rare,  and  when 
present  is  but  a  secondary  accompaniment  to  neighboring 
extensive  septic  processes.  It  may  lead  to  necrosis  of 
the  muscles  en  ninstu;  or  to  fractional  sloughing,  and  solu- 
tion of  the  nui.seie  fibres  in  the  iiundcnt  effusion. 

The  most  common  forms  of  myositis  are  those  whose 
origin  is  sypiiilith  ,  indeed  it  is  more  than  probable  that 
part  of  the  rheumatic  pains  which  precede  or  accompany 
the  eruption  of  constitutional  syphilis  depend  upon  a 
light  and  acute  irritative  myositis. 

A  commoner  form  of  syphilitic  myositis  is  the  chronic 
iNTEiiSTiTiAi,  v.YUiETY  depending  upon  a  small-celled  in- 
filtration rising  from  the  perimysium,  and  extending  into 
and  between  tlic  muscli'  bundles.  These  arc  destroyed  by 
pressure  atrophy,  and  become  transformed  into  connec- 
tive tissue  with  gradual  loss  of  the  muscle.  It  is  a  diffuse 
process  within  the  muscle,  and  is  at  first  generally  at 
tended  with  pain. 

Gt'MM.vTOUS  MYOSITIS  may  develo)i  as  a  slowly  growing, 
and  ]ierfectly  painless  infiltrate  in  the  nuiscles.  Accom- 
panying the  gummatous  process  there  are  usually  found 
more  or  less  extensive  inflammatory  changes.  More  com- 
monly, however,  the  growth  of  the  gunuiia  is  more 
ra])id,  and  pain,  increased  by  t<iuch  and  motion,  is  a 
marked  symiitom.  The  muscle  in  all  the  more  rapidly 
growing  gummata  is  in  a  state  of  constant  contraction, 
the  growth  at  first  moves  with  the  movements  iu  the 
muscle.  As  it  increases  in  size  it  becomes  .softer  in  con- 
sistency, and  the  muscle  assumes  a  condition  of  perma- 
nent contracture. 

Gummatous  myositis  often  advances  lieyond  the  mus- 
cle, and  comes  to  involve  the  fascia  and  subcutaneous 
tissues.  It  becomes  more  iirominent,  softer  and  less  mov- 
able, and  finally  breaks  through  the  skin,  leaving  a  sinu- 
ous ulcer  from  which  ueciotic  masses,  chiefiy  fascial, 
are  extruded.  After  healing,  which  requires  weeks  or 
months,  a  cicatricial  tissue  reiuains  which  bin<ls  together 
the  muscle,  fascia,  and  skin  (Hartlcyy 

l'iiO(;i!EssivE  Mrscri..\ii  .\tkoimiv  is  a  disease  which 
manifests  itself  most  distinctly  among  the  muscles  of  the 
arm.  It  is,  however,  essentially  aiiervousdisea.se  and  not 
a  (lisea.se  of  the  muscles;  itscon.sidei-ation  here,  in  connec- 
tion with  the  muscles,  is  for  greater  convenience  only. 
The  nerves  supplying  the  atrophied  muscles  may  lie  af- 
fected anywhere  along  their  course,  but  the  principal  site 
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iif  tlio  lesion  is  in  the  aiitenor  jrray  cohimiis  of  tlie  spinal 
eord.  However  jrenenil  the  disease  may  sulise(|iieiilly 
become,  it  is  at  tirst  loealized,  and  tlie  iijiiier  cMninii  v  is 
liy  far  the  most  frequently  involved.  AITection  of  the 
light  hand  is  s;iiil  to  he  eousideralily  mote  fiiMjiient  than 
that  of  the  left,  and  of  themuseles.  either  theinlerossei  or 
those  of  the  liall  of  the  thumb  first  stieeumb.  The  dis 
ease,  in  faei.al  first  simulates  an  ulnar  neuritis,  jmt  care 
ful  study  w  ill  inilieale  the  involvement  of  eertain  muscles 
which  are  sujiplic-d  by  other  nerves.  From  the  thenar 
nuLscles  and  the  interossei,  the  disease  conunoidy  creeps 
tip  (he  forearm  and  thence  to  the  arm,  or  it  may  skip  the 
forearm  and  ]iass  into  the  arm,  allliou,!;h  the  ti'ieeps  e.\- 
tensormusele  is  usually  .spared.  It  may  come  to  a  stand- 
still in  cither  of  these  two  places,  but  may  involve  the 
muscles  of  the  shoulder,  especially  the  delloid.  Begiii- 
ning  most  frecpiently  on  tln^  right  siile,  both  upper  ex 
t remit ies  become  involved  sooner  or  later.  In  oilier  in- 
stances in  which  the  e.xtrcmilies  are  involved  ilu'  atrophy 
begins  in  the  deltoid  (here  again  the  right  first).  Sue 
ceeding  the  deltoid,  'tho  scapular  and  trapezius  muscles 
maybe  involved  in  any  order,  while  a  grotes(|Ueii<'ss  of 
effort  is  often  produced  by  reason  of  ccrt.iin  adjacent 
muscles  retaining  their  natural  size  or  even  being  hy])cr 
trophied.  This  is  particularly  the  case  w  ith  the  anterior 
]iart  of  the  trapezius,  which  is  almost  never  involved. 
While  the  slinuldc-rs  remain  exclusively  alfected.  the  arm 
anil  forearm  may  retain  their  u.sefulness  and  .strength. 
but  the  power  of  lifting  the  arm  from  the  side,  and 
especially  of  raising  it  above  the  head,  is  lost,  and  if  the 
patient  wishes  to  lay  hold  of  anything  he  must  sw  ing  his 
arm  forward  with  a  jerk  till  the  object  is  brought  within 
reach  of  his  (ingers. 

The  muscles  of  th(^  trunk  become  at  times  involved, 
the  pei'loralcs.  the  latissimi.  the  serrati.  and  the  iiilercos 
tales,  and  even  the  fliaphragm  and  the  abdominal  and 
lumbar  muscles. 

The  muscular  atrophy  is  generally  accompiuiied  by  a 
correspimding  wasting  and  retraction  of  the  skin,  so  that 
this  continues  to  be  applied  to  the  muscles  in  the  usual 
manner.  In  some  instanci'S.  however,  this  is  not  the  case. 
and  in  these  a  ba.irgy  condition  of  the  skin  is  added  which 
gives  its  subject  an  appearand' wiiicli  has  mole  than  once 
rendered  him  valuable  to  the  showman  as  the  "elastic 
skinned  man."  etc.  It  sometimes  liappens.  on  the  other 
liand,  that  the  atroiihy  is  obscured  by  an  accumulation, 
between  the  muscles  and  skin,  of  adipose  tissue,  and  an 
appearance  of  iiypertro])hy  rather  than  of  atrojihy  may 
be  produced  in  consecpicnce 

A  second  muscular  symjitom,  more  or  less  distinct,  is 
fibrillar  contraction.  This  consists  in  wave  like  contrac 
tioiis  running  along  small  bundles  of  muscular  fasciculi 
These  contractions  occur  spontaneously,  or  are  excited 
by  some  slight  stimulus,  as  a  breath  of  air  or  a  dash  of 
■water,  or  by  tapi)ing  the  patient  with  the  lingers  or  pass- 
ing a  galvanic  current  through  the  parts,  and  this  too  in 
any  stage  of  the  disease,  exceiit  that  they  do  not  occur  in 
muscles  wholly  destroyed.  Sometimes  they  can  be  felt 
by  the  patient;  at  other  times  be  is  wholly  ignorant  of 
them.  They  are  not  invariably  present,  and  often  they 
have  been  seen  in  niu.scle  atrophy  from  other  causes; 
they  possess,  however,  a  certain  amount  of  diagnostic 
value,  especially  when  spontaneou.s.  Coincident  with 
the  wasting 'of  muscles  is  their  loss  of  fund  ion.  Sensi- 
bility is  in  many  cases  unclianged.  the  tactile  sense  being 
as  delicate  as  ever,  and  pain.  excei)t  accompanying  the 
cramps  and  chronic  contractions  of  groups  of  affected 
muscles,  which  .sometitnes  occur,  is  absent.  At  limes, 
however,  the  atrophy  is  preceded  by  painful  paroxysms, 
which  may  or  may  not  accompany  tlie  chronic  contrac- 
tion referred  to.  The  pain  is  sometimes  in  the  course  of 
nerve  trunks, 'but  is  as  often  difTuse.  as  if  the  muscles 
themselves  were  its  scat.  At  other  times  it  is  vari;ibl\ 
described  as  a  soreness,  an  aching  or  a  rlieiiinalic  jiain. 
Morbid  sensations,  as  those  of  cold,  numbness,  and  formi 
cation  may  be  experienced.  lietlex  excitability  may  be 
in(;reased.  while  the  knee  jerk  is  said  to  be  absent.  L'n- 
usnal  sensitiveness  to  cold  is  sometimes  noted,  and  so 


also  is  the  lc.-;s  of  muscular  power  under    ils    intluence. 
which  is  again  restored  liy  arlilicial  warmth  (Tyson). 

The  lipomatosis,  which  has  already  been  alluded  to  as 
anording.  in  some  eases  of  muscular  atrophy,  somewhat 
the  appearanceof  the  pseiido  inuscular  hypeiirophy.  mav 
to  the  casual  observer  oliscure  the  diagiio.sis  of  this  dis 
ease.  I'seudo  hyperlrophic  paralysis,  however,  almost 
invariably  first  asserts  itself  in  the  lower  extremity. 

Svhinoomvi-;t.i.\  is  another  of  the  central  nervous  dis- 
eases which  finds  its  most  marked  expression  in  the  secon 
dary  chan.gesil  induces  in  the  .scn.sory.  trophic,  and  motor 
functions  of  the  arms.  The  symptoms  an-  almost  always 
bilateral,  but  a  few  cases  have  been  observed  in  which  litit 
one  side  of  the  body  was  affected.  The  most  common 
type  is  that  in  which  the  ntost  sidient  features  are  loss  of 
per<-eptionof  pain  and  lemperature.  with  releiiliou  of  the 
tactile  and  inuscular  senses,  combined  with  atrophy  of 
the  arms  similar  to  that  observed  in  progressive  muscu 
lar  atrophy.  The  atrophy  usually  appears  in  the  small 
muscles  of  the  hand  and  gradually  extends  ujnvard.  in- 
volving consecutively  the  arm.  forearm,  and  shoulder 
mu.scles.  or  it  may  first  appear  in  the  shoulder  and  upper 
muscles  and  later  descend  to  the  hand.  The  ditference 
depends  upon  whether  tlu'  lower  cervical  gray  matter  is 
first  affected  with  extension  upward  of  the  i)rocess.  or 
whether  the  up])er  cervical  enlargement,  in  which  are 
located  the  centres  for  the  shoulder  muscles,  is  tirst 
affecled. 

Corresponding  with  the  atrophy  there  is  naturally  a 
w'caknc.ss  of  the  muscles  which  may  go  on   to  complete 
!   paralysis.     Troph.ic  disturbances  are  comniou.     Changes 
in  the  joints  and  bones,  very  .similar  to  those  observed 
in  tabes,  occur  in  about  fen   per  cent,  of  the  cases.     The 
joint  changes  consist   |irincipally  of  cnlargi'incnt  of  cap- 
sular ligaments,  loosening  of  the  joints,  thickening  of  the 
capsule,  changes  of  form   in  the  ends  of  the  bones,  and 
developmi-nf  of  bony  s|n'cula  in  the  capsular  walls.     The 
;    further  changes  resemble  those  in  tabetic  joints. 
I        I'aiidess   fracture  of  the  bones   may  occur  from  very 
1   slight   causes,   as   in   the  case  of   a   iiian   who    fractured 
I   the   radius   while   kneading  dough.      Various  atroi)hic 
:   changes  in  the  skin  are  frequent,  such  as  herpes,  eczema, 
and   I'Ven   deep   ulceration   and    gangrene;   in  faro  cases 
amputation  of  the  hand  mav  be  ncci'ssiiry  ;  or  there  mav 
be  simply  vaso-motor  changes  causing  lividily  and  coUI- 
ness  of  the  skin  or  the  o|iposite.  or  o'demafoiis  swelling 
of  the  hand.     There  may   be  sweating  or  dryness  of  the 
skin.     The  nails  may  become  dry.  cracked,  and  britlleund 
may  (lro|>  off 

An  obtrusive  symptom  which  is  .sometimes  observed  is 
the  painless  felon,  similar  lo  thai  which  occurs  in  Mor- 
vail'S  disease.  These  felons  occasion  deep  ulceration  and 
necrosis  of  the  distal  ph;ilangcsof  the  fingers  .solhat  they 
may  dropoff.  N'otwithstanding  this  extensive  ulceralion 
I  he  felons  iire  painless,  owing  to  the  analgesia  present 
(Prince). 

For  a  more  accurate  dilTerenlial  dia.gnosis  of  these  dif- 
ferent secondary  muscular  dystrophies,  and  for  a  more 
exact  discussion  of  their  pathology  and  treatment,  the 
reader  is  referred  to  articles  in  this  work  on  diseases  of 
the  nervous  system. 

Spastic  rigidity  of  the  arms  is  often  one  of  the  earliest 
signs  of  ciiKONic  nvi>H()cl-;fit.\i.is.  even  before  the  skull 
begins  to  enlarge,  and  convulsions  may  be  present  from 
time  lo  time.  In  congenital  spastic  rigidity,  due  to 
sclerosis  or  ilefective  development  of  tlie  cortex  cereliri, 
the  spastic  condition  is  usually  confined  to  the  legs. 

In  i'.\it.\MVo(i.oM  s  Mti.Tli'i.KX.  ;is  the  name  of  the  dis 
ease  implies,  the  contractions  of  the  muscles  appear  in  par- 
oxysms and  the  muscles  involved  are  usually  the  biceps, 
deltoid,  and  triceps  in  the  arms,  and  the  (|iia<liicc-|is 
feinoris  and  calf  muscles  of  the  lower  limbs.  Myoclonus 
multiplex  is  a  disease  of  adult  life,  and  may  be  dilferen- 
tiafed  from  chorea,  which  is  usually  seen  in  childhood. 
Somelimcs  the  muscles  in  niyoclouus  arc  exceedingly 
irritable. 

Sometimes,  as  the  result  of  infantile  cerebral  i>aralysis. 
or  from  reasons  developing  later  in  life,  th<-  muscles  of 
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the  hand  are  affec-ted  by  a  slow,  constaut  inovemeut.  so 
tlial  tlic  linjrcrs  assume  curious  constrained  and  unusual 
postures,  lieinjr  moved  into  extreme  or  forced  extension, 
flexion,  pronation,  or  supination.  Tliiscondition  is  ealled 
.\thi:ti)sis,  and  is  separable;  from  rliorea  in  that  the  mo\'e- 
menls  are  slower,  and  are  limited  to  the  liugers  and 
wrists,  the  arm  escaping. 

Alisolute  loss  of  power  in  one  hand  and  arm,  without 
the  neces.sary  development  of  sul)se(pient  deformity,  re- 
sults from  cerebral  or  peripheral  lesions  as  a  rule,  being 
rarely  spinal  in  origin,  and  is  called  bu.\chi.\l  mono- 
pi.miiA.  xVlthough  the  onset  of  a  monoplegia  due  to  cor- 
tical, sub-cortical,  or  eapstdar  causes  is  sudden,  the  reac- 
tions of  degeneration  do  not  come  on  for  a  long  jieriod  of 
time  in  such  cases,  because  the  nuiseles  in  the  paralyzeil 
area  are  still  connected  with  the  trophic  centres  in  the  cord, 
and  this  affords  tis  a  \-aluable  point  in  differential  diag- 
nosis. In  all  cases  of  brachial  monoplegia  due  to  periph- 
eral lesions  we  tind  that  atrophy  of  the  muscles  comes 
on  very  rapidly  from  cutting  otf  of  the  muscles  from  their 
trophic  centres  in  the  spinal  cord. 

(A)  77(6  Tendons. — The  want  of  protection  of  the  tendons 
in  the  forearm  is  the  reason  of  their  frequent  accidental 
division  from  incised  wounds  near  the  wrist.  In  the 
event  of  such  division  the  proximal  end  will  retract  an 
inch  or  more  into  the  tissues  of  the  forearm,  and  naturally 
the  function  of  the  accompanying  muscle  will  be  totally 
suspended.  Where  several  of  tliese  tendons  lla^•e  been 
divided  at  once,  there  may  be  considerable  ditHculty  in 
identifying  the  corresponding  proximal  and  distal  ends. 
In  any  clean  woimd,  liow<-ver,  union  by  suture  should  be 
attempted;  nor  would  the  mistaken  ajiposition  of  the 
proximal  end  of  one  tendon  to  the  distal  end  of  another 
prove  as  serious  a  disaster  as  the  failure  to  unite  the 
severed  tendon  ends.  In  fact  an  intentional  transplanta- 
tion of  the  proximal  end  of  one  tendon  to  the  distal  end 
of  another  has  recently  been  practised  with  brilliant  suc- 
cess in  some  cases  of  infantile  paralysis,  with  a  view  to 
imparting  vicarious  function  to  the  paralyzed  members. 
In  uniting  mnlti]ile  sections  of  the  tendons  in  transverse 
incised  wounds  of  the  wrist  and  forearm,  it  is  important 
that  the  union  sliovdd  be  at  least  between  tendons  travers- 
ing the  same  comiiartment  of  the  annidar  ligament. 

An  occasional  result  of  a  severe  sprain  is  the  dtsloca- 
TION  OF  THE  TENDONS  about  the  affected  joint.  The  long 
head  of  the  biceps  is  oftenest  so  affected,  being  displaced 
from  its  groove  in  the  humerus.  The  tlexorearpi  tdnaris 
Is  sometimes  injured  in  this  way,  and  the  tendon  of  the 
extensor  communis  digit orum,  wliich  runs  to  the  index  lin- 
ger, is  not  infre(|uently  tca-n  from  its  bed  at  the  back  of 
the  wrist,  owing  to  the  fact  that  the  portion  above  the  an- 
nular ligament  stands  at  (piile  an  angle  to  the  iiortion 
below.  Its  displacement  is  always  to  the  radial  .side.  In 
cases  of  dislocation  of  the  tendons,  the  nuiseles  can  still 
contract,  but  the  tendon  can  be  felt  to  move  in  its  ab 
normal  position,  while  the  extremity  suffers  a  jiarlial  loss 
of  function  from  the  merhanieal  disadvantage  under 
which  the  muscle  works. 

These  accidents  may  be  treated  by  rejilai  ing  the  tendon 
and  keeping  it  in  position  by  a  splint.  This  not  availing, 
the  tendon  may  be  cut  down  u]ion  and  the  torn  .sheath 
sutured  or  a  new  .sheath  formed  liy  dissecting  uji  a  band 
of  periosteum. 

Among  the  traumatic  affections  of  the  tendons  we  oc- 
casionally meet  with  instances  of  complete  rupture. 
This  occurs  eilher  in  the  course  of  the  lendon  jn'oper, 
or,  more  frequciitly.  at  the  attachment  of  the  tendon  to 
the  bone,  but  I'njjture  at  the  nuiseulo-tcnilinons  junction 
is  almost  tuiknown.  When  tlie  teuilon  is  in.serted  into 
a  special  epi|ihysis,  as  the  triceps  into  the  olecranon 
luocess,  the  biceps  into  the  tubercle  of  the  radius,  and 
the  supinator  longus  into  the  styloid  process  of  the 
radius,  so-called  rupture  of  the  corresponding  tendons  is 
usually  accompanied  willi  tearing  otf  of  the  epiphysis 
and  more  or  less  stri piling  up  of  I  he  adjacent  periosteinn, 
constituting  what  is  known  as  a  fracture  "  par  arraehc 
ment."  Allhough  the  lendon  is  the  part  which  usually 
gives  vvav  under  strain  on  a  nuis<le.  the  nuiscular  lllires 


themselves  may,  in  rare  cases,  be  more  or  less  extensively 
torn  across,  especially  after  long  and  exhau.stive  diseases, 
such  as  typhoid  and  scarlet  fever.  Contusion  of  a  muscle 
in  a  state  of  tense  contraction  may,  however,  bring  about 
a  subcutaneous  division  of  its  fibres  sufheieut  to  cause  a 
jironounced  diastasis  of  the  divided  portions.  The  ten- 
dons of  the  arm  most  frequently  the  subject  of  rupture 
are  the  long  head  of  the  biceps,  and  the  jironator  radii 
teres:  the  radial  attachment  of  the  biceps,  the  triceps, 
the  deltoid,  aud  the  peetoralis  major  have  been  reported 
as  torn  from  their  insertions.  It  is  not  likely  that  rup- 
ture of  a  healthy  tendon  can  occur  except  when  the 
muscle  is  suddenly  and  tmexpectedly  exposed  to  severe 
additional  strain  when  already  in  a  state  of  contraction. 
The  accident  is  generally  accompanied  by  sudden  and 
violent  pain,  by  complete  loss  of  power  in  the  muscle, 
and  by  considerable  impairment  of  function  in  the  limb. 
When  seen  soon  after  the  occurrence  of  the  accident  a 
more  or  less  marked  depression  can  be  felt  over  the  site 
of  the  rupture:  this  depression  may  later  become  filled 
with  extravasated  blood  or  effused  lym])h  and  may  in 
fact  become  converted  into  an  elevation.  Where  the 
fleshy  body  of  a  muscle  is  torn  across,  unless  the  muscle 
be  one  lying  very  deep,  the  depression  will  be  likely  to 
be  quite  deep  and  quite  persistent.  Such  an  evidence 
of  an  hiatus  in  the  continuity  of  a  tendon  or  muscle  is 
almost  iiathognomonic  of  the  lesion. 

The  treatment  will  vary,  according  to  the  importance 
of  the  affected  muscle  and  the  amount  of  disability  in- 
curred, from  simple  rest  with  jiains  to  keep  the  limb  in 
a  position  to  relax  to  the  utmost  the  affected  muscle, 
to  more  or  less  elaborate  ojierative  procedui'cs  for  the 
restoration  of  the  continuity  of  the  lacerated  tissues  by 
suture.  It  should  be  remembered  that  contractures  may 
subsequently  develop  in  consequence  of  muscular  or 
tendinous  ruptures. 

The  tendons  themselves  are  rarely  the  subject  of  dis- 
ease which  docs  not  also  involve  their  synovial  sheaths 
as  well.  They  may  become  necrotic  in  suppurative  proc- 
esses which  have  invade<l  their  sheaths,  and  in  this  case 
their  separation  will  take  jjlace  at  the  point  where  their 
intrinsic  blood-vessels  have  been  destroyed.  The  tendons 
are  sometimes  the  seat  of  deposits  of  urates,  aud  not  in- 
frequently undergo  calcareous  infiltration  in  advanced 
life.  Ossification  of  their  distal  ends  is  also  sometimes 
observed,  and  in  some  cases  there  is  an  anomalous  de- 
velopment of  sesamoid  bones  at  the  point  where  the  ten- 
dons may  form  an  angle  in  jiassing  over  bony  promi- 
nences. Rheiunatic  deposits  are  sometimes  fotmd  near 
the  proximal  end  of  the  tendons. 

(c)  The  Tnid'ni  Klienthn. — JIuch  more  common  than  dis- 
ease of  the  tendons  themselves  is  disease  of  the  synovial 
membrane  which  surrounds  them.     The  exact  pathology 

of  the  SI.MPI.E  lUIilT.VTIVE  FORM  OF  TENOSYNOVITIS  is  not 

very  perfectly  luulerstood.  From  its  etiology  and  course 
the  pathological  condition-is  strongly  analogous  to  that 
which  has  been  discussed  under  the  head  of  myalgia,  and 
is  probably  due  to  an  alteration  of  the  synovial  fluid  and 
possibly  of  the  endothelial  cells  liinng  the  sac.  It  is  ob- 
served to  occur  wider  conditions  strictly  analogous  with 
those  which  induce  an  attack  of  myalgia,  i.e..  exposure 
to  cold  and  over-use  of  the  parts.  It  is  generally  ac- 
companied with  lameness  and  tenderness  over  the  course 
of  the  tendon,  and  characteristic  of  the  condition  is  the 
crepitation  which  follows  contraction  of  the  muscle. 
Rest,  heat,  and  counteriiTitalion  are  the  best  means  for 
relieving  the  ditliculty. 

In  addition  to  the  simple  irritative  form,  a  septic,  a 
rheiunatic,  a  syphilitic,  aud  a  tuberculous  form  of  teno 
synovitis  are  recoi\led. 

The  SEPTIC  i''onM  is  almost  invariably  secondary  to  sep- 
tic jirocesses  outside  of  the  tendon  sheaths,  and  in  septic 
tenosynovitis  of  tli<'  forearm  the  locus  of  ]irimarv  sepsis 
is  most  freipiently  the  hands  and  fingers.  The  disease  is 
aeconip:inied  with  a  purulent  effusion  inl<i  the  lendon 
sheaths,  giving  rise  to  lender  oblong  swellings,  ill  defined 
on  account  of  the  dislention  dm-  to  accompanying  celUi 
litis,  and  lying  parallel  with  the  axis  of  the  limb.     The 
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.iiirrouiidinir  tissues  are  usually  sufHcicntly  iiivulvcd  in 
the  i)V(igeiuc  process  to  jrive  rise  to  lieat.  reilness.  ami 
s\vellinj;"of  the  surface.  Suppurative  tenosynovitis  has 
lieeu  known  to  follow  gonorrhieal  rlicuniatisni  of  the 
joints. 

The  treatment  of  jiurnlent  thedtis  consists  in  layinj; 
opc-n  the  tendon  sheaths  freely,  thouirli  not  literally  from 
(•nil  to  end  lest  the  tendon  esea]ie  from  its  bed.  Only  in 
rare  cases  would  it  be  justiliablc  to  tliviile  the  animlar 
liiianieiit  of  the  wrist  or  even  to  open  its  comiiartments. 
(ireat  elVort.  however,  should  be  made  to  irrij;ale  th<'  sac 
most  freely  with  antiseptic  solutions  throimh  the  lilteral 
incision  ai)ovc  and  below  the  bridfre  of  tissue  which  it 
may  be  deemed  wise  to  leave  to  serve  as  a  bridle  to  hold 
ihe  tendon  in  its  bed.  and  particidar  pains  should  be 
t,-d<cn  to  force  the  irrigating  fluid  to  pass  under  this 
bridge  of  tissue. 

In  dressing  woiuids.  whether  operative  or  otherwise, 
(■f  llie  tendons  or  of  the  tendon  sheaths,  it  nuist  be  borne 
in  mind  tliatthe  vascular  supply  of  these  tissues  is  limited, 
and  that  in  conscciueuce  when  they  have  been  exposed  to 
the  air  it  is  neces.sary  tp  provide  carefully  against  their 
(U-siceation  in  ordci'  to  avoid  necrosis.  In  all  aseptic  con- 
ditions of  the  tendon  sheaths  this  maybe  aceomiilished 
by  covering  the  exjKised  tissues  with  imi)crvicius  protec- 
tive strips  of  guttapercha,  rubber,  or  prepared  mackin- 
tosh, lu  septic  processes  the  use  of  impervious  dri^ssings 
is  eiintraindicated.  and  provisicm  a^ainsl  desiccation 
must  be  made  by  means  of  wet  dressings.  fre(piently 
reneweil. 

Like  all  diseases  of  tin'  fibrous  system,  tenosynovitis  is 
vi'ry  jirone  to  occur  in  artlu'itic  subjects,  and  the  KiiKH 
M.vnc  i-'onM  oi-'  TENOSYNOVITIS  has  a  very  disagrec'abic 
tendency  to  become  chronic.  In  the  acute  stages  alkalies 
and  the  salicylates  willatlord  relief  to  thepatienl.  In  the 
lalersta^'c:slithiaand  the  iodide  of  potassium  are  the  most 
serviceable  drugs  available;  while  the  exposure  of  the 
limb  to  high  temperatures  in  the  hot  air  bath,  together 
with  massiige,  and  active  and  passive  motion  carried  oJi 
in  sjiite  of  tlie  soreness,  will  do  much  to  restore  the 
sup]ile  action  of  the  arm. 

The  Tii'.i-.nct'i,(us  kohm  of  tenosynovitis  begins  in  a 
very  insidious  fashion.  It  maybe  primary  in  the  tendon 
sheath,  but  is  frequently  secondary  to  a  tuberculous  [huc 
ess  In  the  adjacent  joints.  It  is.  like  most  luberctilous 
processes,  of  very  slow  growth,  covering  a  period  some 
times  of  years,  with  times  of  improvenn-nt  under  rest. 
but  with"great  pronencss  to  recur  as  soon  as  the  liiidi  is 
again  jiut  to  its  customary  use.  If  develoiis  frei|uenlly 
after  some  traumatism  such  as  a  sprain  or  a  contusion, 
and  tli<-  diirerentiation  from  the  simple  irritative  or  from 
the  rheumatic  form  is  not  at  lir.st  easy.  After  a  while 
there  will  almo.st  always  be  developed  along  the  course 
of  tJK^  tendon  the  characteristic  flat  or  oval  swelling 
caused  liv  elTusion  into  the  sheath  and  thickening  of  the 
walls  of 'the  sheath  itself.  This  swelling  miiy  take  on 
more  or  less  of  an  hour  glass  shape  fr<im  conlinemeiit  of 
the  tendon  beneath  the  annular  ligamenl.  The  disease 
may  remain  conline<l  to  one  portion  of  a  sin<;l<'  tendon 
sheath,  but  tends  to  extend  both  uinvard  and  dowtiward: 
also  to  attack  neighboring  tendons  and  even  to  invade 
underlying  joints. 

Aeeoriling  to  Park,  there  are  two  pathological  formsof 
the  disease:  one  is  a  fungous  form  distinguishable  by  the 
growth  of  exulierant  gianulation  tissue  of  a  gelatinons 
appearance  stu'rounding  the  tendon  on  the  iiuier  side  of 
its  siH'ath.  In  the  other  form,  known  as  hygroma,  the 
iimer  surface  of  the  tendon  sheath  is  covereil  with  small 
growths,  which  liciome  detached,  fornnng  small,  hard 
kernels  known  as  rice  bodies  These  rice  liodies  are  the 
result  of  fibrinoid  degeneration,  i.e..  the  degenerated 
villr>us  growths  which  are  fibrinous  in  cliaracter  become 
looscni'd.  forming  free  kernels.  Until  recently,  this  form 
of  disease  was  supjioscd  to  have  no  connection  with 
tulierculosis.  It  is  now  distinctly  established  that  these 
bodies  contain  tubercle  bacilli.  The  siime  condition  may 
be  found  in  ttiberculous  joiiU  disease  where  they  develop 
from  a  tibrinoid  degeneration  of  tuberculous  granulations 


on  the  synovial  fringes.  If  the  disease  is  allowed  to  rim 
its  course,  suppuration  ensues,  forming  sinuses  involving 
the  skui  which  eventually  breaks  down.  These  with  tlie 
resulting  cicatrices  greatly  imjiair  the  use  of  tlie  hand. 

The  t  real  nientdf  tuberculous  tenosynovitis  is  essentially 
the  same  as  that  of  tuberculmis  joint  trouble,  and  consists 
at  lirst  in  the  immobili/alioii  of  the  arm  1)V  suitable 
splints.  Willi  moderate  |)ressure.  together  with  the  ad- 
niinislralion  of  ai>pro])riale  tonics  and  careful  attention 
to  hygiene.  The  possible  usefulness  of  dry  air  in  the  hot- 
air  bath  is  not  altogether  settled,  though  it  might  seem  a 
rational  therapeutic  measuiv.  It  is  esscniial  to  dilfercn- 
tiate  positively  the  tuberculous  form  of  Ihe  disease  from 
the  simjile  irritative  and  tlie  rheuinalic  form.  Massage, 
and  movcmenls,  activeand  passive,  so  pri' cniinently  use 
fill  in  the  treatment  of  the  two  latter  forms,  isabsoiutely 
and  positively  contraindicated  in  tuberculous  synovitis. 
Kailure  to  secure  imiirovcmcnt  by  the  above  means  would 
justify  us,  as  in  cases  of  joint  lubiTciilosis.  iu  proceeding 
to  o|ierativ(-  measures.  The  simplest  of  these  consists  in 
aspirating  the  tiuid  contents  of  the  temlon  sheaths  and  in 
injecting  into  them  a  ten-pircent.  emulsion  of  iodoform. 
Si'iould  this  fail  to  control  the  process,  the  t  uberc-iilousarea 
should  be  cut  down  upon,  the  blood  sujiply  to  the  arm 
being  lirst  cut  olV  with  an  Esmarch  bandage,  and  any 
suspiciinis  granulation  tissue  scraped  away  with  a  small 
curette.  At  any  point  where  the  tendon  itself  seems 
ho)ielessIy  afrect'ed,  it  should  be  freely  resected  and  an 
effort  should  be  made  by  sjilitting  and  grafting  the 
tendon  to  coin]icnsatc  for  'the  defect.  Even  should  this 
b(^  imiio.ssiblc,  the  function  of  the  tendon  may  better  be 
.saciilieed  than  to  expose  the  iiatic-nl  lo  danger  of  loss  of 
the  limb  or  even  of  life. 

SviMlli.lTicTKNosYNovirismay  exbibil  itself  in  an  acute 
and  chronic  form,  not  easy  to  diirerentiate  by  symptoms 
alone  from  simple  and  rheumatic  intlammation  of  the 
lendon  sheaths.  liothof  these  formsof  syphilitic  thecitis 
arc  seen  in  <'arly  sy|ihilis,  and  1  have  myself  observed 
one  marked  case  ending  in  resolution  after  some  months 
of  treatmenl.  ill  a  case  of  hereditary  syphilisaccomiiauied 
with  syphilitic  pachymeningilis. 

The  gummaloiis  form  is  almost  invariably  very  late  iu 
development,  occurring  often  lifteeii  or  twenty  years 
after  infection.  It  is  ri'cognizcd  as  a  roiual  or  sinndle- 
sliapcd  swelling  involving  the  tendons.  It  growsslowiy 
and  ])aiiilessly,  rcinaining  as  a  guinmatons  swel'ing, 
liceoming  calc;ireous,  or  extending  to  the  surrounding 
tissues,  the  fascia  and  tlw  skin. 

SvNovi.M,  cYs'rs  OK  Till;  TKNDON  siiE.\Tils.  otherwise 
known  as  weeping  sinew  s  or  ganglions,  occur  with  great- 
est rrei|uciicy  about  the  wrisl.  whether  just  above  or  just 
below  (he  annular  ligamenl  There  are  cases  met  with, 
however,  in  theloweriiarl  of  the  forearm,  both  on  I  he  flexor 
and  on  the  extensor  tendons.  Their  exact  pathology  is  a 
in,-ilterof  (lisinitc,  but  it  is  fairly  well  cslablished  Ihatlhey 
rarely  communicale  with  Ihe  synovial  sac  |iropcr.  They 
not  infre(|iiciitly  contain  rice  bodies  such  as  arc  found  in 
the  synovial  sac  in  cases  of  tuberculous  disease,  but  their 
almost  invariably  benign  course  would  make  it  seeni  im- 
probable that  their  oriiiin  should  br'  tnbercnlous.  These 
little  cysts  frequently  disap])earsponlanconsly.  and  often 
their  disappearance  can  be  hastened  by  modcrale  pressure 
Ions;  continued.  .More  obstinate  cases  can  be  dealt  with 
by  free  subcutaneous  puncture  with  a  sharp  bistourv  or 
tenotome  and  the  cxi>ression  of  their  <'onleiils  by  digital 
pressure  into  tlie  surroundiiiL'  cellular  tissues.  Some 
cases  mav  demand  free  incision  and  extir|>aliou  of  the 
cvst  walls,  an  operation  which  ninst  be  conducted  with 
careful  antiseptic  precautions,  on  account  of  the  close  as 
socialion  and  occasional  continuity  of  Ihe  cyst  with  the 
temlon  sheath  propi'r. 

V.    At  TECTIONS    OF   THE    Ri.OOD-VesSRI.S 

t")  T/ir  .liVmV.v.— The  blood  vessels  of  the  arm  are  sub- 
ject to  the  same  diwascs  as  the  blood-vessels  elsewhere 
in  Ihebodv.  The  ,\N.\roMic\i.  I'osrnoN  of  tiik  n.\ni.\i, 
AUTKUY  is" important  from  its  friMpient  use  for  taking  the 
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pulse,  and  it  should  be  remembered  that  it  may  be  absent 
in  mro  instances;  or  it  may  be  much  smaller  I lian  normal, 
terniinatinj;  in  muscular  branches  above  the  wrist;  or  it 
may  lie  upon  I  lie  deep  fascia  inslead  of  beneath  it;  or  it 
may  be  covered  by  fascia  so  tliici;  ami  hard  that  the  ]nx[ 
sation  cannot  readily  lie  Iransiiiiltcd  to  the  linger  tips; 
finally,  it  may  turn  backward  beneath  the  extensor  mus- 
cles of  the  Ihiinib.  When  in  its  normal  position  it  is 
easily  felt,  pulsating  almost  subeutaneously  over  the 
bones  of  the  wrist. 

Atuehom.\  oi.'  THE  AUTERIES  manifests  itself  through 
thickening  of  the  vessel  wall,  either  localized  or  dilfn.se. 
and  often  accom]ianied  by  the  deposit  of  calcareous  salts 
until  a  condition  of  the  vessel  is  produced  well  expressed 
by  the  term  "  ])ipe-stem  arter_v. "  It  is  most  readily  ap- 
preciable in  the  radial  artery  near  the  wrist.  Its  chief 
importance  in  this  connection  is  not  with  regard  to  the 
function  of  the  vessels  of  the  arm,  but  as  an  indication  of 
the  condition  of  the  va.scular  system  throughout  the  body. 
The  vascular  sclerosis  will  often  lie  found  more  marked 
in  the  right  arm  than  in  the  left,  in  individuals  such  as 
stonecutters  and  blacksmiths  who  habitually  perform 
much  heavier  labor  with  that  arm  Uian  with  the  left. 
When  this  condition  of  arteriosclerosis  is  found  to  be 
present,  it  is  an  important  guide  to  the  surgeon  in  leading 
him  to  make  a  guarded  prognosis  as  to  the  result  of  severe 
operation  anywhere  in  the  body. 

Aneurisms  occur  in  the  vessels  of  the  arm  as  elsewhere. 
They  may  be  present  at  any  age;  indeed  Schmidt  reports 
an  aneurism  of  the  radial  artery  in  an  infant  of  eight 
weeks. 

The  traumatic  forms  affecting  the  ami  are  chiefly  those 
springing  from  the  axillary  artery  and  showing  in  the 
arm  pit.  Tlie  artcrio-venous  form  fif  aneunsm  was  for- 
merly quite  a  common  occurrence  when  venesection  was 
more  generally  practised.  The  adjacent  artery  being 
wounded  by  the  incision  which  opened  the  vein,  adhe 
sions  form  between  the  two  vessels  and  part  of  the  arterial 
blood  is  thrown  into  the  vein  at  each  pulsation,  the  vein 
greatly  dilating  under  the  strain. 

CinsoiD  ANEURis.MS  are  occasionally  met  with  on  the 
forearm.  They  are  formed  of  dilated  and  tortuous 
arteries.  In  a  case  that  came  under  my  obser\'ation.  the 
tumor  extended  from  a  little  below  the  elbow  almost  to 
the  wrist,  and  was  about  three  inches  wide.  On  opera- 
tion a  ma.ss  of  dilated  arteries  was  found  lying  in  the 
superficial  fascia,  fed  by  numerous  branches  perforating 
the  deep  fascia  from  below.  The  treatment  of  this  form 
of  aneurism,  which  stands  on  the  border  line  between 
tumors  and  malformations,  consists  in  thorough  extirpa- 
tion, approaching  the  mass  of  pulsating  vessels  from  the 
periphery  and  tying  all  the  feeders  at  their  point  of  emer- 
gence from  the  deep  fascia.  With  careful  dissection, 
working  from  the  ends  toward  the  centre  of  the  tumor, 
dangerous  hemorrhage  can  usually  be  avoided.  The 
diagnosis  of  aneurysm  can  usually  be  made  by  observing 
that  the  tumor  has  an  expansile  pulsation  which  ceases  on 
application  of  tinn  pressure  on  its  pro.xiiual  side.  In  the 
case  of  cirsoid  aneurism  in  which  the  feeders  are  numer- 
ous and  come  fiom  the  parts  directly  underneath  the 
tumor,  pressure  on  the  proximal  side  will  not  suffice  to 
interrupt  the  pulsation  of  the  mass.  A  characteristic 
brnit  can  in  most  cases  lie  heard  over  the  tumor.  The 
treatment  of  aneurism  of  the  upper  extremity  does  not 
differ  from  the  treatment  of  the  condition  elsewhere. 

(b)  The  Veins. — The  veins  of  the  upper  extremity  arc 
subject  to  the  same  affection.s  as  tho.sc  elsewhere  iii  the 
body  ;  such  as  wounds,  phlebitis,  thrombosis,  and  vrtric<'S. 

The  condition  of  the  veins  of  the  hand  and  forearm  is 
a  valuable  index  of  the  condition  of  the  general  circula- 
tion as  regards  ai'ration  of  the  lilood  and  piwsible  olislrni- 
tion  to  the  venous  circulation.  These  veins  dilate  when 
the  heart  is  weak,  or  whin  there  is  any  inipediiucnt  to 
the  return  circulation  in  the  domain  of  (he  vena  cava 
superior. 

PiiLEiiiTis  may  be  caused  by  intlanimalion  near  the 
vessel,  by  thrombus  formation,  by  traumatism,  or  by 
direct  infection.     It  gives  rise  to  pain  and  tenderness  in 


the  course  of  the  vessel,  to  oedema  and  discoloration  of 
the  .skin,  and  if  at  all  extensive,  systemic  symptoms  occur 
which  are  those  of  mild  or  severe  sepsis. 

The  treatment  of  simjile  phlebitis  consists  fir.st  of  all  in 
rest,  which  should  be  insisted  on  as  most  important  to 
lirevent  the  detachment  of  emboli.  Next  it  is  necessary 
to  secure  as  near  an  approximation  to  asepsis  of  the  in- 
testinal tract  as  tuay  be  practicable,  and  finally  some 
benefit  nia,v  be  expected  from  the  use  of  antiseptic  and 
stimulating  substances  applied  along  the  course  of  the 
affected  vein,  such  as  a  titty-per-cent.  ointment  of  ieh- 
thyol  or  Crede's  silver  ointment :  the  object  of  the  treat- 
ment being  to  maintain  the  integrity  of  the  thrombus 
within  the  intlanied  vessel  until  such  time  as  shrinking 
of  the  coagulated  fibrin  may  allow  a  partial  restoration 
of  the  vascular  canal,  and  to  stimulate  the  absorptive 
function  of  the  perivascular  lymph  channels.  Upon  the 
first  indication  of  septic  infection  of  the  thrombus,  as 
evidenced  b}'  chills  and  septic  fever,  or  by  local  abscess 
formation,  it  is  projier  and  necessary  to  incise  the  tissues 
fi'eely  over  the  affected  vessel,  to  clean  out  the  septic 
clot,  and  establi,sli  free  drainage.  During  such  an  opera- 
tion it  may  be  possible  to  restore  the  patulousness  of 
many  adjacent  veins  which  may  liaAC  become  throm- 
botic, b}'  extracting  from  their  lumen  long,  more  or  less 
firm  clots  of  coagulated  blood  and  fibrin.  Great  care, 
however,  must  be  used  in  nnmipulatiou  of  the  affected 
limb  to  avoid  breaking  loose  jiortions  of  the  blood  clot 
within  the  veins  which  luight  be  carried  as  emboli  to  the 
lungs  or  to  the  brain,  and  give  rise  to  dangerous  or  even 
fatal  infarctions. 

TuROJiBOSis  is  due  to  conditions  that  slow  the  blood 
stream  associated  with  abnormal  conditions  of  the  endo- 
thelial coat.  It  gives  rise  to  sudden  and  severe  pain  and 
to  wdema  on  the  distal  side  of  the  coagulum.  The  treat- 
ment is  essentially  that  of  the  phlebitis,  which  is  an  al- 
most invariable  attendant. 

V.\iiiCES  are  rare  in  the  upper  extremity,  owing  to  the 
less  unfavorable  action  of  gravity  as  compared  with  the 
lower  extremity,  but  they  may  occasionally  be  found. 

VI.  Affections  of  the  Lv.mph.vtic  Vessels,  Glands, 

AND   BURS/E. 

(n)  The  T.itinph  Vessels  (in d  Li/mph  Glrinds. — In  consid- 
ering the  affections  of  the  lymphatic  system  of  the  arm, 
one  anatomical  peculiarity  should  be  borne  in  mind — 
namely,  this:  that  the  greater  ]iart  of  the  lymphatic  cur- 
rent from  the  hand  and  forearm  jiasses  directly  to  the 
axillary  and  subscapular  nodes  without  traversing  the 
epitrochlear  gland  and  the  other  lymphatic  nodes  at  the 
bend  of  the  elbow.  The  importance  of  this  course  of  the 
lymphatic  canals  is  indicated  in  cases  of  .septic  and  ma- 
lignant disease  of  the  hand,  as  some  cases  on  record  tend 
to  prove  that  the  lymphatic  vessels,  as  compared  with 
the  lymphatic  nodes.  ma_v  with  considerable  impunity 
serve  in  the  transmission  of  both  septic  and  malignant 
particles.  Thus  in  cancer  of  the  hanil,  with  more  or  less 
extensive  involvement  of  the  axillarv  nodes,  it  lias  been 
recorded  in  some  cases  that  am|)Utation  of  the  hand  and 
radical  extirpation  of  the  axillary  lymphatics  has  suc- 
ceeded in  leaving  the  patient  free  from  recurrence  of 
the  di.sease.  and  in  a  similar  manner  we  frec|uciitly  find 
the  axillarv  glands  fatally  conipromised  and  breaking 
down  into  abscesses  with  the  lymphatic  vessels,  by  which 
infection  from  the  hand  must  have  tnivelled,  remaining 
to  all  appearances  intact.  It  behooves  the  surgeon  in 
all  cases  of  disease  of  the  distal  part  of  the  upper  ex- 
tremity to  examine  with  care  the  condition  of  the  cubital 
and  axillary  glaials  and  topaljiate  also  the  cimr.se  of  the 
deeper  lymjiliatic  vessels,  which  is  to  all  intents  and  pur- 
poses that  of  (he  main  arteries. 

The  i:riTi!ociii,EAi!  nope  is  situated  in  the  bicipital 
sulcus  just  in  front  of  the  inner  epicondyle  of  the  hume- 
rus. It  is  one  of  the  first  glands  to  become  enlarged  and 
indurated  in  the  general  adenitis  of  syphilis. 

Ei.Ei'iiANTivsis  ai)]H'ars  occasionally  in  the  arms,  but 
more  rarclv  than  in  the  lower  extremities.     Lymi'uangi- 
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OMA  is  also  i-jiicly  iiu't  witli,  Uiit  iiiay  occur,  i>aiticulaily 
along  the  course  of  the  dccj)  lynipliatics.  Lvmimiadk 
NITTS  may  of  course  attcct  the  nodes  of  tlicanuas  Ill<^se 
elsewhere,  ami  is  due  either  to  iiileetion  in  the  acule  foiiii 
from  some  focus  of  .sepsis  <in  the  line  of  draina^'c.  or.  in 
the  chronic  form,  is  usually  due  to  tuliciculous  or  syphili- 
tic disea.se.  As  in  all  cases  of  adenitis,  it  is  impoiiani  lo 
study  the  anatomical  di.stribution  of  the  lyinphalic  vessels 
uliicli  ceutie  in  the  atTected  node  with  a  \iew  lo  deler- 
mine  the  portal  of  infection.  The  a.\illary  glands  may 
he  involved  as  a  result  of  disease  of  lh<'  upper  e.xiremity. 
Iiut  inoie  fiei|Uently  as  a  result  of  diseas<-  of  the  thora.x 
and  of  the  neck. 

(//)  The  Ijiirmi. — Of  the  huisa-  of  the  arm  thai  mosi 
freipicntly  <liseased  is  the  one  over  the  tipof  Iheoleeranon 
process.  This  bursii  when  iiUlanii'd  and  disleiideil  gives 
a  characteristic  altcnition  <if  thecomourof  the  arm.  It 
is  sotnctimes  present  as  an  occupation  lesion,  and  is 
known  as  "miner's  elbow.  " 

The  typ('  of  inllammation  )ireseni  may  ))e  either  a 
simple  traumatic  bursitis,  a  septic  bursitis,  or  in  some 
cases  a  gumnialous  bursitis.  In  addition  lo  lhe,s<'  are  tli<' 
various  forms  of '.secondary  bursitis  due  to  extension  of 
disease  of  the  bone  orof  the  joint.  The  only  case  in 
which  llie  diagnosis  of  bursitis  is  likely  to  otTer  any  dilti- 
cultyisin  its  earlier  sta.ges  before  effusion  in  the  bursal 
sjic  has  taken  place.  In  this  case  if  may  be  dillicull  to 
differentiate  it  from  peiioslitis  and  perhaps  from  rlieu 
mat  ism. 

The  treatment  of  simim.k  i;fi!siTis  should  be  directed 
filher  toward  <ansing  abscjrption  of  elfused  tluid.  or  in 
default  of  this,  toward  the  obliteration  of  the  sac.  To 
this  end  it  is  wise  in  the  acule  form  of  the  disease  to  try 
the  elTect  of  heat,  compression,  and  the  use  of  various 
agents  such  as  iodine  and  iehlhyol,  whose  function  it  is 
lo  stimulale  lymiihatie  aljsoiption.  Later  in  llie  disease 
a  dilferent  form  of  therapeutic  elTort  will  be  mori'  likely 
to  lie  successful,  ranging  from  tap])ing  alone,  to  ta]i|iing 
lollowed  by  the  injection  of  irritating  tluids.  if  necessary 
lo  incision  and  packing,  it  e\cn  total  e.\eision  of  the 
walls  of  the  bursa. 

In  the  SKPTic  kokm  of  the  disease  the  cont(  nis  of  the 
bursa  will  probably  be  purulent  and  the  surrounding 
tissues  will  be  angry  and  intiamed.  and  what  was  in  the 
simple  form  of  the  disease  a  painless  tluetuathig  tumor 
may  take  on  all  the  characteristics  of  an  acute  aliscess. 
In  Ihis  case  no  treatment  is  of  avail  which  does  not 
involve  i)rompt  and  free  incision  and  the  evacuation 
of  the  pus.  It  is  particularly  in  septic  cases  that  the 
danger  of  joint  involvemi'iit  by  contiguity  of  tissue 
must  be  considered.  In  the  other  forms  of  disease  of 
this  bursa,  the  liabilitv  to  secondarv  joint  involvement 
is  slight. 

As  already  staled,  the  bursa  freipK-nlly  becomes  sym- 
patlietically  involved  in  any  of  the  diseased  processes  of 
the  joint  (rheiimalism,  tulierculosis.  syphilis,  r-le. );  and 
in  view  of  this  we  are  not  surprised  to  lind  oicasionally 
an  acute  syphililic  bursitis  over  the  olecnmon  appearing 
at  the  time  of  the  severe  joint  pains  which  characteri/e 
tlie  earlier  stages  of  secondary  syphilitic  invasion.  This 
type  of  bursitis  lends  to  spoidaneoiis  anu'iioration  and 
siil)sides  ywci //((.wi/  with  the  joint  atTection, 

A  more  characteristic  form  of  svi'iiii.iTic  itfitsnis  oc 
enrsin  this  region  as  a  late  secondary  lesion  (second  oi-lliird 
year).  This  dillieulty  is  iMdcpendeiil  of  th<'  joint  itself 
and  consists  in  the  development  of  gummali>ns  nodules 
in  the  wall  of  the  bursji.  presently  <'nlargihg  and  beconi 
ing  contiuent  until  the  whole  bursa  represents  one  large 
gummatous  mass.  The  process  soon  extends  beyond  the 
walls  of  the  bursii  and  involves  the  skin  in  .minimal ous 
inliltration.  AVhen  the  skin  has  become  involveil.  this 
vulnerable  ma.ss  is  very  prone  to  [lyogenic  infection  and 
secondary  ulcei-ation  of  an  obstinate  and  destructive 
character.  Like  syphililic  atleclions  elsewliere.  in  the 
absence  of  special  constitutional  depression  the  lesion 
will  yield  readily  lo  the  combined  use  of  aniisyphililie 
and  antiseptift  measures,  neither  of  which  alone  may 
suffice  for  a  cure. 


\'II     .\ii-i;(  rio.Ns  OK   iiiK  Ni:itvi;s. 

The  nerves  of  the  arm  and  forearm  are  liable  to  tlie 
usual  forms  of  di.sease  of  IIksc  tissues  elsewhere  (neural- 
gia, neuritis,  etc,),  with  similar  symptoinsand  demanding 
similar  trealmenl.  The  main  interest  allaehing  todiseasc 
of  the  nerves  of  the  arm  is  due  to  their  anatoini<al  dis 
iribution,  giving  motor  and  sens<iry  dislurbances  in  cer- 
tain well-delined  re,gions.  The  three  chief  types  of  such 
lesions  are  exhibited  respectively  in  inli-rbrenee  w  ith  l\u: 
function  of  the  ulnar,  of  the  median,  aiul  of  the  inus(  ulo- 
spiral  nerve. 

In  il.XAK  I'AUAl.vsis.  the  muscles  alTi'cU'd  are  the  ulnar 
half  of  the  deep  tli-xor  of  the  fingers  ( perloratus).  the 
ulnar  tiexor  of  the  wrist,  the  hyiiolheiiar  mu.seles.  Ihc- 
two  external  lumbrical  muscles,  all  of  the  inleros.s<-i.  \\u- 
adductor  pollicis.  and  the  inner  head  of  the  flexor  pollicis 
brevis.  The  posilion  assumed  by  the  hand,  due  to  iIk' 
unopposed  aclion  of  the  antagonist  muscles,  is  cliaraeler- 
istic.  The  hand  becomes  more  or  h'ss  ('law  shaped  and 
the  condiliou  is  known  as  "main  en  grill'e.  "  This  lyjiical 
|)osilion  is  assumed  by  tin-  hand  f)nly  when  the  paralysis 
lias  lasted  some  time  (Ihii'C  or  four  weeks  or  longer). 
The  wrist  is  slightly  bent  backward  and  lo  the  railial 
side  of  the  forearm  by  the  unojiposed  action  of  the  ex- 
tensors and  flexors  of  the  radial  sitle  of  I  he  wrist  and  of 
the  extensor  carpi  ulnaris.  It  is  the  defect  of  the  in 
tcrossei  which  gives,  however,  the  most  marked  and 
characteristic  deformity  of  ulnar  paralysis.  The  fingers 
cannot  bc'  flexed  at  the  first  ]ihalanges  nor  extended  at 
the  second  and  Ibiril,  and  in  conseiiueiK-e  of  this,  thr<Migli 
the  continued  action  of  theexlensor  communisdigitorum. 
the  first  jihalanges  are  markedly  over-extended,  owing 
to  the  want  of  opposition  from  the  lumbricales  and  in- 
terossei,  while  llie  conlinued  action  of  the  flexor  sublimis 
and  the  unparalyzcd  portion  of  the  flexor  profundus 
iligitorum  bring  the  second  and  third  phalanges  into  ex 
trenie  flexion.  The  loss  of  sensation  in  ulnar  paralysis 
varies  considerably:  in  some  cases  the  sensation  is  lost  in 
the  liltle  linger  and  the  ulnar  portion  of  the  ring  linger, 
also  througlioul  the  ulnar  portion  of  the  palm  and  flu; 
dorsum  (d'  the  hand.  In  other  cases  there  is  hut  little 
attendant  ana'slhesia. 

The  second  marked  picture  of  nerve  lesion  in  the  fore- 
arm is  founil  in  I'auai.vsis  ok  tiik  mkdiax  nkiivk.  Dc- 
struelive  injury  lo  this  ncrvi^  above  its  muscular  branches 
causes  paralysis  id'  the  flexors  of  the  fingers  excepting 
the  ulnar  haif  of  the  flexor  profundus,  jind  of  the  other 
muscles  to  which  the  median  is  distributed;  to  wit.  the 
lu'onafors,  Ihe  flexor  carpi  radialis,  the  two  outer  lum- 
bricales, and  all  the  muscles  of  the  ball  of  the  thumb, 
except  the  abductor  pollicis  and  the  inner  head  of  the 
tiexor  pollicis  brevis.  Tlu^  flexion  of  the  wrist  and  of 
Ihe  hand,  and  llie  pronation  of  the  forearm  are  very 
greatly  impeded  but  not  altogether  abolished  Irv  the  loss 
of  function  in  these  nniseles.  The  llexor  carpi  ulmiris  is 
still  in  action  and  some  luonalion  is  po.ssihle  through  the 
weight  of  the  hand  when  Ihe  supinators  arc  rehixed. 
The  extension  and  abduction  of  the  thumb  are  cliaracler- 
istic,  and  the  thumb  cannol  be  made  lo  touch  Ihe  lips  of 
the  fingers.  Flexion  of  the  two  distal  ]ilialaiiges  is  no 
longer  |)o.ssible,  though  the  first  |)balanges  are  flexed  by 
the  inlerossei.  The  loss  of  sensation  is  again  variable; 
the  most  characteristic  distribution  of  the  ana-slhesia 
lieing  the  thumb,  index  and  middle  fingers,  and  the  railial 
side  of  the  ring  finger  Avilli  Ihe  radial  side  of  the  palm  of 
the  hand.  The  .sensiltion  of  Ihe  dorsum  of  the  hand  is 
not  greatly  afl'ecled.  Again,  a  characteristic  appearance 
of  the  hand  and  forearm  is  produced,  with  great  atrophy 
of  the  forearm  on  the  radial  side  and  in  front.  The  wrist 
is  inclined  to  Ibe  ulnar  side,  and  Ihe  thumb,  whose  flexor 
and  adductor  mnsiles  are  wasled.  is  usually  rotated  out- 
ward so  thai  ils  palmar  surface  is  on  a  plane  wilh  that  of 
(he  wrist  and  the  fingers,  as  in  apes. 

The  third  charaelirislic  picfure  of  injury  lo  the  nerves 
of  thearm  is  that  afforded  by  i-akalvsis  ok  Tin;  Miscti.o- 
si'iHAi.  .NKKVK.  In  jiaralysis  of  the  musinilo  spiial  nerve 
loss  of  liower  occurs  in  all  the  extensors  of  the  forearm  ami 
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lit'  the  wrist  and  in  llii'  suiiiniitors.  willi  lh(>  (n<a 
sidnnl  t'xrcption  nf  tlif  suiiinal.or  lnn,u;iis.  Tlic  wrisl 
(Inips  and  llic  lingiTs  aiv  flfxi'd  at  tlicir  distal  joints. 
Some  extension  of  tlic  tinkers,  liowovcr.  can  he  obtained 
lliroiishtiu'aetionof  tlieinterossei  and  luniliriralfs.  Tlie 
typical  ilistribution  of  the  anaesthesia  afteraeliial  division 
(if  the  uei-ve  nliove  its  eutaneons  liranehes  is  alonj;  the 
outer  (lart  of  the  arm  from  the  insertion  of  the  deltoid  to 
the  lower  tiiird  of  tlie  forearm,  and  there  is  more  or  less 
affeetion  of  the  sens;ition  of  the  dorsum  of  the  hand, 
thonj^h  in  many  eases  there  is  little  or  no  involvement  of 
sensation. 

The  n.x.vR  NKRVE  is  more  e.vposed  to  in.iuky  than  any 
otlier  nerve  in  the  body.  In  the  wrist,  at  the  elbow, 
aiul  in  the  upper  arm  the  nerve  is  liable  to  division  from 
ineised  wounds,  to  pressure  or  contusion,  or  to  involve- 
ment in  fractures  of  tlie  lione.  Sometimes  an  apparently 
spontaneous  ulnar  neuritis  is  observed  iu  persons  other 
wise  in  good  liealth. 

One  peculiar  aceiilent  is  liable  to  affect  the  ulnar  nerve 
as  it  passes  behind  the  inner  condyle  of  the  humerus, 
namely.  disi,(k  ation  from  its  lied.  This  accident  is  ac- 
companied with  more  or  less  neuralgic  pain  referred  to 
the  region  of  distribution  of  its  cutaneous  branches,  and 
with  more  or  less  involvement  of  the  fimctions  of  the 
muscles  to  which  it  is  distriliuted.  The  pain  as  well  as 
the  motor  symptoms  will  be  most  marked  when  the  arm 
is  flexed.  In  short  there  is  excited  in  the  nerve  at  this 
Ijoint  a  localized  neuritis.  Tlie  accident,  which  is  rare, 
may  occur  spontaneously  during  violent  use  of  the  arm, 
as  in  ball-playing  and  gymnastic  exercise,  or  as  the  result 
of  a  contusion.  Pain,  numbness,  and  tingling  along  the 
ulnar  side  of  the  forearm  and  of  the  hand  will  indicate 
the  moment  of  its  occurrence  and  a  cord  can  be  felt  run- 
ning along  the  inner  side  of  thcepicomlyle  which  reveals 
itself  as  tlie  dislocated  nerve  through  the  aggravation  of 
all  these  symptoms  when  pressed  upon  by  the  examining 
finger.  To  avoid  extension  of  the  neuritis  and  all  the 
undesirable  sequehv  of  nerve  degeneration,  it  is  impor- 
tant that  the  nerve  should  be  returned  to  its  bed  and 
securely  fastened  there.  For  this  purpose  a  free  incision 
should  lie  made  over  the  course  of  the  dislocated  nerve 
and  a  firm  fla])  of  connective  tissue  should  be  dissected 
up  from  the  inner  side  of  the  condyle  and  turned  out- 
ward over  the  nerve  so  as  to  bind  it  in  its  proper  bed. 
The  edge  of  this  flap  of  connective  tissue  should  be 
sutured  to  the  capsular  ligament  of  the  elbow  joint  or  to 
the  periosteum  of  the  humerus.  It  is  wiser  not  to  allow 
the  needle  to  pass  through  the  nerve  .sheath  for  fear  of 
exciting  neuralgic  pains.  The  arm  should  be  put  iij) 
and  fixed  in  extension  and  this  position  maintained  until 
the  parts  shall  have  tirmly  united.  If  the  symptoms  of 
neuritis  in  the  mean  time  have  disappeared,  the  limb 
should  be  treated  with  massage,  faradization,  counter- 
irritation,  active  and  passive  motion,  etc. 

The  MEDi.VN  NERVE  is  often  inji'ised,  most  frequently 
in  incised  wounds  of  the  wrist.  In  the  forearm  it  suffers 
in  case  of  fracture  of  the  ulnar  and  radius,  and  just  above 
the  elbow  its  course  to  the  bici|iital  groove  exposes  it  to 
injury.  The  nerve  perforates  the  pronator  radii  teres, 
and  it  is  possibh'  for  it  to  be  injured  in  forcible  contrac- 
tion of  this  muscle  without  direct  external  violence. 

The  Miisct't.o-sriii.vi.  nervi-:  is  .generally  the  sufferer  in 
crutch  paralysis  from  pressure  in  the  axilla.  Its  close 
connection  with  the  humerus  leads  lo  its  frecpient  in.iury 
in  case  of  fracture  and  to  its  frequent  involvement  in  the 
callus  or  between  the  fra.gmenls.  'J'lie  most  fre(|Uent 
cause  of  the  paralysis  is,  however,  damage  to  the  nerve 
during  sleep,  the  patient  lyin.g  upon  a  hard  bed  with  his 
arm  under  him.  This  is  seen  particularly  in  drunkards. 
In  many  cases  this  injury  of  the  mu.seulo-s]iiral  nerve  is 
<lue  not  so  much  to  pressure  as  to  stretching  of  the 
plexus  by  iirolonged  extension  of  the  arm  above  the 
head.  It  is  im])Ortant  for  the  surgeon  to  bear  this  in 
min<l.  as  it  is  the  frei|uent  cause  of  arm  paralysis  after 
ana'sthesia.  The  prognosis  in  paralysis  of  this  descrip- 
tion is  almost  invariably  good;  Ihr  most  potent  lliera- 
petilic  agent  being  faradization  of  the  affected  muscles. 


Progressive  muscular  atrophy  and  syringomyelia,  to- 
gether with  the  otherspastic  and  paretic  affections  of  the 
arm,  though  more  properly  due  to  nerve  influences  than 
to  actual  affections  of  the  nuiscle,  have  nevertheless,  for 
the  ,sake  of  convenience,  been  treated  above  luider  the 
head  of  affections  of  the  muscles. 

Vlll.   IlvsTERic-\i.  Lesions. 

The  ell.iow  is  a  favorite  seat  for  hysterical  lesions,  and 
the  arm  as  a  whole  is  frequentlj'  declared  by  the  patient 
to  be  pov/erless,  or  may  be  lield  by  perverted  volition  in 
some  constrained  attitude  which  maybe  the  more  natural 
one  of  exten,sion,  or  of  partial  flexion,  or  again  some 
strange  or  bizarre  jiosition  from  which  the  patient  declares 
herself  unable  to  move  it. 

The  dilferentiation  of  hysterical  from  organic  disease 
of  the  arm  may  be  extremely  diflicult.  Hysterical  affec- 
tions simulate  es]iecially  disease  of  the  joints.  The  dif- 
ferential diagnosis  has  been  formulated  by  Dercum  as 
follows:  Hysterical  disease  of  the  joints  is  not  associated 
with  deformity  and  shortening  of  lione,  nor  with  the 
formation  of  pus,  nor  with  the  local  rigidity,  nor  with 
the  septic  temperatiu'e  that  is  seen  in  tuberculous  diseases. 
The  stiffness  is  caused  by  contracture  of  the  muscles, 
which  is  usually  much  luore  extensive  than  in  organic 
disease,  and  the  pain  is  usually  more  ditTuse  and  more 
spontaneous.  There  are,  moreover,  characteristic  mental 
and  physical  stigmata  present.  The  hysterical  patient 
dreads  to  move  or  assist  in  the  examination  of  the  limb, 
and  obviously  dwells  upon  each  symptom,  while  she  is 
very  a|;it  to  have  segmental  anifsthesia  in  the  affected 
limb  or  even  hemiansesthesia  of  the  body.  A  very  sig- 
niflcant  symjitom  is  paralysis  of  tiie  limb,  which  is  never 
present  in  tuberculous  joint  disease.  Finally,  under  full 
etherization  the  hysterical  joint  is  found  to  be  freely 
movable  in  all  directions.  It  must  not  be  forgotten, 
however,  that  hysterical  symptoms  may  be  added  to 
those  of  genuine  organic  disease  of  the  joint. 

Hysterical  paralysis  may  be  caused  by  I'uiotion,  such 
as  fright,  anger,  chagrin,  or  disappointed  love.  It  may 
xarv  in  degree  from  slight  loss  of  power  to  total  palsy. 
The  dee].)  reflexes  of  the  affected  side  are  usually  in- 
creased and  the  skin  reflexes  abolished.  The  tendencj' 
to  contracture  is  often  marked;  some  cases,  however,  pre 
.sent  a  flaccid  type.  In  mild  cases  the  nutrition  of  the 
limb  is  not  affected,  but  in  severe  cases  of  long  duration 
slight  but  distinct  loss  of  volume  may  be  noted.  True 
atrophy  with  reaction  of  degeneration  is  jiractically  un- 
known, and  when  present  must  throw  a  doubt  over  the 
exactness  of  the  diagnosis.  Hysterical  paralysis  is  often 
accompanied  also  with  ana»sthesia  or  hyperesthesia.  The 
ana?sthesia  is  likely  to  be  sharply  deflued  and  limited  to 
the  paral.vztd  part.  The  boundary  of  the  anaesthetic  area 
will  be  at  right  angles  to  the  long  diameter  of  the  limb. 
The  pai'alyzed  jxirt  may  become  a>dematous  and  blue  or 
mottled.  The  hypenesthesia  accompanying  hysterical 
paralysisis  usually  hyperalgesia.  This  hyperalgesia  may 
be  attended  with  contracture.  The  painful  cramp-like 
state  of  the  muscles  causi'S  the  patient  to  cry  out  and  to 
shed  tears.  Hysterical  paralysis  is  not  as  a  rule  eonlined 
to  the  distribution  of  particular  nerve  trunks;  in  other 
words,  it  is  central,  not  peripheral.  Contracture  is  very 
likely  to  coexist  with  par-alysis  in  hysteria,  still  this  is 
not  a  constant  rule.  Neither  is  the  reverse  true;  that  a 
contracted  limb  or  muscle  is  always  paralyzed.  Hys- 
terical contracture  is  most  obstinate  and  resisting,  being 
very  ditficult  to  overcome  even  with  great  force.  "More- 
over, the  antagonistic  muscles  are  involved;  in  other 
words,  the  limb  is  drawn  into  a  vise-like  immobility. 
The  contracture  is  sometimes  so  persistent  that  it  does 
not  relax  even  in  sleep.  It  does  relax,  however,  under 
ether  or  chloroform. 

The  duration  of  hysterical  paralysis  iitay  be  .greatly 
prolonged.  Some  cases  recover  promptly,  but  others 
persist  so  long  and  simulate  so  closely  the  ctTects  of 
organic  disease  that  even  the  most  careful  observer  may 
come  to  distrust  the  exactness  of  his  diagnosis.     The 


4:72 


REFEKEXCK   HANDBOOK   OF   THE   MEDICAE  S(  II:NCES. 


Arm  and  Forcurni. 
Army  FIfIti  Hom.  Org. 


tcriiiiiiatioii  of  liystcrical  paralysis  is  sometimes  sikMoii. 
t'olloHiiiu:  some  slioelv  or  strontr  mental  or  moral  impres- 
sion. Sometimes,  however,  recovery  is  gradual  ninler 
well-direeleil  treatment. 

IX    Ti  MoKs. 

Of  tlie  tmnors  atfeetiuir  tlie  arm  and  forearm  iKine  is 
peculiar  to  this  locality.  Kioi.oiDs  followiiii;-  sears  of  any 
sort  are  found  Inn'  as  elsewhere,  us  are  the  other  forms 
of  neoplasm  whieii  may  develop  from  the  skin  or  its  ap 
l)enda.ires.  FiiiHi).M.\TA  may  occur  on  the  arm  in  the  torm 
of  painful  subcutaneous  nodides  over  the  course  of  the 
superlicial  nerves.  Eii'OM.\t.\  are  fotnid  with  consider 
able  fri'(|Uency  upon  the  ujiper  extremities.  They  are 
most  eoniinoidy  <:f  the  cutaneous  \ariety.  and  are  foimd 
ihielly  upon  the  posterior  side  of  the  arm  and  upon  the 
ulnar"  side  of  the  forearm,  frequently  also  upon  the 
shoulders  and  over  the  scapula.  They  have  also  been 
found  burrowini;  beneath  the  nuiscles  of  th<'  forearm. 

S.MicoM.v  sometimes  occurs  here  as  a  |iriniary  jrrowth. 
u.sually  in  the  callus  of  a  fracture  or  as  a  tumor  of  the 
bone.  "  Secondary- nietastatic  sarcomata  may  of  course  be 
depositei!  from  llie  blo<id-ve.ssels  in  the  arm  as  elsewhere 
In  this  ease  they  are  trenerally  seen  as  subi-utaneons  sar 
comatous  nodules. 

C.M!clN<).\t.\  very  rarely  occurs  e.xceptinjr  as  a  secondary 
growth  from  e]>ithelioma  of  the  hand.  Epithelioma  of 
tlic  iiaiid  in  turn  develops  with  comjiarative  fre(|ucncy 
in  old  aire  from  purely  benign  warts  which  are  so  fre- 
ipiently  encountered  u|ion  the  fingers,  and  a  case  has  re 
ei'iitly  come  vmdcr  observation  in  which  a  verrucose  eon 
dilion  existed  symmetrically  on  the  extensor  aspect  of 
each  elbow,  suggesting  Ihe  possibility  of  a  primary  ear 
cinoma  in  this  region  with  a  pathological  history  similar 
to  that  of  epithelioma  of  the  haiul. 

ARMY     FIELD    HOSPITAL    ORGANIZATION.— Tla 

orL'anizalion  of  a  n.ition.il  niiblary  lorer  musl  be  so 
tlexible  as  to  iiermil  of  an  ellieienl  adjustment  to  the 
conditions  of  peace  as  well  as  to  those  of  war.  The 
I'nited  States  Army  as  authorized  by  Congress  consists 
of  a  munlier  of  regimentscach  subdivided  intoeomiianies 
<'omposed  of  a  prescribed  number  of  ollicers  and  enlisted 
men.  In  times  of  ]icace  the  regimental  organization  may 
be  said  tii  exist  oidy  in  a  latent  condition,  as  the  com- 
panies of  a  regiment  may  be  scattered  for  garrison  duly 
!it  various  military  stations,  each  having  no  (-onununica 
tion  with  tile  otheis  except  that  usually,  but  not  always, 
all  iire  ser\ing  in  the  same  military  department  and  tin 
der  Ihe  cominand  of  the  same  g<'ni'ral  ofheer.  The  army 
practically  consists  of  the  garrisons  of  sea  coast  fcntiliea 
tioiis,  of  posts  on  the  national  frontiers,  and  of  eerlain 
important  iioinis  in  the  interior.  In  time  of  war.  how- 
ever, the  companies  are  aggregated  under  Ihi'  regimental 
Hag.  the  reginuMit  being  the  tactical  unit  for  war  pur 
poses.  Two  or  more  regiments  under  the  .same  innnedi 
atcconiman<lereon.stitutea  brigade;  I  wo  or  more  brigades 
constituie  a  division,  and  two  or  more  divisions  form  an 
iirmy  corps.  Themedic;il  organization  of  the  army  must 
have  a  similar  tlexibility  to  enable  it  to  ilo  its(lut\  eiti 
eiently  under  these  ditferent  conditions. 

At  a  small  post  garrisoned  by  one  or  two  eom]iatnes 
in  tiuK-  of  pi-aee.  one  medical  ollicer  has  to  discharge  all 
Ihe  duties  of  the  medical  department.  He  is  the  sanitary 
or  health  (jlfK-er  of  the  conunand.  charged  with  the  duly 
of  supervisijig  the  hygir-neof  tlie  post  under  Ihe  <lirec 
tion  of  the  eonmiauding  officer  and  of  recommending 
such  measures  as  he  may  deem  necessary  to  |)revenl  or 
diminish  disease.  He  is  the  surgeon  in  charge  of  the 
jxist  hospital,  responsible  for  its  condition  and  enieiency. 
its  food  and  medical  supplies  and  its  medical  records. 
He  is  attending  surgeon.  rcs]ionsible  for  the  proper  care 
and  jmlieions  treatment  of  the  sick  and  wouniled;  and 
as  (-(iminanding  ollicer  of  the  delaehment  of  hos]iilal 
corps  men  on  duty  at  the  post,  he  is  responsible  for  their 
subsistence,  clothing,  and  equipment,  for  their  instruction 


in  their  siu-cial  duties,  and  for  their  discipline.  At  a 
larger  post,  where  two  or  more  medical  ollicers  arc  sta- 
tioned, the  senior  medical  olfieer  is  responsible  for  the 
whole  of  Ihe  work  of  his  deiiarlmeiit,  but  the  details  of 
<'ertain  of  the  duties  are  canied  out  by  iiis  assistants. 

When  a  small  expeditionary  bm-c  of  one  or  two  com- 
jianies  leaves  a  mililary  post  a  medical  ollicer  is  iissigncd 
to  accompany  it.  Heforc  starting,  this  medical  ollicer 
duly  considers  the  probalih'  issues  of  the  expedition  as 
alfecting  the  well-being  of  Ihe  men  engaged  in  it,  and 
makes  suitable  provision  for  their  occurrence  sn  far  as 
can  be  done  with  existing  facilities  or  under  existing  re- 
sirielions.  From  Ihe  supjilics  of  the  jiost  hospital  he 
obtains  such  medicines,  instruments,  dressings,  slimii 
lants.  and  meilieal  eoudorts  as  may  be  necessary.  If  the 
military  operations  are  to  be  conducted  in  a  dillieult 
mountain  country  these  supplies  are  packed  on  mule- 
back:  but  if  the  roads  are  passabht  to  wlu'cled  vehick'S, 
an  ambulance  wagon  aecom]ianies  the  expedition  for  the 
transportation  of  sick  or  woundeil  men,  while  stores  and 
hospital  canvas  are  earrie<l  in  one  of  the  heavier  wagons. 
An  acting  hospital  steward  and  a  b-w  privates  of  Ihe 
hospital  <-orps constitute  Ihe  per.soimel  of  this  (-li'Uientary 
Mi-ld  hospital.  On  the  march  the  ambulance  wagon  foi 
lows  in  rear  of  the  column  of  troops.  <-onslituting  an 
ambulant  or  travelling  hosiiilal.  When  cam])  is  reached 
the' medical  ollicer  selects  a  suilable  site  b>r  his  hospitjil 
tents,  to  which  his  patients  are  transferred  and  in  which 
they  are  fed  and  olhervvise  eared  for  by  his  men.  If 
easualtii-s  occur  from  an  engagement  with  the  enemy, 
the  medical  ollicer  gives  such  aid  to  the  wounded  as  is 
possUile  on  the  lii-ld  and  superintends  their  removal  to 
the  hospital,  the  ambulan<-e  wagon  or  stretchers  being 
used  bir  their  transportation  according  to  the  distance  or 
lo  Ihe  characler  of  the  injuries  sustained  in  individual 
eases.  .\t  the  hospilal  thenc-edful  surgical  assistance  is 
rendered  and  the  woundeil  are  treated  until  facililies  are 
alTorded  bir  their  transfer  lo  some  permanent  military 
post.  Hut  Ihe  military  coinlitions  ncecssilating  advance 
or  retreat  may  call  for  the  removal  of  the  wounded  from 
the  Held  hospital  at  the  eiirliest  possilile  moment,  in 
which  ease,  if  the  ambulance  is  insullicient  bir  the  needs 
of  the  occasion,  certain  of  Ihe  sujiply  wagons  which  have 
been  emptied  during  the  progress  of  the  march  or  cam- 
l)aign  may  be  utilized  bir  their  transportation  to  some 
neighboring  jiost  or  with  Ihe  (onmiand  until  an  oppor- 
lunitv  is  alVorded  of  lrans]iorling  llieni  to  a  iiernianent 
establishment. 

If  the  command  is  larger,  consisting  of  several  hun- 
dred men.  ]irovision  is  neces.sarily  made  for  a  larger  num- 
lii-r  of  sick  and  wounded.  The  surgeon  is  accompanied 
by  one  or  more  assistants,  and  by  a  hospilal  sleward  in 
ciiarge  of  sujiplies.  The  hos]iilal  1  rain  consists  of  two 
or  three  ambulances  and  a  hi'avy  wagon  contjiining  the 
supplies,  b'nis,  stretchers,  hair  mattresses,  blankets,  and 
a  nie.ss  chest  and  kiU-hen  utensils.  Heb)re  starting  on 
the  expedition  assignments  of  men  are  made  for  hospital 
dutv.  as  bir  stretcher  bi'arers,  cooks,  and  nurses.  The 
surgeon  exercises  general  supervision,  acting  as  medical 
ollicer  on  llu!  stalT  of  the  commander,  or  as  health  oftieer 
of  Ihe  command.  The  senior  assislant  has  charge  of  the 
ambulant  hosiiital;  the  junioi-  keeps  Ihe  records  and 
carries  out  s])ecial  inslruelions  in  individual  cases. 

Since  the  close  of  the  civil  war  many  such  expeditions 
have  been  sent  out  from  our  mililary  posts,  and  in  some 
of  these,  as  in  the  Sioux  Indian  disturlianc(-s  of  1MH». 
several  thousand  men,  detached  from  various  military 
posts,  were  organized  bir  Held  service.  Each  deta(-h- 
ment  brought  with  it  to  ihe  rendezvous  its  meflical  olli- 
cers, hosjiital  corjis  men.  ambulances,  and  tnedieal  sup- 
plies for  the  birmation  of  Ihe  medical  department  of  the 
exiiedilionary  forccv  The  chief  surgeon  of  the  consoli- 
dated  comnmnd  organized  this  deiiartmenl.  lie  estab- 
lished a  hosiiilal  for  Ihe  treatment  of  serious  cases  of 
si(!kness  or  wounds,  and  assigned  medical  fiHieers. 
sb'wards,  nurses,  cooks,  and  attendants  to  carry  on  its 
work.  Ileorganizcd  an  ambulance  corps  and  a  (ompany 
of  litter  bearers  to  operate   in   eonneelion  with   Ihe  hos- 
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pital,  aud  certain  members  of  the  medical  and  hospital 
corps  were  left  with  tlie  troops  to  treat  the  liaiiter cases,  to 
jlive  immediate  assistance  in  emergency  cases,  and  to  sen<l 
to  the  hospital  those  who  conld  not  lie  treated  to  ad- 
vantage in  their  company  quarters.  With  a  sniliciency 
of  experienced  medical  ollicers  and  welllrained  mendiers 
of  the  hospital  corjis,  there  is  no  dilticnlty  in  organizing 
the  nu'di<'al  and  hospital  forces  of  various  detachments 
of  regular  troops  into  a  hospital  service  competent  to 
meet  all  the  needs  of  such  a  special  exjiedition;  but  if  in 
the  opini(ai  of  the  chief  surgeon  the  available  personnel 
and  supplies  are  insufticient  for  the  ]niri)ose,  a  requisition 
is  made  on  the  surgeon -general  of  the  army  to  supply 
deficiencies. 

In  time  of  war,  however,  the  regiment  is  the  unit  of 
organization  for  masses  of  men.  Ordinarily  it  consists 
of  ten  or  twelve  companies  of  about  100  men  in  each: 
but  the  number  of  companies  and  of  men  varies  in  ac- 
cordance with  Congressional  acts  affecting  the  organiza- 
tion of  the  army.  At  juesent  the  regiment  of  infantry 
con.sists  of  three  battalions  of  four  companies  each.  The 
company  has,  when  full,  an  enlisted  strength  of  111  to 
128  men,  and  the  regiment  aggregates  1,413  to  1,617 
commissionetl  and  enlisted.  The  regiments  of  volunteer 
infantry  now  sei'ving  in  the  Philippine  Islands  also  are 
three-battalion  regiments,  aggregating,  when  full,  1.843 
officers  and  men.  Congress  has  authorized  to  each  a 
surgeon  and  two  assistants,  the  surgeon  having  the  I'ank 
of  major  and  the  assistants  that  of  captain  and  first  lieu- 
tenant, respectively.  This  medical  force  is  insuffiei<'nt 
for  the  performance  of  all  the  duties  incidental  to  the 
care  of  .so  large  a  command.  There  should  be  at  li'ast 
three  assistants,  one  for  each  of  the  battalions.  As  the 
strength  of  the  regiment  varies  from  time  to  time,  ac- 
cording to  existing  legislation,  the  medical  provision 
authorized  for  it  is  also  variable.  At  the  present  time 
there  are  allowcil  to  each  ri'giment  one  hospital  steward, 
three  acting  hosjiital  stewards,  aud  twelve  privates  of  the 
hospital  corps.  Two  four-horse  wagons  are  allowed  for 
each  hospital  anil  three  or  four  andjulances,  or  at  the  rate 
of  one  ambulance  for  every  four  hinidred  men  of  the  effec- 
tive force.  If  members  of  the  hospital  corps  cannot  be 
obtaineil  as  drivers,  the  (Juartermaster's  Department  is 
authorized  to  hire  civilians  for  this  purpose.  The  tentage 
consists  of  four  hospital  tents,  two  of  which  are  used  as 
wards,  one  as  dispensary  and  for  storage,  and  one  as  a 
mess  tent.  Each  liospital  tent  is  fitted  up  for  the  care  of 
five  patients.  There  are  in  addition  to  the  hospital  tents 
two  common  tents  for  non-commissioned  officers,  three 
common  tents  for  privates,  and  one  common  tent  as  a 
cook  tent.  The  allowance  of  medical  supplies  and  hos- 
pital properly  is  very  liberal,  and  is  fixed  by  the  surgeon- 
general.  It  consists  of  two  medical  and  two  surgical 
chests,  a  sterilizer,  a  filter,  aud  hos])ital  corps  and  orderly 
pouches;  chloiide  of  lime  as  a  disinfectant ;  cream,  farina, 
whiskey,  and  castile  soap  as  hospital  stores;  folding  field 
furniture  with  desk,  food  and  mess  chests,  and  an  ample 
supply  of  be<lding  for  ten  patients,  together  with  the 
many  miscellaneous  articles  that  are  needful  in  the  dis- 
pensary and  ward.  The  inupose  of  the  regimental  hos- 
pital in  field  service  is  to  furnish  protection  and  care  to 
the  sick  of  the  couunand  while  on  a  march  or  in  the 
field,  or  to  those  temporarily  sick  in  camps  of  instruc- 
tion. It  is  an  emergency  hospital  in  the  one  case  and  a 
detention  hosjiita!  in  the  other,  but  is  not  intended  for 
the  treatment  of  seritnisly  ill  patients  who,  in  the  event 
of  a  move,  would  prove  to  be  an  incundirance  to  the 
regiment.  When  such  cases  are  found  they  are  to  be 
transl'cned  pronqitly  to  some  liospital  less  ex_posed  to  the 
vicissitudes  ol  war.  But  in  certain  cases  when  regi- 
ments are  isohit<'d,  or  when  the  sii'k  cannot  be  sent  to 
another  hosiiital.  tlie  regimental  hospital  may  be  expanded 
to  meet  the  necessities  of  the  case. 

But  when  troo])s  are  aggregated  in  large  camps  for 
war  purposes  the  reguiienlsare  brigaded  and  the  brigades 
organized  into  divisions  aud  corps  to  facilitate  the  co- 
ordinalion  of  their  movenienls  in  active  service.  The 
general  commanding  cannot  handle  a  large  army  by  regi- 


ments, nor  can  the  chief  surgeon  of  such  an  army  have  a 
competent  field  liospital  organization  on  a  regimental 
basi.s.  On  this  basis  tlii-re  are  as  many  small  hosjiitals  as 
there  are  regiments.  But  these  regiments  arc  in  camp 
for  field  service,  aud  as  soon  as  the  orders  to  march  are 
jiublished,  the  inaptitude  of  their  hos]iilals  to  meet  the 
new  conditions  becomes  manifest.  Military  iiolicy  dic- 
tates that  a  column  of  troops  on  the  march  should  be  a 
column  of  fighting  men,  inibroken.  at  regimental  inter- 
vals, by  ambulances  carrying  sick  men  and  by  wagons 
with  medical  or  other  supjilies.  The  ambulances  with 
the  sick  are.  therefore,  aggregated  into  a  single  train, 
with  position  in  rear  of  the  last  regiment,  forming  ]irac- 
tically  a  general  aniliulant  hospilal  for  the  command. 
The  wagons  containing  the  tents  and  hospital  stores  form 
part  of  the  general  supply  train,  which  follows  the  com- 
7nand  under  the  protection  of  the  rear  guanl.  On  arriv- 
ing at  the  site  selected  as  the  camp  ground  for  the  night, 
the  ambulances  which  have  travelled  as  an  aggregate 
hospital  during  the  day  become  separatetl  into  their 
regimental  elements,  each  camjiing  in  the  vicinity  of  its 
own  command;  and  as  the  regiments  may  be  widely 
scattered,  many  of  them  at  considerable  distances  from 
the  direct  line  of  march,  the  day's  march  for  the  sick 
men  may  be  thus  needlessly  lengthened.  The  troops, 
who  carry  their  shelter  tents  and  rations  with  them,  are 
able  to  make  themselves  comfortable  as  soon  as  the 
camping  ground  is  reached,  but  the  hospital  attendants 
must  await  the  arrival  of  the  rear  guard  and  the  wagon 
train  before  they  can  place  the  tired  and  suffering  sick 
under  shelterand  refresh  them  with  apjiroiiriate  nourish- 
ment. Delays  of  this  kind  are  especially  frequent  in 
wet  and  inclement  weather,  when  the  condition  of  the 
roads  imi>fdcs  the  progress  of  the  supply  train. 

But  it  is  eliiefiy  during  and  after  a  battle  that  the  in- 
competency of  the  regimental  system  of  hospital  organi- 
zation is  manifested.  The  hospitals  are  scattered  at 
various  distances  from  one  another  along  the  rear  of  the 
line  held  by  the  troops.  They  are  inconspicuous,  and 
not  easily  reached  by  such  wounded  as  come  rearward 
without  assistance  or  guide.  No  sjttisfactory  supervision 
can  be  exercised  over  them.  Some  of  the  regiments 
suffer  more  than  others.  Their  ambulances  and  stretcher 
bearers  are  unable  to  remove  the  wounded  with  prompt- 
itude frcnn  their  exposed  position  in  the  field.  The 
medical  fifticeis  are  overworked  yet  cannot  accomplish 
all  that  should  be  done.  Their  hospital  shelters  are  in- 
sufficient, and  their  supplies  perhaps  inadequate.  3Iean- 
while  the  medical  officers  of  those  regiments  that  have 
not  become  engaged,  or  have  not  suffered  severely,  are 
at  their  posts  awaiting  developments  on  the  line  of  battle. 
If  there  seems  to  be  no  prospect  of  an  immediate  call  to 
action,  these  ofiicc'rs  may  assist  their  OAerworked  com- 
rades; but  they  may  show-  some  hesitancy  in  sharing 
their  stores  and  dressings  with  others  if  there  is  a  likeli- 
hood of  their  own  commands  becoming  engaged  before 
opportunity  is  afforded  for  replenishing  these  at  a  pur- 
veying depot.  In  fact,  a  regiment  may  at  anytime  have 
more  wounded  men  than  can  be  provided  for  within  the 
limits  of  a  regimental  hospital. 

If  a  brigade  of  two  or  three  regiments  is  operating  as 
an  independent  command,  a  brigade  field  hospital  is 
established  by  consolidating  the  medical  and  hospital 
equipment  of  the  regiments.  When  the  line  of  march  is 
taken  up  the  ambulances  and  transjiort  wagons  of  the 
hospital  follow  in  rear  of  the  marching  colunm.  Two 
medical  officers  are  placed  on  duty  with  this  ambulant 
hospital,  while  the  others  remain  with  their  respective 
regiments  to  give  care  to  new  cases  until  their  li-suisfer 
to  the  hosjiital  is  effected.  This  brigade  lios|iital  is  not 
broken  U]i  into  its  regimental  elemenlson  nacliing  camp, 
but  preserves  its  organization  under  canvas  as  on  the 
march.  In  the  event  of  an  encoimter  with  the  enemy 
the  hospital  slaff  is  strengthened.  Standing  orders  in 
this  event  iirescribe  the  sjiecial  duties  of  every  medical 
officer  of  the  command.  These  are  issued  on  the  recom- 
mendation of  the  brigade  surgeon.  One  surgeon  is  as- 
signed to  duty  as  the  oiierator  for  the  command.     Three 
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mctlical  oIliciTS  art' di'laiU'il  as  his  assislaiits;  the  otiicrs 
gi\v  first  aid  on  the  tiuM.  As  soon  as  the  jiositioii  of  llie 
line  of  battle  is  detcriniiied  the  l)rii;adi'  surireon  si-leets 
the  site  for  tlie  hospital,  which  is  iniiMcdiatcly  estalilishcd, 
while  the  ainbidaiices  and  sirelcher  hearers  jiroeeed  to 
the  front  to  l)rin,a:  in  the  wonnded.  'I'lnis.  thoULdi  but 
one  regiment  may  snIVer,  the  medical  sti'eniith  of  the 
bripule  contributes  to  the  care  of  its  wounded.  The 
medical  ollicors  detailed  to  aceoniimny  the  n'jfiinents  in 
the  field  select  the  nearest  point  1o  the  line  of  battle 
where  some  shelter  from  infantry  fire  may  be  obtained. 
The  nature  of  the  irround  often  nMiders  it  advisable  for 
the  medical  oltieers  of  siveral  reiiiments  to  aiijrreiiate  at 
one  point,  to  which  tli<-  wounded  are  assisted  or  borne 
upon  stretehers;  but  although  thcn^  may  be  a  large  ae- 
cumulationof  wounded  at  such  a  iioinl.  it  is  never  recog- 
nized as  a  field  hospital,  l)ul  as  an  ambulance  depot,  to 
which  wagons  repair  for  the  conveyance  of  the  sufferers 
from  the  field  of  danger.  Water  supplies  and  stimulants 
are  to  be  found  at  these  depols.  where  the  wounded  are 
prepared  for  transportation  to  the  hospital. 

Some  of  the  objectii/ns  to  regimental  hospitals  in  field 
service  are  applii'^able  as  well  to  brigade  hospitals  wIk'II 
large  bodies  of  troops  are  serving  together.  It  is  inad- 
visiible  for  military  reasons  to  have  the  inarching  eobinin 
of  a  largearmy  broken  uj)  at  lirigade  intervals  by  lios]iital 
trains.  And  as  one  regiment  of  a  briga<le  may  suffer 
more  than  anolher  from  contact  with  the  enemy,  so  one 
brigade  of  a  division  may  bear  the  brunt  of  a  liattle  in 
which  the  whole  division  was  more  or  less  engaged.  'I"he 
brigade  may  at  any  time  have  more  wounded  men  than 
can  be  provided  for  within  the  limits  of  a  brigade  hos 
pital.  Ilence  the  necessit)-  for  a  further  consolidation  or 
a  higher  organization,  the  division  field  hos|)ital.  We 
do  not  know  what  have  been  the  nia.xima  of  battle  losses 
suffered  by  commands  of  various  strengths,  but  as  in  a 
division  one  brigade  will  suffer  more  thananotlier.  it  fol 
lows  that  the  lo.ss  cxjircssed  as  a  proportion  of  tlii'  nuin 
ber  of  men  engaged  w  ill  be  smaller  in  a  large  than  in  a 
small  conimand,  and  that  there  will  be  belter  facilities  for 
the  care  of  the  wounded  in  a  division  hospital  than  in  one 
based  on  a  smaller  militiuy  unit. 

The  experience  of  the  civ  11  war  shows  that  if  a  division 
hospital  is  thoroughly  (irepared  to  give  tlie  needful  pri- 
mary attention  to  twelve  hundred  wounded,  the  history 
of  its  , service  will  not  fail  to  give  satisfaction.  All  ordi 
nary  and  probable  occasions  will  be  provided  for,  and.  if 
the  c.xfraordinary  and  unlikely  should  occur,  the  eircuni- 
stances  which  attend  thi'iu  may  be  susci-pfiljle  of  being 
turned  to  account  in  the  interest  of  the  wounded. 

The  ratio  of  killeil  and  woundecl  is  found  to  have 
varied  considerably  in  different  engagements,  and  espe- 
cially if  the  casualties  in  small  eonstituent  parts  of  the 
army  are  made  the  basis  of  the  ealeulation  ;  but  the  rate 
obtained  from  the  summary  of  engagements  and  battles 
in  the  "Surgical  Ilislory  of  the  War  of  the  Rebellion" 
may  be  aceepleil  as  indicating  tlie  probabilities: 
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This  corresponds  to  one  man  killed  for  every  4,">(i4 
woniKled :  or,  in  percentage  of  casualties,  killed  17,97, 
wounded  S'2.l);i. 

For  a  division  of  ten  or  twelve  lhoiisan<l  men  to  have 
fen  to  twelve  hundred  wounded  in  one  engagement  im- 
plies a  loss  to  it  in  killed  and  wounded,  and  to  the  army 
of  which  it  is  a  part,  wliieh  ordinarily  involves  days  of 
recuperation  before  the  .struggle  can  be  lenewed.  This 
lengthens  the  existence  of  the  hospital,  giving  an  extra 
day  or  two  to  coni])lete  the  jirimary  operations,  and  per- 
mitting medical  men,  hitherto  on  (luty  at  ambulance  de 
pots  on  the  field,  to  reinrorcc  the  hospital  stalf  and  hasten 
the  comiiletion  of  the  work. 

During  the  civil  war  the  medical  service  of  our  volun 
teer  armies  was  organized  at  lirston  the-  regimental  basis, 


but  the  ineompelency  of  this  to  give  pronipt  and  judi- 
cious care  to  the  wounded  during  and  a  Iter  an  engagement 
was  soon  recognized.  Cooperation  between  regimental 
hospitals  established  in  tin- same  locality,  paiticulaily  if 
suiiervised  by  a  brigade  surgeon,  constituted  an  extern- 
lioriziMl  brigade  hospital  for  the  einergeiiey.  I'rior  to 
the  battle  of  Antielam.  Dr.  .lonathaii  Letternuin.  Medical 
Director  of  the  Army  of  the  Potomac,  made  arrange- 
ments by  which  the  surgical  work  of  each  division  should 
be  done  at  a  field  hospital  for  the  division.  As  soon  as 
the  probability  of  an  engagement  was  recognized  a  site 
was  selected.  The  wagons  with  their  tentage  and  sup- 
plies were  brought  up  and  the  ambulances  were  sent  to 
the  front.  The  surgeons  designated  for  hospilal  duty 
reported  from  llieir  regimciils.  ()n<-look  general  charge 
of  the  ]ireparatioiis  for  the  reception  of  the  wounded,  a 
second  sujiervised  the  work  of  the  hospital  kilchens.  a 
third  recorded  the  cases  as  they  were  rec<'ived,  and  three 
ojierators.  each  with  three  assistants,  re]iorted  for  sur- 
gical work.  Medical  ofiicers  not  assigned  to  specific 
duties  at  the  hosjiital  accomiianied  their  regiments  to 
give  first  aid.  This  extemporized  hospital  was  a  great 
iniprovi'meiit  on  the  want  of  system  which  led  to  its 
establishment.  After  ])roper  disposition  was  made  ot 
(he  wounded  the  hospital  ceased  to  exist  until  another 
battli^  was  imminenl.  The  medical  depart  mini  of  the 
liivision  reverted  to  its  regiiiieiital  status. 

The  success  which  attended  this  ex]ierinienl  led  ulli- 
mately  to  the  organization  of  a  permanent  field  lios|iilal 
with  its  attached  ambulance  coni|)any  for  the  division 
It  had  a  surgeon  in  chargi'  with  three  or  four  assistants 
perinaiiently  assigned.  In  the  twelve  or  more  army 
wagons  attached  lo  it  were  carried  hospital  canvas,  cots 
and  bedding,  iindcrclothes,  food  supplies  and  kitchen 
utensils,  medical  and  surgical  stores  and  sup|)lies,  forage, 
and  the  jiersonal  baggage  of  officers  and  men.  The  sup 
ply  of  hospilal  shelter,  cots,  bedding,  and  underclothes  in 
such  an  amlndaiil  hospilal  is  measured  not  by  the  total 
number  of  casualties  in  a  battle,  liut  by  the  number  of 
cases  of  .severe  wounds.  This  number  includes  only 
about  twenty  per  cent,  of  the  total;  hence  if  provision  is 
made  for  two  hundred  patients,  the  severely  wounded 
ma}'  be  properly  cared  for  under  all  but  the  most  e.xce])- 
tioiial  conditions.  To  extemi>orize  couches  for  I  he  slighter 
cases  when  the  total  exceeds  two  hundred,  bcdsacks  which 
are  light  and  occii|iy  but  little  space  should  be  carried. 

The  f I  siipjilies  include  the  ordinary  army  rations  for 

the  men  of  the  command,  issued  from  the  general  sub- 
sistence train,  togelher  with  special  rations  for  Iwelve 
hundred  men  for  one  day,  for  use  in  case  of  an  engage- 
ment, to  insure  food  supplies  to  the  wounded  until  com- 
munication is  opened  with  the  supply  trains  after  the 
battle. 

The  iiiiniber  of  ambulances  attached  to  the  division  of 
Iwelve  thonsanil  men  should  not  be  less  than  thirty. 
JIany  men  with  Ih'sh  wounds  and  even  fractures  of  the 
upper  extremity  lind  their  way  to  the  hospital  on  foot. 
Others  bear  Iransjiortation  comfortably  in  the  sitting 
position,  and  an  ambulance  can  carry  six  or  more  such 
cases  per  tri^i  according  to  its  plan  and  construction. 
Nearly  twenty  jier  cent,  of  the  total  require  to  be  carried 
in  the  recumbent  position,  which,  in  some  distressing  in 
stances,  must  beefVccled  by  the  litter  bearers.  A  wagon 
W'hen  laden  with  such  cases  can  carry  only  three,  two 
severe  ca.ses  within  and  one  of  less  gravity  on  the  seat 
with  the  driver.  The  number  of  those  who  reach  the 
hosi)ital  without  ambulance  trans]iort  is  always  large, 
but  it  is  relatively  larger  after  severe  engagements,  for. 
when  the  stations  are  crowded  with  men  jiwailiiig  trans 
portation,  many  will  undertake  the  journey  on  foot, 
rather  than  jiwail  the  return  of  the  wagons.  The  am 
bulance  wagons  should  be  used  but  seldom  for  the  re 
moval  of  tiie  wounded  from  the  field  hospilal  en  rouli- 
to  the  base,  and  only  when  they  can  return  in  time  to 
secure  a  few  hours'  rest  before  the  order  to  march  has  to 
be  carried  out.  They  should  be  regarded  as  a  lornial 
part  of  the  field  hospital,  aiul  ought  not  lo  b<'  separated 
from  it  without  a  thorough  knowledge  of  the  military 
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conlinscnries  probable  duriiiu:  Ibi'ir  absi'iici',  vr  witlicmi 
an  (irilcr  from  superior  authority,  wliieli  is  (■(|uivalciil  to 
s>u-li  UiKiwlecl^e.  l's\ially  tlie  wasroii  trains  of  llie  supply 
dc|iartnu'iits.  after  unloadiuiral  the  front,  may  be  secured 
for  the  removal  of  the  wounded  to  the  base  or  to  railway 
connnunieation  with  il.  where  ac'commodations  for  their 
treatment  or  special  means  of  transportation  to  other 
points  have  been  pnn  iiled.  If  more  wajjcmsare  rc(|Uired 
than  have  been  furnished  by  tlic  depart nienls.  an  effort 
sliovdd  be  made  to  obtain  tlicni  liy  further  issues  to  the 
troops. 

l(  the  division  is  operating  as  an  independent  command 
the  hospital  follows  the  rear  of  the  niaiehinsj  column ; 
but  if  il  is  a  part  of  a  larger  command,  the  order  of  march 
may  direct  a  temporary  partition  of  the  hospital  train. 
Il  may  be  imperative,  from  the  ndlitary  point  of  view,  to 
have  the  variovis  divisions  of  the  army  well  closed  up 
and  unbroken  by  baggage  or  other  heavy  wagons.  The 
ambulances  are  then  permitted  to  follow  in  the  immediate 
rear  of  the  command  to  which  they  belong;  while  the 
heavier  transport  wagons  of  the  hospital  fall  into  position 
with  the  regimental  baggage,  ordnance,  subsistence,  and 
forage  wagons,  in  rear  of  the  whole  fighting  force  except 
the  rear  guard,  or  the  command  specially  detailed  for 
their  protection.  In  this  column  the  hos|iital  wagons 
are  generally  accorded  the  lead.  One  of  the  amlmlance 
officers  is  assigned  to  duty  with  the  portion  of  the  train 
thus  detached.  This  separation  is  usually  temporary, 
the  completion  of  the  day's  inarch  bringing  the  wagons 
into  camp  .shortly  after  tlie  troops  and  their  ambulances 
have  reached  it.  the  time  of  their  arrival  depending  on 
the  length  of  the  marching  column  and  the  character  of 
the  roads,  the  weather,  etc.  Occasionally,  however,  the 
conditions  of  the  campaign  may  contiiuie  the  detachmeul 
of  these  wagons  for  a  longer  periiid. 

On  tlie  march  the  ambulances  con.stitute  the  division 
field  hospital.  Follnwiiig  in  rear  of  the  troops,  it  picks 
up  those  who  liave  fallen  out  of  the  column  from  ac- 
cident or  the  development  of  disease.  Usually  each  of 
these  men  has  been  examined  by  his  regimental  medical 
officer  and  furnished  with  a  card  of  authorization  to 
await  the  passage  of  the  ambulances.  One  of  the  officers 
on  duty  with  the  ambulances  receives  the  cards,  admits 
the  patients,  and  ])rociives  such  articles  as  may  be  need 
fill  for  their  immediate  treatment.  This  admission  by 
card  is  needful  to  save  the  energies  of  the  hospital  sur- 
geons and  preserve  the  ambulance  transportation  for  the 
more  urgent  cases.  The  regimental  officer  knows  the 
men  of  his  command,  and  can  arrive  at  an  accurate  esti- 
mation of  the  conditions  in  a  given  case  in  less  time  than 
the  hospital  surgeons,  who  have  no  previous  knowledge, 
and  who  must  conduct  their  examinations  while  on  the 
move.  If  the  troops  are  raw  and  undi.sciplined,  men 
may  drop  out  of  the  ranks  in  large  numbers  witliout  the 
sanction  of  the  regimental  surgeons,  and  besiege  the  am- 
bulances for  admission.  There  is  no  time,  while  being 
pushed  forward  by  the  troops  in  rear,  to  make  a  discrimi- 
nating examination,  and  these  applicants  are  permitted 
to  enter  the  ambulances.  At  the  next  halt  for  rest  a  few 
of  the  unwarranted  entries  may  lie  w<'cde1:l  out.  if  the 
time  of  the  officers  is  not  wholly  occupied  in  examining 
other  candidates  for  admission;  but  ultimately,  if  the 
march  is  long,  the  roads  bad,  or  the  weather  opjiressive, 
every  seat  is  in  use,  and  the  surgeons  are  imiiortuned  for 
the  accommodation  which  they  can  furnish  only  by  dis- 
criminating between  one  fagged-out  man  and  another. 
The  preliminary  examination  by  the  regimental  surgeon, 
and  admission  to  hospital  on  his  authority,  prevent  this 
strain  on  the, energies  of  tlie  ambulant  hospital. 

The  march  has  its  sufferers  as  well  as  the  battlelield. 
and  these  must  be  carried  along  and  cared  for;  but 
simple  exhaustion  must  he  met  by  the  general  principle 
of  halting  the  column  at  intervals  for  rest.  If  the  luili 
tary  necessity  reipiires  a  forced  march,  the  commanding 
general  must  acceiit  the  loss  of  men  which  his  line  will 
suffer  as  the  |)rice  of  the  position  which  he  secures.  The 
ambulances  are  an  hosjiital.  not  a  means  of  transporta- 
tion for  a  jaded  army.     The  sick  and   injured  arc  to  be 


carried,  not  the  merely  exhausted,  who  by  a  short  period 
of  rest  will  be  recruited  and  enabled  to  push  forward  to 
the  end  of  their  march. 

At  the  conclusion  of  tlie  day's  journey,  when  not  im- 
mediately in  front  of  the  enemy,  the  liospital  camps  in 
some  suitable  jilaco  in  rear  and  not  distant  from  the 
conimand.  While  awaiting  the  arrival  of  the  baggage 
wagons  the  sick  ari'  examined  and  treated.  Such  as  are 
considered  fit  for  duty  are  directed  to  report  to  their 
regiments.  A  notiticalion  should  be  sent  to  regimental 
surgeons  in  the  cases  of  men  admitted  during  the  march 
without  their  knowledge,  and  retained  as  unfit  for  duty 
at  its  conclusion,  that  these  men  may  be  accounted  for 
on  the  regimental  reports.  In  the  mean  time  the  surgeon 
in  charge  indicates  to  the  hospital  attendants  who  have 
been  detailed  as  pioneers  tlu'  position  which  he  desires 
the  tents  to  occupy.  Wood  and  water  are  procured, 
and  the  kitchen,  and  such  other  tires  as  the  season  and 
climate  may  re((uirc.  are  lighted  in  front  of  the  position 
to  be  occupied  by  the  tents. 

On  the  arrival  of  the  heavy  wagons,  the  pioneers  un- 
load and  jiitch  as  much  of  the  hospital  canvas  as  may 
be  required  for  the  accommodation  of  the  sick,  and  sub- 
sequently the  tents  of  the  officers.  The  nurses  unload 
and  lit  into  the  raised  canvas  such  cols,  beddin<r.  and 
other  articles  as  may  be  necessary,  and  thereafter  the 
litter  bearers  transfer  the  sick  from  the  ambulance 
wagons. 

The  cooks  obtain  their  kitchen  utensils,  and  furnish 
tea  and  coffee  by  the  time  the  sick  are  in  their  cots. 
Later  in  the  evening  dinner  is  prepared.  Pending  the 
preparation  of  this  meal  the  ambulances  and  wagons  are 
parked  in  rear  of  the  tents  ami  tin-  horses  fed.  watered, 
and  groomed,  while  the  litter  bearers  ])itch  their  shelters 
between  the  wagon  ]iark  and  the  hospital  tents,  and  the 
pioneers  trench  around  the  wards  to  keep  their  floors  dry 
in  case  of  possilile  rain.  When  rain  is  probable  the  tent 
ropes  .should  be  relaxed,  lest  their  contraction  dislodge 
the  jiegs  and  endanger  the  stability  of  the  canvas. 

In  the  establishment  of  camp  each  man.  by  drill  and 
experience,  knows  his  ]iarticular  duty.  and.  by  doing  it 
heartily,  the  whole  is  accomplished  with  ease  and  rapid 
ity.  Less  than  an  hour  sutfiees  to  transform  a  deserted 
field  into  an  hospital  settlement  as  orderly  and  perfect 
in  its  appointments  as  if  it  had  existed  there  for  weeks. 
With  dinner  the  labors  of  the  day  are  at  an  end.  save  for 
the  camp  guard  over  the  wagonsand  horses,  the  hospital 
guard,  and  the  special  work  of  the  doctor  and  nurse  in 
particular  cases. 

Under  certain  conditi(ms  it  is  better  to  make  the  sick 
pass  the  night  in  the  ambulance  wagons  than  to  pitch 
canvas  for  their  shelter.  Thus,  when  the  camp  ground 
is  reached  late  at  night  and  an  early  start  is  anticipated, 
if  the  evening  is  w'et  and  discomfort  would  attend  the 
transfer  of  the  sick  to  the  tents,  or  even  if  the  loads  are 
miry  and  it  is  undesirable  to  have  the  hospital  canvas 
made  so  much  heavier  by  the  rain,  the  patients  may  be 
made  to  pass  the  night  in  the  ambulances,  these  vehicles 
thus  constituting  the  division  field  hospil.-il  in  camp,  as 
well  as  on  the  march.  Under  such  conditions,  if  the 
number  fif  sick  is  larger  than  can  be  accommodated  in 
the  ambulances,  tents  may  be  pitched  for  the  slighter 
cases,  while  those  of  a  more  serious  character  remain 
undisturbed  under  the  ambulance  covers. 

\A'lieu  rereille  is  sounded,  the  teamsters  groom,  feed, 
and  water  their  horses  or  mules,  the  litter  liearers  pack 
up  their  blankets  and  shelters,  and  fill  the  ambulance 
kegs  with  fresh  water;  breakfast  is  eaten;  the  sick  are 
examined,  and  medicines  pnscribcd  and  provided  for 
their  use  during  the  ilay.  after  which  they  are  transferred 
to  the  ambulances,  while  their  recent  quarters  and  bed- 
ding are  packed  up  and  placed  in  the  wagons,  which 
have  by  this  time  reported  for  their  loads.  When  the 
troops  fall  ill.  the  ambulances  are  in  line,  ready  to  move 
off  in  rear  of  their  command :  hut  the  transport  wagons 
remain  in  canii<  until  all  the  troops  have  passed,  and 
then  join  the  column  of  the  supply  train.  Thus  another 
dav's  march  is  commenced. 
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With  veteran  soldiers  long  nmrelii-s  may  l)c  made 
without  a  man  presentinjr  liinisell'  at  the  anil;ulan(cs. 
but  witli  raw  troops  the  sick  and  worn-out  aeeumulale 
from  day  to  <hiy.  until  it  becomes  necessary  to  make 
other  provision  for  them.  The  medical  direeldr  or  chief 
Slir^ireon  of  the  army  or  corps  ananjres  for  the  relief  of 
the  hospital  by  sending-  Iheeases  to  the  base  of  supjilies, 
in  such  Iransporlation  as  he  may  be  able  to  jirocure  from 
the  (hief  ijuartermaster.  The  duty  of  llie  hospital  sur 
geons  in  this  event  is  to  select  the  cases  for  the  rearward 
journey,  retainini;-  those  whose  disability  is  of  a  tempo 
rary  character.  The  surfreon  in  charge  jirovides  them 
with  Ritions  for  their  iourney.  and  such  medicines, 
medical  stores,  and  attendants  as  may  be  necessarv. 

In  the  absence  of  transportation,  tiie  sick  may  have  to 
be  left  in  (|Uarters  extemporized  for  their  occu|)ancy  in 
some  village  or  sclllcment.  or,  if  need  be.  a  portion  of 
the  tiel(i-hos]iital  c(iuipmcnt  may  be  left  li-mporarily 
with  them 

But  the  march  leads  lo  an  encounter  with  the  cnemv. 
A  severe  en.gagemeait  is  not  a  matter  of  in-ecipilation. 
Large  masses  of  i\ieu  move  slowly.  The  position  of  the 
enemy  is  known  with  more  or  less  accuracy  for  days 
before  the  battle  is  fovight.  If  the  army  isOn  tliedC 
fensive.  the  lines  are  established  with  care  and  delibera- 
tion: if  on  the  olTensive.  the  position  of  the  enemy  has 
lo  be  felt  liefore  the  dis))ositioiis  can  be  made  for  the 
attack.  This  gives  more  or  less  time,  which  must  be 
utilized  by  the  surgeon  in  charge  in  picparing  for  the 
coming  event. 

First,  as  to  the  selection  of  a  position.  Tlic  medical 
director  or  cliief  surgeon  of  the  corps  or  division,  who 
lias  ridden  along  the  fcn-med  or  forming  line  of  battle, 
indicates  to  the  surgeon  in  <harge,  per.sonally  or  by 
messenger,  some  notable  point  centrically  silualed  in 
rear  of  the  line,  as  a  suitable  location.  The  otlicer  in 
command  of  the  and)ulance  company,  on  his  return  from 
a  survey  of  the  lines  and  the  roads  leading  therefrom, 
may  be  the  bearer  of^this  order.  The  particular  locality 
in  this  neighborhood  is  selected  by  thesurgeon  in  charge, 
with  d\ic  consideration  to  proximity  to  w:iter  ;ind  fuel. 
dryness  of  site,  facility  of  coinmuiiication  with  main 
roads  leading  to  fi-ont  and  rear,  availability  of  neighbor 
ing  buildings  as  h<ispital  accessories,  and  shelter  from 
artillery  lire,  allliough  llus  last  has  usually  been  con 
sidered  in  the  insi  ructions  of  ihe  meilical  director  or  cliirf 
surgeon. 

It.  is  better  that  the  hospital  shcndd  not  be  too  near 
the  front.  Xothing  is  so  depressing  to  tlie  wounded, 
already  more  or  less  prostrated  by  their  injuries,  than 
exposur<'  to  tire  while  mnler  the  lios|iilal  Mag.  as  it  is 
suggestive  of  a  disaster  to  the  line  of  bailie,  with  possi- 
ble capture  and  deprivalion  (jf  the  kindly  attention  of 
friends,  and  of  the  home  nursing  on  which  they  had  eal 
culatcd  for  the  jieriod  of  tlieii'  convalescence.  Even  in 
the  best -disciplined  establishments  the  cIVccI  is  sometimes 
demoralizing.  The  hospital  cannot  be  moved  to  the  rear, 
under  these  conditions,  wilhoul  detriment  to  the  interest 
of  the  wounded  already  brought  in;  wliih'  those  on  the 
Held  have  to  he  left  for  so  much  hniger  before  oblaining 
the  shelter  and  care  which  the  hospital  establishment 
was  intended  to  |irovi(Ie.  A  distance  of  two  or  three 
miles  from  tlu!  front  will  prevent  the  unnecessary  occur- 
rence of  accidents  of  this  nature:  whili' if  the  roads  are 
good,  there  will  be  little  delay  in  the  transport  of  the 
wounded. 

If  the  line  of  battle  is  driven  back.  Ihe  exposure  of  llic 
hospital  is  an  unavoidable  result,  unless  anticipati'd  by 
prom])t  action  on  the  part  of  those  in  charge.  A  rear- 
ward move  un<ler  the  ciremnstanees  is  n<ii  elTccted  at  the 
expense  of  the  wounded  on  the  li<'ld.  as  they  are  wilhoul 
the  lines,  and  dc'pendcnt  for  succ<}r  on  the  lnpspilal 
arrangements  of  the  other  side. 

The  neighborhood  of  a  farndiouse.  country  seat,  or 
other  occupied,  or  recently  occupied,  dwelling  presents 
many  advantages.  It  is  a  landmark,  and  will  noi  .so 
readily  be  missed  by  wounded  soldiers  seeking  the  iios 
pital  on  foot.     It  will  be  in  <lirect  connn\inieation  with 


the  roads,  and  water  and  fuel  will  be  found  near  it; 
while  if  it  and  its  vicinity  become  exjiosed  to  artillery 
lire,  it  otl'ers  a  point  of  advantage  for  the  display  of  the 
hospital  tia.g.  For  these  reasons  our  surgeons.'  during 
the  civil  war,  preferred  the  vicinity  of  a  notable  ilwell- 
ing  as  a  site  for  their  lield  hospitals,  although,  at  lea.st 
(lining  the  later  periods,  they  seldom  made  use  of  its 
rooms  as  hosjiital  wards,  except  as  adjuncts,  when  an 
unusual  inllux  of  wounded  necessitated  some  provision 
for  slieller  oulsidi-  of  their  hospital  canvas.  Experience 
tauirhl  them  that  only  by  ]iroviding  their  own  shelter, 
anil  thus  rendering  them.selvcs  independent  of  batuitous 
circumstances,  could  Iheyal  all  timesand  in  all  places  be 
jirepared  to  give  adeipiate  slielter  lo  their  wounded. 

\Vhen  the  site  is  selected,  or  even  [irior  to  the  decision 
as  to  Ihe  specilic  locality,  the  andiulances  proceed  to  the 
front  and  report  at  the  poinls  ccaisidered  suitable  tor  am- 
bulance depots.  The  litter  bearers  report  to  the  medi<-al 
olllcers  on  duty  with  regiments  to  hriiig  the  wounded 
from  the  tirst  aid  stalions  to  the  andiulance  depols. 
These  lirst-aid  stations  are  established  by  regimental 
medical  officers  as  near  as  possible  to  the  firing  line  while 
securing  at  the  same  time  protection  from  infantry  lire. 
The  ch.-iraeter  of  tint  ground  determines  their  position. 
Advantage  is  taken  of  the  shelter  of  a  wall  or  rising 
ground.  Oftentimes,  as  when  the  troops  are  tighling 
behind  breastworks,  the  safest  [dace  for  the  first  aid  sta- 
tion is  on  the  tiring  line  itself. 

Meanwhile,  in  rear  at  the  hospital  site,  the  pioneers, 
mirses,  cooks,  and  teamsters  jirocccd  with  the  routine 
work  of  ludoading,  pitching,  and  furnishing  the  tents, 
building  tires  and  preparing  beef  soup,  tea  and  eofVee, 
while  certain  of  these  men,  with  the  hospilal  stewards, 
liitcli  the  operating  tents  or  flies,  and  furnish  them  willi 
their  tables,  inslrumenis,  and  appliances  under  the  direc- 
tion of  the  operating  surgeons. 

The  musicians  and  drum  corps  may  be  utilized  as 
temiiorary  aids  to  the  meilical  departmental  theambu 
lance  depots  and  lios]iital.  A  certain  number  detailed 
by  name  may,  by  a  standing  order,  be  made  to  rejiort  to 
the  surgeon  in  charge  as  soon  as  their  commands  are  de- 
ployed into  line.  This  will  bring  them  to  the  lios|)ilal  in 
finu' to  aid  the  ]iionecrs  in  iiitehing  the  tenis  and  pre 
|)aring  Ihe  hospilal  c;imp  for  the  reception  of  the  wounded. 
Thereafter  they  may  be  employed  according  lo  their  in 
dividual  capacities,  the  main  body,  however,  beirig  as- 
signed to  duty  as  the  police  party  of  the  camp.  Some 
medical  ollicers  have  reported  ag:dnst  the  use  of  dium 
corps  details  for  hospital  purposes,  on  the  ground  that 
lliey  are  f  roublesome  and  unmanageable;  but  as  others 
have  credited  them  with  valuable  services,  variations  in 
the  exeeutivi^  ability  of  those  in  charge  are  suggested  in 
explanation  lather  than  dissimilarity  in  the  character  of 
details  from  the  .same  class  of  men. 

Injuries  of  the  hand  or  flesh  wounds,  attended  with 
little  hemorrhage  or  shock,  are  usually  Ihe  first  eases  to 
reach  the  hospital.  They  havi'  n'ceived  primary  dress- 
ings at  the  first  aid  .station  or  ambulance  depot,  and  have 
made  the  journey  thence  on  foot,  anxious  to  get  .away 
from  the  scene  of  danger.  Their  wounds  are  examined 
and  recorded,  and  each  is  a.ssigncd  lo  the  ward  of  a  cer 
tain  ward  master,  who  isthereafler  held  rcs|ioiisible  for 
his  eomfoif.  Blankets,  overco;its,  and  sheller  tents  are 
frequently  thrown  away  in  the  rapid  movements  which 
soinetimes  prelude  a  battle;  but  if  the  soldier  is  in  ]ios 
session  of  these  arfii  Ics  when  wounded,  they  generally 
reach  the  hospital  williliirn.  'I"he  shelter  tents  belonging 
lo  these  first -comers  are  pitched  at  regular  intervals  in 
rear  of  Ihe  hos])ital  lenls,  forming  the  ward  lo  which  iliev 
have  been  assigneil.  The  ]iioneers  attend  to  this  work, 
trenching  the  ground,  weatlicrguaiding  the  shelters,  and 
jiroviding  some  m,-iterial.  such  as  hay.  straw,  freshly  cut 
grass,  leafy  fwigs,  wood  shaving.s,  etc..  as  a  mattress. 
If  no  material  available  for  bedding  can  be  found  in  the 
immediate  vicinity,  one  of  the  now  empty  transport 
wagons  may  hi'  ihspatched  to  some  point  whi'ic  a  siip]>ly 
may  be  obtained,  and  if  no  such  point  is  known  a  di'lach 
menl  of  the  drum  corps  may  be  sent  out  under  responsible 
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Icadpi'ship  as  forajrevs.  Diiriiii!:  iiiflemcnt  weather  these 
slighter  oases  may  be  housed  in  the  hospital  tents  until 
their  sjieeial  eanip  is  pre|iared.  When  thus  systemati- 
cally eamped,  the  wants  of  the  wonnded  are  not  likely  lo 
be  overlooked,  as  each  ward-master  has  his  duties  aggre- 
gated and  dctined. 

Rnl  in  the  mean  time  tlie  ambulances  arrive  from  the 
tielil.  and  the  whole  staff  of  the  luispital  becomes  at  once 
aelivelv  engaged.  Shindil  the  news  from  the  front  in- 
dicate tliat  the  tents  will  be  insulticient  for  the  aecommo 
dation  of  the  wounded,  the  flies  are  removed  and  pitched 
as  extensions  of  the  wards,  and  the  bedsacks  tilled  with 
such  sintable  material  as  may  have  been  collected  in  the 
neighborhood.  If  the  extension  of  the  wards  by  means 
of  ihe  lli<'S  is  insutHeient  for  the  shelter  of  the  incoming 
wouniled.  recourse  may  be  had  to  the  accommodation 
oll'ered  by  the  neighboring  dwelling  or  its  outhouses; 
but  Willi  the  hospital  establishnieiit  organized  as  stated, 
this  will  be  needful  onlj-  on  exceptional  occasions. 

Should  the  enemy  retire  under  pressure  of  the  attack, 
it  is  not  necessary  for  the  hospital  to  follow  the  conse- 
([iient  advance  of  the  command.  The  ambulances  will 
have  to  make  a  longer  journey  to  reach  it;  but  it  will  be 
better  for  them  and  for  the  recently  wounded  to  under- 
take this  than  for  the  whole  establishment  to  make  a  for- 
ward move.  Should  the  advance  in  pursuit  carry  the 
lines  so  far  from  the  hospital  as  seriously  lo  impair  the 
usefulness  of  the  latter,  a  forward  move  ma,y  be  ordered, 
]irovided  the  wounded  and  sick  can  lie  carried  in  the 
ambulances  and  other  wagons  at  the  disposal  of  the  sur- 
geon in  charge;  but  if  the  wounded  cannot  be  thus  trans- 
ported, the  orders  should  direct  the  hosi)ital  to  be  ready 
to  move  at  a  given  hour,  by  which  time  [dl  operations  are 
ex|iecled  to  be  performed  and  the  wounded  to  be  in  con- 
dition to  rmdertake  a  rearward  journej'  in  \vagons  spe- 
cially provided  for  their  transportation. 

The  surgeon  in  charge  superintends  the  loading  of 
these  wagons,  and  provides  for  the  comfort  of  the  wtninded 
by  su])plying  the  medical  ofliccr  who  is  detailed  from  his 
regimental  duties  to  accompany  them  with  such  articles 
of  food  and  medicine  as  may  be  needful.  He  may  have 
to  part  with  some  of  his  mattresses,  bedsacks,  and  blankets 
in  fitting  out  this  train;  but.  if  need  be,  a  call  may  be 
made  by  telegraph  lo  have  them  replaced  from  the  pur- 
veying depot  at  the  base  of  supplies. 

Should  the  orders  transmitted  by  the  medical  director 
require  a  forward  movement  of  the  iiospital  establishment, 
while  no  provision  is  made  for  the  removal  in  the  opposite 
direction  of  the  wounded  already  accumulated,  rations 
must  be  drawn  from  the  general  supply  train  and  left 
with  them,  together  witli  the  necessary  sup|)ly  of  medi- 
cines, stimulants,  dressings,  etc.,  required  for  the  prob- 
able period  of  their  stay  and  subsequent  journe_v.  I'ndei' 
these  circumstances  much  of  the  hospital  material  niaj' 
have  to  be  left  behind  for  the  time  being,  inider  charge 
of  an  ambulance  officer,  with  the  wagons  needful  lo  in- 
sure its  return  to  the  hospital  on  the  departure  of  the 
wounded  to  the  base  of  supplies.  The  hospital  may  thus 
be  tenqiorarily  disaliled:  but  the  greater  its  di.sabiliiy,  the 
less  is  the  likelihood  of  its  being  again  called  into  .serious 
action  without  time  being  afforded  for  recujieration ;  for 
the  disability  from  this  cause  is  proportioned  to  the  loss 
inflicted  on  the  connuand  to  which  it  is  attached.  If  the 
command  has  sufTered  coiisidei'ably,  it  will  ]irobably  be 
placed  in  reserve  for  a  few  days,  by  which  time  the  hos- 
pital material  will  have  returned  to"tlie  front. 

But  should  a  tlcrcely  contested  battle  lie  fought,  giving 
ten  or  twelve  hundred  wounded  to  each  of  the  division 
liospitals.  the  lini's  become  so  broken  and  the  troojis  so 
exhausted  that  time  must  elapse  before  either  party  is  in 
condition  for  a  renewal  of  the  contest;  ammunition"  food, 
forage,  and  perhaps  clothing  wagons,  have  to  be  ordered 
up  for  use.  The  resuni|)tion  of  hostilities  is  a  gradual 
process  preceded  by  feints  and  mauonivres  lo  develo]) 
the  antagonist's  strength,  gain  position,  or  await  rein- 
forcements. The  existence  of  the  lios]iital  on  the  ground 
selected  at  the  beginning  of  the  liattle  may  thus  be  pro- 
longed, and  ample  time  may  be  all'orded  the  surgical  staff 


for  the  completion  of  its  labors;  hut  the  uncertainty 
which  is  inherent  in  all  battlefield  conditions  renders  it 
important  that  every  eiforl  should  lie  made  to  have  the 
wounded  in  condition  for  removal  at  the  earliest  possible 
moment.  As  soon,  therefore,  as  the  battle  has  ceased, 
certain  medical  officers  who  have  hitherto  been  on  duty 
at  the  front  are  directed  to  report  to  the  surgeon  in 
charge  for  assignment  to  temporary  duty  at  the  liosiiital, 
where  tlie  jirogress  of  the  operative  work  is  correspond- 
ingly hastened;  or,  the  extra  surgical  help  may  be  de- 
rived from  the  base  or  general  hospitals,  especially  if 
telegraphic  and  railroad  connections  have  been  kept  up. 
The  aid  required  under  these  circumstances  is  skilled  sur- 
gical assistance,  to  enable  the  hospital  to  complete  its  field 
operations.  It  is  provided,  as  has  been  seen,  with  the 
needful  .shelters,  supplies,  and  appliances  for  a  large  ag- 
gregation of  wounded,  and  with  the  surgical  aid  requisite 
for  the  operative  woik.  provided  time  isafforded  in  which 
to  accomiilish  it;  but  as  this  important  element  is  not 
always  available,  surgical  aid  from  the  front  or  rear  is 
always  of  value. 

Should  the  troops  in  the  line  of  battle  be  driven  back, 
and  the  hospital  establishment  become  exposed,  the  sur- 
geon in  charge  must  take  prompt  measures  to  prevent  its 
capture  by  the  enemy.  All  the  wounded  who  have  been 
brought  in  should  be  removed,  with  the  hospital  material, 
to  a  suitable  site  in  the  rear  of  the  position  newly  assumed 
by  the  troops.  The  wounded  left  ui)on  the  field  must  be 
cared  for  by  the  medical  department  of  the  0]iposing 
force,  but  such  as  have  reached  the  shelters  prepared  by 
friends  shoidd  not  be  given  up  without  the  strongest 
efforts  on  the  part  of  those  in  charge  to  save  them.  If 
there  is,  unfortunately,  no  time  to  effect  the  removal  of 
all,  such  as  nuist  lie  permitted  to  fall  into  the  hands  of 
the  enemy  should  be  left  with  as  comfortable  surround- 
ings as  if  they  were  still  within  the  lines.  Hospital  can- 
vas, bedsteads  and  bedding,  medical  and  surgical  sup- 
plies, and  food  must  be  left  with  them,  and  sucli  medical 
attendance  as  their  number  may  require  should  be  de- 
tailed to  remain  with  and  surrender  them.  Shelter  and 
furniture  thus  lost  to  the  hosjiital  should  be  renewed  by 
immediate  requisition  on  the  supply  depots. 

If  the  disaster  is  so  serious  that  none  of  the  wounded 
can  be  removed,  the  surgeon  in  charge  should  endeavor 
to  preserve  the  hospital  organization  by  withdrawing 
the  ambulances,  wagons,  surplus  stores,  and  personnel 
not  specially  detailed  to  remain  with  the  wounded. 
When  the  hospital  establishment  is  thus  disabled,  an  im- 
mediate ri'iiewal  of  hostilities  necessitates  the  occupation 
of  the  available  buildings  in  the  neighborhood  of  the  new 
site;  but  this  utilization  of  pre-existing  shelter  would 
have  been  necessary  if,  without  the  rcpxdsc,  the  wounded 
had  by  their  numbercalled  for  increased  accommodation. 
The  graver  cases  arc  received  and  bedded  in  the  dwellings 
or  their  outhouses,  and  the  slighter  cases  camp  in  their 
canvas  shelters  as  before.  Pood,  medicines,  surgical  ap- 
Ijliances,  etc.,  are  furnished  from  the  wagons  which  have 
been  saved,  and  the  operating  staff  is  reorganized  if  it 
has  suffered  loss. 

If  the  disaster  involves  the  capture  of  the  transporta- 
tion and  supplies,  while  more  or  less  of  the  officers  and 
men  have  escaped,  to  undertake  the  duty  of  aiding  the 
wounded  who  may  fall  in  the  skirmishes  of  a  subsequent 
retreat,  a  work  is  presented  to  these  members  of  the  hos- 
pital establishment  which  will  be  accomplished  with  an 
efficiency  depending,  rutc'n's  purihiis,  on  their  previous 
discipline.  Notwithstanding  breaks  in  their  ranks,  their 
training  holds  them  together  as  a  machine  constituted  for 
a  specific  imrpose.  Wagons  for  the  transport  of  the 
wounded,  and  of  supplies  obtained  from  the  liospilals  or 
purveying  depots,  uiay  often  be  obtained  from  the  army 
trains.  The  light  Iiead(|uarters'  wagons  were,  on  several 
occasions  during  oiu'  civil  war,  transferred  to  the  hos- 
pitals, to  form  tlie  nucleus  of  an  extemporized  ambulance 
system,  and  the  work  of  collecting,  treating,  and  )>rovid- 
ing  for  the  wounded  has  thus  gone  on  w'ith  more  or  less 
of  precision  and  elHciency, 

When  the  army  goes  into  winter  quarters,  and  occa 
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sionally  durinjr  sieves,  the  character  of  the  (iivisioii  field 
hiispiliil  may  untlergo  a  inali-rial  chanire.  As  there  is  no 
iniTiiecliate  iirospect  of  a  iiiovr.  tlic  sick  and  unuiided 
111  I'd  not  be  sent  away  unless  they  liave  aeeuniwlated  be 
yond  the  capacity  of  the  liospital  to  acconiniodate  Ihcni. 
"C'oniniaiifling  otlicers  approve  of  retainiiiu'  the  sick  and 
wounded  in  tlie  field  hospital  while  in  somewhat  perma 
neiit  camps,  as  the  return  of  their  men  on  recovery  is  in 
snred;  they  become  interested.  lheref<ire.  in  these  lield 
hospitals,  and  fnrther  the  elTorls  of  the  medical  officers 
in  iiniirovinu'their  condition.  L'lidersnch  circuinstances 
Inmber  can  nsnally  be  obtained,  and  the  tents  may  he 
jiitched  upon  frames,  and  be  lloored  and  weather  boarded 
as  hi.irli  as  the  eaves;  shelves,  tables,  .■md  bi'iiches  may 
be  put  in  as  tixtiires  and  furniture,  and  the  ward  be 
warmed  by  an  open  brick  fire])lace  l)uilt  at  one  end. 
Stoves  are  umnanaseable  under  canvas,  anil  c.xtenipori/.ed 
nndcrtjrinind  furnaces  and  tires  are  danircrous.  If  the 
ffronnd  is  damp,  jdank  jiathwaysurc  laiil  for  access  to  all 
))arts  of  the  hospital  canipand  its  irronnds.  whicli  sliould 
be  enclosed  by  a  feiicf.'  and  thoroughly  policed.  As  thus 
tinished,  the  hospital  presents  an  air  of  |)ermatience  and 
stability ;  but  if  kept  in  proper  drill,  a  few  hours"  notice 
only  is  required  to  have  it  packed  up  and  wail  in.sjf  its  place 
in  the  column  of  march. 

Ambulance  wagonsaiKl  litter  Ix'urerswere  first  brou.uht 
into  use  durin,u;  the  wars  wliich  followed  the  French 
Ucvolution.  Prior  to  that  time  there  was  no  first  aid  for 
the  wounded  in  battle.  Medical  men,  nurses,  and  medi- 
cal and  surfrical  supplies  were  not  pennitted  to  come  to 
the  front.  They  were  rejrarded  as  impedimenta  and  re- 
tained with  the  baggage  train  about  three  miles  in  rear 
of  the  fighting  line.  Here  during  a  battle  care  was  taken 
of  such  of  the  wovinded  as  were  able  to  reach  the  place. 
Officers  (d"  high  raidc  were  carried  to  the  rear  by  their 
men;  but  wounded  soldiers  unable  to  assist  themselves 
had  to  lie  upon  the  field  until  flic  battle  was  lost  or  won. 
If  defeated,  the  army  witlidrcw,  leaving  the  disablid  to 
fall  into  the  hands  of  the  enemy;  if  victorious,  arrange- 
ments were  made  to  have  them  l)rouglit  to  hospitals  ex- 
temporized in  the  nearest  village  or  town.  (Servants. 
bandsmen,  and  camp  followers  weri?  sent  to  the  front 
with  all  fheneedfid  oravailable  wagons  hastily  imjiressed 
into  theservice  forliospital  duty.  In  1T!('2.  I).  J.  I,arrey. 
a  young  sursri'on  who  hid  recently  joined  the  Army  of 
the  Rhine,  was  greatl.v  impressed  with  the  inclVu'iency  of 
the  arrangemenls  for  the  care  of  (he  wounded.  He 
thought  that  those  unfortunates  who  were  dying  from 
shock,  exposure,  or  iieediess  loss  of  blood  shoidd  be 
reachc<l  and  assisted  during  the  progress  of  the  liattle. 
He  held  that  an  exposure  of  twenty-four  hoiu's.  uncarcd 
for,  on  the  field  was  a  most  undesirable  )ireliiniiiary  to 
ampufalion  in  cases  of  gunshot  fracture-,  llisdisajiproval 
of  the  regulation  im-lliod  was  strengthened  when,  some 
time  later,  he  siw  the  wounded  abandoned  becausi'  before 
the  arrangements  for  their  removal  were  coinplcled  tlie 
military  conditions  necessitated  a  hasty  retreat.  With 
the  consent  of  the  commanding  general  he  prooired 
some  light  wa.gons  anil  organized  an  iinihvhnic):  rulnnte 
or  flying  hospital  intended  to  bring  succor  to  the  wounded 
and  to  remove  them  from  the  field.  The  first  service  of 
this  ambulance  company  was  sot  borough  a  demonstration 
of  its  value  that  Baron  Larrey  was  sent  to  Taris  to  organ- 
i/e  sindlar  flying  hospitals  for  all  the  divisions  of  the 
French  army.  He  joined  Napoleon  in  his  Egyptian 
camjiaign.  and  thereafter  suiierintendcd  the  operations  of 
the  andiulances  in  the  field  until  active  hostilities  ceased 
after  the  defeat  at  Waterloo. 

Another  French  surgeon.  Baron  P.  F.  Percy,  en- 
deavored to  solve  the  i)roblem  of  prompt  aid  to  the 
wounded  on  the  field  of  battle.  As  the  liospital  trains 
were  not  allowed  on  the  field  on  ai'count  if  the  unccr- 
tainl.v  of  the  issue,  the  risk  of  their  caiiturc.  and  the  cer- 
tainly that  the.v  would  be  in  the  way  during  some  jiart 
of  the  action,  Percy  conceived  the  idea  of  conveying  to 
the  front  the  essentials  of  surgical  aid  without  blocking 
roads  or  impeding  military  movements.  The  surgical 
wagons  which  he  constructed  to  effect  this  were  modelled 


on  those  of  the  light  artillery.  I^ach  was  drawn  by  six 
horsesand  carried  eight  surgeonsand  their  orderlies  with 
instruments,  litters,  and  sup]>lies.  When  a  sheltered 
spot  near  the  fighting  line  was  reached,  the  surgeons 
gave  professional  aid  to  the  wounded  who  came  to  them, 
while  the  lifters  allached  to  the  wagon  were  put  lo  ex 
cellent  use  by  the  orderlies  and  men  temiiorurily  spared 
from  the  combalanl  ranks.  This  sysleni  contrihuled  as 
much  as  15aron  l.arrev's  ambulances  to  the  immediate 
comfort  and  surgical  safely  of  the  wounded,  but  it  left 
them  on  the  field  until  the  usual  arrangements  were  niaiK 
for  their  removal.  B.aron  Percy  recogiii/cd  this  inferior 
ily  of  his  method,  and.  having  ailopted  Larreys  ambu- 
lances, he  devoted  his  energies  to  the  organi/ation  of  a 
eoriis  of  litter  bearers  to  operate  in  connection  with  the 
ambulances.  This  system  was  formally  adopted  for  the 
Imperial  Armies  in  isi:!. 

Up  to  the  year  1S21  the  Army  negulations  of  this 
country  were  silent  on  the  subject  of  medical  oig.iniza- 
tion  for  field  service.  The  Regulations  ])ublislieil  in  lsi),s 
entitled,  "The  act  for  establisliing  rules  and  ariicles  for 
the  government  of  the  armies  of  the  Fnifed  States,  with 
regulations  respecting  the  same."  made  no  reference  to 
the  subject.  The  first  official  mention  of  medical  trans- 
portation occurs  in  an  enumeration  of  the  duties  of  regi- 
mental surgeons  in  the  "  Military  Laws  and  Utiles  and 
Regulations  for  the  Army  of  the  United  States  "  issued 
in  November,  1S14.  The  medical  ofiicer  was  ilirccted  to 
attend  at  the  coinmenci'inent  of  a  march  and  designate 
such  men  as  should  be  permitted  lo  ride  or  have  their 
knapsacks  transported  in  the  wagons.  Inasinu(di  as  no 
special  wa.gons  were  indicated  the  available  bagga.ge 
wa.gons  were  no  doubt  meant.  The  same  regulations 
provided  that  "a  lwohor.se  wagon  shall  be  allowed  to 
each  regimental  hospital  in  wiiich  shall  be  conveyed  a 
medic.-il  chest  of  two  hundred  or  tliree  hundredweight, 
and  three  other  chests  under  lock  and  key  for  blankets 
and  heds:icks.  cooking  ufen.sils.  and  liospiftd  stores.  " 

In  1S31.  however,  the  Regulations  compiled  by  General 
Scoff  prescribed  the  methods  of  furinshing  aid  on  the 
battlefield,  in  langua.ge  clear  as  to  its  provisions  and  yet 
so  elastic  in  its  reiiuiremenfs  as  to  h'ave  the  medical  de- 
partment free  to  exercise  discretionary  iiowers.  The 
medical  director  was  authorized  to  establish  fiidd  or 
movable  hospitals,  or  ambulances  as  they  were  called  in 
the  revised  edition  of  |S:i."),  in  advantageous  I'osifions  be- 
hind fhc  line  of  battle,  w  ifli  smaller  sections  organized  in 
like  manni-r  to  follow  detached  columns  and  even  lo  give 
succor  on  the  skirmish  line.  The  (Juarterniiister's  De- 
partment was  directed  to  provide  the  wagons  after  con- 
sultation with  the  medical  director,  but  these  wagons 
were  to  remain  under  the  command  cd'  an  oMicer  of  that 
deiiarlment. 

During  the  period  of  uninferruiited  peace  which  oc- 
curred at  this  time.  War  Deiiartmenl  officials  became 
absorbed  in  current  work  relalin.g  to  the  movements  of 
small  detachments  of  troo|is  in  the  Western  Territories. 
War  on  the  great  scale  dropped  from  their  consideration, 
and  in  conseiiueiice  the  1S'21  provisions  for  battlefield 
service  were  onntf 111  from  the  I{egulations  published  in 
18;M,  IKi.-),  and  1S41.  The  only  ))rovision  for  assistance 
to  the  disabled  in  these  ofiicial  pulilications  shows  the 
narrowness  of  mind  resulting  from  official  routine  dur- 
ing those  years.  "For  the  accommodation  of  the  sick 
and  disabled  a  wa.iron  will  be  attached  to  the  rear  guard 
when  ucce.ssiiry  and  practicable,  and  a  surgeon  will  attend 
to  give  assistance  and  to  .see  that  no  iminoper  iieisons  are 
sulTi'ied  loavail  lliemselvesof  theacconimodation.  "  The 
war  with  Mexico  came  upon  us  so  suddeidy  that  in  a 
hasty  reissue  of  the  l?egulalions  in  1847  there  was  no 
timi-  lo  elaborate  and  inciir])orate  a  medical  .systetn  for 
field  service,  and  the  medical  department  was  left  to  do 
the  best  it  could,  traimnelled.  however,  by  its  ilependence 
for  transportation  on  the  tjiiiirlermasfers  Di  iiartmei-t. 
System  was  evolved  in  the  progress  of  Ihe  war.  and  the 
results  were  embodied  in  IS.IT  in  the  next  issue  <d'  the 
Regulations.  Hut  in  these  there  was  a  great  lapse  from 
the   provisions  of  1.H31.     The  latter  made  the  medical 
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dcpartininit  a  free  ajrcnt  tosustsiin  its  jireat  responsibility 
ami  itavt>  it  tlic  CJuartcrmastor's  Departiucnt  furcolIiilK.ia 
tioii  aiul  assistance.  In  tliis  tlicy  were  in  ailvanee  nf  tiie 
metlioils  of  all  other  armies;  but  the  Uegulat ions  issueil 
one  tliiril  of  a  century  later  fettered  tlie  medical  depart- 
ment with  the  bonds  of  slavery.  The  sui'geon  drojiped 
to  the  status  lield  by  him  in  foreign  armies  as  the  mere 
attendant  on  tlie  wounded  when  permitted  by  the  olTieers 
of  anotlierdepartnieiit  tocoine  into  personal  contact  with 
them.  Even  the  medical  director,  a  director  in  name 
only,  was  ordered  to  take  his  post  for  professional  work 
at  the  principal  deiiot. 

The  Regulations  of  18G1  found  us  engaged  in  a  great 
war,  with  the  army  medical  department  resi)ousible  be- 
fore public  opinion  for  the  care  of  the  wounded,  yet  tin- 
able  to  accomplish  anything  without  the  consent  and 
active  cooperation  of  olticers  wlio  were  not  held  to  this 
responsibility.  ]\Iany  of  these  officers  were  volunteers 
ignorant  of  their  power  under  the  Regtdations,  but  all 
were  actuated  by  the  patriotic  desire  of  accomplishing 
the  end  in  view,  of  doing  the  best  for  the  wounded  under 
the  conditions  of  the  time.  The  medical  work  on  the 
battletiekls  of  the  civil  war  progressed,  therefore,  under  an 
intelligent  appreciation  of  what  the  Regulations  should 
have  JDeen  rather  than  of  what  they  were,  and  as  a  re- 
sult, the  excellent  system  of  field  hosj^itals  and  associated 
and.iulance  trains  was  developed. 

Although  at  the  close  of  the  civil  war  the  medical  de- 
partment of  the  army  was  trained  into  efficiency  by  its 
long  experience,  and  although  later,  in  1887,  it  'was 
strengthened  by  the  formation  of  a  trained  hospital 
corps,  wholly  under  its  command,  the  conditions  exist- 
ing at  the  outbreak  of  the  Spanish-American  war  in  1898 
were  most  unfavoralde  for  efficient  .service.  At  this  time 
the  medical  staff  and  the  hospital  corps  of  the  regular 
army  were  insufficient  for  the  jiroper  care  of  a  command 
of  twenty-tive  thousand  men  in  time  of  |>eace.  Suddenly 
the  strength  of  the  army,  regular  and  volunteer;  was 
raised  to  two  hundred  and  eighty-five  thousand  men. 
Surgeons  from  ci\il  life  were  appointed  by  the  Presi 
dent  as  chief  surgeons  of  corps,  divisions,  and  brig 
ades,  and  by  the  governors  of  States  as  regimental  sur 
geous  and  assistants.  Most  of  these  olficers  were  able 
surgeons  and  physicians,  but  few  of  them  had  had  any 
experience  of  the  duties  ijertainiug  to  the  medical  dejiart 
ment  of  a  large  army.  Some  had  seen  service  in  the 
national  guards,  but  this  was  rather  detrimental  than 
otherwise,  as  it  gave  them  an  exaggerated  idea  of  the 
importance  of  the  regiment  as  a  unit  of  organization. 
The  law  authorizing  the  muster  in  of  volunteer  troops 
provided  for  a  surgeon  ami  two  assistants  for  each  regi- 
ment, but  there  was  no  jirnvision  fur  any  iirivates  of  the 
hospital  corps.  Transfers  from  the  line  of  the  volunteer 
army  to  the  regular  hos]iital  corps  were  authorized,  but 
the  volunteer  soldiers  did  not  care  to  leavetheir  comrades 
in  the  State  regiments  to  accept  service  in  the  regular 
army ;  and.  moreover,  company  and  regimental  officers 
did  not  look  favorably  upon  such  transfers.  The  medical 
department  of  the  army  was  therefore  met  at  thi' outset 
with  the  difficult  task  of  raising  and  educating  a  hospital 
force  of  about  five  thousand  men  when  it  should  have  lieen 
organizing  such  a  force  for  field  service.  As  troo])s  were 
being  concentrated  for  an  immediate  invasion  of  Cuba 
and  Porto  Rico,  instructions  were  issued  looking  to  the 
organization  of  field  hospitals  and  ambulance  companies 
for  divisions,  by  the  consolidation  of  the  regimental 
medical  force  and  e(piipments.  Great  difficulty  was  ex- 
perienced by  chief  surgeons  of  cor])S  and  divisions  in 
effecting  this  organization,  first,  by  the  opposition  of 
regimental  medii'al  and  line  <ifflc<'rs  to  the  breaking  up 
of  the  regimental  hosjiitals;  second,  the  regnlution  al 
lowance  of  one  amfnilance  to  each  four  hundred  men 
and  one  four  horse  wagon  to  each  six  hundred  men  of 
the  efTccfive  force  had  to  be  built  befon-  lieiiig  issued: 
and,  third,  the  nin<'  finndred  hospital  corps  ]irivates  re- 
(piired  toman  the  divi^iion  hospitals  and  ambulance  <'om- 
panies  of  each  army  cor|is  iiad  to  be  enlisted  or  trans- 
ferred from  the  line  before  their  services  could  become 


available.     To  perfect  the  field  hospital  organization  of 
till- army  which  invaded  Porto  Rico,  the  hosjiital  person- 
nel and  equipment  of  commands  remaining  in  the  home 
camps  had  to  be  drawn  upon,  greatly  to  the  detriment  of 
the  latter.     Less  difficulty  was  experienced  in  organiz 
ing  the  hos|)itals  of  the  divisions  of  the   Fifth  Army 
Corps  wdiich  invaded  Cuba,  as  most  of  the  regiments  of 
lliis  corps  were  regular  regiments,  each  of  which  brought 
some  liospital  corps  men  and  ainl)ulances  to  the  point  of 
embarkation  at  Tampa,  Fla.     Long  before  the  embark- 
ation of  this  corps  its  Held  hospitals  were  in  condition 
for  efficient  service,  and  although  its  ambulance  com- 
panies  were   not  filled   up   to   their  intended  strength, 
nor  fully  equipped  with  wagons,  horses,  and  harness, 
those   sections   which   had   their    equipment  completed 
w'ere  well  drilled  in  hospital  cor]is  work  and  ready  for 
active  service.     Each  hospital  had  about  eight  six-innle 
wagons   to  haul  its  teiitage  and   sujiplies."    Operating 
tents  were  provided  with  enamelled -steel  folding  operat- 
ing tables,  steam  sterilizers  and  water  heaters,  bath  tubs, 
and  other   necessary  furnishings.      Subse(iuent   events, 
however,    rendered    these    preparations    (-omparatively 
valueless.     AVhen  the  command  embarked  on  tlie  trans- 
])orts.  the  baggage  wagons  and  mules,  the  ambulances 
and  horses,  and  a  large  part  of  the  equipment  of  each  of 
the  hos])itals  were  left  behind  by  order  of  the  militarv 
authorities,   to  lie  forwarded   after  the  troojis  on  later 
transports.      With  the  excejjtion  of  a  few  ambulances, 
none  of  this  medical  provision  thus  left  behind  succeeded 
in  reaching  the  army  investing  Santiago  de  Cuba      Even 
the  small  regimental  medical  and  surgical  chests  were 
not  available  at  the  time  the  enemy   was  encountered 
because    the    transjiorts,    in    accordance  with   militarv 
orders,  stood  out  to  sea  after  landing  the  troops.     The 
medical  officers  of  the  command  recognizing  the  impos- 
sibility, under  existing  orders,  of  giving  any  .systematic 
aid  to  the  wounded  of  a  probable  engagement,  made  the 
most  strcnuovis  efforts  to  recover  some  of  their  hospital 
supplies  and  equipment  from  the  transports,  and  had  such 
articles  as  they  succeeded  in  obtaining  carried  by  hand 
litters    from   the   landing   place   toward  the   front.     In 
this  way  a  jiart  of  the  equipment  of  the  division  hospitals 
was  landed  and  utilized  at  the  front  as  a  Held  hosjiital 
and  at  Siboney  as  the  nucleus  of  a  base  hospital.     The 
tents  of  the  reserve  divisional  hospital  were  landed  to 
increase   the  shelter    at   Siboney,    while   the    operating 
equipment  and  stores  were  retained  on  one  of  the  trans- 
jiorts.  the  (-llinttc.  to  outfit  her  as  a  hospital  ship.     The 
medical  department  of  the  army  was  severely  criticised 
at  the  time  of  the  attack  on  Santiago  for  its  failure  to 
have  on  hand  all  the  material  and  equiiinient  of  its  divi- 
.siou  hospitals  in  rear  of  tin'  tiring  line  of  tlie  divisions 
engaged;  but  this  failure  was  in  no  part  due  to  the  care- 
lessness or  inefficiency  of  medical  olficers.     The  resjion- 
sibility  lay  with   the  militarv  authority  W'hieh  ordered 
and  superintended  the  embarkation  at  Tampa,  the  land- 
ing at  Daiipiiri.  and  the  immediate  (idvance  on  Santiago. 
Military   necessity   may   require  an  assault  before   the 
medical  stores  are  on  the  ground,  but  the  medical  de- 
partment is  no  more  responsible  for  the  consequent  failure 
to  have  every  comfort  provided  for  the  wounded  than  it 
is  for  the  number  killed  and  disabled  in  the  attack. 

Meanwhile  in  the  home  camps,  the  canqis  in  tlie  United 
States,  the  condition  of  the  division  hospitals  became 
changed  to  meet  changed  conditions  among  the  troops. 
The  sudden  ending  of  the  campaigns  in  Cuba  and  Porto 
Rico  rendered  further  pre|ianition  for  battlelield  service 
unnecessary.  The  division  hospitals  were  therefore  fitted 
up  as  stationary  hosjiitals  fen'  the  care  of  the  sick. 
Regimental  medical  officers  were  returned  to  their  regi- 
ments, while  acting  assistant  surgeons  were  assigned  to 
duty  in  the  wards;  trained  female  nurses  were  employed 
on  contract;  tent  wards  were  framed,  floored,  and  fur- 
nished with  many  articles  of  comfort  which  could  not 
be  carried  with  a  field  hospital  in  the  presence  of  an 
enemy.  In  tlieeain|is  regimental  hospitals  of  ten  beds 
each  were  established  for  the  treatment  of  slight  ailments 
until  cured,  and  for  tlio  care  of  serious  cases  until  their 
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transfer  l(i  the  division  hospital  was  t'lTwtcd.  This 
system  was  continued  until  llie  return  of  tlic  volunteer 
rejriniejils  to  their  homes  for  muster  out. 

Tile  troops  forming  tne  army  of  oeeupaiion  in  Culia 
and  Porlo  Hieo  were  distributed  at  various  military  sta- 
tions, at  eaeli  of  wliieli  a  post  hos])ital  was  orjranized  as 
ill  the  medical  service  of  the  army  in  tlie  United  Slates 
in  times  of  peace. 

In  the  Philippine  Islands  a  tield-liosiiital  oriiauization 
bused  on  that  of  the  civil  war  was  oriianized  as  soon  as 
tlie  men  and  materials  were  landed  from  I  lie  transports. 
Tlie  delay  in\(ilved  in  acciimulatinir  near  ^Manila  a  mili- 
tary force  siillicient  for  a  successful  attack  on  the  city 
^a\e  lime  for  the  medical  department  to  have  its  supplies 
available  and  its  hospital  corps  men  ellicient.  The 
wounded  in  the  engagement  were  comfortalily  jirovidcd 
for  by  7  p.m.  of  the  day  of  the  advance  on  Manila.  AftiT 
the  occupation  of  the  city,  regimental  hospitals  were 
fst.alilishcd  near  the  quarters  of  each  regiment,  wliile  the 
field  hosjiital  e(|uipment  was  utilized  as  the  nucleus  of 
■vvhat  became  afterwai;d  a  large  general  hospital. 

During  thi'  subseiiuent  insurrection,  lightly  eipii|iped 
field  hospitals  followed  the  troo|)S  to  care  for  the  wounded 
:ind  ]iut  them  in  proper  condition  for  transportation  by 
rail  to  JIauila.  Later,  when  the  advance  reached  San 
Fernando,  afield  division  hospital  was  established  at  that 
])lace,  to  which  the  wounded  from  the  columns  pursuing 
the  enemy  were  brought  by  rail.  Later  still,  when  the 
troo])s  moved  in  .c(  mparatively  small  commands  after 
<letached  bodies  of  the  insurgents,  small  field  liDspitals 
accompanied  the  expeditionary  forces  to  bring  the 
wounded  back  to  San  Fernando,  or  to  the  .station  on  the 
railway  constituting  a  temporary  base.  Ambulances 
sent  from  the  United  States  proved  to  be  too  heavy  for 
the  soft  muddy  roads  in  the  field  of  o|)erations.  Re- 
course was  therefore  had  to  light  iiati\'e  wagons,  car- 
romatas,  and  to  litters  carried  by  hired  ('oolies,  with  an 
intelligent  hospital  corps  man  in  charge  of  each  litter. 
Our  medical  otVicers  were  ])rompt  to  adapt  their  metliods 
to  the  conditions  confronting  them  and  the  facilities  at 
command. 

In  the  armies  of  all  civilized  nations  special  provision 
is  now  made  for  the  care  of  the  sick  during  campaigns, 
for  the  jirimipt  removal  of  the  wounded  from  the  battle- 
field, and  for  their  transportation  with  despatch  and  in 
coniforl  to  well  aiipoiuted  hospitals  distant  from  the  lield 
of  hostile  o]ierati(jns.  This  provision  includes  lield  hos- 
jiitals,  with  litter  bearers  and  ambulances  operating  be- 
tween the  hosjiitals  and  the  front.  The  establishment  of 
t'ollccling  stations  and  ambulance  stations  is  reipiired  by 
Regulations,  the  former  at  some  sheltered  point  near  the 
■figliting  line,  the  latter  in  amore  distant  and  less  cvjiosed 
jiosition.  Battlefield  conditions  vary  exceedingly,  chiefiy 
owing  to  topographical  features.  Hence  no  regulation 
<listance  between  these  establishments  can  be  adhered  to. 
Tn  some  armies  four  men  of  each  company  of  the  line  are 
trained  as  litter  bi'arers.  to  aid  the  woun<led  of  their  own 
■company  orregiment  to  the  collecting  onirsl-ai<l  stations, 
where  they  transfer  them  to  the  care  of  the  hos]iital 
corps.  In  other  armies  the  bearer  companies  of  the  hos- 
pital corps  are  res])onsible  for  the  careand  transportation 
■<jf  the  wounded  from  the  front  to  the  ambulance  stations, 
to  the  exclusion  of  all  assistance  from  llie  men  cniraged 
with  the  enemy.  In  reading  accounts  of  medical  organi- 
zation for  batiletield  service  a  distinction  must  lie  made 
between  the  terms  cuiiipiiiiii  lirrircfn  and  hurirr  CHiipitiiiis. 
The  former  aiiplics  to  the  few  men  in  the  fighting  line  of 
•each  company  who  are  detached  as  temporary  aids  to 
the  medical  department,  the  latter  to  the  men  of  the  hos- 
pital corps  who  have  been  specially  trained  for  litis  veiy 
purpose.  There  is  no  question  as  to  which  is  the  better 
method.  To  detach  a  percentage  of  the  fighting  force 
for  hospital  corpsduty  at  a  time  when  the  wlmle  strength 
of  Ihc  line  of  battle  may  be  retjuired  against  the  enemy 
is  a  dangerously  expensive  way  of  iiroviding  the  medical 
department  with  the  necessary  number  of  litter  beari'rs. 

The  field  medical  service  of  the  German  army  was 
perfected  during  the  war  of  1870.  Its  regimental  ser- 
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vice  is  well  defined,  consisting  of  two  medical  officers  to 
each  liattalion  of  about  one  thousand  men.  with  a  hos- 
pital assistant  and  two  coiii))any  bearers  for  each  coni- 
jiany  and  a  medical  supply  wagon  for  each  regiment  of 
three  battalions.  Their  lieid  of  duty  in  batlle  is  between 
llic  skirmish  line  and  the  collecting  stations.  Besides 
the  special  aid  on  the  fighting  line  Ihe  Germans  have  a 
bearer  company  of  about  two  hundred  and  fifty  men  to 
each  division  and  a  similar  company  as  a  reserve  lo  each 
cjirp.s.  To  thirty-six  thousand  troops  forming  a  corps 
of  two  divisions  they  have,  therefore,  about  seven  hun- 
dred anil  fifty  men  for  bearer  duty;  but  llie  field  hos- 
jiitals  of  the  corps  arc  manned  by  aliout  six  hundred  en- 
listed men.  so  thai,  exclusive  of  company  bearers  loaned 
from  the  line,  the  strength  of  the  hospital  corps  on  the 
field  is  e(|ual  to  ii.75  ]"'''  cent,  of  Ihc  lighting  force. 
Each  bearer  company  has  attached  to  it  eight  ambulance 
and  five  slore  and  baggage  wagons.  For  each  division 
si.x  field  hos])itals  are  provided,  each  of  which  has  a 
capacity  of  two  hundred  beds  and  may  be  divided  into 
two  sections.  The  enlisted  force  attached  lo  each,  in- 
cluding the  drivers  of  eight  or  nine 
wagons,  consists  of  about  fifty  men. 

In  the  French  army  there  are,  first,  a  regimental  service 
to  give  aid  to  the  troops  in  camp,  on  the  march,  and  dur- 
ing an  engagement ;  second,  an  ambulance  hospital 
system  to  supplement  the  regimental  service  during 
marches  and  in  camjis,  to  receive  the  wounded  from  the 
battletiild  and  to  prepare  them  for  further  transporta- 
tion; and,  third,  a  system  of  field  hospitals  to  relieve  the 
ambulance  hospitals,  lo  continue  Ihc  preparation  of  the 
wounded  for  transixirlation  to  the  rear,  to  treat  the  .sick 
and  wounded  on  the  spot,  and,  occasionally,  to  reinforce 
the  ambulance  hospitals  on  thc!  battlefield. 

The  regimental  service  consists  of  the  medical  staff 
with  a  hospital  orderly  for  each  coiiqiany.  a  force  of 
company  bearers,  and  a  wagon  for  the  transportation  of 
medical  supiilies.  Thi'  bearers  consist  of  a  sergeant  from 
the  regiment,  a  cor]ioial  from  each  battalion,  and  four 
privates  from  each  conipany.  The  lios|iital  orderlies 
care  for  the  sick  when  the  conunand  is  on  the  march  or 
in  camp.  During  action  they  are  at  the  collecting  sta- 
tions, lo  which  the  wounded  are  brought  by  the  regi- 
mental bearers.  AVIien  a  battle  is  imminent  the  latter 
report  to  the  surgeon  for  duty;  after  the  action  is  over 
lliey  return  to  the  ranks. 

The  ambulance  hospital  of  each  division  has  a  large 
medical  stalf,  with  thirty  hos])ital  orrlerlies  and  ninety- 
eight  litter  bearers,  wliih-  the  train  is  manned  by  two 
oliicers  and  eighty-eight  men,  sixty-four  of  whom  are 
teamsters  and  the  others  orderlies,  workmen,  blacksinilhs, 
•saddlcr.s.  etc.     This  hosjiital  is  divided  into  two  sections. 

The  field  hospitals  have  no  ambulances,  their  wheeled 
transportation  consisting  only  of  heavy  wagons  for  sup- 
jilics.  Tlu^  number  of  these  hospitals  attached  to  an 
army  is  determined  by  the  Jlinisler  of  War. 

During  the  campaign  against  Napoleon  (he  medical 
ofiicers  of  tin;  British  army  were  well  aware  of  the  ad- 
vantages accruing  to  the  wounded  from  the  methods  in- 
troduced by  Barons  Larrey  and  Percy,  and  made  many 
aiipeals  to  the  government  to  be  permitted  to  organize 
companies  of  ambulance  corjis  men  and  litter  bearers: 
but  these  were  uniformly  disapproved,  as  the  Duke  of 
Wellington  olijecteil  lo  having  the  inovements  of  his 
troo|)S  hampered  by  these  wagons.  Wounded  French- 
men were  succored  while  the  din  of  battle  was  yet  in 
their  ears,  while  their  British  opponents  had  to  lie  ex- 
posed, not  only  during  the  continuance  of  the  struggle, 
but  during  the  long  watches  of  the  night,  unlil  arrange- 
ments were  jierfecled  for  their  removal.  The  available 
wagons  of  the  supplv  department  and  such  as  could  be 
hired  or  impressed  into  service  were  brought  up  along 
with  the  bandmen,  camp  followers,  and  hired  laborers  to 
give  the  long-delayed  aid  and  Iransjiort  the  sull'erers  to 
the  hospitals.  The  .strclchers  used  in  loading  consisted 
of  a  canvas  bed  between  two  )iikes  or  poles,  with  no  cross 
pieces  lo  keep  them  apart.  The  long-continued  wars  of 
this   period    improved    the    organization    and   internal 
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economy  of  the  British  field  hospitals,  but  effected  no 
immediately  bciieticial  change  in  their  methods  of  trans- 
portation. "  Nor  was  anythina;  done  until  the  outbreak  of 
the  Crimean  War.  when  a  hospital  conveyance  corps 
was  hastily  organized  and  shipped  with  thetroop.s.  This 
was  so  (U'cided  a  failure  that  the  work  of  transporting 
the  wouudeil  had  to  be  transferred  to  the  subsistence  de- 
partment. The  wagons  of  the  cou^'eyanee  cor|)s  were 
too  heavy;  no  ]irovision  was  made  for  repair  in  case  of 
accidents;  and  the  men  were  old.  broken-down,  and  often 
dissipated  soldiers  weeded  out  of  the  regimental  ranks 
rather  than  selected  on  accovint  of  special  fitness  for  im- 
jiortant  duties.  A  medical  staff  corps  was  then  organized, 
but  this  failed  on  account  of  its  being  composed  of  hired 
civilians.  In  ISTii  a  hosjiital  corps  of  enlisted  men  was 
authorized.  During  the  military  operations  of  recent 
years  in  many  parts  of  the  empire.  British  medical  otflcers 
iiave  had  opportunities  of  improving  their  methods,  and 
have  so  profited  by  them  that  much  conunendation  has 
been  bestowed  upon  the  army  medical  department  for  its 
etticiency  during  the  war  now  in  progress  in  South  Africa. 
Sir  William  MacCormaek  and  Mr.  Frederick  Treves,  who 
were  sent  by  the  British  government  to  the  seat  of  war 
as  consultants,  have  testified  to  the  successful  organiza- 
tion and  etticient  work  of  the  department  from  tlie  first- 
aid  stations  with  the  troops  actually  engaged  to  the  gen- 
eral hospitals  at  the  base  of  supplies.  Officers,  enlisted 
men,  newspaper  reporters,  and,  in  fact,  all  who  have 
written  of  this  subject  have  borne  testimony  to  the 
bravery  and  etficiency  of  medical  officers  and  men  and 
the  abundance  of  their  supplies.  Lord  Methuen,  after 
the  battle  of  Jlodder  River,  called  attention  to  the  splen- 
did hosjiital  arrangements,  .stating  that  on  the  afternoon 
of  the  day  after  the  battle  all  his  wounded  were  on  their 
way  to  Cape  Town. 

An  infantry  division  of  the  British  army  comprises 
two  brigades,  with  three  attached  field  batteries  and  a 
company  of  engineers.  Each  brigade  consists  of  four 
battalions,  or  about  four  thousand  men.  Each  battalion, 
artillery  division,  and  engineer  company  has  assigned  to 
it  a  medical  officer,  who  accompanies  it  into  action  with 
his  orderly,  to  give  first  aid  to  the  wounded,  while  the 
regimental  bearers  are  ready  to  carry  the  first  cases  to 
the  collecting  or  dressing  stations. 

To  each  brigade  is  attached  one  bearer  company  con- 
sisting of  three  officers,  one  sergeant-major,  twelve  ser- 
geants aud  corporals,  one  bugler,  and  forty-four  privates 
of  the  royal  army  medical  corps,  with  thirtj'-eight  men  of 
the  army  service  corps  for  transport  duties.  The  men  of 
the  bearer  company  relieve  the  regimental  bearers  and 
bring  the  wounded  to  an  ad  vanced  ambulance  post,  where 
there  are  wagons  to  carry  them  to  the  dressing  station. 
This  station  is  organized  in  some  building  out  of  the  line 
of  fire,  or  if  no  building  is  available  the  operating  tent  is 
pitched.  The  major  of  the  Ijearer  company,  with  one 
other  medical  officer,  four  non-commissioned  officers,  and 
four  privates,  one  of  whom  is  a  cook,  are  on  duty  here, 
to  examine  and  dress  wounds,  admini.ster  medical  com- 
forts, and  place  the  wounded  in  ambulances  to  be  carried 
to  the  field  hos])ital. 

Twelve  field  liospitals  are  attached  to  the  corps  of  three 
divisions  and  attached  troops,  numbering  in  all  about 
thirty-four  tlious;ind  fighting  men.  Each  is  ecjuipped 
for  one  hundred  beds,  but  is  so  organized  that  sections 
of  twenty-five  beds  may  lie  unpacked  and  used  separately. 
The  personnel  of  each  is  four  medical  officers,  one  quarter- 
master, one  sergeant-major,  ele\'en  sergeants  and  cor- 
porals, and  twenty-thi-ee  ]ii'ivates  of  the  nn'dical  corps, 
with  a  sergeant  and  nineteen  privates  of  the  army  service 
corps.  As  these  hospitals  have  to  accompany  the  troojis, 
the  wovmded  are  .sent  as  soon  as  possible  to  a  post  on  the 
lines  of  communication.  For  service  in  the  bearer  com- 
panies and  field  hos]iitals  an  enlisted  strength  is  provided 
equal  to  four  per  cent,  of  the  fighting  force.  Tins  per- 
centage does  not  include  the  temporary  services  of  the 
regimental  bearers. 

The  lines  of  communication  in  the  present  campaign 
in  South  Africa  are  long.     For  the  wounded  who  are 


unable  to  bear  the  fatigue  of  a  long  journey  to  the  base 
of  su]iplies,  stationary  hospitals  have  been  piovided  along 
the  line  of  rail.  Each  of  these  is  equipped  for  one  lum- 
dred  beds  in  two  sections  of  fifty  beds.  The  personnel  is 
similar  to  that  of  the  field  hospital,  but  without  the  army 
service  men.  Buildings  are  used  wiien  available,  other- 
wise tents  to  form  a  camp  are  forwarded  from  the 
base. 

General  hospitals  at  the  base  of  supplies  have  each 
accommodations  for  twenty  officers  and  five  hundred 
wounded  men.  Fcnir  of  these  were  mobilized  and  sent 
with  the  first  troops  to  Africa.  Suitable  buildings  are 
selected.  The  staff  of  each  consists  of  a  colonel  aud  seven 
officers,  including  a  quartermaster,  with  eleven  civilian 
surgeons,  a  woman  superintendent  and  eight  nursing  sis 
ters,  two  warrant  ofiicers,  twenty-si.x:  sergeants  and  cor- 
porals, and  one  hundred  and  fifteen  privates  of  the  medi- 
cal cor])s,  Suiiplies  of  medical  stores  are  established  at 
the  base  and  advanced  depots  are  thrown  forward  to 
positions  where  the  field  hospitals  and  bearer  companies 
can  draw  on  them.  S}'stematically  equipped  hospital 
trains  bring  the  sick  and  wounded  from  the  field  and  sta- 
tionary hospitals  to  the  base.  Hospital  steamers  carry 
those  invalided  to  England. 

These  brief  sketches  of  the  field-hospital  organization 
of  the  German,  French,  and  British  armies,  supplement- 
ing what  has  been  said  concerning  our  own  experiences 
in  this  line  of  military  service,  will  enable  the  reader  to 
appreciate  the  great  advance  that  has  been  made  since 
the  time  of  the  Napoleonic  wars.  Field-hospital  organi- 
zation is  now  so  well  understoood  that  with  a  medical 
and  hospital  corps  of  sufficient  numerical  strength  for 
the  needs  of  the  command,  with  liberal  apju'oiiriations 
for  the  purchase  of  equijunint  and  supplies,  and  with  full 
control  over  its  transportation,  there  neetl  be  and  woidd 
be  no  failure  on  the  part  of  the  medical  department  to 
care  for  the  wounded  under  the  most  severe  strain  of  the 
trying  times  of  war.  C/miies  Smart. 

ARMY  HOSPITAL  CORPS— For  many  years,  during 
and  after  the  revolution,  the  selection  of  the  personnel 
of  hospitals  was  left  to  the  surgeons  iu  charge.  The 
stewards  and  ward  masters,  nurses  and  cooks  were  either 
detailed  soldiers  or  civilians  at  the  option  of  the  sur- 
geon. 

The  Army  Regulations  of  1821  for  the  first  time  dis- 
tinctly provided  that  cooks  and  nurses  in  hosjiitals  should 
be  taken  from  the  privates  of  the  army,  although  such 
had  doubtless  been  the  usual  practice  before  that  date. 
During  the  civil  war  civilians,  both  men  and  women, 
were  largely  employed  as  nurses,  esjieeially  in  the  gen- 
eral hospitals.  They  may  also  have  been  employed  to  a 
limited  extent  in  the  war  with  ^lexico.  With  these  ex- 
ceptions, hospital  attendants  were  obtained,  from  1821 
imtil  the  organization  of  the  hospital  corps  iu  1887. 
wholly  by  the  detail  of  soldiers  of  the  line,  an  arrange- 
ment which  was  always  unsatisfactory,  for  it  was  diffi- 
cult to  secure  the  best  men  of  the  command  for  such 
duty,  and  the  length  of  the  detail  bi'ing  uncertain  and 
promotion  practically  imkuowu,  there  was  little  to  stimn- 
late  the  ambition  of  the  attendant. 

The  employment  of  civilians  as  hospital  stewards  for 
post  and  regiments,  as  well  as  for  general  hospitals,  was 
still  authorized  in  1831 :  but  as  iu  the  Indian  wars  which 
resulted  from  the  spread  of  civilization  westward,  the 
activity  of  the  army  was  transferred  to  the  frontier,  it  no 
doubt  became  increasingly  diftienlt  to  hire  suitable  civil- 
ians, while  experience  showed  that  it  was  desirable  that 
the  incumbent  of  this  position  should  he  amenalile  to 
military  discipline  and  held  to  a  definite  term  of  ser- 
vice. 

It  therefore  soon  became  the  rule  that  hospital  stewards 
sliouhl  be  detailed  from  the  line,  as  is  shown  by  the  fact 
that  in  18;i;!  an  order  from  the  War  Di'iiartment  gave 
authority  for  the  enlistment  of  a  hospital  steward  at 
posts  where  a  suitable  man  could  not  be  obtained  from 
the  conmiand.  But  even  though  specially  enlisted  iis 
hospital  steward  he  was  still  mustered  with  a  company 
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and  regardi'd  as  a  detailed  soldier  of  the  line,  and  in  1842 
ilic  iidjutant-fieiieral  decided  that  in  case  of  emergency 
lie  could  111'  reiniired  to  iierform  military  duty  as  such. 
Since  till-  hospital  steward  could  be  returned  to  the  line 
al  any  time  at  the  caprice  of  the  commandiMg  ollieer, 
the  necessity  of  securing  for  him  a  more  permanent  status 
was  felt,  and  Congress  in  18.">(i  authorized  the  appoint- 
ment of  hospital  stewards  from  the  enlisted  men  of  the 
army  who  should  be  ]iermanently  attacheil  to  the  medi- 
cal and  hospital  department.  Conuiianding  oflicers  were, 
however,  still  jicrmitted  to  detail,  upon  the  reconunenda- 
tion  of  the  medical  ollieer,  a  soldier  to  act  as  li<ispital 
steward  for  lield  duty  or  at  stations  where  there  was  no 
hosjiital  steward.  These  men  were  at  lirst  knfiwn  as 
acting  hcjspital  stewards.  After  ISd-l  they  were  called 
hospital  stewards  of  the  second  class  if  detailed  for  duty 
at  posts  of  more  than  four  companies,  and  hospital 
stewards  of  tlie  third  class  if  at  posts  of  four  or  less  com- 
panies. 

In  ISO-  the  employment  of  civilians  as  cooks  and 
nurses  in  the  general  Jiospitals  having  been  authorized, 
tiie  surgeon-general  published  regulations  for  the  "Hos- 
pital Corps.  I  .  S.  Army."  which  was  to  be  composed  of 
civilians  hired  luuler  contract  for  the  [leriod  of  one  year, 
unless  sooner  discharged.  Except  in  name  this  organi- 
zation bears  no  resemblance  to  the  present  hos|iital  corps, 
which  was  created  by  the  act  of  Congress.  March  1,  1SS7. 
This  act  required  that  hospital  stewards  should  have 
servedat  least  twelvemonths  asaeting  hospital  stewards, 
and  have  passed  a  satisfactory  examination  under  the 
uuthority  of  the  surgeon-general.  It  provided  that 
privates  of  the  hospital  corps  should  be  enlisted  or  trans- 
ferred from  the  line,  that  acting  hospital  stewards  should 
be  appointed  by  the  detail  of  suitable  privates,  and  that 
the  corps  thus  created  should  be  permanently  attached 
to  the  inedi<'al  department,  and  shoidd  not  be  iiicluiled  in 
(he  etfective  strength  of  the  army. 

The  luunber  of  men  allowed  in  each  grade  was  not 
(i.xed  by  this  act.  In  1896  the  luimber  of  hospital 
stewards  was  limited  liy  act  of  Congress  to  one  luinclred, 
wliicli  number  constituted  the  allowance  until  the  out- 
break of  the  war  with  Spain,  when  an  increase  of  one 
hundred  hospital  stewards  was  authorized  for  the  war 
only.  The  numberof  hospital  stewards  was  accordingly 
increased  to  two  hundred,  of  whom  one  lumdred  and 
seventj'  still  remained  in  service  on  March  :U,  IIIOO. 
By  Act  of  Congress  of  May  '-'(i,  Ulllil,  tlw  maxiniuni  al 
lowance  of  hospital  stewards  was  permanently  lixeil  at 
two  hundred 

TliiTe  is  no  definite  allowance  of  a<-tiiig  hospital 
stewards  and  privates,  their  number  licing  regulated 
solely  by  the  needs  of  the  service. 

The  size  of  the  hospital  corps  and  the  ratio  of  non- 
commissioned oflicers  to  privates  will  depend  not  only 
upon  the  actual  size  of  the  army,  but  u|ion  the  con- 
ditions existing  at  the  time  as  respects  active  opera- 
tions and  the  size  of  the  commands  in  which  the  army 
is  divided. 

The  high  percentage  of  non-coiiiniissioncd  olficers  be 
fore  the  war  with  Spain  was  due  to  the  large  lumdier  of 
small  posts,  each  of  which  was  provided  with  a  liospilal 
steward,  but  required  only  a  small  detat  huicnt  of  jirivates. 
That  the  relative  number  of  non-commissioned  ollicers  is 
less  at  the  jiresent  time  is  due  partly  to  the  lar,ire  numb<T 
of  ]irivates  stationed  at  genera!  hospitals,  at  which  the 
mnnber  of  non-coimnissioned  ollicers  needed  is  compara- 
tively small,  and  jiartly  to  the  diiliculty  of  securing  a 
sullicient  number  of  acting  hospit,-d  stewards  an<l  the 
liuutation  by  law  of  the  number  of  hospital  stewards. 

For  an  army  in  active  service  or  under  the  conditions 
which  obtained  in  the  Plulip|iines.  an  allowance  of  hos- 
pital corps  men.  including  non-commissioned  othcers.  of 
at  least  four  jier  cent,  of  the  combatant  strength  is  ueces- 
.sjiry.  Theehief  surgeon  of  the  Department  of  the  Facitic 
(Philippine  Islands)  has  estimated  that  acting  hospital 
stewards  in  the  proportion  of  one  half  of  one  per  cent, 
and  privates  in  the  proportion  of  three  and  one  lialf  per 
cent,  of  the  strength  of  the  army  shotdd  be  provided  for 


his  department.  Hospital  stewards  are  not  included  in 
this  estimate. 

Army  Regulations  provide  that  there  shall  beaho.spital 
steward  and  three  |irivates  of  the  hospital  corps  at  every 
military  post,  four  privates  if  the  garrison  consists  (if 
two  companies,  and  an  additional  private  for  each  addi- 
tional two  companies.  If  the  garrison  consists  of  si.v 
companies,  there  will  be  two  hospital  stewards  and  an 
additional  liosi)ital  steward  for  every  aihlilional  six  com- 
panies. At  every  jiost  of  two  compaides  there  will  also 
be  an  acting  lios|iital  steward. 

Tile  needs  of  foreign  service  have  made  it  necessary  of 
late  to  diminish  this  allowance  of  noncommissioned  offi- 
cers at  jiosls  within  the  I'liited  States.  In  view  of  the  in- 
creased size  of  the  compaiues  at  the  present  time,  the 
Secretaiy  of  ^yar  has  authorized  an  allowance  of  four 
privates  of  the  hospital  coi'iis  for  one-compaii}'  posts, 
live  for  two-company  iiosts,  and  one  additional  private 
for  every  two  additional  companies.  In  the  Volunteers, 
as  at  present  organized,  each  regiment  has  three  hos|)ital 
stewards  who  are  re,!rimcntal  noncomnussioned  olhcers. 
There  being  no  ]irovisi<in  of  law  for  a  Volunteer  hospital 
corps,  one  acting  hos|)ital  steward  and  twelve  privates 
of  the  hospital  corps,  all  of  whom  belong  to  the  regular 
army,  are  assigned  to  each  regiment.  Regular  regiments 
serving  without  the  I'niled  States  are  allowed  one  hos- 
pital steward,  three  .acting  hospital  stewards,  and  twelve 
lirivates.  On  JIarch  'i\.  1S!IH.  there  were  in  service  100 
iiospital  stewards,  lo:!  acting  hospital  stewards,  and  ."J'^O 
privates,  a  total  of  7".i:i  men.  The  following  table  shows 
the  .strength  and  the  distribution  of  the  hospital  corps  on 
March  31"  1900: 

STRENGTH    AND    DISTRIUCTION     OF   THE     HOSPITAL   CORPS,    MARCH 
31,  1900. 


Hospital 
stewards. 

Acting 
hospital 
stewards. 

Privates. 

l,iB5 

337 

93 

22 

i.-m 
la 

35 

81 

Total. 

rriited  Staus 

t'ul>a 

Porto  Rico 

Hawaii 

PliilipiiitiHS  and  en  route  — 

!12 
21 
4 

47* 
'■i 

110 
47 
19 
3 
167 
S 
S 
7 

3t!9 

1,207 
3915 
116 

27 
2,148 

-   14S 

\ 

Total  strength 

1711 

3.502 

4,041 

*  Seventy-four  tio.spltaI  stewards  of  Volunteers  are  also  on  duty  In 
tilt'  Ptiilippines. 

The  hospital  steward  is  of  the  same  grade  of  rank  as 
orilnance  sergeants,  iiost  (juartermasler  sergeants,  chief 
nmsicians.  principal  musicians,  tirst-class  sergeants  of 
the  signal  corps,  chief  trumpeters  and  saddler  sergeants, 
and  is  only  ranked  among  non  cominissioued  oflicers  by 
the  regimental  sergeants  ma,jor  and  ([uartermaster  ser- 
geants. 

The  duties  of  Iiospital  stewards,  as  detined  in  tlie 
manual  for  the  medical  deparlmeut,  are  to  look  after 
and  distribute  hospital  stores  and  supjilies.  care  for 
hospital  properly,  compound  and  ailniinister  meilicine. 
supervise  the  preparation  and  serving  of  food,  maintain 
discipline  in  hospitals,  watch  over  their  general  police, 
picjiare  reports  and  returns,  sujiervise  the  duties  of 
members  of  the  hospital  corjis  in  the  hospital  and  in  the 
lield,  and  perform  such  other  duties  as  may  by  proper 
authority  be  requii-cil  of  them. 

No  other  non-commissioned  ollieer  requires  so  much 
special  knowledge  for  the  proper  discharge  of  his  duties, 
or  has  such  a  variety  of  duties  to  [lerform,  as  the  hospital 
steward.  Like  the  first  sergeant  of  a  company  tlie  hos 
pital  steward  must  be  a  good  disciplinarian,  drill  master, 
anil  .iieneral  supervisor  of  the  duties  of  the  men  under 
his  control,  ]h' ]>repares  or  super\ises  the  jireparation 
of  thennm<-rons  re]iorts.  returns,  and  oilier  official  papers, 
some  of  them  voluminous  and  complicated,  which  must 
be  made  not  only  to  the  surgeon  general,  but  to  the  ad- 
.]  11  tan t  general,  the  quartermaster-general,   the  rhief  of 
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onlnancp.  and  the  paymaster-.ffciu'ral.  and  keeps  a  record 
of  ollicial  enrrespondenee.  He  must  be  lunvearying  in 
liis  eure  for  tlie  nuiltiiilieity  of  articles  eniliraced  under 
llienaiueof  liospilal  pid|n'i-ty.  He  must  bean  expert 
pliarniacist,  and  bave  sullicient  knowledge  of  medicine 
and  surgery  to  be  able  to  act  intelligently  in  emergencies 
in  the  absence  of  the  surgeon. 

It  is  ver_y  commonly  supposed  that  skill  in  pharmac)' 
is  the  essential  qualitieatiou  of  the  hospital  steward,  and 
pharmacists  often  contideutly  apply  for  appointment  as 
hospital  stewards,  referring  to  tlieir  knowledge  of  drugs 
as  evidence  of  their  tituess  for  the  position.  But  such 
knowledge,  wliile  important,  is  by  no  means  the  most 
important  requisite. 

It  is  very  wisely  provided  that  the  candidate  for  the 
position  of  hospital  steward  must  have  served  at  least 
three  months  as  private  of  the  hospital  corps,  and  at  least 
one  year  as  acting  hospital  steward  (the  great  majority 
of  hospital  stewards,  serve  much  longer  than  this  in  the 
lower  grades),  before  he  becomes  eligible  for  examina- 
tion for  promotion,  since  familiarity  not  only  with  army 
regulations  but  also  with  the  unwritten  rules,  usually 
known  as  the  "customs  and  usages  of  the  service." 
which  should  govern  his  conduct  in  his  relations  w-ith 
superiors  and  inferiors  in  the  military  hierarchy,  is  ab- 
solutely essential  to  his  usefulness,  and  such  knowledge 
is  to  he  aei|uired  only  by  actual  service  -ivith  troops  in 
garrison  and  in  the  field. 

A  candidate  for  the  position  of  hospital  steward,  as 
has  already  been  slated,  must  have  served  at  least  one 
year  as  acting  hospital  steward.  Application  for  ex- 
amination must  be  accompanied  by  an  aftidavit  that  the 
candidate  is  not  married.  Examination  is  held  by  a 
board  of  three  medical  officers  or  such  number  less  than 
three  as  may  be  on  duty  at  the  post.  The  board  inves- 
tigates and  reports  ujion  the  applicant's  phvsical  con- 
dition, character,  and  habits,  es])ecially  as  to  the  u,se  of 
stimulants  and  narcotics,  discipline  and  control  of  men, 
knowledge  of  regulations,  nursing,  dispensary  work, 
clerical  w-ork,  principles  of  cooking  and  mess  manage- 
ment, hospital  corps  drill,  minor  surgery  and  first  aid, 
including  the  extraction  of  teeth. 

A  w-ritten  examination  is  also  held,  questions  being 
prepared  in  the  office  of  the  surgeon-general  upon  the 
following  subjects:  arithmetic,  materia  mediea,  jiliar- 
macy,  care  of  sick  and  ward  management,  minor  surgery, 
and  first  aid  and  elementary  hygiene.  Efficiency  in  pen- 
manship and  oithography.  which  is  also  taken  into  ac- 
count, is  estimated  from  the  papers  submitted.  Replies, 
■which  are  certified  to  by  the  board  as  having  been  made 
without  recourse  to  books,  memoranda,  or  other  .sources 
of  assistance,  are  forw-arded  with  reports  of  the  board 
direct  to  the  sm-geon-general,  in  whose  olfice  the  written 
examinations  are  marked. 

The  candidate,  if  successful,  takes  rank  in  his  class  in 
accordance  with  the  percentage  which  he  has  obtained 
on  the  examination.  A  re-examination  before  a  first 
re-enlistment  as  hospital  steward  may  not  be  required  if 
the  surgeon  at  the  post,  or  chief  surgeon  of  the  depart- 
ment, states  that  the  steward  has  ]ierformed  his  duties 
efficiently,  but  is  held  before  a  second  re-enlistment.  No 
sulisequent  re  examinaticui  is  ordinarily  re(|uired. 

Hospital  stewards  may  be  discharged  by  sentence  of 
coiat  martial,  but  cannot  be  reduced  io  the  ranks. 

As  we  have  already  seen,  acting  hosjiital  stewards  are 
historically  the  successors  of  the  hospital  stewards  of  the 
second  and  third  class,  also  known  as  acting  hosjiital 
stew-ards,  w-ho  were  soldiers  of  the  line  simply  detailed 
for  duty  in  the  medieak  department.  As  the  "name  im- 
plies, the  acting  hospital  steward  nuiy  be  called  upon  to 
perform  all  of  the  duties  of  the  hospital  steward.  Since 
the  expansion  of  the  army,  diu'  to  llii'  war  with  Spain, 
the  insufficient  number  of  hospital  stewards  has  made 
it  necessary  to  use  many  acting  hospital  stewards  as 
stewards  at  the  smaller  posts.  Before  the  late  war,  the 
acting  stewards  were  generally  assigned  as  assistant 
stewards  in  posts  of  two  or  more  comiianies. 

Owing  to  the  unfortunate  wording  of  the  act  of  March 


1.  1887.  which  speaks  of  the  detail,  not  the  appointment, 
of  privates  as  acting  hospital  stewards,  it  was  long  held 
that  the  acting  hospital  steward  is  not  a  true  nou-eom- 
uu'ssioned  officer,  that  his  othce  is  not  a  grade  but  a  detail 
which  lapses  upon  discharge,  .so  that  he  then  reverts  to 
the  status  of  private.  Piaetically,  how-ever,  he  has  al- 
■ways  been  regarded  as  a  non-commissioned  oflicer,  and 
indeed  is  ranked  with  sergeants  by  Army  Regulations, 
and  a  recent  decision  of  the  Comptroller  of  the  Treasury 
grants  him  travel  pay  upon  discharge  and  retired  pay  as 
an  acting  hospital  steward,  not  as  a  private. 

A  service  of  one  year  as  private  in  the  hospital  corps 
was  formerly  necessary  before  the  examination  for  detail 
as  acting  hospital  steward  could  be  taken.  This  time 
was  reduced  to  three  months  in  1899,  because  of  the 
great  need  of  additional  acting  hospital  stewards,  and 
the  desire  to  utilize  the  services  as  acting  hospital  stew- 
ards of  jjrivates  w-ho  had  recently  enlisted  and  who  were 
to  a  certain  extent  qualified  for  the  position  by  previous 
training  in  medicine,  pharmacy,  or  nursing."  The  ex- 
amination for  detail  as  acting  hospital  stew-ard  embraces 
the  same  subjects  as  the  hospital  .stew-ard  examination, 
but  is  less  difficult.  As  in  the  case  of  hospital  stewards, 
application  for  examination  must  be  accompanied  by  an 
affidavit  that  the  candidate  is  not  married.  Acting"hos- 
]iital  stewards  may  be  reduced  to  the  grade  of  private  of 
the  hospital  corjis  by  the  commanding  officer  for  ineffi- 
ciency or  bad  conduct. 

In  time  of  peace  privates  are  obtained  either  by  direct 
enlistment  orliy  the  voluntary  transfer  of  enlisted  men 
who  ha\e  served  at  least  a  year  in  the  line.  Enlistments 
of  civilians  for  the  hosiiital  coi-]3S  are  made  preferably 
by  medical  officers.  The  term  of  service  is  three  years. 
Authority  for  the  transfer  and  enlistment  is  in  all"  cases 
obtained  from  the  surgeon-general.  The  physical  ex- 
amination for  the  hospital  corps  is  the  same  as  for  the 
line,  except  that  applicants  may  be  accepted  w-hose 
vision  is  below-  the  normal,  provided  that  the  defect  is 
due  solely  to  comparatively  slight  errors  of  refraction 
(less  than  ten  twentieths),  which  are  not  progressive  or 
accompanied  b_y  ocular  disease,  and  which  can  be  entirely 
corrected  with  glasses.  As  members  of  the  hospital 
corps  are  not  taught  to  shoot,  acuity  of  vision  is  not  as 
important  for  them  as  for  men  of  the  line,  but  it  is  essen- 
tial that  they  shall  be  able  to  see  sufficiently  well  not  to 
be  heljdess  if  they  lose  their  glasses  in  the  field. 

In  addition  to  the  physical  examination,  the  applicant 
for  admission  to  the  hospital  corps  is  reqiured  to  give 
evidence  that  he  can  read  and  write,  and  that  he  possesses 
intelligence  and  aptitude  for  the  duties  which  he  -n-ill  be 
called  upon  to  perform  He  must  also  present  satisfac- 
tory testimonials  as  to  his  character  from  his  late  em- 
ployer or  other  reputable  citizens.  After  enlistment  the 
recruit  is  usually  sent  to  a  hospital  corps  school,  where 
he  is  given  a  cotu'se  of  instruction  in  mfrsing,  first  aid, 
etc..  and  in  drill,  preparatory  to  his  assignment  to  a 
military  post. 

The  duties  which  privates  of  the  hospital  corps  are  re- 
quired to  perform  at  military  posts  naturally  vary  some- 
what  with  the  size  of  the  hosjutals.  At  large  hospitals, 
where  the  detachment  consists  of  one  hundred  or  more 
men,  the  duties  of  each  man  are  narrowly  defined  and 
specialized.  There  are  nurses,  cooks,  dispensers,  clerks, 
operating  room,  dead  house,  and  laboratory  attendants, 
w-atehmen.  gai-deners.  even  buglers,  carpentei-s,  plumV)- 
ers,  and  perhaps  painters.  At  the  smallest  posts  there 
may  be  but  a  nurse,  a  cook,  and  an  outside  man  who 
raises  vegetables,  milks,  supphes  fuel,  and  on  occasion 
helps  with  the  nursing. 

Hos]iital  stewards  receive  §45  per  month,  acting  hos- 
pital stewards  •Si.'i  jier  month,  and  iirivates  •Sb'^  per  month. 
The  monthly  jiay  is  increased  wilh  the  length  of  service, 
as  shown  in  the  subjoined  table.  .^'^  per  month  after  five 
years'  continuous  service,  and  an  additional  increase  of  Si 
per  month  for  each  subse(pn.>nt  period  of  five  years.  To 
be  entitled  to  this  increase  the  service  must  lie  continu- 
ous, that  is.  the  soldier  must  re-enlist  w-ithin  three  months 
after  the  date  of  discharge. 
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Ann)   lIoKpital 
t'orps. 


Table  of  Mo.ntiilv  Pay  of  Members  of  Hospital  ((ikps. 
CoNTLNrocs  Service. 


First  enli.^ttiH'iu: 

First  and  second  years  . 

Tliird  yenr 

Second  enlistment : 

Fii"st  year 

Swond  year 

Tliiril  year 

Third  enlistment : 

Kucli  year 

Fourth  enlistment: 

First  year 

Second  and  third  years . 


Hospital 
stewards. 


4.5 
415 

47 
4« 
.50 

50 

.50 
51 


Acting 
hospital 
stewards. 


as 


30 


Privaips. 


18 
111 


3) 
21 
2a 


24 


Tlio  pay  of  a  soldier  who  lias  served  five  yeiirs  and 
who  re-enlists  after  a  louger  interval  than  three  iiionths 
begins  with  the  amgunt  tixed  for  the  .seeoiid  year  of  the 
•seeoiid  enlistment  (tifth  year  of  eoiitiiiumis  service). 
One  dollar  per  month  of  this  "re  eulistmi-iil  pay"  is, 
however,  retained  until  (lischarjre.  and  is  forfeited  if  the 
soldier  has  not  served  honestly  and  faithfully,  or  if  lie  is 
discharged  for  disability  due  to  his  own  misconduct. 
Twenty  iier  cent,  increase  on  the  pay  pi-o]ier  of  all  en- 
listed men  is  allowed  in  time  of  war.  A  cerlilicate  of 
merit  firanted  an  enlisted  man  for  distinguished  service 
(ircneraily  conspicuous  gallantry  in  action)  carries  with 
it  additional  pay  at  the  rate  of  S3  per  month  as  long  as 
the  hohlcr  is  in  the  army. 

In  addition  to  their  pay,  all  enlisted  men  receive 
rations,  clothing,  medicines,  and  medical  attendance.  A 
certain  money  allowance  for  clothing  is  iiiiule  to  each 
grade,  and  the  clothing  drawn  by  each  individual  is 
charged  against  his  allowance.  AVith  care  a  cnnsidi'ial)le 
saving  can  be  maile  upon  this  allowance.  The  balance 
not  used  is  paid  in  cash  upon  discharge  from  the  service. 

The  money  allowance  for  the  several  grades  in  the  lios- 
pital  corps,  according  to  the  last  clothing  list,  is  given 
below.  The  allowance  for  hospital  stewards  is  fi.\cd; 
that  of  acting  hospital  stewards  and  privates  is  that  of 
corporals  of  the  branch  of  the  service  with  which  they 
are  serving.  The  allowance  given  in  the  t^dile  is  the 
highest,  tiiat  of  corporal  of  cavalry.  If  serving  with 
infantry,  the  total  allowance  for  three  years  of  acting 
hospital  stewards  and  privates  is  S130. 13. 

Mo.vey  allowa.vce  for   Clothing.  Members  of  the  Hospital 


COKPS. 

Hosiiital 
stewards. 

Total  llrst  six  months,  Orst  year §11(1.77 

Total  second  six  inontlis,  first  year 11.13 

Total  second  Tear 3I.:i9 

Total  third  year :i0.2i» 


Totid  for  three  years. . 


81Si..58 


Acting  hospital 

stewards 

and  privates. 

Sti3.:« 

11.13 

34.31 

2!)..5i) 

$138.3:5 


An  increase  of  830  per  annum  is  allowed  hos])ital  corps 
nx'n  of  all  grades  who  arc  serving  in  the  I)e|)artment  of 
Alaska,  to  provide  for  the  extra  clothing  uecessaiy  for 
protection  against  extreme  cold. 

Savings  in  sums  of  not  less  than  five  dollars  can  be  de- 
posited with  an  army  paymtisler.  Interc'st  iit  the  rate  of 
four  jier  cent,  per  annum  is  tillowed  on  such  deposits 
until  discharge.  Deposits  are  nonforfeitable  except  for 
desertion.  Twelve  and  one-half  cents  ])cr  month  is  de- 
ducted from  the  pay  of  each  soldier  for  the  sui)porl  of 
the  Soldiers'  Home.  A  service  of  twenty  years  in  tlu' 
army,  or  the  existence  of  jiliysieal  disaliiiity  conti-acted 
in  the  line  of  duty,  entitles  the  siddier  toiidmission  to  the 
institution  at  \Vasliington.  I).  ('.,  or  to  the  branch 
recently  established  at  F<irl  Bayard,  New  Mexico,  for  the 
reception  of  tuberculous  patients. 

I'lion  discharge  the  soldier  is  entitled  to  travel  pay  to 
the  place  of  enlistment.  This  is  eomjiutetl  liy  taking  the 
distance  in  miles  by  the  shortest  usually  travelled  route 
from  place  of  discharge  to  that  of  enlistment  .-ind  allow- 
ing one  day's  pay  and  thirty  cents  for  subsistence  for 


every  twenty  miles.  Travel  pay  is  not,  however,  allowed 
for  sea  travel,  transportiition  on  a  government  vessel 
with  subsistence  being  furnished  in  lieu  thereof.  Allow- 
anci-s  for  travel  are  not  given  to  soldiers  dischiirged  by 
wav  of  favor,  nor  to  those  whose  discharge  is  not  honor- 
able. 

A  soldier  who  has  served  as  an  enlisted  man  for  thirty 
years  may  be  retired  upon  his  own  application.  He  re- 
ceives three  fourths  of  the  |iay  allowed  him  bylaw  in 
the  grade  held  when  retiied.  including  re  enlisted  and 
continuous  .service  pay.  .\ctlng  hos])ital  stewards  for- 
ineiiy  received  only  the  retired  jiay  of  iirivates,  but  it  is 
now  held,  as  already  stated,  that  their  detail  as  acting 
hospital  stewards  does  not  lapse  upon  discharge.  No 
deductions  are  nuide  except 
the  monthly  tax  of  twelve 
ami  one  half  cents  for  sup- 
port of  the  .soldiers'  home. 
In  addition  to  their  pay.  ir- 
tired  .soldiers  receive  S!)..')0 
per  month  as  commutation 
forsubsistence  and  clothing. 
They  receive  no  commuta- 
tion for  fui'l  or  (piarters. 

The  uniforms  of  the  corps 
consists  of  four  suits:  a  uni- 
f(jrm  for  oi-dinary  wear,  a 
suit  fi>r  ward  service,  and 
two  field  uniforms. 

The  first  (see  Fig.  376) 
consists  of  a  dark  blue  Han- 
n(d  blouse,  lined,  with  five 
gilt  buttons.  The  private 
wears  on  the  left  arm  above 
the  elbow  a  brassai'd  of 
white  cloth,  three  inches 
wide,  with  a  cross  of  red 
cloth  in  the  centre.  The 
chevrons  of  the  acting  hos- 
jiilal  steward  consists  of 
three  bars  of  emerald-green 
cloth  with  a  red  cross 
within,  the  bars  one -half 
inch  wide,  separated  by 
white  silk  stitching,  and 
worn  above  the  elbows, 
l)oints  down.  Those  of  the 
lios|iital  steward   have,    in 

addition,  an  arc  of  green  cloth  over  (he  ends  of  the  bars. 
Service  chevrons  are  worn  on  both  sleeves  below  the 
elbow. 

Th(!  collars  w-orn  are  of  white  linen,  the  cravats  of 
black  silk,  the  gloves  of  white  Berlin,  and  the  shoes  of 
calfskin. 

The  cap  is  similiir  to  that  worn  by  other  enlisted  men 
of  the  army^of  dark  blue  cloth,  with  a  visor  of  black 
patent  leather  rotmded  and  sloping  downward  from  the 
horizontal.  The  private  and  acting  hospit:il  stewards 
wear  a  cross  of  white  metal  on  the  front  of  the  ca|);  the 
hospital  steward  a  similar  cro.ss  enclosed  liy  a  wreath  of 
wliiti'  metal. 

The  trousers  are  of  light  blue  kersey  with  stripes  of 
emerald  green,  the  latter  being  one  half  inch  wide  for 
privates,  one  inch  for  acting  hosjiital  stewards,  and  one 
and  one-fourth  inch  tor  hospital  stewards.  The  waist 
belt  is  of  black  leather,  with  plate. 

The  equipment  for  service  with  this  uniform  con.sists 
of  t lie  litter  sling  and  the  hosiiital  corps  or  orderly  jiouch. 

TIk!  sack  coat  and  trousers  of  the  uniform  for  ward 
service  (see  Fig.  377)  are  made  of  cotton  duck,  bleached 
for  hospital  stewtirds  and  acting  hospital  stewards,  im- 
bleaelied  for  l>rivates. 

For  field  service,  in  temperate  climates,  the  blouse, 
shoes,  waist  belt,  anil  trousers  are  the  .same  as  those  of 
the  ordinary  uniform.  Instead  of  the  ca])  the  campaign 
hat  of  drab  colored  felt  is  worn,  and  the  lower  limbs  from 
the  knee  down  are  protected  by  leggings  of  strong  cotton 
duck  (see  Fig.  37S).     The  overcoat  is  of  sky-blue  clotli, 
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Wear. 
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doiiblo-broiistwi,  and  with  a  dcliifliabli-rape  lined  to  con- 
form in  color  with  the  fiiciii.a;  on  the  uniform.  The 
chevrons  on  the  overcoat  of  the  hospital  steward  and 
acting  hospital  steward  are 
wornbelow  the  elbow  with 
the  point  one  half  inch 
above  the  cuff.  The  shoes 
are  of  russet  leather.  In 
the  West  Indies  and  the 
Philippines  a  blouse  and 
trousers  of  brown  cotton 
dvillins; or  "  khaki "  are  used 
instead  of  the  woollen  cloth- 
ing-. The  lirassard  of  the 
liiispital  steward  and  act- 
in,:;  hospital  steward  chev- 
rons are  worn  upon  this 
blouse.  Service  chevrons 
are  not  worn.  The  arm  of 
( gfc  .  the  service  is    denoted    by 

''■  *         0-'  shoulder  straps  of  emerald 

\,  /  greru. 

'  The  equipment   for  field 

scrx'ice  of  privates  consists 
of  the  litter  sling,  canteen 
and  strap,  haversack  and 
strap,  with  meat  can,  tin 
cu]!,  knife,  fork,  spoon,  and 
hospital  corps  pouch;  when 
serving  as  orderl}'  a  medical 
officer's  orderly  pouch  in- 
stead of  the  hospital  corps 
pouch.  The  field  eijuip- 
ment  for  non-commissioned 
ofticers  is  the  same  as  for 
privates  with  tlie  omission 
of  the  litter  sling  and  hos- 
pital corps  pouch.  The  following  articles  are  contained 
in  the  orderly  and  hospital  corps  pouches. 

Contents  of  Orderly  PorcH. 


FIO.  277.- 


-Uniform  for  Ward 
Service. 


Amnionia*  spiritus  aromaticus 

in  flask  witli  cup c.c.    60 

Bandages,   gauze,   sterilized, 

No.      6 

Case,  pocket No.     1 

€hlorofonii  in  case gni.  100 

Catheter,    Eng.,     rubber,    in 

box No.      1 

Diagnosis    tags    and    pencil 

book 1 

First-aid  packets No.      1 

Gauze,    sublimated,    1-metre 

pieces No.      4 

Jacknlfe    with     saw     blade, 

No.      1 


Ligatures,    catgut,    sterilized, 

three  sizes pkgs. 

Ligatures,       silk,      sterilized, 

three  sizes pkgs. 

Mist,   cblorotorml  et   opii,    in 

case,  fluid  or  tablets c.c. 

Pins,  common  and  safety,  of 

each paper 

Rubber  bandage No. 

Scissors No. 

Splints,   wire    gauze    for,   in 

roll No. 

Surgical  plaster spool 

Syringe,  hypodermic No. 


Contents  of  Hospital  Corps  Pocch. 


P'iist-ajil  packets No. 

.ln.kTiift'  ;in<i  saw  blade  —  No. 

Uiiblicr  bandage No. 

Splints,    wire   gauze    for,    in 

roll yd. 

Surgical  plaster .spool 


Ammonije  spiritus  aromaticus 
in  dask  with  cup c.c.  60 

Bandages,    gauze,    sterilized, 

No.    6 

Case,  containing  pins,  com- 
mon and  safety,  scissors  and 
dressing  forceps No.    1 

No  side  arms  are  worn,  but  revolvers  or  other  available 
firearms  may  be  carried  when  serving  in  the  field  during 
Indian  wars,  or  when  the  rights  of  the  hospital  corps  as 
non-combatants  under  the  Geneva  convention  will  not  be 
recognized. 

When  on  active  service,  the  clothing  of  each  man  is 
rolled  uji  in  the  shelter  tent  su)iplied  to  him  and  the  roll 
is  secui'ed  by  straps.  It  isoi'dinarily  carried  in  a  wagon. 
but  can  be  made  fast  behind  the  saddle  when  the  man  is 
mounted. 

Blanket  bags,  or  knapsacks,  such  as  are  used  by  the 
infanti-y,  wei'e  formerly  carried  by  the  privates  of  the 
hospital  corps.  Their  use  has  lieen  given  up  for  the 
reason  that  they  could  not  lie  used  by  men  on  mounted 
service,  and  that  when  on  foot  the  hospital  corps  private 
must  be  unencunibeied  by  heavy  weights  liecause  liable 
to  be  called  upon  at  any  time  to  render  aid  to  the  sick  or 
wounded. 


The  moi-al  and  mental  qualifications  of  the  candidate 
for  transfer  from  the  line  to  the  hospital  corps  are  or 
should  be  known  in  advance  by  the  medical  officer.  He 
should  investigate  personally  in  making  the  selection  of 
men  for  transfer,  for  many  company  commanders  opjiose 
tlie  transfer  of  good  men  on  tlie  gi'ound  that  they  can- 
not be  spared,  and  aiv  on  the  other  hand  not  unwilling  to 
rid  themselves  of  mei\  who  have  shown  themselves  un- 
able or  unwilling  to  learn  or  are  otherwise  objectionable. 
The  hospital  corps  is  a  jiicked  corps.  Its  members  have 
higher  responsibilities  tlian  pi'ivates  of  the  line  and  are 
properly  given  higher  pay.  There  is  a  danger  that  men 
will  be  attracted  by  the  pay  alone  or  by  the  notion  that 
the  work  of  the  hospital  corps  private  is  easier  than  that 
which  falls  to  the  private  of  the  line.  The  hospital 
corps  private  has,  it  is  true,  no  guard  duty  to  perform 
and  when  no  severe  sickness  prevails  is  not  hard  worked. 
On  the  other  hand,  he  is  always  on  duty,  and  his  care  of 
the  sick  may  involve  protracted  watching  and  much  dis- 
agreeable and  possibly  tlangerous  work,  to  perform  which 
in  the  proper  spirit  he  should  have  a  real  love  for  his 
calling. 

The  transferred  man  of  the  line  is  well  disciplined, 
familiar  with  the  conditions  of  army  life,  and  at  home  iu 
field  service.  Good  gardeners  and  clerks  and  handy  men 
for  out-of-door  work  are  easily  obtained  by  transfer.  To 
secure  good  cooks  in  this  way  is  not  so  easy.  They  are 
treasures  with  which  the  officers  of  the  line  are  reluctant 
to  part.  On  the  other  hand,  men  enlisted  fi-om  civil  life 
ai'e  generally  better  educated  and  are  more  apt  to  be  at- 
tracted to  the  hospital  corps  because  of  fondness  for 
study,  natural  aptitude  for  nursing,  or  interest  in  medi- 
cineor  pharmac}-.  Very  few  men  excel  iu  all  the  de- 
partments of  the  work  which  the  hospital  corps  man  is 
called  upon  to  perform,  and  the  most  useful  hospital  corps 
detachment  is  not  necessarily' 
that  one  in  which  all  the 
members  are  most  highly 
educated.  Theie  will  always 
be  need  of  hewers  of  wood 
and  drawers  of  water.  At 
the  same  time  while  speciali- 
zation is  necessai'y,  it  is  es- 
sential that  all  hospital  corps 
men  should  have  a  knowl- 
edge of  nvirsing  and  of  first 
aiii.  including  litter  and  am- 
bulance drills. 

The  Army  Regulations 
lirovide  that  "memliers  of 
the  hospital  coi-ps  will  be  in- 
structed by  a  medical  officer 
of  the  post  for  at  least  eight 
hours  iu  each  month.  This 
instruction  will  consist  of  lec- 
tui'cs  and  demonstrations  in 
the  methods  of  rendering 
first  aid  to  the  sick  and 
wounded,  and  of  drills  in 
the  ambulance  service,  and 
as  litter  bearers,  in  accord- 
ance with  the  drill  i-egula- 
tions. " 

It  was  soon  seen  to  be  de- 
sii'able  tliat  some  of  the  sol- 
<iiers  of  the  line  should  jjar- 
ticipate  in  this  instruction, 
and  the  Army  Regulations 
of  1889  therefore  tlirected 
that  there  should  be  four 
privates  in  each  company  designated  for  instruction 
as  litter  bearers.  They  were  to  be  instructed  at  least 
four  hours  each  month,  together  with  all  available 
men  of  the  hos])ital  corps,  in  the  duties  of  litter  bear- 
ers and  the  methods  of  rendering  first  aid  to  the  sick 
and  wounded,  the  object  of  this  special  insi ruction 
being  defined  to  be  "to  insure  the  constant  presence  iu 
each   company  of  a  number  of  men  who  can   in   emer- 
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gencics  render  temporary  aid  to  tlic  sick  anrl  wounded  of 
their  orsiiiii/.ation.  and  to  constilvile  a  reserve  or  school 
of  instniciioii  from  which  the  i)rivates  of  tlie  liospiial 
corps  can  be  drawn." 

'riie  elVect  of  tile  ]iresencc  of  the  company  litter  hearers 
at  the  h'ctnres  was  naturally  to  lead  to  special  promi- 
nence bein.i;  given  to  lirst  ai<l  in  the  instruction  of  the 
members  of  the  hosjiital  corps,  and  the  subject  was  .gen- 
erally treated  from  the  purely  military  stamlpoint.  This 
course  of  lectures  was  snpplenieMled  by  lectures  to  mem- 
bers of  th(!  hospital  corjis  (at  hours  when  they  alone  were 
e.\peeted  to  altendiupon  nursing  and  such  othersubjects 
as  come  especially  within  their  provini-e. 

The  lectures  were  illustrated  by  the  free  use  of  charts, 
blackboard  sketches,  and  microscopic  preparations,  as 
well  as  by  praclical  demonstrations,  and  generally  jiroved 
interesting  to  the  men  of  the  corps  and  the  more  intelli- 
gent of  the  company  bearers. 

In  1896  it  was  decided  to  extend  the  benefits  of  this 
instruction  to  all  enlisted  men.  The  company  bearers 
were  done  away  with  and  the  regidations  were  amended 
to  provide  iliat  all  enlisted  men  of  the  army  shall  be  in 
structed  by  their  company  ollicers.  for  at  least  four  hours 
in  each  month,  in  the  duties  of  litter  bearers  and  the 
methods  of  rendering  first  aid  to  the  sick  and  wounded. 
That  the  officers  may  be  prejiared  for  this  duty,  the  sur- 
geon of  the  post  is  required  to  instruct  all  coni]iany  offi- 
cers serving  with  troops  in  the  professional  knowledge 
required.  This  instruction  will,  it  is  directed,  consist 
cliietly  of  practical  dentonstrations,  utilizing  for  this 
the  prescribed  drills  of  the  hospital  corps,  especial  atten 
tion  being  given  to  the  instruction  in  lirst  aid.  These 
practical  demonstrations  are  to  include  methods  of  arrest- 
ing hemoiThage.  of  applying  the  dressings  contained  in 
the  first  aid  packet,  of  immobili/ing  a  fractured  limb,  of 
resuscitating  those  apiiarenlly  drowned,  etc.,  and  are 
supplemented  by  lectures  designed  to  convey  all  essen- 
tial information  with  reference  to  the  anatomy  of  bones 
ami  blood-vessels;  the  causes  anil  treatment  of  syncope 
and  of  heat  exhaustion;  the  dilferential  diagnosis  and 
treatment  of  sunstroke;  the  rationale  of  the  various 
measures  of  first  aid  to  the  sick  and  wounded,  etc.  E.\- 
cept  so  far  as  it  leads  to  better  instruction  of  the  officers 
of  the  line  in  first  aid.  the  plan  above  mentioned,  which  is 
still  in  force,  is  regarded  as  of  doubtful  utility.  Unless 
an  officer  is  especially  interested  in  surgery  and  medicine, 
he  can  hardly  be  expected  to  acipiireasufficient  compre- 
hension of  first  aid  from  a  few  lectures  to  enal)le  him  to 
give  instruction  which  will  be  of  much  interest  and 
value.  In  the  present  connection  the  re.gulation  almve 
cited  is  of  interest  inasmuch  as  it  defines  officially  the 
scope  of  the  lectures  upon  first  aid. 

In  addition  to  the  formal  lectures  to  the  hospital  corps. 
mvich  is  done  in  imparting  information  at  the  bedside 
and  in  the  operating  room  and  the  laboratory  and  the 
dead  house. 

Each  post  hospital  is  supplied  with  a  library  of  stand- 
ard medical  hooks  and  some  current  medical  periodicals, 
which  the  studious  and  careful  hospital  corps  men  are 
permitted  to  use  in  their  leisure  hours.  The  intelligent 
man  who  makes  good  use  of  his  opportunities  for  read- 
ing and  observation  can  soon  qualify  himself  for  promo- 
tion, or  if  he  does  not  desire  to  remain  in  the  army  will 
find  that  his  term  of  service  has  been  a  valuable  prepara- 
tion for  the  study  of  medicine. 

Such  a  course  of  instruction  as  the  one  above  outlined 
is  the  only  one  po.ssible  at  ordinary  posts  when  the  de- 
tachment is  small  and  every  m:in  is  constantly  on  duty. 
With  fairly  ambitions,  intelligent,  and  well  educated 
men  much  can  in  time  be  accomplished  by  it.  ]}ut  there 
are  manifest  advantages  in  a  more  rapid  attainment  of 
proficiency  in  the  knowledgf^  necessary  for  the  mendiers 
of  the  hospital  cori)s.  and  it  is  desiral)le  that  men  enlisted 
from  civil  life  should  be  subjected  for  a  term  to  a  rigid 
military  drill  and  the  strict  disei|iline  of  a  large  detach- 
ment to  beget  the  habit  of  pri,nipt  unquestioning  obedi 
ence  which  is  the  first  recpiisite  of  the  soldier.  In  order 
to  receive  such  military  training  it  was  at  first  provided 


that  recruits  for  the  hospital  corps  who  had  not  had  at 

least  one  year's  service'  in  the  ai'uiy  should  be  attached 
for  a  year  to  a  <ompany  stationed  at  one  of  sc'Veral 
specified  jiosts,  and  "besubjee^t  to  all  tint  drill  and  dis- 
cipline recpiired  of  privates  in  the  organization  to  which 
they  are  attached." 

This  plan,  which  made  no  provision  for  instruction  in 
the  special  duties  of  the  hospital  corps,  was.  however, 
.soon  given  uj).  anil  in  isyi  a  hospital  corjis  company  was 
organized  at  Fort  Hiley.  Kansas,  on  lines  similar  to  that 
of  companies  of  infantry  with  an  allowance  of  eight 
non  connnissioned  olficeis  (three  hospital  stewards  and 
five  acting  hos]iital  stewards).  Soon  afterward  a  second 
company  of  instruction  was  organized  at  Fort  I).  A. 
Hu.ssell.  Wyoming.  The  Secretary  of  War  authorized 
th('  transfer  to  these  .schools  of  men  who  had  liad  only 
three  months'  service  in  the  line.  The  time  of  the  meni- 
bers  of  the  hospital  cor|is  companies  at  these  .schools  was 
fully  occupied  with  drills,  lectures,  and  various  forms  of 
lu'actical  instruction.  The  course  was  .six  months  in 
length,  but  was  extended  to  eight  months  in  the  case  of 
men  under  instrtiction  in  pharmacy  and  clerical  work. 
Very  good  results  were  obtained  at  these  schools,  but 
objeetion  was  made  to  their  location  on  the  ground  of 
expense  in  matters  of  transportation,  for  the  majority  of 
the  men  who  composed  these  cemipanies  were  enlisted  in 
the  East,  and  after  the  completion  of  the  course  of  in- 
struction a  considerable  percentage  were  returned  to  the 
East  again  for  duty.  Accordingly  the  school  at  Fort  D. 
A.  Russell  was  givi'u  up  in  1S94  and  a  school  was  organ 
ized  at  Washington  Barracks.  District  of  Cohmibia."  In 
bSOfi  the  .school  at  Fort  Riley  was  also  discontinued  and 
the  thirty  privates  there  were  distributed  toseveral  of  the 
larger  garrisons,  generally  those  situated  nearest  to  the 
headquarters  of  territorial  departments,  where  they  were 
given  a  course  of  instruction  and  ke])t  as  a  reserve  to  fill 
vacancies  in  hospital  corps  detachments  as  they  occurred. 
These  posts  are,  with  one  exception,  still  authorized  to 
maintain  an  increased  number  of  Ixispital  corps  privates 
for  the  purpose  aliove  indicated,  but  the  great  demand 
for  well  instructed  men  since  the  beginning  of  the  war 
with  Spain  has  made  it  impossible  to  leave  ]u-ivates  under 
instruction  for  a  sufficiently  long  period  to  obtain  results 
of  much  vahu'. 

Systematic  leaching  in  the  hospital  cor])s  school  of  in- 
struction at  Washington  Barracks  was  practically  sus- 
jieiided  during  the  war,  not  only  because  the  time  of  the 
meilical  olficers  was  so  completely  taken  up  by  the  care 
of  the  large  number  of  patients  in  the  general  hosjiital 
which  was  established  at  that  post  as  to  leave  them  no 
opportunity  for  the  .giving  of  instruction,  Imt  also  be- 
cause the  need  of  hospital  corps  men  was  so  urgent  in 
Cuba,  Porto  Rico,  the  Southern  camjis  within  the  United 
States,  and  in  the  T'hili|ipine  Islands,  that  time  could  not 
be  spared  for  preliminary  education.  The  school,  there 
fore,  became  har<lly  more  tbati  a  diqiot  at  which  recruits 
were  collected,  uniformed,  and  sent  to  ilie  front.  With 
the  return  of  more  settleil  conditions  the  school  was  re- 
organized and  expanded,  and  the  C(nn.se  of  systematic  in 
struction  was  resumed.  After  the  close  of  the  war  with 
Spain  the  lar.gearmy  collected  in  the  Philippine  Islandsde 
mam  led  extensive  drafts  of  hospital  corps  men.  Washing- 
ton Barracks  was  selected  as  the  rendezvous  for  recruits 
from  the  Eastern  United  States  destined  for  that  service, 
and  a  similar  school  was  established  at  Angel  Island  at 
\\  bieh  hospital  cor]is  men  enlisted  in  the  W<st  were  col 
lected  and  instructed  before  they  were  sent  to  Manila. 
Thecour.se  of  instruction  in  these  schools  was  arranged 
with  a  view  to  especial  preparation  for  Philippine  service. 

Since  the  conditions  there  have  been  such  that  women 
(•annot  live  with  siifety  at  the  interior  ])osts,  and  since 
the  number  of  small  posts  at  which  it  would  not  be  ex 
pedient  to  employ  female  nurses  in  any  case  is  very  large, 
it  appeared  especially  necessiiry  that  members  of  the 
hospital  corps  shoulil  be  familiar  with  the  methods  of 
preparation  of  food  for  the  sick. 

Instruction  in  cooking  is  therefore  a  jirominent  feature 
in  the  work  of  these  schools.     The  inunediate  charge  of 


487 


Army  IIOMpIlnl 
Corps. 


KEFERENCE   HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


the  courses  is  entnisUd  to  female  nurses,  who  liave  ren- 
dered cxoellcut  service. 

The  following  is  the  course  of  dietetics  as  at  present 
conducted  at  the  Hospital  Corps  School  of  Instruction, 
AVashiiiirton  Barracks : 

Liquid  diet:  milk,  sterilized,  albuminized,  and  pep- 
tonized. \vhey.  junket,  milk  innich,  uruels  of  oatmeal, 
farhia.  rice,  hard  bread,  and  arrowroot.  Drinks:  lomou- 
ade.  oraiiiieade,  ejig  nog,  lemonade  slierry  and  egg,  toast 
water,  collee.  and  tea.  Broths:  beef  juice,  beef  tea 
bottled,  beef  tea  with  hydrochloric  acid;  beef,  mutton, 
and  chicken  broth. 

Light  diet:  canned  soups,  toast,  oatmeal,  farina,  rice, 
rice  Hour,  [jreparations  of  gelatin,  lemon,  cofl'ee,  and 
wine  jellies;  dried,  canned,  and  frcsli  fruits;  various 
modes  of  cooking  eggs,  potatoes,  beef,  and  chicken, 

Hosiiital  stores:  beef  extract,  malted  milk,  chocolate, 
arrowroot,  and  condensed  milk. 

The  ration:  field,  travel,  and  emergency;  modes  of  pre- 
paring hard  bread,  bacon,  canned  roast  and  salt  beef, 
baked  beans,  peameal,  and  tomatoes. 

The  course  comiirises  fifteen  lessons  of  one  hour  each, 
and  covers  three  weeks.  The  class  is  divided  into  squads 
of  ten  to  eighteen  men  each,  the  number  of  squads  vary- 
ing with  the  .strength  of  the  command,  and  each  squad  is 
subdivided  into  sections  of  three  or  four  men  each  for 
purposes  of  instruction.  If  more  than  fifty  men  are 
present,  four  squads  are  formed,  and  the  hours  arc  rotated 
according  to  the  accompanying  schedule,  which  also  ex- 
hibits the  general  course  of  instruction. 


Days. 
I  Lesson 

f  Lesson 

5  I  Review 

,.  \  Lesson 

'i  Lesson 

I  Lesson 

I  Lesson 
Q  *  Lesson 
"I  Lesson 
q  t  Lesson 
^ "(  Lesson 
10  I  Review 


11 


\  Lesson 


"I  Lesson 
JO  \  Lesson 


13 


15 


' "/  Lesson  22 
(  Lesson  2:^. 
"/  Lesson  24, 
^  Lesson  25. 

I  Lesson  2ti. 
I  Review  tv 


—Joints  and  dislocations,  methods  of  reducing  disloca- 
tions. 
— .\ntiseptlc  treatment  ol  wounds. 
(I  iiuni-s. 

Ktnergencies :  sprains,  frost-bites,  and  bums. 

The  circulatory  system. 

■Emergencies ;  drowning,  sunstroke,  and  heat  exhaus- 
tion. 

-The  cirnilaton'  system  (concluded). 

Hemoirli;i^r,.s  jnid  ilu'ir  treatment.    The  tourniquet. 

■The  rcsiiirjitury  system. 

General  tli-st  aid.    Tho  triangular  bandafre. 

■The  respii'atory  system  (concluded), 
o  hours. 
—  General  first  aid.    Methods  of  carrying  the  wounded. 

The  aliiiiciitarv  system. 

Contents  t.f  iiieitieal  and  surgical  chests. 
—The  aliiiieiit;irv  system  (concluded). 
— Contents  of  inediral  and  surgical  chests  (concluded). 
—The  fiiii'liiliteiilal  tiaiidages. 

-Contents  of  Held  operating  case.    Care  and  disinfec- 
tion of  instruments. 
—The  fundamental  bandages  (concluded), 
o  hours. 


In  the  strictest  sense  of  the  term  a  hospital  corps 
scliool  of  instruction  is  an  institution  in  which  members 
of  the  hospital  corps  are  received  primarily  as  pupils, 
such  practical  work  as  they  may  do  in  connection  with 
the  sick  being  subsidiary,  and  to  be  regarded  as  a  part 
of  their  education.  The  small  post  at  which  each  mem- 
ber of  the  hospital  corps  detachment  has  his  regular 
daily  task  and  receives  only  an  hour  or  more  of  systematic 
theoretical  and  practical  teaching  each  week  represents 
the  other  extreme  as  regards  instruction.     But  between 
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6:30-7:1.5. 
7:25-;:40. 
8:00-9:00. 

9:15-10:15. 

10:30-11:30. 
l:00-2:(«. 
2:15-3:15. 

3:3*4:30. 


Monday. 


(ieneral  police 

Setting  up  exercises. 
Cooking  squad,  1  . . 
Drill  siiuiids.  2.  3.  4., 
Coi'king  squad.  3  . . 
.Study  sqiKiHs,  1.  :l,  4. 
.Anatniiiy  and  lirst  aii 
NiirsiiiLi:  anil  hygiene 

Cookins:  squad,  ;f 

study  squads.  1.  2,  4, 
Cooking  squad,  4  .  . 
Study  squads,  1,  2,  3. 


Tuesday. 


General  police 

Setting  np  exercises. 

Coriking  squad,  4 

Drill  squads,  1,2,  3.. 
Cocking  siniad,  1  .  . . 
Study  squads,  2,  3,4  . 
.\tiai<'iii\  andtlrst  aid 
.Xiirsiog  and  hygiene. 
Cooking  s<|uad,  2  .. . , 
Stialv  squads.  1,  3,  4. 
Cooking  squad.  3  — 
Study  squads,  1,  2,  4. 


Wednesday. 


General  police 

Setting  up  exercises  . 
Cooking  squad,  3  . , . . 
Drill  squads,  1,  2,  4.. 
Cooking  squad.  4  — 
Study  squads.  1.  2.  3. 
Anatomy  and  tliist  aid 
Nursing  and  hygiene. 
Cooking  squad.  1  — 
Study  squads,  2,  3,  4. 
Cooking  squad,  2  — 
Study  squads,  1,  3,  4. 


Thursday. 


General  police.. 

Setting  up  exercises  . 
Cooking  squad.  2  — 
Drill  squads,  1,,3,  4.. 
Cooking  squad.  3  — 
study  squ:iils,  1.  2.  4  . 
.\natoniv  and  liiNt  aid 
Xuising  and  hygiene. 
CookiUL'  s(|uad.  4  ... 
Studv  squads.  1,  2,  3. 
('(Hiking  squad.  1  — 
Study  squads,  2,  3,  4. 


Friday. 


General  police.  — 
Setting  up  exercises. 
Cooking  squad,  1 ... 
Drill  squads,  2,  3,  4  . . 
Cooking  squad,  2  . .. 
Study  squads,  1.  3,  4  . 
Anatomy  and  first  aid 
Nursing  and  hygiene. 
Cooking  squad,  3  . 
study  squads,  1,  2,  4 . 
Cooking  squad,  4  — 
Study  stjuads,  1, 2, 3.. 


Saturday. 


General  police. 

Inspection. 
Articles  of  war. 


If  the  exigencies  of  the  service  permit,  the  recruit  is 
retained  at  least  one  month  at  the  school.  During  the 
first  week  he  is  given  four  hours  of  drill  each  day  in  the 
school  of  the  soldier  ami  in  company  drills  and  one  half 
hour  of  "setting-up  "  drill,  bv  which  is  meant  a  series  of 
calisthenic  exercises  which  are  designed  to  kt-ep  the  body 
supple  and  impart  an  erect  and  soldierly  carriage.  If 
the  weather  is  inclement  the  hours  which  are  designated 
for  drills  are  devoted  to  elementary  instruction  in  first 
aid.  After  the  preliminary  training  the  recruit  begins 
the  three-weeks  course  the  schedule  of  which  has  already 
been  given.  To  indicate  the  scope  of  the  instruction  in 
what  is  called  in  the  table  "anatomy  and  first  aid  "  and 
"nursing and  hygiene."  a  syllabus  of  the  lectures  recently 
given  is  appended.  In  such  a  brief  course  it  is  possible 
to  deal  with  so  ^vide  a  range  of  subjects  only  in  the  most 
elementary  fashion,  and  it  is  much  to  be  regretted  that 
the  conditions  of  the  service  have  not  permitted  a  longer 
period  of  instruction. 

Lectures  ox  "Anatomy  an»  First  Aid"  and  "Nursi.xg  and 

HVGIEXE." 

Days. 

I  Lesson    1.- 
Lesson   2.- 

{  Lesson   3.- 
Le.sson   4.- 

t  Lesson   5.- 
3-  Lesson   6.- 


-Hospital  corps  ponch,  orderly  ponch,  Orst-aid  packet 
contents  and  uses. 

-Hospital  ward,  cleanliness  and  order,  record  books, 
property,  ventilation,  temperature,  temperature 
charts. 

-Anatomy  of  the  skeleton. 

-The  i)atient.  observation  of  symptoms,  observance  of 
surgeon's  directions,  feeding  and  bathing,  adminis- 
tration of  medicine. 

-Fraetiif's  and  tln'ir  treatment. 

■Disinfection  and  antisepiles.  prepai-ation  of  disinfect- 
ant am.1  antiseptic  soltitions. 


these  two  extremes  are  the  large  hospitals  at  which  are 
collected  a  numerous  body  of  hospital  corps  men  who  have 
well-defined  hours  of  duty  and  of  rest,  so  that  a  consider- 
able dettichment  can  be  brought  together  for  instruction 
every  d:iy.  At  such  institutions  much  good  work  has 
been  accomplished  in  the  education  of  the  members  of 
the  hospital  corps.  A  school  was  established  in  the  Sec- 
ond Army  Corps  in  1898  at  Camp  Alger  and  afterward 
at  Augusta,  Ga.,  at  which  about  two  hundred  and  fifty 
hos])ital  corps  men  were  trained  and  at  the  completion 
of  their  course  given  diplomas  in  due  form  at  public 
graduation  exercises.  In  the  Seventh  Army  Corps  the 
large  hospital  corijs  detachments  at  division  hos])itals 
were  organized  into  companies  of  about  sixty  men  each, 
and  eacli  company  was  given  daily  instruction  in  drill 
and  in  first  aiil  when  the  number  of  sick  jiermittcd. 
When  the  hospital  known  as  the  United  States  Military 
Hospital  No.  1,  at  Havana,  was  opened  a  large  number  of 
uninstructed  recruits  were  received,  the  great  majority  of 
them  entirely  ignorant  of  their  duties  as  members  of  the 
hos|iital  cor|is  and  as  soldiers.  The  chief  surgeon  dirt'cted 
the  est:iblishment  of  the  school  in  connection  with  the 
hospital  at  which  was  given  a  course  of  disci]iline  and 
instruction  which  resulted,  to  quote  his  words,  "in  giv- 
ing us  as  soldierly,  prompt,  and  well-disciplined  a  body 
of  men  as  I  have  ever  seen  in  the  service.  "  and  in  demon- 
strating that  "the  medical  otticers  may  take  raw  re- 
cruits and  make  them  well-drilled  and  efficient  soldiers 
as  well  as  proficient  in  special  duties  of  the  hospital 
corps. " 

As  showing  what  niiiy  be  accomplished  in  the  heat  of 
a  Culuin  summer  by  a  zealous  and  efiicieut  medical  ofli- 


488 


REFERENCI-;   IIAXDIJOOK   OF   THK   MKDICAL   SCIENCES. 


Army  IIos|iiial 


ccr.  ii  iiioiv  cletuiled  report  of  the  course  of  instruction  is 
of  interest. 

In  tlie  period  from  June  15.  1899.  to  November  25.  1899. 
one  Inindred  and  forty  seven  jirivates  and  seven  actin.i; 
lidsiiilal  slewards  were  iiislrueled  in  lliis  seliiuil.  In- 
struction was  jjiven  tci  all  who  could  be  sjiared  fidm  the 
care  of  the  sick  l)v  daily  drills  and  lectures  fur  five  days 
in  the  week  in  detachineiit  drill,  litter  drill,  ambulance: 
drill,  first  aid.  ward  v.-ork.  care  of  aulmals.  nursinir. 
bandaging,  cooking  and  sanitary  methods,  and  tent  drill. 
Also  general  instruction  witli  a  view  to  lu'cparation  for 
field  service.  Numerous  lectures  were  given  on  luirsing. 
especial  stress  being  laid  iqion  the  preparation  of  tlie 
operator,  patient,  insli-umc-nts.  dressings,  tables  and 
room  before  an  operation,  asepsis  and  aiUi.se|)sis  Iteing 
thoroughly  explained,  and  on  the  treatment  of  liemor- 
rhages.  gunshot  wounds,  the  nursing  of  ty|)hoiil  fever, 
etc.  The  men  were  detailed  to  the  wards  in  succession. 
and  were  thus  enalilcd  to  put  theory  into  practice.  An 
especial  feature  was  the  tent  drill.  ""  In  the  tent  diill  the 
men  became  ver.y  proficient,  pitching  tents  for  a  fii'hl 
hospital,  jnitting  up  the  beds,  filling  the  bedsaeks  willi 
liay,  making  the  beds,  ))Utting  in  bedside  tables  and 
chairs,  etc.  The  time  oeeu]iied  from  (he  couunaiid 
'Fitch  liospital  tents,  march!'  (the  tentage  being  on 
wagons,  and  the  men  detailed  as  patients  lying  on  the 
ground)until  patientswere  in  bed  in  the  furnished  tents, 


2  P.M.  to  .'?:3li  p.M 

4  I'..M.  to.")  I'..M 

7  P..M.  tij!J::w  p.M 


.  Instruction  In  ofllee. 
Drill. 
-Study  and  quiz. 


Notwithstanding  the  liard  work  done,  the  sick  report 
of  the  hospital  corps  company  was  exceedingly  low.  be- 
ing for  consideraljle  periods  less  than  two  per  cent,  of 
those  jiresent.  A  similar  scIkjoI  has  been  under  opera- 
tion with  excellent  results  at  the  Third  Reserve  Hospital 
at  ^Manila. 

Till!  surgi'on  of  this  hospital  reports  as  follows  under 
date  of  December-':!.  |s<»!l,  us  to  the  duties  and  the  in- 
.struction  of  the  liospital  corps  detachmenl : 

"The  present  personnel  of  the  institution  consists  of 
4  ollicers.  4  non-commissioned  oflicers,  40  privates,  2()S 
patients,  8  native  Tagalog  lalKM'crs.  and  7  Chinese  hum- 
drynien.  The  following  are  the  departments  with  the 
number  atlaelied  to  each: 


Baths  and  pUunhinj?  (1  i)Vt,). 

Carpenter  shop  (1). 

Daik  i'(tuin. 

Oinintr  service  (S). 

Iilspi'nsary  tl  n.-e.  o.,  I  pvt.). 

l.iluary. 

Linen     and     lainidry    (1    pvt., 

<'hlnese). 
Nurses  (ti). 
Mall  (1). 
omee  (1  n.-c.  o.,  3  pvts.) 


Driver  (1). 
Kilters  and  boilers 
(Juard. 
Klt<-hen  (7). 
Unht  diet  servlee  (2) 
Oi'derlies  (2). 
Provost  sergeant  (1). 
Staliles  (I ) . 
Trumpeters. 
Ward  luiistei-s  (5). 


O. 


Fig.  279.— Hand  T.itter.     (.Moiicl  of  1899.) 


being  twenty  minutes  for  the  first  tent,  the  others  being 
completed  almost  immediately  lifter,  in  (juick  succession. 
the  time  varying  from  twentv-one  to  twenty-si.x  minutes; 
fires  were  made  on  the  ground  and  several  g;illons  of 
water  were  boiling  in  seventeen  minutes  from  the  time 
the  command  '  starch !  '  was  given  iiud  three  minutes 
before  the  piitieiits  were  in  bed. 

"At  the  comniiind  "  Strike  tents,  march! '  the  patients 
were  very  carefully  carried  out  and  laid  upon  the  grass. 
the  lilankets  folded,  bedsaeks  emptied  and  folded,  beds 
folded,  tents  struck  and  loaded  on  the  w;igons,  the  time 
occupied  from  the  command  '  March!  '  until  tin'  wagons 
were  ready  to  drive  ofi'  being  fourteen  minutes.  In 
these  drills  the  iiitervals  between  the  tents  were  iierfeet, 
the  tents  perfectly  erected,  and  the  tent  pegs,  as  well  as 
file  tents  themselves,  carefully  aligned." 

A  school  was  also  established  for  non-commissioned 
officers  in  which  two  hospital  stewards,  seven  acting 
hos])it;il  stewarils,  and  nine  privates,  all  of  whom  siib- 
seciuently  passed  the  examination  for  detail  a.s  acting 
hospital  steward,  were  instrneted.  The  Iiouts  of  instruc- 
tion in  this  school  were  as  follows: 

7  .v.M.  to  S  A.M.  and  9  to  10  a.m Drill. 

in  to  11::J0  A.M Instruction  In  dis[)en.sar>'. 

1P..M.  to2p.M Lecture. 


"The  duties  of  the  four  non-commissioned  oflicers  are 
as  follows:  1.  Su]ieriiitendeut  of  hospital:  in  charge  of 
property.  '  2.  In  charge  of  olHce  and  records,  ii.  In 
charge  of  dispensary.     4.  Commissaiy. 

"In  addition  to  its  first,  and  always  paramount  object, 
the  ciire  of  the  sick,  another  imiiorlant  function  of  the 
hos])ital  is  the  instruction  of  the  enlisted  men  of  the  hos- 
pital corps.  This  is  systematically  Ciirried  on  in  four 
directions.  The  whole  hospital  is  regarded  as  a  sch(jol, 
and  each  department  is  put  in  charge  of  a  soldier,  who 
is  held  responsible  for  its  condilioji.  His  orders  are 
writti'u  in  the  jtlainest  language,  verbal  ones  licing 
avoided  as  much  as  possible.  At  the  end  of  Ciich  month 
an  entire  change  takes  jilace.  so  that  by  means  of  a 
reguliir  rotation  every  man  becinncs  acipKunted  with 
the  working  of  the  entire  system.  By  this  means  no 
man  is  allowed  to  stagnate  in  one  jilace  to  the  detriment 
of  his  general  efliciency  as  a  sanitary  soldier. 

"Lectures,  or  more"  pro])erly.  informal  didactic  in- 
struction, supplemented  by  (luestioiis  and  iiuswi'is.  are 
held  five  times  weekly,  ilie  present  course  beinsr  as 
follows: 

"  .Mondays — Discipline,  regulations,  and  drill. 

"Tuesdays — Minor  surgery  and  first  iiid. 

"  Wednesdays — Nursing  and  ward  managemeut. 
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'•  Thursdays — Materia  medica  and  jiractical  dispensary 
work. 

••  Fridays — Clerical  work,  the  ration  and  its  manage 
nient. 

"This  course  is  varied  from  time  to  time,  as  seems  de 
sirable.  examinations  are  held,  and  men  sliowing  sutti 
cii'iit  jirotieieuey  are  recommended  for  [iromotiou 

•'  Drill  (foot,  setting-up,  and  litter)  is  held  five  times  a 
week,  the  hour  being  inunediately  after  reveille  As  a 
means  of  instilling  discipline,  as  neeessiiry  physical  e.xer 
fise.  and  especialiy  for  the  formation  of  the  habit  of  in- 
stant and  soldierly  obedience,  tliis  portion  of  the  instrue 
tion  is  considered  indispensable,  and  no  one  is  excused 
from  it  unless  he  be  upon  sick  report  Regular  roll  calls 
are  also  considered  necessary. 

"The  last  form  of  instruction  is  not  very  tangible,  but 
is  of  no  small  moment — the  formation  of  an  eapn't  de 
corps  in  the  detachment.  For  this  purpose  the  men  are 
encouraged  to  form  an  association  of  their  own,  the 
squad  niom  is  furnished  with  electric  lights  and  a  score 
of  periodicals,  an  interest  is  manifested  in  their  baseball 
club  and  athletic  sports,  and  the  men  are  given  to  un 
<lerstand  that  their  detachment  is  an  organization  well 
meriting  jiride  in  its  soldierly  etliciency  " 

The  hospital  corps  private  receives  the  same  instruc- 
tion in  the  elements  of  drill,  such  as  facings,  salutes, 
the  setting-up  exercises,  etc..  as  other  soldiers.  The 
detachment  drill  without  litters  is  essentiall_v  tliat  of  in 
fantry  without  arms.  The  utility  of  svicli  drill,  so  far  as 
the  hoS]iital  corps  is  concerned,  is  chiefly  in  the  promo 
tion  of  discipline  and  of  a  soldierly  carriage. 

The  following  is  a  description  of  the  litter  (model  of 
1899)  as  at  present  constructed  (Fig  379): 

Side  poles  are  of  well-dressed,  straight-grained  ash, 
seven  feet  six  inches  long,  one  and  one  half  inches  wide, 
and  two  inches  deep.  The  upper  part  of  the  outer  sur 
face  of  each  pole  at  the  attachment  of  the  canvas  is 
shaved  away  one-eighth  of  an  inch.  The  surface  of  the 
applied  canvas  and  of  the  heads  of  the  nails  attaching 
it  is  flush  with  the  lower  and  unshaved  part  of  the  said 
surface.  The  ends  of  the  poles  are  rounded  into  handles 
nine  inches  in  length. 

The  canvas  is  of  strong,  twelve-ounce  cotton  duck, 
dyed  fast  dark  brown,  six  feet  two  inches  long  by  two 
feet  two  inches  wide.  At  each  end  an  inch  is  turned 
underand  sewed  down,  and  ateach  side  an  inch  is  turned 
under  and  tacked  to  tlie  shaved  surface  of  the  side  bar, 
so  tliat  the  upper  surface  of  the  canvas  is  six  feet  by 
twenty  two  inches  in  the  clear. 

The"  legs  or  feet,  which  are  of  malleable  iron,  stirrup 
shaped,  raise  the  under  siu'face  of  the  poles  four  inches 
from  the  ground  level.  The  pole  plate  of  each  leg  is 
three  and  three  eighths  inches  long,  and  has  on  the  outer 
part  of  the  end  towanl  the  mid-length  of  the  ]iolc,  a  pro 
Section  to  keep  the  braces  in  |)osition  when  the  poles  aie 
apiiroximated.  The  plate  is  turned  up  at  the  sides  one 
quarter  of  an  inch  to  grasp  the  pole  which  is  here  couu 
tersunk,  so  that  the  metal  is  flush  with  its  outer  surface. 
The  pole  plate  has  two  apertures;  one,  three  eighths  of 
an  inch  in  diameter  for  the  bolt  on  which  the  brace  or 
traverse  iron  plays,  the  other,  three  eighths  of  an  inch 
in  diameter  between  the  blades  of  the  stirrup  for  the  bolt 
which  secures  the  whole  to  the  pole.  The  loop  of  the 
stirrup  is  one  and  three  quarters  incites  wide  near  the 
pole  plate,  widening  out  to  three  and  five-eighths  inches 
at  its  widest  part,  about  three  quarters  of  an  inch  from 
the  footplate.  The  blades  forming  the  loop  are  each 
seven  eighths  of  an  inch  broad  at  the  neck,  expanding 
to  one  and  seven-eighths  inches  where  they  conjoin  to 
form  the  footplate,  which  is  .somewhat  convex  in  every 
direction,  to  give  a  broad  support. 

The  braces  are  of  steel  forging,  each  consisting  of  two 
pieces  playing  by  their  outer  ends  on  the  bolt  in  their 
respective  pole  plates  and  hinged  by  a  bolt  at  the  .iunc 
tion  of  their  inner  ends.  Each  piece  is  formed  of  a  bar 
of  steel  forging  one-half  an  inch  wide  and  five  eighths 
of  a  inch  deep.  The  outer  end  is  flattened  to  facilitate 
movement  on  the  pole  plate.     The  inner  end  of  one  pro- 


jects about  one  inch  beyond  that  of  the  other,  which  it 
end)raees,  thus  strengthening  the  joint  when  the  liraces 
are  on  the  stretch,  and  this  joint  is  fenestrated  on  the 
back  to  prevent  choking  by  mud  and  dirt.  The  head  of 
the  bolt  or  pivot  by  which  the  brace  is  attached  to  pole 
idates  is  one  inch  in  diameter  and  one-eighth  of  an  inch 
thick.  From  the  centre  of  this  pole  plate  bolt  to  the 
centre  of  the  rivet  which  hinges  the  pieces,  each  measures 
ten  and  a  quarter  inches,  and  the  whole  when  on  the 
stretch  makes  the  litter  twenty-two  inches  wide  from 
outside  to  outside  of  the  canvas-covered  bars.  When 
the  litter  is  closed  the  braces  project  lengthwise  toward 
the  centre  of  the  litter  immediately  beneath  the  approxi 
mated  poles. 

The  fastening  for  the  closed  litter  is  provided  by  means 
of  two  leather  straps,  eleven  inches  long  and  three 
quarters  of  an  inch  wide,  one  attached  to  the  under  sur 
face  of  one  pole,  one  inch  toward  the  handle  from  the 
pole  plate,  the  other  to  the  corresponding  part  of  the 
opposite  end  of  the  other  pole.  When  the  litter  is  open 
the  strap  is  under  the  pole  acd  fastened  to  a  stud,  but 
when  the  litter  is  closed  the  strap  is  passed  around  the 
two  poles  from  its  point  of  attachiuent  on  the  one  pole 
to  a  stud  in  the  corresponding  part  of  the  other. 

The  weight  of  the  litter  is  twenty  poimds. 

The  regulation  litter  sling  which  is  issued  to  each  pri- 
vate of  the  hospital  corps  as  a  part  of  his  equipment  is 
made  of  blue  webbing  two  and  one  half  inches  wide, 
with  a  leather-lined  loop  at  each  end.  and  a  slide  to  regu- 
late its  length,  so  that  it  can  be  adjusted  to  the  size  of 
the  individual  to  whom  it  is  issued  During  drill  when 
not  in  use  the  sling  is  carried  over  the  shoulders  and  the 
loops  are  secured  imder  the  belt ;  when  the  litter  is  to  be 
lifted  the  loops  are  drawn  from  the  belt  and  slipped  over 
the  handles  of  the  litter. 

In  the  drill  with  the  open  litter  the  litters  may  be 
marched  by  the  usual  commands  given  to  infantry,  sub 
stitutiug  "litters"  for  "fours."  Military  situations  can 
be  iiuagined  in  which  it  would  be  of  advantage  that 
litters  loaded  with  patients  sliould  be  marched  in  line  or 
in  column,  and  in  which  it  might  be  necessary  to  change 
the  formation  from  line  to  column  or  the  reverse;  but  in 
actual  warfare  the  more  complicated  evolutions  will  al 
most  never  be  needed. 

The  chief  object  of  litter  drill  is  to  familiarize  each  of 
the  four  luen  who  constitute  the  individual  litter  squad 
with  his  duties  so  that  he  can  perform  them  without  con 
fusion  or  hesitation  and  to  the  best  advantage  of  the 
patient.  The  drill  is  made  as  nearly  as  possible  like  ser 
vice  in  actual  warfare.  Men  are  used  as  "dummy  '"  pa 
tients.  A  diagnosis  tag  having  been  attached  to  their 
clothing  to  indicate  the  nature  and  location  of  the  injury 
to  be  dressed,  before  loading,  they  are  directed  to  take 
jiositions  such  as  would  be  expected  on  the  battlefield 
At  the  command  "Search  for  wounded!  "  each  leader  as 
sumes  charge  of  his  S(piad  and  proceeds  independently. 

The  members  of  the  litter  squad  are  numbered  from 
one  to  four  consertitively.  The  litter  when  closed  is 
carried  on  the  shoulder  of  No  3,  who  acts  as  rear  bearer 
of  the  open  litter.  No.  2  being  the  front  bearer.  The 
positions  of  Nos.  1  and  4  are  opposite  the  centre  of  the 
litter  on  the  right  and  left  respectively  When  ap- 
proaching a  patient,  they  run  in  advance  of  the  litter,  in 
vestigate"  the  nature  of  the  injury,  and  apply  splints, 
check  hemorrhage,  or  render  such  other  service  as  the 
nature  of  the  case  may  demand.  When  the  patient  has 
been  placed  upon  the  litter,  they  resume  their  positions 
opjiosite  the  centre  of  the  litter.  They  relieve  Nos  2 
and  3  as  bearers  wlu'U  the  latter  are  fatigued  The 
change  of  bearers  may  be  effected,  if  necessary,  with 
out  interrupting  the  march.  No  1  has  command  of  the 
squad,  whatever  his  position  with  respect  to  the  litter 
may  be. 

While  the  loaded  litter  is  usually  carried  by  two 
bearers,  when  the  ground  is  unusually  ditlicull  or  when 
obstacles  must  be  surmounted  it  is  carried  by  all  four 
of  the  bearers,  one  man  at  each  handle  In  ascending 
stairs  or  steep  inclines  the  front  bearer  retains  his  hold 
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uijoii  the  bancilcs  wliile  two  bearers  support  tlx!  rear 
liaufiles,  raising  tlicin  so  tliat  tin-  litter  will  remain 
horizontal.  In  deseendinj?  stairs,  two  hearers  similarly 
support  the  front  handles.  The  patient  is  i^enerally 
carried  feet  foremost:  in  aseendiii!;'  a  hill  he  is  carried 
head  foremost ;  in  descending;',  feet  foremost,  nidess  there 
be  a  fracture  of  the  lower  e.\trennt_v.  in  which  casi'  his 
position  is  reversed  to  prevent  pressure  U|)on  tlie  injuriMl 
part.  In  carrying  ])atients  the  hearers  are  instruclcd  to 
break  step,  thai  is.  the  rear  man  stejis  olV  with  the  right. 
the  front  man  with  the  left  foot,  the  object  of  this  being 
to  prevent  the  swinging  of  the  litter,  whieli  takes  place 
when  the  bearers  keep  step.  This  is  obviated  still  m<ire 
efleetually  by  the  so-called  single  stei),  which  is.  how- 
ever, accjuired  with  some  dilliculty.  The  front  bearer 
steps  otf  with  his  lift  foot,  the  rear  bearer  follows  with 
his  right  an  instant  later  and  before  the  front  hearer  has 
planted  his  right.  The  right  foot  of  the  front  hearer 
nc.\t  touches  the  ground  and  is  inunediately  followed  hy 
the  left  of  the  rear  bearer. 

The  method  of  placing  the  patient  on  a  litter  by  means 
of  four  bearers  moves  the  patient  with  the  minimum  e.\- 
ertion  on  his  part  and  with  the  maintenance  of  a  strictly 
recumbent  position. 

The  patient  lying  upon  the  ground,  three  bearers  are 
directed  to  take  station  upon  his  right  or  leftside;  the 
choice  of  sides  being  determined  b.v  the  nature  of  the 
injury  or  the  relative  ease  of  access.  One  bearer  takes 
po.sition  at  Uu:  shoulder,  a  second  at  the  hip,  a  third  at 
or  slightly  above  the  ankle;  the  fourth  bearer  .stands  at 
the  hip  on  the  opjiositc  side  of  the  patient.  The  bearers 
kneel  on  the  right  knee  if  on  the  right  of  the  patient. 
and  on  the  left  knee  if  on  his  left.  The  bearer  at  the 
shoulder  passes  his  left  arm  (if  on  the  left  of  the  iiatient, 
his  right  arm)  under  the  ])atient's  neck  to  the  opjiosite 
axilla  and  secures  a  tirm  hold,  liis  arm  supporting  the 
patient's  neck.  The  other  hand  supports  the  nearer 
shoiddcr.  Th<'  bearers  at  the  hips  pass  their  hands  be- 
neath the  back  and  the  upper  jiart  of  the  thighs,  not 
locking  hands.  The  bearer  at  the  ankles  supports  the 
legs  with  both  hands. 

At  the  Word  of  command  the  jiatient  is  then  gently 
lifted  by  all  the  bearers  and  placed  on  tlie  knees  of  the 
first  three  bearers;  th<'  hearer  on  the  fre<'  side  brings  the 
litter  and  ]daci's  it  on  the  ground  under  the  patient  and 
against  the  ankles  of  the  kneeling  bearers  (Fig.  2M0).     He 


Flc.  2S1.— Patient  across  Back. 


Ifc* 


Fio.  380. -The  Patient  Lifted. 


then  as.sists  the  others  to  lower  the  patient  to  the  litter. 
To  execute  this  manieuvre  i)roperly,  the  bearer  nearest 
the  patient's  head  shoidd  tidie  his  ]iosition  rather  above 
the  shoulder.  The  tendency  as  observed  in  drill  is  for 
this  hearer  to  statid  opposite  the  middle  of  the  humerus. 
from  which  jiosilion  he  can  neither  projierly  support 
the  patient's  head  nor  secure  a  tirm  hold  upon  the 
opposite  axilla 

If  the  ground  upon  which  the  patient  lies  is  uneven. 


or  if  for  any  other  reason  the  litter  cannot  be  placed 
undi'r  him,  the  bearers  rise  and  advance  wdtli  short  steps 
to  the  litter,  ujion  reaching  which  the  patient  is  lirst 
lowered  to  the  knees  of  the  beareis  and  then  jilaceil 
upon  it. 

If  there  are  but  three  bearers,  the  patient,  having  been 
lifted  hy  all  three,  is  supported  on  the  knees  of  two 
heari'is  while  the 
bearer  at  the  hips 
r  e  1  i  n  q  u  i  shes  his 
hold  and  procures 
the  litter.  This 
forms  a  much  less 
secure  supjiort,  and 
in  severe  cases  it  is 
generally  better  to 
carry  the  patient  to 
the  litter  hy  three 
bearers  rather  than 
the  litter  to  the 
|)atient. 

Another  method 
for  three  bearers, 
when  it  is  neces- 
sary to  carry  the 
patient  to  the  lit- 
ter, is  as  follows; 
Two  bearers  take 
their  positions  on 
the  same  side  op- 
posite tl  e  knee  and 
hip,  while  the  third 
stands  by  the  op- 
posite hip.  The 
two  bearers  at  the 
hips  then  stoo])  and, 
raising  the  patient 
to  a  sitting  position,  ])lace  each  one  hand  and  arm 
around  th(>  back  and  interlock  the  fingers  of  the  other 
hand,  palms  up,  under  the  upper  part  of  the  thighs. 
The  patient,  if  able,  clasps  his  arms  around  their  necks. 
The  third  bearer  supports  tlie  lower  extremities  with 
both  arms  passed  under  them,  one  above,  the  other  be- 
low tlu'  knee. 

The  same  method  may  be  used  w'ith  only  two  bearers, 
in  which  case  the  legs  must  remain  unsupported.  In 
ca.se  of  fractured  lower  extremity,  two  bearers  kneel  on 
the  injured  .side  and  raise  the  ])atieut  ujion  their  knees, 
the  patient  f:lasping  his  armsaround  the  iic^ck  of  the  man 
who  sujiports  his  body,  the  second  bearer  supporting 
both  lower  extremities;  the  bearers  then  rise  and  carry 
llie  patient  to  the  litter. 

Tlie  improvisation  of  litters  is  also  taught.  They  may 
be  made  with  (loles  over  which  .sacks  or  bed  ticks  are 
stretched,  or  blouses  or  overcoats  may  be  buttoned  over 
the  poles,  which  are  passed  through  the 
sleeves  of  the  garments.  The  bottom  of 
the  litter  may  be  made  by  cro.ssed  ropes 
or  strips  of  rawhide  coven'<l  with  a 
blanket  or  with  straw  or  twigs.  Or 
a  ]iassalile  litter  may  he  made  by  rolling 
two  rilles  in  a  blanket.  In  the  absence 
of  a  litter  two  methods  of  removing  the 
wounded  by  two  hearers  are  taught. 
In  the  lirst,  which  is  known  as  the  two 
handed  seat,  the  hearers  take  positions 
facing  each  other  on  the  right  and  left 
of  the  patient  near  his  hips.  After 
raising  the  iiatient  to  a  sitting  posture, 
the  bearers  pass  each  one  hand  and  arm  around  his  back 
while  their  other  h;inds  are  passed  under  the  thighs, 
piilins  up  and  the  fingers  interlocked.  In  marching  the 
bearers  break  step.  In  the  second  method  in  which  the 
Iiatient  is  carried  by  th(^  extremities,  one  bearer  clasps 
the  patient  from  behind  around  the  body  under  the  arms, 
while  the  other  bearer  standing  between  the  [latient's 
legs  .supports  them  hy  passing  liis  hands  from  the  out- 
side under  the  Hexed  knees.     It  is  not  generally  advis- 
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able  tliat  ouc  bearer  should  attempt  to  carry  a  patient 
unaided,  but  emergencies  may  arise  iu  wliich  tliis  is 
necessary.  For  short  distances  a  patient  may  be  carried 
in  the  arms  of  a  slronsr  man,  or  one  that  is  conscious 
and  able  to  help  himself  to  a  certain  extent  may  be 
carried  astride  o.'  the  bearer's  back. 

For  unconscious  patients  two  methods  may  be  em- 
ployed :  carrying  aci'oss  the  l.iack  and  across  the  shoulder. 
For  the  first  method,  the  bearer,  turning  the  patient  on 
his  face,  steps  astride  of  him,  facing  toward  tlie  head, 
and  witli  hands  in  his  armpits  lifts  him  to  his  knees,  then 
clasping  hands  over  the  abdomen,  lifts  him  to  his  feet ; 
he  then  with  the  left  hand  seizes  the  patient  by  the  left 
wrist  and  drawing  the  left  arm  about  his  (the  bearer's) 
neck  liolds  it  against  liis  left  chest,  the  patient's  left  side 
resting  against  his  liody,  and  supports  him  with  his 
riglit  arm  about  the  waist. 

The  bearer  with  his  left  hand  next  seizes  the  right 
wrist  of  the  jiatient  anil  draws  the  arm  over  his  head  and 
down  upon  his  left  shoulder,  then  sliifting  himself  in 
front,  stoops  and  clasps  the  right  thigh  with  his  right 

arm  passed  between 
the  legs,  his  right 
hand  seizing  the  pa- 
tient's right  wrist; 
lastly,  he.  with  his 
left  hand,  grasps  the 
patient's  left  and 
steadies  it  against  his 
sifle,  when  he  rises 
(Fig   281). 

In  the  second 
method,  the  patient 
being  I'aised  and  sup- 
ported in  the  erect 
position  as  in  the  first 
method,  tlie  bearer 
clasps  his  hands 
abfput  the  patient's 
waist,  shifts  himself 
to  the  front,  facing 
liim,  and  stooping 
places  his  right 
shoulder  against  the 
abdomen ;  he  passes 
his  right  hand  and 
a  r  m  bet  w  een  the 
thighs — securing  the 
right  thigh — anil 
Willi  his  left  grasps 
patient's  right  hand,  liringing  it  from  behind  under  his 
(bearer's)  left  armpit,  when,  the  wrist  being  firmly 
grasped  by  his  right  hand,  he  rises  (Fig,  282). 

The  lirst  method  is  more  comfortable  for  the  patient, 
but  the  second  method  has  the  great  advantage  that  the 
bearer's  left  liaud  is  free  so  that  he  can  descend  a  ladder. 
It  is  in  fact  a  fiieman's  method,  and  is  much  better  adapted 
for  carrying  a  patient  who  is  asphyxiated,  but  otherwise 
uninjured,  than  a  wounded  man. 

The  ambulance  is  a  four-wheeled  vehicle,  which  pro- 
vides transpoi'tation  for  eight  men  sitting  or  for  two  re- 
cumbent. In  some  ambulances  there  are  two  tiers  of 
litters  so  that  four  recnml)ent  patients  may  be  trans- 
ported. In  the  more  approved  andiulanees.  the  regula- 
tion litter  is  used,  the  litter  ujion  which  tlie  patient  was 
originally  placed  lieiiig  pushed  into  the  body  of  the 
vehicle  from  the  rear.  A  variety  of  styles  is  now  in  use, 
and  since  a  board  is  sitting  at  the  time  at  which  this 
article  is  written  for  the  |iurpose  of  deciding  what  model 
shall  be  finally  adopted,  no  attempt  will  be  made  to 
describe  in  detail  the  present  vehicles. 

For  a  full  account  of  tlie  drill  of  tlie  hospital  corps  the 
reader  is  referred  to  the  manual  of  drill  entitled  "  Drill 
Regulations  for  the  Hospital  Corps,  United  States  Armv," 
edition  of  1900. 

The  methods  which  are  iiractically  employerl  in  the 
transportation  of  the  wounded  are  described  in  the  article 
upon  that  subject.  George  E.  BushneU. 


Fig.  283.— Patient  across  Slioulder. 


ARMY  MEDICAL  DEPARTMENT.— Admission  to  the 

niiilirai  imps  nt  the  rr.ileil  States  army  is  by  competi- 
tive examination.  Any  medical  graduate  of  a  college  iu 
good  standing  may  apjiear  for  examination,  provided  he 
is  a  citizen  of  tlie  United  States,  between  twenty-two  and 
twenty-nine  years  of  age,  and  of  sound  health  and  good 
character.  lie  must  present  evidence  that  he  has  had  at 
least  one  year's  hospital  experience  or  the  equivalent  of 
this  in  [u-actice  suViseqiient  to  his  graduation.  The  ap- 
jilicant  should  write  to  the  Secretary  of  War  requesting 
authority  to  present  himself  before  an  examining  board, 
giving  the  date  and  place  of  his  birth  and  the  place  and 
State  of  which  he  is  a  permanent  resident,  and  enclosing 
certificates  as  to  his  citizenship,  character,  and  haliits 
from  at  least  two  rejiutalile  persons.  He  will  then  lie  in- 
formed when  and  where  the  examination  will  probably 
take  place.  Examining  boards  are  convened  from  time 
to  time  to  fill  vacancies  as  they  occur.  For  some  years 
liefore  the  Spanish-American  war  a  board  was  in  session 
annually  in  September  and  October,  iu  the  Army  3Iedical 
Museum  building  at  Washington,  D.  C,  to  fill  the  vacan- 
cies occasioned  by  deaths,  retirements,  or  resignations 
dui'ing  the  _vear.  Boards  niav.  however,  be  convened  in. 
other  cities.  One  has  now  (February,  1900)  been  ap- 
pointed to  meet  in  3Ianila.  Philippine  Islands,  to  afford 
an  opportunity  of  entering  the  regular  service  to  volun- 
teer medical  ofticers  and  physicians  on  contract  now  serv- 
ing with  troops  in  those  islands.  When  a  board  is  con- 
vened in  the  United  States,  due  notice  is  published  in  the 
medical  journals,  and  candidates  whose  applications  are 
already  on  rile  in  the  War  Department  are  notified  by 
letter  to  report  in  person  to  the  president  of  the  board  on 
a  given  date.  The  expenses  of  travel  and  other  personal 
expenses  incident  to  the  period  occupied  by  the  examina- 
tion must  be  borne  by  the  candidate. 

The  physical  examination  conies  first  in  order,  and  is  as 
carefully  "made  as  if  the  candidates  were  applicants  for 
enlistment  in  the  ranks.  Those  who  fall  below  sixty  four 
inchi-s  in  height  are  rejected.  Each  candidate  is  required 
to  certify  that  he  labors  under  no  mental  or  physical  in- 
firmity or  disability  which  can  interfere  with  the  efficient 
discharge  of  any  duty  ^^■hich  he  may  be  required  to  per- 
form. Slight  errors  of  refraction  wliich  can  be  corrected 
by  glasses  and  which  are  unaccompanied  by  ocular  disease 
do  uoi  cause  rejection.  The  prelimiuarv  or  mental  ex- 
amination is  conducted  by  questions  written  and  oral  on 
arithmetic  and  physics,  tlie  history  and  geography  of  the 
United  States,  ancient  and  modern  history,  and  geuei-al 
literature.  Candidates  claiming  special  knowledge  of 
the  higher  luathematics.  anciciif  or  modern  languages, 
drawing,  analytical  chemistry,  or  branches  of  the  natural 
sciences  are  examined  in  these  subjects  as  accomplish- 
ments and  recei\e  due  credit  according  to  their  profi- 
ciency. The  professional  examination  includes  anatomy, 
physiology,  chemistry,  hygiene,  pathology,  and  bacteriol- 
ogy, materia  medica  and  therapeutics,  surgery,  jiractice 
of  medicine,  obstetrics  and  the  diseases  of  women  and 
children.  E\:iniinations  are  also  conducted  at  the  bed- 
side in  clinical  medicine  and  surgerv,  and  demonstrations 
and  operations  on  the  cadaver  are  requireil  to  be  made 
by  the  candidates.  At  the  conclusion  of  the  examina- 
tion, which  lasts  six  or  eight  days,  the  merits  of  the  can- 
didates in  each  of  the  branches  and  their  relative  merit 
as  determined  by  the  results  of  the  whole  examination 
are  reported  by  the  board,  and  in  accordance  with  this 
report  the  surgeon  general  recommends  the  appointment 
of  the  successful  candidates  to  fill  existing  vacancies. 
Th.ose  who  fail  at  this  examination  may  be  allowed  to 
appear  again  after  one  year,  but  no  tliird  trial  is  per- 
mitted. 

Ordinarily  the  first  duty  reipiiredof  the  young  medical 
officer  is  allendance  at  the  army  medical  .school  during 
a  session  of  live  months,  November  to  ilarch.  to  fit  him 
for  his  future  duties  and  responsibilities.  The  school 
was  organized  in  1893  by  Surgeon-General  Sternberg, 
The  faculty  consists  of :  (1)  A  president  who  is  responsible 
for  the  disci]iline  of  the  .school  and  who  delivers  a  course 
of  lectures  upon  the  duties  of  medical  officers  in  war  and 
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peace,  iiicludiiii.'-  llie  leiiuiiemeiits  of  Army  Hcsiiilations 
renanliiii:  |ini)HTly  respnii-iihiliiic!;,  ncniits.  discliarires 
for  disability,  sick"  reports,  riiilits  ami  iirivilcges  of  ofli- 
cers  and  customs  of  the  service;  (i)  a  professor  of  mili- 
tary siirjrery  who  teaches  opemtive  sura'ery,  the  care  and 
traiisjiortation  of  wouuded  in  time  of  \var.  and  the  ad 
ministration  of  hospitals;  (:!)  a  jirofessor  of  military 
hygiene  «  ho  gives  practical  inslnictioii  in  the  e.xaiinna- 
iton  of  air.  water,  food,  and  clothing  from  the  s;iintarv 
point  of  view;  (4)  a  iirofcssor  of  nnlitary  medicine;  ("i) 
a  jirofessor  of  clinical  and  salutary  microscopy  who  gives 
lalioralory  instruct  ion  in  hacterioiogic-al  work,  and  (0)  an 
instructor  in  hospital  corjis  drill  and  company  manage- 
ment. 

After  graduating  at  tliis  school  the  young  medical  offi- 
cer is  assigned  to  duty  at  some  military  st;ition.  His 
rank,  ]iay.  and  einolumcnts  are  those  of  a  tirst  lieutenant 
of  cavalry  for  the  tirst  live  years  of  his  service  and  of  a 
captain  of  cavalry  for  the  remaining  years  of  his  service 
in  the  grade  of  assistant  sur.^eon.  In  addition  to  the 
li.xed  pay  of  hisi'ank  he  is  entitled  to  an  increase  of  ten 
i)er  cent!  f(ir  every  completed  period  of  five  years'  service 
until  a  maxinuiin  of  forty  {n-v  cent,  lias  been  reached. 
Thus  the  pay  of  a  newly  commissioned  assistant  sur.iieou 
is  SI. (51)0  per  year.  orSKiS.oS  monthly.  At  llieend  of  five 
years  he  is  promoted  to  the  rank  of  caiitain  and  receives 
§',>. 11(10  per  year,  but  as  he  is  entilled  to  a  ten  per  cent. 
iucrea.se  of  this  by  virtue  of  Ills  live  years  of  service  lie 
receives  S'2.'2nO  per  annum,  or  61f^->  33  monllily.  At  the 
end  of  ten  years  the  service  percentage  entith'S  him  to 
§2.41)0  ]ier  annum  and  after  live  years  more  to  §2.000. 
By  this  time  deaths,  resignations,  and  retirements  among 
tliose  above  him  will  have  brought  him  up  toward  the 
head  of  the  list  of  assistant  surgeons.  I  >n  his  promotion 
to  the  grade  of  surgeon  with  tiie  rank  of  major,  the  ]iay 
of  which  rank  is  §2,500  per  annum,  he  receives  S:i,2.")0  if 
he  has  been  lifteen  years  ui  the  service  and  SiloOO  if  he 
has  completed  twenty  years  of  service.  The  monthly 
pav  of  the  lieutenant-colonel,  colonel,  aud  brigadier-gen- 
eral is  respectively.  §333.33.  §37.').  and  §4r>s.;i3.  These 
stuns  include  the  forty  per  cent,  increase  for  lengtli  of 
service. 

At  the  present  time  the  medical  cor|is  consists  of  one 
surgeon  general  with  the  rank  of  brigadier  general.  si.\ 
assistant  surgeons  general  with  the  rank  of  colonel,  ten 
deputy  sur.geous  .ireueral  with  the  rank  of  lieutenant- 
colonel,  fifty  surgeons  with  the  rank  of  major,  aud  one 
hundred  and  twenty-five  assistant  surgeons  with  the  rank 
of  captain  or  lieutenant,  according  to  their  length  of  .ser- 
vice. When  an  officer  reaches  the  age  of  si.xtyfour  years 
he  passes  from  the  active  to  the  retired  list,  and  each  of 
those  formerly  below  him  on  the  active  list  gains  a  ste)) 
iipward  in  lineal  rank  toward  liie  ne.xt  .grade.  Hetired 
pay  is  seventy  live  j.icr  cent,  of  the  pay  received  by  offi- 
cers of  the  same  rank  on  the  active  li.st. 

Medical  otfieers  in  addition  to  their  pay  projier  are 
furnished  with  an  allowance  of  quarters  according  to 
rank  either  in  kind  or  by  conimulatiou  if  there  is  no  suit- 
able .government  building  available.  When  travelling  on 
duly  without  troops  an  allowance  of  four  cents  per  mile 
is  provided,  with  reimbursement  of  money  actually  ex 
pended  for  railroad  or  other  fare.  In  changing  .station, 
transportation  is  provided  also  for  professional  books  and 
papers  and  for  a  reasonable  allowance  of  bag.ga.ge. 
Fora.ge.  stabling,  and  transportation  for  two  horses  are 
allowed  to  eacluillicer.  Groceries  and  other  articles  may 
be  purchased  .from  the  subsistence  department  and  fuel 
from  the  i|uartermasler's  department  at  about  cost  price. 

The  hospital  at  every  permanent  military  post  is  well 
provided  with  hooks,  instruments,  and  ap]iaratus  for 
chemical  and  bacteriologic;il  work. 

The  stations  of  medical  officers  are  changed  every  two 
or  three  years  or  according  to  the  requirements  of  the 
service.  The  surgeon-general,  in  making  assignments, 
considers  the  record  of  each  officer  so  th:it  no  undm/ 
share  of  arduous  duty  or  service  at  stations  remote  from 
the  United  (States  shall  fall  to  any  one  officer 

Leave  of  absence  on  full  pay  is  allowed  at  the  rate  of 


one  month  per  year,  and  this  when  not  taken  during  the 
year  may  be  allowed  to  accumulate  to  a  ma.ximniu  of 
lour  months,  which  at  the  end  of  four  or  more  years  may 
be  utilized  as  one  continuous  leave.  Absence  from  duty 
on  account  of  sickness  (hies  not  involve  loss  of  Jiav. 
I'ernianeiit  disability  incurred  in  the  line  of  duty  entitles 
an  ollii-er  to  be  jilaeed  on  the  retired  list. 

Toward  the  end  of  his  fifth  yearof  .service  and  prior  to 
his  ]ironiolioii  to  the  rank  of  captain  the  young  medical 
officer  is  examined  on  his  knowledge  of  Army  Kegula 
tioiis.  and  the  |U'aetical  work,  medical,  surgical,  sjinitary, 
and  ollicial,  involved  in  serving  with  troops.  Again, 
when  medical  officers  with  the  rank  of  captain  ajiproacli 
the  heail  of  the  list  of  officers  of  I  heir  grade  they  are  usually 
assigned  to  duty  as  atteiiiling  suigeons  and  examiners  of 
recruits  m  ihe  ]iriiieipal  medical  centres  of  the  I'niled 
States  to  enable  them  to  become  familiar  wit h  theiu'ac- 
tiee  of  tlu  leading  physicians  and  surgeons  and  to  attend 
medical  lectures,  meetin.as  of  medical  societies,  etc. 
These  assignments  are  luade  for  one  year  only  in  order 
lliat  as  many  medical  officers  as  possible  may  be  enabled 
to  avail  tliemselvesof  the  advantages  thereby  afforded. 
An  examination  follows  to  test  their  knowledge  of  the 
advances  made  in  medicine  and  surgery  during  the  years 
which  have  elapsed  since  their  promolioii  to  the  rank  of 
captain.  Surgeons  aiiil  officers  of  liiglier  grade  are  not 
sul)jected  to  examination  for  promolioii. 

A  brief  rcfuniie  of  the  history  of  the  army  medical 
department  finds  an  a])|iropriate  jilace  in  this  article. 
The  arm\  of  tiie  Kevohition  had  at  fir.st  only  regimental 
surgeons  and  their  mates  or  assistants.  The  Provincial 
Congress  of  Massiichu.setts  Bay  required  each  candidate 
for  a  jiosition  in  the  medical  department  of  the  army  to 
be  subjected  to  a  close  examination  by  qualified  me(lical 
men,  and  there  was  nothing  ;);■»/"(■(«((  in  these  cxamina- 
lions,  for  if  is  on  record  that  no  less  than  si.x  of  a  set  of 
fourteen  were  rejected  on  acconnt  of  failure  to  come  up 
to  the  standard.  This  system  of  examination  for  ap- 
pointment has  continued  through<nit  the  intervening 
years  and  is  in  force  at  the  present  time.  After  the  fight 
at  Breed's  lliU  a  general  liosjiilal  was  established  at 
Cambridge  for  the  care  of  the  woiuKh-d.  Sulisecpiently, 
.ireiieral  liospitals  were  established  at  Ticoiideroga.  N, 
v.,  and  at  Williamsburg,  Va.  To  jMovide  these  with 
the  reipiisite  nieilical  otlicers,  ,surgeons  were  ap|ioiufed 
who  belonged  to  no  regiment,  but  to  the  hospital  dejiart- 
ment  in  general  as  stalT  surgeons.  This  arrangement 
aroused  a  strong  feeling  on  the  part  of  the  regimental 
surgeons,  who  ))rotested  against  the  removal  of  their  sick 
and  their  reduction  to  the  level  of  dispensary  surgeons 
for  the  slighter  ailments  of  camp,  'i'liey  claimed  the 
right  to  take  care  of  their  own  sick,  and  they  were  s\i))- 
pca-ted  in  this  by  a  majority  of  the  regimental  and  com- 
liany  officers.  It  is  interesting  to  observe  how  inankind 
forgets  its  experiences.  ]\Iore  than  one  hundred  and 
twenty  years  afterwanl.  during  the  S|ianisli-Anierican 
war.  the  same  clamor  was  raised  by  regimental  surgeons 
of  voluuti'crs,  their  colonelsand  company  ofii<ers.  against 
the  esf;iblishment  of  division  hospitals  and  the  iieces.saiy 
disestablishmciit  of  regimental  hospitals  as  inconipelent 
to  meet  the  exigencies  of  active  field  .service,  altiiough 
this  incom])etency  had  lueanwhile  been  proved  during 
the  long  years  of  the  civil  war. 

To  allay  the  jealousies  between  the  two  sets  of  ofiicers. 
a  bill  was  passed  for  the  establishnient  of  ;i  medical  de- 
partment based  on  the  organization  of  the  British  .service. 
It  provided  for  .so  many  otfieers  with  high  sounding  titles 
that  (JeiK-ral  Washington  is  reiiorted  to  have  criticised 
Ihe  proposition  thus.  "The  number  of  officers  mentioned 
in  the  enclosed  plan.  1  prrsume.  are  necessary  for  us  be- 
cause they  are  found  so  in  the  British  hospitals."  Ex 
perience  during  the  remaining  years  of  the  war  of  the 
Revolution  simplifii'd  the  organization  by  removing  many 
of  the  high-titled  functionaries;  and  there  seems  no 
reason  to  doubt  that  had  a  little  longer  time  been  .given, 
the  establishnient  would  have  been  resolved  into  a  corps 
of  medical  officers  taking  rank  each  by  seniority  in  his 
grade  and  a.ssigued  to  dutv  in  accordance  with  his  rank. 
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For  sonic  years  siilistHHU'iit  to  the  successful  close  of 
this  war  the  "army  of  the  Unitcil  States  consisted  of  troops 
enlisted  for  short  periods,  with  no  provision  for  medical 
service  other  than  that  afforded  by  regimental  medical 
officers. 

In  1803  a  new  departure  was  tal<en  in  appointing  army 
medical  officers.  The  army  at  this  time  was  so  small  that 
it  was  not  possible  for  the  few  medical  ofticei's  jirovided 
on  a  regimental  basis  to  care  for  the  sick  of  their  com 
niands,  scattered  as  these  commands  were  at  various 
jiosts  along  the  frontiers.  Jledical  officers  were  there 
fore  appomted  to  garrisons  instead  of  to  regiments. 
Additional  troops  levied  in  an  emergency  brought  with 
tliem  their  regimental  medical  officers,  and  if  the  needs  of 
the  service  required  the  estalilisliment  of  general  hos 
pitals,  surgeons  of  higher  grade  and  rates  of  pay  than  the 
regular  post  surgeons  were  appointed  for  temporary 
service.  In  this  "manner  the  medical  department  was 
enlarged  to  meet  the  necessities  of  the  army  in  the  year 
1813."  Diu-iug  this  war  the  only  legislation  materially 
affecting  the  dejiartment  was  a  much  needed  increase  of 
pay  for  the  regimental  medical  officers.  Dr.  James  Til 
ton.  wlio  had  been  a  hospital  surgeon  during  the  Revolu- 
tion, was  the  chief  of  the  department  at  this  time  with 
the  title  of  "ijhysician  and  surgeon  general."  His  man 
agement  of  affairs  during  the  war  appears  to  have  given 
universal  Siitisfaetion.  Many  hospitals  were  established 
and  broken  up  during  the  course  of  events,  but  all  were 
well  kejit.  fully  jirovided  with  necessaries  and  competent 
for  all  the  work  thrown  upon  them.  Some  indeed,  as 
_that  at  Bnrlington.  Vt.,  under  the  superintendence  of 
"  Surgeon  Lovell,  Ninth  Infantry,  appear  from  the  reports 
to  have  been  model  establishments.  The  regulations  of 
the.se  are  e.xtant,  and  it  is  readily  seen  that  their  high 
character  was  due  to  efficient  administration,  discipline, 
and  cleanliness. 

In  1818  a  bill  which  organized  the  general  staff  of  the 
army  gave  to  the  medical  department  for  the  first  time 
in  its  history  a  permanent  chief  under  the  title  of  surgeon 
(/eneral.  To  this  position  Surgeon  Joseph  Lovell  was 
promoted  on  account  of  his  excellent  record.  Hospital 
and  garrison  surgeons  were  consolidated  xmder  tlie  title 
of  post  surgeons,  and  as  these  took  rank  after  the  surgeons 
of  regiments,  certain  of  the  hospital  surgeons  who  had 
served  in  high  positions  on  important  occasions  had 
cause  for  dissatisfaction  with  the  inferior  status  to  which 
they  were  consigned  by  this  arrangement. 

The  medical  department  was  fortunate  in  having  so 
able  a  man  as  Dr.  Lovell  appointed  as  its  chief  He  dc 
fined  the  duties  of  liis  sidjordinates,  established  an  e.\ 
celleut  system  of  accountability  for  property,  improved 
the  character  of  the  medical  reports,  inspired  his  officers 
with  the  idea  that  as  sanitary  officers  they  had  greater 
responsibilities  than  mere  practising  physicians  and  sur 
geons,  and  tailored  earnestly  to  have  their  pay  increased 
and  their  official  status  raised  in  proportion  to  his  views 
of  the  importance  of  their  duties.  He  also  established  an 
equitable  system  of  exchange  of  posts  so  that  no  officer 
would  be  retained  tmdidy  at  an  undesirable  station. 

In  1831  the  finishing  touches  were  given  to  the  or 
ganization  of  the  department  by  consolidating  the  vegi 
mental  surgeons  with  the  staff  surgeons  so  that  the  corps 
consisted  simply  of  one  surgeon-general,  eight  .surgeons 
with  the  rank  and  pay  of  regimental  surgeons,  and  forty 
five  assistant  surgeons  wiili  the  pay  of  post  surgeons, 
but  as  this  number  was  insulficient  to  provide  one  medi 
cal  officer  to  each  of  the  military  posts,  the  system  of  em 
ploying  civilian  physicians  on  contract  was  instituted. 

Surgeon-GeneralLovell  died  in  1836  and  was  succeeded 
by  the  senior  svirgeon  Thomas  Lawson,  then  serving  with 
troops  in  Florida. 

Little  of  general  interest  occurred  during  the  next  ten 
years.  The  papers  filed  in  the  office  of  the  surgeon-gen- 
eral during  this  period  were  arg\unents,  opinions,  and  de 
cisions  on  points  connected  with  uniforms,  rank,  and  prec- 
edence of  medical  ofticers  and  their  right  to  enter  into 
private  practice  in  the  vicinity  of  their  stations.  At  last 
the  concentration  of  trooi)s  on  the  Rio  Grande  and  the 


probability  of  war  with  ^lexico  led  to  some  changes. 
Two  surgeons  and  twelve  assistant  surgeons  were  added 
to  the  medical  staff,  and  ten  new  regiments  were  raised, 
eacli  provided  with  one  stirgeon  and  two  assistant  sur 
geons.  These  were  intended  to  be  merely  provisional 
appointments  to  be  vacated  at  the  close  of  the  war. 
I'ltimately,  however,  not  only  were  the  staff  appoint 
ments  made  permanent,  but  ten  additional  assistant  sur 
geons  were  authorized  on  account  of  the  increasing  needs 
of  the  department  after  the  acquisition  of  California  and 
New-  Mexico. 

During  the  Mexican  war  the  senior  surgeons  were  as 
signed  as  medical  directors  and  in  charge  of  geueral  hos- 
liilals;  certain  of  the  juniors  were  on  duty  at  the  hos- 
pitals and  piu'veying  depots,  while  the  others  served  in 
the  field  as  regimental  officers  with  regular  troops.  Vol 
uuteer  surgeons  were  on  duty  with  tlieir  regiments,  but 
some  were  occasionally  detailed  to  hospital  duties. 

The  additions  to  the  numerical  force  of  the  medical 
department  diu'ing  and  after  the  ^Mexican  war  proved 
insufficient  for  the  needs  of  the  many  small  garrisons  into 
which  our  army  liecame  broken  up:  but  although  the 
surgeon-general  repeatedly  called  attention  to  this,  no  in 
crease  was  made  until  18r)(i,  when  four  surgeons  and  eight 
assistants  were  added  to  the  corps. 

Surgeon  CJeneral  Lawson  died  in  1861,  shortly  before 
the  outbreak  of  the  civil  war.  From  the  calls  for  large 
levies  of  troops  and  the  feeling  North  and  South  that  a 
desperate  struggle  was  before  the  country  it  was  evident 
that  without  large  reinforcements  the  medical  depart- 
ment would  be  unable  to  do  its  work  successfidly.  At 
this  time  it  consisted  of  one  surgeon-general  with  the 
rank  of  colonel,  thirty  surgeons  with  the  rank  of  major, 
and  eighty-three  assistant  surgeons  with  the  rank  of  first 
lieutenant  and  of  captain  after  five  years'  ser\'ice.  In 
August,  1861,  the  addition  of  ten  surge<ms  and  twenty 
assistant  surgeons  was  authorized.  Some  of  this  small 
staff  corps  took  charge,  as  medical  directors,  of  corjis  and 
armies,  instructing  the  volunteer  officers  in  the  duties 
pertaining  to  camps  and  field  hospitals;  otliers  acted  as 
medical  inspectors,  aiding  the  directors  in  tlieir  work  of 
supervisi(m  and  education;  some  organized  general  hos 
pitals  for  the  sick  tliathad  to  be  cared  for  on  every  move 
of  the  armies,  while  others  kept  these  hospitals  and  the 
armies  in  the  field  provitlcd  with  medical  and  hospital 
supplies;  the  remainder  were  assigned  to  field  service 
with  the  regular  regiments  and  batteries. 

Each  volunteer  regiment  brought  witli  it  a  surgeon 
and  two  assfstants  appointed  by  the  governor  of  the  State 
after  examination  by  a  State  medical  board.  The  senior 
regimental  surgeon  of  each  brigade  became  invested  with 
authority  as  on  tlie  staff  of  the  brigade  commander,  but 
as  seniority  in  many  instances  was  determint'd  by  a  few 
days  or  weeks,  it  often  happened  that  the  best  man  for 
the  position  was  not  ,secured  hy  this  method.  Congress 
therefore  authorized  a  eorjis  of  brigaile  surgeons  of  vol 
unteers,  who  w  ere  examined  for  the  position  by  a  board 
of  regular  medical  officers.  One  hundred  and  ten  of  these 
brigade  surgeons  were  commissioned. 

In  April,  1863,  a  bill  was  passed  by  Congress  to  meet 
the  pressing  needs  of  the  medical  department.  .This 
gave  the  regular  army  an  addition  of  ten  surgeons  and 
ten  assistant  surgeons,  and  provided  for  a  temporary  in 
crease  in  the  rank  of  those  medical  officers  who  were 
holding  iiosiliiins  of  great  responsibility.  It  gave  the 
surgeon  general  the  rank,  pay.  and  emoluments  of  a 
brigadier-general ;  it  provided  for  an  assistant  surgeon- 
general  and  a  medical  insjiector-general  of  hospitals,  each 
with  the  rank  of  colonel,  and  for  eiglit  medical  inspectors 
with  the  rank  of  lic-utenanf  colonel  These  original 
vacancies  were  filled  by  the  President  by  selection  from 
the  army  medical  officers  and  the  brigade  surgeons  of 
the  volunteers,  having  regard  to  qualifications  only,  in 
stead  of  to  seniority  or  previous  rank.  At  the  end  of 
their  service  in  these  positions,  officers  of  the  regular 
force  reverted  to  their  former  status  in  their  own  corps 
with  such  promotion  as  they  were  entitled  to  by  the 
casualties  of  the  service  during  their  temporary  occu- 
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pancy  of  these  war  positions  Alioiil  the  time  of  this 
enactment  Suifjeon  General  Fink  v.  Lawson's  suceessor. 
was  retired  at  liis  own  reijiiest  after  forty  yeare'  service, 
and  Assistant  Surjreon  \\'illiam  A.  Hammond  was  ap 
pointed  the  first  siirjieon -general  willi  the  raidi  of  liri;;- 
adier-ireiieral.  In  Deeemlier  fullowinj^eiiilit  more  inspeel 
ors  were  antliori/.ed.  Tlicir  duties  were  to  suiH-rvise 
all  tliat  relalcd  to  the  sanilary  condition  (if  liie  army. 
wliether  in  transjiorls,  (jiiarleis,  or  camj)s.  as  well  as  llie 
hygiene,  polite,  discipline,  and  etliciency  of  field  and  gen 
eral  hospitals;  to  .sec  that  all  regulations  for  proteciing 
the  health  of  the  troops  and  for  the  carefid  treatment  of 
the  .sick  and  wounded  were  duly  observed;  to  e.\amin<" 
into  the  condition  of  supplies  and  tlie  accuracy  of  medi- 
cal, sanitary,  statistical,  military,  and  ])roperty  records 
and  accounts  of  the  medical  department;  to  investigate 
the  causes  of  disease  and  the  methods  of  prev<'ntion. 
They  were  reiiuired  also  to  be  familiar  with  the  methods 
of  tile  subsistence  department  in  all  that  related  to  the 
liospitals  and  to  see,  that  thehosjiital  fund  was  judicious 
ly  apiilied.  Finally,  they  reported  on  the  etliciency  of 
medical  otlicers  and  were  authorized  to  discharge  men 
from  the  service  on  account  of  disaliility. 

Shortly  after  this  the  cor]is  of  biigade  surgeons  was 
reorganized  to  give  its  members  a  jiosilion  on  the  geneial 
staff  similar  to  that  of  the  army  medical  oliicer  and  to 
render  their  services  available  to  the  surgeon  general  at 
any  point  where  they  ndglit  be  most  needed,  irrespective 
of  regimental  or  Iirigade  organizations.  They  henceforth 
became  known  as  the  curps  >'/  Kurrieonn  find  nsxisintit 
SHrt/emts  of  ruiunteers  ;  and  the  ajipointment  of  forty 
sueli  surgeons  and  one  liuudred  and  twenty  assistants 
was  authorized. 

In  the  military  service  promotion  should  be  the  reward 
for  duty  well  performed,  but  during  the  War  of  the  Re- 
bellion little  incentive  of  this  kind  was  offered  to  medie.-il 
officers.  Surgeons  witli  the  rank  of  major  had  nothing 
to  look  forward  to.  They  saw  their  comrades  of  the 
line,  formerly  their  equals  or  inferiors  in  rank,  mount 
upward  step  by  step.  They  saw  at  the  same  time  that  a 
medical  officer  on  duty  as  a  medical  director  had  only 
this  same  rank  of  major,  although  resjionsible  for  thi' 
work  of  five  or  si.x  liundred  officers,  one  tliinl  of  whom 
had  the  same  rank,  pay,  and  emoluments  as  him.self. 
Not  until  toward  the  close  of  the  war  did  Congress 
recognize  the  responsibilities  of  certain  medical  otheers 
by  giving  the  rank  of  lieutenant-colonel  to  medical 
directors  of  corps  and  of  colonel  to  the  director  of  an 
army. 

During  this  great  war  the  work  of  the  medical  depart- 
ment was  performed  by  the  regular  medical  officers  and 
the  corps  of  volunteer  s\irgcous  and  assistant  surgeons, 
both  commissioned  by  the  President,  and  by  the  large 
body  of  reginu'utal  medical  officers  commissioned  by  the 
governors  of  States.  lu  addition  to  these,  civilian  phy- 
siciaais  were  employed  under  contract,  mostly  in  the 
wards  of  the  general  hospitals  established  in  the  vicinity 
of  AVa.shington,  D.  C,  and  other  cities.  .Tust  before  the 
close  of  the  war  another  class  of  medical  officers  was 
authorized.  Regimental  surireons  whose  regiments  had 
been  mustered  out  on  the  expiration  of  their  term  of  ser 
vice  were  offered  iiositions  as  acting  stalV  surgeons  as  an 
inducement  to  continue  in  the  service. 

The  latter  part  of  the  .year  IHfi.i  was  devoted  to  the 
breaking  up  of  the  depots  and  general  hospitals,  and  next 
year  the  medical  department  was  again  jilaced  on  a 
peace  footing  with  a  personnel  cfmsisting  ofasurgeon- 
g<>neral ;  an  assistant  surgeon-general  with  the  rank  of 
colonel;  a  chief  medical  purveyor  and  four  assistants, 
lieutenant-colonels;  sixty  surgi'ons,  majors,  and  one  luin- 
dred  and  fifty  assistants,  captains  and  lieutenants.  In 
1872  provision  was  made  for  a  chief  medical  purveyor, 
with  the  rank  of  colonel ;  but  in  tli<'  mean  time  promotions 
and  appointments  were  interdicted,  so  that  at  this  time 
the  reports  of  the  siirgeon  general  speak  in  urgent  terms 
of  the  crippled  condition  of  his  department.  In  l,'^T:i 
there  were  fifty-nine  vacancies,  and  to  meet  the  refpiire- 
ments  of  the  service  one  hundred  and  eighty -seven  sur 


geons  had  to  be  employed  on  contract.  At  this  time 
Congress  authorized  the  apjiointment  of  assistant  sur 
geons.  but  cut  off  two  of  the  assistant  medical  purveyor- 
ships  and  ten  of  the  si.xty  stu'geous,  i)rohihitiug  proino 
lion  until  the  luimber  became  thus  reduced. 

In  1S7(>  the  arguments  in  favor  of  ineieased  rank  for 
tile  medical  corps  were  favorably  considered  by  Con- 
gress, for  in  additi<in  to  the  existing  grades  there  were 
authorized  four  surgeons,  colonels,  and  eight  lietitenaut 
colonels,  but  the  luunber  of  assistants  was  cut  down  to 
(jne  hundred  and  twenty  live.  No  change  has  taken 
place  since  then  e.xee])t  tliat  of  conferring  on  the  lieuten- 
ant-colonels and  colonels  the  respective  titles  of  deputy 
and  assistant  surgeons-general,  to  correspond  with  similar 
titles  in  the  otliei'  staff  de]iartments. 

During  the  Spanish  Ameiican  war  the  medical  de]iart- 
iiieiit  of  the  army  coi!sisli-d  (if  the  regular  establishment, 
with  United  States  V(ihmteer  surgeons  a]ipointed  by  the 
President,  regimental  surgeons  and  a.ssistant  surgeons 
a]ipointed  by  the  State  governors,  and  surgeons  under 
contract  witli  the  surgeon-general.  At  the  present  time 
(Febrtiary,  l!«lti)  the  regular  establishment  remains  un- 
changed. The  medical  officers  of  tlic  United  States  Vol 
imteer  regiments  now  serving  in  the  Fhilipiiine  Islands 
are  app(iinted  by  the  Picsidelit,  the  State  officers  having 
all  been  nuistered  out  with  their  regiments.  The  insutfi 
cieucy  of  the  present  organization  is  such  that  over  three 
hundred  and  fifty  medical  men  are  now  serving  under 
contract.  It  is  hoped  that  the  present  Ccmgrcss  in  legis- 
lating for  the  army  will  provide  fiir  the  needful  incrt^ase 
of  the  medical  department,  Chaiits  Snmrt. 

ARMY  MEDICAL  STATISTICS.— Bmadly  speaking, 
the  main  ([iiiscs  affecting  the  health  of  troops  are  the 
manner  of  living,  theenviromuent,  and  the  food  supplied. 
The  tiist  relates  to  the  (iccurrence  of  overcrowding,  ini- 
|ierfecl  ventilation,  want  of  cleanliness,  and  inattention 
to  personal  hygiene.  The  second  is  ty|iifled  in  the  ac- 
cidents arising  fnmi  atmospheric  or  telluric  influences, 
such  as  rajiid  death  from  heat  and  cold,  the  compara- 
tively transient  inthiences  of  the  seasons,  and  the  slower 
and  more  durable  effects  of  climate  as  modifying  diseases 
of  a  restricted  haliitat.  Tlie  last  cause  concerns  the  dis- 
eases brought  about  directly  or  indirectly  by  vicious 
alimentation.  There  are  no  diseases  ])eeuliar  to  the  sol 
dier;  but  military  conditions  are  fretiueiitly  such,  par- 
licidarly  dming  a  campaign,  that  the  germs  of  disease 
are  widely  disseminated  among  an  especially  susccjitible 
body  of  men — and  hence  a  linger  number  are  attacked 
and  suecvnub  than  woidd  probablv  have  been  the  case  in 
civil  life.  In  character,  the  diseases  developed  in  the 
military  establishment  call  for  no  remark  indess  it  be 
their  unusually  severe  type,  the  regularity  with  which 
outbn/aks  of  some  affections  recur,  and  the  freijuent 
tendency  of  others  to  become  endemo epidemic.  The 
jirevailing  diseases  in  armies  are.  naturally,  largelv 
acute;  and  a  large  projiort ion  of  them  are  zymotic  and 
hence  theoretically  preventable. 

The  purpose  of  army  medical  statistics  is  to  define  the 
iuHuence  of  military  life  up(in  health  and  to  permit  the 
ready  a]i])reciation  and  accurate  comparison  of  varying 
eonditiiiiis  of  service  and  environment  in  their  relation 
to  the  well-being  of  the  soldier.  Since  each  case  of  sick 
ness  in  tlu^  military  establishment  at  once  becomes  a 
matter  of  official  record  at  the  hands  of  competent  (ib 
servers,  it  follows  that  statistics  so  obtained  are  not  (inly 
more  comprehensive  but  more  accin'ate  than  those  bear 
ing  on  the  occurrence  of  disease  among  civilians.  Un 
fortunately  for  their  general  utility,  however,  they  are 
based  upon  a  physically  superior  class,  always  existing 
under  restricted  and  unusual  conditions  and  frciiuently 
in  unfavorable  surroundings,  and  hence  deductions  which 
may  be  drawn  from  them  cannot  he  legitimately  applied 
outside  I  he  limits  of  the  military  service.  Unfortunately, 
alsii,  owing  to  the  different  systems  (if  nomenclature  and 
ela.ssifieation  of  diseases  which  have  prevailed  in  the 
past,  as  well  as  to  other  causes  which  will  he  referred  to 
later,  it  is  not  always  possible  accurately  to  compare  the 
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sickness  ami  luortality  from  spocial  causes  occuriina:  in 
different  armies,  or  even  for  tiie  military  establisliment 
and  civilian  classes  of  the  same  nation.  The  committee 
on  international  military  medical  statistics  which  met  at 
Budapest  in  lS!(-t  lias,  however,  formulated  a  plan  which 
overcomes  in  great  measure  the  difhcidties  with  which 
army  statisticians  have  had  to  contend,  leads  to  a  com- 
mon basis  of  comparison,  and  will  ultimately  be  Ihe 
means  of  alTordinu;  a  large  amount  of  information  hither- 
to not  available. 

In  the  British  army,  statistics  with  regard  to  sickness 
and  mortalily  were  first  compiled  shortly  after  the  close 
of  the  Peninsular  war.  but  were  published  at  Imig  and 
irregular  intervals.  They  gave  much  information  with 
regard  to  the  healthfulness  of  various  stations,  but  the 
advent  of  the  Crimean  \\ar  caused  their  temporary  dis- 
continuance. In  18r)9  their  publication  was  again  re- 
sumed and  they  have  .since  been  issued  annually.  Army 
statistics  have  been  collected  in  France  and  Germany 
since  the  Napole<inic  wars,  but  have  not  been  regularly 
made  available  fen-  general  use,  frequently  being  issued 
only  in  ])art  or  not  at  all.  Of  late  years,  France  has  not 
given  out  full  information  as  to  the  occurrence  of  disease 
and  death  among  her  military  forces.  In  the  United 
States  army,  satisfactory  data  for  the  period  prior  to 
1840  are  not  available,  and  it  is  only  since  1884  that  figures 
sufficiently  elaborate  to  be  of  any  great  value  to  the 
statistician  have  been  compiled  and  publi.shed.  At  pres- 
ent the  official  returns  show  not  only  the  amount  of  lo.ss 
the  army  annually  incurs  from  di.sease.  but  also  the  causes 
leading  thereto;  as  influenced  by  race,  age,  length  of 
service,  arm  of  service,  season,  station,  and  other  factors. 

Little  information  is  gained  by  recording  the  statistics 
of  disease  as  a  whole,  since  so  many  factors  combine  in  the 
production  of  the  final  result  that  they  must  be  separately 
studied  to  ari'ive  at  a  proper  unilerstandiug  of  the  whole. 

Tlie  main  points  upon  which  army  medical  statistics 
are  based  are  as  follows: 

1.  The  number  of  admissions  to  sick  report  as  com- 
pared with  the  number  of  persons  furnishing  the  sick. 
This  is  accomplished  by  taking  the  actual  numbers  in 
both  classes  and  reducing  them  to  a  comparable  standard 
in  rates  per  thousand.  The  numbers  furnishing  the  .sick 
are  reduced  by  those  sick  in  cpiarters  or  hospital;  but  as 
a  general  rule  an  eciuivalent  number  of  men  are  returned 
to  duty  or  are  enlisted  to  replace  the  losses  through  death 
or  disability.  In  our  service  statistics  are  based  on  the 
total  strength. 

2.  The  rate  of  deaths  per  thousand  strength.  This  is 
obtained  by  the  division  of  the  total  number  of  deaths 
occurring  during  the  year  by  the  mean  annual  strength, 
including  the  absent  as  well  as  those  serving  with  the 
colois.  The  figures  thus  obtained  are  then  reduced  to 
rates  per  thousand. 

3.  The  rate  of  discharges  for  disability  from  disease, 
per  thousand  strength — obtained  by  dividing  the  losses 
from  dischai'ge  by  the  mean  strength  and  then  reducing 
to  the  above  standard  of  comparison. 

4.  The  total  losses  from  disease ;  as  determined  by  the 
sum  of  the  rates  for  mortality  and  for  discharge  for  dis- 
abilitv  from  this  cause 

5.  The  rate  of  constant  sickness,  or  constant  inelli 
ciency.  This  is  given  by  adding  the  numbers  jiut  down 
as  remaining  under  treatment  at  the  end  of  each  day, 
week,  or  month  and  dividing  by  the  number  of  days, 
weeks,  or  nionlhs  in  the  period  desired,  again  reducing 
to  the  comparable  standard. 

6.  The  numbi_-r  of  days  of  service  lost  by  eaeh  soldier. 
This  is  found  by  ailduig  together  the  total  number  of 
sick  days  in  a  given  period  and  di\  iding  by  the  mean 
strength  of  the  eonnnand  for  thai  i>enod. 

In  all  computations  the  tigures  are  reduced  to  common 
terms  of  one  year  and  <nie  thousand  strength. 

Comparative  Lofm  in  Cmiipiiinn  from  Sick:?u'ns  and 
Wo^ln(h. — Since  the  great  military  epidemics  of  anticpiity 
— the  destruction  of  the  Assyrians  under  Sennacherib; 
the  plague  described  as  oee\irring  during  the  Peloponnc- 
sian  war;   the  pestilences  which  ravaged  the  Koman  and 


Carthaginian  armies;  the  great  lo.sses  sustained  by  the 
army  of  Severus  in  the  marshes  of  Caledonia — it  has  been 
establishe<l  as  a  general  rule  that,  in  protracted  wars, 
armies  sulfer  much  less  from  wountls  than  from  disease. 
The  constant  advance  in  sanitation,  however,  based  upon 
an  accurate  knowledge  of  etiological  factors,  has  exerted 
a  marked  effect  in  diminishing  military  morbidity  and 
mortality;  and  while  in  the  future  a  comparatively  high 
sick  and  death  rate  among  troops  engaged  in  war  is  al- 
ways to  be  expected,  it  is  scarcel_y  possible  that  such  dis- 
astrous epidemics  as  have  prevailed  in  times  gone  by 
could  be  repeated  in  the  future.  Wars  become  shorter 
as  they  become,  through  modern  refinements,  more  ex- 
pensive; and  troops,  particularly  in  an  aggressive  and 
decisive  campaign,  are  not  now  exposed  tounhealthful 
influences  to  as  great  a  degree  as  was  the  case  when 
hostilities  were  more  protracted.  "With  improvement  in 
the  elTectivencss  of  arms,  both  as  regards  range  and 
rapidity  of  action,  the  proportion  of  casualty  for  any 
perio<l  of  action  nuist  naturally  be  increased — ^and  hence 
there  is  a  constant  tendency  toward  tiie  approximation 
of  the  rates  from  wounds  and  disease. 

From  the  records  of  the  past,  however,  many  valuable 
lessons  can  still  be  drawn.  In  1809.  during  the  Walchereu 
expedition,  the  mortality  in  the  British  arm\- from  disease 
was  346.9  per  thousand  effectives,  while  only  1(5.7  per 
thousand  were  killed  by  the  enemy.  A  few  years  later 
the  British  army  in  Spain  lost  three  times  as  "manv  men 
by  disease  as  by  the  result  of  conflict,  and  the  sick  rate 
mounted  to  such  ])roportions  that  more  than  twice  the 
number  of  men  composing  the  army  passed  through  the 
hospitals  during  a  single  year.  In  "the  Russian  can-Tpaign 
against  Turkey,  in  1828,  it  was  estimated  that80,000  mi?n 
died  of  disease  and  20,000  in  con.sequence  of  wounds. 
During  General  Scott's  campaign  in  Jlexico  the  losses 
from  disease  alone  exceeded  33  per  cent,  of  the  effective 
strength  of  the  forces  tmder  his  command,  and  in  a  single 
regiment  of  Indiana  volunteers  which  entered  the  service 
1,000  strong  only  400  returned  to  the  State  for  muster 
out.  Laveran  states  that  in  the  Crimean  war  the  allies 
lost  52,000  men  in  six  months,  of  which  number  50,000 
men  were  unharmed  by  the  Russians;  while  during  the 
entire  war,  according  to  Viry,  the  French  lost,  in  round 
numbers,  out  of  a  total  force  of  300,900  men.  no  less  than 
95.000.  of  whom  75.000  died  of  disease  and  only  20.000 
died  on  the  field  or  succumbed  to  woimds.  In  this  cam- 
paign nearly  one-fourth  of  the  French  medical  officers  are 
said  to  have  succumbed  to  sickness.  During  the  war  in 
Italy,  in  18.59,  a  period  of  hostilities  of  only  short  dura- 
tion, there  were,  from  the  French  force  of  200,000  men. 
129.950  adnn'ssions  to  hosjiital.  In  the  war  carried  on 
by  France  in  Mexico  the  mortality  from  gunshot  and 
that  from  sickness  was  as  10  to  29. 

The  mortality  among  the  United  States  forces  in  the 
civil  war  was  divided  as  follows. 


Mortality 

Killed  iu  batUe 

Died  of  wxunids 

Died  of  diseasi' 

Died,  cause  utiicnowu  . 

Totiil  


W'liite. 


4-',T34 
47,914 
IST.mit 
23,S47 


270,989 


Colored. 


l,.-il4 

1,S17 

29,213 

837 


33,380 


Total. 


44.2;!,s 
4S.731 
l.s«,216 
24,184 


304,309 


From  the  most  reliable  data  available  the  deatlis  in  the 
armies   of  the  Confederate  States  during  this  strutrsxle 
did  not  fall  sliorl  of  200,000,  three  fourths'of  which  num 
ber  were  due  to  disease  and  one-fourth  to  the  casualties 
of  battle. 

In  1866,  in  the  war  against  Austria,  out  of  a  total 
strength  of  437,260.  the  Prussians  lost  in  an  unusually 
brief  and  decisive  campaign  6,427  men  by  sickness  and 
4,450  at  Ihe  hands  of  the  enemy.  The  Franco-German 
war,  in  1S70-71,  furnishes  the  only  exception  to  the 
general  nde  that  more  men  are  killed  by  disease  than  by 
the  weapons  of  the  enemy,  since  of  tiie  German  army 
33.7  per  thousand  strength'  fell  in  batth'  while  oidy  18.6 
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])fr  thousaml  died  of  disease.  This  admiral)le  result  was 
largely  due  to  llie  jiroper  ol)servaiiee  of  sanitary  preeaii- 
tioiis;  assisted,  no  doubt,  liy  tlie  l)revity  of  tlieeanipaign, 
the  rapidity  of  tlie  niovenicnts,  and  tiie  faet  tliat  a(iiv(' 
operations  were  eoiidueted  during  llie  most,  healthful 
season  of  the  year.  In  the  Ru.sso-Turkish  war  of  IHT.S. 
according  to  Viry,  the  Russians  lost  10'J,7!)i)  men.  of 
whom  only  ir),.")78  were  killed  by  the  enemy  During 
the  Spanish  American  war  of  IH'JS.  for  the  five  months 
which  included  the  total  Jieriod  of  lioslilities.  of  the 
'.iT4.T17  oflieers  and  men  enrolled  in  the  L'niled  Slates 
forces  there  wen!  only  34.')  men  killed  by  the  enemy 
while  2,.50.>  succumbed  to  disease.  Fortius  whole  year 
of  1808  the  deaths  fron\  wounds  in  our  service  gave  a 
rate  of  OM'i  jicr  thousand  strength,  the  killed  in  battle 
amounted  to  2.79  jier  thousand  strength,  while  the  deaths 
from  all  causes  aggregated  ;J().:>1  per  thousand.  Even 
in  July,  the  month  in  whichaggressiveo])eralionsagainst 
Santiago  were  conducted,  the  killed  in  action  amounted 
to  only  1.2.~)  ])er  thousand  while  the  deaths  from  disease 
were  1.78  per  lh/)U>!and. 

All  interesting  side  light  on  the  later  results  of  hard 
campaigning  is  givi'U  by  Rosse,  in  his  statement  that  of 
the  old  soldiers  carried  on  the  United  Stales  pension  rolls 
those  disabled  by  disease  are  more  than  four  times  greater 
in  number  than  those  pensioned  for  wounds. 

Death  Iiii/e.1  in  Cii-ilaml  Milidiri/  IJfe. — Tlieditlicullies 
attending  an  accurate  comparison  of  death  rates  for  the 
military  service  and  thoseof  civil  lifeare  necessarily  very 
great.  Owingtothcrejectionof  inl<'ndingrecrnits  many 
individuals  are  at  once  returned  to  private  life  wliose 
early  demise  would  otherwise  have  gone  to  swell  the 
military  death  rales.  Further,  the  army  is  maintained 
as  a  select  body  of  |)hysically  sound  men,  and  its  weak- 
lings are  constantly  undergoing  elinu'ualion  from  IIh^ 
service  ultimately  to  increa.se  the  mortalily  of  civil  life. 
Hence  the  civilian  rates  are  unduly  increased,  while  army 
statistics  fail  to  show  all  the  deaths  ju'csumably  due  to 
military  service — and  it  is  obvious  that  the  more  rigor- 
ously the  standard  for  the  soldier  is  maintained  as  regards 
]ihysical  excellence,  the  more  favorable  the  showing 
apj)arcntly  made  for  a  mililary  life.  Vallin,  in  France, 
in  1871.  placeil  the  jirobable  errordue  to  tlic^  above  causes 
at  as  nnicli  as  9.1!)  per  thousand,  thus  practically  donb 
ling  the  figures  for  the  military  death  rate  of  his  time. 
Viry  considered  this  allowance  to  be  too  Idgh,  but  be 
lieved  that  a  rale  of  8.00  per  thousand,  for  such  as  leave; 
the  colors  with  incurable  disease  should  be  added  to  the; 
mililary  and  subtracted  from  the  civilian  death  rates; 
thus  making  a  dilicrence  of  7.20  per  thousand.  'I'lie 
estimates  of  M.arvaud  placed  the  probable  error  at  4  jier 
thousiind.  AVIiile  it  is  probably  correct  for  the  French 
service  to  add  li.'iO  or  even  4  per  thousand  to  the  military 
death  rate,  to  deduct  the  same  n\imber  from  the  civilian 
rate  involves  the  broad  assumption  that  the  numbers  in 
eadi  class  e.vactly  eorresipond.  For  our  own  service  the 
immensedisproportionc.xisting  between  the  present  small 
army  of  G."),!!!!!)  men  and  the  large  nuinlier  of  males  of 
the  military  age  living  in  the  I'nited  Stales  renders  tin- 
induence  of  tlie  comparatively  small  number  of  soldiers 
who  may  be  discharged  for  incurable  disease  upon  the 
civilian  death  rate  of  so  little  importanei;  that  it  may 
Iinictically  be  disregarded.  The  census  returns  for  1880 
give  the  amnial  dealh  rate  for  disease  asti.lt"  ]ier  thou- 
sand for  all  males  between  the  ages  of  twenty  and  forly- 
tive  years.  During  the  sam<!  year  the  morliility  from 
disea.se  in  the  United  States  army  was  .5.88  ])er  thousand 
— apparently  a  distinct  advantage  in  favorof  the  mililary 
service.  If,  however,  Viry's  factor,  above  mentioned, 
be  accepted  as  correct  for  our  service,  the  true  military 
mortality  becomes  9.48,  or  2..")1  jier  thousiind  in  excess  of 
the  civilian  rale  for  the  same  jieriod.  As  it  is  probable 
that  since  that  time  the  death  rate  in  the  military  ser\i<-e 
has  diminished  in  I)ro])orliona1ely  greater  degree  than 
has  been  the  ease  in  civil  life,  it  may  be  fairly  assumed 
that,  under  conditions  of  peace,  the  dealh  rate  in  our 
army  is  at  present  but  slightly  in  excess  of  the  mortality 
for  the  same  class  in  civil  life.  The  results  obtained  by 
VoT..   1.— :i2 


Fair  in  his  comparison  of  the  death  rate  in  the  British 
ju'my  with  the  corresponding  classes  of  civil  lite,  made  a 
generation  ago,  are  as  follows: 


Age. 


Deatli  nile 
per  l.tXXJ. 

20-2.i.-Sol(ilers 17.(1 

nvilhitw S.4 

avax— siiiiiiiTs iH.:j 

Civilians 11.2 

3(Ki-i.-Soliliei-s 1K.4 

Civilians    \Vi:i 

35-40.— Soliliers lii.a 

('IviliaiLs ll.ii 

According  to  Notter  and  Firth,  the  present  death  rate 
of  the  civil  male  population  in  England,  at  the  soldier's 
age,  is  as  follows: 


.Age. 

20-ij . 
a5-:i.5  . 
:i.)-4.j . 


Mortjiliiv 
per  l.OUU. 


Between  the  ages  of  20  and  84  the  mortality  is  in  favor 
of  the  soldier,  but  after  8.')  the  mortality  is  reversed  and 
the  civil  rates  are  lower. 

For  the  British  service  the  death  rate  for  the  home 
stations  was  8.42  per  thousand  in  1897  and  4.08  per  thou 
sand  for  the  decade  1887-1890.  If  the  civilian  death  rate 
for  all  males  of  the  military  age  be  accepted  as  about  7 
per  thousand,  the  showing  made  compares  favorably  with 
similar  tigures  for  the  German  army  and  is  superior  to 
the  French  mortality  rates.  This  is  certainly  a  great  im 
provement  over  the  conditions  existing  in  18.')G.  wlien  it 
was  shown  that  ihe  mortality  in  the  army  at  large  was 
twice  as  great  as  among  the  civilian  population,  and  in 
the  case  of  the  Foot  Guards  three  times  as  great. 

As  regards  the  German  army,  it  was  recently  stated  l)y 
its  surgeon-general  that  during  the  early  part  "of  this  cen- 
tury the  death  I'aleof  the  male  civil  poimhitionof  Prussia, 
between  20  and  80  years  of  age,  was  lower  than  that  of  the 
military  death  rale,  Ihe  tigures  being  14  per  thousand  for 
the  army  and  10  per  thousand  for  tlii'  civil  i>oiuilation. 
This  condition  is  now  reversed,  and  in  189:!  the  dealh  rate 
in  Prussia  for  Ihe  civil  male  population  from  20  to  80 
yearsof  age  was  6.38  per  thousand,  whileal  the  same  time 
the  mortality  for  the  German  army  was  8.00  |ier  thousand. 
While  these  results  are  certainly  admirable  and  are  un 
doubtedly  in  large  jiart  due  to  careful  observance  of  sani- 
tary regulations,  it  should  be  remembered  that  soldiers 
unable  to  maintain  the  re(piircd  ]iliysical  standard  are 
probably  more  tlior(]Ughly  eliminated  in  the  (Tcrinan 
army,  and  at  an  earlier  period  in  their  military  training, 
than  in  other  services. 

In  the  French  army,  on  the  home  stations,  the  average 
annual  death  rate  from  1882  to  1890,  inclusive,  was  7.88 
per  thousand  strength;  while  Bertillon  fixed  the  annual 
mortality  among  the  civilian  male  po|iulation.  between 
the  ages  of  20  and  2.5,  at  lO.tiO  ])er  thousand.  JIarvaud, 
however,  believed  that  \\w  estimate  made  by  Hertillon 
was  too  low,  and  placed  the- annual  death  rate  for  civil 
ians  of  tla;  ndlitai'y  age  at  12  \ivx  thousimd-  I'sing  Mar 
vaud's  coeflicient  of  error,  given  above,  the  corrected 
rate  for  the  French  military  service  wouhl  become  11. .88, 
while  it  would  be  8  per  thousand  for  the  .same  class  in 
civil  life.  Marvaud  concludes  "that,  in  spite  of  all 
ainelioralions  which  have  bec'U  introduced,  chiefly  of  late 
years,  into  the  hygienical  surroundings  of  the  French 
soldier,  his  mortality  rate;  is  still  elevate<l  and  certainly 
exceeds  that  of  the  .same  .sex  and  age  in  civil  lite.  " 

I,o«s  iif  'rime  from  Siclni('.i.i. — -In  the  I'nited  Slates  ser 
vice  the  annual  average  number  of  davs  lost  per  man, 
for  the  decade  1880-b'<9.5,  was  14.G4.  For  the  year  l.sOO 
it  was  12.48.  an<l  in  1897  it  was  18.08.  In  com[>aring  the 
number  of  days  lost  by  white  soldiers  witli  those  lost  In- 
colored  fi'oops,  Ihe  showing  is  slightly  in  favor  of  Ihe 
latter.  For  Ihe  entile  British  arniv  during  the  decade, 
1887-1890,  th<.  nuniber  of  days  lost'  per  iiiiui  was  21,88, 
while  during  1897  it  was  2'L>.72,  Among  the  British 
I  troops  at  the  home  stations  the  number  of  sick  days  per 
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mail  (lid  not  diffei-  veiy  givrttly  fioin  those  of  our  own 
iivmy  for  the  same  periods,  beiug  only  a  fraction  of  one 
day"  in  excess.  According  to  Rosse.  in  a  statement  of 
the  morbidity  of  various  armies  issued  about  18^4.  the 
lowest  I'ates  given  wei'e  those  of  the  Portuguese,  Austi'o- 
Hungarian.  Italian,  and  German  ai'inics.  the  sick  days  of 
each  man  in  theettective  force  being  from  13  to  1.5  yearly 
among  the  ti-oops  of  these  nations,  while  in  the  French 
and  English  armies,  prior  to  that  date,  the  rate  had  been 
10  to  17  annually. 

As  compared  with  the  time  lost  by  the  corresponding 
classes  in  civil  life,  Rosse  noted  that  for  the  period  1862 
to  1892  the  average  annual  number  of  days  of  sickness 
was  6  to  8  for  each  workinginan  belonging  to  various 
mutual  aid  societies;  he  fi.xing  the  general  military  mor- 
bidity for  the  same  period  at  tigures  two  and  one-half 
times  greater  than  those  of  the  cori'esiionding  civil  classes. 
According  to  Paget  the  following  rate  of  sickness  may 
be  expected  for  different  ages  for  males  of  the  English 
working  classes,  such  as  incapacitates  for  work:  at  20 
years  expect  4  days  of  sickness  yearly;  at  20-30  years 
expect  ri  to  6  days  of  sickness  yearly ;  at  45  j-ears  ex- 
pect 7  days  of  sickness  yearly. 

Marvaud  states  that,  in  1894,  the  Fi-ench  soldier  lost  13 
days  annually' — 9  in  hospital  and  4  in  barracks — while  his 
civilian  eompatiiols  of  corresponding  age  lost  on  an 
average  only  about  half  that  time;  notwithstanding  the 
fact  that  the  hygienic  suiToundings  in  the  military  ser- 
vice were  luueh  su|ierior  to  those  of  civil  life.  While  in 
time  of  war  or  active  operations  the  existence  of  a  high 
rate  of  ineftieieucy  and  the  loss  of  a  greater  amount  of 
time  are  to  be  anticipated,  such  conditions,  as  compai'cd 
with  those  of  the  coiTcspondiug  classes  of  the  male  civil 
population,  should  not,  theoreUeally,  obtain  in  time  of 
peace.  Their  actual  existence  under  the  latter  condition 
is  probably  due  to  the  fact  that  the  workingman  does 
not  feel  able  to  stop  his  daily  task  except  for  serious  ill- 
ness, while  the  soldier — whose  pay  and  living  are  assured 
and  whose  medical  attendance  is  gratuitous — is  inclined 
to  abu.se  his  privileges,  often  endeavoring  to  get  his  name 
on  sick  I'eport  for  the  slightest  indisposition,  or  none  at 
all,  and  to  have  it  retaineil  there  for  as  long  a  period  as 
possible;  this  being  jiarticularly  attempted  when  any 
unusually  irksome  or  disagreeable  task  is  to  be  performeci. 
That  such,  indeed,  is  the  case  is  demonstrated  by  the 
fact  that,  according  to  Billings,  it  may  be  estimated  that 
for  every  case  of  death  thci'e  is  an  a\erage  of  two  years 
sickness  in  the  civil  comiuimity ;  while  in  the  United 
States  army,  for  the  absolute  number  of  deaths  occuiTiug 
and  days  of  .service  lost  during  the  year  1897,  the  pro- 
portion was  such  as  {o  show  a  total  of  3,807  days  of  sick- 
ness to  each  death  reported.  This  gives  a  total  of  10. C 
years  sickness  foreach  death;  a  rate  morethan  five  times 
greater  than  that  obtaining  in  civil  life  and  one  which 
can  be  explained  only  by  the  above  hyjjothesis.  In  view 
of  the  unfavorable  showing,  in  this  respect,  made  by  mili- 
tary statistics  it  would  appear  that  greater  discretion  and 
severity  should  be  exercised  in  a<lmitting  the  soldier  to 
sick  report;  and  that,  if  once  admitted,  his  earlier  return 
to  his  duties  would  usually  be  lu-oductive  neither  of  in- 
jiuy  nor  hanlshi)). 

Jiiire  (IS  Influencing  Militnn/  ^[^lrtl^litl|  and  Morhidifij. 
— While  satisfactory  data  on  tins  subject  as  regards  for- 
eign armies  are  natiu-ally  not  available,  the  several  rates 
from  disease  in  our  own  service,  with  its  heterogeneous 
personnel,  have  been  calculated  according  to  u^tivitv. 
For  the  seven  years  1890-1890,  they  were  determined,  per 
thousand  strength,  to  be  as  follows: 


United  States 

Ireland 

Germany 

England 

Canada  

Scandinavia  . 


Adnii.ssious 

to 

hospital. 


l.lH3.4.'i 
962.0.5 
810.10 
907.11 

1,0:«.U 
S8tt.08 


Constantly 

non- 
effective- 


;m.74 
ai.,H7 

2).r,ti 
.■K.si 
ai.5,'5 


Discharges 

for 

Deaths. 

disability. 

12.08 

3.98 

U..^ 

5.46 

i:!.30 

4.14 

12.46 

4.36 

18.87 

4.16 

13.:33 

5.17 

Total 
losses. 


16.94 
19.98 
17.34 
lfi.73 
33.ffi 
18.,-)0 


A  dmissions 

Constantly 

Discharges 

Total 
losses. 

to 

non- 

tor 

Deaths. 

hospital. 

effective. 

disability. 

Scotland 

&53.38 

2.5.64 

12..50 

1.47 

13.97 

Switzerland  . . 

893.75 

27.82 

12.31 

3.90 

1.5.11 

Austria 

807.14 

21.r^ 

16.53 

2.67 

19.20 

Denmark 

8:16.93 

26.21 

13.33 

5.S5 

18.88 

France 

1,049.43 

30.89 

10..56 

7.04 

17.60 

All  others 

821.43 

23.90 

13.66 

3.86 

17.52 

It  should  be  noted,  however,  that  the  figures  given  for 
the  countries  named  in  the  latter  half  of  the  above  table 
are  not  to  be  considered  as  absolute,  since  they  are  not 
based  ujjon  a  sufficiently  large  number  of  men  to  avoid 
the  possibility  of  error.  "  These  rates  are,  however,  of  par- 
ticular interest,  since,  so  far  as  they  go,  they  tend  to 
bear  out  the  popular  belief  that  the  nadve-boru  Ameri- 
can possesses  a  greater  proportion  of  vital  force  and 
greater  power  of  resistance  against  death  than  does  the 
foreigner. 

Race  proclivity,  as  regards  sickness,  is  well  .shown  by 
the  records  of  the  British  forces  in  the  West  Indies,  in 
w  hii'h.  for  the  ten  years  1876-1885,  the  admissions  per 
thousiiud  of  .sti-ength  for  the  whites  were  893.5,  colored 
1,074.1;  di.scharges.  white  13.95,  colored  26.79;  con- 
stantly non-etrecHve,  whites  44.68,  colored  .58.38;  deaths, 
whites  15.42,  colored  15.38.     (See  also  chart  on  p.  499.) 

In  the  United  States  service,  for  the  decade  1877-86, 
the  death  rate  among  the  whites  per  thousand  was  9.97 
and  for  the  coloredl2.91.  There  has  been,  however,  a 
constant  tendency  for  the  past  twenty  3-ears  toward  the 
approximation  of  the  rates  for  the  wiiites  and  blacks  in 
our  service;  and  (he  relative  rates  per  thou.sand  for  the 
white  troops  of  all  nationalities  as  compared  with  those 
for  the  colored  troops,  during  the  year  1897,  were  as  fol- 
lows ; 


.\dmissions 

t^i 

hospital. 

Constantly 

non- 
effective. 

Discharged 

for 
disability. 

9.63 
9.51 

Deaths. 

5.05 
5.89 

Total 
losses. 

Whites 

Colored 

35.72 
37.24 

11.04 
10.89 

14.67 
15.40 

In  the  distribution  of  diseases  according  to  nativity, 
typhoid  fever  and  rheumatic  fever  had  their  greatest 
prevalence  in  our  service,  for  the  years  1890-1896.  among 
the  Canadians  and  Scandinavians.  The  highest  admission 
rates  for  consumption  were  5.70  among  the  French  and 
4.76  among  the  Scotch:  the  lowest  rates  were  1.42  among 
the  English  and  1.49  among  the  Germans,  the  rate  among 
the  natives  of  the  United  States  being  3.33.  Pneumonia 
was  more  frequent  among  Canadians,  5.18,  and  Scotch, 
4.70,  than  in  men  of  other  nativities.  The  rate  for  this 
disease  for  the  natives  of  the  United  States  was  3.90. 
Venereal  disease  prevailed  more  among  men  born  in  the 
United  States  and  Canada  than  among  the  others,  the 
admission  rates  for  these  two  classes  being  93,98  and 
91.92  respectively;  the  Irish  and  Swiss  had  the  lowest 
rates,  47.66  and  50.96.  The  Irish,  however,  had  liy  far 
the  largest  relative  ninnber  of  cases  of  alcoholism,  90.96. 
The  smallest  rates  for  thiscavise  were  given  by  the  Danes, 
12.59,  and  Austrians,  19.00;  the  admission  rate  fiu"  the 
native-born  American  .soldier  having  been  38.51  for  this 
cause. 

SiHiim/iriiirl Drnth  Bate  ox  Affected  by  Seaxim. — Military 
morbidity  and  mortality  are  to  a  certain  extent  intlueneed 
by  seasonal  changes;  varying  according  to  the  climatic 
conditi(nis  prevailing  in  each  country  or  locality,  by 
which  the  propagation  of  certain  afTections  is  "either 
favored  or  retarded.  In  the  French  army  the  admissions 
to  hospital  for  disease,  in  time  of  ]ieace.  reach  the  maxi- 
mum of  57  or  58  in  January  and  fall  to  the  minimum  of 
about  38  per  thousand  in  September.  In  the  Italian 
army, for  the  period  1872-1892.  the  greatest  amount  of 
sickness  occurred  in  March  and  thi>  least  in  November. 
In  the  United  States  service  the  midsummer  period  is 
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tlie  most  iinhealthful.  while  the  late  fall  and  early  -ninter 
gives  the  least  siekuess.  The  monthly  prevalence  of  dis- 
ease iu  our  army,  in  time  of  peace,  as  given  iu  the  ligiires 
for  the  year  ISiii,  is  shown  iu  the  following  table. 


Total  admissions  to 
hospital,  per  thou- 
sand of  mean 
strenjrlh.  for  dis- 
ease and  injury. 


January . . 
February  . 

March 

April 

May 

June 

July 

August .  . . 
September 
October... 
November 
December. 


Constantly  non-ef- 
fective, per  thou- 
sand of  mean 
strength, from  dis- 
ease and  injury. 


US. 

HIT. 

KkS. 
92, 
98. 

lUl. 

108. 

108, 

108. 
97. 
91, 
98, 


49.54 
41.69 
39.37 
37.34 
37.67 
38.34 
37.46 
36.86 
38.42 
38.79 
39.38 
40.44 


For  the  year  1898,  when  the  army,  if  not  entirely  en- 
gaged in  active  military  operations,  was,  after  the  month 
of  March,  still  in  the  field  and  on  a  war  footing,  the 
monthly  rates  per  thousand  strength  were  as  follows: 


January . . 
February . 

March 

April 

May 

June   — 

July 

August... 
September 
October  . . 
November 
December 


Admissions 

from 

di-sease. 


68. 
59 
K>, 
65, 
80, 
68, 
1.50, 
2.54 
271, 
300. 
l.HO. 
212, 


U 

,68 
,75 
,13 
,90 
,25 
,15 
,61 
.79 
48 
,116 
,63 


Discharges 

from 

disease. 


0.40 
.40 
.,50 
.95 
.31 
.29 
.31 
.41 

.a5 

.79 
1.11 
1.14 


Deaths 
from 


Total  losses 

from 

disease. 


0.33 

.18 

.21 

.34 

.31 

.36 

1.81 

6.14 

4.73 

2.06 

1.07 

.84 


0.73 

.58 

.71 

1.19 

.,53 

.65 

2.12 

6.55 

5.Cfc8 

2.85 

2.18 

1.98 


Branch  of  Sen- ice  an  Affectinr/  IL  filth. — It  has  long  been 
noted  that  troops  of  certain  arms  are  more  prone  to  dis 
ease  and  death  than  are  others;  this  being  explainable  by 
the  character  of  the  duties  each  is  required  to  perform, 
as  well  as  by  the  diverse  conditions  of  environment  under 
which  they  are,  through  military  necessit,_v,  forced  to 
exist.  Ascompared  with  infantry  and  artillery,  the  cav- 
alry service  ma.v  be  considered  to  be  somewhat  more  un- 
healthful  and  dangerous  to  life:  this  being  due  to  the 
more  arduous  nature  of  the  service,  to  the  greater  oppor- 
tunity for  accident,  and  to  the  uncleanly  nature  of  a  large 
part  of  the  duties  of  the  mounted  soldier.  In  time  of 
peace,  for  all  armies,  the  iiKjrtality  mid  sickness  in  tlie 
infantry  is  usually  less  than  iu  any  other  of  the  main 
branches  of  the  service,  but  in  w'ar  this  favorable  show- 
ing does  not  continue. 

In  the  United  States  army,  for  the  seven  years  1S90^ 
1S96,  the  rates  for  disease  alone,  per  thousand  enlisted 
men,  according  to  branch  of  service,  w'ere : 


Admissions 

Constantly 

Discharges 

i 

Total 

to 

non- 

for 

hospital. 
916.37 

effective. 
27.96 

disability. 
1.3.67 

o 

Infantry 

4..14 

18.01 

1,070.56 

30.87 

13.36 

3.98 

17.:m 

Artillery 

l.llB.Ol 

31.81 

15.61 

2.94 

18.55 

Ordnance 

1.007.15 

23.69 

9.79 

7.20 

16.99 

Engineers 

1,;!71..55 

29.88 

7.56 

2.84 

10.40 

Medical   depart- 

ment   

468.,S5 

14.99 

n.3t 

,5.14 

16.38 

All  others 

941.51 

30.2! 

10.15 

5.07 

15.32 

The  high  death  rate  noted  in  the  enlisted  strength  of 
the  Ordnance  Department  is  probably  largely  dciiendent 
on  the  greater  age  of  these  iiu'ii ;  many  Ix'ing  old  soldiers, 
superannuated,  unfit  to  stand  liartl  service  and  broken  in 
constitution  by  the  hardships  of  a  former  active  life. 


For  the  period  above  noted  the  rates  for  all  causes 
were : 


Infantry 

Cavalry 

Artillery 

ordnance 

F.ntrineers 

Medical    depart- 
ment   

All  others 


Admissions 

to 

hospital. 


1,134.21 
1,464.10 
1.4.57.S7 
1.1.87.38 
1,684.92 

.527.04 
1,100.02 


Constantly 

non- 
effective. 


a5.36 
43.93 
41.11 
31.81 
38.45 

i7.as 

34.77 


Discharges 

A 

for 

f- 

disability. 

p 

16.73 

6.49 

17.61 

7.25 

18.47 

5.30 

11.23 

10.&5 

7.88 

4.73 

12.19 

6.09 

12.12 

6.13 

S        Total 


23.21 
34.86 
23.77 
21.88 
13.61 

18.28 
18.35 


The  high  rate  of  admissions  among  the  engineer  trooi>s 
was  due  to  injuries  and  malarial  fevers,  with  a  consider- 
able excess  of  alcoholism,  bronchitis,  dian-luea.  and  rheu- 
matism. The  disabling  causes  which  produced  the  high 
rate  in  the  cavalry  as  compared  with  infantry  were  in- 
juries, which  gave  a  rate  of  387.54  as  compared  with  the 
infantry  rate,  237.94:  but  theexcess  of  admissions  among 
the  cavalry  was  not  thus  eutiiely  accounted  for,  since 
disease  also  gave  a  slightly  higher  death  rate.  3Ialarial 
affections  were  the  principal  causes  of  this  excess,  but 
diarrhoea,  boils  and  abscesses,  and  conjunctivitis  also 
aided  iu  making  up  the  total. 

Among  the  officers,  for  the  above  period,  the  sick  rate 
was  largest  in  the  artillery,  980.11  per  thousand.  Non- 
efliciency  was  greatest  among  officers  of  the  cavalrj'  and 
artillery" — .53.90  and  .52.57  respectively.  Medical  officers 
had  a  higher  rate  (47.07)  than  infantry  officers  (46.05). 
The  death  rate  per  thousiind  among  officers,  according  to 
branch  of  service,  was  as  follows: 

Infantry 8.81 

Cavalry 10.34 

Artillery H.08 

Ordnance 17.41 

Engineers /  ■  ■  11.07 

Medical  department  U):A) 

All  others 12.33 

Death  from  injury  was  relatively  more  frequent  among 
ordnance  offieei's  than  in  those  of  other  corps. 

iMarvaud  gi\"es  the  following  figures  as  showing  the 
comparative  mortality  in  different  branches  of  the  French 
service  for  the  six  years  1880-1885,  inclusive. 


Engineei^ 

Light  infantry 

Artillery 

Cavalry 

Infantry  of  the  line  .. 
African  light  infantry 
Foreign  legion 


a.3 

7.0 
7.4 
8.8 
10.3 
17.3 
19.8 


Loss  by 
invaliding. 


14.4 
11.7 
12.9 
13.2 
16.6 
14.5 
8.7 


Total 
losses. 


19.6 
18.7 
30.3 
23.0 
26.8 
31.7 
38.5 


In  the  English  service,  in  1897,  the  following  rates  per 
thousand  obtained  for  troops  on  the  home  stations. 


Infantry 

Roval  engineers 

Cavalry 

Royal  artillery.. 
Foot  guards 


Deaths. 


3.M 
3.98 
4.00 
4.30 


Constantly 
non-effective. 


44.79 
17.73 
43.39 
:e.49 

63.03 


The  InHuence  <tf  Length  of  Service  vpon  Morbidity  and 
Mortal iti/.—'VXw  most  cxtetisivc  figures  for  the  United 
States  army  upon  this  subject,  compiled  to  include  a 
period  of  si'ven  years,  mereiy  divide  the  men  iiUo  those 
who  have  had  less  and  those  who  have  liad  more  than 
one  year  of  service — and  these  show  that  recruits  diu-ing 
their  first  vear  with  the  colors  are  especially  liable  to 
sickness.  Fortheeutire  period  (189t)-lS96).  the  admission 
rate  to  hospital  of  this  first  class  was  2,122.17,  while  that 


600 


REFERENCK    II.\.\I)1!<)()K    oF   THE  MEDICAL   SCIENCES. 


.\riiiy  .ll<'<lir 
Maliolicn. 


<if  the  oldfi-  soldioi-s  was  only  1.093.07— or  about  onclialf 
as  iiiuch.  Tilt'  noil cfficieucy  for  rucruits  was  G1.7ti  as 
compared  with  ;\2.'J'J  lor  men  of  longer  service;  and  their 
.siokiiess  was  of  sueh  a  eharacter  as  to  cause  24.'M>  per 
thoiisjind  of  their  uuiuber  to  be  discharged  ou  certificates 
of  disjiliility,  as  compared  with  a  discharge  rate  of  ll.Tfi 
among  the  others. 

As  to  the  causes  alTecting  tlie  aliove  figures,  tlie  vac- 
cination |iiactiscd  in  the  case  of  recruits  brouglit  a  con 
sideralile  number  of  cases  ou  sicli  report,  a  little  over  ^00 
per  thoiis:ind  strength  being  thus  added  to  their  admission 
rate.  With  the  exception  of  alcoholism,  these  young 
soldiers  appear  to  have  been  more  susceptible  to  all  dis 
abling  causes  than  their  more  experienced  comrades.  As 
illustrative  of  this  may  be  cited  their  admission  rate  for 
injuries,  -114.91,  as  compared  with  242.!»;!  among  the 
others;  for  venereal  diseases.  I."i(i,ri3,  as  compared  with 
(55.81;  malarial  diseases,  1:^7.84,  as  comiiarcd  with  70.97, 
and  tV|ihoi(l  fever,  11.22,  as  com]iared  with  4.08. 

For  the  single  year  of  1885  the  admissions  to  hospital 
in  the  United  States' army,  according  to  length  of  service, 
were  divided  as  follows: 


Period. 


First  year  and  under — 

Second  year 

Third  year 

Fourth  year 

Fifth  year 

sl.xth  year 

Seyenth  year  

Eighth  year 

Ninth  year 

Tenth  year 

Twelftii  year 

Fifteeiitli  year  and  oyer. 


Absolute 

Hale  of  admis- 

number In  each 

sions  |)er  I.IKIO 

class. 

strenptli. 

H.as 

3.:;.>t 

■■i.ew 

l.OtU 

3.64.1 

<.m 

2.349 

9fi7 

I.IK) 

i.i»« 

1,148 

901 

897 

970 

1)39 

i.ai" 

7;i8 

937 

931 

!I91 

l.;!,51 

1,I«I7 

4,.J87 

s3;i 

For  the  same  year  the  discharges  for  disability,  divided 
according  to  length  of  service,  were  as  follows; 


Service. 

Under  1  year 

1  year 

2  years 

;iyeais 

4  years   

;')  yeais 

1)  years 

7  years 

8  years ..  ■ . 

9  years 

10  years  

12  years 

l.i  years  and  over. 


Iiisehartres  for 

disaliilily.  per  l.lHXl 

strength. 

M.9 

41..5 

:«.;) 

39.11 

lli.S 


l.i.:) 

Hi.l 
13.3 
19.1) 
2:i.l 
23.1 


For  the  same  year  the  death  rate  per  thousand  strengtli, 
according  to  length  of  service,  was  determined  to  be: 


Less  than  one  year  of  service 

( me  Year  of  service 

First  live  years  of  service 

Second  live  years  of  service 


lo.lK) 
.  4.80 
.  4..M 
.  .1,32 


While  llie  absolute  number  of  men  in  the  army  of  the 
United  States  during  the  year  ISHo  can  scarcely  be  con 
sidcrcd  as  suMicicntly  large  to  warrant  any  exact  deduc 
tions,  it  is  certainly  safe  to  assume  that  the  processes  of 
elimination  in  our  army  are  most  active  by  far  during  the 
tir.st  twelvemonth  of  service;  after  which  the  total  losses 
fall  below  the  general  rate  for  the  whole  army,  not  to  rise 
again  until  the" more  mature  men  of  ten  years'  or  longer 
service  succumb  to  infirmitv. 

Viry  states  that  in  the  French  service  the  annual  losses 
by  death  and  discharge  for  disability  amount  approxi- 
niatelv  to  40  ])cr  thousand  during  the  first  year  of  ser- 
vice, 30  per  thousand  during  the  .second  year  with  the 
colors,  and  20  during  each  of'^the  subse(|uenl  years.  Ac- 
cording to  Ordrouaux,  statistics  for  the  French  army  some 


years  ago  showed  the  foUowiug  to  be  the  average  annual 

mortality: 
Service.  Loss  per  1,000. 

lyear 7.-5 

2  years 'j.p 

4  years 4.3 

.")  vejii-s "i.t* 

Ovears 3.0 

7yeare 2.0 

In  coiiqiaring  th('  amount  of  sickness  among  French 
soldiers  of  mie  year  of  service  with  lliosc  of  two  or  three, 
Viry  found  that  in  1888  there  were,  jicr  thousand  of  each 
class,  800  admissions  among  the  former  and  4:i2  among 
the  latter;  in  18J<!)  the  numbers  were  S.VJ  anil  48o,  and  in 
1890  they  were  820  and  ri.'iO  rcspeclively. 

The  pVoportiouatc  mortality  in  the  German  army  for 
the  year  1889-90,  out  of  each  1.000  deaths,  wasas  follows: 

Less  than  1  year  of  .service 4:S.0 

Frtmi  1  to  3  years' .service 248.0 

Fruiii  3  lo  :<  years'  service 14^.8 

From  ;i  t^  4  years'  service ^J.a 

4  yeais'  service  and  upward 14IJ.7 

Total I.OOIU) 

In  the  discharges  for  disability  in  the  Clerman  army  for 
the  same  year,  "out  of  8,740  men  so  discharged  78.3  per 
cent,  owed  their  incapacity  for  service  to  causes  existing 
jirior  to  enlistment.  Hence  it  is  not  surprising  that  the 
majority  of  men  so  discharged  should  have  been  less  than 
one  year  with  the  colors.  The  iicrceiilage  of  discharges 
according  to  length  of  service  was  as  follows: 

First  year S4.4 

Second  year 8.b 

Third  year S-O 

Fourth  year 3.0 

Under  conditions  of  tro]iical  service  the  raw  and  un- 
seasoned recruits  are  pro]iortioiiately  even  more  ]irone  to 
disease  than  is  the  case  in  temperate  climates,  as  is  well 
shown  in  the  following  rates  for  the  British  troops  ia 
India  during  the  year  1897. 


a 

> 

a 

Ratios  pkr  1,000 

li 

2 

B 

a 

Strkngth. 

Length  of  Service 
in  India. 

5» 

a 

>  — 

tender  1  year 

1  to  3  years 

3  to  :J  yeare 

:i  to  4  years 

4  to  .')  years 

,i  to  111  veai>i 

ll.tiSO 

n.-iso 
11, mis 

10.099 

.s.iii:! 

8,874 

31,700 
18.79,i 
17,939 
14.8(«i 

11,738 

:M4 

217 
30.S 
124 
i:(l 
151 

303 
43:i 
47,-) 
446 
26.5 
3,88 

1857.9 
lIKi.l 
1.577.1 
1472.0 
l:iI6.4 
l;)21,6 

29.45 
18.74 
18,;t0 
13.28 
lli.;i5 
17.ir2 

2.5,86 

.%..5;i 

41.78 
44.16 
S3.07 
33.45 

HI    yeiirs    and    up- 
ward  

Not  slat«!d 

1.806 

1,111 
t>4,.i;!i 

1,222 

;i6 

96,824 

31 

8 

1,314 

m 

2,258 

676.6 

:«,4 

17.17 
7.20 

;r2.67 

Total 

1500.4 

18.81 

;m.99 

A'/c  im  Ii(JlHenriii;/  Hlcl,-ncKs  tdiil  MortaHlii. — In  the 
United  States  service,  for  the  seven  years  1890-1890  in- 
clusive, the  relation  between  disease  and  age  among  the 
enlisted  strength  existed  as  follows: 


o  =     .= 

>,ss  i 

=  §•-5 

»     f 

t%     f 

Age. 

5  £  i  1= 

11  i^ 

~  r  ri  .    '^ 

|f':E^ 

k  =  -■^ 

ilJ 

-11  1 

"1  % 

l!i  years  an<I  less. 

2.214,79 

611.7:! 

23.61 

5.:i2 

27.95 

IZI.)  Ui  24  vejirs  ... 

l,:i.59.ivi 

;j9.52 

14.43 

2.9:3 

17.:i5 

35  tf)  29  years  .  - . 

SiHi.lS 

26.116 

11.96 

;i.i3 

15.09 

»)  to  ."M  years  . . . 

7.55.01 

21. .5.1 

10.69 

3.73 

14.43 

;i;')  to  39  years  . . . 

718,4:t 

2i.;i2 

10.33 

4.33 

14.64 

4(1  to  44  years 

79SII9 

;;4.«7 

16.i;5 

7.46 

34,11 

7,55,01 

24.11! 

15,36 

10.97 

36,23 

51)  to 54  years  ... 

84:1.48 

38.!Ki 

:il.ll 

i:t.l8 

44.39 

55  ti)  5rt  years  . . . 

875.22 

.■M.9:i 

4;i..55 

16.75 

(io.;iO 

tjO  yeareaudoyer 

1,26.5.:!1 

72.91 

122.W 

66,04 

188.68 
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Tlip  vounj;<T  men,  both  oflicors  and  soldiers,  appcur 
parliciiiiirlv  susceptibk'  to  disease  as  well  as  ]iioiie  lo  in- 
jury. For"  the  period  noted  above  typhoid  fever  was  ob- 
served to  be  nnieh  more  prevalent  amont;  those  under  liO 
years  of  aire.  The  rate  for  this  disease  in  men  from  20  to 
24  years  of  age  was  lO.ai;  from  2.")  to  29  years,  5.74; 
froin  30  to  34  years,  2.58.  Enlisted  men  imder  2o  years 
of  aiie  sutTered"  more  from  malarial  fevers  than  di<loflieers 
of  the  Siime  as;e;  but  Avith  the  advan<-e  of  years  the  i;ates 
of  the  men  eame  to  dilTer  but  little  from  those  of  their 
superiors.  The  higher  rates  for  venereal  disease  Avere 
given  by  men  under  30  and  jiartievilarly  by  those  under 
2r>  years  of  age :  but,  ou  the  other  hand,  the  rates  for 
alcoholism  increased  with  age.  Tuberculosis  appeared 
to  be  equally  distributed  among  men  lietweeu  the  ages  of 
20  and  .50  years,  but  the  excess'of  diarrlwal  troubles  was 
confined  to  soldiers  under  2.")  years.  Rheumatic  fever 
was  not  specially  prevalent  among  young  men.  suscepti- 
bility being  in<"reased  after  the  age  of  40  or  .50  years. 
The'rafes  for  ]Hu-umonia  were  cousiilerably  larger  after 
45  years  of  age — as  were  also  those  for  kidney  disease. 

In  the  French  army,  for  the  decade  18f.5-1884.  per 
1,000  strength,  the  average  anntial  death  rate  for  all 
causes,  as  given  by  Jbirvaud,  was : 

rnder  20  years  of  affe 6.73 

From  :'f  1 1<  t  2^'  years  of  age 10.92 

From  22  ti  >  2:>  vears  of  age 9.38 

From  23  to  211  years  of  age 8.59 

From  21)  to  ;!(!  years  of  age 7.14 

From  ;iO  to  *>  years  of  age S..il 

The  class  less  than  20  years  old  is  not  only  a  very  small 
one,  amoimtiug,  according  to  Beitillon.  to  only  about 
three  per  cent,  of  the  whole,  but  the  young  men  compos- 
ing it  are  all  volunteers  and  before  eiu'olment  are  sub- 
jected to  an  exceptionally  severe  physical  examination, 
so  that  only  the  best  lives  are  accepted.  Heuco  for  the 
French  army  at  large  the  first  year  of  service  may  be 
considered  to  begin  at  the  age  of  20-22  years.  In  com- 
menting on  the  excessive  mortality  of  the  younger  sol- 
diers, Marvaud  Siiys;  "It  is  during  the  first  year  of  ser- 
vice that  the  number  of  deaths  attains  its  maximum,  a 
fact  which  proves  the  dangers  provoked  by  acclimation 
to  a  military  life."  The  intlueuce  of  age  upon  sickness, 
in  time  of  war.  is  even  more  marked  than  (luring  peace. 
According  to  Gayet,  in  the  campaign  of  Benin  the  total 
losses  by  deaths  and  disease  from  repatriation  were  as 
follows : 

Per  Out. 

Foreign  legion 9.7 

Artillery  of  tbe  marine.. 33.3 

Eniriueers 34.2 

Infantry  of  tlie  marine 39.0 

African  battalion 47.9 

In  the  two  last  classes  the  men  were  young  and  illy  de- 
veloped, ranging  from  ]  i)  to  22  yeai'S  of  age :  in  the  foreign 
legion  the  men  were  older,  lieing  between  the  ages  of  25 
and  85  years, 

Irifliiince  of  MiUt((n/  Ilank  a,i  Affcctiiif/  IlenUli. — The 
report  of  the  surgeon-general  for  1S07  gives  statistics  for 
our  army  to  include  the  seven  years  18y0-1806,  this  being 
e(iuivalent  to  a  total  strength  for  one  year  of  14,859  otli- 
cers  and  174,988  enlisted  men.  These  figures  show  a  sick 
rate  of  705, 69  per  thousand  for  the  officers  and  1,2.58.00 
for  the  men;  but  the  inefficiency  rate  of  the  former  class 
was  much  greater  than  that  of  the  latter,  being  44.27  per 
thousand  as  compared  with  37.03  per  thousand  in  the 
case  of  the  enlisted  force.  The  average  death  rate  for 
offieei's  was  9..5fi  per  thousand,  while  among  the  enlisted 
men  the  annual  mortality  was  only  fi..52  per  thousand. 
Sm^h  an  unfavoralile  showing  made  by  the  othceis  as 
regards  the  rates  for  death  and  inefficiency  is  largely  to 
be  exiilained  by  the  fact  that  the  militaiT  life  of  the"  en- 
listed soldier  iiractically  ceases  at  the  age  of  44  years, 
only  G,50  per  cent,  of  this  class  remaining  in  service  after 
that  age;  while  of  the  olliceis  ineludeil  in  the  tabulation 
referred  to,  37.25  per  cent,   were  over  44  years  of  age. 


The  latter  class,  then,  while  sharing  largely  with  the  en- 
listed men  in  the  hygienic  disadvantages  of  immaturity, 
hail,  in  addition,  the  diseases  of  beginning  old  age  and 
the  results  of  long  3'ears  of  hard  service  to  increase  its 
death  rate  It  is  to  be  noted  that  during  this  same 
period  young  officers  tinder  25  years  had  only  784.20  ad- 
missions per  thous;ind  for  disease,  where  the  soldiers  of 
the  same  age  had  an  admission  rate  of  1,3,59.03:  while 
the  non-efficiencv  rate  of  the  former  was  29.01,  as  com- 
pared with  the  fate  of  39.52  for  the  latter.  This  would 
indieute  that  if  the  same  attention  was  given  to  sanitary 
details  by  the  young  soldier  as  by  the  young  officer,  his 
rate  of  constant  sickness  would  be  correspondingly  re- 
duced. 

The  influence  of  petty  rank  and  length  of  service  on 
sickness  in  the  French  army  is  shown  in  the  subjoined 
table,  constructed  from  data  given  Ijv  Jlarvand  covering 
the  year  1888: 


Non-commissioned  officers 

Men  having  more  than  one  year  of  service  . 
Men  having  less  than  one  year  of  service — 


Admissio.ns  pkr  1.000 
Stre.\«th. 


Detention 
rooms. 


Ill 
260 
867 


Hospitals. 

248 
172 
299 


The  proportionately  large  number  of  non  commissioned 
officers  treated  in  hospital  is  explained  by  Marvaud  as 
being  due  to  lack  of  suitable  accommodations  in  the  de- 
tention rooms  for  this  class, 

lledUh  (if  Troops  in  Piitre, — The  individual  significance 
of  the  several  factors  which,  taken  together,  determine 
the  sanitary  condition  of  our  army  in  time  of  peace  will 
be  readily  ajipreciated  by  reference  to  the  subjoined 
table,  I)iarrha?al  affections  have  the  highest  admission 
rate  for  sickness,  but  the  mortality  from  this  cause  is  not 
great.  ^Malarial  diseases  rank  second  in  frequency,  but, 
as  shown  by  statistics,  they  are  not  of  severe  type  and 
are  readily  amenable  to  treatment.  Venereal  diseases 
occupy  third  ]ilace  in  importance  as  regards  admissions, 
but  the  constant  non  efficiency  through  their  influence  is 
much  greater  than  that  from  any  other  cause.  Rheuma- 
tism and  myalgia  together  furnish  a  large  projiortiou  of 
admissions  and  discharges,  as  docs  also  bronchitis.  The 
admissions  for  alcoholism  are  slightly  above  the  general 
mean,  but  the  rates  for  death  and  non-efficiency  from  tliis 
cause  are  small.  All  the  rates  for  typhoid  fever  are  low. 
As  to  injuries,  the  several  figures  for  contusions  and 
sprains  are  all  large — those  for  wounds,  excluding  gun- 
shot injuries,  being  consideralily  lower  than  those  for 
contusions,  but  still  somewhat  in  excess  of  the  genei-al 
average.     (See  Talde  A,  p.  .503.) 

With  regard  to  sickness,  deaths,  and  non-efficiency  in 
the  British  service  for  the  home  stations,  the  fact  which 
at  once  attracts  attention  is  the  high  ratio  given  by 
venereal  affections :  the  ailmissions  from  this  cause  being 
more  than  half  again  as  high  as  from  any  other  affection 
or  group  of  diseases.  For  gonorrhoea,  primary  and  fer 
tiary  syphilis,  the  individual  rates  for  non  efficiency  arc 
much  higher  than  for  such  diseases  as  are  summarized  as 
affections  of  the  respiratory  and  digestive  systems.  The 
rates  for  rheumatism  and  influenza  are  high,  while  dis- 
eases of  the  skin  and  of  the  connective  tissue  are  common. 
Alcoholism  is  a  minor  factor  in  increasing  thc>  rates  foi' 
sickness,  deaths,  and  noncflicieiK-y .   (See  Table  B.  p,  .504. ) 

Decrease  in  liifes  uxihr  ('oiiditiniis  (f  Ptuct. — That  im- 
provement in  the  sanitary  administration  and  state  of 
armies  is  constantly  being  made  will  be  unhesitatingly 
admitted,  but  few  are  aware  of  the  stupendous  progress 
in  this  respect  which,  particularly  during  the  jiast  gener- 
ation, has  been  accomplished  by  military  hygiene,  Kot 
only  is  this  the  case  in  our  own  service,  but  in  f(uvign 
armies  also,  and,  on  reviewing  the  sanitary  conditions 
which  for  their  time  were  considered  lo  be  excellent,  it 
is  apiiarent  that  still  further  decrease  in  the  several  rates 
may  justly  be  anticipated  for  the  future. 
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Ai-iii)    n<'<li<'al 
Sl:ilisiii'>., 


For  tlie  U.  S.  army  the  accompanyinjr  charts  (ste  pp. 
505  and  506)  so  well  illustrate  the  reiiiiirkalile  (leereasc 
in  sickness  and  death  which  has  (iccinicd  dininj;  the 
past  thrcc-seore  years  that  any  e.\ten<h'd  discussion  of 
the  matter  would  seem  to  be  siipertliious.  Sullice  it  to 
sjiy  that  the  death  rate  for  the  live  years  preceding  the 
Spanish-American  war  was  about  three  and  one-half 
times  less  than  that  for  the  live  years  preceding  th<'  war 
with  Mexico,  while  the  rate  for  sickness  uiaicrwenl  a 
diminution  of  about  two  and  one-third  times  during  the 
period  included  by  these  dales.  Since  1S72  the  death 
rate  from  all  causes  lias  dwindh'd  to  about  forty  per 
cent,  of  what  it  was  at  that  time,  while  the  deatii  rate 
from  sickness  alone  has  fallen  almost  as  much ;  and  dur- 
ingthe  same  period  the  rate  for  aiimissions  to  sick  report 
has  dinnnished  more  than  one  half. 

In   the    German  armv,    according   to    olliciul    tiirures 


recently  submitted  to  the  Heichsla.ir.  the  immber  of  ad- 
missions to  hosi>ilal  from  disease,  per  thousand  strength, 
imderwent  a  decrease  from  l.-(!)(i  in  the  year  llsdS  to 
SCiT  in  1><!M.  In  bstis  the  annual  death  late  per  thou- 
s:ind  was  <>.!),  4.S2  in  IS?!),  ■.i.'ii  in  is.ss.  and  only  i.flO  in 
IsttO — a  magnificent  result,  in  the  attainment  of  which 
the  due  observance  of  SiUiitary  detail,  anil  especially 
the  careful  selection  of  recruits,  \v<ie  main  factors. 
Military  epidemics,  in  this  showing  of  the  German 
army,  have  above  all  lost  ground.  Smallpo.\  is  rare,  and 
caused  only  two  deaths  during  the  twenty  years  IS?:?- 
ls<):i.  Dysentery  was  reduced  from  li.H  pel-  thousand 
streugtli  in  1^74  to  0.;i9  in  IMU.  Typhoid  fever  .gave  a 
rate  of  sickness  of  Xi.X  jjer  tlio\isanil  strength  in  IStWand 
2.4  per  tliou.sand  in  lSi)4.  The  tvphoid  di'alli  rate  was 
2.2  per  thousand  in  is(is  and  0. Si"  per  thousand  in  1«94. 
Malaria   showed  a  rate  of  sickness  of  27.(>  in  18(iH  and 
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United  States  Army  for  the  Decade  1880-05. 


iV.r  Ujr  iJciMilr  l,Vi;-'.l.',. 


Mean  strength  . 


Causes  of  admission  to  sirl;  reiiort. 


Vaccinia 

Typlioiil  ffViT 

Mai:irl;il  infections 

Rtieuinatic  feviT 

Tulierciilosis  of  tlie  lungs.   .   . 

Sypliilis 

Gonorrhoea 

All  venerea!  disease,s 

Alcoholism  anil  direct  results  . 

Neuralgia 

Tonsillitis 

Colic  and  constipation 

Diarrhwal  diseases 

I)isea.ses  of  the  heart 

Corvza 

Bronchitis 

Pneumonia 

Diseases  of  the  kidneys 

Rheiiiiiatisui  and  myalgia 

Boils  and  abscesses 

Conjunctivitis        

All  disea.ses  of  the  eye 

All  disejuses  of  the  ear 

Contusit  »ns  and  sprains 

Dislocations 

Fractures,  not  irnnshot 

Wouniis.  not  gunsliot 

Wounds,  gunshot 


White. 


A.U.,-'4.3lll.    S.t;.,  22,071 


Gnmpeil. 
Infectious  diseases,  general  and  local 

DLseasesof  nuti-ition.  general 

Diseasi's  of  tht-  rierv.ius  system 

Disea.ses  of  the  diL'cstive  system 

Diseases  of  the  circulatory  system 

Diseases  of  the  resj'ii-.itoty  oi'gans  — 
Disea.ses  of  the  genii. >-urinary  syst(^in 
Diseas  's  of  the  lymphatic  system  and 

tlui-tle.ss  glands    

Diseases  of  the  muscles.  lK)nes,  and 

joints 

Dts<'as<'s  of  the  integument  and  sul>- 

cutaneoits  C4)nnective  tissue 

Diseases  of  the  organs  of  special  sense 

Uneliussitled 

(ienenil  injuries 

Injuries  to  spe<*ial  part.s 


Total  for  disea-ses . 
Totiii  for  injuries  . 


Total  for  all  causes  . 


Xi.Tti 
.'i.SW 

9(i.2ll 
.1.11 
3.!i:i 

IT.t; 

as.ii: 

i.i.Si) 
42.:iT 

•M.m 
41.:!.= 

32.1(1 

11. 5.  lis 

5.7!) 

«i.m 

67.94 
li.SS 
1.72 
7;i.2S 
43.74 
11. S« 

i7.n.-> 

7.117 

isn.m 

.50.21 

3.;io 


302.«1 


113, 

II. 


3, 
24.5. 


0.(«!4 
.01 
.09 
.07 

1  ..-12 

1.!1S 
.20 

2.;!() 
.07 
.11) 
.(KM 
.02 

l.'Si 

'".■ii 

.(W 

.:» 
\.m 

.02 

.a> 

.!)8 
JA 

.2:! 
.11 

.■52 
.2fl 
64 


0.64 
.14 
.02 
.44 
.02 


1.67 


-02 


.13 
.42 

!('l2' 
.()(! 
.2=! 
.02 
.(104 


.001 

.01 

.IKH 

.10 

.05 

.'M 


13.  IS 

.2:ti 

2.32| 

4.40! 

2.  to' 

.85i 

.44 

.•i.74' 

i  I   .(tt  2.11 

0!  1.27 

I    .l*Hj  .07 

02  11.1)2  I  -OS 

■M  ;i.2ti  S.17 


.om 
An 


l.Oti 

2.4S' 
..511 1 
.70 

1.6Sl 

2.30 

5  :iu 
.47 
.62 
M 
.21! 

i.-.U 
.rii 
.2!) 

1.37 
.41 
.21 

3.6.5 

.m 

.32 

.7« 
.3.1 

3.:«l! 
.201 

1.2o! 

1.4X 


Colored. 


A.  G., 3.370.     S.  G.,2,I8.S 


IS 

6g 


26.34 

2.10 

64. ,50 

5.76 

3.i)3 

20.08 

32.41 

7S.4S 

4.S!) 

36.04 

.51.41) 

40  IS 

110.7.5 

4i)4 

41.36 

6H.2( 

6.90 

2..H:i 

116.3:5 

26..51 

14.49 

26.74 

3.70 

I45..s(i 

i..h; 

.5.1: 
6H.O; 


276.73 
2.10 

77.(n 
;ion..5H 

5.30 

i:io.55 

14.49 


6.05 

121.41 

.56..17 

31.45 

5.21 

1..S7 

2S0.26 


!.IK>3. 
2.18. 


r7  16 
IS,  3 


:u    4.S4    :il.H)     l,(rJ2.31 
;(!)    2.2S      S.54        201.13 


1,2.54.15119.72 

1 


0.(W 
.04 

I.K5 

3.:!6 
.01 

3.4)1 
.lU 

.m 

.1 
l.ls 

'"■V 
.OS 
.2!) 

2.02 
.04 
.21 

1.13 
.13 
.31 
.13 
.;i4 
■>] 

!5fl 


0..50 


.04 


I.. 51 


.04 

M 

.OS 

1.60 


3.4<) 
.04 
.48 

.;« 

..50 

l.Sl 

.34 


3.24 


.(M    .4: 
3.45  1.98 


l«.4S6.n; 
3.49240 


10.34    1.31:1.43  19.97  8.45  :!8.i)2; 


0.76 
.29 

1.74 
..5!) 
.97 

2.02 

1..52! 

5.21 
.05] 

!'7:) 

.41 
1.14 

.;io 

.;iol 

1.2()l 
.60 
22 

4. .56 
.67 
.45 

MM 
.16 

3.:i6 
.11 

.m 

I.!)9 
M' 


11 

.IS 

1 

4.08 

.:»; 

2.. 57 

.m 

a: 

4.89 

1..58 

1.26 

.08 

.imI 
9.:t5 


S)..5:i 
9.:ii), 


Indian. 


A.  G..  227.       S.  G.,  213 


10(>.25 

.47 

32.HI 

4.2:1 
K).:!0 
1.5.51 
Ihi.UO 
98.2f: 

4.70 
15,0." 
iSMi 
31. .50 
45.61 

2.:S.5 
12.69 
.5)).,H9 
10.:M 


.50.78 
42.:)1 
44.67 
62.l») 

8.46 
128.82 

I).I1 
11.75 
91.20 

7.05 


3,50, 

1. 

41. 

ISO. 


)iO 


0.44  . 
11.44, 
2.64  . 

2!64,! 


.88      ,44 


I.;i2  ... 


.44 


1.41 

.;j2 

+4  . 


7.04 
.44 
.44 

"!44 

.,S8 


1.76 


.44 
6  lid 


KSS, 

:iic;. 


1 1  21 .: 
■Jll    2.( 


9. 68 
7.(M 


l,l!l().41 ,24.21  16. 


4.14 

.02 

.47 

.58 

3..V)| 

1.76 

3.17 

5.77 

.07 

.17 

.41 

.34 

..55 

.16 

.11 

.82 

.70 


I.. 54 
1.21 
1.21 
1.98| 

.16 
3.02 

1  .52' 
2.10; 
1.051 


17.4.51 
.1X3, 
.6.S 

2.. 57' 
.16 

2.46! 
.21  I 

.93 

1.38, 

2.19' I 

2,19, 

.01 

'9.'7l'ii 


A.  G.,  26,907.     S.G..  24.472 


3:i.72 

5..5,5 

92  S2 

.5.16 

3 

17, 

:J8.60 

76.321 

:i.s.69| 

35.70 

42.421 

;«.62l 

li;!.65| 

.5.691 

34.0HI 

67.971 

4.20, 

1.801 

76.941 

42.18; 

12.:i8l 

19.13; 

7.;i2 

l:!1.46! 
2..54 
6.8R 
.52.16 
3.69; 


0.004 
.01 
,08 
.07 

i.6:i 
2.11 

.24 
2.40 
,07 
.14 
.(KM 
.02 
.21 
l.-M 


.06 
.30 
1.6:! 
.02 
.07 
.!W 
.i)0 
.2:1 
.11 
..50 
.20 
.60 


0.62 
.16 
.02 
..54 
.02 


:J00.7()    4 
2..50 
94.44    3 
279.26 

6.9:!    1. 
]U.X)\      . 
1I..5S, 

5.5.'      . 

82.70   2. 

76.81 
28-27    1. 

.3.00  ... 

:i.lo     . 
249..57    3. 


9.76 


l.(IO(i.22  16 


.13 
.41 

!l'l2 
.74 
24 

.02 

xm 


.01 

01 

.IKM 

,11 

.05 

1 .05 


.CH!4 


.02 
.01 
.:!0l 


10.0:!  ,  1,25.S..S9,19.' 


1.0»! 

.84 

2.40 

..58 

.75 

1.71 

2.24 

5.26 

.4:! 

.62 

.66 

..30 

1.32 

..51 

.29 

1.35 

.43 

.21 

3.71 

.97 

.:m 

.82 

.:13 

3.;i:3 

.20 

1.17 

1.53 

.61 


13.09 

22 

2'2T 

4.35 

.66 

2.50 

.85 

.45 

3.83 

2.06 

1.2s 

.07 

.07 


il.62 
8.64 


(a)  For  1887-95— nine  years  of  decade ;  (b)  for  1891-i&— four  years  of  decade. 
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B. — Taule  Showing  the  Averagi:  Strength,  Admissions  into  Hospital,  Deaths,  Numbers  Invalided  and  Con- 
stantly Sick  among  the  British  Troops  Stationed  in  the  United  Kingdum  during  the  Yeah  1897, 
■WITH  THE  Ratios  per  1,000,  the  Strength,  and  the  Average  Ratios  for  Ten  Years. 

Average  Strength  in  Annual  Returns,  96,526.     Avserage  Strength,  Including  Men  Detached,  98^290. 


Diseases. 


General  Diseases. 


Smallpo.\ 

Other  eruptive  fevere  . . 

lulluenzii 

Diphtheria 

Enteric  fever 

Otber  continued  fevers. 

Cholera .   -  - 

Dysentery 

Yellow  fever 

Malarial  fever 

Septi.'  .iiSHHses .... 

Tuben-iilnns  diseases 

Syphilis,  primary 

Syplii'i^.  se.tiudary  — 

GunonhLea , 

Hydrophobia . . 

Parasitic  diseases 

Scurvy - 

Alcoholism 

Rheumatism 

Debility 

Other  general  diseases . 


Lucal  Diaeaxes. 
Diseases      of      the  I  Nervous.., 
nervous  system )  Mental . . . 

Eye 

Other  organs  of  special  sense. 

Circulatory  system 

Ttespirntiirv  system , 

DiLn-Sli\r  v\vl,.|ii    , 

I.MriplKiri''  >\>IiMii 

Iriiiai  V  s\stt^iii.     .    

iiener;Ui\  >■  svslcm 

organs  nf  iMcimnition 

Connective  tissue 

Skin 


ItijinHes. 


General  .. 

Local 

In  action  . 


Poisons 

No  api)reciahle  disease 

Cause  unknown  (refers  to  death  only), 


General  total  . 


1,057 

591 

44 

88 

360 


47 


500 
54 

23t> 
3,318 
2,919 
ti,178 


1 

158 

3,515 

t»4 

544 


6!» 

121 

1,im 

908 

1,(B3 

4,4a5 

9,085 

956 

186 

2,;hi 

1.239 
2.3,50 
5,029 


35 
10,616 


14 
356 


^£ 


1  =  3 


>■  t-  ^ 


1 

'142 


102 
16 


125 
86 
85 

143 

368 
73 

179 
14 
37 

:» 

197 

6 

28 


110 


1,9.53 


93.43 
17.25 

2.37 

1.5.11 

13.59 

.05 

4.15 

■  19.27 
3.69 

40.92 
327.42 
316.11 
464.99 

'  73.75 

.03 

5.33 

167..57 

49.19 


48.09 

18.30 

65.66 

63.81 

104.68 

229.37 

305.8:3 

105.93 

19.96 

KB  19 

89.10 

101.92 

232.47 


2.86 
457.86 


.97 
14.19 


3,662.96 


n.4Tio  PER  1,000. 


11.0 

6.1 

.5 

.9 

3.7 


5.2 
.6 

2.4 
S!.3 
30.2 
64.0 

23.6 

'  i'.6 

26.1 

6.8 

5.6 


6.5 
1.3 

ll.n 

9.4 
10.9 
415.0 
SMI 
9.9 
1.9 
34.1 
12.8 
24.3 
53.1 


.4 
110.0 


.1 
3.7 


640.6 


.37 
.06 


3.41 


.05 

".6i 

1.44 

i'.oi 

.16 


.64 
.92 
.43 


1.27 


1.44 

3.74 
.74 

1.82 
.14 
.38 
.39 

2.01 
.06 
.29 


.02 
1.12 


.02 


0.96 
.18 
.02 
.16 
.14 

".04 

".20 
.04 
.42 
3.39 
3.37 
4.83 

'.76 


1.74 
.51 

.38 


.50 
.19 


1.08 
2.38 
3.17 
1.10 

.31 
1.68 

.93 
1.06 
3.30 


.03 

4.74 


37.a5 


Average  Ratio  per  1,000 
FROM  1887  TO  1896. 


0.1 
8.6 
16.1 
.7 
1.3 
4.1 

.6 

'e.i 

1.8 

3.8 

59.3 

a5.9 

86.3 

'26.3 

.1 

3.2 

34.6 
7.2 
5.2 


7.2 
1.3 

11.4 
7.8 
9.9 

60.2 
105.7 

15.8 
2  2 

3I2 
8.3 

23.6 

46.3 


.2 

98.5 


.1 
3.1 


0.06 
.03 


.01 
".03 

".6i 

.08 
.85 

".05 


.03 
.05 
.01 
.13 


.30 
.02 

".fli 
.37 

1.16 
.33 
.01 
.14 
.01 
.02 
.01 


.35 
.32 


.05 


CS  C3  C5 

>  aa 


.04 
".62 

i'.9i 
.01 

.87 
.05 


.01 
.64 
.90 
.19 


1.13 
.90 
.69 

.85 
3..50 
.81 
.98 
.12 
27 
!39 
1.06 
.08 
.21 


.01 
.73 


16.27 


0.01 
.65 
.44 
.05 
.21 
.15 

".06 

".22 
.12 
.60 
5.60 
3.55 
5.88 

".74 

".OT 

2.19 

.50 

.35 


.49 

.23 

.69 

.50 

.96 

3.02 

3.20 

1.70 

.20 

3.24 

.65 

1.05 

3.01 


.01 
4.06 


.01 
.10 


42.31 


0.81  ptT  thniLsaiul  in  1,S94:  wliile  contagious  eye  iuHam- 
matious  fell  from  7.0  to  1.5  per  tliou-sand. 

Decrease  of  Rates  for  the  German  Army. 


Year. 

Morbidity 

Mortality 

Invalided 

per  1,000. 

per  l.tKKI. 

per  I.IHK). 

1879-.S() 

1,174.8 

4.83 

1S8(KSI 

1,136.3 

1,13.5.5 

849.6 

4  83 

]«N1  ,S2 

4.53 
4.25 

lss3-s:i 

30.ti 

ls.-i:>-S4 

m).\ 

4.16 

30.7 

Ls-^-t-K". 

8"ill.3 

3.93 

20.4 

lS.^;i  SCi 

849.2 

3.73 

3:!.9 

is,st)  ST 

808.0 

3.79 

311.6 

is,sr-,s.s 

804.1 

3.34 

31.5 

lKSR-,Si) 

75S.9 

3.19 

19.6 

1889-iM] 

897.3 

3.;30 

35.9 

Accordiua:  to  Bois.scau  the  mortalit.y  of  tlie  British 
army  on  the  home  station  jirior  to  1S.58  was  17. si  per 
tliousand  strength.  After  tlie  im]irovcnicnt  in  the  .sani- 
tary surroundings  of  the  soldier  in  that  service  following 
the  Crimean  wai'.  tlie  rales  for  death  and  sickness  were 
nnieh  diminished,  and  for  ihe  decade  1S7.")-1S,S4  had 
fallen  to  7.20  deaths  per  thousand  .streugth.     lu  1SS9  the 


death  rate  was  4, .57,  the  sickness  730.4.  In  1890  the 
deaths  rose  to  HSy'S  and  the  sick  rate  to  810.  For  the 
decade  1887-1896  the  admissions  weie  73.5.9  and  the  ratio 
of  deaths  per  thousand  strength  was  4.08.  In  1897  there 
died  only  3.4'3  per  thousand  of  strength,  while  the  ad- 
ndssion  rati'  had  fallen  to  ()40.r>  ])er  thousimd  strength. 

The  reduction  in  the  rates  for  sickness  and  death  in  the 
Italian  army  during  the  past  twenty -five  years  has  been 
steadily  progressive  and  probablj'  presents  less  fluctua- 
tion than  is  the  case  in  any  other  military  service. 


Admissions 

Admissions 

Year. 

to  liospital  or 

Death  rate 

Tear. 

to  hospital  or 

Death  rate 

inflrninry 

per  1,000. 

inflmiarv 

per  WXX). 

per  I.IKW. 

per  l.lXXl. 

1875 

l.(Bl 

13.3 

1887 

7™) 

8.7 

1876 

1,(101 

11.3 

18.88 

733 

8.7 

1.S77 

9.87 

10.6 

l.s.sg 

749 

8.0 

1.S78 

947 

10.6 

US9() 

796 

7.5 

1879 

»3t) 

9.9 

1.S91 

811 

9.0 

l.sso 

!U5 

11.0 

18!  13 

7,58 

7.1 

l.'<81 

938 

10.6 

1,S9:3 

7*5 

6.6 

1,SS3 

8.3:3 

10.3 

ISW 

723 

5.2 

l.ss:) 

843 

11.8 

1S95 

743 

7.8 

1S,S4 

779 

11.6 

Ksm; 

741 

5.8 

1.S8.5 

791 

10.3 

1897 

694 

4.2 

1886 

798 

9.3 

504 


KEFEREXCK   HANDBOOK   OP  THE  MEDIC^U:.   SCIENCES. 


Army  i^Ii-dlcal 
StaliMtii'N. 


0           5          10         15         20 

25         30          35        40         45          50         55         60        65 

70         75         80 

YEAR.            13        6      8        It    13       16    18      2 

1    23       26   29       31     33       36    38       41    43       46    48 

^1    53      56  =.3       Gl    m       fl6   68 

71    7S       76    7a               YEAR. 

'^4179        12   14       17   19 

22  24     1?-   ?■■        ;r      I        ■:    ■'<      42  44       47J49 

52  54     /:■:■'      ■:''■■       ■  ■   ' 

72    74      K'kS 

1840  " 

1841  "^; 

i  ■                        :    1 , 

^  ~— -_  ^ 

1  -'"■'     \ 

^' 

1842 
i      <              ■'843 

^^■^"^     i|       \\'A 

j -            -     1844 

1846-7-1 ^^^ 

— __ 

•^■"^-         1845 

,WAR    WITH     MEXICO. 

1 040    \  '  '  '          '              1    '  1 

^  i. 

YEAR   !6F    cholera  [epI 

DEMIC. 

1850   

1  flFi1                 - 

- 

._- — 

:       '                 1 

1  fi(=iQ             '  ,   - 

^^--'' 

'             1  ftPiO 

1ftR'5          '            1 

ill 

1  ftRQ 

1  ORA 

1855      ~ 

1856 

1857                                  --""^'^ 

\ 

'                        1  ftP.Pi 

„.-— 

1  QPifl 

^"^ 

1858                                 1 

1  ^^Q 

1          1  op;q 

1  HRn                        J^    1    1 

' 

iftfii 

i 

, 

1  AfiO 

,  i 

Jj 

'        '     ^          1«fi5 

186^     _ci_YiLWAR   ; 

1 

_L                                      1  OAQ 

l«Od       -| 

1               1                                           i  j     i 

1     i    i        ' 

1866        *^    "'''°^  ■'"'^  '  ■'^  ^ 

iLjpox  dJrinij    rms   vear  furV 

ISHEE:    1877    DLAT  HS 

'                 1866 
1867 

1867  -^^-PJ°^^"" 

1868  J^Ei"^^"'^  °^-    -        ■ 

EW    'furnished'   1,310  iDEitHSy 
AND  |YELLOW  ZEV-Efi-FURNI"5iHE 

D   bSl     DEATHS 

1369                     'i    ll|l    '--|- 

— -""1                                    1 

-   -        1869 

1871    -  -  -                        .    ^.  . 

1  ft71>         -  -                          .      -     /  ■ 

1 QTA        --                        /           ^'1               ! 

' 

1875                              ''         "^— ^J 

._     J |__...          . 

i                          1875 

io-^o        ^^^^    ORQUSTER^MASS 

\CREj    Wh  ENi  247    MEN    WERE    K 

LLEU 

1 876 

TTtTiiTii!r""""il""""tr 

lb/7            ;    ;/ 
1ft7«         -     '   J-,  . 

1               1  ft7Q 

107Q                1     K.          /. 

^            1      /,      / 

1       1 

1QQ1      -             '.  i\X-7    _  . 

^        T     '    '  Ti 

1881 

1882   -^— A--\ 

188'' 

1  QftQ 

1 883          1  ,  1     1 : ;    / 

1 886           '  '  '-^  ^     1  1    1    !  i 

|i  '        I'll 

1887           IT]^^  i'    !    i 

\ 

i  I  ':  ■   1        1    ' 

1888           1  1    i              1  !     : 

1 

1 RRQ             ^    /    ■ 

1  ,                 1 

II 

iQoy          T7X  1 
1  "Ron            1  \'  ^ 

T 1          1^ 

iftQi  -  -    -  y 

1 ftQO     -    -  -     V    -/- - 

1              .  ;          ! 

ipOT               '                         ' 

:[ r_.       .                ,J    Ml  T 

18Qf=l            /  ^  ' .1  1     . 

I  ■  '  ■ 

1894  f 

T   t,     -r 
IfiQfi      ^   i-    _L 

1 

1 

-J       1896 

1 0Q"'          1  .    '           i  1            1      j 

1 

■  i           1  ftQ7 

'""'      War  with  spai  j 

^-.  -.        1898 

1898      ■  1  j  1    t  1  1  '  1  1  !  r  1 

Mill     1 1  n       . 

"^  i              "T    ii  liii 

ji 

505 


Army  lIodKal 
SlatUlii'S. 


UEFEKENCE   HANDBOOK  Ol^'  THE  MEDICAL  SCIENCES. 


= 

r= 

— 

1   1 

p 

^ 

p 

p=; 

p= 

— 

n= 

:= 

^ 

^= 

= 

— 

— 

in 

o 

^ 

C4 

O       ._  .      , 

■    ■    '- 

- 

~ 

— - 

- 

- 

- 

EI 

— 

-1 

— 

- 

- 

T— 

- 

- 

- 

ri 

- 

- 

o     =t±- 
o      — .  .-  - 

'^X" 

- 

~ 

— 

Z. 

- 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

- 

z 

- 

CO         .   I    ..   . 

H 

~ 

- 

- 

- 

- 

- 

— 

z; 

- 

- 

- 

- 

- 

- 

- 

z 

z 

z 

O        .  --   I  - 

^  ■ 

;~r~ 

~ 

~ 

~ 

- 

- 

- 

Z 

p 

1= 

= 

h-       .  T   -.   . 

3:1 

i-  = 

- 

- 

- 

- 

- 

- 

- 

- 

- 

— 

~ 

- 

z 

z 

IZ 

o     ■    ■    ■ 

■    _    - 

~Z 

z: 

„ 

— 

- 

- 

- 

- 

- 

z^ 

- 

- 

„ 

- 

- 

- 

- 

<£) 

M    EE 

— 

~ 

~ 

— 

— 

— 

z: 

z 

E 

z 

z 

Z 

z 

z 

Z 

~ 

Z 

z 

z 

z 



■      'E- 

~ 

~ 

~ 

■  T  " 

^-^ 

~ 

~ 

E 

E 

E 

— 

E 

z 

E 

E 

E 

E 

E 

E 

E 

E 

E 

_ 

— _ 

_ 



_ 

_ 

_ 

_ 

_ 

- 

■ 

~ 

ri 

— 

— 

— 

~ 

~ 

~ 

o 

1     "I~ 

— 

T— 

— 

— 

— 

— 

L_ 

— 

T' 

— 

r" 

i_ 

— 

— 

CO 

■  +  :p 

- 

r 

= 

z 

z 

z: 

r- 

1- 

z 

z 

z 

z 

z 

z 

- 

z 

g 

i 

-  "  r  -  - 

- 

z 

- 

- 

- 

n 

— 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

CM 

.:  t 

r 

- 

z. 

= 

z 

z: 

z 

= 

- 

- 

- 

- 

- 

- 

- 

z 

z 

8    .       ^ 

, 

E 

= 

E 

E 

~ 

z 

~ 

z 

- 

z 

J-J — 

„ 

.-  ■_    ■  .  -.- 

_  .;.._ 

— 

= 

z 

= 

4- 

- 

Z 

z 

■^ 

_j_ 

_ 

_ 

_ 

_ 

_ 

-  :            -     -■ 

-   -r   -r 

^- 

^- 

-1— - 

^ 

— 

— 

— 

— 

— 

'- 

-      !- 

= 

- 

+- 

= 

\- 

^    - 

+z 

^ 

— 

- 

- 

- 

- 

_ 

- 

. 

z 

- 

:_ 

_ 

_ 

_ 



_ 

_ 

_ 

_ 

_ 

_ 

. 

J 

_ 



_ 

o 

— 

— 

— 

T— 

— 

— 

— 

— 

- 

— 

— 

— 

?-  " 

_ 

_ 

i_ 

_. 

_ 

_ 

, 

_ 

_ 

i 

— 

^ — T" 

— 

— 

T— 

— 

■ 

- 

— 

— 

— 

— 

O 

^ 

-^ 

— 

p- 

1 T 

— 

J— 

- — i— 

- 

— 

■J— 

— 

- 

ID 

t-- 

- 

- 

H'--" 

1 

- 

h 

z 

z 

.1 

~ 

~ 

H 

z ""  '^ 

1 

" 

z 

~ 

o 

' 

■ 

"C 

~ 

"^ 

~ 

~~ 

— r-f 

"    ^ 

~ 

T~" 

_ 

~ 

!  i 

- 

-'— 

— 

— 

jilX 

<    - 

-■ 

^■■- 

CJ 

"^  4- 

-\f- 

S' 

o 

o 



P " 

— t-r-i 

"5 

- 

- 

- 

- 

_z 

- 

- 

- 

- 

- 

- 

- 

- 

^ 

£   ■■; 

OMISSIONS  PER  1000  STRENGTH,  ] 

it 

!< 

LJ                                       ' 

s 

a 

> 

-  1 

1 

1 

i  ! 

O  < 

if 

o  2 
9  - 

o 
< 

o 

I 

o 

± 

1 

T 

T 

< 
< 

a 
t- 

3 

O 

< 
> 

1 

1 
1 

! 

1 

1        ^ 

1      z 

i 

< 

YEAR.  / 

1840. 
1841  - 
1842. 

(0(D(»<0<O»M»«(003 

T  ^  id  "^  «  ci  c 
ft  in  ifi  f  uo  lO  ic 

s 

03 

c 
» 

in  o  o 

so    so    33 

«  ^  o 

3 

w 

\ 

(0 

a 

F^ 

a 

<T> 

c 

a 

ce 

» 

t 

? 

fflKO'Cl 

O    30    CO   l»|CO| 

i  .1 . 

31,C1>1CI! 

o|«ice 

§1 

MS 
o  _ 


■<  a 
■-5 

t    = 


25 

03.5 

o - 

ll 
£•1 

is  c 

H 

2 


606 


REFEREXCK    llANDl'.doK    OF   Till-:   .MEDICAL   SCIENCES. 


.Vriii)   :TI(><IioaI 

SlilliKlU'N, 


Viry  fjivos  the  following  rates  for  inorlalily  in  llir 
Froiu-li  army  as  illustrating  the  progress  ol'  niililaiy 
hygiene . 


Period. 

Mortality  per    1 
1,(IU0  strength. 

Period. 

Mortality  per 
l.CXJO  strenKtli. 

1813          

27  0 

2i;4 

19 
16 
13 

187:i-*ll 

9(1 

182U-2i 

1!M« 

IH«i-.T8 

18U2-V2   

18S! 

1SR9 

ISUO 

s.ir, 
r,:.tf.\ 

.5.81 

Dewey  .states  that  in  the  French  service  the  average 
annual  death  rate  was  8.43  per  thousiind  strength  for  the 
seven  years  1880-1886,  antl  that  it  siink  to  a  yearly  avei- 
age  of  ti.GS  for  the  seven  succeeding  years.  This  d<' 
creased  death  rate  is  naturally  conseijuent  to  a  lessened 
amount  of  sickness,  as  the  following  figures  from  .Mar 
vaud  illustrate: 


Period. 


Admissions  to  hospital  per  1,000  slri'iisrth  (admis- 
sions to  Infirmaries  and  cases  treated  in  quar- 
tei^s  not  ineludeti) 

Rate  of  constant  non-efTectives  per  1,000  strength. 


1863- 
186,'). 


2<i4..') 


1866- 
1869. 


M9..-. 


l.S,S4- 

1887. 


177.0 
U.O 


Lindley.  writing  in  1892,  states  that  during  the  jire- 
ceding  forty  years  the  death  rates  in  the  Prussian  and 
Belgian  armies  had  shrunk  to  two-tiftlis.  the  English  and 
Kussian  rates  had  fallen  to  one-half,  and  the  French  rate 
had  diininislied  to  one-third.  These  ligui-csmay  probably 
be  accepted  as  being  apiiro.xiniately  correct. 

The  lamentable  conditions  revealed  by  the  above  .statis 
tics  as  existing  luitil  even  within  the  present  generation 
were  undoubtedly  largely  due  to  ignorance  of  first  causes 
of  disease,  by  which  measures  for  its  prevention  could 
not  be  intelligently  apiilied,  as  well  as  to  an  insufiicient 
knowledge  of  hygiene  and  lack  of  appreciation  as  to  its 
vabu'  from  a  military  standpoint.  An  additional  factor 
of  no  mean  imi)ortauce,  however,  was  to  be  found  in  tin' 
former  anomalous  and  inferior  condition  of  the  mediial 
oftiecr,  his  lack  of  authority  to  reconwncnd  in  sanitary 
niiitters,  and  his  pow cilessness  to  control  or  remedy  ex- 
isting conditions.  It  was  long  held  (hat  his  duties  were 
merely  to  care  for  the  sick  and  wounrlcd,  and  any  recom 
mendations  bearing  on  the  general  care  or  management 
of  the  men  were  (leemed  intrusive  iind  as  such  usually 
disregarded  and  resented.  The  comiiaratively  recent 
conferring  of  advisary  powers  u])on  the  surgeon  for 
sanit.ary  ])urposes  has  undoubtedly  been  a  |iotent  factor 
in  the  gradual  betterment  of  the  sanitary  condition,  and 
hence  clliciency,  of  the  .soldier:  anil  when  the  medical 
ollicer  is  invested  with  actual  authority  ujion  all  matters 
bearing  upon  the  health  of  ti'oops.  with  exerutive  powers 
as  well  as  advisory  privileges,  a  still  further  improvement 
in  this  diicetion  may  lie  expected. 

Although  (luring  the  past  one  or  two  generations  a 
m;irkcd  diminution  lias  occurred  in  the  sickness,  morlal 
itv,  and  non-elliciency  among  the  trooi>s  of  the  I'nilcil 
States  and  those  of  European  nations  u]ion  the  home 
stations,  the  s;ime  unfortunately  cannot  be  saiil  willi  ic 
gard  to  white  troops  doing  colonial  duty  in  tropical 
climates.  For  them  these  rates  continue  to  be  high,  and 
no  great  iiniu'ovcment  in  their  sanitaiy  state,  tis  evidenced 
by  statistics,  aiipcais  to  have  resulted  for  many  years. 
Since  the  hygi<'nic  recjuirements  for  each  military  cstab 
lishment,  wherever  its  troops  may  Ih;  stationed,  must  be 
accepted  as  being  the  same  for  all  circumstances,  the  con- 
clusion is  obvious  that  climatic  conditions  in  the  troiiics 
fui-nisli  a  potent  obstacle  against  a  constant  reduction  in 
rates  proportionate  to  those  which  Iiave  occurred  on  the 
home  stations.  While  undcnibtcdly  much  has  been  done 
during  the  |)ast  generation  to  i-cnder  military  service  in 
liot  coiuitries  less  iininic;d  to  lif<'  and  h<'alth,  tlie  fact 
none  the  less  remains  that  sanitary  progress  in  the  low 


latitudes  has  fallen  far  short  of  that  obtaining  in  more 
temperate  climates.  It  is  evident  that  ligures  illustrat- 
ing this  point  are  best  furnished  by  the  records  of  the 
British  service,  and  these  are  briefly  compared  as  follows: 


Wi'.st  Indies 

Ceylon 

China 

India 

Egypt  and  f'>7>rus 

Straits  Settlements 


Period. 


Decade  lS7."i  81. 
Dei-ade  IhSIKfi. 

Year  I8!)6 

Decade  187.'>-.s4, 
Decade  l8Hll-9.'i, 

■\Var  1896 

Decade  1K7.V.S1 
Decade  IKHH-ori, 

Year  ISili; 

Decade  187.-)-8|, 
Decade  IS-Sli-lCi, 

Year  l.siW 

Decade  187.'>-84, 
Decade  18S(i-H.-), 

Year  18%  

Decade  187.'>-8t, 
Decade  18S(l-9.5, 
Year  ISWi 


c  5S 

^S 

—   i" 

s  r 

-<  —  *" 

88^"i.O 

l.-,.:36 

ltl.'-|.7 

9.2:) 

lllll>.3 

6.19 

10H5.4 

14..il 

1IKI4.1 

11.38 

1:121.1 

8.2:s 

KMl.t 

10..W 

13:)(i.O 

11.44 

lK.Ml.ri 

7.48 

1483.9 

17.4:) 

14.W5 

l.^i..i3 

i;i.s.;.7 

1.5,29 

No  n 

gnres  ei 

1IK19.7 

16..30 

832.:j 

ia28 

Non 

L'ures  gi 

1079.4 

1074.7 

8.88 

=e  s; 


16.26 
22.67 
28.69 
20.97 
21.10 
2:i.76 
18.07 
22.41 
32.05 
2;).06 
30.26 
»1.35 

ven. 
•M.X 
2:).  11 

ven. 
25..58 
26.46 


From  these  figures  it  is  evident  that  while  there  was  a 
considerable  diminution  in  the  nnnbidity  and  mortality 
rates  for  the  West  Indies  and  Ceylon  during  the  ptisl 
twenty  years,  but  little  im[irovement  has  occurred  in  the 
genefiil  rates  for  China,  Egyiit,  and  Cyprus.  In  India, 
a  countiy  long  occujiicd  by  a  large  military  force  and 
one  in  which  the  greatest  imprcjvement  might  reasonably 
lie  expected  to  have  occurred,  the  rates  are  practically 
what  they  were  two  decades  ago — the  detith  rate  of 
British  trooiisat  home  having  fallen  from  7.'.iO  to  ;i..58 
per  thousand,  while  the  same  rate  for  India  only  fell  from 
17.4:!  t<i  15.29  during  the  same  period.  Further,  the 
several  tiites  for  the  Straits  Settleinenls  have  actually  in- 
creased during  the  ]iast  ten  years. 

In  this  respect  the  ex|icricnce  of  Great  Britain  is  dupli- 
catcil  by  tliat  of  the  French  service;  in  which  in  1862 
the  mortality  for  ti'oo])s  throughout  France  was  9.42  an<l 
for  those  in  Algeria  12.21  per  thousand:  while  in  1890 
the  death  rate  for  troops  at  home  was  .").81  and  for  those 
in  -Mgeria  11.94  iier  tlnnisiind. 

War  IIS  Affiiiiiifi  the  llmllk  nf  A riiiiin. — The  rates  of 
sickness  iind  death  of  troojis  in  caminiign.  independently 
of  the  circumstances  w  hicli  accomp:iny  contlict,  aic  chielly 
intluenccd  by  the  standai'd  of  hygiene  maintained:  and. 
as  is  stated  elscwhei'e.  it  is  dilllcull  toiite  campaigns  in 
which  the  death  rate  from  sickness  lias  not  been  greater 
than  that  from  casualty. 

The  diseases  observed  during  continued  warfare,  ac- 
cording to  Eaveran,  are  largely  brought  about  by  four 
chief  intluenccs:  atmospheric,  exhalations  from  the  soil, 
evil  condition  of  the  latrines,  and  jioor  food,  Theatmos- 
]ihcric  exposure  to  which  the  soldier  is  often  subjected 
is  one  of  the  greatest  hardshi|)s  of  a  campaign.  Sleejiing 
on  the  bare  ground  and  orteii  drenched  w  ith  rain,  stand- 
ing in  trenches  expo.sed  to  snow  and  cold,  or  making 
long  marches  under  a  tro]iical  sun.  iire  a  few  of  the  in- 
tluenccs by  which  he  is  debilitated  and  his  constitution 
imi>aired.  Service  in  a  mal.irious  country  is  notoriously 
productive  of  disease,  while  illy-l)oliceil  sinks  ai'c  potent 
factors  in  the  occurrcni  e  of  ty  |ihoid  and  dysentery.  The 
inlluence  of  insullicient  or  im|iroper  food  in  lowering  the 
lesjsting  ]iowersof  the  soldier  is  \\  ell  recognized.  Exces 
sive  fatigue  and  moral  inllnenccs  also  play  an  iniportanl 
part  in  determining  the  sick  rate,  it  being  well  established 
that  victorious  forces  have  less  sickness  than  armies  which 
have  been  beaten  and  demoralized.  The  endemic  and 
epidemic  diseases  of  an  occnpicil  counlry.  together  with 
the  inlluence  of  a  change  of  climate,  aggravate  also  lo 
a  considerable  degree  the  sickness  and  mortality  of  au 
expeditionary  corps. 

For  our  own  .service  the  inlluence  of  hostilities  upon 
mortality  from  disease  is  well   illustrated  in  the  accom- 
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SlatiktlcK. 


IKinviiif;  cliarl  (p.  508).  showins,  as  it  docs,  tlic  rates  for 
certain  alTcctiims  in  the  United  Slates  army,  diirin!;  the 
civil  war,  for  |)eriods  before  and  5iiil)se(|uent  to  tliat  war. 
and  also  as  eomiiared  with  tlie  death  rates  for  the  corre- 
siioiidinj;  class  in  civil  life.  As  compared  with  the  mor- 
tality from  eontimied  fevers — which  affections  may  be 
considered,  in  the  lij;ht  of  i)resent  Unowledjje.  as  of  ty- 
phoid natiirt — war  lirou.irht  about  an  increase  of  tenfold. 
Miilarial  diseases  were  doubleil  and  diarrhiea  and  dysen- 
tery tripled.  Deaths  from  eruptive  fevers  became  about 
twenty-two  times  as  frequent  as  they  were  before  the 
war,  while  those  from  diseases  of  the  respiratory  or<rans 
were  more  than  quadrupled.  Caiiq)  life  appeared  to 
have  little  influence  in  all'ectin.tr  the  mortality  from 
nervous  affections.  Deaths  from  diseases  of  the  circula- 
tory and  di,5estive  organs  were  practically  doid)led  in 
frecpiency,  as  was  also  the  mortality  from  coiisumjition. 
Rheiunatisiii.  asreiiards  a  fatal  ternunation,  and  tonirary 
to  expectation,  was  not  increased;  but  scurvy — llie 
former  bane  of  ai;mics  in  the  field — was  doubled.  The 
average  annual  death  rate  fr<mi  disease  duriti.i;  the  entire 
war  was  53.48  per  thinisand  strcnsrih  simong  \vliit<'  troops, 
while  it  was  18.98  for  these  troops  during  the  eighteen 
years  before  the  war.  excluding  the  two  years  of  liostili- 
ties  against  Mexico,  and  s(}niew  hat  over  (i  per  thousand 
for  the  decade  subsei|Uent  to  the  war. 

The  following  table  shows  the  influence  of  flic  war 
with  Spain  upon  the  rates  for  sickness  and  death,  as 
regards  the  prevaleuce  of  certain  ela.sses  of  diseases: 


progress  of  disease,  by  months,  is  (|idte  dissimil«r.  It 
is  jjarticularly  noticeable  that  not  oidy  was  the  death 
rate  during  the  war  with  S])ain  r<-duced  by  4:!.!l  percent, 
as  compared  with  the  struggle  of  the  previous  genera- 
tion, but  the  amount  of  epidemic  typhoid,  largely  restdt- 
ing  from  the  inexperience  of  the  volunteer  Iroojis.  rapidly 
dcci'eased  as  a  result  of  scientific  sanitary  measures  en- 
forced as  soon  as  the  magnitude  of  the  typhoid  outbreak 
was  fully  understood. 

f'().MI'AKIS().\   OK   MO.NTIILY  DEATH    UATKS  (['ER   I,t0l)  FROM    DISEASE. 
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As  already  intimated,  so  many  factors  combine  to  de- 
termine mortality  from  sickness  in  campai.gn  that  any 


Table    Giving  Fiouiies  for  the    CoMiviiiii 


TMK  Year  of  Peace,   1807,  with  Tin,  Yr, 


>F  AVAR,  1808. 


li  roup. 


.\11MISS10XS       j    co.vstaxti.y  Ncs- 

I'ER  effective  per 

I.IXX)  STREXCiTH.    I        I.IKK)  STRENGTH. 


1897. 


Infectious  diseases,  ^reneral  aud  local 

Diseases  of  nutrition 

Diseases  of  ttie  nHr\  oiis  system 

Diseases  of  tlie  diL''->iivt*  system 

Diseases  of  the  cirrnl;ilory  system 

Diseases  of  the  respiratoiy  system   

Diseases  of  tile  frenito-uciiiary  system  .... 

Dtseasesi'f  the  lymphatic  system  and  duct- 
less gfands 

Disejises  of  the  muscles,  bones,  and  joints 

Diseases  of  the  integument  and  subculaneous 
connective  tissues. 

Diseases  of  the  organs  of  special  sense  . . . 

Unclassified 


Totai  for  diseases  . 


Total  for  injuries  .   . . 
ToUil  for  all  caus<"s. . 


I,18i;.ui 


1898. 


l,ffM.97 
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.93 
.09 


2,14<).94 


1898. 
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.1)7 

.17 
2.70 

\.m 

.79 
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13.74      I 


83.8:3 


Deaths  per 

1,000  STREXOTII, 


1897. 


1.3.5 


.04 


.04 


3.14 

1.97 


5.11 


I8a8. 


1.5.99 
.09 
.92 
.3.11 
.49 
.«) 
.24 


.30 


31.94 

8.41 


33.35 


DlStHAKOES 
FOR   InsABILITV 

PER 
1,(X)0  STRENGTH. 


1897, 


1.28 
.29 

1.79 
..55 
.95 
.40 
.44 


.31 
'.58 
7.1)0 


1898. 


2.14 
.13 
.«() 
..58 
.»» 
.20 
M 

.02 
1.33 

.04 
.83 

.02 


J.Ol 


9.01 


11. .58 


TOTAL  Losses 

PER   1.000 

Strength. 


All  lhin.gs  bein.g  considered,  it  is  .safe  to  assume  that 
the  outbreak  of  hostilities  will  be  followed  by  a  vast  in- 
crca.se  in  the  death  rate,  probabl.v  from  six  to  twelve  or 
more  times  that  iiortnall.v  occurring  in  iieace:  the  pro- 
portion mtturally  varying  with  the  character  of  the 
canqiaign.  the  climatic  conditions  to  be  encountered,  the 
local  diseases  to  be  undergone,  the  ellicieticy  of  the  com- 
missary and  transiiortatiou  departments,  the  cmi)lo.vinent 
of  seasoned  or  un.seasoned  troops,  and  msiiiy  other 
factors.  The  rate  of  admissions  to  sick  rcjiort  from  dis- 
ease in  time  of  war  is  not,  however,  increased  jinipor- 
fionately  to  the  death  rate— a  fact  stitliciently  proving 
the  more  serious  nature  of  diseases  when  afTectin.g  troo[)s 
in  the  field.  As  to  the  rate  for  nonefliciency.  this  is 
largelv  dependent  ujion  the  ratio  for  admissions,  and  nat- 
urally bears  in  its  fluctuations  a  close  relationship  to  the 
prevalence  and  character  of  disease.  If  the  records  of 
the  Sl)anish-.\meriean  war  be  accepted  as  typical  in  this 
respect,  no  great  difference  in  the  rates  for  discharge  by 
reason  of  disidiilify.  in  peace  or  war.  may  lie  anticipated. 
(See  chart,  p.  ."iHt.) 

In  comparing  the  residts  of  fhe  Spanisli-.\ineriean  war 
with  the  corresponding  period  of  the  civil  war  the  ad- 
vantage is  much  in  favor  of  the  former,  although  the 


attempt  at  the  close  comparison  in  this  respect  of  dilTer- 
ent  wars — carried  on  under  entirely  different  conditions 
— can  yield  only  misleading  results.  General  deductions 
can  of  eour.st-  be  drawn,  and  hence  the  following  figures 
may  be  of  advantiige  as  well  as  interest : 

DEATHS  FROM    DISEASE    DCRIXG    CERTAIN    WARS    OF    THE    PRESENT 

(^'ENTi'RV.    (After  Hradforil.l 


Name  of  War. 


Wulclieren  expedition . . ,  Great  Britain . 
West  Coast  of  Africa  . . .   (ireal  Hrilain. 

Mexic-au t'nlted  states. 

Crimean (Ireat  llritain. 

ihlnesB trance 

Civil  War I'Tiited  States. 

civil  War I'nited  stiiles. 

Fninco-l'nissian (femiany 

CaiH'  (oast Great  lifluiin. 

AtKllanLsliin I  (ireat  Britain. 

F.L'ypt I  Great  Britain . 

Soudan  France 

Madajniscar |  Fnince 

chlnivJapanese    i  .lapan 

Spanish-American I'niteU  States. 


5'ear 
or  period. 


1809 
1S34 

l.S4l>~18 
18.54 
l.s<i2 
l.s<i2 
18t« 

1870-71 
1873 

1878-80 
I.SS3 

1.8.s:i-8(; 
1,S95 
1895 
1,898 


Mortality  from 

dlsea.se  per 
1.01  (I  strength. 


34U.9 

)i!«1.0 
KKI.O 

2:iii.o 

118.0 
40.0 
liO.O 
18.« 

17:1.(1 

?'■' 

28('m) 

;i(io.n 

14.8 
25.0 
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Willi  ivaavd  to  the  results  of  rampaisning  under 
tropieal  eoiiditious,  the  most  satisfaetory  data  are  natural- 
Iv  furnished  l)y  the  two  great  eoloniziiig  iiowers.  Great 
Britain  and  Fraucc.     The  figures  given  for  these  ser- 
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Fig.  2a3.— Mortality  from  All  Diseases  and  from  Typhoid  Feyer  during 
the  War  \yitb  Spain  and  during  the  Corresponding  Period  of  tbe 
Civil  War.    (.\ iter  Sternberg.) 

viees  are,  liowever,  so  widely  dissimilar  as  to  furuish  no 
foundation  for  any  general  couelusions  based  upon  lliem 
botli.  For  purposes  of  compurisou  merely,  they  are  cer- 
tainly' valuable;  the  French  having  little  reason  to  be 
proud  of  their  sanitaiy  showing. 

Taulk  of  Mortality  from  Disease   ix  Campaigns  in  Tropical 

COr.NTRlES,  SHOWING    RATE     OF     DEATH     PER    l,tXX)    STRENGTH. 

(After  Bradford.) 


British  Expeditions. 


Soudan  

Mashonaland 

Suakim 

Soudan 

China     (Tallen- 

wan )  

Asbauti 

Egypt 

Abyssinia 

Gaielka  (ialka 

China  Field  Force. 

Matabeleland 

Asbantl 

Zululand 

Cbltral 

Nile 

Dongola 

AfglianisUia 


1889 
18T6 
1885 
1883-86 

18110 

1895-96 

1883 

1867-68 

1877-78 

1860 

1896 

1874 

1879 

1893 

1,884-85 

1.896 

1878-80 


0.6 
2.0 
2  2 
II 

5.4 
5.6 
5.7 
12.1 
14.0 
14  9 
16.5 
17.4 
24.8 
2.3.1 
26,4 
46.6 
93.7 


French  Expeditions. 


Tonkin 

Tunis 

Mexico 

Tonkm 

Dahomey 

Tonkin 

Tonkin 

Cochin-Chlna 

Soudan 

Cochln-Cbina 

China 

Tonkin  

Soudan 

Soudan 

Soudan . .  . . 
Soudan ..... 
Madagascar  . 


1884 

1881 

1862-63 

1885 

1893 

1886 

1887 

1863 

1887-88 

1862 

1862 

1.SS8 

ISKi-Sfi 

l,88l)-8; 

1887-88 

is'vs-fsg 

1893 


60.11 
61.(1 
71.0 
79.0 
87.0 
99.0 
106.0 
107.0 
116.0 
117.0 
11.8.0 
1 3:1.0 
2(K).0 
220.0 
2-i">.0 
2.80.(1 
300.0 


The  casualties  of  the  French  expedition  in  Madagascar 
are  thus  given  by  Gayet : 

Killed  by  the  enemy 7 

Wounded 94 

Deaths  from  sickness 5.600 

Sick,  more  than  13,1KK).  or  .85  piM'  cent,  of  the  whole. 

From  the  above  table  it  will  bi'  observed  that  with  the 
exception  of  the  Afghanislan  campaign,  in  which  Ihe 
high  mortality  was  largelv  the  result  of  an  outbreak  of 
cholera,  the  most  unlualthful  of  scveiilci  ii  Entrli.sh  ex- 


peditions in  warm  climates  had  a  lower  death  rate  than 
the  healthiest  of  an  eipial  number  of  French  campaign.s 
under  presumably  similar  climatic  conditions.  Tlie 
Britisli  expedition  against  the  Ashantis,  in  1!S74.  certainly 
demonstrated  the  etlicieuc_y  of  military  hygiene  under 
notoriously  unhealthful  conditions;  and,in  the  cxeelleut 
results  obtained, the  second  expedition  against  this  same 
tribe,  in  1896,  even  surpassed  the  first.  In  our  own  ex- 
pedition against  JIanila,  during  the  war  with  Spain,  the 
results  were  admirable,  only  8  per  thousand  dying  from 
disease.  During  the  Cuban  insurrection  the  Spanish  are 
reported,  for  the  year  1807,  to  have  had  a  death  rate  of 
3(i  per  tbousand  from  all  causes.  The  admissions  to 
hospital  for  the  same  period  were  1,900  per  thousand,  of 
which  430  per  thousand  were  for  malaria.  During  1897 
the  Spanish  troops  appeared  to  have  suffered  but  little 
from  yellow  fever;  this  being  probably  due  to  an  im- 
munity to  this  disease  acquired  through  previous  visi- 
tations. 

That  constant  exposure  to  infectious  disease  of  all 
kinds,  and  not  only  yellow  fever,  does  actually  exert  a 
seasoning  influence  on  the  survivors  and  reduce  their 
mortality  is  well  known.  As  illustrating  this  point,  it 
may  be  noted  that  the  sick  rate  of  colored  troops  during 
the  ci\il  war  fell  from  4,093  per  thousand  during  the 
first  year  of  their  service  to  2,797  in  the  last,  while  their 
death  rate  dropped  from  311  to  94  per  thousand  strength. 
The  total  rates  for  sickness  during  the  civil  w-ar  under- 
went considerable  diminution,  as  follows: 


First  year,  admissions  per  1,000  strength. . . 
Second  year,  admissions  per  l,ootl  strength. 
Third  year,  admissions  per  1,000  strength. . . 


. .  .2,98.3 
. .  .2.696 
...2,210 


In  this  connection  the  chart  already  given  in  the  section 
showing  the  influence  of  race  as  affecting  the  prevalence 
of  disease  is  of  interest. 

It  is  not.  however,  during  active  wars  or  on  expedi- 
tions that  the  highest  mortality  is  observed  among  troops 
in  the  field.  When  an  army  is  condemned  to  inaction 
through  a  siege,  for  purposes  of  mobilization,  or  even  in 
cantonments  after  a  laborious  expedition,  sickness  rages 
with  the  greatest  violence.  The  typhus  that  tried  the 
Crimean  army  occurred  in  the  winter  after  the  capture  of 
Sebastopol  and  after  conclusiim  of  the  armistice;  and 
examples  might  be  indefinitely  multiplied  in  our  own 
service  to  show  that  the  stationary  force,  during  war,  is 
an  unhealthy  force.  In  January,  1863,  the  medical 
director  of  the  Army  of  tlie  AVest,  then  in  winter  quar- 
ters, reported  1:15  per  cent,  of  the  total  strength  as  being 
excused  from  duty,  and  a  litlle  over  13  p<'r  cent,  in 
JIareh  of  the  same  year.  In  August,  bSOl,  of  some 
troops  encamped  on  the  Arlington  tlats  on  the  Potomac, 
'SS  percent,  were  reported  sick  with  diarrha'a  and  ma- 
larial fever.  During  the  war  with  Spain  the  ty]ihoid 
epidemics,  as  is  well  known,  occurred  in  the  large  fixed 
camps.  An  excellent  instance  is  found  in  the  eonditicm 
of  the  French  troops  during  the  Crimean  War,  a  struggle 
from  which  so  many  sanitary  lessons  have  been  drawn. 
According  to  Rawlinson,  reliable  estimates  as  to  the  sick- 
ness among  these  troops,  for  the  winter  of  1854-55,  were 
as  follows ; 


Month. 


Octolter. . . 
November 
December 
January  . . 
February . 


Strength. 


46.000 
,'»,(X)0 
tti.lXIO 
7.3,000 
,8,8.1X10 


Sick 
In  hospital. 


3.200 
5.000 
6.000 
9,(XX) 
8,1X10 


These   figures   do  not  include   the   sick   treated   in  the 
regimental  infirmaries  or  in  the  hospitals  at  C'onslanti 
nople. 

Voniparition  of  Military  f^tnlistict. — It  is  a  matter  of  the 
greatest  difticulty.  if  not  indeed  impossible,  accurately  to 
compare  the  sanitary  conditions  of  various  armies,  since 
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their  Statistical  tables  arc  often  dilTcrently  coiistnieted. 
the  pliysieal  rcqiiiremcuts  for  recruits  are  not  identical, 
and  diverse  regulations  as  to  discliarires  for  disability 
l)revail. 

In  alteiniitins;  to  iiistitule  such  comparisons  it  is  well 
to  appreciate  at  the  outset  that  a  sick  rate  can  be  kei)t 
low  bv  excludin.ic  the  doublful  or  milder  cases  from  the 
bcnelils  of  qnarlers  or  llOSllit^d.  and  so  preventinj;  them 
from  aiipearini;  on  the  ollicial  records;  thai  the  sick  rales, 
mortalil^v.  and  constant  noii  elliciency  can  be  held  down 
by  a  searchinu:  system  of  discharge  for  disability,  and 
that  the  tolal  loss — as  shown  by  the  sum  of  the  rates  for 
death  and  discharge — is,  in  determining  the  .sanitary 
stale  of  an  army,  of  much  more  importance  than  cither 
«if  its  complemeutaiy  factors. 

In  comparing  the  rates  of  our  service  with  those  of 
foreign  armies  the  admission  r;ile  is  the  one  which,  by 
its  magnitude,  attracts  attention.  This  higher  rate  of 
admissions,  however,  does  not  in  itself  imply  a  greater 
jirevaleuce  of  disease  among  the  troops  of  the  United 
States:  since  with 'us:  in  contradiction  to  the  practice  in 
otlier  armies,  the  soldier  is  ollicially  taken  on  sick  report 
whenever  he  is  e.\cus('d  by  the  medical  ollicer  from  any 
part  of  his  duty,  wliatevcr  be  the  cause.  When  it  is 
observed,  as  was  the  case  in  the  year  bss.s,  that  79(1. .sil 
admissions  per  thousand  strength  from  the  Italian  army 
resulted  in  a  death  rate  of  !).:!!,  while  l.','7(l.7;J  admissions 
for  each  thoiisand  I'niled  States  troops  for  the  same 
period — divided  into  Oil. 01  cases  admitted  into  bus 
pital  and  049.13  treated  in  quarters — ha<l  a  morlalily 
of  only  8.15  per  thousand,  it  is  evident  that  the  ad 
missions  in  the  two  instances — the  rates  for  discharge 
for  disability  not  varying  gieatly — do  not  constitute 
facts  of  e<iual  gravity  and  are  therefore  not  available 
for  comjiarison. 

The  rale  for  constant  non-eflieiency  isoliviously  largely 
dependent  iqion  the  admission  rate  and  that  of  discharge 
for  disability,  and  reflects,  to  a  considerable  degree,  their 
variations.  Taken  by  itself  the  rate  is  misleading,  and  it 
acquires  a  certain  value  only  when  considered  in  conni'c- 
tion  with  other  rates,  particularly  that  for  admissions. 
As  between  services,  for  the  reasons  already  given,  it  is 
evident  that  nonetliciency  rates  are  not  susceptible  of 
proper  comparison. 

The  death  rate  alone,  as  a  means  of  comparison  be- 
tween several  armies,  is  wholly  unreliable  and  merely 
liroditctive  of  error;  since,  as  above  slati'il.  it  can  tie 
markedly  reduced  by  the  removal  from  the  service  of 
those  subject  to  or  jircdispo.sed  to  disease. 

Of  all   the  ratios  which  go  to  determine  the  healthful 
ness  of  an  army,  as  shown  by  stalislics.  that  giving  the 
discharge  for  dis,ibilily  is  of  the  greatest  importance.      In 
its  relation  to  military  morbidity  it  is  at  once  evident  that 
the  admissions  to  hospilal   will   be   largely  furnished  by 
the  |ihysically  less  sound,  and  that  a  iiromjit  and  propor 
tionate  diminution  in  the  sick  rate  must  follow  the  clinii 
nation  of  these  weaklings  by  their  discharge  from  the 
service.       In  addition,  the  number   of    men    withdrawn 
from  the  aggregate  strength  of  the  command,  the  rate  of 
non-ctfectiveiiess  from  disease  or  injury,  is  not  a  factor 
of  equal  imijortance   in  all  armies  and  cannol  be  justly 
used  for  purposes  of  com|iarison.      It  undoubtedly  em 
bodies  the  number  of  admissions  and  the  gravity  of  tlie 
cases  so  admiUed;  but   it   is  obvious  that   the  constant 
non-efliciency  as  well  as   the   admission   rate    varies  in- 
versely with  the  rigor  of  the  .system  of  discharge.     As  to 
mortaiity,  this  too  depends  upon  the  ]ihysical  standard 
maintained,  and,  as  shown  in  the  German  army,  a  low 
death  rat(^   is  naturally  consequent  to  the  early  elimina 
tion  of  those  soldiers  who  are  predisposed  to  or  aclually 
afTccted   wilh  disease.     Hence  the  rate  of  discharge  for 
disaliility  is  the  controlling  factor  in  the  determinalion 
of  the  rates  of  admissions,  deaths,  and  constant  non  clli 
cicncy;  whileit  is  itself  largely  dependent  tipon  t!ie  phys- 
ical standards  to  which  the  recruit,  before  enlistment,  is 
retiuired  to  conform.     To  institute  accurate  comparisons, 
therefore,  a  constant,  unvarying  standard   for  (iischarge 
for  disability  .should  obtain  in  the  several  military  forces 


to  bo  conqiared;  and  such  a  constant  standard  docs  not — 
and  practically  cannot — exist.  Reijuiremeiils  as  to  dis- 
charge for  disability  necessarily  vary  with  the  customs 
of  each  military  service,  and,  to  a  cerlain  degree,  with  the 
]iersonal  equation  of  each  medical  oMicer.  Asan  instance 
of  lh(^  former,  it  may  be  noied  lliat  the  Germans  are 
csiiecially  assiduous  in  [iromplly  removing  the  tubercu- 
lous from  Iheir  armies;  we,  on  the  other  h;uid.  maintain- 
ing a  sanitarium  for  soldiers  all'ccled  with  this  di.sease; 
and  this  single  source  of  erior.  to  which  nnghl  be  added 
many  other  h'ss  aggravated  instances,  iircvents  a  com- 
parison of  sick  rale,  mortality,  and  non  elliciency  upon 
anything  like  e(|ual  premises,  if  it  be  admitted,  hov^- 
ever,  that  the  physical  requireinenis  for  the  recruits  of 
various  armies  are  appniximalily  the  same,  the  total 
liis.si'S,  irrespective  of  rilher  lion  (•Hieieiicy  or  admission 
rale,  should  all'ord  a  soinewbat  inaccurate,  but  still  the 
most  available  and  s;itisfaclorv  method  of  determining 
the  comparative  health  and  physical  elliciency  of  various 
services. 

The  following  ligiires,  taken  from  ^lar\aud,  show  the 
annual  .sick  rates,  mortality,  loss  by  discharge,  and  total 
losses  in  various  European  armies  for  a  period  about  ten 
or  twelve  vears  ago: 
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Name. 
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S 

ti  t.  tc 

2ts 

c  (-  0 

"      - 

Itelciiini 

1HH7-88 

:i:tH* 

3.9 

ir.o 

211.9 

Aiisfha — 

18S7 

y,B  + 

H.9 

1.5.11  i 

21.9 

(;rt'nt   Uritain   (home  sta- 

1SS4  K") 

877 

.'i2 

200 

2.53 

Francf  (In>nie  stations)  ... 

IHHS 

."ilH) 

0.1 

21  .u 

27.1 

Gcntianv 

l.H^i:^H4 

84!) 

:t.i) 

2i).ll 

;b.9 

ItillV 

1HH7 

"IMI 

8,7 

28.0 

315.7 

Russia 

1881)^84 

845 

S.i) 

:il.:! 

4(1-2 

Spain 

lSH(i 

ia.5 

:)0  8 

44.3 

*  (,1'ncral  Imspitals only.    +  Ineludini,' detention  in  barracks, 
including  teniporary  invalids. 
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During  the  3'ear  IHS.S  the  total  ;idniissions  per  thousand 
strength  in  the  United  Stiites  army  anionnled  to  1,370.73, 
the  deaths  were  S.  l.'iper  lliousimd,  the  constantly  non- 
ell'ectives  were41.!n  ]ier  thousand,  the  discharges  for  dis- 
abilily  37.7.">  pi'r  thous:ind.  TIk'Sc  tigures  give  a  total 
;innual  loss  of  3.").!K) — Ihus  making  our  sanitarj-  showing 
for  that  lime  inferior  to  that  of  the  above-named  nations 
exee|it  Italy.  Hussia,  and  Spain;  all  countries  notoriously 
the  hast  advanced  in  niiitters  ]ierlainiiig  to  hygiene.  It 
can.  however,  scarcely  hv.  believed  that  our  men.  tnider 
cipial  conditions  of  .selection,  broke  down  nearly  twice 
as  readily  as  the  Belgian  or  Auslrian  soldiers  and  half 
again  as  rapidly  as  the  British  .soldier,s,  and  hence  the 
conclusion  would  seem  to  be  inevitable  from  the  above 
tigures  that  our  troops  were  at  that  time  examined  on 
eiilislmeiit  with  a  laxity  as  to  tlii'ir  physical  condition 
which  did  not  obtain  in  foreign  services.  This  idi'a  is 
further  strengtheneil  by  tlu-  fact  that  during  the  same 
year  ( IHS.H)  (lilt  of  713  men  discharged  on  cerlilicales  of 
disidiility,  in  13il  instances  tlu' disability  was  specitically 
declared  to  have  existed  ]iri(ir  to  enlistment.  About  this 
time  the  large  number  of  discbarges  for  disability  at- 
tracted the  attention  of  the  authorities,  and  recruiting 
ollicers  were  w:irned  to  be  more  strict  in  Iheir  examina- 
tions for  enlistment  ;  while  a  general  order  required  that 
all  men  recommended  for  discharge  on  account  of  dis- 
ability lie  sent  to  the  lie.adciuarlers  of  each  militaiy  de- 
partment for  observation  by  the  chief  surgeon  pending 
final  action  in  their  cases.  As  a  result  of  these  retiiiire- 
mentsllie  rales  for  discharge  were  decreased  by  nearly 
one-half  in  a  single  year,  since  which  even  further  dimi- 
nution has  taken  place.  For  the  year  1W97  the  rale  for 
discharge  on  accoiiiil  of  disiibilily  was  only  !).01  per 
thousand  as  compared  wilh  37.7.')  during  1S.S8.  On 
comparing  the  statistics  of  the  above  armies  for  a  more 
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recent  period — excliiiliug  France  and  Spain,  for  which 
countries  no  later  lig'ures  are  ol)tiiiniible — tiie  n'lative 
Status  of  the  United  States  service  is  found  to  he  as 
follows : 


Country. 


Germany 

Belgium 

United  States 

Great  Britain   (home  sta^ 

tions) 

Italy 

Russia 

Austria 


C-  U   ri 

»  o  a)  G 

g 

»&    3 

1 

'H  i-  c  X 

m  1 

1.1  II 

<B^-. 

2S 

S|    1 

"" 

ISiB 

810.(1 

2.6 

9.0 

1S»7 

42!!.:) 

2.0 

12.4 

1897 

l.lSli.lil 

5.11 

9.61 

LSST 

64(1.6 

3.42 

19.87 

1S97 

694.0 

4.2 

21.2 

189li 

314.(1 

5.40 

24.9 

1S97 

3:t2.7 

4.0 

37.5 

11.6 
14.4 

14.72 

23.29 
25.4 

30.30 
41.5 


It  is  evident  from  the  above  that  much  has  been  ac- 
complished during  the  past  decade  toward  improving  the 
sanitary  condition  and  effectiveness  of  our  army,  and  it 
is  Siife  to  assume  that  at  the  present  time  the  United 
States  soldier  is  better  cared  f(n-  than  is  the  man-at-arms 
of  nearly  every  other  military  service. 

Although,  as  stated,  attempts  at  the  comparison  of 
statistics  of  different  armies  are  at  best  necessarily  inac- 
curate and  nusatisfactory,  within  the  limits  of  the  same 
service  such  action  is  both  feasible  and  desirable:  the 
standard  for  the  hea'th  of  an  army,  as  expressed  by 
Smart,  being  its  own  best  annual  record.  Outside  of 
unusual  vicissitudes,  exposure,  and  epidemics,  and  of  the 
unsanitary  conditions  which  bring  disease  and  death  into 
the  ranks  of  a  military  conunand  during  campaign,  the 
sanitary  surroundings  of  the  soldier  do  not  var}'  much 
from  year  to  year  except  as  they  are  moditied  by  intelli- 
gent efforts  for  their  ini]irovement.  What  has  been  ac- 
complished in  the  past  should  tln.refore  be  effected  in  the 
present:  or  satisfactory  explanation  should  be  given  of 
the  cause  of  failure,  which  would  thus  be  converted  into 
a  source  of  protection  for  the  future. 

As  to  military  rates  as  affected  by  the  geographical 
distribution  of  troops,  the  following  table  shows  the  rela- 
tive sickness  among  the  forces  stationed  in  the  various 
military  departments  within  the  limits  of  the  United 
States  diu'ing  the  year  1897 ; 


Ratio  per  1,000  Strength. 


Eiu-opean  Troops. 


Troops  at  home  and 
abroad 

Unlt«d  Kingdom  . . 

Gibraltar 

Malta 

Egypt  and  Cyprus  . 

Canada 

Bermuda 

West  Indies 

We.st Africa*     ,   . 

South  AfriiaiandSt. 
Helena 

Mauritius 

Ceylon 

China 

Straits  Settlements. 

India 

on  board  ship 


S 

a 

i 

i5 

ES 

El 

C.2 

11 

^.3 

-IE 

III 

t5l 

-fl 

^-3 

as 

^£ 

v.  ? 

Days 

997.4 

8.81 

23.ft5 

14..52 

,58.,57 

2i.;j8 

7:35.9 

4.68 

16.37 

43.51 

1.5..52 

708.8 

4.01 

15.:B 

8.35 

46.65 

17.02 

666.9 

7..5:j 

19.2(1 

10.;V! 

44.2!l 

16.17 

998.8 

11.08 

19.(14 

12.09 

(M.48 

23.9(J 

499.1 

4.37 

14.;>4 

11.90 

25..")4 

9.:!2 

.5.59.2 

10.07 

12.65 

8.14 

29..5S 

W.>^} 

1,119.3 

8.43 

30.23 

13.40 

64.48 

m.-A 

3,652.7 

45.03 

237.94 

12.86 

84.89 

30.98 

868.3 

6.63 

23.97 

14..54 

.55.85 

20..39 

1,364.4 

1.5.04 

.55.94 

17.42 

73.76 

28.92 

1.038.0 

11.10 

20.:3.5 

11.43 

.58.29 

21.27 

1.324.7 

11.31 

:i3M 

14.28 

64.97 

2:3.71 

1,072.1 

6.73 

18.14 

9.37 

73.48 

26.46 

1.443.9 

15.50 

25.17 

13.24 

84.87 

30.98 

1,1.32.8 

6.41 

r  ~  _  .^ 


Days 

21.47 
31.04 
34.01 
34.35 
33.93 
18.()8 
19.31 

31.08 
11.68 

23.48 
19.37 
20.69 
17.91 
24.6,8 
31.45 


*  For  eight  years  only,  1889  to  1,896. 

It  is  readily  seen  that  the  total  losses  vary  from  the 
minimum  of  12.26  per  thmisand  at  Gibraltar  to  the  maxi- 
mum of  .57.88  on  the  west  coast  of  Africa:  while  the 
death  rate  of  troops  at  Innne  is  only  about  half  that  of 
the  entire  army.  The  discharges  for  dissibility  in  the 
latter  instance  are  slightly  higher,  the  constant  non-effec- 
tive considerably  lower,  as  is  also  the  number  of  days 
lost  by  each  soldier. 

The  mortality  among  the  European  troops  of  the 
French  ai'iny  on  foreign  service  per  thousand  strength 
is,  according  to  Ga_vet,  thus  proportioned  among  the  fol- 
lowing stiitions: 

Algeria 11  to  13 

Antilles 18  to  32 

Senegal about  73 

Reunion  before  the  Madagascar  expedition 38to30 

Reunion  after  the  Madagascar  expedition 80to90 

New  Caledonia 9  to  10 

Cochin  China 22to24 

Tonkin about  73 

While  statistics  with  regard  to  our  owu  troops  on 
foreign  service  are  not  as  yet  available,  it  is  probable  that 
thcv  will  not  greatly  ditier  from  the  rates  of  the  British 


Department. 


East 

Missouri  . 
Dakota... 
Platte.... 
Te.\as.... 
Colorado  . 
Califoniia 
Columbia 


Annual 
death  rate 
per  1,000 
strength. 


.5.61 
5.30 
4.77 
7  27 
6!24 
3.,56 
3.15 
6.20 


Annual 
discharge 

rate 
per  l.tXK) 
strength. 


.5.85 
6.91 
9..55 
4..59 
7.38 

13.93 
6.30 

10.33 


Duration 

of  treatment 

au(ong  patients 

who  died. 


17.,80 
16.78 
28.17 
22.:j7 
5.27 
73.45 
24.40 
36.56 


Duration 

of  treatment 

among  patients 

who  were 

discharged  for 

disability. 


S).40 
86.06 
109..54 
119.67 
100.38 
115.81 
66.40 
73.47 


.\yerage 
number  of 
sick  daily. 


287.28 
137.3(3 
85.28 
96.61 
69.88 
110.07 
41.81 
37.35 


.\verage 
duration  of 
treatment. 


10.38 
11.13 
13.70 
10.43 
9.51 
10.21 
11.81 
11.94 


Total  losses 
by  death  and 

discharge 
for  disability. 


11.415 
13.31 
14.:33 

n.m 

13.62 
17.49 
9.43 
16..53 


Admission 

rate 

per  I.OtX) 

strength. 


1.280.04 

1,188.89 

975.33 

1.294.41 

1..522  14 

1.274.0.5 

813.60 

788.44 


Constantly 

non-effective 

per  1,000 

strength. 


35.83 
36.25 
33.93 
36.99 
39.R5 
35.66 
36.3:3 
25.6.5 


From  the  above  it  is  seen  that  the  Department  of  Cali- 
fornia is  the  mo.st  healthful,  with  the  Department  of  the 
Columbia  and  Dakota  closely  following.  The  Depart- 
ment of  Texas  has  long  been  recognized  as  the  most  uu- 
healthful  milit;(ry  division. 

The  statistics  for  the  entire  British  army  in  time  of 
peace  are  of  particular  importance,  covering  as  they  do 
a  large  number  of  geographical  divisions  under  diverse 
climatic  conditions  and  enabling  the  making  of  accurate 
comparisons  through  the  similar  sanitary,  military,  and 
administrative  conditions  prevailing  throughout  the 
whole.  The  figures  for  that  service,  for  the  ten  vears 
1887  to  1896,  are  given  below. 


troops  at  the  nearest  of  the  tropical  stations  noted  above. 

Ediriinl  L.  MunMin. 
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Army  .nodiral  Stat. 
Ariiiy  \iir*c  torps. 


NottiT  and  Firtli    Ta>atisp  on  Hyeli'iie,  I^uidon,  ISSii 

Paf^t't:  Addri'ss  on  tlni  Nutimial  Valufof  Public  Health.  London,  1S.S4. 

Rawlinson  :  Hvsii'ni'  of  .Annii-s  in  {ho  Kii'ld.  I.onilon. 

Re|K)rl.sof  the  Anii.v  Medical  Services  of  .\nsiio.|lunL'aiy.  Belffinm. 

Ki-iiice,  tieniian.v,  (iieat    Biitaiii.  Iialy,  Russia,  ami  the    Iniled 

States. 
Kos.se  :  Anny  Disea.ses.    Reference  llandlwwik  of  the  Jledical  Sciences, 

vol.  1.     (First  edition.) 
Smart:  Medical  and  Suruncal  HistoiT  of  tlu!  War  of  the  liebellion. 
Stel'nlierf-' :  ."^iirnl.n  v  Lessons  of  tlie  Wai-.    Jonnial  of  the  American 

Mediial  As.socialion.  .Inne  HI.  IWIll. 
Vlry  r  i'nm-iples  d"liyj;iene  niililaii-e.  Paris,  IHi)i). 

ARMY  NURSE  CORPS.— In  tin;  days  of  pwtoc,  be 
twcen  the  civil  niiil  llic  Spaiiisli  wins,  mifsiuij  in  tlie 
army  Wits  done  ciiiiicly  by  men.  At  the  fiid  nf  March. 
1898,  there  was  a  body  of  'VM  hospital  corps  men  in  all 
dc.!?rccs  of  traiiiin.s;  as  nurses  for  army  work,  as  well  as 
20;1hosi)ital  stewards  and  aclinj;  st(^wards  who  may  be 
considcn^d  the  cqiiivalenls  of  sradiuUc  nurses  in  civil 
hospitals.  Tills  number,  barely  adeciuati?  for  an  anny 
of  2r),0()()  men  in  time  of  jieace.  was.  of  cotirse,  wholly 
inadequate  in  time  of  .war  for  an  iirmy  of  ten  times  that 
si/.e.  anil  aHlioUith  it  was  planned  ii'reatly  to  increase  the 
hospital  corps,  it  was  evident  that  the  raw  materia!  ob- 
tainable coidd  not  do  the  work  of  trained  nurses.  There- 
fore, to  supply  tlie  approaching  necessities  of  the  army, 
tlie  United  States  Congress,  in  April.  1808,  at  tin;  request 
of  the  surgeon-genefal,  authorized  liim  to  employ  nurses 
under  contract  and  made  an  appropriation  for  th<-ir  jiay- 
ment.  No  restriction  was  madi^  as  to  se.v.  but  at  that 
lime  it  was  the  oinnion  of  the  War  Deparinient  that  but 
few  women  nurses  would  lie  needed  and  that  their  .ser- 
vices wouhl  be  limited  to  the  general  bosi)ilals.  Several 
hundred  women,  largely  untrained,  had  already  applied, 
but  the  force  of  the  surgeon-general's  ollice  was  too  lim- 
ited to  permit  of  any  examination  of  their  (jualiHcations. 

Knowing  these  facts,  the  writer  suggested  to  the  Na- 
tional Society  of  the  Daughters  of  the  American  Kevolii- 
tion  (of  wiiich  she  was  a  vice  president-general)  that  that 
organization  should  act  as  an  examining  board  on  wonnn 
nurses  for  the  Government.  The  surgeons-general  of 
botli  the  army  and  navy  [uomptly  accepted  tliis  oiler  of 
the  Daugliters,  and  iii  April  the  "  D.  A.  R.  Hospital 
Corps"  was  organi/.e<l,  with  the  writer  as  director. 

The  standard  adoiilcd  for  appointment  to  army  service 
was  that  of  graduation  from  a  training  school,  combined 
with  suitalile  indorsements,  the  cliief  reliance  being 
placed  on  .a  recommendation  from  the  superintendent  of 
nurses  under  whom  the  ajiplicant  liad  graduated.  Wom- 
en physicians  were  also  considered  eligible,  although  but 
few  were  appointed. 

The  (irst  nurses  were  appointed  onthelOthof  Jlay, 
1898,  and  ordered  to  the  general  hospital  at  Key  West, 
and  before  the  lotli  of  July,  forty-seven  nurses  had  been 
asked  for  by  surgeons  at  dilTerent  general  hospilals  and 
had  beenseiecled  by  tlie"  Daughters"  forapiiointnu'iit  by 
Ihe  surgeon  general.  About  this  time  yellow  fever  ap- 
peared among  tlie  Santiago  troops,  and  nurses  were  ur- 
gently needed  there.  The  surgeon-general,  therefore,  eni- 
jiloyed  the  wife  of  tlu^  superintendent  of  a  Washington 
hospital  and  sent  her  to  Nt'W  Orleans  to  secure  the  ser- 
vices of  inimunes,  both  maU;  and  female.  The  majority 
of  the  nurses  so  appointed  were  colori-d  women  without 
hospital  training,  a  i onsiderable  number  of  whom  were 
sent  to  Santiago  in  .Julyand  August.  The  "  Daughters" 
alsosuiqilieda  few  trained  inimune  nurses  for  this  service. 

During  the  month  of  Augustan  epidemic  of  typhoid 
fever  broke  out  in  the  cainps  which  had  bei'ii  established 
as  temporary  places  of  instrticlioii  for  the  volunteer 
troo])s.  It  also  liecame  evident  at  that  time  thai  these 
camp  hospilals  had  lost  their  original  character  and  be- 
come practically  stationary,  and  conseipiently  the  objec- 
tion to  the  emiiioymenl  of  women  nurses  in  llicm  had  dis- 
appeared. During  that  nionlh,  Iherefore,  and  especially 
in  its  latter  half,  the  deiiiands  for  women  nurses  grew  to  an 
enlirely  niie.xiicetcd  amount,  and  the  roll  of  army  nurses 
reached  about  a  thousand  names.  Not  only  did  they  go  to 
.gttneral  and  ticld  hosinlals.  but  wlaaK'ver  the  surgeon  in 
charge  of  a  division  or  post  hospital  so  retiuested.  trained 
nurses  w-ere  assigned  to  duly  under  him.  During  the 
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fall  it  became  not  uncommon  for  regiments  or  larger 
divisions  of  troops,  when  they  moved  to  Southern  eanip.t 
or  to  Cuba,  to  take  with  them  the  trained  nurses  attached 
to  their  hospitals,  and  no  inconvenience  or  difliculty  has 
been  reported  as  having  ensued. 

It  is  needless  to  refer  to  Ihi^  great  value  of  the  work 
rendered  by  these  trained  assistants  to  the  medical  depart- 
ment of  the  army,  since  surgeons,  patients,  and  the  public 
at  large  have  been  most  enthusiaslic  in  their  e.\i)ressions 
of  ajipreciation.  There  was  scarcely  a  I  raining  school  in 
the  l'nit<'d  States  which  did  not  send  some  of  its  best  rep- 
resentatives for  this  work,  and  Ihe  women  a(la|)ted  them- 
selves to  camp  conditions  and  to  many  sorts  of  di.scom- 
fort  in  a  manner  that  quite  altered  many  preconceived 
opinions. 

During  the  greatest  stress  of  the  work  Viiluable  assist- 
ance in  securing  the  services  of  nurses  was  rendered  to 
the  government,  through  the  "  Daugliters,"  by  a  number 
of  organi/ations.  TheSislersof  ('liaril\- merit  ])roniiiient 
mention  in  this  connection,  as  they  furnished  ifom  their 
order  two  hundred  Sisters,  many  of  whom  had  much  hos- 
pilal  experience.  A  few  of  the  Sisters  from  four  other 
Catholic  organizations  and  from  one  Protestant  Ei)isco])al 
Sisterhood  also  ser\'efl  for  a  time.  The  Society  for  the 
Maintenance  of  Trained  Nurses,  which  was  Au.xiliary 
No.  S  to  the  American  National  Red  Cross  Relief  Com- 
miltee  of  New  York,  in  August,  and  for  a  month  or  two 
thereafter,  examined  the  credentials  of  a  large  number  of 
applicants,  and  cerlitied  to  their  having  conformed  to 
the  standard  established  by  the  "Daughters."  This 
society  was  unique  in  its  w-ork  of  furnishing  money 
for  the  transporlalion  of  many  nurses  and  for  their 
comfort  while  wailing  orders  in  New  York  City  and 
while  serving  at  certain  army  hospitals.  Miicli  val- 
uable aid  was  rendered  by  the  suiierintendenis  of  train 
ing  schools,  althou,i;li  it  is  an  interesting  fact  that  no 
organization  of  trained  ntirsi'S  has  rendered  any  note- 
worthy assistance.  In  spite  of  the  overcrowding  which 
had  previously  been  complained  of  in  the  nursing  pro- 
fession, there  was  much  diliiculty  at  the  time  of  greatest 
stress  and  need  in  securing  enough  suitable  appliiants  to 
fill  the  demands  from  the  camps.  The  chief  surgeons  at 
jNIontauk,  .Taeksonville,  Lexington,  and  i^an  Francisco 
were  therefore  authorized  to  secure  women  nurses  with- 
out regard  to  training,  and  in  this  way  a  few  undesirable 
appointees  unavoidably  ere])t  in. 

in  addilion  to  the  army  nurses  temporary  help  was 
accepted  at  a  few  hospitals  from  women  w  ho  were  not 
connected  with  the  medical  deixirtmeiil.  That  such 
should  have  been  the  case  is  much  to  be  regretted,  as 
irregular  nurses  are  not  subject  to  control  and  discipline 
ami  do  not  hold  the  same  honorable  |)osilion  as  do  women 
who  have  governmental  authority  for  their  presence  with 
the  army. 

As  the  women  who  w  ere  a.ssisting  the  government  on 
behalf  of  the  Daughters  of  the  ,\merican  Revolution,  and 
of  the  societies  which  were  co-o|K'rating  with  them,  held 
no  ofllcial  positions,  their  work  was  necessarily  limited 
to  the  selection  of  nurses  for  appointment.  By  the  end 
of  August,  1898,  it  became  necessary  to  establish  an 
army  nurse  corps  division  of  the  surgeon-general's 
office,  and  Mrs.  Anita  Neweoml)  MctJee,  M.D.,  was 
therefore  appointed  an  acting  assistant  surgeon  and  as- 
signed to  duty  in  charse  of  that  division. 

After  the  middle  of  September,  at  which  time  abotit 
twelve  hundred  nurses  were  in  service,  there  wasa  grad- 
ual decrease  resulting  from  the  control  of  the  typhoid  fe- 
ver, and  later  from  the  mustering  out  of  the  volunteer 
army.  At  the  close  of  1898  there  were  nearly  seven 
hundred  women  nurses  in  the  army,  the  largest  number 
at  any  one  place  being  one  hundred  with  the  Seventh 
Army  Corps,  near  Havana,  Culia.  A  lar.ge  number  had 
also  been  taken  to  .Matanzas  and  a  few  to  I'ueilo  Prin- 
cipe, Cuba,  and  many  others  vere  , scattered  through  the 
camps  in  the  Southern  States  in  preparation  for  jiossible 
transfer  to  that  i.sland.  About  thirty  nur.ses  were  in 
the  province  of  Santiago,  including  the  remnant  of  the 
untrained  immuues  sent  there  in  .July  and  August,  1898. 
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Tlie  work  of  substituliiij;-  graduate  nursfs  for  such  of 
tliese  as  were  mil  rained  hud.  however,  been  well  begun. 
The  begiiuiitig  of  the  yeiir  also  found  seventy  nurses 
scattered  through  Porto  Rico. 

On  the  first  of  July.  l.S!<!i,  there  were  202  women  nur.ses 
in  service,  since  which  time  the  number  has  ranged  be- 
tween 200  and  225.  The  total  number  of  women  who 
served  as  army  nur.ses  prior  to  July  1.  1809,  was  1,563. 
and  the  number  of  applications  at  that  dale  had  almost 
reacheil  0,000. 

The  mortality  among  the  trained  nurses  has  been  e.v- 
tremely  small,  the  deaths  numbering  only  5.  Five  of  the 
250  Catholic  Sisters  also  died,  as  did  3  of  the  untrained 
(immune)  nurses.  All  except  two  deaths  were  from  ty- 
phoid fever. 

Side  by  side  with  the  general  improvement  of  the 
standard  "of  army  nurses,  made  possible  by  the  reduction 
in  numbers,  has  gone  the  organization  of  the  "  Arun' 
Nurse  Corps"  as  a  whole.     Under  date  of  November  7, 

1898,  the  first  rules  governing  this  body  were  issued  by 
the  surgeon-general.  This  circular  contained  barely 
three  pages,  and  was  practically  a  preliminary  draft  of 
rules,  w'liich  grew  and  underwent  modification  with 
wider  experience.  The  constant  changes  in  the  organi- 
zation of  the  army  itself  rendered  it  impossible  to  organize 
at  one  step  its  nursing  department,  but  during  the  winter 
and  spring  of  1899  every  fact  was  fitted  into  its  appro- 
priate place  as  a  precedent  and  guide  for  rules  which 
were  to  be  of  permanent  value. 

The  complete  organization  circular,  after  several 
months  of  consideration,  was  finally  ajiproved  by  the 
Acting  Secretary  of  War  ou  July  20,  1899,  and  issued  as 
Circular  No.  1  from  the  surgeon-general's  office.  In  this 
the  term  "Nurse  Corps"  was  first  made  official.  These 
rules  were  reissued,  after  slight  modification,  as  Circular 
No.  1,  Surgeon-General's  Office,  March  9,  1900,  which 
reads  as  follows; 

Circular  No.    1.    Surgeon-General's    Office.    June   20, 

1899,  promulgating  regulations  governing  the  Arm_y 
Nurse  Corps  (female),  is  amended  to  read  as  follows,  and 
is  republished  for  the  information  and  guidance  of  all 
concerned : 

The  nurse  corps  shall  consist  of  chief  nurses,  nurses, 
and  reserve  nurses. 

The  surgeon-general  may  assign  female  nurses  to  duty 
at  all  army  hospitals  where  the  cases  treated  are  of  such 
character  as  to  require  the  care  of  trained  nurses.  Under 
ordinary  conditions  not  more  than  two  will  be  assigned 
to  a  hospital  having  less  than  twenty  beds. 

A  medical  officer  requiring  the  services  of  female 
nurses  at  a  hospital  will  make  application  to  the  surgeon- 
general  through  the  chief  surgeon  (see  paragraph  on 
"Transfers")." 

At  each  hospital  to  which  nurses  are  assigned  one  of 
them  shall  be  a  chief  nurse,  appointed  by  the  surgeon- 
general. 

Women  not  under  arm.v  contract  will  not  be  permitted 
to  serve  as  nurses  in  army  hospitals  unless  in  an  unfore- 
seen emergency,  and  in  such  case  the  medical  officer  in 
charge  of  the  hospital  will  immediately  report  the  fact  to 
the  surgeon-general  for  his  action. 

Appointmeni. — To  be  appointed  in  the  army  a  nurse 
must  be  qualified  therefor  phj'sically,  mentally,  and  mor- 
ally, as  hereinafter  provided: 

1.  She  must  present  a  physician's  certificate  of  health 
on  a  blank  form  which  will  be  furnished  by  the  surgeon- 
general. 

2.  She  must  be  a  graduate  from  a  training  school  for 
nurses  which  gives  a  thorough  jirofessional  education, 
both  theoretical  and  practical,  and  requires  at  least  two 
years'  residence  in  a  hospital. 

3.  She  must  be  indorsed  by  the  present  superintend- 
ent of  nurses  at  the  hos)iital  from  which  she  graduated 
and  also  bv  the  one  under  whom  she  was  trained.  IJlanks 
for  these  indorsements  will  be  furnished  by  the  surgeon- 
general  and  are  to  be:  returned  directly  to  him. 

4.  She  must  be  a  citizen  of  the  United  States. 


These  provisions  may  be  waived  in  part  in  the  cases 
of  dietists,  of  iminunes  to  yellow  fever,  and  of  nurses 
who  have  rendered  satisfactory  army  service  during  the 
Spanish-American  war. 

[Note. — Nurses  are  not  appointed  under  the  age  of 
twenty-five,  but  in  order  to  receive  correct  information,  it 
has  been  fcnnid  necessary  not  to  publish  this  rule  in  the  cir- 
cular. The  ap|ilication  card  blank,  which  is  furnished  all 
trained  ap]ilieauts.  asks  the  name,  address,  date  and  place 
of  birth,  color,  height,  weight,  whether  single,  married, 
or  widow,  and  other  questions,  the  principal  ones  being: 
Are  you  a  graduate  of  a  training  school  for  nurses'?  If 
so.  what  school  and  what  year?  What  other  hospital 
experience  have  you  had  ?  Have  you  nursed  continuously 
since  graduation?  If  not.  what  lias  been  your  occupa- 
tion? What  experience  have  you  had  in  invalid  cookery, 
and  have  you  had  yellow  fever?] 

Tefin  of  Serrirc  and  Annulment  of  Contract. — When  a 
nurse  on  the  eligible  list  is  appointed  for  active  service, 
she  signs  a  contract  to  serve  for  at  least  one  year,  unless 
sooner  discharged. 

When  appointed,  a  nurse  is  considered  as  on  probation 
regarding  her  fitness  for  arm_v  duty,  and  if  not  found  ac- 
ceptable will  be  recommended  for  annulment  of  contract 
by  the  chief  nurse.  Such  recommendation,  ajjproved  or 
disapproved  by  the  medical  officer  in  charge  of  the  hos- 
pital, will  be  forwarded  to  the  surgeon-general. 

The  contract  of  a  nurse  will  not  be  annulled  at  her  own  re- 
(piest  except  for  good  reason,  presented  in  writing  and  for- 
warded to  the  surgeon-general  through  the  chief  surgeon. 

When  a  medical  officer  has  moi-e  nurses  than  are  needed 
at  Ills  hospital  he  will  report  the  fact  to  the  surgeon-gen- 
eral, if  the  hospital  is  in  the  United  States:  otherwise  he 
will  report  it  to  the  chief  surgeon  of  the  department.  If 
the  surgeon-general  or  chief  surgeon  does  not  transfer 
the  surplus  nurses  to  another  hosjiital,  they  will  not  bi> 
granted  a  leave  of  absence,  but  will  be  ordered  to  their 
homes  to  report  to  the  surgeon-general  for  annulment  of 
contract.  The  medical  officer  requesting  or  issuing  such 
orders  will  immediately  forward  a  copy  to  the  surgeon- 
general,  stating  in  full  the  reason  for  his  action,  and  he 
will  also  forward  the  special  efficiency'  report  prepared 
by  the  chief  nurse. 

He  will  indorse  on  the  nurse's  contract  the  date  of  her 
departure  from  the  hospital  and  the  date  to  which  she 
was  last  paid,  and  direct  her,  on arri\al  home,  to  forward 
it  to  the  surgeon-gen^ral  and  rejiort  for  annulment  of 
contract  or  orders.  All  contracts  will  be  annulled  by 
the  surgeon -general  (or  by  his  order),  who  will  fix  the 
date  thereof.  A  nurse  will  not  be  entitled  to  commuta- 
tion of  rations  Avhile  aw-aiting  annulment  of  contract. 

If  a  nurse  prefers  to  have  her  contract  annulled  with- 
out returning  home,  no  orders  will  be  issued  in  her  case 
and  no  transportation  will  be  furnished,  as  she  cannot 
receive  or  use  trausjiortation  orders  after  annulment. 

Pail. — For  service  in  the  United  States  a  nurse  will  be 
paid  840  a  month,  and  in  Cuba,  Porto  Rico,  the  Ha- 
waiian Lslands,  or  Philiiqiine  Islands,  §50  a  month. 

All  chief  nurses  receive  the  Siune  allowances  as  nurses, 
and  where  less  than  five  nurses  are  constantly  serving  at 
a  hospital,  the  chief  nurse  does  not  receive  increased  pay. 
Where  five  or  more,  and  less  than  ten,  are  constantly 
serving,  the  chief  nurse  receives  810  a  month  more  than 
the  nurses.  Where  ten  or  more  are  constantly  serving, 
she  receives  825  a  month  more  than  the  nurses. 

Accounts  for  the  pay  of  nurses  under  contract  will  be 
prepared  by  the  officer  under  whose  direction  they  may 
be  serving,  upon  vouchers  (Form  4)  in  duplicate,  prop- 
erly certified  by  the  officer  in  charge  and  signed  by  the 
nurse  and  forwarded  to  a  disbursing  officer  for  settlement. 
No  payments  to  nurses  will  be  mad<'  on  pay  rolls. 

Vouchers  will  be  prejiared  and  forwarded  at  the  end 
of  each  month,  upon  the  annulment  of  contract,  upon 
transfer  to  another  station  and  ujion  departure  on  leave 
of  absence  or  by  order;  the  date  of  last  |iayment  and  by 
whom  paid  will  be  stated  on  each  voucher,  and  upon 
final  voucher  the  date  of  annulment  of  contract. 

In  preparing  vouchers  the  officer  will  certify  only*  aa 
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to  time  of  service  and  amount  clue  the  nurse  wliile  saiil 
nvirse  has  tieen  on  duly  at  tlie  iKJSjillal  under  liis  cliarire: 
except,  tliat  upon  the  ]iresentation  of  an  order  for  trans 
fer  to  said  liospital,  or  a  leave  of  absence  from  wliicli  a 
nurse  has  returned  (if  said  have  of  alisence  is  with  pay), 
tlie  ollicer  will  taU(^  up  on  the  voucher  and  ereilit  tlic 
nurse  with  the  amount  due  for  tlie  period  covered  by 
said  order  or  leave  of  ;disincc. 

The  nurse's  copy  of  her  contract  will  in  all  cases  ac- 
company voucheis  when  lU'csenleil  for  iiaymcni.  anil  will 
be  returned  to  her  with  the  check  when  rei-civcd  from 
the  disbursinj;  oHicei. 

Disliursiuj;  ollicers  will  note  all  payments  on  Mie  con 
tracts  of  nurses,  and  will  forward  to  this  olliee.  on  in 
formation  slip,  the  name  and  amount  p.aid  to  each,  and 
for  what  period  paid. 

Disbursiuj;  officers  must  be  careful  not    I  o  make  pay 
mcnts  in  advance. 

New  contracts  (in  qua(iru])licale)  will  be  made  with 
each  nurse  wheq  for  any  reason  the  rate,  of  pay  is 
changed,  two  chpies  to  be  forwarded  to  this  olliee.  with 
the  oath,  one  copy  tobe  f;iven  to  the  nurse,  and  one  to 
l)e  retiuned  by  the  oflicc'r  niakint;  the  contract.  The 
Christian  names  and  surnann'  of  the  nurses  must  be  f;iven 
in  the  contract,  and  her  sisnature  must  correspond  ihere 
with.  The  new  contracts  will  be  exact  copies  of  the  old 
contracts,  with  the  exception  of  the  chanjie  in  the  rale 
of  i>ay. 

Ti'ints])(jriiittoii. — .V  nurse  ea!Uiol   lea\c  her  station  e\ 
cejjt  when  ordered  to  do  .so,  or  when  granted  a  leave  of 
absence. 

Before  starting  on  a  journey  at  public  expense  she 
must  receive  a  written  order  from  the  proper  authority, 
together  with  an  order  for  her  railway  ticket  and  sleeper 
(or  accommodations  on  a  transport  or  other  vessel).  She 
nuist  also  have  the  dale  of  her  de]>arture  and  the  time  to 
which  she  was  last  paid  indorsed  on  hei'  contract. 

When  travelling  under  orders  no  delay  in  starting  an<l 
no  stop-over  privileges  are  allowed. 

A  nurse  returning  from  service  outside  of  the  l'nite<l 
Stales  will  usually  be  furnished  transportation  to  New 
York  or  San  Francisco.  On  arrival  in  ciihcr  city  she 
will  iiroceed  to  the  Army  Building,  where,  on  ]n-escnta- 
tion  of  her  travel  order,  she  will  be  furnished  transjiorta- 
tion  to  her  di-stination. 

Tr.insportalion  will  not  be  furnished,  nor  will  travelling 
expcnsis  lie  allowed,  for  any  journey  which  a  nurse  ina_y 
take  while  on  leave  of  absence,  except  that  if  she  goes  to 
and  from  the  United  States  she  may,  if  practical)le,  be 
authorized  to  travel  on  a  Government  transport. 

Xurses,  whether  still  in  the  service  or  not,  will  be  re- 
imbursed eitlier  by  the  Quartermaster's  Di'partment  or 
by  the  auditor  for  the  AVar  Deiiurtnicnl  for  incidental 
expenses  incurred  in  any  journeys  under  orders.  An 
itemized  account,  not  to  exceed  SO  for  each  day  of  travel, 
must  be  jirepared  in  duplicale  and  ccrlilied  to  before  a 
notiiry,  IJlank  Ko.  13,  (Juartermaster-General's  Olliee. 
may  be  used  for  this.  When  possible,  receipts  for  ex 
penditures  are  to  be  appended,  ami  the  whole  is  to  be 
forwarded  to  the  (Juartermasler  (ieneral,  'War  Depart- 
ment, 'Washington,  J).  ('.,  or  to  the  nearest  quarter- 
master, for  seltlement.  In  all  eases  the  nurse  must  f\ir- 
nish  her  co|iy  of  the  order  in  oliedienee  to  w  Inch  she 
travelled,  and  if  she  was  not  given  such  copy  (fir  has  mis 
laid  it),  she  must  oblain  it  by  ap|dication  to  the  ollicer 
who  directed  her  return  home.  This  a])plication  may  be 
enclosed  in  an  euvelo])!' addressed  to  the  surgeon  general 
of  the  army,  who  will  forwanl  it  to  tlu;  officer  for  com- 
plianc(!  with  her  request. 

lA'dre  (if  A/ixi-iirr. — The  total  duration  of  leave  of 
absence  with  pay  granted  a  nurse  shall  not  exceed  Ihirty 
days  in  each  calendar  year,  regardless  of  length  of  service. 

The  surgeon-general  or  chief  surgeon  (d'  a  military  de- 
partment or  of  an  army  corps,  or  the  commanding  officer 
of  a  general  hosjiital,  or  surgeon  in  charge  of  a  hospital, 
may  .grant  leav<'s  of  absence  to  a  nurse  when  it  can  be 
done  without  detriment  to  the  service.  No  leave  of  ab- 
sence will  be  granted  unless  requested  by  the  nurse  in 


writing.  The  nurse  must  furnish  her  eo])y  of  contract, 
on  which  the  length  of  leave  of  absence,  if  .granted,  and 
whether  with  or  without  pay,  will  in  all  cases  lie  in- 
dorsed. The  olHcer  will  give  to  the  nurse  the  ])a])er 
granting  the  leave  of  ab.sence,  but  will  not  furnish  lier 
ortlers  on  which  she  may  secure  Iransiiortation.  The 
facts  will  be  reported  to  tlie  surgeon-general  on  informa- 
tion slip. 

When  a  leave  of  absence  is  granted  toa  nurse  on  insular 
service,  thetime  which  may  b<' s|ienl  in  liavelling  to  and 
from  the  United  Stales  will  not  be  coinded. 

A  nurse  on  leave  of  absence  in  Ihc  United  States  will 
report  the  fact,  in  writing,  to  the  surgeon  general  at  least 
one  week  prior  to  the  expiralion  of  said  leave. 

At  the  close  of  her  leave  of  absence  a  nurse  must  re- 
|iort  in  person  at  her  sl.ation,  if  in  the  United  Stales, 
otherwise  to  the  Army  Building  at  tln'  port  from  which 
she  is  to  endiark  for  her  station. 

Special  leaves  of  absence  without  ]iay  may  be  granted 
under  exceptional  conditions,  but  shall  not  exceed  thirty 
days  at  any  on<'  time,  utde.ss  liy  authority  of  (he  surgeon 
general.  At  jilaces  where  the  services  of  trained  nurses 
are  not  otherwise  obtainable  a  nurse  may,  if  she  so  d(^- 
sires,  and  with  the  apjiroval  of  tlie  medical  officer  in 
charge  of  the  hospital,  be  granted  leave  of  ab.sence  w  ith- 
out  pay  in  order  to  take  a  private  case. 

.\ii  extension  of  leave  of  absence  ma}'  be  granted  by 
the  same  ollicer  and  under  the  suue  conditions  as  the 
original  leave  of  absence,  or  it  may  be  extended  by  the 
surgeon-general. 

Illness. — A  nur.se  is  entitled  to  receive  medical  attend- 
ance and  medicines  when  ill.  So  far  as  po.ssible  this  will 
be  provided  for  at  each  hospital  where  she  may  be  serv- 
ing, but  when  it  is  reported  as  desirable  the  surgeon- 
general  (or  chief  surgeon  within  his  department)  may 
give  orders  for  a  nurse's  transfer  to  and  treatment  in 
sonu'  otlu-r  army  lios|)ilal.  Bills  coutra<led  by  a  nurse 
for  medical  attendance  cannot  be  allowed,  nor  will  extra 
leave  of  absence  with  pay  be  granted  because  of  illness. 

The  contract  of  a  nurse  who  becomes  ill  while  in  the 
service  will  not  be  annulled  during  .such  illness,  unless 
at  her  own  reiiuesi,  liut  if  she  so  desires  she  may  be 
ordered  to  her  home  to  await  annulment  of  contract. 

7'/v(//«ftr.v.  — When  the  ni-cessitirs  of  the  service  require 
it,  nurses  will  be  ininsferred  from  one  hospital  toanother. 
A  nurse  ordered  to  duly  outside  of  the  United  States  will 
usually  be  expected  to  remain  al  least  a  year.  Orders 
for  iransfcrs  will  be  issued  by  the  surgeon -general,  ex- 
cept that  where  a  chief  surgeon  has  jurisdiction  over 
more  than  one  hospital  h('  may  order  transfers  between 
them,  reporting  the  fact  immediately  to  the  surgeou- 
general. 

Qiiiirters. — Nurses  will  be  furnished  rooms  or  tents  for 
sleeping,  according  to  the  accommodations  available  at 
each  hos|iital.  and  where  there  arc  several  nurses,  one 
room  or  tent  will  be  jirovided  as  a  common  sitting  nxim. 

Sheets,  towels,  pillow-cases,  table  linen,  :uid  other 
washable  articles  furnished  by  the  hosjiital  for  the 
nurses'  use  will  be  washed  as  jiart  of  Ihc  hospital  laundry, 

Rations. — A  nurse  isenlilli'fl  to  one  ration  in  kind  or 
commutation  therefor,  as  slipulaled  in  the  contract. 

Nurses  will  be  served  in  a  separate  dining  room,  if 
possible,  and  if  their  number  warrants  it;  otherwise  at 
dilTerent  liours  from  men  using  the  same  room.  They 
arc  entilled  to  ihe  usi'  of  table  iincn  which  is  supplied  to 
hospitals. 

A  nurse  wiiile  on  leave  of  absence  w  ill  !«■  allowed  com- 
mutation of  rationsal  Ihc  rale  of  twenty  live  cents  a  day. 
To  obtain  this  she  must  apply  to  the  ("ommissary  (Jcneral 
of  Subsistence,  U.  S.  Army.  War  Deparlment.  ^Vashing- 
ton.  D.  C.  or  to  any  commissjiry  officer.  In  any  ease 
she  must  furnish  her  official  leave  of  absence,  which  is  to 
be  retained  by  the  officer  making  the  ])ayinent. 

Reports  find  Hiliinis. — If  the  nurses  assigned  to  any 
hospital  arc  too  few  or  too  many,  the  medical  officer  in 
charge  thereof  will  report  that  fact  to  the  surgeon-gen- 
eral. 

Every  change  in  the  status  of  nurses,  such  as  arrival, 
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departure,  loaves  of  absence  jri-aiiled.  ordci'S  giveu,  death, 
etc  .  will,  on  the  day  of  its  occurrence,  be  reported  to  the 
sursieon  general  by  the  medical  i>IHeer  in  charge  of  a  hos- 
pital, liii'iirnialion  slips  will  be  used  for  this  purpose, 
icivinjr  Cliristian  names  and  surname  in  each  inslanec. 

On  the  last  day  of  each  month  the  medical  ottieer  in 
charge  will  f<n'ward  a  return  of  female  nunses  tuider 
contract  to  the  .surgeon -general,  through  the  cliief  sur- 
geon, on  blank  form  furnished  by  this  oHice 

He  will  foi-ward  directly  to  the  surgeon  general  the 
efticiency  reports  jirepared  by  the  chief  nurse,  and  will 
indorse  thereon  his  remarks  stating  whether  or  not  he 
concurs  in  the  grading  reported  by  her  He  will  also 
indor.se  on  it  his  repoit  of  the  ellieieney  of  the  chief 
nurse,  siieeifying  in  detail  the  character  of  the  services 
rendered  by  her. 

Uniform.. — Tlie  uniform  of  the  army  nurse  corps 
(female)  consists  of  a  white  linen  shirt  waist  and  apron, 
with  skirt,  necktie,  and,  if  needed,  a  short  jacket  of 
army  blue  galatea.  A  nursi;  provides  for  the  laundry  of 
her  uniforms.  A  chief  nurse  shall  wear  a  red  silk  sash 
knotted  around  the  waist,  with  or  without  the  apron 

The  liadge  of  the  corps  is  the  cross  of  tlie  medical  de- 
partment in  red  enamel,  with  gilt  edge.  This  is  pinned 
on  the  left  side  of  the  collar  of  the  uniform  or  on  a  cor- 
responding part  of  lier  dress  when  she  is  not  in  luiiform. 

When  a  nurse  is  appointed  she  will  be  supplieil  with 
detailed  instructions  on  this  sub.iect,  and  will  immediately 
procure  her  uniform.  It  will  invariably  be  worn  during 
her  boms  of  duty. 

E.xceptions  to  the  rules  regarding  uniform  may  be 
made  by  the  surgeon  general  when  deemed  desirable. 

Duties  of  a  Ntirse. — A  nurse  will  .study  and  conform  to 
the  rules  of  militar_y  discipline  and  obey  strictly  and 
without  delay  any  order  which  may  be  giveu  her  by  her 
superior  officers  or  her  chief  nurse.  A  nurse  will  famil- 
iarize herself  with  the  details  of  this  circular,  of  which 
she  will  retain  a  rr>py,  and  will  study  sucli  portions  of 
the  "Army  Regulations"  and  "Manual  for  the  Medical 
Department"  (which  are  in  the  custoily  of  the  chief 
nui'se)  as  relate  to  the  performance  of  her  duties. 

AVhen  required  by  the  climate  the  chief  nurse  may, 
with  the  approval  of  the  medical  olticer  in  ('harge,  sub- 
stitute the  eight  hour  day  for  tlie  usual  ten  or  twelve 
hours  of  ward  dutj'. 

If  a  hospital  is  large  enough  to  require  it.  one  or  more 
nurses  may  be  assigned  to  duty  as  assistants  to  the  chief 
nurse,  and  if  several  nurses  arc  on  night  duty,  one  will 
act  as  chief  night  nurse. 

A  nurse  will  not  receive  presents  from  patients  or  from 
the  relatives  or  friends  of  patients. 

A  nurse  must  carefully  preserve  her  cojiy  of  contract 
and  present  it  to  the  proper  officer  for  indorsement 
whenever  she  is  paid,  or  given  orders,  or  granted  leave 
of  absence,  or  her  contract  is  annulled 

Diitist. — When  assi.uned  to  duty  as  a  dietist,  a  nurse 
will  have  the  supervision,  under  the  direction  of  the 
medical  officer,  of  the  in-eparation  of  food  intended  for 
patients  uuahle  to  eat  the  usual  ration  She  may  also  be 
required  herself  to  prepare  such  food,  or  to  instruct  en- 
listed men  in  its  pireparation,  or  to  attend  to  the  drawing 
of  rations  or  prejjaration  of  food  for  the  nurses,  or  to 
perform  such  duties  as  may  be  assigned  to  her  by  the 
chief  nurse,  with  the  approval  of  the  medical  officer  in 
charge;  the  whole  to  be  regulated  by  the  size  and  re- 
quirements of  each  hospital. 

Chief  Kurse. — The  surgeon-general  will  appoint  as 
many  chief  nui'ses  as  may  be  necessary,  by  promotion 
from  the  grade  of  nurse:  such  appointees  to  be  reduced 
if  unsatisfactory  or  if  a  less  number  of  chief  nurses  are 
required. 

If  at  any  hospital  one  (or  more)  of  the  nurses  proves 
lierself  possessed  of  marked  e.vecutive  abilit,v.  good 
.judgment,  and  tact,  she  slundd  be  recommended  for  pro- 
motion by  the  chief  nurse  and  medical  otiicer  in  charge. 

When  a  vacancy  occurs,  an  eligible  nurse  will  lie  ap- 
pointed chief  nurse  by  the  surgeon-general. 

Duties. — The  position  of  chief  nurse  is,  so  far  as  army 


conditions  permit.  e(|uivalent  to  that  of  a  superintendent 
<if  uur.ses  in  a  civil  hospital.  It  is  her  duty  to  supervise 
the  ward  work  of  the  nurses  and  see  that  it  is  kept  up  to 
the  highest  standard,  to  regulate  the  nurses'  hours  and 
assign  each  to  her  specilic  duty  She  will  attend  to  their 
comfort  and  welfare,  and  see  that  they  receive  proper 
attention  when  ill,  and  will  be  responsible  for  their 
dignified  and  discreet  conduct.  She  may  make  such 
rules  for  them  as  are  approved  hy  the  meilical  officer  in 
charge,  and  will  .see  that  the  provisions  of  this  circular 
and  the  directions  of  the  medical  officer  are  faithfully 
carried  out. 

The  chief  nurse  will  render  efficiency  reports  of  the 
nurses  serving  under  her  on  the  last  day  of  March.  June. 
Septembei'.  and  December  of  each  j^ear.  A  similar  re- 
port will  be  made  when  she  is  about  to  leave  a  hospital, 
and  whenever  she  may  consifler  it  desirable  or  it  may  be 
ordered  by  the  surgeon-general.  Special  efficiency  re- 
ports of  an  individual  nurse  will  be  made  whenever  one 
is  ordered  away  from  the  hospital,  or  one  wdienever  the 
chief  nurse  deems  it  desirable.  Blanks  for  efficiency  re. 
ports  will  be  furnished  by  the  surgeon-general. 

In  smaller  hospitals,  according  to  the  circumstances  in 
each,  the  surgeon  may  assign  her  additional  duty,  eilhei 
in  the  wards  or  in  charge  of  the  linen  room,  or  as  dietist. 

She  will  familiarize  lierself  with  the  "Army  Regula. 
tions"  and  the  "^Manual  for  theMedical  Department,"  so 
far  as  they  affect  her  duties,  and  will  keep  copies  of 
these  books  for  consultation  by  the  nurses. 

All  reports  w  ill  be  addressed  to  the  surgeon  general 
and  forwarded  through  the  medical  officer  in  charge. 
Any  communication  requesting  or  involving  the  issuing 
of  orders  is  official  and  will  follow  the  same  channel. 

lieserve  Xurses. — A  certain  number  of  nurses  who  have 
rendered  at  least  four  months'  satisfactory  service  in  the 
army  will  be  appointed  reserve  nurses. 

Each  reserve  nurse  will  sign  an  agreement  to  enter 
active  service  wherever  required  and  to  report  by  letter 
to  the-surgeon-,a'eneral  on  the  1st  of  January  and  the  1st 
of  July  of  each  year,  and  at  other  times  if  required. 
Reserve  nurses  wear  the  badge  of  the  army  nui'ses,  but 
are  not  paid  except  when  on  duty 

When  assigned  to  active  duty,  they  will  lie  subject  to 
all  established  rules  and  regulations  and  will  receive  the 
pay  and  allowances  of  nurses  on  the  active  list.  On  re- 
turning to  her  home  from  active  duty,  a  reserve  nurse 
will  be  granted  eight  (S)  days'  leave  of  absence  with  pay, 
in  adilit  ion  to  that  to  which  she  may  otherwise  be  entitled. 

A  nurse  will  be  dropped  from  the  reserve  list  upon 
reaching  the  age  of  forty-five  years,  or  if  she  ceases  for 
five  years  to  practise  her  profession,  or  if  she  becomes 
incapacitated  from  ill  health,  or  for  any  other  good  and 
sufficient  reason.  But  a  nurse  shall  not  be  dropped  from 
the  reserve  list  without  inf<irmation  lieing  furnished  her 
of  the  cause  for  such  action  and  an  opportunity  being 
given  her  to  rejily  to  any  charges  which  may  have  been 
made  against  her 

The  official  section  reg^^■ding  reserve  nurses  is  consid- 
ered one  of  the  most  important  in  the  circular.  For 
practical  purposes  reserves  may  express  their  preference 
as  to  whether  they  desire  early  assignment  to  act,i\e 
duty  or  whether  the.v  wish  to  be  called  upon  only  in  time 
of  war  or  national  emergency. 

Practical  experience  during  and  since  the  Spanish  war 
has  demonstrated  the  necessity  of  having  a  C(5mp<'tent. 
chief  nurse  at  each  hospital,  the  existence  of  a  head  beiu.ir 
as  important  among  the  nurses  as  it  is  in  other  parts  of 
the  military  ora:anization. 

One  of  the  most  useful  duties  to  which  nurses  have 
been  assi.sned  is  that  of  instructing  hospital  corps  men 
in  practical  nursing  and  in  cooking.  This  is  being  done 
in  some  of  the  army  hospitals,  and  notably  also  in  the  two 
schools  for  hospital  corps  men  at  Washington  Barracks, 
Washington,  D.  0.,  and  at  An.gel  Island.  California. 
Since  the  summer  of  18!*9  a  trained  nurse  hirs  been  on 
duty  at  each  of  these  schools  as  instructor  in  the  prepara- 
tion of  diet  for  the  sick.     Fifteen  lessons  are  given,  of  an 
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hour  cacli,  ami  Uio  wliolo  work  is  adaiited  to  army  use, 
including  not  only  tlio  ijrcparation  of  li(|ui(l  and  li!;lil 
iliets  from  li(>si)ital  stores,  but  tlic  utilization  of  the  ordi- 
nary and  tlic  travel  rations  for  the  sick.  A  pamphlet 
entitled  "Emer<;ency  Diet  for  the  Sick  in  the  .Military 
Service,"  containins;  recipes  which  are  tau,s;lit  practically 
at  these  schools,  lias  been  published  and  issued  to  army 
hospitals. 

In  tlie  spriiij;  of  1900  one  of  the  chief  nurses  was  for 
the  first  time  assi,i;ned  to  temporary  duty  as  inspector  of 
uursins^al  certain  hospitals  where  women  are  stationed. 
This  plan  will  prolialily  lie  adopted  whenever  need  then'- 
for  arises. 

The  spring  of  1900  linds  a  few  nurses  still  on  duty  in 
Cuba  and  a  few  at  iio.st  and  general  hospitals  in  the 
United  States,  the  largest  number  being  forty  on  duty  at 
San  Francisco.  About  one  hundred  and  forty  nurses  are 
servingal  the  various  host)itals  in  the  Philip|)ine  Islands, 
on  the  hosjiital  ship  JlcUif.  and  on  trans|)orts  in  the 
Pacilicoci'an.  It  has  be<'n  found  desirable,  whenever  jia- 
tienls  arc  returned  from  the  I'hilipjiines,  to  place  at  least 
two  women  nurses  on  the  transport  which  carries  them 

It  is  desirable  to  compare  the  above  history  of  the  army 
nurse  corps  during  and  siiice  the  S]ianish  American  war 
with  conditions  which  prevail  elsewhere.  In  Europe,  as 
a  general  ride,  a  limited  numlier  of  women  nurses  arc 
employed  in  army  hos|iilals  in  time  of  peace,  and  ]iro- 
visiou  is  made  through  religious  and  secular  channels 
for  a  largo  increase  in  case  of  war.  In  England,  the 
regular  nurses  and  also  the  reserve  nurses  belonging  to 
the  "Army  Xursing  Service"  are  secidar,  but  on  the 
Continent  the  women  so  employed  ar(;  members  of  the 
religious  sisterhoods.  In  our  country  tlie  Catliolie  orders 
have  but  a  comjiaratively  small  surplus  beyond  their 
own  needs.  The  Ked  Cro.ss  societies  of  foreign  count  lies 
are  great  organizations  under  government  coutrni, 
through  which  all  civil  aid  to  the  army  nnist  come;  but 
W(!  have  nothing  similar  to  them  in  the  United  States, 
Jior  are  they  indeed  allo.<relhereom])atible  with  the  libcr.d 
instincts  of  our  jieople 

In  our  civil  war  jNliss  Dorothea  Lynde  l)i.\  held  the 
position  of  superintendent  of  women  nurses,  although 
that  appointment  carried  with  it  no  delinitc  ollicial  status 
and  no  salary.  TIk'  (u-ofession  of  the  trained  nurse  did 
not  c.\ist  at  that  time,  and  nurses  were  selected  by  Mi.ss 
Dix  for  army  ccjntracis  largely  on  account  of  their 
matroidy  age  and  manners.  A  notable  iiroportion  of  the 
nursingduring  the  civil  war  was  done  by  women  who 
were  never  ollicially  appointed  or  paid. 

When  the  United  Slates  again  finds  itself  on  the  eve 
of  war  it  is  most  (h'sirable  that  admission  to  army  hos- 
pitals shoidd  be  absolutely  limited  to  graduate  nurses 
liolding  ollicial  a|)pointments  If  at  that  time  we 
should  have  reverted  to  conditions  sindlar  to  those  e.vist- 
ing  at  th(!  beginning  of  the  Spanish-American  war.  it 
would  be  necessary  promptly  to  apjioint  a  woman  as 
superintendent  of  the  army  nurse  corps  It  is  eniinently 
desirable  that  this  appointee  should  hold  a  conunission 
as  an  oflieer  of  the  army,  and  in  order  to  do  this  she 
would,  under  ju-esent  laws,  necessarily  be  a  physician. 
Her  principal  assistant  should  be  a  traini'd  nurse,  who 
wotdd  remain  in  the  surgeon  general's  otliee  and  have 
<'harge  of  the  details  regardin.g  the  selection  of  nurses. 
The  superintenilent  herself  should  have  direction  of  the 
organization  of  the  service,  subject  to  instructions  given 
her  by  the  surgeon  general,  and  should  have  auihority 
to  travel  as  much  as  might  be  necessary  to  secure  the 
establishment  of  the  service  on  a  thorongfdy  .satisfactory 
foundation.  It  is.  however,  unquestionably  better  for 
the  army  to  maintain  in  time  of  jieace  the  nucleus  of 
what  it  will  need  i?i  time  of  war,  and  it  is  hoped  that  the 
existing  army  nurse  corps,  organized  as  above  outlined, 
may  serve  as  sueli  a  niu-leus, 

Anita  Noreomh  ^fcCee. 

ARMY  TRANSPORT  SERVICE.— "The  Qnartermas. 
ter's  Department  of  the  United  States  Army  is  charged 
with  the  duty  of  providing  means  of  transportation  of 


every  character,  either  under  contract  or  in  kind,  which 
may  be  needed  in  the  movement  of  troops  and  material 
of  war.  It  furnishes  all  pidiiic  animals  employed  in  the 
service  of  the  army,  the  forage  consumed  by  them, 
wagons  and  all  necessiiry  articles  for  their  use  e.\<ept  the 
enuipmeutof  cavalry  and  artillery  It  furnishes  cloth- 
ing, camp  and  .garrison  eijuipage,  barracks,  storehouses, 
and  other  buildin.irs.  constiuets  and  repairs  roads,  rail- 
ways, and  liridges,  builds  and  charters  shiiis,  boats, 
docks,  and  wharves  needed  for  military  jpurposcs  and 
attends  to  all  matters  connected  with  military  operations 
which  are  not  e.xpressly  assigned  to  .some  other  btueau 
of  the  War  Department.  Subsistence,  ordnance,  signal, 
medical,  an<l  hospital  stores  are  procured  and  issued  by 
other  bureaus  of  the  War  D<'partmenl,  but  the  Quarter- 
master's De|iartment  transports  them  to  the  place  of 
issue  and  provides  storage  for  theii-  ]ireservation  until 
consumed.  When  lro<ipsare  moved  suitable  transporta- 
tion is  provided  by  this  department  On  railways  the 
accommodation  afforded  by  tourists'  sleeping  cars  (a  .seat 
by  day  and  a  berth  by  night  for  each  soldier)  is  fur- 
idslied  whenever  practicable.  On  transports  cabin  pas- 
sage is  furnished  to  olliccrs  and  reasonaljle  and  proper 
aceonunoilat ions  for  the  troops,  and  when  practicable  a 
separate  a])artmeiit  for  the  sick  "  Provision  is  also  made 
liy  Army  Regulations  for  the  transportation  by  land  and 
sea  of  the  authorized  allowaiiceof  lia,!j.i;ageof  troops  and 
for  the  animals  employed  in  the  iniblic  service  These 
regulations,  general  in  their  nature,  established  by  order 
of  the  President  through  the  Secretary  of  War,  are  in 
their  details  e.\tended  liy  the  (piarterma.ster  general  act- 
ing under  the  authority  of  the  Secretary. 

The  .\rmy  Transport  Service  under  the  foregoing  Regu 
lations  existed  only  as  a  subdivision  of  the  multifarious 
duties  performed  by  olHcers  of  the  (Quartermaster's  De- 
partment, having  no  special  ai1d  separate  organization. 
It  now  operates  as  a  division  of  that  deiiarlnient*  imder 
special  regulations,  having  assigned  to  it  otlicers  and 
men  of  other  branches  of  the  .service  associated  with  civ- 
ilian employees  of  various  grailes.  It  is  an  outgrowth  of 
the  Spanish  war.  anil  is  yet  in  some  of  its  features  and 
details  in  process  of  development  for  adaptation  to  the 
war  now  in  pro.sress  in  the  Philippines. 

At  the  outbreak  of  thi^  war  with  Siiain  the  only  trans- 
ports available  for  moving  troops  oversea  were  ships  of 
the  merchant  marine  (save  an  occasional  loan  by  the  navy) 
hastily  and  temiiorarily  retitted  for  the  aeconunodation  of 
soldiers  and  such  of  the  converted  navy  cruisers  as  might 
be  spared  \ix  the  navy  for  their  service  During  the 
|irogress  of  the  war,  and  especially  in  view  of  extensive 
and  protracted  military  operatiotis  in  the  Philippines  it 
lii'came  apparent  that  for  long  voyages  a  special  organi- 
zation and  equijanetU  was  re(|nisile  to  insure  the  iiealth 
and  consequent  efliciency  of  the  troops  on  arrival  in  over- 
sea port.s  in  troiiicud  waters.  A  board  of  otlicers  was  ac- 
cordingly convened  by  the  War  Department  in  the  month 
of  .September,  18!)S,  for  the  purpose  of  fornuilating  Re,g- 
ulations  fortius  service.  The  board  submitted  its  report, 
which  received  the  a]  iprova  I  of  the  Secretary  and  was  pub- 
lished in  the  month  of  Novemlier  follow  ing.  0])erations 
under  the  new  Uegulat ions  began  wiliiout  delay.  A  luim- 
ber  of  steel  .steamships  formerly  chartered  became  the 
]ur)i)erty  of  the  (iovernnK'iit.  The  work  of  retitting  for 
oversea  troop  shii)s  those  of  the  tieet  having  the  greater 
power  and  tonnage  began  in  several  shiiiyards  on  plans 
prepared  or  accepted  liy  the  ile|)artmenl.  The  smaller 
vessels  acquired  and  intended  for  the  West  India  and 
coastwise  service  also  received  additions  and  altera- 
tions on  less  extensive  plans  adapted  to  the  shorter 
voyages. 

The  new  regulations  established  two  home  ports  or 
headquarters  for  the  Army  Transport  Service-  one  at  ' 
New  York  for  the  Atlantic  traftic.  and  one  in  San 
Francisco  for  the  Paiilic  trallic.  I'ach  home  port  is  to 
have  its  equipment  of  oflicers  and  employees  and  to  be 
jirovided  with  proper  terminal  facilities.  The  general  or- 
ganization of  both  divisions  is  as  follows,  the  personnel 
being  duplicated  in  the  two  home  ports: 
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1.  General  superintendent 

2.  Assistant  to  irencral  superintendent 

3.  Subsistenee  superintendent. 

4.  Jledieal  sujieiintenilent. 

5.  Ti'ansiiort  quartermasters  and  commissaries. 

6.  Transport  surgeons. 

7.  Marine  superintendent. 

8.  Assistant  marine  siiperiutendent. 

9.  Superintending  engineer. 

10.  Assistant  superintending  engineer. 

11.  Port  steward. 

12.  Quartermaster's  purveyor. 

13.  Chief  stevedore. 

14.  Army  transport  agent  at  oversea  ports. 

The  duties  of  tliese  officers  are  in  genera!  indicated  b.v 
their  titles.  The  general  superintendent,  required  to  be 
an  ollicer  of  tlie  Quartermaster's  Department,  is  charged 
witli  the  general  administration  of  the  transport  service. 
The  assi-stant  sujierinlendent.  required  to  be  an  otlieer  of 
the  Quartermaster's  Department,  performs  the  duties  as 
signed  liim  by  tlie  genera!  superintendent  and  acts  as  his 
deputy  during  liis  al)sence,  Tlie  duties  of  the  medical 
superintendent  are  prescribed  as  follows ;  "  To  be  an  officer 
of  t!ie  medical  department  of  the  army  stationed  with 
tlie  general  superintendent  and  acting  as  hisassistant  and 
professional  adviser  in  all  matters  pertaining  to  tlie  hy- 
giene and  sanitation  of  the  transjiorts  and  to  tlie  medical 
and  liospita!  accommcdations  and  service  on  board.  He 
wil!  make  persona!  and  minute  inspeelion  of  eacli  trans- 
port on  arrival  and  prior  to  departure,  and  will  sulmiitto 
the  genera!  superintendent  such  recommcndalious  rela- 
tive to  sanitation  and  liospita!  equipment  as  lie  may  deem 
needful.  He  will  malie  himself  familiar  wilii  all  the 
quarantine  laws  and  facilities  tiiat  may  exist  at  home  and 
in  foreign  ports,  and  be  responsible  for  tlie  competency 
and  satisfactory  service  of  tlie  transport  surgeons  and  a!! 
otlier  employees  of  t!ie  medical  department  of  t!ie  trans- 
port service.  He  Avil!  detain  and  make  proper  dis]iosi- 
tion  of  persons  embarking  or  disembarking  having  infec- 
tious diseases,  and  will  provide  for  tlie  reception  and  care 
of  disabled  milit;iry  passengers,  and  malie  to  tlie  subsist- 
enee superintendent  such  recommendations  relative  to 
the  food  supply  as  lie  may  deem  advisalile. " 

"'  To  eacli  transport  is  assigned  a  transport  surgeon  who 
is  selected  orappointed  with  special  reference  to  the  needs 
of  tlie  transport  service,  and  under  tlie  direction  of  tlie 
medical  superinlendcnt,  and  the  transport  quartermaster 
acts  as  the  medical  ollicer  of  the  ship.  He  is  responsible 
for  the  proper  hospital  equipment  and  (medical)  supplies 
of  the  vessel,  for  its  proper  and  thorough  sanitation,  for 
the  care  and  treatment  of  the  sick  andinjured,  and  forthe 
satisfactory  service  of  the  hospital  emplo.yees  "  The 
transport  surgeon  is  also  charged  witli  the  direction  of 
fumigating  the  ship  when  such  action  becomes  necessary 
by  the  presence  of  infectious  diseases  on  board.  When 
inspection  of  the  troojis  on  board  under  arms  is  ordered, 
the  surgeon  attends  such  inspection  and  examines  the 
condition  of  the  men  to  ascertain  whether  they  exhibit 
signs  of  disease.  He  is  required  to  make  a  daily  inspec- 
tion of  berth  and  lower  decks,  lavatories,  bathrooms, 
galleys,  and  the  liosjiital,  in  comjiany  with  other  desig- 
nated officers  In  addition  to  other  duties  prescribed  for 
him  by  the  transport  servic-e  Regulations  the  transport 
surgeon,  acting  asa  medical  officer  of  the  army,  is  guided 
in  general  by  Army  lii'gulations  and  by  such  special  in- 
structions as  he  may  from  time  to  time  receive  from  the 
medical  superintendent.  The  transjiort  surgeon  is  sub- 
ordinate to  the  transport  quartermaster,  who  has  general 
charge  of  the  ship  and  supervision  of  the  conduct  and 
efficiency  of  the  ship's  officers  and  employees  of  all 
grades  and  in  all  deiiaitments.  The  duties  of  transport 
commissary  are  ordinarily  performed  by  the  quarter- 
master, Vnit  an  ollicer  of  the  subsistence  department  may 
be  assigned  to  both  functions 

The  ship's  company  is  divided  into  four  departments, 
viz.:  the  deck  department,  the  engine  department,  the 
steward's  department,  and  the  hospital  department ;  their 
functions  being  specifically  set  forth  in  the  Regulations. 


The  master  has  full  control  of  the  navigation  of  the  ship 
and  is  responsilile  for  the  discipline  and  efficiency  of  the 
crew.  The  Regulations  provide  rules  for  the  embarkation 
of  troops,  the  siowageof  baggage,  and  for  the  routine  on 
board;  for  convoys,  for  the  official  relation  between  the 
commander  of  the  troops  and  the  ship's  officers,  and  for 
the  disembarkation  of  troops.  Especial  provision  is  made 
for  the  care  of  the  water  supply,  the  messing  of  the 
troops,  protection  against  tire  at  sea,  and  the  maintenance 
of  cleanliness  on  board. 

Apart  from  the  general  duties  prescribed  in  the  origi- 
nal Regulations  for  transport  surgeons  it  is  to  be  noted 
that  the  organization  and  equipment  of  the  medical  ser- 
vice of  the  transports  is  oiuitted.  No  hospital  facilities, 
save  makeshifts,  existed  on  any  of  the  chartered  trans- 
ports in  the  Atlantic  division.  In  the  plans  for  refitting 
vessels  for  troop  ships  prepared  by  the  superintending 
engineer,  special  provision  is  now  made  for  hospitals  in 
all  ships  designed  for  oversea  service,  which  include  the 
fixtures  and  ajiparatus  of  a  complete  hospital  outfit  sufli- 
cicnt  for  tlie  needs  of  a  regiment  in  transit  and  of  those 
of  the  ship's  company  requiring  hos])ital  service  during 
a  voyage  possibly  protracted  beyond  a  period  of  two 
months.  On  an  estimated  sick  list  of  five  percent,  of 
hospital  cases  of  all  on  board  not  provided  with  cabin 
accommodation,  hosjiital  accommodations  of  seventy -five 
beds  (not  including  field  cots  for  emergencies)  have  been 
installed  on  the  larger  and  later  troop  ships  despatched 
from  the  jiort  of  New  York  to  ]\[anila. 

The  amended  Regulations  provide  as  follows- 

Medical  Dtpartment. — The  hospital  is  under  the  charge 
of  the  transport  surgeon,  who  is  responsible  for  the  proper 
care  and  use  of  the  Jiospital  property  and  ecpiipment  and 
for  the  discipline  and  instruction  of  the  hospital  attend- 
ants. The  hosjiital  will  not  be  used  for  other  purposes 
than  for  the  accommodation  of  the  sick,  without  the  ap- 
proval of  the  transport  surgeon. 

The  personnel  of  the  medical  service  on  army  trans- 
ports will  be  detailed  fiom  the  medical  service  of  the 
army,  by  proper  authorit}',  on  the  recommendation  of 
the  medical  superintendent.  Transport  surgeons  will 
keep  a  record  of  sanitary  inspections  and  during  each 
voyage  will  note;  1.  The  quality  and  quantity  "of  the 
water  supply  of  the  vessel.  2.  The  quantity," quality, 
and  cooking  of  the  ration.s.  3.  The  ventilation  of  all 
berth  decks,  including  staterooms  and  the  hospital.  4. 
The  adei|uacy  and  cleanliness  of  the  bedding  and  cloth- 
ing. 5.  "The  sanitary  condition  of  bathrooms,  lavatories, 
closets,  and  storerooms.  6.  The  isrevalence  (or  absence) 
of  infectious  diseases  on  board. 

During  the  voyage  the  transport  surgeon  will  make  to 
the  transport  quartermaster  such  recommendations  for 
the  correction  of  defective  sanitation  on  board  as  ma_v  be 
noted  during  inspections.  On  completion  of  the  voyage 
he  will  submit  a  sanitary  report  (Form  41,  Medical  Depart- 
ment) of  the  vessel  with  cojiies  of  s]iecial  reports  made 
during  the  voyage  and  the  action  of  the  transport  quar- 
termaster thereon. 

The  transport  surgeon  will  make  a  jihysical  examina- 
tion of  men  aiiplying  for  shipment  with  the  crews  of 
army  transports,  reporting  to  the  transport  quartermas 
ter  on  their  ]ihysical  fitness  for  service  and  transmitting 
to  the  medical  superintendent  (Form  31,  ^Medical  Depart- 
ment) a  record  of  such  examinations. 

No  intoxicating  liquors  of  any  kind  will  be  brought, 
or  secretly  used  <in  board  by  any  employee,  and  no  issues 
of  any  intoxicating  liquor  will  be  made  to  employees 
except  on  the  recommendation  of  the  transport  surgeon 
approved  by  the  transport,  c|UMrtermaster. 

'The  sick  in  hospital  will  be  suiiplied  with  such  articles 
of  diet  as  mav  be  prescribed  bv  the  transport  surgeon 
under  O,  O.  37.  A.  O.  ()..  IStlil,*  and  when  there  is  no 
special  diet  kitchen  aboard  ship  these  articles  will  be  fur- 
nished from  one  of  the  established  messes.     The  trans- 


*  This  onler  cstablislies  a  cn'dit  of  forty  cent«  per  dieni.  in  lieu  of  ttu*^ 
riition.  with  the  transport  commissary  for  each  soldier  reixirted  sick 
in  liospital. 
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port  coiiiiiiissary  will  dcsiirnate   tlif   mess  fmm  wliicli 
these  arliolcs  will  be  siip|)lic(l 

The  liicatioii  assiijned  lollie  liosnital  niiall  ti'(«ip  sliips. 
Siive  one,  is  tlie  al'ler  pari  (if  tlic  main  deck  (mess  deck) 
for  tlie  main  ward,  an  isolalioii  ward  lieiiiif  buih  over 
tliis  and  (■nminuiii<alin^-  liy  an  inside  halehway  with  il 
The  deck  plan  (main  dirk)  is  slinw  n  in  I'lale  IX..  Fiu.  !•, 
hereto  altaelied.  In  llie  forward  ]iart  of  the  Iiospilal 
there  are  jiarlitioned  olV  tli<'  main  ward,  an  oliiee.  dispcn 
sary,  operating;  room,  linen  room,  special  diet  kilciien. 
and  two  allendauts'  rooms.  On  the  sides,  fore  and  all, 
are  lockers  for  patients'  clolhinu:.  The  after  part  is  \k\.v 
titioned  for  liaths.  closets,  urijials.  and  laundry  tnlis.  .\ 
storeroom  for  medical  sujiplies  is  placed  aft  and  below 
with  a  liatehway  in  the  ward  thnnii;ii  the  main  deck. 
Above,  on  the  promenade  deck,  is  an  isolation  ward  of 
twelve  l)eds,  two  beinii;  enclosed  for  the  treatment  of  r<'- 
fraetory  patients.  This  ward  is  provided  with  a  sejiarate 
bath,  lavatory,  and  closets,  and  is  accessible  from  below 
as  well  as  from  the  deck.  The  deck  floor  of  the  main 
ward  is  laid  over  with  cement  on  which  is  tixed  a  layer 
of  linoleum.  Tlie  deck  lioors  of  the  kitchen,  baths, 
dispensary,  and  operiitinj;  rooms  are  tiled.  Thi^  berth 
sections  ar<'  double  tiered,  steel  frames  bavins  wire  mat 
tres.ses  and  sidi'  slats,  and  are  secured  to  the  deck.  N'en- 
tilation  is  efTccled,  tirst,  by  overhead  air  duets  leadinjr 
from  the  fan  ventilating  s<-rviee  of  the  ship;  second,  by 
open  ports  through  the  sides;  third,  by  small  movable 
electric  fans  within  tin;  ward.  Heating  iselTeeted  by  the 
pa.s.sa.u;e  of  w'armed  air  through  the  ventilating  conduit 
heated  by  steam  coils  and  propelled  by  tlie  steam  fans. 
The  air  supplied  by  the  conduits  is  also  cooled  by  pass- 
ing over  refrigerating  coils  instead  <if  steam  coils  ;ind  de 
livered  in  the  same  manner  as  1h<!  warmed  air.  l>y  this 
<levice  warmed  air,  cooled  air,  and  air  at  outside  tempera, 
tures  may  in  turn  be  distributed  by  the  fans.  The 
dimensions  of  the  main  ward  are,  rooms  included:  length 
fore  and  aft  between  bulkheads,  44  feet;  breadtli  at  for 
ward  bulkhead,  30  feet ;  at  aft<T  bulkhead,  :!2  feet ;  height 
between  decks,  7  feet — indicating  a  total  capacity  of  KJ, - 
400  cubic  feet,  or  G44  cubic  feet  per  Ijerlh  section,  ti.\ tures 
included. 

The  diet  kitchen  is  fitted  with  sti'am  cooking  ii.Mures 
and  racks  for  utensils  and  mess  funnture.  The  dispen- 
sary  is  fitted  with  shelves,  diawers,  bottle  racks,  etc 
The  operating  room  is  jirovidcd  with  an  oullit  of  instni 
menis  and  ajiparatus  for  surgical  operations,  an  electric 
heater  for  u  slerilizer,  and  a  jiortable  electric  light.  The 
wardsand  roomsare  lighted  by  incandescent  lamps.  All 
the  plumbing  is  o]ien  saidtary  work.  The  i)ersonnel  of 
th(^  iiospital  .service  consists  of  one  surgeon,  0!iea<iiMg 
hospital  steward,  and  three  privates  of  tlw  hospital  corps. 
these  to  be  assisted  by  details  of  liosjiital  eor]K,  privates 
from  troops  in  transit.  The  sick  in  ([uarters  :unong  tlie 
troops  are  attended  by  the  medical  ollieersaccom|ianying 
them.  Medical  supplies  for  two  thousand  men  for  a 
period  of  si.K  months  are  placed  on  board  the  oversea 
transports  in  the  port  of  Xew  York.  Tlu'se  include  bed- 
ding, hospital  clothing,  medicines,  hospital  stores,  stir 
gi("d  instruments  and  dressings,  disinfectants,  etc. 

On  the  coastwise  transports  the  same  general  plan  is 
adhered  to,  but  tlie  hospitals  have  less  capacity  and  the 
fi  .\  lures  and  cfpiiiHiien  tare  correspondingly  less  complete. 
These  ships  also  have  facilities  for  the  isolation  of  infec 
tious  diseases,  and  their  hospital  oullit  includes  medical 
supplies  for  a  period  of  three  inonlbs  for  the  nia.ximum 
Ciirrying  capacity  for  troojisand  crew.  .Medical  supplies 
of  transports  arc  replenished  from  de]iots  in  Xew  York 
and  San  Francisco,  and,  in  cases  of  cniergeney,  at  over- 
si'a  [lorts  where  teni|iorarv  depots  have  lieen  eslablisiied. 
The  general  arrangement  of  thi>  oversea  transports  for 
the  accommodation  of  the  troojis  is  shown  in  I'late  VIII.. 
Fig.  1,  which  is  a  sectional  view  of  the  troop  ship  T/xmi'i" 
rcHtted  at  Cramp's  shipyard.  Philadelphia,  ami  cleari'd 
from  the  port  of  New  York  for  Manila.  P.  I.,  November 
4,  lsit!»,  carrying  a  regiment  of  l'nite<l  States  Volun- 
teer Infantry,  a  detachment  of  the  army  hospital  corps, 
female  nurses  and  other  military  pas.sengers,  besides  a 


variety  of  military  stores,  freight,  and  baggage  The 
dimensions  of  this  transport  ari'.  length  U't  feet,  beam  .")0 
b'el.  Capacity,  tons  gross,  .'i.Tiy.  Berthing  capacity 
for  troops.  l.G.i:).  Total  berthing  capacity,  2,  l.iG.  On 
the  main  deck  (see  Plate  IX.,  Fig.  !))  forward  are  berths 
bir  petty  oflicers  and  seamen.  Abaft  of  these  (piarters  is 
a  soldiers'  lavatory  containing  si.xly  four  basins  with  hot- 
arid  cold-water  tajis,  a  nnmlier  of  clo.sets.  urinals,  and 
shower  baths  over  a  cemented  deck  floor.  Amidshi])Son 
I  liisdeck  ibespace  not  occupied  by  hatches  and  machinery 
is  allotted  to  the  messingarrangemcnis  of  the  troojis  ami 
crew.  A  steam  galley  provides  cofVee.  sou]i,  and  meal,  si.\ 
hundred  rations  of  each  at  one  time  for  the  troops.  An 
oven  of  siiflicienl  capacity  fiu-nishes  fresh  bread  for  all  on 
board.  A  large  cofiee  mill  is  operated  by  electricity.  A 
scullery,  butcher  shop,  cold-storage  room,  and  separate 
mess  room  for  non-commissioned  oflicers,  firemen,  oilers, 
and  seamen  find  places  on  this  deck  on  bolb  port  anil 
starboard  sides  of  the  engines.  The  remaining  deck  space, 
rrom  the  engines  forward  to  the  lavatory,  is  lifted  with 
bilding  mess  tables  and  beiu'hes  which  when  not  in  use 
are  stowed  between  deck  beams  overhead.  The  troops 
are  berthed  below  in  nine  compartments  on  the  'tween 
and  orlop  decks.  Tin-  berth  sections,  having  three  tiers 
of  berths  each,  are  built  of  galvanized  steel  iiijie  fitted 
with  canvas  bed  bottoms  lashed  by  their  margin  to  the 
]iipingand  changeable  bir  washings.  The  arrangement  of 
the  sect  ions  on  the  two  berth  decks  is  shown  in  Plate  VI 11  , 
Figs.  3  and  3.  A  jiart  of  the  crew  berth  in  the  forward 
])art  of  the  'tw'cen  deck.  Air  duets  leading  from  the  veil- 
Idating  fans  open  into  all  berth  comparlnients.  The  air 
s]iace  on  troop  decks  ])er  berth  varies  from  eighty  to  one 
hundred  and  twelve  cubic;  b'ct.  fixtures  included.  Gun 
racks  are  fitted  to  the  shi|)'s  sides  in  these  corn|)arlmeMts. 
Easy  access  to  I  be  belt  It  <lecks  is  alVoi'ded  by  double  stair- 
ways through  large  hatches,  one  or  more  in  each  compart  - 
menf.  On  the  'tween  deck  forward  of  the  engine  space 
are  separate  stalei-ooms,  a  closet  and  lavatory  for  women. 
A  steam  laundry  wilh  ironing  and  dryingapparatns  is  in- 
stalled on  the  port  side,  and  an  ice  machine  on  the  star 
board  side  of  the  engines  on  this  deck.  On  the  orlo|) 
deck  amidsbip  are  cold-storage  rooms  for  meat  and 
vegetables.  'I'lie  comparlnients  below  the  orlop  deck  are 
allotted  to  storage  and  freii;lit.  Above  on  the  sjiar  deck 
staterooms  for  olticers  occupy  both  sides  amidsbip.  hav- 
ing aloft  the  engines,  bathrooms,  and  closets.  Forward 
of  the  engines  on  the  spar  deck  is  a  dining  saloon  .seating 
eighty  persons,  with  a  steam  galley,  ice-box,  cold-storage 
room,  and  distilling  ajiparalus  adjoining  the  engine  room, 
as  shown  in  the  spai' deck  plan  (Plate  IX.,  Fig.  8).  On 
the  after  part  of  tiiis  deck  is  another  soldiers'  lavatory, 
with  liaths.  closets,  and  urinals  accessible  from  the  main 
and  berth  decks  through  t he  after  hatchway.  Between 
the  second  and  third  forward  hatches  on  this  deck  is  a 
soldiers' writing  room.  On  the  jiifimenade  deck  amid- 
slii]i  are  additional  staterooms  and  ofTice  rooms  for  ofliceis 
and  a  smoking  room  (Plate  l.\..  Fig.  7).  Aft  on  this 
deck  is  binlt  an  isolation  wai'd  (Plate  IX.,  Fig.  'd.  capac 
ity  twelve  berths,  communicating  with  this  deck  and 
with  the  main  ward  below.  The  tipper  (bridge)  deck 
has  rooms  for  the  inaslei-  and  chief  oflicers  of  the  ship 
(Plate  IX..  Fig.  (i). 

Tin;  ventilating  system  is  worked  by  two  sets  of  fans, 
one  forward,  another  aft,  on  the  sjiar  deck,  with  metal 
air  ducts  leading  to  all  beith-deck  compartments  and  to 
some  storerooms.  The  fans  work  either  by  ineast  or  ex- 
haust, as  retpiired.  and  deliver  air  at  outside  temiieralures. 
or  warmed,  cooled,  or  tillered  according  to  the  situation 
and  necdsof  the  ship.  The  rated  capacity  of  each  of  fhi' 
four  fans  with  ."ilMt  revolutions  per  minute  is  ■2."). 000  cubic 
feel  of  air  per  minute.  .\t  a  trial  test  of  the  apparatus 
made  by  the  builders  the  velocity  of  the  air  current  pass- 
ing into  the  air  cleansing  and  cooling  device  attached  to 
the  fan  was  ascertained  to  be  1.000  feet  per  minute,  with 
il  discharge  velocity  in  the  hospital  of  940  feet  per  minute 
and  in  the  lower  troop  deck  (at  the  farthest  point  from 
the  fan)  i).")0  feet  perminule.  Tests  made  in  reductiou  of 
temperature  (at  a  lower  rate  of  speed  of  the  fan  of  the 
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air  by  the  refriiieratiug  device,  the  temperature  on  deck 
being  80"'  F.  and  tliat  of  tlie  water  used  60°,  sliowed  a 
redvietion  of  temperature  of  the  air  delivered  to  ()3°  P. 
'I'liis  system  may  he  regarded  as  on  trial,  as  no  complete 
rrportsof  its  performance  under  varyini;  ennditionsat  sea 
are  yet  availalile.  Twelve  hundred  tons  of  freshwater 
may  he  ship|)ed  as  ballast,  Fresli-water  tiudis  furnished 
with  refrigerating  coils  are  placed  on  the  mess  deck 
\vhere  they  are  accessible  to  the  troops.  Tlie  equipment 
of  theshii>inehidestire  plugs  and  hose  and  the  customary 
marine  life-saving  apparatus.  The  commissary  depart- 
ment is  provided  with  a  variety  of  subsistence  stores,  in- 
cluding the  components  of  the  ration  and  additional 
•nrtieles  for  sale  to  the  troops  and  for  issue  to  the  sick, 
with  fresh  beef  and  vegetables  in  cold  storage.  Facilities 
for  military  exercises  are  alforded  on  the  main  deck  b,y 
stow  ing  the  mess-room  furniture.  A  library  of  miscel- 
laneous books  has  been  contributed  to  the  liospitals  of 
each  one  of  the  troop  ships  by  the  Red  Cross  organization 
through  their  New  York  agent. 

A  distinctive  imifcn-m  is  authorized  for  the  employees 
of  the  transport  service,  and  the  ships  fly  the  colors  of 
the  department.  In  general  the  object  kept  in  view  by 
officers  of  the  army  transport  service  has  been  to  main- 
t:uu  the  efficiency  "of  the  troops  while  on  board  by  all 
practicable  military  methods,  in  order  that  on  debarka- 
tion after  a  voyage  they  may  be  fft  for  active  service 
without  delay  for  recuperation.  That  this  end  has  been 
attained  in  great  measure  is  evident  from  reports  of  voy- 
ages made  to  distant  oversea  ports  by  troop  ships  refitted 
and  despatched  under  the  direction  of  the  ti'anspt)rt  ser- 
vice. Recent  cxjierienee  has  emjihasized  the  fact  that  in 
modern  warfare  the  most  difficult  problems  are  those  in- 
volving celerity  of  movement  of  troops  and  the  ii>nteriel 
of  war  witliout  the  precipitancy  and  disorder  ■niiich  in- 
vite loss  and  disaster.  The  development  of  land  trans- 
portation by  the  American  people  lias  already  reached  an 
extent  and  efficiency  which  place  them  in  the  lead  among 
nationalities.  If  tins  ascendancy  is  to  be  maintained  a 
similar  de\elopment  appears  requisite  on  the  high  seas. 
The  work  of  the  army  transport  service  is  a  beginning  in 
this  direction.  At  the  present  writing  a  board  of  olficers 
has  com])leted  its  sessions  for  the  purpose  of  revising  the 
original  Regulations  of  tlu^  transport  service  in  order  to 
adapt  them  to  its  reqinrements  as  determined  by  the  con- 
dition of  its  operation  from  its  organization  to  the  pres- 
ent time.  Jh  iinj  S.  Kilbdunu. 

ARNICA. — Lni/iiiid'x Biiiic ;  Mtmntdln  Tnhm-co.  Arnifa 
I.,  is  a  genus  of  the  (Jompnntm,  containing  some  eighteen 

species  distributed 
through  the  cooler 
regions  of  the  north 
temperate  zone,  of 
which  ^1.  montnna 
L.  has  been  exten- 
sively employed  in 
^^^  ..^-=-;-i«,„, . .  ■■  --  ^~.  medicine.  It  is  a  na- 
'^^^'^"yf'''f'\  ^' "^  \^*?s-<^       't^f^  "f    eastern  and 

middle  Eurojie,  and 
yields  two  official  ar- 
ticles, as  follows  : 
Arniciv  Florex.  "  the 
flower  heads, "  and 
Arnica;  Mud/.r.  "  the 
rhizome  and  roots." 
The  jilant  is  rather 
pretty,  with  a  radical 
rosette  of  obovate 
leaves,  from  which 
rises  a  siniple  stem  a 
foot  or  two  high, 
bearing  one  or  two 
pairs  of  leaves  and  ternunated  by  from  one  to  several 
large  yellow  flower  heads. 

Jlrn?OT  ifarfj.c  is  thus  described  in  the  Pharmacopeia: 
"Rhizome  about  5  cm.  long  and  3  or  4  mm.  thick;  ex- 
ternally brown,  rough  from  leaf  scars:  internallv  whiti.sh, 


Fig.  384.— Arniiii :    floweriiiu' tiemt. 
(liaillon.) 


Fig.  38.5.— Involucre  and  Receptacle  of  Same. 
CSligbtly  enlarged.) 


with  a  rather  thick  bark,  containing  a  circle  of  resin  cells, 
surrounding  the  short,  yellowish  wood  wedges,  and  large, 
spongy  pith.  The  roots  are  numerous,  thin,  fragile,  gray- 
ish brown,  with  a 

lliick    bark    con  ^ 

lainiug  a  circle  of 
resin  cells.  Odor 
s  o  m  e  w  hat  aro- 
matic; taste  pun- 
gently  aromatic 
and  bitter." 

Ariu'np  Floret 
are  thus  d  e- 
scribed :  "  Heads 
about  3  cm. 
broad,  depressed- 
roundish,  consist- 
ing of  a  scaly  in- 
volucre in  two 
rows,  and  a  small, 
nearly  flat,  hairy 
receptacle,  bear- 
ing about  sixteen 
yellow,  strap- 
shaped,  ten-nerved  ray  florets,  and  numerous  j'ellow, 
five  toothed,  tubular  disc  florets,  having  slender,  spin- 
dle-shaped akenes.  crowned  by  a  hairy  jjappus.  Odor 
feeble,  aromatic;  taste  bitter  and  acrid." 

The  receptacle  of  this  head  is  very  apt  to  contain  the 
larvfE  of  an  insect,  wherefore  some  pharmacoposias  direct 
that  the  florets  only  shall  be  employed.  Several  other 
yellow  flower  heads  have  been  employed  to  substitute  or 
adulterate  arnica,  but  all  fail  to  combine  the  one  to  two 
serialled  involucre  with  the  pitted  and  hairy  receptacle. 
Both  drugs  have  a  strongly  resinous 
odor  and  a  pungent  and  acrid  taste,  that 
of  the  root  being  the  stronger,  and  the 
dust  of  both  is  sternutatory.  Their 
composition  is  similar,  the  rhizome  being 
the  stronger,  with  one-half  to  one  per 
cent,  of  volatile  oil,  considerable  resin, 
part  of  it  acrid,  ti'U  per  cent,  of  inulin,  a 
little  tiinnin.  and  the  crystalline  yel- 
low acrid  and  bitter  amaroid  Arnicin 
(CooHsoO.,"),  soluble  in  alcohol.  The 
flowers  lack  the  inulin.  and  their  per- 
centages of  oil  and  resin  are  smaller. 
Their  oil  does  not  appear  to  be  identical 
with  that  of  the  rhizome.  Altogether, 
it  woulil  appear  desirable  to  discontinue 
the  use  of  the  flowers. 

Arnica  is  very  active,  both  locally  and 
systemically.  It  is  a  slow  but  powerful 
rubefacient  to  the  external  skin,  and  a 
powerfid  stimulant  to  raw  surfaces,  with 
some  antiseptic  power.  It  is  highly  irri- 
tating to  nuieous  surfaces,  being  a  stom- 
achic and  laxative  in  small  doses,  but 
an  emetico-cathartic  poison  in  over- 
doses. Besides  its  irritant  poisonous 
properties,  it  is  a  systemic  poison.  Its  systemic  action 
is  most  concisely  stated  by  Bartholow  as  follows:  "In 
small  medicinal  doses  arnica  increases  the  action  of 
the  heart  and  arteries,  and  excites  the  functions  of  the 
skin  and  kidneys.  In  large  dcwc  s.  ]irob:ibly  after  a 
stage  of  excitement,  depression  of  the  circulation,  of 
the  respiration,  and  of  the  animal  temperature  ensues; 
violent  headache  is  experienced,  the  pujiils  are  dilated, 
and  paresis  of  the  muscular  system  comes  on.  In  toxic 
doses,  arnica  paralyzes  the  nervous  system  of  animal  and 
organic  life,  and  death  ensues  in  a  condition  of  collapse." 
It  \\()uld  seem  that  some  more  im|iortant  use  might  be 
fotnid  for  a  drug  possessing  such  pronounced  physio- 
logical actions  as  arnica  than  any  yet  developed.  It  has 
been  used  like  aconite  in  riducing  lever  and  decreasing 
the  paird'nl  symjitoms  of  many  inflammations,  especially 
in  rheumatism,  crysilielas.  and  painful  menstruation. 
Externallv  it  is  a  faxorile  vulnerarv  and  rubefacient  in 


Fic.  S.'ie.  —  Slnsrle 
Flower  of  Same. 
(Enlareeil.) 
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Arnica. 
Arosa. 


flonu'stic  ])nutic('.  AW  Imve  a  tinoturn  of  the  flowers  of 
twenty  I'lr  ceiil..  anil  oiii' of  llic  rliizoiiU'S  of  ten  peri'ent. 
strcnjrth.  the  dose  of  each  heiiii;0.(i  to'Jc.e.  (I'lx.  toxxx.); 
of  the  root  a  lliii<l  extiaet.  (lose  0.8  to  0.(i  c.c.  (m  v.  to  X.) 
and  an  extract,  dose  0.00  to  0.'3  sjiu.  (^gr.  i.  to  iij.). 

II.  11.  lln.sh,/. 

AROSA,  Switzerland,  is  an  Alpine  hishaltitude  health 
result  of  the  (Jrisons  in  the  southeastern  ])ortion  of 
^^witzerland.  It  is  twenty  miles  from  Coire,  the  railway 
terminvis.  and  is  reached  by  dilincnee  in  five  and  three- 
quarters  lioiirs.  It  is  'i.WW  feet  above  sea  level,  and  lies 
in  a  sheltered 
position  on  the 
slopes  of  the 
Tschug  gen, 
high  above  the 
Aroscr  wasser 
valley.  Pro  ni 
the  fact  that  it  is 
situated  on  the 
inou  n  tainside, 
Dr.  W  i  1 1  i  a  m  s 
("Aero  thera- 
peutics") tliinUs 
that  it,  as  well 
«s  St.  Moritz 
and  Wiesen. 
possesses  an  ad- 
van  t  a  g  e  over 
Davos,  which  is 
mainly  situated 
in  the  valley. 

A  r  o  s  a    h  si  s 
come  into  favor 
as  a  health   re- 
sort,    especially 
in  the  winter,  for 
tuberculosis  pa 
t  i  (Ml  t  s.     o  n  1  y 
•within   the    last 
eight   or   ten 
years.     "  A  rosa. 
"the  latest  on  the 
list    of     Alpine 
climatic    sta 
tions."  says  Dr. 
Ewart,  "offers  aU  tlie  >;uaraiitees  for  liei-omingone  of  the 
first   among  the  best.      1    am  astonished   that    a   region 
possessing  such  qualilications  should  have  remained  un 
appreciated  so  long." 

It  is  suiTounded  on  all  sides  by  mas-.i\c  mountains 
•n'liich  protect  it  from  high  winds  with  tlie  execpticm  of 
the/w/eo,  which  appears  occasionally  here  as  in  all  Al]>ine 
valleys.  The  villa.^'e  is  ]iictur<'S(|Uely  situated  in  the  midst. 
of  large  fir  forests,  and  the  habitalions  an^  arranged  in 
groups,  terraced  upon  the  mountain  slo|ie  and  facing  the 
soiitli.  The  hotel  aceoinmodations  an'  good,  and  some  if 
not  all  of  the  hotels  are  now  arranged  for  winter  occn 
pancy.  Dr.  Egger  liere  made  his  famous  experiments 
upon  the  changes  in  the  blood  caused  liy  altitude,  and 
thus  attracted  the  attention  of  tlie  Profession  to  Arosa. 

This  table  adajited  from  Regnard's  "La  Curi"  d'Alli 
ttide"  shows  the  mean  temperatures  for  the  period  18S!MI'2 : 


The  mean  temperatures  of  tlw  winter  (December.  Jaiui- 
ary,  and  February),  and  of  the  summer  (June,  .Inly,  and 
August)  are  as  follows  (Regnard); 


Winter  .. 
Suiuuier  . 


ll.:i°  I'. 
:i.4 


-  l.s°  F. 
Si.s 


The  mean  temperature  at  Arosa  is  about  three  and  a 
half  degrees  higher  than  that  at  Davos,  although  th(^ 
latter  station  is  nine  hundred  feet  lower  than  the  former. 


Ai.i-;i,  .i.lKK)  Feet  Above  S«l  I.i-\<-l. 

The  minimum  winter  leinperaluie  al  the  two  places  is  as 
Inllows: 

Minimum. 

Winter- Isiii-lKfl:;,  .\rosa -    s.r°  K. 

WiiiK-i-  isiil-isii:;,  Dmviis -  l^Mi 

Wini.T  IS!I:;  jsiin,  Anisii -  IH.r. 

Winter  is'.e-  1.S93.  Dnvii.s -  'M.\> 

In  comparison  with  Zurich,  which  re])resents  tli.-  tem- 
licralure  of  the  lowlands  of  Switzerland,  we  have  the  fol- 
lowing for  summer  and  winter  (Regnardi: 


Ztiridi.  elevation 
1,«X)  feet 

,\nis!i.  elevation 
li.lfW  feel 


January. . . 
Febraary  . 

March 

April 

May 

June 

July 

August 

Septemtier 
October  . . . 
Novemt)pr. 
Deeeiiilier . 


Mean. 


40.3° 

tii.r 

:w.n 

:K,7 

4:i.7 

.|s.:i 

.".a.l 

.il.s 

47.1 

:)T.4 

:tl.3 


4n.s'' 
41.:; 

4S.5 

"a.n 
oi.r 

«i.7 
«).4 
47.5 

4:!..") 


Mean. 


ai.li'F.    41.7°  F. 
2:i.O        '  41.(1 


Mini- 

IIIIIIM. 


Maxi- 

intnn. 


11.4S°F,   (X).S»  F.I  Kl.:i°  F 
-1.2       I   4.S.4  71.S 


Jliui- 
uuiin. 


4(;.7°  F. 
32.7 


-  1.11 
■   :!.K 

12.n 
21  ..J 

at.'.) 
:iii.4 
2!)..") 
29.1 
'J.7 
1(1.(1 

-  ().!) 


Violent  variations  of  IcMiiperature  are  said  to  be  rare  at 
Arosa,  and  the  fo.irs  whicli  ai'c  freinieiit  in  summer  are 
very  uncommon  in  winter. 

The  relative  humidity  for  the  winter  of  IS'IO  was  as 
follows:  Tli(t  mean  in  December  was  T)[)  ju-r  cent.,  in 
January  62,  in  February  ")',),  in  March  ('p.5. 

'I'lie  greatest  amount  of  precipitation  occurs  in  summer 
in  the  form  of  rain ;  in  winter  it  comes  as  snow,  in  sud- 
den squalls  whicli  are  soon  over.  In  l-'*!»0  there  were 
1.880.4  hours  of  insolation  at  Arosa;  and  for  the  months 
of  December  and  Januarv.  4'.)'-'  hours  of  sun  in  coinpari- 
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son  with  197  at  Zurich  iit  the  same  season,  and  457.4  at 
Davos — an  average  of  about  fivc^  and  a  half  liouvs  a  day. 

The  winter  climate  of  Arosa,  as  we  learn  from  the 
above,  is  characterized  by  a  drj'.  cold,  pure  atmosphere, 
a  hi2:h  average  of  sunshine,  absence  of  winds  and  fo^.  and 
the  allenualion  anil  clearness  of  the  air  which  arc  the  ac 
comiKUUmcnts  of  lutili  altitudes.  None  of  the  .\lpini' 
lieaitli  resorts  would  seem  tooiVer  ni(n-c  favorable  cliniatic 
conditions  for  the  hi.!;h-altitude  treatment  of  phthisis. 

A  discussion  of  the  class  of  cases  suitable  for  such  a 
climate  will  be  given  under  Tiiheroilim.i.  Pulmonory, 
V)ut  in  brief  it  may  be  said  that  incipient  cases  with 
little  constitutional  disturbance  have  a  better  chance  of 
recovery  in  higii  altitudes  than  elsewhere.  The  writer 
would  exjjress  his  indel)tcduees  for  much  of  the  above 
data  to  Regnard's  "La  Cure  d'Altitude." 

Edirard  U.  OHk. 

ARRINGTON  MINERAL  SPRINGS.— Atchison  County, 
Kansas. 

Post-Office. — Arrington. 

Access. — Via  Union  P.-icilic  Railroad.     Hotel. 

These  springs  are  located  on  a  tract  of  land  eighteen 
acres  in  extent,  in  a  level,  highly  fertile  fanning  country. 
The  springs  are  three  in  number,  and  flow  about  eight 
gallons  per  minute.  The  following  analyses  of  two  of 
the  springs  were  made  by  Juan  II.  Wright,  M.D.,  chemist, 
of  St.  Louis,  Mo, : 

SPRING    NO.    1    (REACTION   DECIDEDLY   .\LKALI.N'Ei. 
One  U.n'ited  States  G.illon  Contains: 
Solids.  (irains. 

Call-ill  111  <-:irtKtnate 9.76 

Mai! iiisiiiiii  rarlxmate 5.93 

Soiiiiiiii  carhniiate 11,4.5 

Putassiiim  carliouate 1.44 

Iri'ii  rarlMiiiate :j..57 

Lltliiiiiii  ratluiiiate 0.47 

Siiiliuni  rarlionate 3.04 

Calcium  siilpliate 1.29 

Mamiesiiiiii  sulpbate 1.87 

Soctiuiu  cliloride 3.63 

Silica 0.97 

Ammonium  crenate 0.89 

Orj;anic  matter 0.27 

Total , 43..58 

Carbonir  ai-id  gas 4^*  ruble  ini-bes. 

SPRING   NO.  3  (RE.ACTION   ALKALINE). 
One  United  States  Ciallon  Contains: 

Solids.  Grains. 

Calcium  carbonate 6.61 

Waenesiiiin  cai'lioiiate 3.26 

Soiliiiui  rart'i'iiate ;}.5.5 

Iron  rarliniiali^ 2,01 

Soiliuiii  liilnridt' 2.16 

Silica  (siiliililc)  (I.,5,5 

Organic  malter 0,91 

Ammonia Trace, 

Total i9AV, 

Carbonic  acid  gas ."n. 30  cubic  inches. 

These  waters  are  both  of  the  alkaline-chalybeate-car- 
bonated variety.  They  arc  highly  esteemed  in  dysjiepsia, 
general  debility,  rheumatism,  constipation,  hemorrhoids, 
and  liver  and  kidney  complaints.  Commodious  balli- 
rooms,  supplying  hot  and  cold  water,  are  open  to  visitors, 

Jinitia  K.  Crook, 

ARROW-HEAD  HOT  SPRINGS.  — San  Bernardino 
County,  California. 

Post-Ofkkk. — Arrow-Head  Springs. 

Access. — By  stage  from  San  Bernardino,  .six  and  a  half 
miles  distant  to  the  south.  Parties  leaving  Los  Angeles, 
sixty -seven  milesdistaut,  should  take  the  8:30  or  1 1  a,m,, 
or  the  12:20  p.m.  Santa  Fe  train,  or  the  7:4r)  or  8:30  a,m, 
train  on  the  Southern  Pacific  line.     Hotel. 

These  springs  burst  from  the  niountain  slope  of  the 
Sierra  Madre,  2,000  frrt  aliove  the  level  of  the  sea,  and 
1,000  feet  above  the  fool  of  the  mountain.  A  lieiich-like 
mesa,  contsiiuing  100  acres,  projects  at  this  point  from 


the  mountain,  and  is  bounded  on  the  east  and  on  the 
west  by  two  enormous  caiions,  Down  the  deep  ravine 
or  caiiou  on  the  east  comes  a  mountain  stream  of  water 
as  cold  as  ice,  while  in  the  caiion  on  the  west  flows  a 
stream  formed  by  the  boiling  spring  so  hot  that  it  tills 
the  air  with  steam  and  sulphurous  gas.  The  .springs 
here  were  know  n  to  the  Indians  lung  before  the  settle- 
ment of  the  country  by  whites.  On  the  face  of  the 
niountain  back  of  the  hotel  is  the  tigure  of  an  arrow- 
head l.JitiO  feet  long  and  450  feet  ^vide,  believed  to  liave 
been  executed  by  the  aborigines.  The  tigure  gives  its 
name  to  the  resort,  and  so  perfect  is  its  contour  and  so 
elevated  its  situation  that  it  can  be  seen  from  almost 
every  part  of  the  valley,  and  stands  as  a  prominent  land- 
mark for  miles  around.  The  Arrow-Head  Hotel  is  located 
near  the  springs,  on  the  plateau  of  land  between  the  two 
canons.  It  is  a  very  comfortable  modern  structure  with 
a  capacity  for  150  guests.  The  meteorological  condi- 
tions are  similar  to  those  usually  prevalent  m  Southern 
California,  the  weather  being,  as  a  rule,  clear,  balmy,  and 
bright.  The  winter  .season  is  most  favorable  for  visit- 
ing the  springs.  These  are  37  in  number,  the  aggregate 
flow  of  water  being  equal  to  10  miner's  inches.  Follow- 
ing is  an  analysis  of  one  of  the  fountains  by  Prof.  E.  W. 
Hilgard,  of  the  State  University : 

One  United  St.vtes  Gallon  Co.ntai.ns: 

Solids.  Grains. 

Potassiutu  sulphate 4.(X) 

Sodium  sulphate 42.48 

Sodium  chloride 8.18 

Lithium Strong  test. 

Calcium  sulphate L34 

Calcium  carbonate    1.34 

Barium Faint  test. 

Strontium Well  marked. 

Magnesinm  snlphate 0.1.5 

Magnesium  carbonate 0.:i2 

Sil  ica 4.9t 

Organic  matter Trace. 

Total 62.75 

Free  sulphureted  hydrogen 0.264  cubic  inches. 

The  water  shows  a  very  high  temperature,  103'  F,  The- 
analysis  bears  some  resemlilance  to  that  of  the  Carlsbad 
springs.  The  water  is  soft,  clear,  and  pleasant  to  drink 
and  is  believed  to  aid  in  tlie  elimination  of  malarial  and 
miasmatic  poisons  from  the  system  when  taken  internally. 
The  sjirings  owe  their  chit'f  reput<ition,  however,  to  the 
beneficial  effects  of  the  water  when  used  for  bathing 
purposes.  It  is  employed  in  the  form  of  vapor,  hot 
mineral  water,  and  mud  baths.  These  baths  liave 
proved  of  value  in  cases  of  glandidar  enlargements, 
rheumalisin,  and  rheumatoid  arthritis,  as  well  as  in  some 
of  the  manifestations  of  syphilis  and  in  various  neuralgic 
conditions.  Jiimes  K.  Crook. 

ARROWROOT.— ,1 /■/•'/,/■/■»,?  Starrh  ;  Maraiita  Sfnivh. 
The  st;iii-li  olil:iined  {v(m\  Jfiiraii/ii  ariindinaeca  L.  (fam, 
Mitrtiiitiii-id).  The  genus  ytiiraiihi  contains  some  lifteen 
species,  natives  of  tropical  America.  They  are  |ierennial 
herbs,  with  tuberous  or  thickened,  starch-lailen,  seal}" 
rhi/.omes,  and  leafy,  often  branched  stems. 

The  arrowroot  plant  is  extensively  cultivated  in  nearly 
all  tropical  countries.  A  large  amount  of  arrowroot  is 
now  produced  in  Southern  Asia.  The  Indian  plant 
differs  somewhat  from  the  American,  but  is  considered 
as  only  a  variety  of  it. 

The  early  medicinal  apjiliealion  of  arrowroot  among 
the  aborigines  ajipears  to  have  been  as  a  remedy  for  the 
wounds  of  their  arrows,  to  which  it  owes  its  name.  It. 
was  both  given  internally  and  apjilicd  as  a  poultice  to 
the  injured  jiart.  It  was  also  used  as  a  food.  Accounts 
of  its  cultiviition  in  the  West  Indies  date  back  about  a 
hundred  and  fifty  years,  since  which  time  it  has  been 
an  article  of  general  commerce. 

Arrowroot  is  prepared  in  essentially  the  same  way  as 
other  starches,  namely,  by  washing  it  out  of  the  cellular 
ti.ssue.  The  yield  is  about  ten  per  cent,  of  the  fresh 
rhizome.     That    of   the    West   Indies,    generally  csiUed 
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Ai-riii^loii  iflliK-ral 
Ai'Kt'iiit'.     |!!>|>riu;j:i9. 


Bcrmiuhi  iinowroot.  is  n'sanlcd  as  the  best.  It  is  a 
beautifully  while,  lumpy  |i(i\v(ler,  without  (iihir  or  taste; 
ruhlx'd  l)et\veeii  the  lingers  it  yives  a  sliitht  craeUliiii; 
sound,  or  rather,  feelini;.  for  llie  seusjitioii  is  eonveyed 
more  tliroujih  the  fin.ijers  than  tlie  ears.  Its  other  pro]i- 
erties  are  sini])ly  tho.sc  of  .starch  in  ireneral.  to  whieli  the 
reader  is  referred. 

When  the  antiphlogistie  treatinenl  of  <liseases  was 
more  in  vogue  than  al  pn'seiil,  arrowroot  took  quite  an 
important  i)la<e  in  the  dietary  of  Ihesiek.  It  was  also 
e.xtensively  used  as  an  in.gredient  of  foods  for  infants. 
For  neither  of  these  purposes  is  it  to  be  much  reeoni- 
mended.  As  a  food,  it  has  seareeiy  any  advania.ires  over 
the  cheaper  indigenous  starelies  now  .so  adniii'.-ibly  pre- 
pared. 

Florida  AlToirmot  is  a  starch  prepaii-d  from  the  large 
Meshy  stem  iii  /.a min  intciirifuliit  .laeci.        H'.   /'.  /Ifllis. 


ARROWROOT.  INDIAN. 


See  f  'itrrid, 


ARSENIC— 1.  (;j-.m:i;.\i.  .Mkiik  inm,  PiioPKi!Tii;s  ok 
TIIK  (,'().Ml'oixi>s<)K  AusK.Mc. — The  luedominant  feature 
of  the  action  of  arsenical  preparalions  is  intense  irrila- 
tion.  Locally  applieil  in  fairly  eoneentraled  form  to  a 
denuded  surface  the  irrilation  is  so  severe  as  to  exeile 
the  extreme  of  reaclion.  namely,  gangrenous  inllamnia- 
tion;  the  part  sloughs,  slnmgulaled  by  eoiigeslion  and 
intlainniation.  Arsenic  is  llius  imlii-eetly,  and,  beca\ise 
indirectly,  is  slowly,  painfully,  and  dangerouslv  caustic. 
When  arsenic  is  used  to  eauleri/e.  there  is  also  a  risU  of 
absorption  of  enoughof  the  mineral  to  produce  constilu- 
tional  poisoning,  a  risk  greater  when  the  application  is 
weak  than  when  it  is  strong,  since  in  (he  l.-itter  ease  con- 
gestion is  developed  early,  whereliy  absorption  is  im- 
peded. When  arsenic  is  taken  internally,  .gaslro-inles- 
tinal  irritation  is  easily  jiroduced.  a  result  which,  in 
acute  arsenical  poisoning,  constitules  the  most  promi- 
nent feature  of  the  derangement.  A])ar1  from  tendency 
to  irritate,  arsenic  is  fairly  antiseptic.  an<l  in  the 
liigher  organisms,  such  as  man.  has  an  action  upon  the 
nervous  .system.  In  arsenical  jioisoning  nervous  symp- 
toms are  prominent,  and,  therapeutically,  much  of  the 
avail  of  arsenieals  hinges  ui)on  Ihe  allayin.ir  of  nervous 
derangements. 

For  the  ]uirposes  for  which  arsenic  is  used  in  medicine, 
fhe  remedy  has  to  be  administered  continuously  for  days. 
weeks,  or  month.s.  In  this  medication  tlie  rule  is  so  to 
adjust  the  dosage  as  not  to  develop  conslitulional  dis- 
turbance. The  initial  .symptoms  of  over  imtiregnation 
of  the  system  with  arsenic  are,  first,  an  irrilation  of  the 
con.junctiva,  showing  itself  in  suHuslon  and  smarting  of 
the  eye,  and  (e(lem;i  of  the  lower  lid;  and  secondly,  an 
irritation  of  Ihe  .stomach,  shown  by  failure  of  ai)l)rtile 
and  soreness  and  sensation  of  weight  at  the  epigastrium. 
In  some  |)ersons  the  .gastric  symptoms  jirecede  tlii" 
conjunctival.  The  two  sets  of  symptoms  shoulil  be 
vvatehi'd  for  in  arsenical  medication,  and  the  dosing 
diminished  or  temporarily  discontinued  until  their  aliate- 
ment.  which  sjjeedily  follows  tli<^  withdrawal  of  the 
poi.son. 

The  properties  of  arsenic  valualilc  Iherapeutieally  an' 
as  follows: 

(n)  liiiprnreiiwnt  of  yittriUnn. — Even  in  the  healthy, 
ciirefully  graduated  dosage  with  ars<'nic  ten<ls  to  im 
prove  general  nutrition,  the  individual  fattening,  the 
.skin  being  specially  ro.sv  and  smooth,  or,  in  animals, 
the  fur  sleek  and  glossy,  and  the  bones  thick  and  di-nse.' 
In  tlie  case  of  tlie  so-called  arsenic  caters  of  Styria.  the 
women  are  said  to  indulge  for  the  beautifying  of  their 
coin|)lexion.  and  the  men  for  an  improvement  (>f  wind 
and  increased  physical  endurance  which  they  claim  to 
deriv<>  from  \\n-  use  of  arsenic.  This  habit  of  regular 
consumption  of  arsenic  amon.i.i-  errtain  of  the  working' 
class  in  Styria  seems  now  <'stablislied  as  a  fact  by  com- 
petent and  reliable  testimony.-'  Arsenous  acid  is  the 
preparation  commonly  used,  and  the  daily  allowance  has 
been  known  to  reach  live  and  even  ten  grains.  But  at- 
leniiits  in  other  countries  to  aci|uire  the  tolerance  of  the 


poison  which  the  Slyrian  peasantry  show  connnonly  end 
in  disaster.  Tin-  property  of  aisenic  to  modity  nulriiion 
is  utilized  principally  in  the  followin.g  di.seases:  I'm- 
i/rixKi'ir  Pi  riiii-ioiin  Aiiiriiiiti :  In  thisaireclion,  where  iron 
is  so  nolorioush'  futile,  arsenic  has  in  nian.v  cases  proved 
of  great  benetit,  patients  even  recovering  fully  under  its 
use.  Sciili/  Sliiii  J)ixiii«(H:  In  skin  diseases  arsenic  is 
more  or  less  used,  but  e\]iericnce  agrees  that  it  is  much 
more  likely  to  be  of  Ijenelil  inalfections  of  the  epidermis 
than  in  those  involvin.g  tliee(}riuni.  I'.ion'uxin  isa  typical 
disease,' <if  the  former  kind,  and  in  its  treatment  arsenic 
is  a  .standard  remedy.  At  the  be.ginnin.g  of  an  arsenical 
course  the  syni])toms  often  suiter  an  exacerliation.  but 
this  <()mmonly  sulisides  in  a  few  days.  The  medicine 
should  not  be  presci'ibed  durin.g  the  inllammatory  stage 
of  a  skin  ilisease.  but  when  used  should  be  ("-rsisted  in 
for  weeks,  or  even  months,  after  ajiparent  cure.  Under 
all  circumstances  the  remedial  action  is  slow. 

(/»)  Ciiiilriil  iif  .\i  i//-iixi.\. — The  properly  of  arsenic  to 
alfecl  nerve  functions,  seen  in  the  nervous  iihenomena 
Ihatatlenil  arsenical  poisoning,  shows  itself  therapeuti- 
cally in  a  tendency  to  aliate  pain,  spasm,  and  undue  reflex 
irritability.  The  property  is  utilized  most  especially  in 
the  following  condilions:  (litstrir  Ivritiihiliti/ :  In  idio- 
pallil<-  ilyspeiitic  irritaliility  of  the  stomach,  or  in  the 
irritability  allending  the  I'bronic  gastritis  of  drunkards, 
or  ulcer  or  cancerof  Ihe  stomach,  arsenic  is  often  of  con- 
siderable benelil.  and  is  especially  ellicacioiis  when  the 
nervous  (list  urbanee  is  disj)roportionatcly  great.  Xcnn/- 
.11 X  iif  (III-  Uixjiiniliirii  Ori/iiii.i :  Some  asthmatics  tind  a 
certain  amount  of  temporary  relief  from  ar.senic,  a  relief 
more  likely  to  be  obtained  in  the  pure  neurotic  form  of 
the  disea.se  than  when  the  .symptoms  are  .secondary  to 
Iminchitis.  emphysi-ma.  or  disease  of  the  heart.  Vet 
also  Ihe  nerve  irritation  in  coryza  nia.y  be  relieved,  and, 
aec  Hiding  to  liinger,  paroxysmal  sneezing  is  often 
promptly  broken  liy  the  remedy,  except  when  caused 
by  true  iiay  fever  Ihe  result  of  the  inhalation  of  pollen. 
(Jf/iir  Xiiiirmx:  In  '/'itk/ arsenic  is  lU'obably  the  most 
generally  serviceable  of  medicines.  Simple  unconipli- 
eated  cases  recover  under  the  use  of  the  remedy  more 
frecpiently  than  not.  .\iirrii/i//ii  also  sometimes  yields 
to  arsrnie.  more  ])artieiilarly  when  Ihe  attacks  show  a 
regular  periodicity  of  onset ;  in  other  words,  when  the 
ail'ection  is  very  likely  of  malarial  origin.  Other  neu- 
roses also,  such  as  angina  pectoris,  and  even  epilejisy, 
have  occasionally  been  treated  by  arsenic,  and  isolated 
eases  have  be<'n  reported  in  which  benefit  has  been 
claimed  from  the  medication. 

((•)  Control  i>f  Miiliiriiil  JJixni.iix. — Arsenic  has  a  notori- 
ous power  over  malarial  alTcclions,  being  commonly  re- 
sorted to  as  next  choice  after  I  lie  cinchona  alkaloids.  In 
a  liroad  way  arsenic  is  inferior  in  iiolcney  to  those  alka- 
loids, but  yet  in  old  cases,  and  p.-irticularly  in  inlerniit- 
tents  of  tertian  and  ipiarlan  rather  than  ipiotidian  lyiK', 
it  may  succeed  even  after  (|iiiiiine  has  failed.  As  com- 
]iared  with  r|uinine.  furthermore,  arsenical  preparations, 
have  the  advanta.ge  of  bein.g  tasteless  and  chea]).  and 
for  tho.se  reasons  alone  may  be  selected  for  jireserip- 
tioii  in  malarial  disease  in  the  case  of  poor  people  or  of 
children. 

liesides  the  fore.going.  arsenic  lias  been  used  in  a  .great 
variety  of  diseases  on  the  general  |iriiiciple  of  bein.g  an 
"alterative."  with  alleged  success  in  many  cases. 

•2.  TiiK  PKKi'.\ii.\rioNs  OK  Arsk.nic  t'sED  IX  iMedi- 
ci.NK. — The  arsenical  coiii|)ounds  used  in  medicine  are 
the  <c/«./vV/c  (arsenous  acid),  trlioilidr.  and  the  two  salts, 
potitxaimi)  iirxiiii'ti'  and  xDiliino  i/rxr/ioti'. 

Arxiiiir  Trio.iiili .  Xs.O,.  or  As, On.  This  well-know-n 
eomponnd  is  ollicial  in  the  I'.  S.  V.  as  Adilmn  Arxiiio- 
xiiiii.  Arsenous  Acid,  an  aiipellation  which  chemically 
belongs  only  to  the  aqueous  solution  of  the  oxide.  This 
is  the  pre|)aration  known  also  as  irliiti'  itrxinii',  or,  in 
common  iiarlance,  sinqily  mwiiir.  Arsenous  .-nid,  so- 
called,  is  "a  heavy  solid,  oeeurrin.g  either  as  an  opaipie, 
white  powder,  or  in  irn  gular  masses  of  two  varieties: 
the  one  amorphous,  transparent  and  cfilorless,  like  glass; 
the  other  crystalline,  opaque  or  while,  resembling  porce- 
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lain.  Freiiut'iitly  the  same  piece  has  an  opaque,  white, 
outer  crust  eiiclnsiti;:  the  ijliissy  variety  withiu.  Con- 
tact with  moist  air  gradually  ihiuiges  tlie  glassy  into  the 
white,  opaque  variety.  Both  are  odorless  and  tasteless. 
In  cold  water  both  Varieties  dissolve  very  slowly,  the 
ghissy  variety  requiring  about  30,  the  porcelain  like 
about  80  parts  of  watei^  at  15°  C.  (59^  F.).  Both  are 
slowly  but  completely  soluble  in  I.t  parts  of  boiling 
water.  In  alcohol,  arsenous  acid  is  but  sparingly  solu- 
ble, bvit  it  is  soluble  in  about  .")  parts  of  glycerin.  Oil  of 
turpentine  dissolves  only  the  glassy  variety.  Both 
varieties  are  freely  soluble  in  hydrochloric  acid,  and  in 
solutions  of  alkali  hydrates  and  carbonates.  When 
heated  to  218°  C.  (434.'4"'  F.),  arsenons  acid  is  completely 
volatilized  without  melting.  AVhen  thrown  on  ignited 
charcoal,  it  emits  an  alliaceous  otlor.  Wiien  its  vapor  is 
passed  through  red-hot  charcoal,  in  an  arsenic  tube,  it  is 
deoxidized,  and  metallic  arsenic  is  deposited  on  the  cooler 
portion  of  the  tube  as  a  mirror  liaving  a  metallic  lustre. 
An  a(iueous  solution  of  arsenous  acid  has  a  faintly  acid 
reaction  upon  litmus  paper"  (U.  S.  P.).  Arsenous  acid 
is  obtained  by  sublimation,  by  roasting  ores  containing 
arsenic,  and  is  subsequently  jjuritied  by  resublimation. 
Wlien  first  obtained  it  is  in  transparent  glass-like  masses, 
but  these,  in  after-exposure,  accjuire  the  porcelain-like 
appearance  in  which  arsenous  acid  is  commonly  niet 
with  in  the  shops.  This  change,  beginning  on  the  .sur- 
face, gradually  extends  in  time  throughout  the  whole 
thickness  of  tlie  mass;  not  .so  quickly  though  but  what 
commercial  samples  may  often  be  found  where  the 
masses,  on  fracture,  show  a  vitreous  interior.  For  med- 
ical use  the  mineral  is  pulverized,  appearing  then  as 
a  very  tine,  white,  smooth  powder.  In  this  condition 
it  is  easily  adulterated,  but  the  fraud  can  readily  be 
detected  "by  submitting  the  sample  to  sublimation, 
when  the  arsenous  acid  will  all  disapin'ar  by  volatil- 
ization, and  the  impurities  be  declared  by  a  non-vola- 
tile residue. 

Arsenous  acid  possesses  all  the  physiological  properties 
of  arsenicals,  as  set  forth  above.  It  does  not  act  \ipon 
the  sound  skin,  but  upon  a  mucous  membrane  or  de- 
nuded surface  prodvices  violent  irritation.  Taken  inter- 
nally it  is  capable  of  sufficient  absorption  to  produce  the 
constitutional  effects  of  arsenic,  therapeutic  or  toxic, 
and  so  may  be  used  as  a  medicine,  in  doses  of  0.003  gm. 
(gr.  Jj)  three  times  a  day,  generally  given  in  pill. 
But  it  is  not  an  eligible  preparation  for  internal  u.se, 
because  of  the  local  irritation  it  is  apt  to  set  up.  Ex- 
ternally it  has  been  employed  to  destroy  the  tissues  of 
cancer'or  lupus,  applied  in  ointment  or  paste.  For  such 
purpose  the  arsenous  acid  is  mixed  with  from  four  to 
eight  times  its  weight  of  inert  matter,  such  as  ointment 
ora  paste  made  of  some  indilTcr<'nt  jiowder  mixed  with 
mucilage.  Such  arsenical  ointment  or  paste  is  then  aji- 
plied  to  the  tissue  to  be  destroyed,  the  point  being  ob- 
served, if  the  part  be  covered  by  skin,  first  to  remove 
the  epithelium  by  blistering.  The  application  is  to  con- 
tinue for  from  "twelve  to  twenty -four  hours.  Weak 
arsenical  mixtures  are  more  dangerous  than  strong,  be- 
cau.se  of  the  greater  likelihood  of  constitutional  poison- 
ing. Even  strong  apiilications,  if  at  all  extensive,  are 
risky,  and  at  best  the  destruction  of  tissue  by  arsenic 
is  a  slow,  uncertain,  and  very  painful  process,  not  to  be 
commended.  Most  of  the  numberless  caustic  pastes  of 
quack  "cancer  doctors"  are  preparations  of  arsenous 
acid.  The  following  have  been  celebrated  in  their  day  ; 
ArKcnicid  Paxte  of  Fii-re  Come:  Ar.senous  acid  and  ani- 
mal charcoal,  each  one  part:  mercuric  sulphide,  four 
parts;  to  be  used  only  over  a  small  area  at  a  time.  Sir 
Aslh'ii  Cooper's  Arnenions  Oiiitwint :  Arsenous  acid  and 
sulphur,  each  1  part;  spermaceti  cerate.  8  parts.  Phin- 
ket's  Cm) Stic, :  Bruised  ]ilant  of  rniiunctihix  acris  and  of 
raniinpulus  flaiiiiiiuhi.  each  24  parts;  arsenous  acid,  3 
parts;  sulphur,  5  parts;  the  whole  mixed  to  a  paste, 
rolled  into  balls,  and  these  dried  in  the  sun.  For  ap- 
plication the  balls  are  again  to  be  reduced  to  pasty 
consistence  by  rubbing  with  yolk  of  egg.  In  using  this 
preparation,  iireliminary  denudation  of  the  skin  is  un- 


necessary, that  operation  being  performed  by  the  acrid 
matter  of  the  crowfoot.  The  onlv  preparation  of  arsen- 
ous acid  official  in  the  U.  S.  P.  is  what  is  entitled  Liquor 
Acidi  Arsenmi,  .Solution  of  Arsenous  Acid.  This  is  a  one- 
per-cenl.  solution  of  the  arsenical  in  water  slightly  acidu- 
lated with  hydrochloric  acid.  The  preparation  is  of  the 
same  strength  as  Fowler's  solution  (see  below),  and  is 
given  indosesof  0.30  gm.  (in,  v.)  three  timesaday,  largelj- 
diluted  with  water. 

Arsiiiic  Triiodidc,  Asia.  This  compound  is  official  in 
the  U.  S.  P.  as  Arseni  lotlidimi.  Arsenic  Iodide.  It  is  in 
"glossy,  orange-red,  crystalline  masses,  or  shining, 
orange-red,  crystalline  .scales,  having  an  iodine-like  odor 
and  taste,  and  gradually  lo.sing  iodine  on  exposure  to 
air  and  light.  Soluble'at  l.~)°"C.  (.59°  F.)  in  7  parts  of 
water  and  in  about  30  parts  of  alcohol;  also  soluble  in 
ether,  and  in  carbon  disulphide.  The  salt  is  gradually  de- 
composed by  boiling  water  and  by  boiling  alcohol.  By 
lieat  it  is  completely  volatilized,  and  if  it  be  heated  with 
diluted  nitric  acid,  vapor  of  iodine  will  be  evolved.  The 
aqueous  solution  of  the  salt  has  a  yellow  color,  is  neu- 
tral to  litmus  paper,  and.  on  standing,  gradually  de- 
composes into  arsenous  and  hydriodic  acids "  (U.  S.  P.). 
This  iodide  has  been  given  internally  as  an  arsenical 
in  doses  of  0.008  gm.  (gr,  -1),  and  used  externally  on 
malignant  growths  in  a  onc-per-cent.  ointment;  but  its 
principal  purpose  among  medicines  is  to  furnish  the 
pharmacist  with  the  arsenical  ingredient  of  the  official 
preparation,  Liqv or  Arxeni  et  Hydra rgi/ri  lodidi.  Solution 
of  Arsenic  and  Jlercuric  Iodide,  commonly  known  as 
Donoroii's  Solution.  This  is  an  aqueous  solution  of  one 
per  cent,  each  of  arsenic  iodide  and  red  mercuric  iodide. 
It  is  a  pale  yellow  fluid,  slightly  astringent  in  flavor, 
and  precipitating  with  alkalies,  silver  solutions,  and 
solutions  of  alkaToidal  salts.  It  is  used  as  a  composite 
"alterative"  internal  medicine,  its  reputati(m  being 
]irincipally  in  the  line  of  seal}'  skin  disease,  syph- 
ilitic or  idiopathic,  and  in  rheumatic  affections.  Dose, 
from  five  to  ten  drops,  well  diluted  with  water,  after 
meals. 

Potamiiim  Arsenite.  An  arsenite  of  potassium  is  offi- 
cial in  the  U.  S.  P.  only  in  the  solution  entitled  Liq^im- 
Potasyii  Arsenitis,  Solution  of  Potassium  Arsenite,  better 
known  by  the  common  name  of  Foirlrr's  S"l'(/io>i.  This 
solution  is  made  by  boiling  1  part  of  arsenous  acid  and 
2  of  acid  potassium  carbonate  in  water  until  chemical 
union  is  effected,  then  bringing  the  solution  to  the  stand- 
ard strength  of  one  per  cent,  of  arsenous  acid,  and  add- 
ing a  small  charge  of  coni]iound  tincture  of  lavender. 
This  latter  addition  is  to  give  the  preparation  sufficient 
taste  and  color  to  prevent  its  being  mistaken  for  simple 
water.  Fowler's  solution  is  clear,  and  tastes  onlv  of 
lavender.  It  responds  to  the  usual  tests  for  arsenic. 
Physiologically  it  acts  the  same  as  would  a  solution  of 
arsenous  "acid  of  like  strength.  It  is  in  imitation  of  a 
famous  remedy  known  as  "tasteless  ague  drop,"  and  is 
the  most  convenient  and  commonly  used  arsenical  for 
internal  gi\ing.  The  average  dose  is  five  drops,  well 
diluted  with  water,  to  be  taken,  like  all  arsenicals,  after 
eating,  and  repeated  two  or  three  times  a  day. 

Sodium  Arsenate.  NaJIAsOi+TII-.O.  The  salt  is  offi- 
cial under  title  Sodii  Arsaias.  Sodium  Arsenate.  It 
occurs  in  "colorless,  transiiarent,  monoclinic  prisms, 
odorless,  and  having  a  milcl,  alkaline  taste  (the  salt  is 
very  poisonous).  Efflorescent  in  dry  air,  and  somewhat 
deliquescent  in  moist  air.  Soluble  in  4  parts  of  water 
at  15°  C.  (59°  F.).  and  very  soluble  in  boiling  water:  very 
sparingly'solnble  in  cold,  but  soluble  in  CO  parts  of  boil- 
ing alcohol.  When  gently  heated,  the  salt  loses  five 
molecules  of  water  (28.8  per  cent."),  and  is  converted  into 
a  white  powder.  At  148°  C.  (298.4°  F.).  the  rest  of  the 
water  of  crystallization  is  lost,  the  salt  fuses,  and  at  a  red 
heat  is  converted  into  i\vroarsenate.  It  imparts  an  in- 
tense, yellow  color  to  a  non-huninous  tlame"  (U.  S.  P.). 
Sodiuiii  arsenate  has  the  usual  properties  of  the  arsenicals, 
but  is  a  little  milder  than  potassium  arsenite.^  It  is  gen 
(■rally  iirescribed  in  the  (^tlici;ll  /,/t/iior  Stidii  ArseiKitis. 
Solution  ot  Sodium  Arsenate,  which  is  simply  a  onc-per- 
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cent,  aqueous  solution  of  the  siilt.     This  soluliou  may  bi; 
given  iu  the  Siinie  dose  and  manner  as  Fowler's  solution. 

Kdirtird  V'li'lix. 

'  Th.  Gies:   .Arcliiv  fiir  I'xperiiuent.  Path  .  Uei-uiiiber,  1877,  qiK)te(i 
in  Phillips's  Materia  Medica. 
-  Waclainiii :  l-.ilinliuiv'li  .Medical  Jounial.  I.s(H,  p.  30li. 
3  Uiiitr<T :  .Innrnal  of  I'tiysi'tlip^y,  vol.  i..  p.  :;i:(. 

ARTERIES.  ANOMALIES  OF.  — Arteries  are  suhjeet 
to  lic(iiii'iit  variations  of  size.  ori:;iii.  and  distribution. 
Sotne  of  these  are  so  common  that  it  is  diltieidt  to  (h'cide 
what  is  the  no-inal  condition.  .Many  anomalous  arteries 
are  UK^rely  a  ])ersistence  of  an  eaily  fetal  condition, 
others  are  reversions  to  forms  of  dislriliution  wliieli  are 
natural  in  the  various  siieeies  of  the  lower  animals,  while 
some  an^  due  to  an  abnormal  enlai'i^ement  or  diminution 
of  vessels  which  naturally  e.vist.  1  propcjse  in  the  pres- 
ent article  cliielly  to  describe  tliosc^  anomalies  which  are 
important  surjjieally — that  is.  those  which  exist  in  ])arls 
liable  to  diseases  which  necessitate  a  surgical  opei'ation 
for  their  eurc>  or  relit-f.'  However  intereslin!i  would  lie  a 
consideration  of  anomalies  of  arterii'S  fioin  a  morpho 
logical  point  of  view  to  pure  anatoniisls,  I  fear  the  sub- 
;ject  is  not  of  suflicient  interest  to  the  general  profession 
to  justify  me  in  devoting  much  space  to  it  liere. 

AORT.\. — This  vessel  is  subject  to  many  variations.  It 
may  vary  in  length  anil  position.  The  siimuiit  of  the 
arch  has  lieen  seen  as  high  as  the  top  of  the  sternum  and 

as  low  as  the 
fifth  dorsa! 
vertebra.  The 
d  i  s  t  a  D  e  e  I  o 
which  il  reach- 
es (m  the  spine 
before  divid- 
ing into  the 
t  wo  common 
iliacs  also  va- 
ries, the  point 
of  division  !)e- 
i  n  g  occasion - 
ailv  as  low  as 
the  fifth,  and 
as  high  as  I  hi! 
third,  or  even 
t  h  e  sec  on  il, 
lumbar  verte- 
bra. The  aor- 
ta has  been 
s  e  e  n  consist  - 
i n g  of  t  w  I) 
closely  united 
tubes,  in  part 
or  the  whole 
of    its  coui'se. 


FlC.  288. -niriCTninniiitii-  Outlines  of  Heart  anil 
First  Arterial  Ves.-els  of  llie  Kiiiliryo.  as  Seen 
from  the  .\lMloniinal  siirfaee.  4.  .\ortii-  l)iilli; 
.'), .'),  the  priiiiilive  aortii;  arehesanii  Iheirroiitin- 
uation  a.s  the  cie.seendinR  aorta.  'J'hese  vessels 
are  separate  in  their  wliole  e.\tent  in  .1  CHi  tii 
38  mm.  in  thiekness).  but  at  a  later  period,  as 
shown  more  fully  in  (',  have  eoaleseed  into  one 
tulie  in  a  part  of  tlie  dorsal  reiiion.  In  /!,  lie- 
low  upper  .">.  the  second  aortic  arch  is  formed, 
and  farther  down  the  dotted  lines  indicate  the 
posiiion  of  tlie  succeedms  arches,  numliering 
five  iu  all.    (yuain's  "  Anatomy.") 


due  to  a  per- 
sistence of  the  original  double  aorta  of  early  fetal  life 
(Fig.  288).  The  aorta  is  sometimes  very  loi-tuous,  of 
large  size,  and  displaced  to  one  side.  es]iecially  in  old 
people,  but  this  condition  is  due  more  to  pathological 
changes  than  to  congenital  malformation. 

Tlie  main  trunks  of  the  iioiici  and  pulmonary  artery 
are  (4.  Fig.  2SH)  both  derived  from  the  arterial  bulb  of 
the  fetal  lieart,  "and  are  liable  to  variations  which  may 
lie  traced  to  deviations  from  the  natural  mode  of  their 
septal  division  and  of  their  union  with  the  left  or  right 
ventricles  of  the  heart  resjiectively "  ((Jiiain's  "An- 
atomy ").  These  variations  are  generally  iissociated  with 
malformations  of  the  heart,  and  oflen  with  patency  .if 
the  ducttis  arteriosus.  The  aortic  or  pulmonary  trunk 
may  be  almost  obliterated,  or  the  two  trunks  may  com 
muuicate  freely  with  each  other,  owing  to  the  failnie 
of  complete  septal  division;  again,  their  origins  may  be 
transposed,  the  pulmonary  arteiy  arising  from  the  left 
ventricle  and  the  aorta  from  the  right.  .V  very  rare  anom- 
aly has  been  reported  where  the  pulmonary  artery  and 
aorta  form  one  stem  which  ari.ses  from  a  simple  heart  like 
that  seen  in  tishes,     A  few  cases  are  reported  iu  which 


the  descending  aorta  arose  from  the  pulmonary  artery  and 
gave  o(T  the  left  subclavian,  the  left  ventricle  giving  oir 


only  the  innominateand  left  carotid, 
ties  are  incomjiati 
ble  with  life,  and 
are  fully  described 
in  works  on  patho- 
logical anatomy. 

Viiiiities  of  the 
Aortic  .-l/v/i.— The 
various  anomalies 
of  the  aortic  arch 
depend  on  the  mode 
of  development  of 
the  fourth  and  fifth 
fetal  branchial 
arches.  In  man  and 
nearly  all  mam- 
malia the  arch  is  a 
left  one,  produced 
by  the  persistence 
of  the  fourth  left 
bninchial  arch  (Fig. 
•.>8I»).  In  birds  tlio 
liernianent  aorta  is 
formed  from  the 
right  fourth  bran- 
chial arch:  and  in 
I'cptiles  both  the 
r  i  g  h  t  and  left 
f  o  u  rt  h  branchial 
arches  are  persist  - 
ent.  In  cases  in 
w  h  i  c  h  t  h  e  r  e  is 
transposition  of  the 
heart,  and  also,  of 
course,  of  the  arch 
of  the  aorta,  the 
aorta  is  a  right  one. 


Most  of  these  varie- 


l>f^ 


A' 


FiiJ.  :^{).  — Diacrram  of  the  Fetal  Aortic 
Arches,  Sliou  insr  Their  Transformation  in- 
to the  I'ermanent  Vessels  of  flic  Mammal. 
I  After  liatlike.l  The  permanetit  vessels 
are  represented  by  the  deep  shadint^,  the 
piilnionary  arteries  liphter,  llie  temporary 
primitive  arches  in  outline  only.  .\,  P, 
Primitive  aortic  stem,  divided  into  A, 
aortic  arch,  P.  pulmonary  artery  ;  a,  ripht 
aortK'  root:  o'  left  aortic  root;  A\  de- 
sceudinii  aorta:  1,  ».  3,  4,  .">,  primitive  va.s- 
ciilar  arches;  pii,  int'.  riiflit  and  left 
pneuTiiof^astric  nerves;  r.  r'.  ritriit  and 
left  \ei1eliiii!s;  .s,  s',  ri^ht  and  left  suli- 
davians;  cc.  external  carotids;  fi,  ci\ 
internal  carotids.  (From  vol.  li..  Quain's 
"  Anatomy.") 


inste;til  of  the  usual 
left,  and  this  is  owing  to  the  ]iersistenee  of  Hie  right 
fourth  branchial  arch,  as  in  birds.  The  ]iulmiiiiarv  tirtery 
in  these  cases  is  also  transposed  and  is  formed  from  the 
right  lifth  arch  in  iilaee  of  ifom  the  left.  i\Iany  of  these 
cases  liiive  been  rejiorteil  and  have  been  diaguo.sed  dur- 
ing life,  the  direction  of  the  apex  of  the  heart  being 
toward  the  right,  the  iipex  beat  being  felt  on  the  right 
side   between    the    fifth   and    sixth   ribs.     A  very  good 

specimen  of  this  an- 
omaly is  to  be  seen 
in  the  musenin  of  the 
Pennsylvania  H  o  s- 
pital  in  Philadel- 
phia. 

Occasionally  the 
aortic  arch  has  been 
observed  completely 
double  (Fig.  2!)!)),  as 
in  reptiles,  due  to  the 
persistence  of  both 
right  iind  left  aortic 
roots  ((/,  ii\  Fig.  289) 
and  the  fourth  bran- 
chial jirehes  of  both 
sides.  The  double 
aorta  embraces  the 
trachea  and  le.sojiha- 
gus,  and  unites  be- 
_  low  to  form  a  single 

Fk;.  390.- Example  of  a  Double  Ascendinp  t,.ii,.l-  ,...  ii./.  b.fi  ^';,l,. 
Aorta,  from  the  Arch  of  Which  Arise  Sil  ''"'  '^  ""."":  '' ' '  ^  ' 
Hranches— Two  Subclavian  and  Four  of  the  spmal  column, 
Carotid  Arteries.    (After  iMalaaimc.)        as  in  earlv   fetal   life 

(B,  Fig.  2HS). 
The  aorta  may  pass  to  the  right  of  the  trachea  and 
U'sophagus  instead  of  to  the  left,  and  this  without  the 
transposition  of  tin'  heart  mentioned  above.  If  we  study 
the  fetal  conditions  the  explanation  of  this  anomidj'  is 
ea.sy.     It  is  a  persistence  of  the  right  fourth  branchial 
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A' 

¥11!.  291.— The  Right 
Subclavian  .\itery  Dis- 
placed or  Proceeding 
from  the  Right  Aortic 
Hoot.  A,  A',  ascend- 
ing^ and  descending 
portion  of  the  thoracic 
aorta;  a.  I'i^lit  aor- 
tic root  persisting  as 
the  subclavian  artery: 
o',  left  aortic  root; 
P,  pulmonary  artery, 
((juain's  ".Anatomy.") 


iirch  autl  noi'tic  root  instead  of  tile  left  (Fij;-.  289).  In 
llipse  easos  tlic  rcciiiTcnt  larjnjrcal  nerve  of  Uie  left  sii:le 
hooks  I'onuil  the  subclavian,  and  that  of  the  right  ai'oiind 
llie  arch  of  the  aorta.  In  .some  of  the  cases  of  right  aich 
tlial  have  been  observed  tin'  left  subclavian  arose  fi'om 
the  back  jiiirt  of  the  descending 
aorta,  jiassed  lichind  the  trachea, 
anil  reached  its  usual  position  in 
the  neck  between  the  scalene  mus- 
cles. In  cases  of  this  kind,  the  first 
part  of  the  subclavian  being  ab- 
sent. owiu,g  to  the  non-devclop- 
nieut,  or  rather  obliteration,  of  the 
fourth  left  vascular  arch,  the  in- 
ferior lai'yngeal  nerve  does  not 
hook  ai'ovmd  it,  but  goes  directly 
to  the  larynx,  and  the  vertebral 
artery  may  arise  directly  from  the 
arch. 

Varidtinns  in  N^imher  find  Posi- 
tion of  the  Brnnrhes  of  the  Arch  of 
the  Aorta. — These  variations  are 
very  numerous;'  I  shall  mention 
only  tile  most  common  and  impor- 
tant.  The  liranchcs  t>f  the  aortic 
arch  may  be  given  off  from  a  single 
trunk,  which  forms  what  is  called 
the  anterior  aorta.  This  arrange- 
ment is  seen  in  the  horse.  The 
^■ommonest  abnormal  arrangement  of  the  blanches  is  that 
where  the  left  carotid  arises  from  the  innominate;  thus 
only- two  bninches  are  given  off  from  the  ai'ch,  the  left 
subclavian  and  the  innominate.  This  is  the  iisual  distri- 
bution in  most  of  the  carnivora.  There  may  be  two  iu- 
nominates  given  off  from  the  arch,  each  dividing  into  a 
cai'otid  and  subclavian,  as  in  the  bat.  Three  liranelics  is 
the  normal  number  arising  from  the  arch  in  man,  apes, 
and  a  few  other  animals.  Occasionally  we  see  three 
branches  tirising  from  the  arch  in  a  diffeicnt  w-a}'  from 
the  noriiKil.  We  may  have  the  two  subc]a%'ians  arising 
separately,  and  the  two  ciU'otiils  arising  fi-oni  a  common 
stem  between  them.  This  is  the  normal  disposition  in 
some  cctacea.  Sometimcsall  four  vessels  arise  separately 
from  the  arch.  Again,  the  left  vertebral  may  arise  from 
the  arch,  while  the  other  bi'anches  preserve  the  normal 
arrangement,  or  there  may  be  five  branches  given  off 
separately,  viz.,  the  two  subclaviaus,  two  carotids,  and 
left  vertebral.  As  many  as 
six  branches  have  been  seen 
to  come  off  from  the  aortic 
arch.  This  occurs  when,  in 
addition  to  the  above  -  men- 
tioned fiv(>  branches,  the  right 
vertebral  is  also  given  off.  A 
curious  anomaly,  and  one 
which  is  interesting  from  its 
rarity  and  manner  of  develop- 
ment, is  that  form  of  arch 
where  the  right  and  left  caro- 
tids and  left  subclavian  iU'ise 
seiiarately  from  the  arch,  and 
the  right  subclavian  arises 
fi-om  tile  back  part  of  the 
descending  aorta,  passes  be- 
hind the  trachea  and  oesopha- 
gus and  ascending  portion  of 
the  arch,  and  rciiches  its  nor- 
mal place  betAveen  the  scalene 
muscles  (Fig.  '.>01).  In  this 
case  the  right  inferior  laryngeal  nerve,  instead  of  hook- 
ing round  the  sulielavian,  jiasses  directly  to  the  larynx. 
The  subclavian  hei'c  i-eiiresents  the  jiei'sistent  right 
.-lortic  root,  and  the  right  fourth  branchial  arch  is  ob- 
literated (see  Fig.  2W)).  8<Mne  years  ago  I  met  with  a 
curious  anomaly  having  somewhat  this  chariieter.  I 
looked  upon  it  as  a  double  subclavian.  The  right  suh- 
cliivian  was  given  off  as  usual  fi'om  the  innomin;itc.  but 
w;is  joined  in  the  second  part  of  its  course,  between  the 


FIG.  attS.-lllKht  .Aortic  Root 
Persisting  as  a  Small  lirnnch 
Which  Connect,s  the  De- 
scending Aorta  with  the 
Subclavian.  May  be  re- 
garded as  an  example  of 
double  subclavian. 


scalene  muscles,  by  a  small  branch  which  arose  fi'om  the 
back  pai't  of  the  descending  aoitii.  I  considered  this  a 
case  of  persistence  of  the  fourth  right  vascular  arch,  and 
also  of  the  right  aortic  root  (Fig.  292).  (For  a  complete 
description  of  the  very  many  varieties  of  the  arch  of  the 
aorta,  see  Turneron  "  Varieties  of  the  Arch  of  the  Aorta," 
in  Brit,  and  For.  Med.-Chir.  Rev..  1862;  Henle's  "An- 
atomy, ■'  vol.  iii. ;  Ilyrtl ;  and  Pi'ofessor  Struthers.) 

Innomtn.\te,  oh  Buachio  CEniALic. — This  artery  oc 
ca.sionally  varies  as  to  the  point  of  its  division.  In  some 
cases  it  tlivides  above  the  sternoclavicular  articulation, 
iind  in  others  considerably  below  it.  When  there  is  a 
high  division,  there  is  danger  of  its  being  wounded  in 
ti-acheotomy,  especially  in  tho.se  cases  in  which  the  artery 
inclines  to  the  median  line.  In  cases  of  ligature,  how"- 
cver,  the  operation  would  be  much  facilitated  by  a  high 
division,  and  rendered  much  more  difficult  by  a  low  one. 

The  thi/roi<!ea  iina  or  iiiiddk  thi/no'd  (Fig.  293)  is  not 
infrequently  given  off  from  the  innominate,  and  ascends 
to  its  destination  in  front  of  the  trachea.  When  present 
it  would  comi)licate  the  operations  of  tracheotomy  and 
excision  of  tlie  thyroid  gland.  In  observations  made  by 
myself  on  2.50  subjects.  I  found  that  this  artery  occurred 
12  times,  or  once  in  20.83  cases.  Richard  Quain,  in  his 
valuable  work  on  the  arteries,  found  it  9  limes  in  291  sub- 
jects, or  once  in  32.33.  It  is  sometimes  of  large  size, 
dividing  into  two  branches,  one  of  which  goes  to  each 
lobe  of  the  thyroid  gland. 

This  artery  sometimes  arises  from  the  right  common 
carotid,  and  rarely  fiom  the  arch  of  the  aorta  between 
the  left  carotid  and  innominate. 

Common  Cauotid  Artekies. — These  vessels  may  vary 
in  their  origin  and  place  of  division.  The  right  carotid 
occasionally  arises  direct- 
ly from  the  arch  of  the 
aorta  either  alone  or  with 
the  left  carotid.  In  the 
latter  case  the  artery,  to 
reach  its  usual  position 
on  the  right  side,  crosses 
the  trachea  above  the  up- 
per border  of  the  sternum, 
a  fact  worth  remembering 
in  connection  with  the 
operation  of  tracheotomj'. 
It  may  arise  above  or  be- 
low the  sternoclavicular 
articulation,  accoi'ding  as 
the  innominate  is  longer 
or  shorter  than  xisual. 
The  left  curotid,  varies 
more  frequently  in  origin 
than  the  right,  as  it  is  de- 
rived from  the  innomi- 
nate in  about  one  case 
in  nine.  It  may  also 
arise  from  the  arch  in  common  with  the  right  carotid. 

Place  of  Diciaioii. — The  common  carotid  often  varies 
as  to  its  place  of  division.  The  normal  dividing  point  is 
opposite  the  ujijier  border  of  the  thyroid  cartilage,  but  it 
sometimes  divides  as  high  up  as  the  hyoid  bone,  and  as 
low-  down  as  the  cricoid  cartilage.  Jiorgagni  reports  a 
case  in  which  it  divided  at  the  root  of  the  neck.  Cases 
are  recorded  in  which  it  did  not  divide  at  all,  one  or  other 
of  its  main  bi^anchcs  being  absent.  I  have  occasionally 
seen  this  artery  give  otT  the  superior  thyroid  and  ascending 
pharyngeal  before  its  ilivision,  and  alsi>a  small  lai'vngeal. 
I  also  once  saw  the  left  carotid  giving  olf  the  left  vertebral. 

Externa!.  C'AROTrD  and  Its  Branches. — As  men- 
tioned above,  the  origin  of  the  external  carotid  varies 
considei'ably.  It  has  in  rare  cases  been  noticed  arising 
from  the  innominate,  and  even  from  the  ;irch  of  the  aorta 
itself.  Absence  of  this  artery  has  been  met  with,  the 
branches  arising  at  vai\ving  intervals  from  a  common 
trunk,  representing  both  internal  and  external  carotids. 
The  artci'v  sometimes  pa.sses  between  the  digastric  mus- 
cle tind  stylo  hyoid.  T  have  in  one  case  seen  it  pa.ss  up  to 
the  parotid  ghind  supeilicial  to  both  the  posterior  belly 


T.I-. 


Fig.  293.— Showing  a  Middle  Thy- 
roid Artery  IT.  1.)  .\ rising  from  the 
Iniioiiiinaie  and  Running  up  the 
Front  of  the  Tnichea  to  supply  the 
Thyroid  tiland,  tFrom  R.  (^uain, 
slightly  altered.) 
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of  the  digaslric  and   the  st\-lo  liyoid,  iiistfiul  of  lieliiiul 
thi-m. 

The  origin  of  tlie  braiiclics  varies  consitlerably :  tlioy 
may  be  crowded  togotlicr  at  the  c'omiiicnccmeiit  of  the 
vessel,  or  at  a  point  liigher  up.  Sometimes  they  arise 
from  tlie  main  trunk  at  nearly  regular  intervals,  and  oe 
casionaily  we  find  several  branches  arising  from  a  single 
stem.  Accessory  arteries  may  arist;  from  the  external 
carotid,  such  as  the  accessory  superior  thyroid  anil  ae 
cessory  ascending  pharyngeal.  The  slerno-mastoid.  wliii  li 
usually  arises  from  the  <i( cipital,  occasionally  arises  from 
the  main  trunk,  and  when  this  occurs  the  hypoglossal 
nerve  hooks  around  this  small  branch  instead  "of  around 
the  occipital.  In  consequence  of  the  lower  origin  of  the 
sterno-niastoid,  the  nerve  in  such  cases  passes  lower  down 
the  neck  before  crossing  the  vessels  to  reai-h  the  liyo 
glossus  muscle. 

Sii/ii  ri<ir  'J'/ii/roiil. — This  vessel  may  be  veiy  small  or 
absent,  its  place  being  taken  by  the  artery  of  the  opposite 
side  and  the  infei'ior  thyroid  of  the  same  side.  It  some- 
times arises  from'  the  conunon  carotid.  The  /•rico  t/ii/ruii) 
may  be  of  considerable  si/.e,  and  its  nupennr  Inn/Nr/ml 
branch  may  arise  from  the  main  trunk,  or  pierce  the 
thjToid  cartilage  instead  of  the  thyrohyoid  membrane, 
as  is  the  case  in  many  mannnals.  .Mr.  Walsliam  ("'St. 
Bartholomew's  IIosp.  Uep..''  ISKO)  has  several  times  met 
■with  a  large  brancli  from  the  sujierior  tliyroid  crossing 
the  trachea  between  the  cricoid  cartilage  and  isthmus  of 
the  thyroid.  He  once  wounded  it  in  iierfoi-ming  traciie- 
otomy. 

IJ/if/i/iil. — This  artery  oflm  .'irises  in  connuon  with  the 
facial,  and  occasicmally  with  the  superior  thyroid.  In- 
stead of  passing  beneath  the  hyoglo.ssus  mu.sele  it  has 
been  .seen  to  pierce  it. 

In  some  rare  cases  it  has  been  absent,  and  its  placi'  has 
been  taken  by  a  branch  fnmi  the  internal  mn-\illary.  Its 
place  lias  been  taken  also  by  a  branch  froni  the  facial, 
the  submental.  Its  sublingual  branch  is  occasionally  de- 
lived  from  the  facial.  The  hyoid  branch  is  often  want- 
ing, and  in  such  cases  the  hyoid  branch  of  the  su]ierior 
thyroid  takes  its  place.  The  lingual  sometimes  gives  off 
the  submental  and  ascending  palatine  artery.  In  on(^ 
case  of  operation  on  the  dead  subject,  the  wiiter  coidd 
not  find  the  artery  in  the  usual  jilace,  but  it  was  found 
coming  off  from  the  superior  tliyroi<l,  passing  up  to  the 
median  line  of  the  neck  on  the  thyrohyoid  muscle.  It 
cro.ssed  the  hyoid  bone  internal  to  the'  lesser  cornu,  |)ierced 
the  liyoglossus  muscle,  and  thence  onward  its  course  was 
normal  (Annalu  nf  Siirrjcni.  vol.  i.\.,  IHS!).  p.  88). 

Facial. — This  artery  is  very  varial)le  in  size  and  also 
in  extent.  When  the  facial  is  detieient  its  jilace  is  taken 
by  the  transverse  facial,  internal  maxillary,  or  ojihthal 
mic,  most  fre(|uently  the  first  mentioned. 

Occipital.- — This  art<-ry  usually  arises  opjiosite  the  fa- 
cial, but  its  place  of  origin  may  be  above  or  below  this 
point.  Sometimes  it  is  derived  from  the  internal  carotid 
or  the  ascending  cervical  branch  of  the  inferior  thyroid. 
It  occasionally  jiasses  to  its  destination  superlicial  to  the 
traclielo-mastoid  nmscle.  or  it  may  ])ierce  the  sterno- 
niastoid  and  sjileniuscapitis  muscles.  K.  (Juain  mentions 
a  casein  which  it  passi'd  suiiertieial  to  the  sterno-mastoid 
muscle.  It  not  infre(|Uently  gives  off  the  posterior 
auricular  and  ascending  pharyngeal. 

PoKterior  Auricular. — Often  a  branch  of  the  occipital; 
sometimes  of  small  size,  ending  in  the  sterno-mastoid 
muscle. 

Anccndinri  Pharynyeal. — Varies  greatly  in  its  ]ilace  of 
origin;  may  arise  from  the  internal  carotid,  occipital,  or 
a  linguofacial  branch.     It  is  occasionally  d<iubli!. 

Siqicrficial  Tcuiporal. — This  vessel  is  very  often  tortu- 
ous, especially  in  the  aged. 

The  tran-mcie  facial  is  occasionally  of  large  size,  and 
takes  the  place  of  the  facial.     It  is  sometimes  doulile. 

Internal  Maxillary. — This  artery  frequently  arises  in 
common  with  the  temporal.  R.  (Juain  has  observed  it  in 
two  instances  arising  from  the  facial,  "from  which  it 
coursed  upward,  to  pass  beneath  the  ramus  of  the  maxil- 
lary bone  in  the  u,sual  situation." 


It  very  fre()Uently  (in  about  4.0  per  cent.)  is  covered 
by  the  external  i)lerygoid  muscle,  instead  of  lying  super- 
lieially  to  that  nuiscle.  It  sometimes  perforates  the  ex- 
ternal pterygoid,  and  rarely  the  internal.  It  may  replace 
the  facial  by  a  branch  from  the  posterior  denial,  buccal, 
or  iid'ra-orbital  artery. 

Inti;i!Nai,  ('Anorin  .\ni)  Its  Bh.\N(iii:s.— This  artery 
in  th('  neck  is  occasionally  very  tortuous.  It  has  been 
known  to  be  absent,  its  [ilace  being  taken  by  the  ju'tery 
of  tlw  opposite  side  or  by  a  branch  from  the  internal 
maxillary.  It  is  .sometimes  very  small,  smaller  than  the 
vertebral  (Ilyrtl).  The  ascending  jjliaryngeal,  occipital, 
lingual,  or  transverse  facial  may  arise  from  the  internal 
carotid. 

A  largo  communicating  braiu-h  has  been  seen  going 
from  this  artery,  while  in  the  cavernous  sinus,  to  the 
basilar  artery ;  in  such  a  case  the  posterior  communicat- 
ing branch  is  wanting.  The  posterior  cerebral  not  infre- 
quently comes  oir  from  one  of  its  branches,  the  ])osterior 
connnunicating. 

(Jphthalmic  Branch. — This  has  been  seen  to  come  off 
from  the  middle  meningeal  artery.  Occasionally  the 
middle  meningeal  comes  off  from  the  o|)hthahnic.  The 
ophllialmic  may,  by  its  nasal  branch.  su|iply  a  deticiency 
in  the  facial.  In  fifteen  percent,  of  cases  it  crosses  be- 
neath instead  of  over  the  optic  n<'rvc.  It  has  been  seen 
to  go  thr<iu,irh  the  sphenoidal  fissure. 

Ct rt'hral  Arteries. — Th(-  antcriar  n nhral  of  one  side  is 
often  much  larger  than  that  of  the  other.  In  some  rare 
cases  the  two  anterior  cerebral  arteries  are  miited  into  a 
common  trunk,  lik(^  tht^  basilar.  The  anterior  cumnmni- 
ratinf/  urtL-ry  is  sometimes  double;  I  have  once  seen  it 
treble.  It  is  often  very  short.  Th<^  jmn/erior  cerebral 
may  arise  from  the  internal  carotid  by  a  large  posterior 
connnunicating.  It  has  been  .seen  by  Ilyrtl  to  give  off 
the  middle  cerebral. 

The  pi'slerinr  cii,iinninic(ilin;i  artery  occasionally  comes 
off  from  the  middle  cerebral  instead  of  from  the  internal 
carotid. 

Si  i!ci,.\viAN. — The  varietii's  of  ori,<rin  of  this  artery 
have  alread_v  been  mentioned  in  the  account  of  the  anoma- 
lies of  the  arch  of  the  aorta  and  innominate  artery.  It  is 
generally  ,!riven  olT  from  the  innonunate  on  the  right  side, 
ojipositiMlie  sterno-clavicular  articulation,  but  occasion- 
ally the  innominate  reaches  nearly  as  hi,s:h  up  as  the 
cricoid  cartilage  before  it  divides,  and  in  these  cases  the 
artery  would  be  at  an  unusually  hi.ijh  level.  The  high- 
est part  of  the  artery  is  the  second  portion,  and  it  is 
normally  about  1.3  to  2.7  cm.  (one-half  to  three-i(uarters 
of  an  inch)  above  the  clavicle,  with  the  shoulder  de- 
pressed, but  not  infrequently  it  ma.y  be  below,  or  on  a 
level  with,  the  clavicle,  and  .sometimes,  especially  on  the 
right  side,  it  may  be  placed  as  high  as  i!. T  cm.  (one  inch 
and  a  half)  ahovi-  the  level  of  the  clavicle.  It  may,  in 
those  rare  cases  in  which  a  cervical  rib  is  attached  to  the 
.seventh  cervical  vertebra,  ])a.ss  over  this  rib  in  ])lace  of 
the  first  dorsal,  and  be  rai.sed  fully  two  inches  above  the 
clavicle.  I  have  seen  this  occur  once  in  two  hundred 
and  tifty  subjects  examined.  In  the  living,  when  this 
condition  exists,  it  may  be,  and  has  been,  mistaken  for 
aneurism.  Sir  James  Paget  has  diagnosed  this  anomalj- 
four  times  during  life.  It  is  <ibvious  that  the  hei,!i-ht  to 
which  the  artery  reaches  is  important  in  cases  in  which 
ligaturi^  is  necessary.  I  have  seen  in  one  case  in  which 
there  was  an  incomplete  left  first  rib  the  artery  pass  over 
the  second  rib.  On  the  right  side  there  was  also  a  rudi- 
mentary first  rib  completc-d  by  fibrous  tissue.  There  was 
a  deep  groove  in  this  rib,  in  which  rested  the  artery;  be- 
fore complete  dissection  this  was  taken  for  a  cervical 
rib.  The  cases  for  which  ligature  is  undertaken  are 
chiefly  those  of  aneurism  (^f  the  axillary  artery,  in  which, 
in  consequence  (d"  the  condition  of  the  parts,  the  shoulder 
is  elevated.  If  the  artery  should  be  at  an  unusually  low 
level,  or  even  just  behind  the  ciavide,  the  operation,  as 
may  be  conceived,  would  be  rendered  extremely  diflicult. 

The  third  part  of  the  artery  in  thin  people  with  small 
muscles  is  very  superficial,  but  in  stout,  mu.sciilar  indi 
vidualsit  isvery  deeply  placed.     Duimytreu  .sjiys;  "The 
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third  part  of  the  subclavian  lies  near  the  skin  in  lliose 
who  are  lliin  ami  have  slender  and  long  necks,  with  lean 
jtnd  pendent  shoulders;  it  is.  on  the  contrar}'.  deeply 
hidden  in  pei-sons  who  liave  short,  thick  necks  and  mus- 
cular shoulders.'' 

Occasionally  the  subclavian  artery  pierces  the  scalenus 
amicus  instead  of  ji-oing  bihind  it,  and  more  rarely  passes 
entirelyin  front  of  lliemuscle:  of  the  first  variety  I  have 
seen  five  cases  in  two  hundred  and  fifty  subjects  (three 
on  the  left  and  two  on  the  right  .si<le);  of  the  second,  in 
the  same  niunber  of  sulijects  examined.  I  have  seen  only 
one  example. 

The  vein  may  pass  with  the  artery  beiiind  the  anterior 
scalenus,  and  in  very  rare  cases  their  normal  positions 
may  be  reversed.  The  trapezius  may  cover  the  third 
|)art  of  the  subclavian,  or  it  may  have  in  front  of  it  the 
omohyoid  muscle.  These  conditions,  however,  will  be 
more  fully  described  under  Mimclp'i,  Anomalies  of. 

VaridfioiiK  (if  Briinclu'x. — It  is  important,  surgically 
speaking,  that  the  )iosition  of  the  various  branches  given 
off  from  the  subclavian  shoidd  be  considered. 

The  branches  given  olf  from  Ihe  first  part  do  not,  as  a 
rule,  vary  nuich  in  their  arrangement,  but  several  may 
be  transferred  to  the  second  or  third  jjortions.  The  left 
vertebral  may  arise  from  the  arch  of  the  aorta  instead  of 
from  the  first  part  of  the  left  subclavian,  and  the  branches 
of  the  thyroid  axis  may  be  given  off  separately. 

Tlie  first  jiart  of  the  right  subclavian,  having  been  oc- 
casionally ligated,  it  is  necessary  to  know  at  what  dis- 
tance from  the  innominate  the  branches  aiise.  In  the 
majority  of  cases  this  is  from  \.'2'>  cm.  (half  an  inch)  to 
2.4  cm. "(one  inch)  (R.  Quain);  but  it  oflen  exceeds  this, 
and  is  freiiucntly  3.4  cm.  (one  inch)  to  3.8  cm.  (one  inch 
and  three-(piarters).  In  a  small  minority  of  cases  the 
distance  is  under  1.3  cm.  (half  an  inch). 

In  the  sei-oiid  poft/oiiof  tlic  nHcrii.  one  branch,  as  a  rule, 
is  given  off,  the  .superior  intercostal;  occasionally  no 
branches  are  seen  here,  and  again,  not  infrequently,  there 
are  two  or  three. 

The  third  portion,  in  a  little  more  than  half  the  cases, 
gives  off  no  branch,  in  a  little  less  than  half,  one  branch, 
occasionally  two,  and  in  very  rai'e  cases  three  and  four. 

Vertehral  Artery. — Origin:  The  right  vertebral,  in 
those  rare  cases  in  which  the  right  subcla\ian  arises  from 
the  arch  of  the  aorta,  is  given  off  from  the  common  caro- 
tid of  the  right  side.  The  right  vertebral  has  been  seen 
coming  from  the  arch.*  The  left  vertebral  not  infre- 
quently is  given  otf  from  tin-  arch  of  the  aorta,  generally 
between  the  left  carotid  and  left  suhclavian.  I  have  seen 
this  arrangement  twelve  times  in  two  hundred  and  fifty 
subjects.  I  have  once  seen  it  come  off  from  the  left 
common  carotid.  The  vertebral  has  been  seen  with  two, 
and  even  tliree  roots  (U.  (Juain). 

Course:  This  vessel  may  fail  to  enter  the  transverse 
process  of  the  sixtli  cervical  vertebra,  but  continue  up 
the  neck  between  the  inferior  thyroid  artery  and  vein  to 
enter  the  transverse  process  of  any  of  the  vertebra;  from 
the  fifth  to  the  second.  It  is  not  uncommon  for  it  to 
enter  the  transverse  process  of  the  fourth  or  fifth  vertebra, 
but  it  is  oidy  ver_y  occasionally  that  it  jjasses  up  as  high 
as  the  third  and"  second  before  entering  the  foramen. 
Again,  it  may  enter  the  transverse  jn'ocess  of  the  seventh 
cervical  vertebra,  instead  of  the  sixlh. 

Size:  The  left  vertebral  is  fre(|uently  much  larger  than 
the  right,  especially  in  those  cases  in  which  it  is  given  off 
directly  from  the  arch  of  the  aorta.  Sometimes  the  ver- 
tebral is  nearly  as  large  as  the  connnon  carotid,  at  other 
times  as  small  as  the  ascending  cervical  branch  of  the 
inferior  thyroid. 

Branches:  The  vertebral  may,  as  a  very  rare  occur- 
rence, give  off  the  inferior  thyroid  or  superior  intercostal 

*  Mr.  A.  M.  Patersmi  (.Uuir.  Anat.  and  Phys.,  .\pril,  l.s.st)  rci'oixls  a 
case  of  riirlit  vrTit'i.nd  jirisintr  frnm  tiieaortii-  arch  heyotiit  tlio  left  ,';al»- 
ciavian.  and  n-arhiii'-'  Hi"'  \«'rt('bit)-arterial  canal  by  i>a.'<sinif  Iicllinil 
the  trachea  and  a'snpha^us;  in  fact,  following  e.vactly  ttie  ciun-so  of 
the.  subclavian  when  it  arises  fi'oiii  IhclHick  part  of  ihc  aich.  as  ileiiivd 
above.  Mr.  I'iitcrson  rcfrai-ds  itiis  anomaly  as  a  persistence  of  tlie 
right  aortic  root,  -.vilh  oblileialion  of  the  coiuiection  between  the  snb- 
clavlan  and  vertebral  arteries  where  they  cross. 


artery.  I  have  seen  two  examples  of  the  first  variety 
occurring  on  both  sides  of  same  subject.  Its  inferior 
cerebellar  branch  is  frequently  absent  on  one  side. 

The  l/ii/ro/diii  iiiiit  htts  been  observed  in  rare  cases  to 
come  off  from  tln'  right  subclavian. 

The  upper  end  of  the  vertebral  artery  occasionally 
divides  into  two  branches,  which  unite  a  Little  higher 
up,  thus  forming  a  loop  through  which  pass  filaments  of 
the  hypoglossal  nerve.  I  ha\e  seen  this  anomaly  in  two 
instances. 

Tityroid  Axis. — This  trunk  occasionally  arises  beyond 
the  scalenus  antictis  muscle  (according  to  R.  Quain  twice 
in  two  hundred  and  seventy  three  cases).     It  not  infrc 
quently  gi\es  origin  to  the  internal  mammar}'.     It  i's 
sometimes  absent,  its  branches  being  given  olf  separately  , 
from  the  suliclavian. 

Inferior  Tht/roid. — This  artery  frequently  arises  as  an 
independent  branch  from  (he  subclavian.  It  has  been 
seen  to  arise  from  the  common  carotid,  and  not  infre- 
quently  from  the  vertebral.  It  varies  considerably  in 
size,  and  when  smtdl  its  place  is  taken  by  the  superior 
thyroid.  In  cases  of  enUu'geil  thyroid  gland  (bronchocele) 
it  is  often  nearly  as  large  as  the  carotid.  Two  inferior 
thyroids  liave  been  ftnmd  on  the  same  side,  one  having 
the  normal  course  beneath  the  carotid  artery,  and  the 
other  reaching  its  destination  by  passing  superficially  to 
that  vessel  ( Fig.  394).  Its  branches  of  division  are  closely 
connected  \\\\h  the  recurrent  laryngeal  nerve,  which  may 
pass  beneath  or  above  them,  a  point  to  be  borne  in  mind 
in  extirpation  of  the  thyroid  gland.     The  inferior  thyroid 


Fig.  294.— Inferior  Thyroid  Artery  Dividing  into  Two  Branches,  one 
of  which  (a)  i)a.sses  in  fi'ont  t>f  the  carotid  sheath,  the  other  (I)) 
behind  it.    u\iidei-sou :  Jour.  Auat.  and  Phrjs.^  vol.  xtv.) 


may  be  wanting  altogether,  its  place  being  supplied  by 
an  enlarged  superior  thyroid  of  the  same  side. 

The  axej^ndiny  ccrrituil  branch  of  the  inferior  thyroid 
may  be  derived  directly  from  the  siibclaviau  or  one  of  its 
branches.  It  is  occasionally  of  large  size,  and  may  take 
the  place  of  the  occipital, 

Siijyraseapvlar. — This  artery  is  usually  derived  from 
the  thyroid  axis,  but  not  infrequently  has  a  dilTerent 
origin.  It  is  often  gi\'en  off  directly  from  the  subclavian. 
It  may  be  given  off'  from  the  internal  mammary.  I  have 
.several  timcij  seen  it  derived  from  the  subscapular  and 
also  from  the  axillary.     It  is  often  very  small. 

Tramcersc  Cervical. — This  artery  when  given  off  from 
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the  thjroid  axis  divides  into  two  tfiiiiiiial  bnuiches,  viz.. 
tlie  suinTlicial  ccivical  and  postcrioi-  scapular.  Very 
often  the  supcrtic-ial  nTvical  only  is  jrivcn  otV  from  lliV 
thyroid  axis,  the  Jjostcrior  scapidar  coniins;  olT  as  a  scpa- 
rati^:  brancli  from  the  scc-ond  or  third  part  of  the  siil)- 
claviaii.  rarely  from  the  tirst  pari.  h  is  well,  when 
liiratiiriiiu:  the  third  [lart  of  the  siii)clavian.  to  remember 
that  the  posterior  seajinlar  conies  off  from  it  about  once 
in  every  three  ease's.  When  the  posterior  scapular  arterv 
is  jfiven  oil  from  the  third  part  of  the  subclavian  1  have 
not  illfreciuently  seen  it  pierce  the  libres  of  the  scalenns 
medius  muscle,  and  occasionally  .i;<)  lictween  the  cords  of 
the  brachial  plexus.  The  posterior  scapidar  artery  may 
be  given  oil  from  the  axillary,  or  it  may  end  near  the 
scapula  in  a  smjill  branch,  its  jilace  beins;  supplied  by 
branches  from  tlM^  suprascapidar.  The  siiperticial  cer- 
vical may  come  olf  from  the  subclavian  as  a  sejiarate 
branch,  the  posterior  scapular  alone  iicinj;' derived  from 
the  thyroid  axis.  When  the  posterior  scapular  is  ii 
branch  of  tlic  third  part  of  the  subclavian  it  often 
gives  otT  a  large  branch  to  supply  the  tra|)ezius,  which 
represents  the  greater  .part  of  the  superticial  cervical, 
the  latter  artery  in  such  cases  being  very  small  or  ab- 
sent. 

The  transverse  cervical  artery  is  occasionally  given  otf 
from  the  subclavian  as  a  se|)aralc  branch. 

Iiiti  riiitl  Miiiiiindrii. — This  is  a  large  and  very  regular 
branch  of  the  subclavian,  generally  arising  from  tlic 
lower  part  opposite  the  vertebral.  It  may  arise  from  tlic 
thyroid  axis,  axillary,  or  innominate,  or  even  from  the 
arch  of  the  aorta.  It  may  also  form  a  common  trunk 
with  either  of  the  sea]iular  arteries,  and  be  given  olf 
from  the  second  or  third  part  of  the  subclavian.  Ilyrti 
describes  a  case  in  which  tiie  trunk  of  this  artery  crossed  in 
front  of  tlu'tifth  right  costal  cartilag<'.  coming  out  of  the 
thorax  through  the  fourth  interspace  and  re  entcrini;'  it 
by  the  fifth.  In  one  case  tlu;  author  saw  the  phrenic 
nerve  jiicreed  by  this  artery. 

A  brancli  is  sometimes  given  otf  from  thci  u|)per  part 
of  the  internal  maimuary,  called  by  Ileide  the  ^1,  niani- 
man'ii  iiilcnia  hitivulix.  which  crosses  the  inner  surfaces 
of  the  upper  four  to  six  ribs  and  intercostal  spaces  at 
right  angles,  about  midway  between  the-spine  and  ster- 
num, anastomosing  in  its  course  downward  and  outward 
with  the  intercostal  arteries.  In  penetrating  wounds  of 
the  thorax,  fractured  ribs,  and  other  injuries,  this  lateral 
branch  might  l)e  wounded  an<l  give  rise  to  dangerous 
hemorrhagi'.  It  might  also  be  wounded  in  the  oper.ition 
for  evacuating  an  empyema. 

Siiprrior  Inliri-nxlul. — Sometimes  arises  from  the  thy- 
roid axis  or  vertebral.  I  have  seen  it  arise  from  the  in- 
ternal mammary.  It  may  beof  consideralilesize.  and  may 
supply  three  or  four  intercostal  spaces.  It  in  some  <-ases 
pa.sses  between  the  neck  of  the  first  or  second  rib  and  the 
corresponding  transverse  process  of  the  dors,d  vertebra. 
It  is  very  rarely  absent. 

Deep  (Jerricnl. — This  artery  is  geneiidly  a  branch  of 
the  preceding,  but  occasionally  is  derived  directly  from 
the  subclavian,  in  the  proportion  of  1  in  'ii)  subjects  (I{. 
Quain).  In  rare  cases  it  arises  from  the  posterior  scapular 
and  internal  maimnarv  It  is  not  infrei|Uently  of  small 
size,  its  pla<'e  being  taken  by  the  (lee]i  cerxical  branch  of 
the  occiiiital,  a  linuich  of  the  inferior  .liyroid.  the  ascend 
ing  cervical  or  a  posterior  cervical  branch  of  the  trans 
verse  cervical  (Ileide). 

It  may  pass  between  the  tnuisverse  iirocesses  of  the 
lifth  and  sixth  cervical,  tirst  and  second  dor.sjil,  or  second 
and  third  dorsid  instead  of  between  the  seventh  cervical 
transvcr.si^  process  and  first  rib. 

There  is  soini:limes  an  accessory  branch  accompanying 
it. 

Axii,l,.\KY  AnxF.KY. — The  most  important  anomaly  of 
this  vessel  is  its  early  division  into  two  trunks,  one  of 
which  may  give  off  all  or  most  of  the  branches,  or  may 
be  a  high  origin  of  the  radial,  ulnar,  or  even  the  inter- 
osseous artery  (Fig.  29")).  When  one  of  the  trunks  gives 
off  all  or  most  of  the  branches  it  is  nearly  always  sur- 
rounded by  th(^  brachial  [ilexus  of  nerves  and  embraced 
Vol..  l.—U 
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by  the  two  lieadsof  the  median.  The  branches  given  off 
from  this  common  stem  may  vary.  1  have  seen  it  give 
origin  to  the  acromial  thoracic,  long  thoracic,  anterior 
and  posterior  circnmllex.  su!iscapular.  and  one  or  both 
of  the  profunda  arteries  of  the  arm;  the  anterior  and 
posterior  scapular  with  the  suiiscaiiular  arteries  not  in- 
freijuently  come  from  a  common  stem.  This  arrangi'- 
nient  of  the  branches  of  the  axillary  occurs  normallv  in 
many  aiumals.  i  .i/..  the 
lemur.  ta|)ir.  iiecearv. 
ilol  ph  in,  e  tc.  a  n  d 
much  resembles  that 
which  takes  place  in 
the  lower  extremity, 
viz.:  the  common 
femoral  dividing  into 
a  su  i)c  rfi  c  ia  1  and  a 
deep  branch,  the  deep 
.Siiving  oil  all  the 
branches,  and  the  su- 
perficial going  down 
the  extremity  brancli- 
1  e  s  s.  According  to 
Richard  Quain,  this 
\'  a  r !  a  t  i  o  n  occurred 
','8  times  in  oOG  arms 
examined.  I  have  met 
with  it  oulj-  lo  times 
in  oUO  arms  in  which 
the  arran.gement  of  the 
axillary  was  observed. 
Quain  gives  the  pro- 
portion of  cases  in 
which  one  of  the  ar- 
teries of  the  forearm 
is  derived  from  the 
axillarv  as  'i;S  in  oOti; 
(irubei-.  21  in  1.200.  I 
have  found  this  condi- 
tion to  exist  12  times 
in  olio  arms  examined. 

The  r  a  dial  is  the 
lu'anch  most  frcc|uent- 
ly  .iriveii   off  in  these  cases,   next    tlu 
rarely  the  interosseous.     I  have  only 
terosseous  arise  from  the  axillary. 

An  alierrant  artery  is  occasionally  fouiiil  arising  from 
till'  axillary :  it  generally  courses  down  the  arm  alon.srsidi^ 
the  brachial,  which  it  joins  near  the  elbow.  Sometimes 
I  his  aberrant  ves.sel  joins  the  radial,  ulnar,  or  interosseous 
artery  near  the  wrist.  Oik^  remarkable  case  came  under 
my  f)bservation  some  years  a,L;o  in  which  litis  aberrant 
ariery  passed  down  the  arm  superticial  to  the  fascia,  in 
the  forearm  followed  the  course  of  the  median  nerve, 
i-oinmunicafed  with  the  railial  by  several  transverse 
lu'anches.  and  finally  ended  by  taking  the  place  of  the 
superficial  volar,  completing  llie  superticial  p:ilniar  arch 
(Fig.  29G). 

The  most  constant  branch  of  the  axillarv  is  the  long 
thoracic  or  external  mammary;  this,  or  a  representative 
of  it,  is  nearly  always  seen  running  along  the  lower 
border  of  the  pectoralis  minor  muscle;  it,  however.  nv>t 
infre(iucntly  aiises  from  the  thoracic ;ix is  and  occasionally 
from  the  subscapular.  Theie  may  also  be  an  accessory 
external  mammary.  The  sul)scapular  and  circumflex 
biaiK'hcs  fre(|ueiitly  ari.se  together.  Thedorsalisscapulje, 
instead  of  l)eing  d<>rived  from  the  subscapular,  may  arise 
directly  from  the  axillary. 

The  posterior  circnmllex  occasionally  fails  to  enter  the 
((uadrilateral  space  (formed  by  the  humerus,  subscapularis 
muscle,  long  head  of  triceps,  and  teres  major),  but  reaches 
the  deltoid  muscle  by  winding  round  the  lower  border  of 
the  tendons  of  the  latissimus  dorsi  and  teres  major  mus- 
cles. It  not  infrec[iiently  arises  from  the  superior  pro- 
funda, and  is  sometimes  double.  In  rare  cases  the  in- 
ternal mammary,  posterior  scapular,  or  suprascapular 
may  arise  from  the  axillary. 

Bkacihal  Aktiokv. — Tiie  variations  in  thecour.se,  re- 

529 


FIG. 


:;!i.').— oriffin 
.\,\iliary  (H) 


if  Itadial  (Ri  from  the 
( .\  Iter  Reeves.) 

■   ulnar,  and   very 
onci'  seen  the  in- 


Arteries. 
Arteries. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


arcli. 
jxirtly 
input ; 


«\ 


lations.  and  tlislributioii  of  this  artoiy  are  very  numer- 
ous and  of  special  surgical  interest. 

Cour.se  :  The  brachial  artery  sometimes,  aecomjianied 
by  the  median  nerve,  courses  down  the  arm  to  the  in 
ternal  condyle  of  the  liumcr- 
lis,   and    thence    ivirains    its 
uornial  position  at  the  bend 
of  the  elbow,  by  passing  for- 
ward under  a  fibrous  or  bony 
This  arch  is   formed,   usually, 
by  bone    and   partly    by   liga 
the   bony  proce.ss  is  called  the 
suiiracoiidyloid      and     the     foramen, 
which     is    completed    by   a   ligament 
from  the  tip  of  the  process  to  the  in- 
ternal    condyle,     the    supraeondyloid 
foramen.     In  these  cases  it  is  usual  to 
have  a  high   origin   of    the  pronator 
radii  teres  muscle  from  the  supraeon- 
dyloid process.     This  arrangement  is 
said  to  be  more  common  in  dark  races. 
and  is  the  normal  one  in   all  the  cat 
tribe   and   in    monkeys,    lemurs,   and 
.sloths.     In  these  animals  the  foramen 
is  nearly  always  comiileted   by  bone, 
and  affords  protection  to  the  median 
nerve  and  artery  during  flexion  of  the 
fore-limb,  and    also    affords    them    a 
more  direct  course   to  the   fore-limb. 
In    man    the  artery  may  oecasionally 
take  this  course  without   there  being 
p  re  sen  t  a  stipra- 
eondyloid    process; 
there   may  bo  only 
a  high  origin  of  the 
teres  muscle. 

Division  :  1  have 
once  seen  the  ar- 
tery divide  near  its 
eoinmencement  into 
t  wo  liranehes  which 
unite  to  form  one 
trunk  near  the  bend 
of  the  elbow,  from 
which  the  ulnar  and 
radial  arteries  are 
given  off  at  the 
usual     place    (Fis. 

In  481  arms  ex- 
amined by  H.  Quain 
a  high  division  was 
found  6-t  times,  a 
low  division  (that  is,  below  usual  place)  only  once. 
Gruber,  in  1,200  arms  examined,  ffnind  a  high  divi.sion 
in  83.  In  500  arms  examined  liy  myself,  I  found  a  liitrh 
division  in  only  27,  and  in  one  ease  the  liraehial  divided 
below  the  pronator  teres. 

Adding  to  these  the  cases  in  which  the  division  takes 
place  in  the  axilla,  in  481  arms  examined  by  Quain  two 
arteries  existed  in  the  arm  in  94  cases,  or  1  in  about  5?,. 
My  statistics  are  quite  different  from  the  above,  and  1 
cannot  account  for  the  great  diversity.  The  same  class 
of  people  were  examined,  and  they  were  of  the  same 
race.  In  500  arms  I  found  thai  two  arteries  existed  in  only 
43  cases.  This  is  made  uji  as  follows :  divi.sion  of  axillary. 
13;  division  of  brachial,  3T:  aberrant  arteries.  4 — total. 
43,  or  1  in  11. (i  cases.  W.  Gruber.  in  1.200  arms,  found 
a  high  division  in  103,  or  1  in  11.0,  the  same  ]ir(iportion 
exactly  as  in  my  own  cases. 

The  point  of  division  is  in  most  cases  in  the  ujiper  third 
of  the  arm.  It  is  also  seen  hi  the  middle  and  low<'r  tliirds. 
but  much  less  frequently.  The  artery  which  is  given  off 
thus  prematurely  is  generally  (three  cases  out  of  four) 
the  radial;  this  vessel  is  most  fref|uently  to  the  ulnar 
side,  and  subse(iuently  crosses  to  the  radial.  Next  in 
frequency  comes  the  ulnar,  which  often,  in  these  cases, 
passes  superficially  down  the  forearm  and  gives  olf  no 


f  IG.  296.— Example  of  an  Aberrant  Arter.v 
from  A.X)llary,  (iolug  to  Complete  the  Su- 
perficial Palmar  Arch,  Taking  the  Place  in 
the  Hand  of  the  Superflcial  Volar. 


branches,  the  interosseous  coming  from  the  radial  (Fig. 
2i)8).  In  rare  cases  the  interosseous  is  the  branch  liaving 
the  high  origin  (Fig.  299),  and  still  more  rarely  it  is  a 
vas  aberrans. 

Three  branches  have  been  seen  in  the  arm,  viz.,  the 
radial,  tlie  ulnar,  and  a  vas  aberrans. 

The  pnm'tiojt  (if  till-  tirij  bniiic/ies  in  the  arm  when  a  high 
division  occurs  is  of  surgical  importance.  They  aie  usu- 
ally in  the  ordinary  position  of  the  brachial  trunk  and  lie 
close  togetlier,  but  the  radial,  as  mentioned  above,  often 
arises  from  the  inner  side,  and,  after  accompanying  the 
large  vessel  for  some  distance,  crosses  over  it  at  the  bend 
of  the  elbow. 

The  vlriiir  ai-teri/.  when  having  a  high  origin,  may  in- 
cline toward  the  internal  condyle,  this,  however,  occurs 
only  when  it  ncars  the  elbow.  AVhen  there  is  a  high 
division  of  the  brachial  the  tilnar  interosseous  branch 
may  pass  through  the  suiiracondyloid  foramen  men- 
tioned above,  and  under  a  high  origin  of  the  pronator 
teres. 

The  aherrnnt  arttries,  which  are  given  off  occasionally, 
are  long,  slender  arteries,  which  are  derived  from  the 
brachial  or  axillaiy,  and  end  by  joining  the  radial  most 
f  req  uently 
and  some  AxI 
times  the  ul- 
nar and  in- 
terosseous. 
They     are 

loop  lines,  so  to  speak,  and  in  cases 
of  ligature  of  the  brachial  their  occa- 
sional occurrence  must  be  borne  in 
mind  by  the  surgeon  (Fig.  300).  The 
two  arteries  in  the  arm  are  in  some 
instances  connected  together  by  an- 
as tomo  sing  transverse  branches. 
These  branches  may  number  two  or 
three,  or  even  four. 

A  mcHiiin  arti  ri/  has  been  described 


Fig.  297  —Brachial  Dividing  High 

up.  tlcnnitiuLr  at  F.Ihow,  audThen 
Almost  Inniicdiatfly  Pivuling  into 
the  liadial  and  I'Inar.  V.  Vas 
aliernius.     i.vfier  lieeves.) 


Fio.  29S.-High  Origin  of 
the  Ulnar  Artery  (li). 
Ab,  aberrant  arter.v : 
R,  radial,  giving  ott  tiie 
interosseous  arteries. 


as  arising  from  the  brachial  aiul  passing  down  over  the 
muscles  of  llic  forearm  and  supplying  the  fingers  to 
which  is  distril)uled  the  median  nerve. 

The  brachial  artery  may  in  some  part  of  its  course 
(more  frequently  near  the  elbow)  be  coveted  by  a  mus- 
cular slip.     The  median  nerve  sometimes  passes  behind 
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instead  of  in  front  of  the  artpry,  especially  in 
in  which  the  Iwo  heads  embrace  a  cdninmn  t 
which  the  axillary  branches  are  sriven  (ilT. 

Sii]ii riur  l'iiif)in(hi. — This  is  occasionally  d(, 
a  trunk  common  to  it  and  scv 
oral  of  the  axillary  branches, 
as  mentioned  above.  It  not 
uncommonly  arises  with  the 
<'ircumtlex,  and  occasionally 
gives  olf  the  inferior  pro- 
funda. 


those 
runk 


cases 
from 


rived  from 


Fig.  299. — .Anterior  Interos.seous  (\) 
Given  Off  fnun  IIih  Hi-aebial  High 
up.    (After  Ueeves.) 


Fig.  3(10.— .-Mierraut  Artery 
(:i).  st'panUiiit^  from  the 
liraehial  <li  at  the  tiiiilcile 
of  tile  arm.   Jjassihff  with 

tlie      I hail     neive     (i/) 

thriaiL'li  the  internal  iii- 
teniiiiseiiiar  sfpimii.  ami 
joiiiliiir  till*  reurular  ulnar 
(Ij  lower  ilown.    Wuaih.) 


It    is   fi-t 


Iiifiri/ir  Pri>fiinfln. — This  is  often  absent 
qucutly  iinili'd  with  the  siipetior  profnnila. 

AiKiMuiKiitirK  Mii;iiii(. — Freqtienlly  of  small  size;  its 
place  is  sometimes  taken  by  the  inferior  ]iriiftin(la. 

Hauiai,  Aktkkv. — Oriijin  :  I  have  foiitid  that  the 
TJlditil  litis  a  hiirh  oiii;in  (Pijr.  SOI)  in  1  ctise  in  '.il.  but 
Quain  reports  the  hijrli  orijrin  to  occur  as  otlen  tis  1  in  S. 
Gruber  in  440  arms  e.xamined  found  the  raditil  litid  a  lii.iih 
origin  in  ~'>.  or  iibotit  1  in  17  cases. 

Course  :  Th<^  radial  only  very  occasiiitntlly  deviates 
from  its  ustml  course  in  the  forearm.  It  has  been  found 
lyiuj;  stipcrticiid  to  the  fascia  of  the  forcarin.  ;ind  the 
semiltinar  fascia  of  the  biceps.  It  in  nire  cases  courses 
down  the  foretirm  on  the  siirftice  of  the  stipintitor  lonirtis 
instead  of  iiloni;  its  inner  border.  It  not  infretpienlly  is 
superticial  to  the  leiidons  of  the  extensor  mtiscles  of  the 
thumb.  It  is  occtisiiintilly  joined  by  a  vas  abcrrans.  It 
may  leave  the  front  of  the  forearm  near  its  middle,  its 
plact^  beinii;  ttiken  by  an  cnlarfred  superficial  voltir.  'I'liis 
would  c-tuise  a  weak  wrist  ]iulse. 

Size  :  It  does  not  vary  often  in  size.  It  is.  honever, 
sometimes  much  smaller  than  usitid.  its  place  beiiii;.  to  ti 
consiilerablt!  extent,  taken  by  some  other  ves.se!.  tis  the 
ulnar  tuid  anterior  interosseous. 

The  radial  has  been  described  as  absent  by  some  iintito- 
mists.  (Juain  never  saw  a  case  of  iibsence  of  this  artery, 
but  such  a  ctise  is  described  by  Professor  Otto,  and  1 
have  seen  one  case. 

Branclien. — limlial  recurrent :  This  vessel  is  stmietimes 
of  larce  size,  or  it  may  consist  of  severid  small  branches. 
When  the  raditil  has  a  high  orisrin  the  reciirri^nt  branch 
is  given  oil  from  the  ulnar-interosseous  trunk. 


Superficial  mlur :  Very  often  of  small  size,  so  small 
that  it  tcrniinates  in  the  muscles  of  the  thumb,  and  does 
not  complete  the  superficial  iiiilinar  tirch.  It  is  occasion- 
ally entirely  absent  It  may  be  of  large  size  and  furnish 
several  digital  brtmches  (Fig.  ;i()2),  and  it  may  arise  much 
higher  llitin  usual. 

ionce  saw  it  ari.se as  high  as  the  middle  of  the  forearm, 
and  it  was  quite  as  Itirge  as  I  lie  radial,  from  which  it  was 
derived  ;  this  is  the  normal  arrangement  in  some  monkey.s. 
The  fimt  dursal  iiiteronne.ouH  is.  in  some  cases,  of  large 
size,  and  may  supply  several  digits  and  end  by  complet- 
ing the  superticiid  arch. 

The  carpal  and  dorsal  inleramdux  branches  are  often  of 

ttni  f  IP-       -  ^'"-     *^"'""   '*'^'''  ''"'"'    phice 

V^ul.^Yi.'^^:^^  being  ttiki-n  by  the  perforat 

'i  ing  iirteries. 

1^  Ui.NAit   AiiTEitv. — Origin: 

^  Qtatin  found  that  this  artery 

\  (ieviated  from  the  usual  ori- 

\  gin  in  1  case  in   lli,  Gruber  1 

\  in  29,  myself  1  in  ST. 

Where    the    origin    of    the 
ulnar    is    unusual,     it     most 
V  \\  V  '"S  coiMinonly    arises    from    the 

brticliial  in  the  arm,  and  less 
ciiminonly  from  the  a.xillarj-. 
In  (ine  case  out  of  five  hun- 
ilrcd  I  found  it  coming  off 
from  the  brachial  below  the 
lUDtiator  radii  teres.  In  this 
{■ase  there  was.  of  cotirse.  a 
low  division  of  the  brachial. 

Cotir.se;     In    the    forearm 
this  artery  is  much  more  sub 
ject    to    variation    than    the 
1  radial.     When  it  has  a  high 

iirigin  it  nctirly  always 
cotiises  down  the  forearm 
superticial  to  the  muscles, 
but  beneath  the  fttscia;  but 
cases  oecasioiKilIy  occur  in 
which  it  is  immeilititely  be- 
iiciith  the  skin  and  superficial 
to  the  fascia  (Fig.  303). 
When  the  ulnar  is  superficial, 
it,    as  a  rule,    gives  off    no 


Vi 


Fig.  301.— Dissection  of  Riplit 
Ann.  SliowiDi;ane.xample 
of  higli  separation  of  the 
laiiial  artery  (3)  from  the 
hniehial  (2) :  a  larpe  median 
artery  (111)  is  seen  in  fore- 
arm. (From  Qiiain'.s  "An- 
atomy," aCter  Tieilemaim.i 


Fig.  302.-NO  DLstinet 
Stiperfieial  Arch. 
I.arsie  .snperlleinl  volar 
.supplyim;  thumb  and 
inilex  llnsrer  with  half 
miiiille  ilm-'er,  anrt 
rest  supplied  hv  ulnar. 
(IJeeves.) 


branches  in  the  forearm,  these  being  given  off  from  the 
radial — interosseous  trunk — or  the  interosseous  itself, 
which  is  invariably  given  off  from  the  radial.  The 
ulnar,  in  rare  cases,  has  this  superficial  couisi^  when  it 
arises  in  its  usual  situation. 

Interosseous  Arttrij. — This  artery,  in  rtu'c  cases,  arises 
from  the  axillary  or  bnicliial  artery  (Fig.  29S).  and  gives 
off  the  recurrent  radial  and  ulnar  arteries     The  anterior 
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and  posterior  interosseous  may  arise  separately  from  tlie 
ulnar. 

Mt'ilimi  Artery  (Fig.  304). — This  branch,  which  accom- 
panies the  median  nerve,  i.s  ordinarily  of  small  size,  but 
occii-sionally  it  is  developed  into  quite  an  important 
vessel.  Itis  usually  derived  from  the  anterior  interosse- 
ous, but  sometimes  from  the  ulnar,  and,  in  rare  cases,  it 
has  been  found  eoniing  from  the  a.xillary  or  the  brachial. 
It  iieeompanies  the  median  nerve  and  reaches  the  hand 
beneaih  I  lie  annular  ligament,  but,  according  to  Tiede- 
mauu,  sometimes  passes  over  the  ligament.  It  may  com- 
plete the  palmar  arch,  or  be 
distributed  as  digital 
branches  to  certain  of  the  fin- 
gers, generally  those  sup- 
plied by  the  median  nerve, 
which    it    accompanies.      In 


\ 


Fig.  303.  — Abnormal  Super- 
ficial Ulnar  Artery  (3,  3'), 
Rising  Hiijher  Mian  I'sual 
from  the  Brachial.  (Quain's 
"Anatomy,"  after  R. 
Quain.) 


FIG.  304.— Dissection  of  Left 
Arm.  Showitm'  an  enlarged 
median  arlery  (".'»)  wlucli  re- 
places Ilii' radial  l~)  anil  ul- 
nan3)  arteries  in  the  supply 
of  the  palmar  dijritjil  arte- 
ries to  half  the  lingers. 
(From  Quain's  "  Auatouiy," 
after  Tiedemann.) 


the  cases  which  I  have  observed,  the  latter  arrangement 
was  the  more  frequent.  I  have  occasionally  seen  this 
artery  piei'ce  the  median  nerve. 

AitTERiKS  OF  THE  Hand. — The  arteries  of  the  hand 
are  subject  to  many  variations. 

The  superficial  palmar  arch  is  sometimes  entirely  want- 
ing. It  has  been  occasionally  seen  double.  In  the  ma- 
jority of  cases  the;  sujierticial  volar  branch  does  not  com- 
plete the  arch,  Imt  it  is  completed  often  by  alai'ge  liranch 
from  the  radial,  which  eiTierges  between  flu;  tiiumb  and 
forefinger,  and  I  have  sometimes  seen  it  completed  by  a 
large  branch  fi'om  tlu'  radi.al,  which,  afler  coursing  over 
the  back  of  the  hand,  einerg<!S  on  the  palm  between  the 
inde.x  and  middle  fingers.  The  arch  is  also  often  com- 
pleted by  a  transverse  biaucli,  which  comes  from  the 


Fig.  30.j.— Snperncial  Arch 
Formed  Entirely  by  the 
Ulnar  and  Joining  the 
Princeps  Pollicis  Artery. 
(Beeves.) 


muscles  of  the  thumb  and  is  derived  from  the  princeps 
pollicis  or  radialis  indicis  branch  of  the  radial  (Fig.  305). 
A  median  artery  may  complete  the  arch  (Fig.  306),  or 
it  may  go  to  the  digits  on  the  radiid  side,  and  the  ulnar 
to  the  digits  on  the  ulnar  side,  and  no  regular  arch  be 
formed.  The  superficial  volar 
sometimes  has  this  arrangement 
(Fig.  306). 

The  superficial  arch  may  be 
very  small  and  some  of  the  tlig- 
ital  branches  be  wanting,  or  it 
may  be  very  large,  supplying 
all  the  digital  branches,  both 
superficial  and  deep. 

The  deep  arch  is  occasionally 
formed  by  the  ulnar.  It  is 
sometimes  so  deficient  that  the 
digital  arteries  are  derived  from 
the  superficial  arch.  A  large 
metacarpal  branch  on  the  back 
of  the  hand  may  give  off  the 
digital  branches. 

Abdo.mtnal  Aorta. — Accord- 
ing to  K.  tjuain,  in  ten  out  of 
every  thirteen  bodies  the  divi- 
sion of  the  great  artery  took  place 
within  half  an  inch  above  or  be- 
low the  level  of  the  iliiic  crest.  Eckhard.  Boinet,  and  Cru- 
veilhier  record  cases  of  division  as  high  up  as  the  second 
lumbar.  Two  cases  are  on  record  (Quain.  tenth  ed.)  of  a 
large  pulmonary  branch  which  arose  below  the  diaphragm, 
passed  through  the  (esophageal  opening,  and  divided  into 
two  branches  which  supplied  the  lungs  near  their  bases. 
CcELiAC  Axis. — The  branches  of  this  artery  inay  arise 
separately  fi'om  the  aorta.  The  phrenic  arteries  may  be 
given  off  from  it,  and  it  may  be  connected  with  the 
superior  mesenteric. 

Renal  Arteries. — Nowthat  the  operation  of  nephrec- 
tomy has  become  so  common,  the  variations  of  these 
arteries  have  been  rendered  imporlaut  surgically.  Pro- 
fessor Macaiister  has  reported  (Jonrii.  Anat.  ami  Phys., 
vol.  xvii.)  most  of  the  anomalies  of  the  renal  artery. 

The  renal  ai-tcry  may  be  replaced  by  two,  three,  four, 
and  even  six  branches.  The  origin  of  these  arteries  is 
very  various;  tlie_y  are  usually  derived  from  the  aorta, 
and  are  sejiarated,  at  their  origin,  by  a  larger  or  smaller 
interval;  the  lowest  may  arise  quite 
near  the  bifurcation  of  the  aorta, 
and  the  highest  jtrst  below  the 
cadiac  axis.  In  some  rare  instances 
the  renal  artery  has  been  described 
as  arising  from  the  common  ifiac, 
internal  iliac,  and  middle  sacral. 
The  right  and  left  renal  arteries 
have  been  found  coming  from  a 
common  trunk ;  they  may  arise 
from  the  antei'ior  or  lateral  part  of 
the  aorta.  The  suprarenal  fre- 
quently gives  off  an  uiijter  renal, 
and  it  less  frecjuently  is  derived 
from  the  upper  lumliar,  hepatic, 
an<l  right  colic.  Fre<iuently  when 
the  renal  arteries  come  off  from  the 
aorta  low  down  or  the  iliacs,  the 
kidney  on  that  side  is  misplaced :  it 
is  situated  lower  down  than  usual, 
opposite  the  bifui-cation  of  the 
aorta  and  even  between  the  two 
common  iliacs.  In  such  cases  the 
hilum  is  usually  placed  on  the  anterior  surface. 

Inferior  AIi-.sknteric. — It  may  beab.sent,  its  branches 
being  given  oil  from  the  superior  mesenteric. 

The  branches  of  the  renal  arlery.  instead  of  entering 
the  hilum,  may  penetrate  the  kidney  at  its  upper  or 
lower  end.  It  is  not  uncommon  to  see  the  normal  artery 
entering  the  hilum,  and  two  or  three  suiiernumerarv 
branches  piercing  the  upper  and  lower  end  of  the  ,glan(i. 
In  two  subjects  I  found  that  the  kidney  was  supplied  by 


FlG.  30ti.— Large  Median 
Artery  (Afi,  Taking 
the  Place  of  the  Radial 
in  the  Fonnatiou  of 
the  Snpi'rtleial  Arch 
and  Giving  ()fT  Outer 
Digitals,     (Reeves.) 
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Fi(i.  ;!07.— Alinorinnl  Riplit 
Reiiiil  A  rUTifS.  A  n  artery 
ilislributt'd  U)  facli  ex- 
triMiiity  <i(  thn  kidney,  tint 
ncme  entering  tlieliilinn.' 


two  arteries  nrisinj;  from  tlie  aorta  at  souk-  flistaiicc  apart, 
one  jroing  to  the  extreme  n|)Her  end.  and  the  otlier  to  tlie 
extreme  lower  end  of  the  kidney;  no  artery  enleied  the 
hiliim(Fi^.  307).  The  vein  and  duct  wei-e  normal.  'I'lils 
variation  1  ouco  met  with  wliile  i)i'rformiii>f  nepliieetimiy 
on  the  dead  hody.  U.  (Jiiain 
met  Willi  a  ease  of  absence  of 
the  renal  arlery  on  one  side. 
Multiple  renal  arteries  occur 
normally  in  lislics,  lizards, 
snakes,  croeoililes.  and  birds, 
and  in  man  are  due  to  a  persist- 
ent eai'ly  fetal  condition. 

SpiaotATic  Autkhy. — Some- 
times double,  not  infi-e(|uently 
(lei-ivi'<l  fiom  the  renal.  'I'hree 
spermatic  arteries  have  been 
seen. 

Co.MMo.x  Ii.iAc  Ahtkhiks. — 
The  place  of  orijfin  of  the.se  ar- 
teries depends  on  the  jilace  of 
<li vision  of  the  abdominal  aorta. 
This  may  V)e  as  hiirh  as  the  upjier  border  of  the  thinl, 
or  as  low  as  the  lower  border  of  the  tifth  lumbar  ver- 
tebi-a.  In  three  ontdf  four  cases  the  aorta  divides  op- 
posite the  lower  boi'der  of  the  fourth  lumbar. 

The  common  iliac  arteries  vary  considei'ably  in  len_i;lh. 
I  once  Sitw  them  only  l.Si  cm.  (three  fourths  inch)  lon.2: 
in  a  nejfress,  and,  in  another  case,  2..")  cm.  (one  inch).  In 
th(!  lar.ffc  majority  of  cases,  according  to  H.  Qnain,  the 
length  varies  from  8.7  cm.  (one  inch  and  a  half)  to  7. .5 
cm.  (Ihi-ee  inches).  The  greatest  length  is  about  10  cm. 
(four  and  a  half  inehe.s). 

The  right,  and  left  common  iliacs  differ  in  length  very 
often,  the  right,  owing  to  the  aorta  dividing  to  lh(^  left 
side  of  the  spinal  colurmi,  heing  oft<'n  the  longer:  but  the 
left  may  be  the  longer,  and  in  about  one  third  of  tlie 
cases  they  are  of  equal  length  (K.  C^uaiii). 

When  "the  left  is  longer'than  or  equal  to  the  right,  it 
is  owing  to  the  left  artery  descending  to  a  lower  level 
than  the  right.  The  artery  has  been  seen  dividing  into 
internal  and  external  iliacs  as  low  down  as  the  iliac  fossa. 
Th('  common  iliac  on  one  side  has  been  reporteil  aliMiit 
by  Cruveilhier  and  Walsham.  In  this  ca.se  the  aorta 
divided  into  three  branches,  two  on  the  right  (external 
and  internal  iliac),  as  is 
seen  in  birds,  and  one  on 
the  left  (commou  iliac). 
Surgically,  these  vaiia- 
tions  are  of  great  interest. 
Inteknai,  Iliac. — The 
place  of  division  of  this 
vessel  varies  consider- 
ably; it  may  divide,  as 
low  as  the  margin  of  the 
sacro-sciatic  foramen  and 
as  high  as  tlu!  upper  ni.ar- 
gin  of  the  sacrum.  The 
point  of  division  is  of  im- 
portance surgically  ;  when 
the  trunk  is  short  it  is 
more  deeply  placed  in  the 
back   part  of   the  jielvis, 

but  when  it  is  of  some  length,  then  a  part  of  the  artery 
is  likely  to  lie  above  the  pelvic  cavity,  iuid  therefore 
■would  be  much  more  easily  reached  by  the  surgeon 
(R.  (Juain).  It  has  been  found  as  short  as  l.'J  cm.  (liidf 
an  inch),  anil  as  long  as  H.3  cm.  (three  and  a  half  inches). 
The  branches  are  given  oft'  from  this  artery  very  vari- 
ously. In  nian_y  cases  there  is  no  division  into  sinterior 
and  "posterior  trunks.  The  artery  occasionally  gives  olf 
one,  and  sometimes  two  braiichijs  bc^forc  it  divides.  The 
variations  of  most  of  the  branches  of  this  arlery,  being 
of  no  surgical  importance,  will  not  be  discussed  here. 

Obtur.\tor. — According  to  H.  (Juain,  the  obturator 
artery  arises  from  the  ejiigaslric  in  1  case  in  ■i.'>.  His 
conclusions  are  derived  from  observations  in  iUil  cases. 
I  have  observed  500  cases  (250  subjects),  and  have  found 


Fir..  308.— (mtiirator  Civen  OIT  frnin 
Itip  Interiiiit  Kpitr.-i.stric,  and  Pa.s.*^- 
ina  In  llie  Inside  iif  tile  Crimil 
Rinir  to  Real  h  tin-  iibuiratur  I'oni- 
liieri.     (After  (iray.) 


Fiii.  3(1!).- The  Same,  1 
Out.siiie  of  tlie  Ring. 


'assing  to  the 
(Alter  Gray.) 


this  abnormal  arrangement  much  less  fiTqiienlly  than 
(Juain.  I  have  found  the  obturator  coming  from  the  epi- 
ga.strie  in  only  1  case  in  9  (o5  in  oOll).  (^uain  found  the 
obturator  derived  from  the  external  iliac  in  (i  eases  out 
of  ;j(il.  I  found  it  only  3  times  in  5(10  cases.  (Jnain 
found  the  ejiigastric  giving  otf  the  obi  ii  rat  or  2:5  times 
on  both   sides.      1   found  this  arrangement  11  times. 

When  the  obliiralor  arises  from  the  epigastric  or  exter- 
nal iliac,  it  reaches  the  thyroid  foramen  by  arehing  either 
to  the  inner  or  to  the  outer  side  of  the  femoral  ring.  If 
it  arches  to  the  inner  side  of  the  femoral  rin,g.  along  the 
edge  of  Gimbernat's  ligament,  then,  in  case  of  strangu- 
lated hernia  requiring  operation,  it  would  be  in  great 
danger  of  being  wounded  (Fig.  JiOS);  in  fact,  this  ac- 
cident has  hapiiened 
more  than  once. 

In  oiil\'  9  out  of  the 
.58  cases  in  Avhich  the 
o  b  t  II  ra  to  r  iiroceeded 
from  the  epigastric  and 
external  iliac  did  I 
see  the  artery  going 
to  the  inner  sicle  of  the 
feninral  ring.  In  the 
remaining  40  cases  it 
either  crossed  it.  in  a 
few  cases,  or  held  a  po- 
sit ion  well  to  the  otiter 
side  in  the  majority 
(Fig.  ;iOO),  so  that  in  only  about  1  case  in  50  is  there 
danger  of  wounding  the  obturator  in  the  operation  for 
strangulated  hernia.  The  ex))laiiation  of  the  origin  of 
the  obturator  from  the  e]iigastric  is  simple  enough. 
Normally,  we  have  the  pubic  branch  of  the  obturator 
anastomosing  with  the  jiubic  branch  of  the  epigastric; 
these  vessels  become  enlarged,  and  the  proper  obturator 
branch  of  the  internal  iliac  cither  remains  undeveloped 
or  becomes  obliterated. 

In  four  cases  I  have  seen  the  obturator,  ejiigastric,  aud 
internal  circumflex  arise  together  from  the  external  iliac, 
and  once  these  siime  arteries  were  seen  to  arise  by  a  com- 
mon trunk  from  the  common  femoral  2  cm.  below 
Poupart's  ligament.  In  one  case  the  epigastric  and  ob- 
turator aro.se  together  from  the  femoral,  a  little  below 
Pouparl's  ligament.  In  some  ca.ses,  in  which  the  ob- 
turator arises  from  tliee|ngastric.  there  is  a  small  branch, 
representing  the  obturator,  derived  from  the  internal  iliac. 
Iiitir/iid  Piidir  Artery. — This  vessel  is  occasionally  of 
small  size,  and  fails  to  supply  all  the  usual  branches;  in 
such  an  event  t  liese  are  given  olf  from  an  accessory  pudic. 
The  branclics  furnished  by  the  acces.sory  artery  are  usu- 
ally those  branebes  which  go 
to  ilie  cavernous  body  and  dor- 
sum of  the  penis,  the  pudic 
itself  ending  as  the  artery  of 
the  bulb,  in  a  few  instances 
the  |)udic  ends  as  the  super- 
ficial perineal,  the  other 
branches  coming  from  the 
accessory  vessel. 

The  accessory  jiudic  is.  as 
a  rule,  given  off  from  the 
dei'p  pudic  within  the  pel- 
vis; it  then  passes  alongside 
the  bladder  and  luostate,  and, 
after  piercing  the  triangular 
ligament,  supjilies  the  dor- 
sum of  the  penis  and  the  cav- 
ernous body,  and,  perhaps, 
the  bulb.  It  may  be  given 
off  from  the  obturator  in  the 
pelvis,  or  from  the  epigastric. 

The  pudie  artery  has  been  seen  passing  up  to  the  peri- 
neum midway  between  the  tuberosity  of  the  ischium  and 
the  coccyx,  and  ending  as  the  supertieial  perineal  and 
artery  of  the  bulb  ( Fig',  -im. 

Artery  cf  the  Iliilh. — Is  sometimes  of  large  size,  placed 
farther  back  tlian  usual,  and  ascends  obliiiuely  to  the 


Fic.  310.— Almonnal  Internal 
Pndii'  Artery.  Which  Hn.s  a 
Coarse  Midway  tietween  the 
Isehlal  Tuherosity  and  the 
Coeeyx.    (After  Il'enle.) 
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bulb:  in  surh  a  case  it  would  noccssiirily  be  wounded  in 
tbe  operation  of  lithotomy.  It  may  arise  from  the  ac- 
cessory pudic;  when  this  liapjicns  it  would  be  placed 
well  in  front  of  the  usual  incision  for  lithotomy. 

1'hc  darsiil  (irtii-ji  of  t/ic  ju/ii.s  has  in  some  cases  been 
seen  to  arise  from  the  obturator  artery  near  the  thyroid 
foramen,  from  the  external  pudic  of  the  femoral,  and 
from  the  deep  femoral.  In  the  lirst  case  it  would  be  in 
danger  of  being  wounded  iu  lithotomy.     The  two  arteries 


FIO.  811.— Abnormal  Origin  nf  tbe  Interniil  rirruinflex  Artery  (I)  :  E, 
epigastric  artery ;  PF,  profunda  femoris. 

of  the  penis  sometimes  unite  to  form  a  single  trunk,  or 
are  united  by  transverse  branches.  ]Mr.  SjK'nce  has  de- 
scribed a  large  prostatic  artery  whicli  gained  the  perineal 
surface  of  the  prostate  without  dividing  into  minute 
branches.  Wounds  of  the  prostatic  arteries  have  led  to 
fatal  hemoriiiage  in  cases  of  lateral  lithotomy. 

The  sciatic  artery  is  sometimes  replaced  by  a  branch 
from"  the  gluteal.  In  a  few  cases  this  artery  has  been 
seen  of  large  size,  taking  the  place  of  the  femoral  (see 
under  Variations  of  FeuKjral).  There  is  sometimes  a 
large  comes  uervi  ischiatici  artery.  The  gluteal  arteiy 
has  been  reported  as  absent  (Rolierts),  its  place  being- 
taken  by  a  large  branch  from  th(i  femoral,  passing  out- 
ward and  backward  to  the  gluteal  region. 

External  Iliac  Artekies. — Tlie  length  of  these 
arteries  varies  according  to  the  ]ioint  at  which  the  com- 
mon iliaes  bifurcate ;  they  usually  measure  7..")0cni.  (three 
inches)  to  10  cm.  (four  inches)  iu  length.  In  those  rare 
cases  in  which  the  main  arteiy  of  the  limb  is  a  continua- 
tion of  the  sciatic,  it  is  much  reduced  in  size. 

Epigastric  Artrri/. — Jlay  arise  at  a  higher  point  than 
usual.  R.  (Juain  re])orts  it  in  one  case  (5.4  cm.  (two  and 
a  half  inches)  abo\e  Pouijart's  ligament.  It  arises  from 
the  femoral  in  about  one  case  in  twenty.  The  usual 
place  of  origin  is  close  to  or  opposite  Poupart's  ligament. 
It  may,  in  rare  cases,  arise  from  the  deep  femoral. 

The  origin  of  the  obturator  from  the  epigastric  has 
already  been  noticed.  In  a  few  cases  the  epigastric  has 
been  seen  coming  from  tlie  obturator  when  that  vessel  is 
a  branch  of  the  internal  iliac. 

I  have,  in  four  instances,  seen  the  epigastric  arise  in 
common  with  the  internal  circumflex  artery  of  the  deep 
femoral.  In  three  of  the  cases  the  common  stem  arose 
from  the  femoral  2  cm.  below  Poupart's  ligament;  in  the 
fourth,  3  cm.  above  the  ligament.  In  the  last-named  case 
the  internal  circumflex  passed  beneath  Poupart's  liga- 
ment in  the  same  compartment  of  the  femoral  sheath  as 
the  artery,  and  continued  down  the  thigh  about  5  era., 
lying  between  the  artery  and  vein;  it  ended,  after  giving 
oti  a  large  branch  to  the  adductor  muscles,  as  tlie  in- 
ternal circumflex  proper  (Fig.  311).  A  similar  anomaly 
lias  been  observed  by  Mr.  A.  Thompson  (Jtmriicil  Ana't. 
and  Phys.,  April,  1883),  but  iu  the  cases  described  by  him 


the  artery  passed  internal  to  the  femoral  vein,  and  would, 
he  thinks,  liave  been  wounded  in  the  operation  for  reliev- 
ing strangulated  femoral  hernia.  A  similar  arrangement 
of  vessels  exists  normally  in  the  American  black  bear. 
I  have  met  with  four  cases  in  which  the  obturator,  epi- 
gastric, and  internal  circumflex  arose  by  a  common 
stem,  two  below  Poupart's  ligament  and  two  above. 

Circumflex  Iliac  Artery. — The  origin  of  this  artery  is 
sometimes  from  the  femoral.     It  is  occasionally  double. 

Femoral  Artery. — The  femoral  artery  has",  in  some 
rare  cases,  been  found  of  small  size,  and  terminating  near 
the  knee  joint.  When  such  a  condition  exists,  the  main 
artery  of  the  limb  is  furnished  by  a  branch  from  the  in- 
ternal iliac,  generally  the  sciatic  (Fig.  312),  which  is 
much  enlarged,  and  accompanies  the  sciatic  nerve  to  the 
popliteal  s]iace.  whence  the  course  of  the  artery  is  the 
same  as  if  the  distribution  had  been  normal.  This  is  the 
usual  arrangement  in  liirds. 

Cases  have  been  reporte<l  in  which  the  femoral  divided 
into  two  portions,  which  united  below  to  form  again  a 
single  vessel.  Sir  Charles  Bell,  when 
ligaturing  the  femoral  for  popliteal 
aneurism,    met     willi     this    anomaly. 


Fig.  ;il2.— Posterior  View  of  the  Eight 
Thigh.  The  isehiatic  art«ry  much  en- 
larged, accompanying  the  sciatic  nerve, 
and  taking  the  place  of  the  femoral  ar- 
tery.   (After  Dubreuil.) 


FIG.  313.— Bell's 
Case  of  Double 
Femoral  Artery. 
Showing  ligature 
of  one  of  the 
trunks  and  the 
aneurismal  tumor 
below.  (After 
Bell,  from  X,oii- 
(if»i  Medical  Gn- 
zcttc.) 


Though  the  ligation  of  the  femoral  did  not  arrest  the 
pulsation  in  the  aneurism,  the  cause  was  not  recognized 
till  after  the  death  of  the  patient,  when  it  was  found 
that  the  femoral  was  double,  and  only  one  of  its  divisions 
had  been  ligatured  (London  Med.  and  Phi/s.  Jour.,  vol. 
Ivi,,  182(i).  "(See  Fig.  81:!.)  Tiedemann.  'Houston,  Du- 
breuil, Tyi'rell,  itnd  tjuain  also  report  cases.  Jlr.  H.  A. 
Kelly  (Aiiierican  Journal  of  the  Medical  Seiencex,  January, 
1882)  reports  three  cases  (one  of  which  is  doubtful),  met. 
with  in  the  dissecting  rooms  in  Philadel)ihia.  In  two  of 
these  cases  the  artery  divided  below  the  profunda,  and 
reunited  just  above  tiic opening  iu  the  adductor  maguus. 
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The  division  has  been  seen  above  the  oiisiiii  of  the  pro 
funiia. 

The  two  feinorals,  when  tliis  arranuenicnt  oeeurs,  run 
down  the  thish.  side  by  side,  in  separate  liljnins  shi'atlis. 
so  tlial  in  euttiuij  down  on  one  the  olbcr  uowlilnot  lie 
seen. 

I  liave  occasionally  seen,  in  eases  of  liiuli  origin  of  the 
profunda,  the  latter  artery  quite  as  lari;e  as  the  super 
licial  femoral,  and  ruiniinjj;  down  the  thinh  parallel  to  it, 
beyond  the  apex  of  Scarpa's  triansrle.  In  such  a  ease  it 
would  be  iliHieult.  in  tlie  livins,  to  distin-juisli  between 
the  vessels,  shoidd  lijjalure  of  the  femoral  be  necessary. 
As  a  ruli'.  the  profunda  lies  lo  llie  outer  side.  The  ap- 
pearance of  liie  above  described  condition  in  Scarpa's 
triantrlc  is  very  similar  to  tho.se  ca.ses  tigiu'cd  as  double 
femoral,  and  1  imagine  that  th(^  cases  of  doubh'  f<'moral 
reported  as  s<'en  in  ampulaliiij;  the  Ihinh  are  only  cases 
of  larfie  proftmda  arteries,  espc'cially  as  the  disposition  of 
the  vessels  below  the  amputated  pnlnt  is  not  described. 

The  prdfiiitdii.  or  deep  femoral  arleiy,  may  be  f^iven 
off  from  the  inner  side  of  the  main  tnmk.oreven  in  some 
cases  from  the'  back  ]iurt  of  the  vessel.  It  may  arise 
above  I'oupart's  ligament,  or  as  much  as  10  cm.  (four 
inches)  below  it.  It  not  uneommotdy  ari.ses  1.2  cm. 
(half  an  inch)  below  the  ligament.  When  it  is  given  off 
low  doW'U.  one  or  both  circumflex  arteries  arise  from  the 
femoral.  The  di'cp  femoral  has  been  occasionally  alto- 
gether wanting,  its  branches  arising  separately  from  the 
main  artery. 

The  e.it<rniil  ciir7iiiifl(.v  iirtcri/  not  infrequently  arises 
directly  from  the  common  femoral.  It  may  be  repre- 
sented by  two  branches,  and  even  three,  which  arise 
from  the  femoral  or  profunda — I  have  seen  it  arise  in 
common  with  the  internal  eircuinfle.x.  The  internal 
circumjicr  artcri/  also  frequently  arisi's  directly  from  the 
femoral.  It  occasionally  arises  in  common  with  the  deep 
epigastric,  and  jiasses  down  to  the  thigh  in  th('  same 
sheath  as  the  femm-al  vessel.  This  variety  1  have  de- 
scribed under  the  Epigastric.  It  may  arise  with  the  epi- 
gastric from  the  femoral  artery  before  the  iinifunda  is 
given  oH',  and  in  S(mie  ca.ses  nnghl  be  injiucd  in  the 
operation  for  strangulated  femoral  hernia.  I  have  twice 
seen  it  arise  with  the  obturator  and  epigastric  from  a 
common  stem. 

rriusual  branches  are,  in  rare  cases,  given  olf  from  the 
femoral.  I  once  saw  the  dorsal  artery  of  the  penis  given 
off  from  the  common  femoral,  cross  the  thigh  at  right 
angles,  and  reach  the  dorsum  of  the  peins  by  piercing 
the  deeper  scrotal  tissue. 

A  large  saphenous  artery  has  been  found  which  ac- 
companied the  great  saphenous  vein.  It  may  ariseabove 
(a- below  the  profunda,  course  down  the  thigh  between 
the  adductor  magnus  and  internal  va.stus.  and  i)ieree  tla- 
deep  fascia  of  tii<>  thigh  on  the  inner  sidiMif  the  Unee 
joint,  where  it  reaches  the  internal  .sajilienovis  vein  anil 
accompanies  it  to  the  internal  malleolus.  This  arrange 
ment  is  the  normal  one  in  the  rabbit  and  in  some  otlicr 
mammals. 

I  once  saw  this  branch,  after  reaching  the  iimer  side  of 
the  knee,  wind  round  to  the  front  of  the  joint,  below  the 
patella,  and  divide  into  a  cutaneous  branch  and  a  branch 
which  pienrd  the  ligameutum  patella-  to  sup|dy  the  in 
lerior  of  the  joint. 

Pol'LlTK.M.  AliTKiiv. — This  arteiy  is  not  sidijeet  lo 
many  variati<ins.  The  chief  deviation  fiom  the  normal 
disposition  consists  in  a  high  division  of  its  terndiial 
branches.  I  saw  this  oidy  twice  in  2M)  subjects;  in 
hoth,  the  artery  diviiled  ii'iimedialely  above  the  npjier 
edge  of  the  posterior  ligament  of  the  knee  joint.  In  -'27 
subjects  Quain  found  a  high  division  in  lb.  Portal  re 
ports  a  case  of  low  division  of  the  popliteal,  the  artery 
dividing  about  the  middle  of  the  leg  into  anterior  and 
posterior  tibial.  In  siane  cases  of  high  division,  the 
lieroneal  artery  arises  from  the  anterior  tibial ;  this  was 
the  arrangement  in  one  of  my  cases.  The  artery  and 
vein,  usually  so  constant  in  their  relation,  may,  in  rare 
cases,  change  places.  When  there  is  a  third  head  to  the 
gastrocnemius  muscle  it  usually  passes  between  the  artery 


and  the  vein.  'Ward  Collins  has  seen  Ihi'  ])oi>liteal  artery 
dividing  in  theupper  part  cif  the  ])opliteal  space  into  two 
branches  which  united  again  below  altera  separate  cour.si'. 
of  1  wo  inches. 

Cases  are  reported  {()tto)(d'  brani'hes  from  the  jiopliteaL 
proceeding  upward  along  the  semimeinbraMosus  mu-scle. 
and  ending  in  one  of  the  ]>erforating  arteries  of  the  pro- 
funda. Also  an  aberrant  artery  is  deseiibed  as  being 
given  off  above  the  knee  joint,  and  joining  the  i)o]diteal 
befiae  its  division  (llyrll).  A  small  saplienous  artery 
has  been  seen  which  aecom])aiiies  the  short  saphenous 
vein  behind  the  external  malleolus  and  anastomoses  with 
on<' of  the  tarsal  branches  (llyrll).  The  azygos  artery 
ma_y  be  given  olT  from  one  of  the  articular  arteries.  I 
once  saw  a  common  trunk  give  otf  the  two  superior 
articular  arteries  and  the  a/ygos.  One  or  other  of  the 
articular  branches  may  be  absent,  their  ])lace  being  sup- 
plied by  an  enlargement  of  the  remaining  arteries. 

J'liKti  n'(/r  Tihiiil. — In  ca.ses  of  high  division  of  the 
popliteal  the  tiliial  is  larger  than  usual.  It  may  be  in 
creased  or  dirainishe<l  in  si/c.  When  increased,  it  partly 
lakes  the  phu'c  of  the  peroneal  or  anterior  tibial,  and 
w  lu'U  diminished,  it  may  be  reinforced  by  transverse 
branches  from  the  peroneal  near  theankle.  The  posterior 
tibial  may  be  of  very  small  size  and  end  near  the  nnddlc 
of  the  leg.  its  place  being  taken  by  a  large  peroneal  artery 
which  furnishes  the  plantar  arteries.  In  a  lesser  <legree 
of  diminution  of  the  posterior  tibial,  tlii'  anterior  tibial, 
or  rather  its  dor.salis  pedis  liranch,  furinshes  the  arteries 
which  form  the  jilantar  arch  and  its  branches.  In  these 
eases  theexlernal  plantar  artery  ends  near  the  accessorius 
iTUi.scle.  I  have  several  times  .seen  a  museidar  slip 
(flexor  accessorius),  which  aro.se  from  the  lower  end  of 
the  libula,  or  more  commonly  from  the  tibia,  cross  the 
tibial  vessels  behind  the  internal  malleolus.  The  nerve 
is  occasionally  placed  to  the  inner  side  of  the  artery,  at 
the  low<'r  part  of  the  leg. 

Pei-niiiid  Arltnj. — Tliisartery,  as  <lescribed  above,  may 
take  the  place  of  the  posterior  tibial,  or  it  may  be  of 
small  size,  and  its  place  be  supplie<l  by  a  branch  of  the 
]iosterior  tibial.  The  anterior  ]ieroneal  branch  may  be  of 
large  size,  and  may  take  the  place  of  the  lower  part  of 
the  anterior  tibial,  furnishing  the  arteries  supplying  the 
dorsum  of  the  foot. 

In  eases  of  highdivision  of  the  jioplilial.  the  ]>i'roueal 
artery  generally  arises  from  the  anterior  tiliial.  It  also 
arises  in  (he  same  way,  occasionally,  when  no  high  divi 
sion  lakes  place.  I  have  seen  it  furnish  a  large  internal 
ealcanean  branch  as  well  as  an  external.  An  accessory 
jieroneal  sometimes  exists. 

The  internal  plantar  iirteri/  is  sometimes  of  very  small 
size,  ending  in  the  flexor  brevis  poUieis muscle,  or  it  may 
be  of  large  size,  and  furnish  digital  branches  to  the  great 
and  second  toes. 

The  external  plantar  is  occasionally  very  small,  ending 
in  the;  accessorius  nmsele;  when  such  a  condition  exists 
the  dor.salis  pedis  artery  furnishes  the  deep  plantar  arch 
antl  digital  branches.  I  have  several  times  seen  this 
anomaly.  The  artery  is  occasionally  of  large  size,  and 
partly  lakes  the  place  of  the  dors;dis  ])edis  branch  of  the 
anterior  tibial.  The  <ligilal  arteries  of  two  toes,  gener- 
ally the  second  and  third,  not  infr<M|nently  come  from  a 
eonnnon  stem.     The  deep  arch  is,  in  rare  cases,  double. 

Anterior  'I'ihial  Art(  ri/.  —  In  some  cases  this  arterj'  is 
given  olf  from  the  posterior  tibial  in  th<' ndddle  of  the 
leg.  When  there  is  a  high  <livision  of  the  popliteal  it 
may  give  off  the  peroneal,  and  maj'  pa.ss  beneath  the 
|iopliteus  muscle.  In  lh<^  leg  it  may  l)e  subcutaneous, 
ils  pulsations  being  easily  fell  under  the  skin.  Veljieau 
reports  a  case  in  which  this  artery  did  not  ])icTe(!  the  in- 
lero.sseous  membrane,  but  |iassed  to  the  front  of  the  leg 
round  the  fibula  with  the  nnisculoculaneous  nerve.  It 
may  be  altogether  wanting,  its  place  being  sujiplied  by 
perforating  In-anches  from  the  posterior  tibial,  or  it  may 
end  in  the  muscles  about  the  ndiUlle  of  the  leg.  When 
there  is  such  a  distribution  the  deficiency  is  made  up  by 
an  enlarged  anterior  jieroneal  or  plantar  artery.  It  not 
infrequently  fails  to  furnish  <ligital  biunchcs,  which,  in 
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this  oven t.  como  from  tlic  jilaiitar  arteiips.  Tlip  artery 
may  be  of  larircr  size  tlian  usual,  ar.ti  may  take  the  place 
of  the  peroneal  artery  ui  some  cases,  and  of  the  plantar 
branches  of  the  posterior  tibial  in  others;  the  dorsalis 
pedis  branch  beinsr  of  very  large  size,  as  mentioned  in 
the  deserijitioii  of  the  varieties  of  the  posterior  tibial. 
The  dor.salis  jiedis  arterv  sometimes  ends  in  the  neijrhbor- 
hood  of  the  cuneiform  bone.  The  anterior  tiliial.  in  some 
lave  oases,  gives  oil  an  anterior  tiliial  recurrent  to  the 
Unee  joint.  Fntneis  J.  Shepherd. 

ARTERIES,  COMPRESSION  OF.  —  Indications.  — 
Compression  of  arteries  for  the  arrest  and  prevention  of 
hemorrhage  and  for  the  cure  of  aneurism  is  a  very  old 
procedure,  and  one  which,  although  in  many  instances 
superseded  by  ligation,  made  safe  b_y  the  introduction 
of  antiseptic  surgery,  is  still  employed  to  a  considerable 
extent,  particularly  in  the  prevention  of  hemorrhage. 
Compression  of  the  carotids,  thereby  lessening  the  l)lood 
supply  to  the  brain,  has  been  recommended  and  prac- 
tised at  different  periods  in  the  treatment  of  epileptic 
convulsions,  maniacal  excitement,  congestive  headache, 
and  for  the  purpose  of  producing  sleep.  Dr.  Corning, 
of  New  York,  in  1882,  strongly  urged  the  advantages 
of  this  procedure  and  devised  a  special  instrument  for 
the  compression  of  the  carotids. 

]\[e.\xs. — Compression  is  accomplished  either  by  means 
of  the  liand  or  by  some  mechanical  device.  Digital  com- 
pression ma.v  be  either  direct  or  indirect,  that  is.  in  the 
wound  or  over  the  vessel  of  supply,  and  may  be  employed 
for  the  immediate  arrest  of  existing  hemorrhage  or  for  the 
prevention  of  liemorrhage  during  an  operation.  This 
means  is  occasionally  still  used  in  the  treatment  of  aneu- 
rism, liut  has  largely  been  superseded  by  the  ligature,  and 
by  the  combined  use  of  .gold  or  silver  wire  and  electricity. 
For  the  instant  arrest  of  bleeding  nothing  is  more  readily 
and  .satisfactorily  employed  than  the  fingers,  jilaced  either 
directly  in  the  wound  or  over  the  arterial  trunk  supply- 
ing it.  The  greatest  disadvantage  of  the  method  is  that 
it  is  impossible  to  keep  it  up  for  a  great  length  of  time 
without  the  help  of  a  number  of  intelligent  assistants. 
There  are  two  ways  of  applying  digital  compression,  one 
by  pressing  the  vessel  between  the  lingers  and  a  bone, 
the  other  by  compressing  it  between  the  forefinger  and 
the  thumb.  The  former  method  is  more  satisfactory,  be- 
cause it  can  be  kept  up  for  a  much  longer  jieriod  of  time. 
When  a  change  of  hands  is  made  the  fresli  hand  should 
always  be  placed  above  the  point  of  foriuer  compression 
before  the  first  hand  is  removed.  Digital  compression 
can  much  more  readily  be  employed  when  a  wound  has 
been  maile.  thvis  exposing  the  vessel,  than  when  it  is  at- 
tempted with  considerable  tissue  intervening  between  the 
finger  and  the  vessel,  as,  for  instance,  in  compression  of 
the  abdominal  aorta. 

Innumerable  formsof  compression  apparatus  have  been 
invented  for  compressing  blood-vessels,  one  of  the  old- 
est and  most  universally  used  being  the  tourniquet  of 


Fig.  314.— Esmarcti's  Elastic  Compressor. 

Petit  (Fig.  120),  w-hieli  consists  of  two  metal  plates,  con- 
nected by  a  spiral  screw,  whereby  they  ma.y  lie  separated, 
and  a  strap  which  Ijuckles  around  the  limb.  In  the  use  of 
this  tourniquet  many  surgeons  a]iply  a  roller  bandage  o\-er 
t  he  vessel  to  be  compressed  and  buckle  the  straji  over  this. 
The  separation  of  the  plates  by  the  screw  tightens  the 
strap  and  increases  the  pressure.  In  order  to  jirevent 
the  strap  from  cutting  the  skin  it  is  well  to  apply  first 


Fig.  315.— Skey's  Arterial  Com- 
pressor. 


a  turn  or  two  of  muslin  bandage  about  the  part.  In  an 
emergency,  when  a  tourniquet  cannot  be  had,  a  fillet  may 
be  employed  by  passing  a  handkerchief  or  piece  of  cloth 
or  cord  about  the  limb  and  then  tiglitening  it  by  twisting 
it  with  a  piece  of  wooden  slick.  The  most  generally 
used  means  of  compression  to-dav  is  the  Esmarch  band- 
age and  tube  (Fig.  ai4).  The 
bandage  is  an  ordinary  rubber 
roller  a|)plied  from  the  tip  of 
the  extremity  up  to  the  point 
where  it  is  desired  to  place 
the  tube,  and  its  object  is 
the  saving  of  the  blood  in  the 
extremity,  in  case  of  amputa- 
tion, and"  the  freeing  of  the 
limb  of  blood  when  an\'  op- 
eration is  to  be  done  upon  it. 
The  tube  is  of  rubber,  flat, 
and  about  one  inch  wide. 
This  is  passed  tightly  about 
the  limb  and  fastened  by  a 
hook  at  one  end  of  the  tube 
and  a  chain  at  the  other 
Certain  precautions  must  be 
observed  in  the  use  of  this  form  of  compression.  One  is 
to  move  the  part  as  little  as  possible  after  the  tube  is  ap- 
jilied.  as  tearing  of  the  tightly  bound  down  muscles  may 
occur,  and  another  is  to  see  that  each  turn  of  the  baud- 
age  and  tulie  overlaps  the  preceding,  else  pinching  of 
the  skin  occurs.  AVhen  a  limb  is  diseased,  compression 
with  the  bandage  is  not  to  be  made  over  the  diseased  area, 
but  it  is  to  be  applied  above  and  below  it.  or  else  it  is 
not  to  be  used  at  all.  but  the  limb  is  simply  to  be  ele- 
vated for  a  time,  after  which  the  tube  alone  is  to  be 
used.  This  method  of  elastic  constriction  has  the  great 
advantages  of  simplicity  and  cleanliness  over  other  forms 
of  mechanical  compression. 

Other  forms  of  compression  apparatus  are  so  con- 
structed that  the  pressure  is  exerted  over  the  main  art- 
ery without  constricting  the  surrounding  tissue.  These 
forms  are  specially  advantageous  in  the  treatment  of 
aneurism,  for  they  are  much  less  likely  to  cause  gan- 
grene, which  is  so  apt  to  follow  the  jirolimged  use  of  the 
two  forms  of  com].)ression  above  deserilied.  Esraarch's 
elastic  compressorium  for  the  aorta  and  Skey's  compressor 
(Fig.  31.5)  illustrate  this  point. 

About  ten  years  ago  Dr.  Wyeth.  of  New  York,  intro- 
duced a  new  method  of  comijressiug  the  vessels  of  the 
thigh  in  hip-joint  amputation.  This  method  (.see  Fig.s. 
I'Jl,  in'2.  on  page  2(i.jt.  whieli  is  a  combination  of  the  old- 
er methods  of  Trendelenberg  and  Dieffenbach,  consists  in 
passing  tlu'ough  the  luuseular  tissue  and  skin  above  the 
point  of  amputation  two  long  steel  mattress  needles,  and 
then  applying  above  them  the  constricting  baud  of  Es- 
march, This  method  is  also  used  in  amputation  at  the 
shoulder  joint  and  has  done  a  great  deal  to  reduce  the 
mortality  of  these  ojierations,  in  which  the  loss  of  blood 
had  formerly  been  so  great.  It  must  not  be  forgotten 
that  all  forms  of  comjiression,  if  kept  up  for  a  great 
length  of  time  or  if  the  pressure  is  too  great,  may  be  pro- 
ductive of  destruction  of  tissue  at  the  point  of  application 
or  of  gangrene  in  parts  below.  Also  it  must  be  remem- 
bered tliat  after  circular  C(mstriction  of  an  extremity  re- 
actionary hemorrhage  may  occur,  and  hence  it  is  neces- 
sary to  tie  all  bleeding  pointsbeforeclosureof  the  wound. 

Speci.\l  Arteiues. — The  aortei  cannot  be  compressed 
until  it  has  passed  through  the  diaphragm  into  the  abdo- 
men, and  tlien  only  with  difiicidty,  tinless  the  abdomen  be 
opened.  Compression  of  the  abdominal  aorta  is  resorted 
to  as  a  means  of  preventing  severe  hemorrhage  from  its 
distributing  branches  or  for  the  purpose  of  temporarily 
arresting  tl)e  circulation  in  them;  for  example,  in  a  hiii- 
joint  amputation,  or  in  an  attempt  to  cure  an  aneurism, 
it  can  be  satisfactorily  accomplished  without  abdominal 
section  in  thin  persons,  but  in  those  with  thick  abdominal 
walls  it  is  very  dilliciilt  of  accomplishment.  As  to  the 
ju'eeise  mode  of  ell'ecting  the  desireii  pressure,  one  may 
employ  an  Esmarch 's  elastic  compressor  or  that  of  SUey, 
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Iwitli  of  wliicli  arc  shown  in  tlif  illnstrations  (Fijrs.  314. 
lil.")).  or  tlic  hand  of  an  assislant  may  he  oniploycd.  All 
of  these  nu'thods  are  o|ien  to  olijeetious.  they  may  cause 
an  injury  to  the  overlyiiii;  iutesline — and  ihis  is  more 
likely  to  happen  when  an  apjiarat  us  is  used — or  the  com- 
pression may  prove  to  he  inetlieient.  as  when  the  iuslru- 
luent  is  not  ]>roperly  applied,  or  when  it  slijis,  or  when 
the  assistant's  hand  moves  to  one  side  of  the  artery. 
The  usual  ])osition  for  the  compression  pad  or  the  hand  is 
just  helow  the  timliilieus  and  a  liille  to  the  left :  but  tlie 
pulsation  of  tlio  vessel  nuist  he  deliuitely  felt  before 
compression  is  applied,  and  after  the  application  of  com- 
pression no  operation  should  be  done  until  all  judsatiou 
lias  ceased  in  vessels  helow.  There  will  be  less  (lanu;er 
of  injurinj^  the  intestinal  canal  if  it  be  first  emptied  by 
nie.ins  of  a  cathartic  or  an  <-nema ;  and  before  a |)plyinir 
the  ])ad,  the  bowels  should  be  pushed  to  the  rijrht  side  of 
the  abdomen  l)y  rollinjr  the  patient  on  that  side.  Wlien 
the  abdomen  is  opened  compression  of  the  aorta  is  ren- 
dered easier  and  safer;  it  may  be  aecomplishi-d  witli  the 


Fig.  31R. -Compression  of  the  .^cirla,  ( Di-,  W,  \V.  Kei-n.)  Rinht  haml 
closi><l,  a  little  to  the  left  nf  the  nieilian  line:  knnekles  of  index 
flnger jnsttoiwIiinR  the  upper  linnicr  of  the  iimbilieus;  left  haiiil 
feels  patient's  pulse  (femoi-al)  at  hi-ini  of  pelvis. 


lingers  or  with  a  specially  devised  damp  cousistini,' 
of  two  blades,  one  of  which  tils  into  tjie  other  some- 
what after  tlie  style  of  a  lithotrite.  Great  care  should 
be  exercised  in  the  use  of  such  an  instrument  or  an 
injury  may  bo  done  to  the  vessel  itself  or  its  nei.i^h- 
liors. 

The  mm.i/it)»  ilinc  may  be  compressed  throujrh  the  ab- 
dominal wall,  through  the  rectum,  or  llirouyh  an  incision 
in  the  alidominal  wall.  The  last  method,  which  enables 
one  to  use  the  lingers,  is  b_v  far  tlu^  most  satisfactoiy  of 
tlie  three  and  the  only  one  that  Inis  licen  practised  with 
anything  like  good  results.  It  lias  become  now  one  of 
the  recognized  means  of  preventing  hemorrha.!r<'  in  hip- 
joint  amputation,  particularly  in  those  eases  in  wliich.  be 
cause  of  diseased  anterior  llap.  the  Wyeth  pins  cannot  be 
tised.  Dr.  Charles  McBurney  tirst  employed  this  methoil 
of  jireventiug  hemorrhage  in  lSi!)4.  Ivvperieiice  has  shown 
that  the  common  iliac  can  very  readily  be  comjircssed 
■with  the  fingers  in  tlie  abdominal  cavity  without  the 
exertion  of  much  force  and  without  Increasing  the 
dangers  of   the  opei~ation.      Compression    thnnigh   the 
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rectum    by  means  of   Davy's  lever  is  not  so  safe  or  so 

satisfa<-toiy  as  are  the  other  methods. 

h'.iiintiil  TJiiic. — This  vessel  can  be  compressed  with  the 

fingers  or  with  an  instrument  |)laceil  just  above  Poiipart's 

ligament,  midway  licl  ween  the  .symphysis  puliis  and  the 

anterior  sujierior  sjiinc  of  the  ilium. 

Fciiifii-dl. — 'I'he  course  of  Ihis  vessel  is  covered  by  a  line 

drawn  from  the   jxiiiit  midway  between   the  symph\'sis 

juil.'is  and    the  anterior  su- 
perior spine  of  the  ilium   to 

theaddiu-lor  tubercle  on  tin 

inner  condyle  of   the  feniui 

and    can    be    comiiressed   b\ 

the  fingers  or  by  the  tourni 

<piet   anywhere    throughout 

its  course,  the  force  being  t  \ 

erted  toward  the  bone. 

The  pitplileiil  occupies  tin 

middle  of  the  popliteal  spat  i 

it    can    best    be   conipress(d 

against  the  femur  in  the  up 

per  part  of  its  course. 
The    pns/i  riiif    tiliinl    c  m 

readily  be  compressed  by  tli( 

finger  as   it   passes    miclw  i\ 

betu ecu    the   internal   nialU 

olus  and   the    point   of    flu 

heel. 

The  null  rinr  tihiul  lies  be 

tweeii     the    tendons    of     the 

tibialis  anticusand  the  exiensor  longus  hallucis.  and  can 

best  be  comjn'essed   after  it   becomes  the  dorsalis  pedis 

and  passes  under  the  annular  ligament. 

The  siiliiii(vii(H  can  only  be  conipresse<l,  unless  exposed 

by  incision,  in  its  last  oue-thinl.  where  it  crosses  the  first 

rib.      Pressure  should  be  made   willi   the  thumb  in   the 

angle  formed  by  the  posterior  border  nf  the  sleniocleido- 

mastoid  and  llie  clavicle,  and  should   be  directed  down- 
ward, backward,  and  inward  ag.alnsf  the  rib.     The  lip  of 

the  shoulder  should  be  depresseil. 

A.n'lliirji. — Compression    of    this    vessel   can    be   made 

onl}'  in  the  last  part  of  its  course,  and  is  accomplished 

by  making  pressure  from  within  outward  against  the  u])- 

per  iiarl  of  the  liumerus. 

The  hrmiiiiil  artery   can   very    rea<lily  be   compressed 

against  the  shaft  of  the  humerus,  the  inner  edge  of  the 
biceps  being  the  guide  to  its 
situation. 

The  niih'iil  can  be  com- 
pressed again.st  the  anterior 
surface  of  the  lower  end  of 
the  radius  between  the  ten- 
dons of  the  su|iinator  longus 
and  the  fiexor  carpi  radialis. 

The  ii/iiiir  artery  can  be 
oomjiressed  against  the  an- 
terior surface  of  the  ulna  he- 
tween  the  flexor  carpi  nlnaris 
and  the  tiexor  sublimis  digi- 
torum. 

The  (■oiiDiKin  rnrotiil  am\  the 
crteriKi!  aifi/lii/  can  be  com- 
pressed wdlh  the  fin,<;ers  or 
by  means  of  one  of  the  in- 
struments specially  devised 
for  the  purpose.  The  an- 
t^'rior  border  of  the  sterno- 
cleido  mastoid  is  the  guide 
to  the  vessels,  and  the  press- 
ure should  be  dii-ected  back- 
ward and  inward. 
The  facial  can  be  compressed  with  ease  as  it  passes 

over  the  lower  jaw  just  in  front  of  the  masseter  muscle. 
The  trin/>'ind  may  be  confrolh'd  by   making  pressure 

on  the  zygomatic  process  just  in  front  of  the  tra,gus. 
The  hibial  artery  may  be  controlled  b\-  compressing 

the  lips  between  the  finger  and  thumb 

John  II  Gihhon. 
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ARTERIES,    HEALING    OF,  Aftkh  Ligatuke,  Am 

i-KKssuuF.,  Torsion,  and  Sutuuk. — Althmigh  the  intro- 
(luclioii  of  llu'  li.natiire  is  comnioiily  asfribfd  to  TiivO, 
then'  is  suflifiont  evidence  to  show  llmt  it  was  ein|)loye(l 
by  surgeons  in  tlie  earliest  historic  times.  No  mention 
is" made  of  the  ligature  by  Hippocrates,  liut  the  ancients 
used  not  only  styplicsand  the  actual  cautery,  but  also 
ligature'  and  lorsimi.  It  is  highly  probable  that  the  Al- 
exandrians were  familiar  with  tiie  u.se  of  the  ligature 
three  centuries  before  the  Christian  era.  for  Celsus  (boru 
;!0  B.C.)  speaks  of  it  as  a  well-known  fact  and  recom- 
mends its  use.  Rufus  of  Ephesus,  a  century  later,  makes 
the  following  mention  of  torsion:  "Vas  immissa  volsel- 
l»i  extendenuis  et  moderate  circumflectemus:  at  ubi  ne 
sic  quidem  cessaverit  [luemoi-rhagia]  vinculo  constrin- 
gemus."  Archigenes  and  Galen  l)oth  mention  tying 
vessels  for  the  purpose  of  stopping  hemorrhage;  the 
name  of  Antyllus  also  bears  testimony  to  the  skill  of 
Roman  surgeons,  and  in  the  Museum  at  Naples  there  may- 
be seen  a  forcejis.  with  sliding  attachment,  evidentlj' 
intended  to  use  with  the  ligature.  We  find  the  ligature 
of  arteries  mentioned  again  in  the  seventh  century  by 
Paulus  of  ^Egina,  whose  teachings  were  still  pi'cserved 
by  the  Italians  in  the  si.xteenth  century.  In  Lanfranchi's 
"  Surgerv  "  ( l^il."))  occurs  the  following  jiassage :  "  ( )portet 
te  nunc  aut  venam  ligare  et  iiisam  de  loco  extrahere,  et 
caput  veuii?  vel  arteria;  contoniueic.  aut  ferro  candente 
sanguinem  sistere." 

It  is  uncertain,  however,  whether  ligatures  were  em- 
ployed on  large  vessels  before  Fare's  time.  To  this  great 
surgeon  is  due  the  credit  not  only  of  fullv  appreciating 
the  value  of  this  mode  of  ha'mostasis,  but  of  making  it 
a  univer.sally  applicable  method.  At  this  period,  the 
middle  of  the  sixteenth  century,  the  imperfect  knowl- 
edge of  the  anatomy  and  ph_ysiolog_y  of  the  eircuhiticjn 
prevented  a  due  appreciation  of  the  advantages  of  the 
ligature,  and  even  Guillemeau,  who  was  the  champion 
of  his  friend  and  teacher,  confined  the  use  of  the  ligature 
to  primary  amputations.  Although  Wiseman  in  England, 
Fabricius  Hildanus  in  Germany,  Fallopius,  and  others 
favored  the  ligature,  they  were  but  isolated  exam|des, 
and  at  the  opening  of  the  eighteenth  century  the  actual 
cautery  was  still  the  customary  method  of  arresting 
hemorrhage  at  the  Ilotel-Dieu. 

The  contrast  between  the  two  methods  at  that  time 
was  not  indeed  as  great  as  it  would  seem  to-day.  A 
glance  at  Fare's  plates  shows  the  forceps  as  an  instru 
ment  of  rude  iiatteru  and  clumsy  make;  no  attempt  was 
made  to  isolate  the  vessel;  veins,  nerves,  and  arteries 
being  included  in  one  knot.  No  wonder  that  surgeons 
had  a  "horrid  apprehension  of  com]iressiug  the  nerves." 
and  that  Petit,  with  whom  modern  investigation  on  the 
healing  of  arteries  may  be  saiil  to  ha\e  begun,  actually 
proposed  compression  as  a  substitute  for  the  ligat  ure. 
It  was  he  who  first  called  attention  to  the  agency  of  the 
thrombus  in  checking  bleeding,  the  blood  around  the  end 
of  the  vessel  being  termed  the  coiiirrde.  and  that  found 
within  the  lumen  the  hmichon.  The  retraction  and  <-on 
traction  of  the  vessel  were  soon  recognized  t.y  Mcnaud, 
who  also  called  attention  to  the  rupture  of  the  inner  w  alls 
by  the  ligature.  Pouteau,  of  Lyons,  thought  that  the 
swelling  of  the  tissues  surrounding  the  mouth  of  the 
vessel  was  as  important  a  factor  as  any  other  in  liringing 
about  the  arrest  (jf  hemorrhage,  and  he  devised  what  has 
since  been  called  the  mediate  ligature.  This  was,  how- 
ever, a  return  to  obsolete  methods,  and  a  jirotest  was 
soon  raised  against  its  brutality.  In  England,  Gooch 
and  Kirkland  dwelt  strongly  upon  the  action  of  the 
vessel  wall,  and  the  former  showed  that  the  sides  even 
became  adherent  for  some  distance,  the  vessel  shrinking 
into  a  cord.  White  even  thought  that  the  clot  was  in- 
jurious and  slundd  l)e  removed;  John  Rell,  on  the  other 
hand,  thought  that  the  extra vasated  blood  in  the  tissues 
compressed  the  vessel,  which  subsequently  receded  by 
adhesive  inflammation.  Hunter  gave  a  great  impetus  to 
the  study  of  the  jirocess  of  repair  in  arteries  through  his 
views  on  healing  by  first  intention.  He  first  enunciated 
a  theory,  which  has  since  led  to  much  discussion,  con- 


cerning the  organization  of  the  thrombus  and  its  vascu- 
larization, which  he  likened  to  the  changes  seen  in  the 
embryo  of  the  chick;  but  he  also  believed  in  a  direct  ad- 
hesion of  the  arterial  walls.  It  was  due  to  him,  also, 
that  the  subsecpient  establishment  of  a  collateral  circu- 
lation was  recognized.  To  Jones,  however,  has  been 
pretty  generally  accorded  the  credit  of  producing  the 
classical  work  upon  this  subject.  By  a  large  and  varied 
series  of  experiments  on  animals  he  was  able  to  give  a 
complete  accoimt  of  the  macroscopical  appearances  shew- 
ing injuries  to  arteries,  which  account,  in  the  main,  holds 
good  to-day.  He  fovind  that  when  a  large  artery  was 
divided  it  retracted  into  itssheath.  and  contracted  slightly 
at  its  extremity  (a  coagulum  forming  within  the  sheath 
and  external  to  the  vessel,  and  ajiiiearing  like  a  continua- 
tion of  the  artery);  an<!  that  later  a  slender  and  conical 
coagulum  formed  within  the  vessel,  being  only  partially 
adherent  to  its  a\  alls.  Permanent  occlusion,  he  saj'S,  is 
ctfected  by  the  inflammation  of  the  wall,  the  vasa  vasoruni 
pouring  out  lymph  which,  according  to  the  theory  of 
that  day,  became  organized,  that  is,  was  endowed  with 
an  independent  power  of  forming  tissue.  As  the  external 
clot  was  absorbed  it  was  rejilaced  by  this  coagulated 
lymph,  the  ves.sel  in  the  mean  time  contracting  up  to  the 
first  branch,  a  delicate  ligament  being  eventually  all  that 
remained.  In  partial  division  of  the  vessel,  this  writer 
tells  us,  a  coa.gulum  forms  between  the  vessel  and  its 
sheath  at  the  point  f)f  injiuy,  and  the  wound  in  the  wall 
is  ch)sed  with  coagtilated  lymph,  which  subsequently 
forms  outside  as  well.  Wounds  less  than  one-fourth  the 
circimifcrcnce  of  the  vessel  in  animals  are  capable  of 
healing  so  as  to  occasion  little  or  no  obstruction  in  the. 
canal,  and  rarely  do  such  injuries  lead  to  aneurism — a 
curious  fact  noticed  by  all  subse(|Uent  experimenters. 
If  the  artery  be  surrounded  by  a  tight  ligature  the  middle 
and  internal  coats  will  be  completely  divided  as  if  by  a 
knife,  the  external  coat  remaining  entire,  ui)on  the 
strength  of  which  coat  very  much  depends.  He  speaks 
of  the  "ulceration  of  the  ligature,"  which  expression  at 
the  present  time,  when  both  ends  of  the  knot  are  cut 
short  and  it  is  allowed  to  heal  in,  cou^■e3•s  a  false  impres- 
sion of  the  nature  of  the  sulisequent  changes.  The  jiroc- 
ess of  repair  is  essentially  the  same  as  that  already  de- 
scribed. He  was  inclined  to  attach  too  little  importance 
to  the  thrombus,  or  internal  coa,gulum,  as  he  called  it; 
and  in  (n'dinary  accidents  he  thought  it  contributed  noth- 
ing to  the  suppression  of  hemorrhage.  Jones'  views 
were  generally  accepted,  but.  since  he  differed  essentially 
from  Hunter  respecting  the  role  jilayed  by  the  internal 
thrombus,  this  question  now  became  the  chief  subject  of 
discu.ssion.  one  party  maiiUaining  that  the  thrombus  was 
organized  and  formed  the  cicatricial  tissue;  the  other 
believing  that  this  function  was  performed  by  the  walls 
of  the  vessel,  which  were  supposed  to  be  united  by  an 
adhesi\'e  inflammation.  In  France  the  majority  favored 
Hunter's  views,  though  Andral  believed  with  Cruveilhier 
in  the  correctness  of  the  latter  theory,  as  did  also  Guthrie 
in  England.  In  Germany  opinions  were  about  equally 
divided  until  Stilling,  by  an  elaborate  series  of  researches, 
the  most  extensive  since  those  of  Jones,  seems  to  have 
definitely  settled  the  qtiestion  that  the  thrombus  did  be- 
come organized.  Guthrie  al.so  established  the  fact  that 
a  longitudinal  slit  in  human  arteries  of  medium  size,  its 
the  temporal,  may  heal  withinit  obliteration  of  the  vessel, 
and  that  in  vessels  of  considerable  size  heniorrha.ge  may 
be  arrested  without  aid,  the  power  and  influence  of  the 
heart  over  the  circulation  throvtgh  the  arteries  being 
greatl}'  overrated;  a  fad  also  observed  by  Velpeau. 

With  the  rise  and  progi-ess  of  histological  research  the 
question  of  the  (n'ganization  of  the  thrombus  was  sub- 
jected to  new  tests.  Schwatm,  in  1838,  had  developed  his 
"  cell  theory , "  t  hat  it  was  only  through  the  intervention  of 
cells  that  further  develoinnenl  emdd  take  place,  and  not, 
as  Henle  still  maiiUained,  through  an  amorphous  blastema 
formed  from  coagulated  lymph,  which  could  be  directly 
changed  into  new  tissue. 

Rokitansky    called   attention    to    the   changes  taking, 
place  in  vessels  which  hail  been  excluded  from  the  cir- 
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culation  owing  to  a  change  in  the  current  of  the  blood, 
as  the  umbilical  arteries  and  tlie  diirliis  Botiilii.  and  lie 
pointed  out  that  the  ])rocess  was  the  same  in  lijratunil 
vessels.  It  was  not,  in  the  opiuionof  this  writer,  through 
the  intervention  <if  a  thrombus,  but  through  a  collapse  in 
the  walls  and  their  sulisequent  fusion  by  the  depo.sition 
of  a  new  layer,  that  obliteration  took  ])lacc.  Virchow. 
who  was  at  first  more  or  less  iulh;ence<l  by  the  view.s  of 
Hunter,  as  he  became  convinced  of  the  power  of  cell 
action  and  inaugurated  the  theory  of  "oimiis  nllitlu  e 
cell'd'',''  discarded  the  views  of  >Sclnvann  and  lleide,  and 
saw  iu  the  white  corpuscles  of  the  thrombus  the  organ- 
izing eh'mcnts.  .\lihough  he  concc'ded  that  the  vessels 
in  the  thrombus  might  be  developed  from  the  vasa  vasor- 
um,  still  he  did  not  thiidi  that  the  i)resence  of  the  cellu- 
lar elements  of  the  new  tissue  could  be  explained  by  a 
primary  growth  inward  of  the  cells  from  the  vessel  w;dl. 
Both  he  and  Rokitansky  recognized  that  the  spaces  tilled 
with  fresh  lilood  were  not  new-formed  vessels,  but  chan- 
nels hollowed  out  by  the  blood  current  wliich  are  to  be 
distinguished  careftdly  from  tlu'  vascularization  of  th<' 
thrombus.  This  luoccss  was  termed  by  Virchow  the 
"sinus  lik<:  degeneration";  the  term  "cavernous  iricta- 
inorphosis  "  has  also  since  been  applied  to  it  by  Rind- 
flciscli.  The  latter  likened  the  thrombus  to  a  ti.ssue.  of 
which  the  white  corpuscles  were  the  cells  and  the  red 
corpviscles  and  fibrin  were  the  matri.x  and  the  gradual 
series  of  changes  of  IIk^  white  corpuscles  into  connective- 
tissue  cells  were  described  botli  by  him  and  by  ().  Weber. 
who  also  thought  that  new  blood-vessi-ls  were  formed  liy 
thei7i  which  sulisecpiently  united  with  the  vasa  vasorum. 
It  was  by  these  observers  that  the  theory  of  the  oigaiiiza- 
tion  of  the  thrombus  received  its  fullest  elidioration. 

Attention  had,  however,  already  been  called,  both  in 
France  and  in  Germany,  to  the  action  of  the  lining  mem- 
brane of  the  vessel,  ancl  the  views  of  the  above  nient  ioned 
writers  were  further  strengthened  by  an  inip(jrlaiit  com- 
nuuucation  from  His.  who  showed  that  the  endothelium 
was  of  an  essentiallv  dill'erent  origin  from  the  epithelium 
of  the  skin  and  mucous  inendiraiies.  and  belong<Ml  rather 
to  the  group  of  connective  substances. 

Waldeyer  tliereupon  concluded  that  the  endothelium 
was  capable  of  producing  a  young  connective  tissue 
within  the  vessel,  which  tissue  was  subseiiuenlly  vascu- 
larized by  vessels  sjjringing  from  the  vasa  vasorum.  and 
that  ilie  thrombus  was  absorbed  as  this  tissue  grew  into 
it.  The  same  thing,  be  thought.  occurriMl  in  the  blood 
clot  in  extravasation.  th<'  process  of  organization  always 
taking  place  at  the  edges  only. 

Tile  investigations  of  Recklinghausen  on  the  wander- 
ing cells,  and  of  Cohnheim  on  the  i)assa,ge  of  the  white 
corpuscles  through  the  walls  of  blood-vessels,  turned  the 
discussion  into  a  new  channel.  The  theory  of  the  or- 
ganization of  the  thrombus  was  now  virtually  abandoned, 
and  the  dispute,  as  to  the  origin  of  the  cells  found  in  the 
thrond)Us.  now  lay  between  those  who  derived  such  cells 
from  the  endothelium  and  those  who  assumed  that  they 
had  wandered  in  through  the  walls  of  the  vessels.  While 
the  views  of  Cobidieim,  as  to  the  origin  of  the  new  cells 
in  intlamed  tissues,  were  adopted  by  a  large  number  of 
pathologists,  there  were  still  many  who  believed  that  the 
pre-cxi.sting  cells  of  a  part  were  callable  of  pr(jliferation. 

The  study  of  endarteritis  ajipiars  to  have  convinced 
most  observers  that  the  growths  wliich  eventually  ob- 
literate the  smaller  vessels  arise  from  the  internal  tunic. 
A  growth  of  mucous  tissue  is  souK'times  seen  under 
the  endothelium;  at  other  times  its  upper  layer  also  ap- 
pears to  be  involved;  and,  if  coagulation  of  the  blood 
occurs,  tli(^  cells  may  grow  into  the  clot  so  formed.  Ac- 
cording to  ('<iruil  and  Ranvier,  a  furlher  growth  of  sucli 
tissue  in  larger  vessels  will  lead  to  a  breaking  down  of 
the  media,  and  to  a  growth  of  cells  outward  into  the  ad- 
ventitia.  A  number  of  observers  have  found  a  new 
formation  of  vessels  in  the  obliterated  artery  produced 
by  the  force  of  the  blood  current  forming  a  elianiii  I. 
Around  sik  h  spaces  may  be  seen  newly  formed  elastic 
lamina',  constituting  a  newly  developed  wall  for  tlie  new 
vessel,  which  thus  (bus  the  work  of  a  coUaterdl  branch. 


Analogy  would  sugg<-st  a  growth  also  of  the  internal 
tunic  ill  vessels  after  ligature,  and  Cornil  and  Ranvier, 
indeed,  con.sider  the  two  proces.ses  identical. 

'I'he  weight  of  opinion  latterly  has  been  decidedly  in 
fav(n- of  the  activity  of  the  inner  tunic  of  the  vessel  in 
the  healing  process  after  ligiiture  Such  is  the  view  of 
tho.se  who  have  studied  the  subject  in  this  country  dur- 
ing recent  years.  .Shakespeare  (lerivesthe  new  formation 
from  the  endothelium  and  subjacent  cells  of  the  intima. 
A  collection  of  these  cells  is  to  be  found  at  the  point  of 
li.gature  at  the  end  of  the  first  twenty-four  hours,  form- 
ing a  cushion  upon  which  the  dot  is  seen  to  be  resting. 
To  this  new  grow  th  Shakespeare  gives  the  name  "  plastic 
clot."  The  thrombu.s,  or  "  librinoiis  clot."  takes  no  pari 
in  tlu-  i)rocess,  but  is  pushed  up  by  the  plastic  clot,  iu 
whi<-li  latter  signs  of  vascularization  begin  to  show 
themselves  as  early  as  the  sixth  day.  communication  be 
ing  ell'ectcd  with  the  vasa  vasorum  between  the  liftcenth 
and  thirl icMh  days. 

Srim  tinds  that  the  cicatrix  is  the  exclusive  product  of 
c<iiuiective-tissiie  and  of  endothelial  proliferation,  and 
that  permanent  obliteration  takes  place  in  an  artery  in 
rriiin  four  to  seven  d;iys.  This  would  im])ly  a  reliance 
chielly  upon  the  intima  for  the  production  of  the  new 
tissue. 

Thonia  has  elaborated  the  views  of  Rokitansky  on  the 
analogy  with  the  closure  of  the  umbilical  arteries  and  the 
ilnrtiia  ISiitdlli:  and  he  has  described  the  formation  of  a 
hyaline  ami  ti'irillated  connective  tissue  in  the  ileeper 
layers  of  the  intima,  as  a  compensjilorv  endarteritis  oc- 
curring at  birth  in  that  part  of  the  arterial  system  spe- 
cially concerned  in  the  fetal  circulation,  in  the  arterioles 
of  the  kidneys  in  chronic  nephritis,  and  in  the  stumps  of 
arteric-s  after  ligature.  The  closure  of  an  artery,  lie  says, 
whetlier  it  occurs  physiologically  or  as  the  result  of  an 
o]ieration.  depends  upon  th<' slowing  of  the  current.  It 
begins  with  a  contraction  of  the  media;  if  this  contraction 
be  enough  to  restoie  the  normal  r;i]iidity  of  the  circula- 
tion, further  changes  are  conlincd  to  an  atrophy  of  the 
muscular  wall  sulticieiit  to  correspond  with  the  dimin 
islied  calibre  and  diminished  tension.  If  thischangedoes 
not  sulliee.  it  is  supplemented  by  a  comi)ens;itory  thick- 
ening of  the  intima.  The  ob.servations  of  Schultz  re- 
specting the  shape  of  the  cicatrix  in  an  arterial  stump, 
on  its  elongation  or  thickening  upon  one  side  of  the  vessel 
according  to  the  proximity  of  :i  branch,  are  in  tliis  way 
ex])lained. 

,\s  to  the  cause  of  fia'mation  of  the  thrombu.i.  Cohn- 
h(  im  takes  the  ground  that  it  is  due  to  an  injury  to  the 
endothelium;  the  old  view  that  it  might  be  |iroduced 
merely  by  a  slowing  of  the  current  not  liohling  good,  for 
even  in  inarasmic  thrombi  we  find  slight  injuries  to  the 
internal  membraiu';  moreover,  a  ligature  may  be  put 
around  the  vessel  without  producing  coagulation,  pro- 
vided the  endothelium  lie  not  injured.  Raumg.arten 
thought  to  av(jid  formation  of  a  ihrimibus  by  keeping  the 
wound  a.septic,  but  we  lind  no  other  such  observations 
recorded. 

The  slia|)e  of  the  thrombus  is  usually  represented  as 
ovoid,  the  apex,  which  is  unattached,  being  <lirected 
toward  the  lumen  of  the  vessel;  the  proximal  tlirombus 
is  usually  longer  and  always  broader  than  the  distal 
thrombus.  Bryant  explains  the  am])ulla  like  dilatation 
of  the  proximal  end  by  the  more  rapid  coagulation  of 
lilood  here,  wliich  coagulation  is  attributed  by  l.isler  and 
Callendar  to  the  greater  turmoil  into  which  the  blood  is 
thrown  on  the  cardiac  side  by  impinging  against  the  ob-- 
struction.  the  churning  judcess  leading  to  the  deposit  of 
tibrin  more  or  less  ])ure;  but  they  also  agree  that  the 
deposit  of  blood  clfM  is  favored  by  slowness  of  move- 
ment, as  on  the  distal  side  in  the  lower  extremity  when 
the  anastomosis  is  not  free 

It  will  be  observed  that  those  liistologists  who  have 
interested  themselves  in  the  repair  of  arteries  have  con- 
sidered the  question  usually  from  some  spicial  stand- 
point, such  as  the  "'organization  of  the  thrombus. "  the 
role  of  the  white  corpuscles,  of  the  wandering  cells,  or  of 
the  endothelium.     VVe  shall  now  undertaki-  to  follow  the 
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various  piitlioloirioal  cliaiiscs  wliicli  occur  in  anrl  arouud 
the  vessel  from  tlie  tiiiic  llic  linalurc  lias  been  aii|ilic(l 
until  the  process  of  cicatrization  has  been  fully  com- 
pleted. The.se  cliaii_!;es  may  be  compared  not  inaptly  to 
those  which  occur  in  lonj;  Ixmcs  after  fracture.  In  both 
wo  find  an  external  and  an  internal  e;dhis.  in  both  there 
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Fis.  319.— Ligatured  Vessel,  a.  Proximal  thrombus  In  ampulla-like 
dilatation  of  the  vessel ;  i>,  media ;  c,  adventitia :  I,  site  o(  ligature. 
(Drawn  from  author's  specimen.) 

is  a  growth  of  tisstie  which  has  only  a  provisional  exist- 
ence, and  in  both  the  dense  walls  subsecjuently  undergo 
certain  changes  which  enable  them  to  take  a  tardy  but 
important  part  in  the  final  cicatrization.  In  arteries, 
liowever.  the  external  callus  produces  a  ligamentous 
union  only  between  the  two  fragments. 

When  a  large  ai'tery  is  tied  in  its  continuity,  the  intima 
and  a  variable  portion  of  the  media  are  usually  ruptured, 
and  the  adventitia  is  gathered  into  a  dense  tendinous 
sheath  around  the  constricted  ends.  The  first  noticeable 
change  is  the  formation  of  the  thnimbi,  which  are  usu- 
ally developed  within  the  first  twenty-four  li<iurs,  and 
the  accumulation  nf  a  granulation-like  nuissof  cells  about 
the  ligature,  which,  if  it  has  been  cut  short,  is  completely 
enveloped  by  them.  This  growth  ajipears  to  proceed 
from  the  periadventitial  tissue,  and  varies  according  to 
the  amount  of  in.juiy  done  by  tlie  ligature  to  the  vessel 
walls,  or  to  the  irritation  which  it  produces.  If  the  coats 
of  the  vessel  have  l)een  unnecessiirily  bruised  and  a  cer- 
tain amount  of  extravasation  lias  taken  place  in  con- 
sequence, or  if  the  ligature  itself,  for  some  cause,  has 
created  irritation,  the  surrounding  inflammatory  tissue 
will  form  a  well-marked  callus.  If  an  excessive  irritation 
has  been  produced,  the  growth  of  this  protective  tissue 
may  be  retarded,  or  it  may  lie  destroyed  and  the  danger 
of  hemorrhage  corresiwnidingly  increased.  Following 
the  developTuent  of  this  external  growth,  we  find  that  it 
extends  some  distance  nji  and  down  the  sides  of  the 
vessel  in  the  periadventitial  tissue,  the  round  cells  of 
which  it  is  composed  invading  only  the  .superficial  layers 
of  theadventitia ;  the  breadth  of  the  growth  is,  of  cotu'se, 
greatest  at  the  point  of  ligatui-e;  in  length  it  reaches 
usually  to  a  point  on  a  level  with  the  ends  of  the  two 
thrombi ;  when  fully  developed  it  is  consequently 
spindle-shaped  (Fig.  319).  At  the  point  of  ligature, 
where  the  libics  of  the  outer  wall  are  densely  packed 
(Fig.  319,  I),  the  wandering  cells  do  not  iienetrate  during 
the  first  few  days;  but  jiist  aboveand  below  the  ligature 
they  may  be  fo\ind  already  invading  the  media  as  early 
as  the  second  day  ;  occasion.-dly  the  apex  of  a  jiyramidai- 
shapedmassof  such  cells  will  I'lave  reached  the  thrombus. 
These  cells  appear  to  exert  a  solvent  action  on  the  bunch 
of  fibres  projecting  from  the  ring  of  the  ligature,  which 
thus  becomes  gradu.-iUy  lilierated  from  all  connection 
with  the  vessel,  the  Iwc'i  ends  of  which  now  retract  and 
leave  the  knot  embedded  in  the  centre  of  the  callus.     The 


fibres  of  the  ligature  itself  soon  become  infiltrated  with 
cells,  and  by  the  tenth  <lay  they  may  have  already  disaji 
))eared,  or,  if  its  lesisting  powers  are  greater,  may  remain 
encysted  for  some  time.  The  period  which  the  ligature 
requires  for  this  separation  varies  greatly  according  to 
the  size  of  the  vessel  and  character  of  the  ligature,  and 
is  longer  in  luau  than  in  animals.  If  the  artery  has  been 
properly  dissected  out,  this  external  growth  will  be  ob- 
served forming  a  callus-like  ring,  in  which  the  two  ends 
of  the  vessel  are  embedded,  in  size  about  twice  the  thick- 
ness of  the  vessel,  and  it  can  still  be  .seen  well  developed 
at  the  end  of  two  months  (Fig.  320).  In  the  specimen 
from  which  the  accompanying  drawing  was  taken  the 
ligature  had  caused  suppuration  about  it,  and  had  formed 
a  fistulo\is  track  at  the  fundus  of  which  some  fibres  were 
found  still  remaining.  By  the  end  of  three  months  the 
exti'inal  callus  has  disappeared,  and  only  a  slender  cord 
unites  the  peripheral  to  the  proximal  end. 

Already  by  the  fourth  day  changes  are  noticed  within 
the  vessel.  Observing  the  pioximal  thrombus  we  find 
an  increase  in  the  number  of  white  corpuscles,  particu- 
larly near  the  pfiint  of  ligature,  not  in  an  isolated  mass, 
but  mingled  with  red  corpuscles.  Masses  of  coagulated 
fibrin  with  young  cells  (white  corpuscles  of  clot,  wander- 
ing cells  from  arterial  coats,  and  rarely  also  peri-arterial 
tissues)  are  attached  to  the  fra.ved  ends  of  the  media 
which  have  been  cut  by  the  ligature,  and  are  more  or  less 
inverted.  The  endothelial  cells,  when  not  firmly  com 
pressed  by  the  thrombus,  as  in  the  distal  end,  are  in  a 
state  of  activity,  undergoing  proliferation  to  a  moderate 
extent.  ■  Occasionally,  loop-like  masses  of  cells  may  be 
seen  projecting  into  the  clot,  or  a  delicate  anastomosing 
netw(n-k  of  stellate  or  spindle-shaped  cells:  but  the  total 
amoimt  of  this  cell  growth  is  sinall  as  compared  with  the 
size  of  the  thromlius.  In  the  mean  time,  in  the  second 
week,  masses  of  granulation  cells  are  seen  infiltrating 
that  part  of  the  wall  which  is  separating  or  has  already 
separated  from  the  ligature.  Even  at  this  period,  with 
the  external  growth  carefully 
dissected  away,  as  is  the  cus- 
tom in  museum  specimens, 
the  vessel  apjiears  to  have 
united  by  first  intention,  that 
is,  by  a  direct  luiion  of  the 
media  and  intima  side  to  side. 
But  the  infiltration  and  soft- 
ening continue  luitil  the  walls 
are  .separated  and  expand, 
like  the  petals  of  a  rose,  yield- 
ing before  the  advancing 
growth  of  granulation  tissue. 
The  deeper  portions  of  the 
clot  are  now  infiltrated  with 
two  giowths;  the  more  su- 
jicrficial  (that  is.  the  portion 
nearest  the  open  lumen  of  the 
vessel)  is  composed  of  tissue 
grown  from  the  intima  and 
media  and  wandering  cells, 
and  the  deeper  is  corajioseil 
of  vascular  granulation  tissue 
which  has  juished  its  way  in 
from  withovit.  Viewed  at 
the  third  wc<'k,  the  ends  of 
the  vessel  will  be  found  ex- 
panded and  the  space  be- 
tween them  filled  with  well- 
formed  gramdations.  such  as 
are  si'cn  on  the  surface  of  a 
healthy  wound.  A  portion 
of  the  llirombus.  sometimes 
a  large  portion,  has  not  been 

infiltniled,  but  is  attached  firmly  to  the  top.  A  lon- 
gitudinal section  of  such  a  specimen  gives  a  strik- 
ing illustration  of  wdiat  is  understood  as  "healing  by 
scabbing."  As  the  clot  shrinks  the  spaces  left  between 
the  granulations,  which  have  now  rolled  over  one  another 
in  cloud  like   masses,  become  continuous  with  the  open 


I 


Fig.  320.-Carotid  Arterv  of 
Horse  Two  Months  Aft^rLiini- 
tun*.  U  Sinus  at  siteof  liga- 
ture ;  the  ends  of  the  artery 
have  separated,  but  are  en- 
closed in  a  firm  ralliis. 
(Drawu  from  author's  speci- 
men.) 


640 


REFKliE^■CI•:   HANDBOOK   OF  THE  MEUK  AE  SCIENCES. 


ArlrrlcN. 
ArtcrleK. 


Fig.  Kl.— ranitiil  Artery  of  DoK  Four 
Months  Afior  LiaauiVi',  sliowiiif;^  sliaix^  of 
cicatrix  as  nioiiitleil  hy  ilw-  pit'senro  of  a 
limtich.    (Drawn  from  author's  specimen.) 


hiiiicn  of  the  vessel.  aii(]  tli(^  so-callerl  "raiializsitioii  "  (if 
the  tliromhiis  is  tliiis  elVected.  An  iiijeetioii  mass  can  be 
forced  from  t  lie  ve.ssel  for  some  distance  into  lli(ses|iacts. 
but  as  yet  they  do  not  communicate  with  ilii'  vessels  of 

the  jrraiuiUnioii  lis- 

.K-"i=iv  j'-=-iu  '*'"'•     ''''"'^  W'liiniu- 

jK=*f\  UW?}}  lucation   usually 

Vi|iilV\  jMsIif  iloes  not  occur  tin- 

Ue5=,m,-\  lim^di)  ,j[    fill,    second 

iiKiiith.  that  is.  un- 
til the  provisional 
growth  has  reached 
its  period  of  hiuh- 
(^  s  I  ilevelopmeiit. 
The  vessel  walls 
have  in  the  mean 
time  been  uiider- 
.i^oiuK  certain 
chani;es.  A  ]iro- 
liferalioii  o  f  the 
cells  of  th(^  iiitiiim. 
as  has  been  noiici'd 
by  so  man  y  o  b- 
servers,  u  ii  q  u  e  s- 
t  i  o  n  a  b 1 y  takes 
p  1  a  c  e ;  i)  u  t  the 
amount  developed 
is  not  sufficient  to 
supply  more  than 
a  veiy  small  pari 
of  the  provisional 
tissue.  The  cells. 
however,  have  be- 
jjun  to  grow  before 
the  other  tissue  has 
made  its  way  iiito 
the  vessel,  and  at  Ibis  period  serve  the  jniriiose  of  allach- 
ing  the  thrombus  lo  the  walls  of  the  ve.ssel.  but  <'\-eii  in 
this  work  they  are  aided  by  other  cells  from  the  media. 
They  also  furnish  a  new  endolbelial  covering  lo  tlie  per 
manent  cicatrix,  and  a  lining  to  the  new  vascular  spaces 
that  liave  been  formed.  When  the  plastic  lamina  lias 
been  ruptured  (and  this  is  frei|uenlly  seen  on  the  sides  of 
the  vessel  near  the  ligalure.  and  also  here  and  there  liiglier 
up  as  far  as  I  he  thrombus  extends),  we  lind  an  intimate 
connection  at  such  jioints  of  tin-  media  with  new  grow- 
ing tissue  within  the  vessel.  In  the  .second  week,  cells 
may  be  seen  springing  from 
Ihc.  media  and  growing  into 
either  the  clot  or  a  clump  of 
cells  attached  to  tlu^  inner 
wall.  The  cells  are  round 
and  spindle-shaped,  freiiuent- 
ly  in  bundles.  Evidences  of 
cell  activity  in  the  media  are 
abundant,  and  in  some  s|ieci- 
mens  in  animals  a  prolifera- 
tion of  llie  muscular  cells 
through  th(!  whole  Ibickiicss 
of  the  media  is  observed,  giv- 
ing a  considerable  increase  to 
the  width  i)f  this  layer.  The 
elastic  lamina  is  frayed  out  at 
its  divided  end.  and  glisten- 
ing elastic  fibres  are  ;;een  ex- 
tending dounwaril  into  the 
external  growth  as  the  two 
ends  of  the  vessel  gradu- 
ally retract  from  each  other. 
At  the  end  of  three  months 
the  provisional  tissue  has 
been   absorbed.  an<l   we   lind 

the  walls  united  by  a  permanent  cicatrix  wliich  joins  the 
sides  of  \\u-  ves.sel.  still  somewhat  sejiarated  from  each 
other.  It  consists,  in  medium  sized  arteries,  of  a 
crescent -shaped  ma.ss  of  tissue,  the  concave  side  of  which 
faces  the  lumen,  while  the  horns  run  up  on  either  side 
of  the  vessel.     One  horu  may  be  long  and  the  other  short , 


Ftfi.  S22.— New  Musculnr  Cells 
in  the  Ciejirri.v  ;  from  the  fem- 
oral artery  i>f  a  dotr  lliree 
months  after  lij-'ature. 
(I)mwn  from  author's  s[)eei- 
mcti.) 


the  crescent  being  placed  somewhat  excentrically.  The 
longer  horn  may  be  sometimes  thickened  (see  Schultz 
and  Tlioma).  as  in  Fig.  'Ml.  if  a  branch  lies  opposite  to 
il.  In  till'  largest  vessels  the  cicatricial  1  issue  occupies 
a  considerable  ])orlii>n  of  the  calibre  of  the  vessel. 

On  the  surfa<-e  of  the  cicatrix  is  seen  a  thin  layer 
of  endothelium;  lienealh  this,  in  medium-sized  ves.sels, 
there  can  be  seen  a  layerof  delicate,  tapering,  spindle  cells 
withstafT-shaiicd  nuclei,  forming  a  continuous  layer  from 
one  horn  to  Ihe  other.  They  run  ])arallel  to  one  another 
and  to  the  arc  of  thi;  circle  made  by  Ihe  crescent,  and 
resi'mlile  in  all  respects  nui.scular  cells,  in  short,  a  genu- 
ine niusciilar  layer  is  fouiid  here  (Fig.  oSi).  Beneath 
this  layer  is  a  mass  of  cicatricial  connective'  tissue  which 
plugs  the  space  lying  direclly  between  the  ends  of  the 
relracled  walls  (Fig.  i>2'.i).  Tlie  cicatrix  is  jiierced  by 
a  vessel  of  considerable  .size  which  rapidly  tajicrs  to  a 
point  and  anastomoses  with  a  capillaiy  network,  rami- 
fying both  in  I  Ik-  cicatrix  itself  and  in  the  ligameutons 
band  outside.     This  central  vessel,  which  in  larger  cica- 


FKi.  K!.— Kxtenial  Iliac  .Artery  of  Man  On.'  Ilundreil  and  Thirty 
Days  .\fler  l.iiianiri' :  formation  of  peiioanent  eieatrix.  (Dniun 
from  author's  speeimeii.  i 

trices  becomes  tortuous  and  gives  to  the  cicatricial  tissue 
a  "cavernous"  ii]ipearance,  maybe  regarded  as  the  un- 
oliliterated  residuum  of  the  lumen. 

We  find  in  this  anatomical  peculiarity  of  the  cicatrix 
an  explanation  of  its  immunity  from  aneurismal  dilatji- 
lion.  The  protective  inlluence  of  the  thrombus  enables 
ihe  ]U'ocess  of  cicatrization  to  complete  itself  before  tlu; 
cicatrix  is  called  ii]ion  to  withsland  blood  pressure,  and 
it  is  then  armed  with  .-i  muscular  coal  (as  is  the  normal 
ve.ssel  wall),  which  acts  not  unlike  a  levator  aid  niuscle 
in  sustaining  and  modulating  the  force  of  the  blood 
column. 

The  ligament  which  unites  the  two  ends  of  the  ve.ssel 
represents,  in  jiart,  the  residue  of  the  external  callus;  it 
has  become  much  elongated  by  the  retraction  of  the  two 
ends.  During  tlie  healing  process,  a  small  portion  of  the 
vessel  walls  has  become  disiiitegr.'ileil  liy  the  new 
growth,  and  a  ixirtiiJii  has  atrophied  and  has  been  ab- 
sorbed, the  remaining  walls  hijve  shrunk  greatly  by  re- 
traction, and  their  calibre  has  been  tilled  lo  a  greater  or 
less  extent  by  a  cicatricial  tissue;  so  that  the  vessel  lias 
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bocoiuc  i^rartically  oblitemted  up  to  the  first  brauches  of 
tlie  collalcrjil  ciiculatiim. 

Tlie  thrimilnis  is  a  more  iiussivc  structure,  and  takes 
no  part  in  the  srowlli.  but  is  protective  and  allords  an 
excellent  medium  for  the  germination  of  the  new  tissue. 


riG.  321.— Method  of  Inserting  E.\ternal  Suturr^s.     I  After  Murphy.) 

Its  upper  portion  is  not  penetrated  by  the  new  growth, 
but  rests  ujion  it  and  forms  a  sort  of  protecting  .scab.  It 
is  deposited  gradually,  and  has  a  stratified  appearance. 
Its  size  appears  to  be  dependent  upon  the  amount  of  in- 
juiy  done  to  the  vessel  and  the  resulting  inflammation. 
If  the  intima  or  the  elastic  lamina  has  been  ruptured  in 
liandliug  the  vessel,  as  can  fre(iuently  be  demonstrated 
by  the  !nicrosco]ie,  some  distance  from  the  point  of  liga- 
ture, clots  will  form  at  these  jioints,  and  the  tlu'ombus  will 
thus  become  elongated.  Occasionally,  the  apex  is  formed 
of  white  corpuscles  only,  and  may  be  free  or  lightly 
attached  to  the  wall  Ijy  a  cell  gro\\'th  from  the  intima. 
The  distal  thrombus  is  .shorter  than  the  proximal,  and 
much  narrower,  so  tliat  there  is  but  little  difficulty  in 
distinguishing  them  from  each  other. 

It  was  at  one  time  the  custom  to  place  a  double  liga- 
ture upon  large  vessels,  in  place  of  a  single  ligature,  and 
to  divide  the  vessel  between  them.  This  procedure  was 
advocated  by  Jones,  who  s:n's:  "  In  the  single  ligature, 
although  the  knot  is  soon  covered  up  and  protected  by 
an  effusion  of  lymph,  it  is  placed  in  the  centre  of  a  por- 
tion detached  from  the  surrounding  cellular  membrane, 
and  the  process  of  repair  cannot  go  on  so  well,  as  the 
nutritive  vessels  are  cut  otf.  In  the  double  ligature,  the 
knots  are  placed  where  the  connection  of  the  vessel  with 
the  sinToun<ling  tissues  is  com]>!ete." 

This  theory  has  recently  lieen  revived  by  Walsham. 
who  considers  the  separation  of  the  artery  from  its  sheath 
as  important  a  factor  in  influencing  the  result  as  tight- 
ness of  tlie  ligature  or  division  of  the  coats,  ina.smuch  as 
the  vitality  of  the  artery  depends  in  a  great  measure,  lie 
thinks,  upou  the  blood  supi)l_v  received  from  the  .sheath. 
But  Holmes  objects  to  this  method  on  account  of  the 
free  dissection  and  exposure  of  adjacent  vessels  rendered 
necessary:  if  the  knot  "  will  keep  its  hold  on  the  vessel 
until  the  seat  of  the  ligature  is  buried  in  a  mass  of  new 
fibroid  material,  secondary  hemorrha.ge.  if  not  impossi- 
ble, is,  at  least,  very  improbable."  The  method,  he 
says,  has  i.iassed  out  of  use  when  secondary  liemorrhage 
was  common,  to  be  brought  liack  when  it  is  rare. 

The  supposeil  danger  to  the  vessel  wall,  incurred  in 
applying  the  single  ligature,  is  based  ujion  anatomical 
rather  than  ujion  ]iat hi  .logical  conditions,  and.  in  the 
liglit  of  present  knowledge,  is  a  tlieoretical  rather  than  a 
practical  objection. 

Murphy  has  recently  experimented  with  sutures  of 
veins  and  arteries.  In  suturing  lateral  openings  of  arteries 
the  sutures  should  enter  only  the  adventiitia  and  media, 
the  intima  being  avoided,  to  prevent  endarteritis.  The 
.sutures  should  be  inserted  every  one-sixteenth  to  one- 
twentieth  of  an  inch.     1  Icmorrhage  from  needle  punctures 


may  be  coutrollinl  by  gentle  pressure.  If  necessary  to 
resect  a  portion  id'  the  artery  not  more  than  three-fourths 
of  an  inch  should  be  removed. 

Murphy's  nietliod  of  invaginating  the  ends  of  the 
vessel  is  shown  in  Figs.  3'24  and  82.").  Twisted  silk  is 
used  for  sutures  and  ei,!;ht-iuch  Billroth  compression 
forceps  with  broad  blades  and  catch  are  employed  to  con- 
trol tiic  ends  of  the  vessel.  The  blades  are  covered  with 
rubber  tuliing  to  protect  the  vessel.  In  order  to  facili- 
tate the  invagination  a  small  incision  is  made  parallel  to 
the  long  axis  of  the  vessel  extending  for  a  distance  of 
from  one-fourth  to  one-third  inch.  "The  arterial  blood 
pressure  tends  to  press  the  walls  closer  and  thus  prevent 
liemorrhage. 

Murphy  has  successfully  treated  the  femoral  artery  in 
this  way  in  a  man  twenty-nine  years  of  age.  The  arter\- 
was  perforated  by  a  bullet,  which  also  caused  a  linear 
wound  of  the  vein  which  was  sutured. 

LiG.VTUREs. — It  was  chiefly  due  to  Jones'  investiga- 
tions that  the  modern  single  thread  found  at  one  time 
almost  universal  adoption.  Cutting  short  both  ends  of 
the  knot  was  adopted  as  long  ago  as  1798  bj'  an  Ameri- 
can naval  surgeon.  The  disadvantages  of  a  silk  or 
hemiien  ligature  were  supposed  to  be  due  to  its  non- 
alisorption  and  the  liability  to  produce  suppuration,  but 
the  ordinary  silk  or  hempen  ligature,  if  cut  short,  will 
eventually  lie  absorbed. 

The  introduction  of  the  animal  ligature  is  generally 
ascrilied  to  Physick,  whose  ligatures  were  made  (if 
chamois  leather  rolled  on  a  slab,  to  render  them  hard  and 
round.  Sir  Astley  Cooper  tried  them,  and  they  were 
used  in  this  country  on  all  the  large  vessels  by  Jamicson. 
of  Washington,  who  advised  ushig  the  buckskin  soft  and 
a  little  broader  than  the  ordinary  thickness  of  the  skin. 

The  most  common  form  is  the  catgut  ligature.  It  is 
prepared  from  the  small  intestine  of  the  sheep  by  scrap- 
ing away  the  muscular  and  mucous  coats,  all  "that  re- 
mains being  the  submucous  cellular  coat  and  a  narrow 
strip  of  peritoneum.  The  translucent  membranous  tube 
which  remains  can  be  twisted  entire  for  the  coarser 
forms  of  catgut,  and  is  then  dried.     For  the  finer  kinds, 


Fig.  325.— Method  of  InsfTtine  Sutures  to  Produce  Invagination. 
(After  Murph.v. ) 

the  submucous  coat  is  split  liy  means  of  razor  blades, 
more  or  less  numerous,  according  to  the  degree  of  split- 
ting rec|uired,  and  connected  with  a  conical  piece  of  wood 
which  is  imslied  along  the  tube.  If  it  has  not  been 
projierly  iirejiarcHl.  the  substance  of  the  catgut  becomes 
converted  in  the  course  of  a  very  few  days  after  the 
aiijilication  of  the  ligature  into  a  soft!  pultaeeous 
mass,  which,  when  we  examine  it  by  a  microscope, 
we  find  to  consist  of  remains  of  the  old  cellular  tissue 
of  the  submucous  coat,  the  interstices  among  the  fibres 
being  filled  with  cells  of  new  formation.  The  catgut 
tissue  is  infiltrated  with  young  growing  cells,  and  it 
is  obvious  that  it  is  this  infiltration  which  is  the  cause  :if 
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tlir  softiiiin.!;;  but,  on  the  othor  liand,  if  tlio  patgiit  is 
|ir(i|xTl_v  prcpaied.  iiislcad  of  liciiii;  iiitiltratcd  by  the 
<clls  of  now  formation  it  is  only  sniicrticially  eroded. 
I'ntil  nearly  a  fortnight  has  elapsed,  erosion  doe.s  not 
begiu.     It  then  proceeds  gradually,  and,   therefore,  the 


Fio,  32fi.— Ballinice  aiiJ  IMiminds'  "  Stay  KiKit  "  :  Fluss  Silli  T.iiratarp ; 
First  Slapi'. 

thicker  the  eatgiit  the  longer  is  the  time  retinired  for  its 
eomplete  removal.  We  may  fairly  eonsider  that  fiom  a 
fortnight  to  three  weeks  is  long  encjiigh  for  the  persist 
cnee  of  a  ligature  upon  an  arteiy  in  its  eonliiuiity.  Jf 
over-prepared — that  is.  rendered  too  liard  by  Iheehromic 
aeid — it  may  be  disehargi'd  «  holi'.  as  in  the  <'asc  of  the 
hempen  ligature  (luoted.  ^lany  of  the  failures  with  cat- 
gut ean  Ih!  referred  to  improper  modes  of  ])repara1ion ; 
and  although  the  danger  of  olitaining  a  material  that  is 
too  readily  dissolved  is  not  so  great  since  the  introduction 
of  the  chromicized  gtit,  the  necessity  of  being  so  depend 
cnl  iiiion  the  care  of  the  uianuraetnrer  eonslihites  a  cer- 
tain objection  to  its  use. 

(.)ther  forms  of  ligature  are  those  jirepaied  from  the 
kangaroo  and  whale  ten<lons. 

Barwell  has  ]iro])osed,  in  the  treattnent  of  aneurism, 
the  use  of  the  o.\ -aorta,  ligature,  which  ean  be  applied  so 
as  not  to  divide  the  internal  coats,  and  need  not  ulcerate 
through  the  artery.  He  thinks  it  becomes  organized, 
having  seen  remains  in.seiiarably  mi.\ed  with  the  sur- 
rounding tissues  tifteen  months  after  it  had  been  aiijUied. 
In  other  eases  it  is  absorbed.  It  is  prepared  by  cutting 
S|)iral  strips  from  the  aoit.a.  A  weight  isallached  to  the 
end  of  each  flat  band  thus  produced,  and  th<'  band  is 
hung  up  and  dried.  .lust  before  use  it  may  be  moislened 
in  a  solution  of  carbolic  acid. 


Flfi.  327.— liallance  and  Edinunds'  "Stay  Knot "  Completed. 

Dent  re])orts  a  case  of  the  aiijilieation  of  the  tendon 
ligature  to  the  carotid  and  subcia\  ian  arteries  followed 
by  death  at  the  end  of  ten  days.  In  an  examination  of 
the  carotid,  the  knot  of  the  ligature  was  fcnind  in  clo.se 
contact  with  the  artery,  encysted  in  a  small  cavity  in  the 
effused  lymph.  The  knot  was  almost  gelatintnis  in  ap- 
pearance. Transverse  sections  showed  that  the  external 
coat  of  the  artery  "  was  not  ulcerated."  and  this  condition 
is  considered  <lue  to  the  slight  swelling  and  softening 
which  such  a  ligature  undergoes.  New  blood  vi'ssels 
were  found  deve!oi)ed  in  tliose  jiarts  of  the  tendon  which 
lay  close  to  the  artery;  that  is,  rows  of  spindle  shaped 
cells,  with  spaces  between,  were  seen  branching  in  the 


tendon  tissue,  and  l)lood  ves.sels  were  seen  passing  into 
both  the  artery  and  the  tendon;  the  tendon  was  also  infil- 
trated in  other  portions  with  graiuilation  cells;  some  of 
the  adjacent  nuiscular  coat  was  being  attacked  and  eaten 
away.  This  ipiestion  of  the  orgaidzation  of  the  ligature 
was  lirst  rai.sed  by  Lister,  who  now  explains  that  he  does 
not  mean  that  (he  catgut  conies  to  life  again,  but  "new 
tissue  forms  at  the  expense  of  the  old,  that  the  old  tissut! 
is  absorbed  by  the  new.  and  that  as  th<' old  is  absorbed 
new  is  put  down  in  its  place."  Evidently  he  is  here 
describing  the  form;ition  of  the  lirovisional  tissue,  or  ex- 
ternal callus,  ami  the  gradual  absorption  of  the  ligature. 
The  observations  of  Dent  may  be  interpreted  in  Ibessime 
sense,  the  granulation  tissue  jiushiug  its  way  iido  the 
interstices  of  the  knot  preparatory  to 
"citing  it  away,  "  as  it  alrc-atly  has  done 
portions  of  the  muscular  coat.  Jn  Bar 
wells  case  the  iireservation  of  a  distinct 
band,  fifteen  months  after  ligature,  may 
be  accounted  for  by  sujiposing  that  the 
ligalure  had  not  been  wholly  absorbed. 
Much  mi.sconee|>tion  has  arisen  from  an 
improper  iireiiaration  of  such  siieeimens. 
In  order  i)roperly  to  appreciate  existing 
conditions,  the  v<'ssel  should  be  l-emoved 
with  the  surrounding  inllainmatory  tis 
siKwittached  to  it,  should  then  be  jilaced 
in  sonie  hardening  fluid  for  a  few  days, 
anil,  finally,  a  longitudinal  section,  with 
a  sliarp  razor,  shoidd  di\  ide  it  into  ctpial 
halves 

Ballance  and  Edinunds  call  altintion 
to  the  danger  of  failure  to  close  the  lu 
men  of  an  arteiy  ligatured  in  conliiHiity 
by  the  ordinary  single  ligalure.  This  is 
due  to  the  loo.seningof  the  first  half  of 
the  knot,  while  the  .second  half  is  being 
tied.  They  recommend  the  "stay  knot.  " 
Floss  silk  is  employed  and  two  ligatures 
are  jilaced  close  to  each  other  and  the 
first  half  of  each  knot  is  tied  in  the 
usual  way.  In  the  second  half  of  the 
knot  the  two  ends  on  each  side  are 
treated  as  one  and  (he  second  hitch  is 
tied  as  if  completing  an  ordinary  reef 
knot.  The  knot  should  not.  according 
to  these  !iuthors,  be  tied  so  fight  as  to 
rupture  the  inner  walls,  but  only  so  as  to 
place  them  accurately  in  apposition. 
The  danger  of  hemonhage  or  of  aneu- 
rismal  (lilatation,  they  claim,  is  thus 
avoided.  (.See  Figs.  :i;>(i,  ;tJT,  and  ;«><). 
In  large  arteries  ligatured  in  continuity  a  stout  braided 
silk  ligature,  will  hold  the  wall  of  tbi-  vessel  firmly  in 
contact  after  the  (irst  half  of  (he  knot  has  been  tied"  for 
a  sutfleient  length  of  time  to  enable  the  surgeon  to  com- 
plete the  knot,  and  is,  owing  to  its  simplicity,  lo  be  pre- 
ferred to  the  "stay  knot."' 

Metallic  ligatures  have  not  been  favorably  received, 
though  satisfactory  results  hjive  been  reported,  a  nuinber 
of  such  ligatures  not  interfering  with  union  by  first  in- 
(eidion.  The  difticulty  of  regulating  the  tension  of  the 
ligature,  and  the  amount  of  conseipient  injury  to  the 
vessel,  sippear  to  be  (he  chief  objections  to  them  for 
ligalure  in  the  continuity.  To  smaller  vessels  they  are 
not  so  easily  apjilied  as  are  pliable  ligatures. 

ToitsioN  was  not  unknown  lo  (he  ancients,  as  has  al- 
ready been  shown,  and  was  employed  by  certain  surgeons 
in  the  ^liddle  Ages;  but  in  more  modern  times,  surgeons 
wen-  not  familiar  with  it  until  it  was  brought  to  (he 
iiodce  of  French  surgeons  by  ccrlain  statements  of  a 
visitor  from  Germany.  Both  Velpeau  and  Amussat  ap- 
parently claimed  the  credit  of  introducing  it,  the  former 
in  conseiiuencc  of  his  experience,  when  a  student  with  a 
veterinary  surgeon,  in  the  twisting  of  the  pedicle  in 
spaying  and  castration,  anil  both  as  the  result  of  their 
observations  on  the  immunity  from  hemorrhage  in  lacer- 
ated arteries.     The  method  employed  by  Velpeau  is  thus 


F  Hi.  ;».-(■  oni- 
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described:  "After  lisivinn;  seized  the  vessel  by  itsextrem 
ity,  1  separate  it  from  the  surrounding  tissue,  and  grasp 
it]  at  its  deepest  point  in  Wu:  wound,  with  another  for- 
ceps, to  hold  it  tirmly  while  it  is  turned  on  its  a.\is, 
three  to  eight  times,  liy  the  lirst  pair  of  forceps."  He 
appears  to  have  employed  the  method  in  several  amputa- 
tions. Its  supposed  advantage  was  the  avoidance  of  a 
foreign  body  in  the  wound.  He  reeognized  the  fael  that 
animal  ligatures  would  be  ei|ually  good  for  tliis  purpose, 
and  also  the  disadvantage  of  torsion  in  diseased  ve.ssels, 
and  that  small  vessels  were  not  easily  isolated.  It  was. 
perliajis.  for  these  reasons  that,  although  ti'ied  thoroughlv 
by  some  of  the  leading  surgeons  in  France  and  Germany, 
it  fell  into  disuse  until  revived  by  Bryant,  in  Enghinll. 
The  elTect  of  torsion,  aeeonling  to  the  latter,  is  a  twist 
ing  of  the  el.astic  fibres  of  tlu^  adventitia  beyond  the  end 
of  the  vessel,  an<l  a  retraction  and  incurvation  of  the 
middle  and  inner  coats;  the  twist  in  Ihe  outer  coat  is 
permanent  and  cannot  be  unfolded  by  any  legitimate 
force;  the  middle  and  imicr  coats  are  retracted  in  the 
diiectiou  opposed  to  the  blood  stream,  appro.ximated  and 
overlapped.  Tliey  sometimes  assume  a  nipple  shaped 
projection,  at  other  times  a  valvular  form,  being  not  un 
like  the  semilunar  valves  of  the  heart,  and  closing  as  per 
fectly;  in  some  cases,  again,  they  ajijjcar  to  split;  in  all. 
the  coagulation  of  the  blood  is  favored.  The  safety  from 
hemorrhage,  according  to  I5ryant.  rests  upon  the  twist 
of  the  external,  the  retraction  of  the  internal  coats,  and 
the  coagulation  down  to  the  first  branch,  while,  in  aeu 
pressure,  the  perniaui'iit  safety  ilejiends  upon  the  last 
alone,  temporary  protection  being  all'ordcd  by  the  needle. 

Kocher  found  numerous  and  irregular  lacerations  of  the 
inner  coats  over  a  considerable  distiince  of  the  wall,  and 
independent  of  one  another,  while  in  ligature  the  nip 
tures  were  circularand  only  close  to  the  point  of  ligation. 
Tn  unlimited  torsion  there  is  considerable  narrowing  of 
the  lumen.  Owdng  to  these  peculiarities,  it  has  the  ad 
vantage  of  favoring  a  ra|)id  coagulation. 

The  effect  of  the  liniitiirg  forcejis  in  bruising  the  inner 
wall  of  the  vessel,  and  thus  favoring  both  coagulation 
and  repair  at  the  bruised  spot,  is  noticed  by  Shakespeare, 
who  reconunends  a  similar  bi-uising  in  ligatine  (the 
"modifii'd  ligature").  The  ])rocess  of  licaling  is,  accord 
ing  to  the  latter  observer,  the  .same  in  ils  essentials  as 
that  wdnch  occurs  after  ligature. 

Aci'PRESSURE. — The  introduction  of  this  method  of 
ha'mostasis  is  to  be  accnvlited  to  Sir  James  Simpson  (un- 
less  an  obscure  passage  in  John  de  Vigo's  writings  be  in 
terpreted  otherwise  than  as  a  (h'sci'iption  f)r  the  ordinary 
ligature).  He  saw  in  the  ligature  a  foreign  body  in  the 
wounil  which  cut  through  tlie  two  coals  at  the  time  of 
its  aii]ilication.  and  ale  thiinigh  the  outei'  coat  by  a  proc 
e.ss  of  ulceration,  mortilication.  and  gangrene.  Varia 
tions  in  the  shape  or  material  of  the  ligature  did  not 
overcome  these  disadvantages.  It  was  for  this  reason 
principally  that  amputation  stunii)S  healed  with  .sonnich 
greater  dillicnlty  than  wcauuls  in  Ihe  opci-ation  for  vesico 
vaginal  tistula,  although  Ihe  lallcr  wcreconstantlv  bathed 
in  leuconhceal  discliarges  aiid  urine  The  apidicaticai 
of  the  ligature  isolated  a  portion  of  the  enil  of  the  vessel, 
which  remained  in  the  wound  as  a  iiiccc  of  dead  tiesli 
until  it  came  away  with  tlw  ligature.  The  needle,  on  the 
other  hand,  did  no  inpiry  to  the  vessel  and  caused  no 
irritation,  its  use  being  based  vipon  "the  great  patho- 
logical law  of  the  tolerance  of  living  tissues  for  the  con- 
tact of  metallic  bodies  embedded  in  their  substance." 
Bryant  showed,  howevci',  that  th<'  ligaliu'cd  portion  did 
notsliiugh,  but  became adhercnl  and  vascidarized.  Even 
though  the  vitality  of  such  a  fi-agUK'nt  he  comiilctelv 
destroyed,  it  need  not  become  a  slough  unless  anotlu'r 
clement,  that  of  decomposition,  be  introduced,  and  may, 
therefore,  be  suinamded  by  healthy  granidatiug  ti.ssue 
and  become  disintegrated  and  absorlxMl  by  a  process 
already  described. 

Although  English  surgeons  supposed   that   no  injury 

was  done  to  the  \  essel  by  Ihe  n lie — llewsen  expressly 

slates  that  no  laceration  of  the  iiilernal  co.at   takes  place, 
and  Sliakespeare  does  not  mention  anj-  alteration  of  the 


tunics — Kocher  and  other  German  writers  have  demon- 
strated longitudinal  slits  in  the  intima.  l)ut  not  so  exten- 
sive as  those  occurring  in  torsion.  The  vessel  is  thrown 
into  longitudinal  folds,  which  become  sufficiently  tirmly 
glued  together  to  retain  this  shape  long  enough,  after 
the  removal  of  the  needle,  for  the  throndnis  to  form  and 
become  firmly  attached  to  the  walls.  A  specimen  ex- 
amined by  Kocher  at  tbeentl  of  t\\'cnly-two  hoiu's  showed 
no  lludml)us.  the  walls  being  compressed  and  somewhat 
thickened,  but  a  tine  probe  could  be  introduced  between 
thenr  At  thirty-six  hours  a  well-formed,  vixg  shaped 
throndius  is  represented  by  Shakespeare.  A  draWing  by 
Kocher  shows  a  specimen  fourteen  days  old,  when"  tlie 
walls  have  already  separated  from  each  other,  and  the 
thrombus  is  .short  and  wide,  having  a  concave  surface 
on  the  side  toward  the  lumen,  and  a  convex  surface  at 
the  olhei-  end.  The  relation  which  the  thrombus  bears  to 
the  vessel  is  that  of  a  cork  to  a  bottle,  beyond  the  neck  of 
which  it  does  not  project.  It  is  probable  that  the  apex 
had  been  detached.  Hewsen  also  mentions  that  the 
thrombus  is  confined  to  the  compressed  spot.  The  final 
cicatrix  has  a  shape  similar  to  that  described  as  following 
ligature,  and  is  de\eloped  liy  a  similar  process  of  repair. 
In  acutorsion,  the  lumen  of  the  vessel  is  narrowed  for 
some  distance  from  its  extremity. 

In  acupressure,  in  Ihe  continuity,  the  proximal  and 
pcri|)hcral  ends  of  the  thrombus  are  continuous,  as  are 
also  the  walls  of  the  vessel,  which  at  lirst  are  thickened 
by  a  connective-tissue  growth:  the  subsequent  changes 
dill'er  in  no  way  from  those  alrciuly  described. 

(Jgston  has  tested  mechanically  the  comparative 
strength  of  aiteries  secured  by  ligature,  acupressure,  and 
torsion,  by  sidjjecting  them  to  the  pressure  of  a  column 
of  meicury.  It  was  found  that  a  column  one  hundred 
and  fourteen  inches  in  height  was  insufficient  to  rupture 
the  ligatured  arteiy.  Twisted  ve.ssels  unfolded  at  an 
average  height  of  thirteen  inches  (or  a  ]3ressure  of  6.5 
pounds  to  the  square  inch).  Estimating  the  internal 
blootl  pressure  at  from  two  to  eight  pounds  to  the  square 
inch,  he  concludes  that  it  would  appear  liliely  that  vessels 
secured  by  torsion  are  very  liable  to  secondary  hemor- 
rhage, especially  when  the  heart,  reco\'eriug  "from  the 
inunediate  shock  of  an  operation,  begins  to  beat  more 
forcibly.  In  acujiressure,  the  column  of  mercury  shoAved 
an  average  height  of  23.5  inches.  It  would,  therefore, 
seem  a  more  reliable  method,  he  says,  than  toision.  and 
less  reliable  than  ligature.  According  to  Shakesjieare, 
the  healing  process  is  slower  both  in  acupressure  and 
torsion  than  in  ligatiue. 

A  ijroci'dure  somewhat  similar  to  acupressure  has  been 
desci'ibed  by  Pollock;  it  consists  in  substituting  a  sil- 
ver wire  for  the  ligature,  the  ends  being  brought  out 
Ihrough  the  skin  covering  the  lips  of  the  wound  and 
twisted  togefhei'.  They  are  allowed  to  remain,  on  an 
average,  five  and  a  half  days,  anil  the  results  of  this  ]iro- 
cedure  have  proved  satisfactory.      J.  Collins  Warreti. 

ARTHRITIS  DEFORMANS— (Synonyms:  Rheumatoid 
;irlliiilis  [tJarroil] :  chronic  ilieumatic  arthritis  [Adams]; 
nodosity  of  Ihe  joints  [llaygarlh|;  osleoarthritis;  French. 
r/iiiiiKil/si/ic  iiuiiiii.r;  German,  i-lKiniiniischi'  Aithn'th.) 

DKKixrnoN. — A  chronic,  inogiessive  disease  of  the 
joints,  alfeeting  chiefly  the  arlicidar  cartilages,  bones, 
and  syno\ial  niendji'anes,  and  producing  loss  of  function 
and  great  defoi'mity. 

IlisTonv.  —  .\rlhi-itis  deformans  is  a  disease  of  great 
anti(puty.  Tlu'  chiragra  of  Horace  and  other  early  w  rit- 
ei's  was  in  all  probability  deforming  arthritis  of  the  tiu- 
gers.  Celsus  refers  to  it.  and  Aret.-eus'  describes  the  aji- 
pearance  of  nodules  (-ijjmi)  on  the  joints  whii'h  fairly 
correspond  to  those  seen  in  this  disease.  xVll  doubt  that 
nught  yel  remain  as  to  the  exi.stencc  of  the  disease  in  the 
most  ancient  limes  has  been  i-emoved,  however,  by  the 
finding  of  bones  bearing  Ihe  chaniel eristic  lesioiis  in 
the  ruins  of  Pompeii,'-  in  Egypt, ^  Pomerania,  and  else- 
where. 

One  of  the  earliest  distinctive  references  to  the  diseji.se 
in  the  older  literature  is  that  of  Sydenham.-'  wdio  clearly 
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dcsrribcd  llic  clinical  nianifcstalioiis.  but  jittritiutcd  tlicin 
to  rheumatism.  Musgiuvc.''  Halli-i/ dc  Sauvas^cs,  ami 
others  describe  more  or  less  delinitely  one  or  other  form 
of  the  disease.  Landre  Beauvais."  in  ISOO,  was  the  lirsl 
to  investigate  its  palholojiical  lesions,  the  deslruclion  of 
cartilage,  and  tlu^  new  formal  ion  of  bone;  but,  although 
he  described  these  as  belonijinu:  loadc-linite  disease  whicli 
he  designated  "(ioulle  asthenicnii'  luimilive."  it  can 
hardly  be  claimed  that  he  clearly  dilfercnlialed  them 
from  the  morbid  changes  that  resuil  from  gcail  and  oilier 
affections  of  the  joints. 

It  remained  for  ileberden,- in  ISl)4,  to  recognize  char- 
acteristics which,  he  suggested,  should  dislinguish  the 
disease  from  both  true  goul  and  true  rheumatism.  He 
was  at  the  same  lime  the  lirsl  to  deseribi-  the  ])eculiar 
nodes  which  sometimes  form  u])oii  the  terminal  joints  of 
the  fingers  and  which  are  slill  known  as  Ibberden's  no- 
dosities. In  the  following  year  Haygarth '•' published  a 
monograph  on  "  Nodosities  of  the  Joints."  base<l  ujion  his 
clinicid  e.\])erience  in  thirty-three  cases,  all  women, which 
early  convinced  hin'i  that  ihere  is  a  "  painful  and  trouble 
some  di.sease  of  the  joints,  of  a  ix-culiar  nature,  and 
clearly  ilistinguishable  from  all  others  by  .symptoms 
manifestly  dilferent  from  the  ,gout.  and  from  both  acute 
and  chronic  rheumatism." 

The  views  expressed  by  Ileberden  and  Ilay.garth  were 
evidently  but  partially  accepted  at  the  time,  for  several 
authors  "who  followed  them  failed  to  dilTerentiate  this 
form  of  arthritis  from  gout  and  rheumatism.  Compara 
tively  little  was  written  on  the  subject,  however,  until 
the  works  of  Brodie '"  and  Adams"  anil  the  magazine 
article  of  Robi'it  Smith  were  published.'-'  These  authors 
accepted  the  doctrine  of  the  entity  of  the  disease  and  did 
7nuch  to  elucidate  its  pathological  anatomy.  To  Adams 
belonss  the  credit  also  of  having  demonstrated  that  the  so - 
calleci  morbus  co.\.-e  senilis  of  men  is  ])alhiilogically  the 
samcaffectionasthedeformingarthrilisof  the  small  joints 
more  frequently  seen  in  women.  Tlie  recognition  of  the 
individual  nosology  of  the  disease  was  for  a  long  time 
ehe<-ked.  in  France  at  least,  by  the  graduation  theses  of 
Charcot '■' and  Trastour  in  is.*):).  They  maintained  that 
it  was  merelv  a  form  of  cfn'onic  rhcumalism,  and  the 
opinion  was  "accepted  by  nearly  all  French  writers  milil 
quite  recently. 

The  morbid  anatomy,  fir.st  studied,  as  we  have  seen,  by 
Landre  Beauvais,  was" further  <-lucidated  in  the  writings 
of  Cruveilhier,'-'  Aston  Key,'^  Lob.stein."'  Broca."   and 


others.     Fnllei 


.  (Jarrod  "  made  valuable  contribu- 


tions to  the  literature  of  the  affection,  and  soaidecl  materi- 
ally in  establishing  both  its  pathological  and  its  eliineal 
identity.  Oarrod  went  so  far  as  to  demonstrat<'  that  the 
presencir  of  an  excess  of  uric  acid  in  the  blood,  a  fealuie 
of  gout,  was  not  to  be  detected.  Hokilansky,  Foisler, 
Virehow,  and  Volkmann  should  also  be  named  in  the  list 
of  those  who  investigated  its  morbid  anatomy, 

.1.  K.  :Milchell,-»  in  1831  and  ls:j:!,  suggested  the  ner- 
vous origin  of  rheumatic  diseases.  lie  was  followed 
many  years  later  by  Senator,  Ord.  and  othci- authorities, 
until  this  has  become  the  most  generally  accepted  theory 
with  reference  to  deformative  arlhrilis.  The  name  ar- 
thritis ileformans  was  introduced  by  Virehow. 

Etioi.ooy. — The  idea  that  arlhiilisdeformans  is  in  any 
way  related  to  either  rheumatism  or  gout  is  no  longer 
tenable.  The  disease  may  occur,  however,  in  persons 
whose  family  histories  show  the  taint  of  gout  or  rheuma- 
tism or  in  those  more  or  less  subject  to  either  of  these 
affections. 

It  may  occur  at  any  period  of  life,  but  the  frequency 
of  its  onset  is  increasin;:ly  greater  from  thirty-live  to 
fifty-fiv<',  rapidly  declining"  after  the  lalter  period.  It  is 
nmch  more  frequent  in  women  than  in  men,  commencing 
in  most  cases  (luring  or  after  the  menopause  and  some- 
what oftcner  in  those  who  have  been  sterile.  Occurring 
earlier  in  life,  it  sometimes  follows  rajjid  child-hcarin!;-. 
Uterine  disease  was  a  i)rominent  featm-e  in  the  etiology 
of  26  of  the  H8  casijs  reported  by  Ord.'-' 

Heredity  plays  at  best  a  doubtful  part  in  the  etiology. 
As  A.  E."  Gari-od  ■•'•  intimates,  statistics  regarding  the 
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family  history  are  of  little  value  except  in  tho.se  rare  in- 
stances in  w  hich  several  .irencnitions  or  their  recorded  his- 
tories have  come  under  the  observation  of  one  iihysician, 
.so  great  is  the  confusion  in  the  ndnds  of  the  laity  with 
reference  to  gout,  rheiuuatism.  and  arthritis  deformans. 
His  statistics  of  live  hundred  cases  from  private  practice, 
he  concludes,  "lend  countenance  to  the  idea  which  was 
formerly  very  prevalent  that  there  exists  an  arthritic 
diathesis  a  predisposition  to  arthritic  disea.se,  ui)on  which 
gout,  rheumatism,  or  arthritis  defoimans  is  apt  to  be  de- 
veloped." The  daughters  of  gouty  fathers  are  supposed 
by  some  authors  to  be  especially  jiredisposed. 

E.xposure  to  cold  and  wet  is  iielii'ved  to  have  less  influ- 
ence in  the  induction  of  arthritis  di-formans  than  it  has  in 
rhcumalism.  It  nevertheless  apjiears  to  have  had  an  in 
fluenee  in  thedeveUipmentof  some  eases  anil  undoubtedly 
may  increase  the  sufTering;  but  temporary  exposure  is 
)irobably  of  much  less  consequence  than  is  residence  in 
damp  (luarters.  Bad  hygienic  surroundings,  insullicii'iit 
or  improper  food,  and  expo.sure  arc  given  as  important 
factors  in  producin.g  the  disease  in  children. 

ilental  and  nervous  depression,  worry  and  care  are  rec- 
ognizi  il  as  exciting  causes  and  are  capable  of  producing 
exacerliations.  The  exhauslion  of  nerve  centres  by  sex- 
ual indulgence  and  the-  leading  of  a  ili.ssolute  life  have 
been  named  by  Weber'-'' as  iiotent  factors  in  some  cases. 
Gonorrhiea  and  other  diseases  of  the  generative  organs 
have  been  repeatedly  mentioned  in  this  connection, 
although  their  occurrence  in  the  history  of  many  cases 
cannot  be  regarded  as  of  any  real  significance.  The  dis 
ea.se  is  somewdiat  more  fre(|uent  in  the  poor,  especially  in 
those  who  suffer  from  malnutrition  and  ana'inia.  llad- 
ileii  ^*  attributes  it  in  part  to  too  exclu.sive  use  of  amyla- 
ceous and  .saccharine  food.  ^ 

Tutierculous  history  or  infection  has  been  frequently 
referred  to,  but  it  must  be  admitted  tluit  liiberculosis 
usually  develops  in  early  life  and  carries  off  its  victim 
before  he  reaches  the  age  of  greatest  liability  to  this  affec- 
tion. It  is  also  dillicult  to  cslimatr  the  etiological  im- 
portance of  a  disease  so  prevalent.  Influenza  and  other 
acute  infections  seem  al  times  to  exerl  an  unmistakable 
influence  on  the  induction  of  the  di.sease. 

Some  authors  look  upon  I  he  niosi  chronic  form  of 
inonarthritis  deformans  occurring  in  the  hij)  (morbus 
coxa'  .senilis),  es|iecially  in  the  very  aged,  as  merely  a 
lesull  of  senile  cliange  in  the  joint. 

There  are  two  principal  theories  in  regard  to  the  etiol- 
ogy:  First,  that  the  disease  is  of  nervous  origin,  and, 
second,  that  it  is  a  chronic  infection.  The  former  of 
these  theories,  suggested  by  Mitchell,  is  well  supported  by 
clinical  facts,  cliicf  among  which  are;  (1)  the  .symmetrical 
distribution  of  the  joint  lesions;  (3)  the  similarity  of  these 
lesions  to  those  occurring  in  locomolor  ataxia,  syringo- 
myelia, and  other  affections  of  the  spinal  cord;  (3)  the 
frequent  occurrence,  in  the  course  of  the  disease,  of  nutri- 
tive changes  (dystrophies)  of  the  skin,  nails,  muscles,  and 
bones;  and  (4)  the  evident  importance  of  shock,  worry, 
grief,  and  mental  exhaustion  in  the  etiology  of  some 
cases. 

L'ufortunately  sufficient  post-mortem  investigations 
have  not  been"  made  to  determine  the  nature  of  the 
changes  which  are  supposed  to  exist  in  the  nervous  sys- 
tem. Falli'-' reports  two  autopsies  on  typical  cases  in 
which  he  found  atrophy  of  the  anterior  horns  of  the 
s|)inal  cord,  and  also,  in  one  of  the  cases,  degenerative 
changes.  Neuritis  has  been  dcmonstrati'd  in  .several 
cases,  but,  as  Osier'-*  remarks,  it  is  doubtful  whether  the 
change  is  primary  or  secondary.  Ord  compares  the  dis- 
]iro])oitionate  atrophy  of  muscles  to  that  of  progressive 
muscular  atrophy,  and  infers  from  their  similarity  that 
the  disease  ma)'  lie  due  1o  lesions  in  the  troi)hi(;  centres  of 
the  cord  or  to  peripheral  irritation.  Blake'-'"  al  tributes 
the  nerve  changes  to  the  absorjition  of  various  loxic  sub- 
stances from  within  or  from  without,  and.  in  (he  same 
way,  Bouchard-'  attriliufcs  Heberden's  nodosilies  to  that 
form  of  auto-intoxication  which  is  associated  w  ilh  dilata- 
tion of  the  stomach. 

The  theory  of  microbic  origin  has  attracted  much  alten- 
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tion.  but  as  yet  it  lacks  substantiation.  The  following 
facts  lend  supiiort  to  it:  1.  Several  investigators, 
among  them  Schiiller,-'  Bannatyne,-"'  and  von  Dungcrn 
and  Selnieider.--'  have  found  micro-organisms  in  the  llnid 
or  tissues  of  the  joint.  2,  The  disease  sometimes  be- 
gins with  an  acute  onset  corresponding  in  clinical  asjiect 
10  that  of  an  acute  infection.  3.  It  frequently  follows 
more  or  less  closely  upon  an  infection,  as  gonorrhoea, 
puerperal  sepsis,  influenza,  or  an  acute  e.xanthem.  4. 
Enlargement  of  the  spleen  and  lymph  glands  has  been 
noted  in  some  of  the  cases  reported  as  occurring  in  chil- 
dren. Schiiller  does  not,  however,  look  upon  the  bac 
teria  in  the  joints  as  lieing  more  than  indirectly  the  cause 
of  the  disease,  possibl\-  in  some  manner  preparing  the 
joint  for  the  deposit  of  lime  salts. 

Morbid  An.\tomy. — The  pathological  process  involves 
Ijrimarily  the  articular  cartilages,  the  synovial  mem- 
branes, "and  the  bones.  The  disease  usually  advances 
symmetrically,  so  that  the  lesions  in  one  articulation  cor- 
respond closely  to  those  in  the  corresponding  joint  of  the 
opposite  extremity.  Later  in  its  coiirse  changes  occur 
also  in  the  caiisular  and  other  ligaments,  in  the  peri- 
osteum, and  in  the  muscles;  and  to  complete  the  picture 
we  must  include  the  lesions  in  the  nervous  system  to 
which  reference  has  been  made. 

In  the  articular  cartilages  the  process  begins  in  the 
centre,  the  area  fartliest  removed  from  blood  supply  and 
most  subjected  to  friction.  It  is  described  by  Cornil  and 
Rauvier'-  as  a  multiplication  of  cells  throughout  the  en- 
tire thickness  of  the  cartilage  and  the  formation  around 
them  of  capsules  resembling  cartilage  cells,  but  incapalile 
of  deep  staining  with  iodine.  Similar  secondary  cajisules 
develop  within  these.  The  cartilage  then  becomes  fibril - 
lated  upon  the  surface  by  the  rupture  of  the  most  super- 
ficial capsules  into  the  joint  cavity  and  by  the  formation 
of  parallel  tubules  from  the  rupture  of  the  deeper-lying 
cap.sules  one  into  another.  The  degenerated  cartilage 
is  finally  removed  by  friction,  aided,  no  doubt,  by  mu- 
coid degeneration  (Kindfleisch)  and  absorption,  exposing 
the  underlying  l)one  over  a  gradually  increasing  area. 
Around  this  a  process  of  new  formation  takes  place  not 
unlike  that  so  often  seen  in  caries.  Cell  proliferation 
continues,  forming  nodular  masses  which  os.sify  and  con- 
stitute the  chief  element  in  the  production  of  deformity 
and  the  limitation  of  motion.  Sometimes,  instead  of  the 
nodular  growth,  a  more  or  less  complete  bony  ring  is 
formed,  prodticing  the  condition  known  as  "lipping." 
As  a  result  of  either  process  the  end  of  the  bone  often 
appears  to  be  much  enlarged.  In  the  spinal  column  the 
overhanging  edges  frequently  blend  and  firmly  weld  the 
vertobrte  together  (spondylitis  deformans). 

The  exposed  surfaces  of  the  bone  undergo  hardening 
(osteosclerosis),  and  through  friction  acquire  an  ivory -like 
polish.  The  minute  orifices  of  Ibnersian  canals  may  be 
seen  in  the  polished  surfaces.  While  this  clnirnation  is 
taking  place  the  underlying  spongy  portion  of  the  bone 
is  undergoing  a  rarefying  ostitis  resulting  in  an  osteo- 
porosis. "  As  a  result  of  the  latter  process,  when  it  reaches 
the  surface,  the  articular  face  is  often  grooved  and  de- 
formed, even  in  parts  not  yet  denuded  of  cartilage.  The 
heads  of  the  hvimerus  and  femur  have  been  almost  en- 
tirely removed  in  this  manner.  Warren  '•"  aptly  says  that 
as  a  result  of  these  various  changes,  "the  head  of  the 
bone  appears  as  if  it  had  at  one  time  been  composed  of  a 
substance  <'apable  of  softening  from  liiat,  and  in  that 
condition  had  been  held  carelessly  while  it  was  allowed 
to  cool."  liillroth  compares  it  to  "a  fiuid  which  had 
been  poured  out  and  stiffened  while  flowing."  These 
comparisons  are  especially  applicable  to  the  knee  and 
elbow  joints.  The  shafts  of  the  long  bones  in  some  cases 
show  enlargement  and  increased  density.  The  neck  of 
the  femur  may  become  bent  at  a  more  acute  angle  to  the 
shaft.  Bony  ankylosis  occurs  only  in  the  vertebral 
<-ohimn.  and  there  is  no  tendency  to  the  formation  of 
fibrous  adhesions  as  in  other  joint  affections. 

The  synovial  membranes  becotnc  highly  vascular;  their 
blood-vessels  push  upward  into  the  cartilages  .and  doubt- 
less assist  in  their  destruction.     Some  authors  look  ujion 


this  hypertrmia  of  the  synovial  membranes  as  the  first 
step  in  the  morbid  process.  In  the  ]iolyarticular  type  of 
the  disease  there  is  often  a  ]iaiinus-like  growth  of  the 
membrane  over  the  cartilage  ( \\'arren).  The  membranes 
are  thickened,  and  their  fringes  elongated.  Their  cells 
proliferate  and  cartilaginous  nodules  are  formed.  These 
often  become  freely  movable,  although  still  attached  by 
a  fibrous  pedicle.  They  are  sometimes  detached  and  lie 
loose  in  the  joint  cavit.v.  Adams  found  no  fewer  than 
forty-five  of  these  "foreign  bodies"  in  one  elbow  joint; 
as  manv  as  four  hundred  have  since  been  noted  in  a  sin- 
gle articulation.  They  are  usually  small  and  round,  but 
sometimes  attain  the  size  and  shape  of  chestntUs.  They 
rarel.y  ossify  and  probablv  sometimes  unite,  having  the 
appearance  of  being  glued  together.  Fatty  tissue  also  is 
frequently  found  in  the  folds  and  fringes  of  the  synovial 
membranes.  The  synovial  fluid,  often  increased  in  the 
beginning  of  the  disease,  is  generally  diminished  in  the 
later  stages,  and  the  joint  becomes  abnormally  "dry." 
Mucin  has  been  found  in  excess  in  the  synovia;  .sodium 
urate  is  never  ]iresent.  Schiiller  has  repeatedly  found 
lime  salts,  especially  the  crystalline  oxalate,  in  the  carti- 
lages and  synovial  membranes.  Suppuration  occurs  only 
as  a  result  of  operative  interference  or  exploratory  punc- 
tin-e. 

The  bursa?  in  the  vicinity  of  the  affected  joints  are 
often  distended  by  effusion,  sometimes  forming  cysts. 
These  ^^■ere  first  described  by-  Morrant  Baker. ^^  They 
form  a  bulging  wliich  imparts  a  doughy  sensation  oil 
palpation  at  the  sides  of  the  articulation  or  elsewhere. 
The  fluid  is  at  first  confined  to  the  joint,  but  later,  ac- 
c<irding  to  Baker,  with  the  increase  of  tension,  it  escapes 
through  channels  of  normal  communication  into  the  bur- 
ss;  or  it  may  form  a  hernia  of  the  synovial  membrane. 
If  the  tension  within  the  sac  becomes  too  great,  it  ulti- 
mately escapes  into  a  cavity  bounded  by  the  muscles  and 
other  tissues. 

The  muscles  appear  wasted  and  of  a  brownish  color. 
Spender^"  says  that  the  phenomena  of  muscular  atrophy 
are  myelopathic  and  capable  of  definition  as  a  strict  spinal 
paralysis.  They  at  least  correspond  to  the  type  which 
is  met  with  as  a  result  of  nervous  lesions,  some  bundles 
showing  greater  degenerative  changes  than  others.  Some 
of  them  in  fact  aie  entirely  replaced  by  connective  tissue. 
"The  muscles  perish,  fibre  by  filire." 

The  ligaments,  ]ieriosteuni,  and  tendons  not  infre- 
quently undergo  marked  thickening  in  proximity  to  the 
di.seased  joints. 

Sy.mptoms. — Following  the  classification  of  Charcot, 
the  symptomatology  is  to  be  considered  under  three  heads 
corresponding  to  a  like  number  of  types  of  the  disease. 
Clinically  these  varieties  have  comiiaratively  little  in 
common.  They  are  the  multiiile  or  progressive  form, 
the  monarticular  form,  and  Heberden's  nodosities. 

1.  The  multiple,  jirogressive  type  may  be  again  sub- 
divided into  an  acute  and  a  chronic  form,  to  which 
some  add  another  (subacute)  form,  differing  only  in 
degree. 

The  acute  form  occurs  more  frequently  than  do  any  of 
the  others  in  sul)jects  under  forty.  It  is  readily  mis- 
taken for  subacute  rheumatism,  but  it  is  rarely  so  severe 
as  to  suggest  the  acute  type  of  that  disease.  There  is 
ordinarily  enlargement  of  the  joints  from  the  beginning, 
yet  the  sutfeiing  is  not  so  severe  as  to  confine  the  patient 
to  bed.  \\'lien  the  onset  is  very  acute,  however,  the 
pain  may  be  beyond  all  comparistm  to  the  swelling.  The 
skin  is  not  usually  reddened.  The  disease  is  symmetrical 
in  its  manifcstationsor  soon  becomes  so:  the  small  joints, 
as  those  of  the  fingers  and  toes,  are  oftencst  alTected.  It 
does  not  migrate  but  continues  to  affect  the  articulations 
first  involved,  while  others,  often  larger  joints,  become 
similarly  alTecleii.  Its  progress  is  genci-ally  in  a  cen- 
tripetal direction.  Elevation  of  temjierature  rarely  ex- 
ceeds 102°  F.  Headache,  malaise,  and  anorexia  are  now 
and  then  complained  of,  and  the  patient  nearly  always 
appears  aniemic.  There  is  no  tenilency  toward  involve- 
ment of  the  heart.  After  a  time  the  acute  symjitoms 
subside  onlv  to  recur  again  at  uncertain  intervals  and 
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witli  variable  force,  often  ap])arcntly  as  a  result  of  ex 
7)osure,  injury,  or  ati  iniliscictiou  in  diet. 

The  elironie  form  of  the  nniltiple  arthritis  ilefornians 
is  much  more  fre(|Uent  than  the  acute  ami  it  is  more  in- 
sidious in  its  onset.  It  frtMiuenlly  begins  iu  a  single 
joint  of  a  tinjier  or  toe.  the  corr<'spon(lin.g  articulalion 
of  the  o])iiosite  member  soon  biioining  alVeeted.  The 
middle  linger  is  not  si'ldom  Ihe  first  lo  l)e  attacked.  The 
disease  then  extends  in  a  crntripelal  direction,  ullimalely 
involving  nearly  every  joint  in  the  liody.  incUidin.ir  the 
temiioro  ina.xillary,  the  vertebial.  and  occasionally  the 
sterno-clavicular."  The  cariio-phalangcal  articulations 
of  the  thumbs  often  escape. 

The  patient  tirst  notices  a  stilTnessof  the  joints,  espe- 
cially in  the  morning.  They  are  jiainful  and  are  tender  on 
pres.sure.  As  iu  the  acute  type,  the  ]irogress  is  not  con 
slant,  intervals  of  apparent  lest  .sometimes  e.Ntendini;' 
over  weeks,  months,  and  even  years.  Each  exacerbalioii 
renders  the  deformity  a  little  more  pronounced  and  the 
joint  movement  a, little  more  restricted.  Pain,  seldcnu 
inucli  noticed  during  flic  intervals,  is  not  always  severe 
in  the  acute  stages,  Imt  it  niay  be  distressing.  It  is  usu- 
ally less  severein  advanced  cases.  In  addition  to  the 
joint   pains  tlie    patient   sometimes   sull'ers  from    others 

•  of  a  neuralgic  character,  i)articidarly  in  the  ball  of  the 
thumb  or  the  inner  side  of  the  wrist,  tind  from  boni' 
pains.  Neuralgic  ])ains  are  su|iposed  to  be  most  severe 
and  most  persistent  when  due  to  trophic  degeneration  of 
nerve  roots.  Fever  occurs  only  iu  the  more  acute  ex- 
acerbations. The  pulse  is  Hcceleratcd:  its  tension  is 
variable,  but  it  is  as  a  rule  lower  than  in  gout  or  rlicu- 
matism.  Numbness  and  tinglin.g  of  the  hands  and  feet. 
are  in  .some  instances  early  sym]it,oms,  even  preceding 
<ither  manifestations,  as"  uoti-d  by  llomollc'"'  and 
Howard.  ■■'  Free  sweating  is  less  frccpn'nt  than  in  rheu- 
matism, but  Anders-'"  has  observed  it  in  advanced  cases, 
and  Spetider  regards  localizetl  i)erRi)irati<)n,  es]iecially  of 
the  lingers,  an  early  symptom.  As  a  result  ot  trophic 
changes  the  skin  b("coines  pale,  dry,  smooth,  and  glossy, 
sometimes  irregularly  ])igmented  (frecdiled)  over  the  af- 
fected   joints.  "  Spender   notes   cutaneous    pigmentation 

•on  various  other  parts  of  the  body.  Onychia  may  oc<-ur: 
Anders  has  .seen  three  cases.  IScdsores  occur  only  very 
rarely. 

Muscular  atrophy  is  a  prominent  feature  of  all  ad- 
vanced cases;  it  isniore  profound  tlian  that  whicli  re- 
sults merely  from  disuse.  It  alTecis  both  sets  of  muscles, 
but  the  ex"tensors  to  a  higher  degree  than  the  llexors. 
The  joints  are  usually  flexed  unless  this  is  prevented 
by  tiie  encroachin<-nt"  of  the  osteophytic  formations. 
Cowers '■' calls  attention  to  increased  myotatic  initabil- 
ity  with  normal  or  lowered  electrical  irritability  as  a 
conunon  sym|)tom.  He  therefore  attributes  the  ;itrophy 
to  changes  in  the  tenninations  of  the  pyramidal  tibres  in 
the   gray  matter.     Sudden  spasmodic  or  tonic,  painful 

•  contractions  of  the  muscles  occur  in  some  cases  and  for 
the  time  greatly  aggravate  the  joint  pains.  Such  con- 
tractions are  exc'ccdingly  distressing  to  the  patient  when 
they  occur  in  the  nuiscics  of  the  jaw  in  conn<'Ction  with 
arthritis  of  the  lemporo maxillary  articulation,  often  seri 
onsly  interfering  with  tin' taking  of  food.  The  retlexcs 
over"  the  affect<^d  joint  may  lie  increased  or  diminished, 
or  they  may  remain  normal  so  far  as  they  can  lie  tested. 

Crepitus  of  a  peculiar  character,  cracking,  creaking, 
or  grating,  is  one  of  the  earlii'st  symptoms.  In  advanced 
cases,  a  sound  is  sometimes  jiroduced  by  movement  of 
the  affected  joints  which  m-ay  be  heard  at  some  dis 
tance. 

Chronic  laryngitis  is  met  with  in  some  cases  and  is 
regarded  by  some  writers  as  due  to  <lisease  of  the  carti 
la.ges  of  the  larynx  similar  lo  that  iy  the  joints. 

Deafness  has"  been  known  to  result  from  involvement 
of  tlie  small  bones  of  the  ear. 

Asthma  occurring  in  comiection  with  the  disease,  as 
noted  by  severid  authors,  can  hardly  be  regarded  as  more 
than  an" accidental  comiilication. 

2.  The  monarticidiir  type.  There  is  much  ambiguity 
in  the  use  of  the  word  "monarticular  in  this  connectum. 


since  it  is  applied  to  a  type  of  the  ilisease  which  does  not 
always  conline  itself  to  a  single  joint.  It  is  in  many 
ca.scs  only  the  predominance  of  the  manifestations  on  the 
part  of  one  of  the  larger  articulations  that  justities  the 
use  of  the  term.  The  points  of  dilference  between  this 
and  the  multiple  tyjie  are  very  striking.  It  occurs  more 
fre(|Uently  in  men  tlian  in  women,  notably  in  those  over 
tifty  years  of  age.  It  attacks  by  preference  the  larger 
articulations,  especially  the  knee,  shouliler.  elbow,  and 
hip.  It  confines  itself  as  a  rule  to  the  articulation  first 
affected,  but  the  opjiosile  joint  sometimes  becomes  in- 
volved to  a  le.ss  degree.  The  vertebral  column  is  often 
attacked  (spondylitis  deformans),  few  or  mtiny  articula- 
tions, rarely  a  .single  one,  being  involved,  and  this  occurs 
alone  or  along  with  involvement  of  other  joints,  espe- 
cially the  shoulder  or  hip.  The  entire  column  be- 
comes rigid  in  extlirne  cases.  When  the  shoulder  or  hip 
isalTected,  the  shortening  of  the  lindi  keeps  pace  with 
the  absorption  of  articular  cartilage  and  bone.  In  hi]i- 
joint  cases  the  shortening  may  lie  increased  by  the  bend- 
ing of  the  femoral  neck,  still  more  by  the  dislocation  of 
the  head  of  the  bone,  favored  liy  the  extensive  alisorp- 
tion  of  the  articulating  surfaces  and  aided  by  muscular 
contraction.  The  alTe<ted  joints  not  infre(|Uently  have 
the  appearance  of  being  suliluxated  or  dislocated,  owing 
to  the  great  deformity,  when  in  reality  there  is  little  or 
no  displacement.  Wlien  fluid  a<'cumulates  in  the  joint, 
in  the  bursa\  or  iu  adventitious  cysts,  the  deformity 
is  greatly  atigmentcd.  Movement  of  the  affected  joint 
is  attended  with  the  characteristic  creaking  crepitus. 
Fain  is  a  ]irouiinent  symptom,  occurring  more  or  less 
periodically  and  aggravated  by  nuition.  Associated 
with  hi|)  joint  involvement,  it  not  infrcipiently  simulates 
sciatica  in  its  extension  down  the  thigh  and  leg. 

The  buttock  and  thigh  are  shrunken  from  muscular 
atrophy,  and,  from  Ihe  same  cause.  Ihe  a|)pearance  of  the 
shoulder  resembles  that  of  progressive  muscular  atrophy. 
The  loss  of  motion  is  almost  complete:  bony  anchylosis 
does  not  take  )ilaee.  however,  except  between  the  verte- 
bra'. The  kn^'c  jerk  is  exaggerated  on  Ihe  alfected  .side. 
The  patient  is  unable  to  cross  the  diseased  leg  over  the 
sound  one  without  assisting  the  moveini'iil  with  the 
hands  (Garmdl. 

A.  E.  (Jarrod  refers  t<i  a  ))eculiar  type  of  monarlhrilis 
deformans  which  is  limited  to  the  carpo  iihalangcal  ar- 
ticulations of  the  thumbs,  joints  whicli  are  most  fre- 
i|Uently  innuune  lo  Ihe  ]iolyarlicular  form  of  Ihe  disease. 
It  is  generally  attributable  to  undue  exercise  of  these 
joints  incident  to  Ihe  occupation  of  the  individual,  and 
may  be  readily  recognized  by  the  enlargement  and  the 
cliaracleristic  cre]iilus. 

Heberden's  nodes  are  sometimes  associated  with  this 
ty]ie  of  the  disease. 

:l  Heberden's  nodosities  arc  small,  immovable  ex- 
ostoses, "  little  hard  knobs,''  which  develop  on  cither  side 
of  Ihe  distal  joints  of  the  Angers,  arising  from  the  small 
tubercles  at  either  side  of  the  dorsal  surface  of  the  second 
phalanx.  In  the  joint  proper  the  characteristic  destruc- 
tion of  cartilage  and  eburualion  occur.  The  disease  is 
nioie  frecpU'Ut  in  women  than  in  men:  it  comes  on,  as  a 
rule,  between  the  thirtieth  and  the  fortieth  years  <if  age. 
The  nodosities  usually  constitute  its  oidy  manifestalion 
in  Ihe  case,  unless  it  be  associated  with  the  monarticular 
form.  They  at  times  develo])  in  gouty  subjects,  but  are 
entirely  independent  of  that  disease  and  distinct  from 
tophi."  Sodium  urate  is  not  found  in  the  joint  fluid.  The 
joints  are  often  swollen,  slightly  reddened,  and  sensitive 
io  pressure  in  the  early  sta^'es  of  the  disease,  but  later 
they  occasion  little  inconvenience  aside  from  .stilTncssand 
deformity,  lleberden  (h^seiibed  Ihe  nodes  as  of  Ihe  size 
of  a  pea;"  they  may.  however,  exceed  that  size.  In  some 
cases  the  enlargement  is  fusiform,  a  doughy  mass  form- 
ing around  the  joints.  The  disease  follows  Ihe  same  iu- 
lermittent  course  thai  characterizes  the  mulliiile  type, 
acute  attacks  being  induced  by  injury,  or  apiitirently 
by  errors  iu  diet.  The  finger  lips  may  be  delleclcd 
toward  the  radial  side  as  in  liie  ordinary  typo  of  Ihe  dis- 
ease.    The  thumbs  generally  escape.    "Charcot  calls  at- 
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tontion  to  tlio  ficqiu'iit  occurrence  of  cancer  in  women 
alToctcd  with  l)ie  nodosities. 

AuTiiitiTis  Dki'ou.m.\ns  in  Cnii-DREN.— The  disease 
is  not  of  freiiucnt  oceiirreuce  in  eliildreu.  Koplik.  in 
1890,  was  able  to  lind  but  eighteen  recorded  cases,  and 
Garrod  lias  shown  that  all  cases  which  on  account  of 
their  eliiiieal  features  are  classed  as  such  are  not  truly  of 
that  nature.  SehlUler-"' goes  yet  further  and  e.xpresses 
the  conviction  that  all  the  cases  that  have  been  described 
as  occurring  in  children  arc  e.\ainples  of  polyarthritis 
chronica  villosa  recently  described  by  him.  The  patho- 
logical conditions  of  the  joints  in  tln-ee  fatal  cases  re- 
ported by  Still-"  \nidoubtedly  conform  more  clo.sel}'  to 
the  latter  disease  than  to  arlln'itis  deformans,  the  articular 
cartilages , showing  no  destructive  change,  and  the  clinical 
manifestations  are  so  nnich  at  variance  with  those  seen 
in  adults  as  to  leave  amide  room  to  doubt  the  occurrence 
of  true  arthi-itis  deformans  in  childhood. 

The  onset  is  generally  acute,  sometimes  with  fever  and 
chill,  and  it  almost  always  begins  before  the  second  denti- 
tion. Girls  are  oftener  affected  than  boys,  but  in  a  lower 
ratio  than  is  the  rule  in  adidt  life.  Swelling  of  the  joints 
with  stiffness  and  some  tenderness  is  the  rule.  Exacer- 
bations are  fre(iuent.  Such  complications  as  dystrophies 
of  the  skin  and  nails  are  infrequent.  The  enlargement 
of  the  joints  ajipears  to  be  due  to  a  general  thickening  of 
the  soft  parts  I'ather  than  to  exostoses,  but  the  limitation 
of  motion  may  be  extreme.  General  enlargement  of  the 
lymph  nodes  and  spleen  has  been  jiointed  out  by  Still, 
who  also  oljserved  pericardial  adhesions.  The  children 
generalh-  show  lack  of  development.  Spender  and  Dia- 
mantberger  have  reiKirted  its  association  with  exoph- 
thalmic goitre,  also  an  infrequent  disease  of  childhood, 
and  Still  notes  a  prominence  of  the  eyes  in  all  his  cases. 

Cn.\R.\CTER  OP  THE  DEFORMITIES. — The  deformities  of 
the  hands  and  feet  are  quite  characteristic  of  the  disease. 
The  changes  in  the  metacarpophalangeal  articulations 
cause  the  fingers  to  turn  Inward  the  idnar  side.  At  the 
same  time  the  fingers  are  often  Hexed  strongly  upon  the 
palm  and  usually  overlaj)  one  another.  There  may  be 
also  a  bending  of  the  distal  extremities  toward  the 
radial  side.  These  changes  along  with  the  wasting  of 
the  Interossei  muscles  give  the  hand  a  claw-like  appear- 
ance, resembling  that  of  progressive  nuiscnlar  atrophy. 

Most  of  the  joints  are  firmly  locked,  but  the_v  may  be 
abnormally  moval)le  and  easily  disloc-ited.  A  ball-and- 
socket  joint  is  somelimes  formed  and  other  peculiarities 
are  occasionally  met  with.  In  some  eases  a  fusiform  en- 
largement occurs,  as  a  result  in  great  measure  of  the 
thickening  of  the  soft  structures  about  the  articulation, 
which  gives  the  joint  the  appearance  of  being  surrounded 
by  plastic  matter. 

The  feet  are,  as  a  rule,  e>rtended  to  the  fidlest  degree, 
and  the  joints  are  even  more  rigid  than  are  those  of  the 
hands.  The  toes  are  turned  outward  and  overlap,  the 
great  toes  being  iu\dlved  with  the  rest. 

The  deformify  of  the  large  joints  consists  chiefly  in  a 
widening  of  the  articulation  by  the  osteophytic  growths 
and  the  lipping  of  the  ends  of  the  bones.  The  appear- 
ance is  often  that  of  fluid  distention,  but  palpation  readily 
reveals  the  presence  of  bony  excrescences  sometimes 
covered  only  by  the  integument  and  apparently  sharp 
enough  to  cut  their  way  through  it.  The  greatest 
]irominence  is  on  a  level  with  the  articular  surfaces,  as  a 
rule.  Fluid  distention  does  occur,  especially  in  recent 
cases,  but  the  appearance  is  not  materially  dilTerent  from 
that  due  to  osteophytic  enlargement  unless  the  adjacent 
bursaj  become  involved.  The  dorsum  of  the  wrist  is  a 
favorite  seat  of  Inu'sjil  distention.  Adventitious  cysts 
may  cause  swelling  at  some  distance  from  the  affected 
joint.  A  fusiform  enlargement  like  that  which  occurs 
in  the  fingers  is  at  times  seen  about  larger  articulations, 
particularly  the  wrist,  entirely  destroying  the  normal  con- 
tour of  the  joint. 

As  a  result  of  the  clianges  in  the  hip  and  knee  and 
coincident  muscular  contraction,  the  legs  are  closely 
Hexed  upon  the  thighs  and  the  thighs  are  partially  drawn 
up;  or  the  limb  may  be  rigidly  extended.     Involvement 


of  the  shoulder  and  elbow  leads  to  similarly  rigid  ab- 
normal positions  of  the  arms.  Thompson-'-'  has  demon- 
strated that  the  rigidity  of  the  joints  is  not  to  any  extent 
overcome  by  ana'sthesia.  The  enlargement  and  deform- 
ity are  rendered  all  the  more  apparent  by  the  wasting  of 
the  muscles  about  them. 

The  results  of  spondylitis  are  exceedingly  distressing 
to  the  jjatient,  for  it  is  in  the  spinal  column  that  we 
meet  with  the  most  jironounced  bony  ankylosis.  All 
motion  is  lost  in  extreme  cases.  AVhen  the  cervical  spine 
is  alVccfcd  tli<'  head  is  sometimes  ilrawn  to  one  side  and 
its  rotation  may  lie  prevented.  The  patient  loses  his 
upright  bearing  and  must  maintain  his  equilibrium  with 
a  cane.  The  osteojihytic  growths  can  sometimes  be  felt; 
they  occasionally  impinge  upon  nerve  roots  causing  ra- 
diating pains  and  causalgia. 

The  Btdi'd. — Sufficient  attention  has  not  been  given  to 
the  investigation  of  tne  blood  and  other  fluids.  Ban- 
natyne''''  found  the  luemoglobin  generally  deficient,  with 
slight  diminution  of  the  red  corpuscles  and  slight  increase 
of  the  white.  He  did  not  find  microcytes  or  nucleated 
cells.  Caliot*''  reports  five  cases  in  which  the  blood  was 
normal  except  for  a  slight  deficiency  in  the  luemoglobin 
of  two  cases. 

The  Urine. — Albuminuria  has  seldom  been  noted  ex- 
cept in  the  aged,  in  whom  its  occurrence  cannot  be  at- 
tributed to  the  arthritis.  Von  Noorden ■'^  and  Rumpf-"' 
have  observed  a  diminution  of  the  .salts  of  lime  and  mag- 
nesia anil  of  phosphoric  acid;  the  former  observer  noted 
a  like  diminution  of  the  s;ime  ingredients  in  the  fa'ces. 
Schiiller  has  also  noted  a  deficiency  of  lime  salts  and  of 
the  earthy  iihosphates,  a  low  specific  gravity,  and  a  neu- 
tral or  alkaline  reaction  inmost  cases;  his  investigations 
extended  over  many  years. 

Di.\GNOsis. — It  is  often  diflicuU,  if  not  quite  impossible, 
to  differentiate  arthritis  deformans  of  either  type  from 
corresiionding  rheumatic  affections  until  comparatively 
late  in  the  course  of  the  disease.  In  the  acute  cases, 
however,  suspicion  shouUl  be  aroused  by  the  .symmetri- 
cal involvement  of  the  small  articulations  alone  and  by 
the  stationary  character  of  the  affection,  especially  if  it 
appear  in  a  -woman  whose  age  and  histoiy  render  the 
disease  of  probable  occurrence.  Involvement  of  the 
endocardium  in  a  measure  contraindicates  the  disease. 
Persistent  joint  enlargement  after  the  first  acute  symp- 
toms ha\e  subsided  is  almost  pathognomonic. 

Chronic  rheumatism  does  not  as  a  rule  involve  so  many 
joints,  is  more  likely  to  be  unilateral,  and  does  not  so 
()ften attack  the  temporo-maxillary  articulation.  Neither 
form  of  rheumatism  produces  the  creaking  crepitus,  the 
characteristic  deformities,  or  the  degree  of  immobility 
which  jiertain  to  this  disease. 

Gonorrlneal  rheumatism  may  resemble  arthritis  de- 
formans in  its  tendency  to  involve  the  larger  joints  and 
to  remain  localized.  It  is  to  be  recognized  for  the  most 
part  by  the  history  of  a  previous  urethritis,  by  theab.sence 
of  osteophylie  growths,  and  by  a  tendency  to  an  increase 
of  the  joint  fluid,  rather  than  a  diminution  of  it,  in 
even  the  most  chronic  teases. 

Fi'om  chronic  gout  this  disease  is  distinguished  by  the 
symmetry  of  the  lesi(nis,  by  the  involvement  of  many 
sinall  joints  instead  of  a  single  one,  by  less  pain,  by  the 
absence  of  toiihi.  by  the  enlargement  of  the  ends  of  the 
bones,  and  by  the  absence  of  a  pronounced  heredit^iry 
tendency.  Arterioscleroses  occur  in  arthritis  deforman.s 
only  as  senile  changes. 

The  slnndder  joint  is  sometimes  affected  by  a  localized 
arthritis,  which  may  bear  clinical  resemblance  to  this  dis- 
ease. Several  such  cases  are  referred  to  by  Anders  and 
by  Osier.  1 1  affects,  however,  only  the  capsular  and  other 
ligaments  of  the  joint;  the  -wasting  of  muscles  is  con- 
fined to  those  atta'chefl  to  the  "shoulder  girdle,"  and  re- 
covery from  it  is  comiilete. 

Progressive  nmscular  atrophy  ma.y  be  differenliateil 

by  the  absence  from  it  of  any  affection  of  the  articulation. 

"Sciatica  rarely  arouses  suspicion  of  arthritis.     It  may 

be  excluded  bythe  extension  of  the  pain  to  the  doi-sum 

of  the  foot,  by  the  absence  of  tenderness  in  the  joint,  and 
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by  the  ability  of  the  patient  to  cross  the  iifTcctcii  lea;  over 
the  sound  one  while  sitting;  but  sciatic  [lain  sonieliiues 
occurs  in  arthritis  deformans. 

ahiircdt'a  VinKixc. — The  joint  lesions  Avhicli  sonictinies 
occur  in  connection  with  locomotor  ata.\ia  arc  dillicuU  of 
difTercntiation  only  when  they  occur  early  in  the  disease, 
befon;  the  i>atlii),irni)nionie  symptoms  of  the  ata.xia  liave 
developed.  They  ni.iy  iii-nerally  be  e.\eluiic(l  by  the 
])re.senccof  inco  (irilination  and  other  symptoms  of  ala.xia. 
by  tlii'ir  sudden  onset,  and  hy  the  more  rapid,  painless, 
progress  of  the  joint  aH'ection.  Neither  is  the  osteo- 
phytic  j;rowth  so  iireat.  asa  rule;  tliechanj;es  are  atrophic 
rather  than  hy])eriroiihic. 

Joint  lesions  clinically  resembling  those  of  arthritis  de- 
formans are  at  times  met  with  in  .syrini;:omyelia.  The 
latter  disease,  however,  is  oftener  seen  in  early  life,  and 
it  exhibits  disturbances  of  sensation  and  other  manifesta- 
tions typical  of  spinal  cord  di.sease. 

Ha'inophilia  sometimes  presents  joint  lesions,  but  Ihcy. 
too,  are  more  fi;e(piently  encountered  in  early  life. 
Bowlby*'  has  shown  that  there  is  an  etfusion  of  blood 
into  the  joint,  often  but  not  necessiirily  a  result  of  injury, 
and  that  librous  adhesions  arc  formed  bi'tween  the  car- 
tilairinous  surfaces. 

The  deformity  of  the  hip  occurrini;-  in  co\a  vara  is 
clinically  iilentical  with  that  of  arthritis  deformans,  in 
some  ea.ses  at  least.  .MaydP^  siiys  it  cannot  be  ditTer- 
entiated  without  operation  and  inspection  of  the  joint. 
Fortunately  the  disease  occurs  only  in  yonn;;  subjects  at 
or  before  puberty. 

T'o/i/iirt/iri/i.s  Clii-iiiii'Ui  Vilbi.tn. — I'lider  this  name 
Scluiiler-"' has  recently  describeda  joint  disease  clinically 
resemblin,!?  deforininj;  arthritis.  It  is  most  frequent  in 
females  before  the  mi'uojiause  and  may  occur  in  chilil- 
hood.  The  patholonical  lesions  aie  contined  to  thesvn 
ovial  membrane;  they  may  continue  for  a  decade  with- 
out destru(-tion  of  cartilaire,  althouirh  thi'V  may  i)roduce 
deformitv  and  restriction  of  motion  amounting  to  an- 
kylosis. I'ain  is  a  i)roinincnt  symptom  and  its  occur- 
rence is  largely  independent  of  movements  of  the  joint. 
A  monarti(  ular  form  occurs,  but  it  is  iiuicli  less  fre(i\ient 
than  monarthritis  dcfonnans.  Schuller  linds  a  bacillus 
which  (lilTeis  from  that  founil  by  him  in  this  disease. 

.Maclagan  and  liailow"  refer  to  a  "spurious  arthritis" 
in  whicli  the  symptoms  are  like  tho.se  of  arthritis  rli-- 
formans,  the  former  descriliing  it  as  a  result  of  injury. 
th<^  latter  as  occurring  in  alcoholic  neuritis. 

PuooNosis. — Arthritis  deformans  is  incurable.  ^lueh 
may  nevc-rthelcss  be  done  in  the  early  stages  to  check  its 
progress  and  during  the  acute  exacerbations  to  rclievi' 
sullering.  It  is  not  directly  dangerous  to  life.  Th<' 
patients  may  live  to  old  age  in  comparatively  good 
health,  if  death  does  not  occur  frotn  some  intercurrent 
malady.  Tint  ]u'ogrcss  of  the  disease  usuidly  becomes 
slower  as  it  advances  and  the  stiffering  becomes  less  in- 
tense, although  its  victim  may  become  bedriilden  fnjni 
weakness  and  deformity.  Through  this  disability  it 
predisposes  the  patient,  to  many  alfcct ions  that  are  apt 
to  hasten  his  death. 

TKK.\TMf;xT. — The  tfcatment  is  that  of  a  slowly  de- 
bilitating disease.  The  patient  is  below  par  and  every 
effort  should  be  made  to  im]U-ove  the  gcnend  condition 
and  to  correct  such  concomitant  defects  as  may  <'\isl 
in  the  action  of  organs.  The  abstraction  of  blood  and 
the  admiinst ration  of  debilitating  drugs  are  alike  to  be 
avoided.  Ourmost  potentand  the  .s;lfest  agi-ncics  withal 
arc;  found  in  hygiciu'e  and  dietetic  measures. 

All  authors  agree  that  if  the  patient  lives  in  a  vitiated 
atmosphere,  especially  if  he  occupies  damp  apartments, 
ho  should  be  removed  to  more  salubrious  surroundings 
\vher<'  tlK'ie  is  an  abnmlanee  of  fresh  ail'  and  sunshine. 
and  that  all  worry  and  care  sho\dd  be  taken  from  his 
mind:  but,  unfortunately,  these  re<(uirement,s  are  (|uite 
beyond  the  reach  of  a  inajority  of  the  cases.  A  mere 
change  of  airand  scenery  is  often  beneticial,  and  residence 
in  a  warm  climate,  where  the  atmosphere  is  dry.  not  too 
near  the  seashore,  is  highly  reeonitnended.  Every  pre 
■caution  must  be  Ijiken  against  exposure  and  chilling  of 


the  body.  Woollen  garments  should  be  worn  ne.xt  the 
skin  the  year  round.  The  hands  and  feet  when  affected 
nnist  be  well  pioteeted  from  cold.  The  bare  feet  shoidd 
never  bcallowcd  to  come  incontafrt  with  even  a  carpeted 
tloor. 

The  diet  should  be  liberal  and  of  the  most  nourishing 
(piality;  it  .should  include  an  abundance  of  nitrogenous 
bjod.  iieef,  mutton.  ]ioultiT,  eggs,  milk  and  cream,  with 
a  jilentiful  allowance  of  vegetables  and  frr'sh  fruits. 
.Mall  liquors  may  be  taken  with  the  meals.  Cod  liver  oil 
alone  or  in  combination  with  malt  extract  has  proved  of 
great  service  in  improving  the  luitrition  of  the  jiatients. 
and  should  be  taken  regularly  after  meals  during  the 
winter  season.  The  digestion  should  always  be  a  sub- 
ject of  care. 

During  warm  weather  the  patient  shoulil  spend  much 
of  his  time  in  the  open  air  and  he  should  take  as  nnicli 
light  e.xerei.se  as  is  judicious.  Even  the  atfected  joints 
ought  not  to  be  allowed  complete  rest,  but  they  shoukl 
never  be  exercised  to  the  point  of  fatigue  or  pain. 
I'a.ssive  motion  is  siifer  when  the  joints  are  painful. 
Walking  is  apt  to  hasten  the  progress  of  the  disease  in 
the  hip  or  knee 

jMany  methods  of  local  treatment  have  been  emploj'cd 
and  some  of  them  have  been  laud(-i|  as  curative;  but 
local  measures  can  only  mollify  local  conditions.  They 
<lo  not  remo\e  the  cause,  and  improvement  induced  by 
them  is  apt  to  prove  but  transitory. 

Thermal  baths  have  been  of  much  benefit  in  some  cases, 
but  are  regarded  as  harnd'ul  by  several  authorities. 
Carrod  says:  "It  would  seem  that  in  this  disease  the 
mode  in  whicli  the  water  is  employed  is  of  more  impor- 
tance than  the  chemical  conqxisition.  but  at  several  of  the 
places  at  which  the  most  s.-itisfaetory  results  are  obtained 
the  waters  are  of  the  sul|iliurous  class."  He  has  founii 
that  the  most  effectual  line  of  treatment  is  that  which 
consists  in  inass:ige  combined  with  douching  without  the 
actual  immersion  of  the  patient.  Suitalile  jilaces  for  the 
ap|>lication  of  this  treatment  may  be  found  in  all  parts 
of  the  world.  In  Kurojie.  Aixles  Hains  and  Aachen 
(.\ix  la  Chapelle)  beat'  the  highest  repute;  in  England. 
Bath  and  Harrogate  In  the  I'nited  States  sulphur 
springs  are  numerous  and  many  places  are  equipped 
with  suitable  arrangements  for  properly  carrying  out  the 
treatment.  Thes))rings  bearing  the  highest  repute  are 
the  hot  sulphur  springs  of  Virginia,  the  Hot  Springs  of 
Arkansas,  and  Oleiiwood  Springs,  Colorado.  General 
vapor  l)aths  afford  tempor.-iry  relief.  They  should  be 
taken  inunediateiy  before  retiring  and  not  at  too  frequent 
intervals.  Local  vapor  baths  applied  to  the  affected 
joints  have  been  found  safer  and  more  beneficial.  Elec- 
tric baths  have  been  apjilied  in  various  ways,  but  the 
results  have  not  been  encouraging. 

When  these  methods  are  inconvenient  or  beyond  the 
means  of  the  patient,  ecpially  good  results  may  usually 
be  obtained  from  hot  fomentations  and  other  methods  of 
home  treatment.  Helief  of  pain  may  be  obtained  from 
the  innnersion  of  the  joints  once  or  twice  daily  for  ten 
miinites  in  water  as  hot  as  can  be  borne.  Hot  water  ap- 
plied in  a  stream  from  a  small  orilice  with  considerable 
i'ori'c  is  more  quickly  stinuilating  juid  produces  an  agree- 
able sensation.  Sehi'dler  and  liarneh''"  recommend  the 
Scotch  douche  in  which  an  allernating  stream  of  hot  and 
cold  water  under  varying  ju'essure  is  a|iplied.  Baruch 
follows  this  with  the  application  of  wet  compresses. 
The  application  of  moist  heat  shoulil  be  accompanied  by 
massage  of  the  muscles.  The  Swedish  movement  is  al.so 
lienctieial.  Following  massige.  bellailonna  ointment 
may  bi'  applied  if  the  joints  are  i)ainfid.  or  a  mixture 
of  "e(pial  jiarts  of  guaiacol  and  glycerin  may  be  rubbed 
in.  The  applicati(ni  of  ichtliyol  in  alcohol  and  ether  or 
by  inunction  in  vasogenften  to  twenty  per  cent.)  is  highly 
reconunended  by  Edlefsen.''  who  linds  that  it  not  only 
relieves  the  jiain,  but  also  contributes  to  the  restoration 
of  mobility.  After  this  treatment  the  joint  should  be 
wraiqied  in  cotton  and  coveri'd  with  oiled  silk.  Com- 
plete rest  may  be  secured  by  allowing  the  limb  to  rest 
on  a  splint.     SlrUnipell  recommends  the  application  of 
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liot  sjiml,  ;i  nu'thod  iisorl  by  Hayguvtli.  None  of  those 
mothods  rati  he  rclk'd  iipon.  Iidwcvct,  iiidcss  they  are 
tlioroughly  carricii  out;  half-way  iiioasiires  are  more 
likely  U)  do  harm  than  good. 

Tlie  hot-air  treat meiit  has  been  much  resorted  to  of 
late  and  has  yielded  excellent  results  in  some  eases.  Il 
is  applied  by  "means  of  an  apparatus  devised  for  the  pur- 
pose. This"  consists  of  an  a.sbestos-liued  eyliuder  which 
is  provided  with  a  lani))  to  heat  theairand  a  thermometer. 
The  joint  to  be  treated  is  loosely  but  closely  wrapped  in 
a  Turkish  towel  atid  thrust  itito  the  cylinder,  where  it 
rests  on  a  hammock  like  support.  A  canvas  sleeve  at- 
tached to  the  eylituier  is  drawn  close  around  the  litiib  to 
prevent  the  escape  of-  lieat.  The  lamp  is  then  lighted 
and  allowed  to  burnutitil  the  thermotiieter registers  from 
250°  to  300°  F.,  when  it  is  regulated  to  maintaiu  the 
tetn]ierature  for  from  a  half-hour  to  au  hour.  This 
should  be  followed  by  passive  motion  of  the  joint  and 
massage  of  the  muscles.  The  treattiieut  is  to  be  repeated 
at  intervals  \aryiiig  from  a  half-day  to  several  days,  ac- 
cording to  the  condition  of  the  patient  and  the  effects 
produced.  Lindetnaun  ■"■'-  has  recently  invented  an  ap- 
paratus for  this  treatment,  which  be  calls  an  "Elektro- 
therm."  The  heat  is  produced  by  electricity  and  may 
be  applied  to  the  entire  body  or  to  any  ]iart  of  it.  From 
its  use  he  reports  excellent  results  in  deformative  arthritis 
of  long  standing. 

Whatever  benefit  is  obtained  fiom  the  hot  air  treat- 
ment is  doulitless  due  to  its  cH'eet  upon  the  circulation 
of  the  part,  the  chief  element  of  which  is  probably  a 
persistent  dilatation  of  the  blood-vessels.  On  account  of 
the  possible  disturbance  of  the  general  circidatiou  and 
the  elevation  of  the  general  temperature,  the  duration  of 
the  treatment  should  be  carefully  regulated  to  suit  the 
physical  condition  of  the  iiatient.  All  local  measures 
should  be  employed  with  caution  in  the  presence  of  acute 
symptoms;  they  may  be  applied  with  more  vigor  in  ad- 
vanced cases. 

The  application  of  cleetricit}'  is  considered  beneficial 
by  some  authorities  but  useless  by  others.  The  faradic 
current  may  be  used  for  its  action  on  the  muscles  and  the 
galvanic  for  its  ctTects  on  the  neVvous  system.  AVhen 
the  latter  is  applied,  a  mild  current  with  slow  interrup- 
tion should  be  passed  through  the  affected  nerve  trunks, 
through  the  napi'  of  the  neck,  and  through  the  dorsal 
region.  Static  electricity  has  also  been  employed  in 
various  ways  ^lorton  ■"'  claims  that  the  high  potential 
high  freciuency  current  will  arrest  the  progress  of  the 
disease  at  any  stage,  the  result  being  secured  more  slowly 
in  proportion  as  the  disease  is  more  advanced.  He  re- 
cently exhibited  .skiagraphs  to  demonstrate  the  benefits 
of  treatment  by  what  he  calls  the  "  electric  wave  "  current. 

Internal  medication  is  of  little  benetit  except  in  the 
early  stage  of  the  disease  or  during  acute  exacerbations. 
Anodynes  are  then  sometimes  necessary,  opiates  should 
be  avoided  if  possible.  Chloral,  highly  recommended  by 
some  writers  for  the  relief  of  jiain,  is  also  objectionable 
on  account  of  the  possible  dc'vclopment  of  a  habit.  The 
salicylate  of  soda  is  elTective  in  the  relief  of  acute  symp- 
toms in  some  cases,  but  it  is  liable  to  do  harm  if  too  con- 
tinuously administered.  It  is  the  custom  of  many 
lihysicians  to  administer  iodine  or  caie  of  its  compounds, 
and  by  many  authors  this  is  regariled  as  the  most  bcne- 
ticial  of  all  remedies,  but  the  results  obtained  by  others 
have  not  been  uinformly  satisfactory.  The  syrup  of  the 
iodide  of  iron  is  ])robHbly  the  best  means  of  administer- 
ing it,  since  the  iron  exerts  an  influence  upon  the  ansemia 
that  is  usually  present.  It  is  of  especial  value  in  the 
arthritis  of  children.  It  may  be  advantageously  com- 
bined with  arsenic  in  the  form  of  li(|Uor  sndii  arseniatis. 
The  tincture  of  iodine  is  preferred  by  some  atithorities 
and  many  instances  of  marked  benetit  have  been  re- 
ported from  the  use  of  arsenic  alone. 

Other  remedies  have  been  vaunted  for  a  time  or  by 
individual  observers,  but  they  have  failed  to  stand  the 
test  of  time.  Even  Brown  Sequard's  elixir  was  resorted 
to  with  su]iposed  benetit,  and  it  is  not  stnprising  that  the 
ovarian  extract  has  recently  bei.u  recommended. 


Whatever  the  treatment  adopted  in  a  given  case,  one 
fact  should  be  borne  in  mind,  namely,  that  not  days  nor 
weeks,  but  months,  nuist  elapse  before  a  verdict  can  be 
pronounced  ujion  iis  results.  James  M.  French. 
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ARTHROLOGY.— That  part  of  anatomy  which  treats 
of  the  joints  or  connections  between  the  denser  parts  of 
the  skeleton.  By  means  of  lhe.se  joints,  or  articulations, 
the  skeleton,  originally  an  apparatus  for  supjiort.  be- 
comes an  ;ti)paratus  for  locomotion.  In  its  primitive 
condition  the  human  skeleton  is  without  joints,  being 
reiircsetiteil,  in  the  liuman  bctus  before  the  liftceuth  day, 
by  a  simple  non-jointed  rod  of  conden.sed  embryonic 
tissue  called  the  uotochord,  a  form  permanent  in  the 
lowest  vertebrate  (amphioxus).  This  becomes  en- 
shealhed  with  tissue,  wliich  is  the  matrix  of  the  more 
comjilex  skoleloit  (Fig.  i!29V  The  substance  of  this, 
sheath  changes  to  cartilage  at  regular  intervals,  thus  be- 
coming segmented  (Fig.  330).  Vestiges  of  the  uotochord 
art^  found  in  the  adult  as  pulpy  masses  withiu  the  discs 
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wliicli  unitf  Ilif  vcrtfbnr.  Klspwlipre  in  tlio  luiman 
bodv  joints  ai'f  formcil  in  a  similar  way.  Hixls  an-  laid 
diiwu  and  then  scf;in<iitiMl  by  llic  ditfcipuliation  (if  cer- 
tain portions  into  cart ilai;i',  \vlii<'li  may  afterward  ossify. 
Tln' stnictnri's  by  wliicli  iiiiiiiii  is  cllccti'd  at  the  joints 
may,  tlifrefore,  be  considered  as  tlie  altered  remains  of 
the" oii.iiinal  skeletal  matrix.  Around  the  s(>s;iiients  this 
matrix  remains  as  tibrons  tissue,  termed  the  jH-richon- 
drium.  beeoniiug  periosteum  when  ossiticatioii  ensues, 

Figs.  32fl  ami  SiO.— Foniiiitioii  iit  Primitive  Jolnt.s. 


Notoctaord . 


Skeletogen-  I 
oos  layer,    i 


FlG.:J29. — XottK-lKud  without  Juints. 
(Fuetus  lltteen  (la.vs.) 


Disc  , 


Remains  of  i  _^ 
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and  between  the  se.i,'inents  it  oeeurs  as  similar  lilirous 
tissue,  chansiuir  to  liliro-eartilau'e  in  certain  cases.  \Vheii 
in  the  form  of  liands,  straps,  or  membranous  sheets, 
these  transesmental  structures  are  termed  liiraments. 
They  may  uiiiie  not  only  the  a.|)posed  ends  of  seifments. 
but  iil.so  the  related  sides.  Sheets  of  this  sort  passinjc 
laterallj'  from  one  bone  to  another  in  the  same  [ilane  are 
known  as  interosseous  luembranes.  Exam|)les  are  seen 
between  the  radius  and  tdna.  and  lietween  the  tibia  and 
fibula.  The  entire  lisamenlous  system  is  closely  con- 
nected with  the  fascia',  of  which  it  may  be  consi(lered  a 
specialization  (see  Fi'sn'n). 

The  prinu'  characteristic  of  joints  is,  therefore,  the 
movements  which  become  possible  by  reason  of  segmen- 
tation. These  movements  vary  according  to  the  Viify- 
ing  fimctions  of  the  segmented  members,  and  thus  pro- 
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duce  corresponding  modifications  of  structuic  in  llii' 
parts  composing  the  joint.  I'lion  the.se  modifications 
the  classification  of  joints  deiietids.  In  all  joints  there 
is  originally  sullicient  interscgtuental  tissue  to  iiennit 
slight'and  limited  motion.  Such  are  called  primitive  or 
amphiarthrodial  joints.  Exatnples  occur  in  the  iidult 
between  the  bodies  of  t!ie  vertelna- (Fig.  :!:iO).  In  the 
course  of  develoiunent  tin;  osseous  or  cartilaginous  tissue 
of  thesegtncnfsusually  tends  to  encroach  more  and  more 
upon  the  interscgmi'ii'tal  structure.  If  no  alteration  oc- 
curs in  this,  the  joint  liecomesless  and  less  movable  until 
complete  tixatioh  ensues.  It  is  then  termed  synarthrodial 
or  immovable.  Examples  are  seen  in  the  ailull  skull. 
The  process  may  lie  carried  so  fur  as  wholly  to  obliterate 
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Fig.  :!:):).— Formation  of  .Synovial  Cavity. 


the  joint.  When  the  connecting  substance  is  fibrous, 
the  joint  is  termed  a  suture  (Fig.  :!;>!);  wlien  cartilagi 
nous,  a  synchondrosis  (Fig.  Xi^i).  Stiictly  speaking,  the 
union  of  tlie  shaft 
of  a  long  bone  with 
its  cpijihysis  is  a 
sy  n  c  h  on  d  rosi.s. 
There  being  no 
strain  caused  by 
movement  in  this 
class  of  joints,  the 
periosteum  passes 
over  tlie  interseg- 
mental tissue  with- 
out thickening  into 
ligamentous  struc- 
tures. 

Ill  liy  far  the 
greater  numlier  of 
cases  the  inferseg- 
menial  tissue  be- 
comes altered.  Be- 
tween certain  of  tlic  cells,  vacuoles  or  small  cavities 
form  (]irnbably  by  the  cnlargcincnt  of  the  lymph  lacun;e 
of  the  connective  tissue),  and  tlicse  join  together,  mak 
ing  a  larger  cavity  or  cleft.  The  cells  immediately 
around  the  cavity  form  a  secreting  surface,  the  synovial 
memluane,  the  ]iroduct  of  secretion  being  a  glairy  fluid 
called  synovia.  The  membrane  resemliles  the  .similarh- 
formed   serous  meiubianrs  of  the  body,  as  well   in  si  rue- 

ture  as  in  great 
vascularity,  and 
in  liability  to 
sudden  ii  n  d 
dangerous  in- 
fl  a  m  ma  t  ions. 
Synovial  cavi- 
ties are  formed 
not  only  be- 
tween the  ap 
]iosed  segments 
of  a  joint  (Fig. 
;iH3),  but  also 
where  tendons 
rub  over  hard  surf.-ici'S.  or  where  the  skin  is  closely  ai) 
plied  to  such  surfaces  and  friction  is  frcfjuent  (see 
/liir.vp).  Sniall  and  imperfect  synovial  cavities  exist 
in  a  few  amphiarthrodial  joints,  but  usually  the  joints 
where  they  occur  arc  freely  movable  throughout  their 
extent,  and  are,  therefore,  called  diarthrodial.  The-  in 
ter.seginental  tissue  may  not  be  wholly  obliterated  by 
the  cavity.  When  the  movement  of  the  segments  is 
perfectly  reg- 
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s\n  \i.il  cavities. 


ularanil  small 
in  amount,  it 
may  r<-main  as 
a  central  band 
with  a  cavity 
on  each  side 
and  ligamen- 
tous struc- 
tures s  u  r- 
rouiKling  the 
whole,  form- 
ing a  capsule 
or  eiivelo]ic. 
This  is  a  i)e- 
c  u  1  i  arity  of 
t  he  articula- 
t  i  o  n  of  t  lie 
heads  of  the 
ribs  with  the 
spi  nc  (Fig.  . 

:3:^4).     When  tlie  movement   is  such  that  the  articular 
surfaces  do  not  correspond,  a  synovial  cavity  is  some 
times  fonned  along  the  surface  of  each  segment,  leaving 
an  intervening  disc   of  fibrous  tissue,    which   becomes 
partly  cartilaginous  and  is  then  known  as  an  interarticu- 
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lar  flbio-cartilagc  (Fig.  335).  Example,  lower  jaw  joint. 
The  ilisc  may "bfcdino  tliinued  and  disappear  in  the 
centre,  leaving  a  ring  (Fig.  ii'■^o  show.s  tliis  in  vertical 
section).  This  occurs  in  the  knee  joint.  Its  complete 
disiippearance  is  sliown  in  Fig.  S:iG. 

Joints  may  be  formed  under  jiathologieal  conditions, 
the  process  "being  similar  to  that  just  described.  After 
fracture  the  ends  of  the  bone  are  first  united  by  fibrous 
ti,ssue,  constituting  an  amphiarthrodial  joint,  which 
may  remain  permanently,  or  by   process  of  repair  be 

converted  into  syn- 
arthrodial  and  fi- 
nally disappear;  or, 
if  mobility  of  the 
apposed  ends  be 
not  restrained, 
there  may  be  de- 
veloped a  false  ar- 
throdial joint  with 
synovial  membrane 
and  ligaments 
formed  from  the 
surrounding  c  o  n- 
ncctive  tissue. 

The    action    and 
relations  of  muscles 
are  important   fac- 
tors in  shapins;  and 
Fig.  336.— Fully  Developed  Arthrodial  Joint,   otherwise     modifv- 

ing  joints.  By  sur- 
rounding they  afford  ])rotection,  and  also  actively  as- 
sist the  ligaments  in  holding  together  the  apposed  ends 
of  the  segments;  dilfering  in  this,  that  their  tension  can 


..Bone. 


Cartilage. 

...Cavity. 
Cartilage. 


Perios-  (. 
team.  ( 


Fig.  3,38.— Plaiiifomi  or  Gliding 
FiG.3.37.— ASesainoiil  (Knee  Joint).       Joint  (Patello-Kemorall.  Slid- 

ingand  coaptiitive  motion  only. 

be  adjusted  to  the  stress  placed  on  the  segments.  The.y 
are  invariably  attached  so  as  to  support  the  articular 
surfaces  with   refei'cuce   to   each   other,   never  pulling 


Figs. 


)  and  340.— Pivot  Joint  (.\tlo-.\xoUl).    Rotation  only. 
Trausv.  ligt. 


Syn.  cavities. 
Fig.  Si9.-Top  View. 


Fig.  340.— Front  View. 


them  apart,  nislocalions  are  therefore  more  likely  to 
occur  if  the  force  is  ai)]ilied  suddenly,  before  the  mus- 
cles can  be  put  in  action,  and  are  rare  among  professional 
athletes.  Advantage  is  taken  of  tliis  peculiarity  of  the 
muscles  in  reducing  a  dislocation,  tliis  being  much  more 
easily  done  when  the  patient  is  taken  olT  liis  guard,  or 
when  resolution  of  muscular  force  is  produced  by  an 
anfEsthetic.     E.xpausions  Iroui   the  tendons  of  muscles 


strengthen  and  support  the  joints,  uniting  with  the 
joint  capsule.  When  the  strain  put  upon  these  expan- 
sions is  habitually  great,  as  in  case  a  tendon  passes  over 
the  angle  made    by  the  two   segments,  the  connective 


Trapezium. 
Capsule. 


Fig.  34.3.— Pommel  Joint  OVrist). 
gular  motion  in  all  planes. 


An- 


Fig.  341.— Hinge  Joint  (Elbow).    Fig.  342.— Saddle  Joint  (Thumb).  An- 
Angular  motion  in  one  plane.       gular  motion  freest  in  two  planes. 

tissue  of  the  tendinous  expansion  is  liable  to  take  on 
some  denser  form,  as  cartilage  or  bone.  These  appear 
as  small  nodular  bodies  known  as  sesamoids,  and  possess 
true  articular  surfaces.  The  patella  is  the  largest  and 
most  notable  example  of  these  (Figs.  337  and  338).  The 
shapes  of  articular 
surfaces  depend  main- 
ly upon  the  direction 
and  preponderance  of 
the  muscular  force  ap- 
jdied  to  the  segments. 
The  simplest  move- 
ment possible  is  the 
sliding  of  one  nearly 
plane  surface  upon 
another.  Tliis  is  the 
(M'dinary  movement  of 
the  sesamoids.  Joints 
iu  which  tills  is  tlie 
prevailing  movement 
are  calU-d  planiform  or 
arthrodial  (Fig,  338). 
There  are,  however, 
no  articular  surfaces 
tliat  are  perfectlj' 
lilane,  tliere  being   no 

situation  where  a  pulling  force  is  applied  in  a 
tinnous  straiglit  line  tliroughout  the  extent  of  the  move- 
ment. For  this  reason  there  is  also  found  in  planiform 
joints  a  slight  rolling  of  convex  surfaces  on  each  other. 
This  is  called  coaptation.  When  the  surfaces  are  mark- 
__  edly    curved 

a  variety  of 
m  o  V  e  men  ts 
m  ay  take 
place.  JIo- 
tion  around 
an  axis  pass- 
ing  longi- 
tudinal 1  y 
through  one 
of  the  seg- 
ments is  call- 
ed rotation. 
Pivot  joints 
(trochoides) 
possess  only 
this  m  o  V  e- 
m  e  n  t.  and 
are  exempli- 
fied in  the 
a  1 1  o-a  x  o  i  d 
and  superior 

radioulnar  articulations  (Figs.  339  and  340).  Bending 
the  segments  so  as  to  alter  the  angle  they  make  witli 
each  otlier  is  called  angular  movement.     When  lateral, 


con- 


Hip  bone 


CipMile. 


Fig.  :!44. 


-Hall-und-Socket  Joint  (Hip), 
nient*. 


All  move- 
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to  or  from  the  axis  of  the  body  or  limb,  it  is  further 
•distinguislicd  as  adihiitioii  and  abduction;  when  for- 
ward or  backward.  I'oldinir  or  unfolding  tlic  scjrini'nts. 
as  flexion  and  extension.  A  liinjje  .joini  (j;in.irl.vinus)  is 
one  ill  which  such  motion  is  allowed  in  a  single  [liane 
only.  The  elbow  is  the  best  example  (Fi.s.  341).  The 
shape  of  the  surfaces  may  allow  free  anjrular  movement 
in  some  directions  while  limiting  it  to  some  extent  in 
others.  In  the  saddle  joint  (Fig.  :i42),  and  the  )ioinniel 
joint  (Fig.  'M'.i).  the  motion  is  freest  in  two  |)iaiies  at 
right  angles  to  each  otiier.  In  the  former,  each  surface 
is  eonve.K  in  one  plane  and  concave  in  the  other:  in  the 
latter,  the  surfaces  arc  icciiirocally  ellipsoidal.  Tlii'se 
two  classes  of  joints  allow  all  movenicnts  except  rota- 
tion, it  being  possible  to  perform  circumduction  or  such 
swinging  of  the  distal  segment  through  a  series  of  au- 
gvdar  positions  as  to  make  it  generate  a  conical  surface. 
When  the  joint  consists  of  a  head  nearly  spherical  re- 
ceived into  a  closely  fitting  cavity,  it  is  known  as  a 
ball-and  socket  joint  (Fig.  ;i44),  in  which  great  freedom 
of  motion  is  allo\ved,  all  movements  being  possible^. 

The  foUowin,g  taVile  shows  how  joints  may  be  classified 
according  to  a  genetic  System; 


Costo- vertebral  (costo-Central). 
Co.sto-vertebral  (costo  transverse). 
C'hondro-sternal.  second  to  seventh  ribs. 
Interchondral.  sixth  to  ninth  costal  cartilages. 
.Stcrno-<4avicular. 
Acromioclavicular. 
Hadioulnar.  inferior. 
Carpal — between  single  bones, 
f'arpo-metacarpal,  except  thumb. 
Intermetacarpal. 
I'atello  fi-MKiral 

Tibio  liliular,  superior  and  inferior. 
Tarsal,  except  astragalo-scaphoid  and  calcaneo- 
cuboid. 
Tarso-nietatarsal. 
Intermetatarsal. 

Clicfi  2.' — Ph'of  Joints,  or  Trorlioiihs. 
Atlanto-axial. 
Kadioiilnar,  superior. 

(J  III  us  .3. — Hinr/r  Joints,  of  (linnlyrni. 
KIbow  joint  (humero-cubital). 
Phalangeal,  of  hand. 


CLASSIFK'ATIOX   OF  .JOINT:-;. 

Primitive  Jolnts  (.-wrm-VRTHnosKst. 


Willi 


1  I'avlty. 


With  Synovial  Cavity. 


lM.vov.iBLE  Joints  (Sy.nartiiroses). 


Freei.v  Movable  Joi.vts  (Di.irthkosesi. 


United 

by  cartilafre. 

Syxchoxukoses. 


I'nited  by 
connectivi!  tissue. 

SCTCRJi. 


Motion  slidinf?  or  foaptative, 
surfaces  nearly  flat. 

Pl.ANIFOKM. 


Motion  curvilinear, 
surfaces  curved. 

NO.V-PLAXIKORM. 


Rotation         Angular  motion      Angular  motion         Angular  motion      All  movements, 
only.  one  i>lane.      freest  in  two  planes.         all  planes.        Uall-ami-socket 

Pivot  Joints.     Hinge  Joi.nts.       Saddle  Joi.nts.        Po.m.mel  .Ioi.nts.  Joints. 


The  following  is  a  list  of  tlie  joints  of  the  human  body 
arranged  upon  the  foregoing  prineit)les  of  classilication. 
As  in  iill  natural  classification,  perfei'tly  clear  and  sharp 
distinctions  do  not  exist,  many  joints  being  somewhat 
mixed,  blending  the  characters  of  two  or  more  classes. 

TABLE   OF  THE  .JOINTS. 

OuDKii  I. — Primitive  .Joints,  ok  .\.\ti'uiAiiTiiiu)sES 
Class  1. —  Witlwiit  a  Si/iiM-inl  Vnrity. 

Intervertebral — of  bodies. 

Lumbo-sacral. 

Sacro-coccygeal. 

Sternal. 
Class  3.  —  With  an  Imperfect  Si/iioria!  ('ai-ity. 

Sac ro  iliac. 

Interpubic  (syni]ihysis  jiubis). 

OrtDER  11. — Immovable  .Ioi.nts.  oh  Svnahtiirores. 
Class  1 .  — -Su  1 11  res. 

.loints  between  the  boni'S  of  the  skull,  excej)t 
occipito-sphenoid  and  of  limo- vomerine. 
Class  3.  — Synehonilroses. 
Occipito-sphenoid 
Ethmo-vomerine. 
Chondro  sternal  of  first  rib. 
(,'osto-clirondial. 
Order  III. — Movaim.k  .(otnts.  oi:  Diarthroses. 
Class  1. — Planifor in  Joints,  or  Arthrndia. 
Intervertebral,  of  articular  processes. 
Lumbo-sacnil.  of  articular  [iiocesses. 


Knee  joint  (femoro-tibial). 

.\nkle  joint  (tibia  and  fibula  with  astragalus). 

Phalangeal,  of  foot. 
Class  4. — Siuli/le  Joints. 

Carpo-nietacarpal.  of  thumb. 

Calcaneo-cuboid,  of  ankle. 
CliLts  ~>. — I'oiiiniil  Joints  (Coni/i/hid). 

Temiioro-maxillary. 

Ocei])ito-atlantal. 

Kadio-cariial. 

Intracarpal   (os   magnum   with   semilunar  and 
scaiihoid). 
Cla-ts  fi.  —  llalliiDii-Sirlct  Joints  (Enart/irodia). 

Shoulder  joint  (scajiulohumeral). 

Metaearpo  phalangeal. 

llil>  joint  (coxofemoral). 

Tars.-il.  astragalo-scaphoid. 

]\Ietataiso-)ih:ilangeal. 

An  examination  of  the  intimate  structure  of  adult 
joints  involves,  (1)  the  ends  of  the  segments  (usually 
l)ones);  (2)  the  articular  carl ilages  which  lirotect  them: 
(I!)  the  libro-carlilagi's  which,  when  present,  adapt  the 
surfaces  to  each  other;  (4l  the  ligaments  which  prevent 
their  .separation;  (o)  the  synovial  membranes  which  by 
their  .seci-etion  luln-icate  the  joints 

At  joint  surfaces  [iressnre  and  movement  oceasi(m  a 
modification  in  the  ordinary  structure  of  bone.  The 
ends  are  enlarged  and  the  surfaces  are  of  (>xtremely 
compact  tissue,  |)rotected  by  a  layer  of  hyaline  caiiilage, 
the  remains  of  the  original  cartilage  from  which  the 
bone  was  formed.     Acting  as  a  biiiTcr  to  break  shocks 
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and  to  prevent  wear,  it  is  invariably  thickest  where  tlie 
pi'essuro  is  siroatost  (see  Fig.  iiofi).  '  Under  normal  con- 
ditions it  never  ossifies,  altliougli 
in  old  age  and  in  persons  of  inac- 
tive lile  it  becomes  thinncil  and 
inliltrali'd  with  lime  salts.  Should 
it  slongli.  tlu'  boni'  becomes  rapid- 
ly worn  smooth  (eburnated)  and 
the  joint  is  disabled.  The  super- 
ficial cells  of  the  cartilage  are 
tlattencd,  but  in  the  dee|)er  parts 
they  multiply  in  the  line  of  the 
greatest  stress,  and  are  therefore 
arranged  in  columns  perpendicu- 
lar to  the  articular  surface  (Fig. 
lUo),  in  which  direction  a  sudden 
shock  may  cause  the  cartilage  to 
split.  The  fibro-cartilages  found 
in  joints  are  composed  of  white 
fibrous  tissue,  witli  sparse  elastic 
fibres  to  impart  the  necessary  re- 
siliency. Their  usual  form  is  that 
of  discs  or  rings  attached  mainly 
to  the  more  movable  .segment, 
either  by  their  edges  (knee,  jaw) 
or  by  the  edge  and  one  surface 
(hip,"  shoulder).  The  rings  may 
be  incomplete,  enlarging  the  cav- 
ity on  one  side  only  (phalanges). 

The  original  ca]isuUir  arrange- 
ment of  the  ligaments  remains  in 
cases  in  whicli  the  joint  is  well 
protected  by  muscles  and  the 
strain  is  evenly  distributed.  In 
most  joints,  however,  the  stress 
being  much  greater  in  some  di- 
rections than  in  others,  the  cap- 
sule becomes  thickened  to  coun- 
teract it,  forming  bands  which 
have  received  special  names.  At- 
mospheric pressure,  acting  against 

the  force  of  gravity,  assists  in  keeping  the  articular  sur- 
faces applied  to  each  other,  thus  preventing  a  constant 
strain  upon  the  ligaments.  An  important  office  of  the 
ligaments  is  to  limit  the  mo- 
tion of  the  segments  and  pre- 
vent the  shocks  which  would 
othei'wise  occur  from  the  sud- 
den contact  of  bony  surfaces. 
In  some  cases  they  greatly 
econonnze  nuiscular  force  b}' 
holding  the  joint  in  a  set  po- 
sition. Thus  but  little  force 
is  required  to  maintain  the 
body  erect,  as  it  is  supportetl 
mainly  by  the  tension  of  the 
ligaments  of  the  spinal  col- 
umn, by  the  iliofemoral  liga- 
ment at  the  hip.  and  Tiy  the 
posterior,  lateial,  and  crucial 
ligaments  at  the  knee;  these 
lying  always  on  the  convex 
side  of  arcs  subtended  by  the 
line  of  the  centre  of  gravity 
(Fig.  :!4fl).  Owing  to  theiV 
function  as  limitcrs  of  motion, 
it  follows  that  the  jxisition  of 
greatest  relaxation  for  all  the 
ligaments  of  a  joint  is  one 
midway  b(>tween  Hexion  and 
extension.  In  ease  of  the  dis- 
tention of  a  joint  cavity  by  a 
morbid  effusion,  the  patient 
involuntarily  (ilaces  the  joint 
is  such  a  position. 

Synovial  mendiranes  orig- 
inate as  continuous  and  closed 
sacs,    but   over   the    articular 
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Fig.  34.5.— Artieular  Cartilape. 
Flattened  cells :  li,  cells  in 
inrittrated  with  lime;   7>,  bui 


Fu;.  ;Ut). — Lipaments  Supitort 
ins;  Erect  Posture.  A,  An 
teric  ir  set ;  B,  posterior  set. 


surfaces,  where  pressiu'e  occurs.  i)ortions  of  them  dis.- 
appear;  so  that,  at  the  latter  part  of  fetal  life,  they 
merely  line  the  cajisule  and  ex- 
tend but  a  short  distance  upon 
the  eai'tilages  of  the  joint.  In 
adidt  age  they  fi'eciuently  are 
fiU'ther  extended  l\v  communica- 
tion w  ith  the  synovial  cavities  of 
neighboring  bursa',  and  such  com- 
miuiications  becoiue  more  fre- 
quent and  extensive  as  age  ad- 
vances. They  are  more  lax  than 
the  surrounding  ligaments,  being 
thrown  into  folds  to  increase  the 
blood  supply  and  to  pad  out  in- 
trrvals,  being  assisted  in  this  by 
interstitial  deposits  of  fat.  Along 
the  interarticular  lines  they  pos- 
sess villous  processes,  or  fringes, 
some  of  which  contain  cartilag- 
inous nodules  (Fig.  347). 

It  is  at  or  near  the  joints  that 
the  great  vascular  trunks  divi(h'. 
an  arrangement  which  is  probably 
connected  with  the  centripetal  de- 
velopment of  blood-vessels  and 
the  bud-like  formation  of  limbs 
in  the  embi'yo.  The  immediate 
supply  of  the  joint  is  obtained 
from  small  vessels  that  anasto- 
mose freely  with  one  another.  liy 
them  the  collateral  circulation  is 
established  when  the  main  trunk 
is  occluded.  From  these  vessels  a 
rich  arterial  network  penetrates 
the  capsule  to  supply  the  s}-no vial 
membrane.  Abundant  capillaiies 
lie  in  loops  along  the  s_vnovial 
folds,  and  by  exudation  fi'ora 
them  the  synovia  is  formed.  The 
articular  cartilages  and  the  coiu- 
pact  layer  of  bone  iiumediately  contiguous  are  normally 
ck'Stitute  of  vessels,  but  capillaries  rapidly  extend  into 
them  during  inflammation.  The  filiro-cartilages  are 
stated  by  Sappey  to  contain  ves.sels.  and  may  therefore 
take  an  active  part  in  inflammatory  processes.  Lymph- 
atics are  numerous  near  joints.  Klein  considers  the  joint 
cavitv  itself  as 
a  lyiiiph  space  ''*'fJ!:fIT:^ 
communicating  r  ■,J' 
direct  ly  with 
the  lymphatics, 
and  Arnold  and 
II  e  i  t  z  m  a  n  n 
claim  to  have 
demonstrated  a 
system  of  lymph 
canalieuli  even 
in  articular  car- 
tilage. 

The  nerves  of 
joints  are  dis- 
tributed mainly 
to  the  syno\ial 
membrane  a  n  d 
the  ligamentous 
structures.  It  is 
pi'obablc  that  in 
tliese  situations 
special  nerve 
endings  exist,  as 
described  by 
K  r  a  u  s  e  a  n  d 
Nicoladoni,  for 
it  is  difficult 
otherwise  to  account  for  the  jieenliar  sensibility  of 
the  structures.  A  ligament  or  a  synovial  memlinine 
may  be  touched,  cut,  t)r  pinched  without  giving  much 


(After  Sappey,)    ,-1, 
columns :    C,  region 
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-Synovi.il  Frinjres.   (X  200.)   (Modined 
fri>m  Henle.) 
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luiin,  but  if  it  bestrotc-lipd  bcvoiul  its  pliysinlojrical  limit, 
iliiciitPiiiiiL''  llic  inli'irriiy  of  the  }<nu\.  tlic  suirciiiiir  is 
cxcrucitiliiiij.  as  is  well  known  to  lliosc  wlio  liavc  snlTcfcd 
from  a  sprain  or  a  dislocation.  Articular  canilairi'  has 
no  inTvcs.  and  thcfrnawinLj  pain  wliicli  occurs  during  its 
ulceration  is  probably  caused  by  inliammalory  products 
alTectins  ilic  nerves  of  contijruous  tissues.  A  remark- 
able law  of  coiTclation  has  l)ecn  noted  by  Hilton  with 
reference  to  the  nerves  of  joints,  viz.:  that  they  also 
supply  tlu^  muscles  which  move  the  .ioint  and  the  skin 
over  the  insertion  of  such  muscles;  the  whole  apparatus 
bein<j  thus  under  the  control  of  a.ssoeiated  central  intlu- 
eiices.  There  is  besides  stronjr  clinical  evidence  of  Ibis. 
Kcmakand  I?enedikt  have  poiiUcd  out  the  strong  ]iroba- 
bility  that  many  diseased  conditions  of  the  joints  origi- 
iiiite  in  irritable  states  of  the  spinal  cord  and  of  the  syni- 
palbetie,  and  Charcot  has  pulilished  some  cases  showing 
icmarkable  atrophy  of  the  muscles  of  a  joint  after  an 
injury  lo  the  articular  surfaces eoniiiaratively  slight  and 
inadequate  to  such  a  result.  Locomotor  ala.via  is  usu- 
ally accom])anied  bv  joint  lesions.  A  few  years  ago 
(Ord:  Belfast  Addfe'ss.'  July,  ISMI)  it  was  sliown  that 
many  cases  of  joint  disease  (riieumatoid  arthritis,  gonor- 
rha'al  rheumatism)  are  so  associated  with  disturliances 
of  the  genilo-urinary  tract  as  to  make  it  probable  that 
there  is  a  rellex  elcmctit  of  cau.sation  in  these  disorders. 

For  the  anatomy  of  sjn'cial  joints  see  the  following 
heads:  Ankle  Joint. ;  Elhoir  Joint  ;  h'out.  Juintx  of:  Hand. 
Joints  (if;  ]Iip  Joint;  Knee  Joint;  J'eleix.  J'lints  of  ; 
SlionUler  Joint  ;  Skull;   TIioni.r ;    Wrixt. 

IJesides  the  systematic  works  on  analomy  by  Quain. 
Gt-ay,  Allen,  Sappey,  Cruveilhier,  Ilenle,  IlyrtI,  and 
Gegenbaur,  the  following  authorities  have  been  con- 
sulted in  preparing  this  article: 

Morris,  Williimi :  The  .\tiiit(iTiiy  i>f  tlie  .loints.  I.niiclim,  ISTi). 
Turner:  An  Intniduciinn  te  liuman  .Uiuiimiv,  Kiluilmrfrli,  IStJT. 
Sliirsliall :  .\niii.iniy  fnr  .\rlist,s.  I.ciiilnn,  ts.s:(. 

IIUTn|)tiry  ;  Tlie  ilutiuin  stieictun.  mrliiilinu'  itie  .luints,  Lnndon,  IS.").s. 
Itenke  uiut  lieytier  :  I'cIht  die  Kniwickelnntf  <lcr  Geleuke,  sazungs- 

luT.  (Icr  Wiener  .^c-:i<i.  ricr  W'i>^seiiseli.,  lid.  ].\.\. 
Aet)y  :  TJer  liau  ries  luen.-^'-hiii  lieTi  K'ir-pel-s,  l.i'\\y/.\is.  1S71. 
Mariiit :  t'etier  die  (ielfiikrriu^kein  heini  Men.si-lien,  llrlanireii,  1S74. 
Meyer:    Die  statik  uiid   .Meciiaiiik    'les    iriensi-hi,  KnucLien»,'erii.stes, 

LeiiiziBi  I'*"). 

l-'ionk  /joker. 

ARTHROPATHIES  OF  NEUROTIC  ORIGIN.— As  far 

b:ick  as  ls:n  the  elder  Mitchell'  liist  di'scribed  peculiar 
joint  troubles  tliat  ;ill'i'cteil  in(lividu;ils  w  ho  hiid  sulTered 
from  cereliral  disease:  aiid  in  184(1  Scott  Alison.'-  of 
Ijiradon,  more  fully  described  these  s<'(|uela\  presenting 
several  cases  in  vvbieli  tin-  joiiits  of  the  viaralyzed  side 
only  werc^  alTecled.  This  arthritis  be  believed  to  lie  due 
to  a  condition  of  the  ai'ticular  surface  which  results  from 
the  diiuinished  vitality  of  the  jianilyzed  parts  ami  the 
presence  of  uric  acid,  which  under  such  circuiiistiiiices 
aeleil  as  an  irritative  :igent. 

Later,  I5rown-Se(piard  ■'  and  Charcot  '  direcli-d  atten- 
tion to  the  really  important  natureof  such  complications 
of  organic  paralysis,  and  the  early  researches  of  Alison, 
Durand-Fardel,  Valleix,  Gi'isolle,  and  others  ha\i'  been 
collected  and  carefully  consiileicd  by  tbi-m.  Buzzard 
hiter  investigiited  \\\o^e  eirtliropnlhiis.  especially  in  coii- 
nection  with  locomotor  ataxia. 

It  would  iip]K'ar  that  such  morbid  cb;inges  are  usually 
associated  wit li  those  formsof  cereliral  and  spinal  di.sease 
in  which  the  sensory  tracts  arc  most  extensively  invaded, 
though  this  is  by  no  means  the  inv;iriable  rule.  They 
;ire  comiiion  in  [losleriorspitial  sclerosis  ;ind  rare  in  esseii 
tial  spin:il  p.ar:ilysis,  an  art'eclion  in  which  disorders  of 
sensibility  are  the  exception.  They  are  rare  in  cerebral 
disease  without  .sotne  ascending  degi-neration  syniptom- 
alized  by  poin,  and  the  observ;itioiis  id  Charcot  regiiril- 
ing  the  central  lesion  would  bear  I  his  out.  Arthropathies 
maybe  either  cerebral  or  spinal, and  the  former  iire  much 
more  rare  than  the  latter.  They  liave  bi-en  observed  in 
connection  with  coarse  brain  disease,  such  as  softening, 
with  liemorrbage,  tumor,  or  sclerosis:  and  are  usually 
early  symptoms  of  I'stablished  ccrebr:il   mischief ;  espc- 


Fk;.  :i4K.— Arthiupittliy  of 
Uii-'lit Knee, joint,  (liuz- 
zai'd.) 


cially  is  this  true  in  the  luatter  of  hemonhage.  ,\fter  a 
period  of  from  tiftecii  days  to  seveial  months  alter  tlie 
iiculc  central  trouble  we  find  that  the  joints  of  the  para- 
lyzed hand  or  foot  become  alfected — the  former  more 
often  (Charcot)  —  coincidently  with  the  contractions 
which  mark  the  advent  of  rigidity  and  secondary  de- 
giaieration.  In  Alison's  ca.ses  the  knee  and  ankle  were 
airecled. 

The  joint  disturbances  bi-gin  in  one  (d"  two  ways:  (1) 
Sudilenly.  the  large  joints  being  alTi'cteil :  (0)  slowly,  the 
joints  of  thehaniland  f.iot  being 
the  ]iarts  iittacked.  In  the  (irst 
form  there  develops  rathersiidden- 
ly,  within  a  few  weeks,  a  swell- 
ing which  is  unatlended  by  any 
marked  ri.se  of  temiieratiiri — at 
least  by  any  such  rise  as  we  would 
cxjipct  to  find  in  an  acute  ar- 
thritis of  ])urely  rheumatic  origin. 
There  are  but  little  local  Iic:il  and 
]iaiii,  but  a  great  di-al  of  .>//;v/((.s.s- 
w  lien  the  limb  is  moved.  Jarrin.g 
produces  only  inconsiderable  suf- 
fering. 1  have  never  met  with 
I  lie  degree  of  tiain  described  by 
lirown-Seipianl.  There  is  inori' 
or  less  pain  produceil  by  pressure 
(ivcT  the  tendons,  the  shi-aths  of 
which  seem  to  be  involveii.  The 
joint  is  greatly  swcillen,  the  en- 
largement being  iu;ide  much  more 
pioniinent  in  old  cases  by  reason  of  the  atroiihy  of  mus- 
cular ni;isses  in  the  vicinity.  There  seems  lo  be  a  deej) 
iiivolvciiic>nt  of  till'  joints  and  of  adjacent  inirts,  and 
lliough  there  may  be  a  synovitis,  it  is  of  a  low  grade, 
and.  as  liuzzard  ■  li;is  |ioiiited  out,  thei-e  is  really  great 
tumefaction,  wliicli  characterizes  the  familiar  form  of 
clironi<-  synovitis,  in  which  there  ari'  three  iioinls  of 
swelling'',  viz.:  :iliove  the  jiatella.  and  on  either  side  of 
the  ligameiitum  patellte. 

The  appi-aranceof  the  ail'eeted  joint  is  pi'culitir.  The 
swollen  limb  sliows  a  duskiness  and  hardness  in  the  be- 
ginning, and  a  cold,  '■  white  hardness  "  in  the  old  cases. 
In  some  cases  llici'e  is,  iifter  ii  few  days  or  weeks,  a  sub- 
sidenceof  the  SAvelling,  and  then  ci-rtain  osseous  changes, 
to  be  lU'esently  described,  tiike  jilace. 

The  occurridice  of  .v/n'nol  iirthnijuitliji  may  follow  a 
variety  of  conditions.  As  has  been  pointed  out  by 
.Mitchell,  it  may  be  connected  with  I'ott's  di.si'ase,  'with 
myelitis  ((Jiill),  witli  tumors  of  the  gray  .substance  of  the 
cord  (Buzzard),  with  postidior  .sjiiuiil  sclerosis  (Charcot), 
and  with  traumatic  injury  of  tlie  cord  (V'ignes  and 
.loffroy). 

,\ccording  to  Charcot  the  condition  is  often  an  early 
compliciilion  of  posterior  spinal  sclerosis,  but  others 
think  that  it  bi-longs  to  the  late  stages  of  the  dis- 
ease. It  is  quite  true  tli;it  in  acute  myelitis  we  may 
have  a  nipidly  di'velo])ing  arthrojialhy,  but  in  cases  in 
which  it  is  associated  witli  a  tumor  of  the  cord  or  willi 
locomotor  ataxia  Ihi'  affection  is  a  much  more  slow  af- 
fair. Charcot  believes  that  those  ;irtliropatbii'S  which 
affect  the  ujiper  extremities  in  the  disease  under  consid- 
eration ari'  always  secondary  to  others  imdlving  the 
lower  extremities,  and  come  only  late  in  the  disease  as  a 
result  of  extension  of  the  morbid  process.  Buzzard  re- 
ports a  case  which  contrailiels  this,  anil  the  author  has 
seen  other.s. 

The  enlargement  in  the  chronic  variety  is  slow,  and  a 
])oinl  is  finally  reached  w  hen  deep  destructive  ]iroce.sses 
liegin,  the  articular  surface  of  the  bones  being  worn 
away  or  absorbed,  so  that  movenicnl  of  the  joint  on 
manipulation  will  ]U'oduce  a  jieculiar  creaking  oi'  crack- 
ing.sound;  and  when  the  joint  has  for  some  time  been 
the  seat  of  the  trouble  it  is  common  for  luxation  to  occur. 
The  position  of  the  extremity  ujion  the  bed  is  peculiar, 
and  the  jialienl  often  presents  a  most  strange lieformity. 
Happily  the  artlirojiathy  need  not  always  go  on  to  this 
stage,  and  it  occ;isiiinally  hajipens  that  cures  are  made. 
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On  the  other  hand,  the  erosion  and  destruction  may  be 
very  rapid  Charcot  says-  "Even  witliin  two  weeks,  or 
sooiier.  the  '  crai|iieinents  '  may  be  detected,  which  indi- 
cate a  profound  alteration  in  tlie  art icular  surfaces. "  At 
ihc  end  of  tliree  months  tlie  liead  of  the  humerus,  in  one 
of  his  cases,  was  found  to  be  almost  eom])letely  destroyed. 
PnoGUKSSiVE  AuTtiuop.vTiiY. — There  is  a  form  of  ar- 
thropathy of  a  progressive  nature  of  which  I  have  seen 


Fig.  349.— Prop-essive  Arthropathy  Resembling  Acromegaly. 

Tjut  one  true  case,  and  I  do  not  know  that  any  other  lias 
heen  reported  In  the  patient  who  came  under  my  notice, 
a  sudden  swelling  of  both  ankles  occurred,  with  little 
or  no  pain,  and  in  less  than  one  year  both  thumbs  and 
ring  liugers  became  in  turn  affected,  and  ultimately  both 
little  lin.iiers.  The  metacarpal  joints  were  the  seat  of  a 
hard  and  quite  extensive  swelling,  with  .some  general 
cedema,  more  marked  on  the  palmar  surface.  The  pa- 
tient could  fle.x  neither  the  thumb  nor  the  other  affected 
lingers,  but  the  second  and  third  fingers  seemed  to  be 
unimpaired  so  far  as  their  mobility  was  concerned  The 
ankle  joints  were  lax  and  some  absorption  of  bone  had 
evidently  taken  place  There  was  no  history  of  gout  in 
this  case  The  patient's  urine  was  clear  and  it  was  passed 
in  large  quantities,  and  I  had  no  reason  to  suspect  the 
uric  acid  cliathesis  The  afferted  jiarls  had,  hrforc  tlie  ap- 
pearance of  swelling,  been  the  seat  of  neuralgic  pains. 
The  right  pupil  was  smaller  than  the  left,  and  therowere 
interesting  nutritive  skin  changes  and  a  peculiar  slow- 
ness of  gait.* 

The  hi.story  of  arthropathies  in  general  furnishes  us 
with  points  which  enable  us  to  make  a  com|>aratively 
clear  diagnosis.  The  antecedent  cerebral  or  spinal  dis- 
ease is  a  di'termining  factor,  and  the  peculiar  nature  of 
the  joint  alfeetion  itself  is  conclusive.  It  is  unnecessary 
to  repeat  here  what  has  already  been  said  about  the  pos- 
sibilit}'  of  confu.sing  the  condition  in  question  with  or- 
dinary chronic  .synovitis.  I  may,  however,  I'cmind  the 
reader  that  the  eii'usioii  is  always  lieueath  the  niuscles.and 
the  skin  has  a  polished  ap|iearanee  and  presents  no  ap- 
pearance suggestive  of  in  llammat  ion  There  is  oft  en  great 
embarrassment  inflexion,  though,  as  in  Buzzai'd's  case, 
exten.sion  isnot  inteil'ered  witli.  and  there  is  no  pittingat 
the  joint.  In  the  case  alluded  to.  he  made  an  application 
■of  the  electrodes  of  an  induction  battery  over  the  quadri- 
■ceps  muscle,  just  above  the  patella  When  the  swelling 
was  very  great,  he  obtained  a  jiowerful  contraction,  which 
proved  the  fact  that  the  muscle  was  superficial  to  the 
fluid.  The  affection  sometimes  resembles  avthritin  de- 
Jormnns,  but  it  rarely  involves  the  hip  joint.  It  is  of 
fiudden  apjiearance.  is  often  cured,  the  eft'usiou  is  greater 

*Tliis  ease  was  reported  in  tlip  nrst  edition  ot  this  work,  and  sinee 
then  it  has  in  many  ways  rcseinl)liHt  the  disease  which  was  afterward 
described  as  aeromesaly. 
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and  the  swelling  more  general  than  in  the  latter  disease, 
and  there  are  lu.xations  as  the  result  of  erosion,  which  is 
not  the  case  in  rheumatoid  arthritis. 

Charcot  has  found  in  one  case  evidences  of  a, true  syn 
ovitis — multiplication  of  nuclear  elements  and  thicken 
ing  of  fibrous  tissue — increase  in  size  and  number  of 
capillary  vessels,  and  an  increased  amount  of  exudation 
containing  leucoc}'tes.  In  tliis  case  he  found  macro- 
scopic lesions  of  the  cartilages  or  of  the  ligamentous 
parts. 

In  the  cases  of  cerebral  origin  a  variet.v  of  intercstin.g 
changes  were  found  by  Alison,  but  none  threw  much 
light  upon  the  pathology  of  the  condition,  and  the  same 
thing  may  be  said  of  the  autopsies  presented  by  other 
observers  Charcot,  however,  found  that  in  locomotor 
ataxia  there  was  a  disappearance,  upon  the  same  side  of 
the  body,  of  the  posterior  lateral  gi-oup  of  large  cells  in 
the  autei-ior  cornu  A  case  presented  by  JofTroy  and 
himself  was  cai'efuUj'  studied,  and  it  was  ifound  that  the 
anterior  gray  horns  were  "remarkably  atrophied  and  de 
formed."  Fig  300  represents  a  section  made  through 
the  anterior  horns  in  the  cervical  cord  of  a  patient  who 
presented  an  arthropathy  of  the  shoulder  joint  In  a 
second  case  whicli  was  examined  by  these  investigators, 
and  in  which  the  knee  joint  was  affected,  it  was  found 
that  the  anterior  gray  substance  in  the  lumbar  region  had 
undergone  a  conspicuous  alteration.  Charcot  does  not 
believe  that  this  degeneration  is  a  result  of  functional 
inertia,  liecause  in  his  cases  there  was  considerable  free 
dom  of  movement,  and  the  central  appearances  did  not 
resemble  in  the  least  those  found  after  amputation 

The  pror/nosif:  ot  pn.),gi'essi  ve  arthropathy  is  by  no 
means  gootl.  although  it  has  been  claimed  that  cures  have 
been  effected.  The  benefit  of  therapeutic  measures,  if 
to  be  obtained  at  all,  must  be  shown  at  an  earh^  period, 
and  if  the  morbid  process  has  gone  so  far  as  to  result  in 
destruction  of  the  articular  surfaces,  little  or  nothingcan 
be  gained  by  any  treatment  It  must  be  admitted  that 
in  spinal  disease,  especially  when  the  arthropathy  is  as- 
sociated with  gastric  crises  and  with  other  .symptoms 
suggestive  of  advanced  cord  destruction,  the  prognosis 
is  wellnigh  hopeless 

The  treiitineid  of  these  joint  affections  consists  in  the 
exhibition  of  the  iodide  of  potassium  in  very  large  doses 
— even  one  half,  or  in  some  cases  two  thirds,  of  an  ounce 
daily  in  Yichy  water — and  in  the  free  application  of  the 
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Fig.  350,— (Chan'ot.)  A,  A',  Risht  and  left  anterior  horns:  B,  pos- 
terior jrray  connnissnre  and  central  canal ;  C.  anterior  tlssure :  6,  6', 
anterior  internal  {rronp  of  great  cells-  o.  ((',  anterior  external 
group  of  great  cells;  c\  posterior  external  gnmp  of  great  cells  on 
right  side;  c,  locality  where  corresjxmding  cells  have  disappeared 
on  left  side, 

actual  cautery  to  both  the  spine  and  the  affected  joints. 
Careful  bandaging  and  the  application  of  straps  of  the 
ammoniatetl mercury  plaster  are  of  use,  while  perfect 
rest  is  indispensable  Allan  McImm  Hamilton 

'  American  .lonrnal  of  the  Medical  Sciences,  vol  viii..  1831,  p.  .w. 

-  London  Lancet.  lS4t),  vol.  i,,  p.  'J^7. 

^  Lond(»n  Lancet.  .IiUv.  IS61. 

■•  Lei.'ons  snr  les  maladies  du  svst&rae  nerveux,  1872-73,  p.  100  et  soq. 

^  Diseases  of  tlie  Nervous  System  p.  214etsen. 

ARTIFICIAL    EYES.— (French.    (EH    nrtifcid :    Ger 

man,  KiniKllicIie  Aiiijc.) 

Hi.itiin/. — The  use  of  an  artificial  eye  to  hide  the  ugli 
ness  of  an  empty  socket  or  to  conceal  the  deformity  of 
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Ar!liri>|>atlilefl, 
Arlilic-ial  Eyea. 


a  slininken  anil  discolored  eyeball  dates  from  v<'ry 
early  limes.  Historians  have  traeed  its  origin  to  Ilie 
KiT.vptiaus  of  the  third  and  second  century, B.C.,  basing 
ilieir  claim  on  the  discovery  of  nuiininies  and  animals 
in  whose  orbilal  cavities  artificial  eyes  had  been  placed. 
Artificial  eyes  arc  also  mentioned  in  the  works  of  Am- 
brose Pare  (l.Wi).  and  of  Ilieronymus  Fabriciiis  ( HiUi). 
Crudely  const riU'ted  of  jrold.  silver,  glass,  and  painted 
wood,  the  ancient  eyi'S  bore  but  little  resemblani  e  to 
the  modern  tinished  article,  but  wcie  rather  imitations 
of  eyes  than  artitii'ial  eyes  These  materials  later  gave 
way'  to  specially  i)repared  glass  or  porcelain,  and 
toward  the  commencement  of  the  eighteenth  century 
the  porcelain  eyes  were  still  further  improved  by  an 
enamel,  which,  by  reason  of  its  durability,  its  resistance 
to  tlie  chemical  action  of  tears,  an<l  the  facility  with 
which  it  received  and  retained  colors,  was  generally 
adopted  The  industry  was  biiniglit  to  a  scientilic  basis 
by  Hois.sonneau.  wlio  introduced  between  1S4I)  and  18(i(i 
iilany  im])rovements,,and  created  practically  the  eye  that 
is  worn  to  day. 

Mitnufiii'tiire — First  class  artificial  eyes  aic  made  in 
many  of  the  large  cities  of  Europe  and  America  The  art. 
consists  ill  the  preparation  of  the  material  from  which  the 
shell  is  made  and  in  its  shaliing  and  coloring  The  chem- 
icals that  I'nter  into  the  composition  of  the  glassare  anli- 
mouy.  calcium,  bora.x.  viranium  or  luangane.se.  o.\ide  of 
tin.  arsenic,  and  line'  Hint,  Tiie  artist  is  seated  before  a 
table  with  a  blow  pipe  attached.  theHamebeingregvdate.l 
by  hydraulic  pressure  so  that  it  is  strong  and  steady  To 
this  heat  tlu^  tid)ing.  closed  at  one  end.  is  subjected  As 
soon  as  it  is  at  a  white  heat  the  maker  blows  the  ball  and 
sliapes  it,  tlien  at  the  proper  moment  be  takes  a  stick  of 
pigmented  glass  and  places  a  drop  on  tlie  siunmil  of  the 
iiall ;  it  is  then  heated  again  an<l  at  the  same  time  flat- 
tened. This  colored  glass  represents  the  iris  By  a 
jiroccss  of  teasing  the  iris  is  made  to  have  a  blending 
of  colors,  a  highly  artistic  jhocc'.ss.  then  a  darker  slick 
of  glass  is  fused  to  the  centre  of  the  iris  to  form  the 
jiupil;  as  the  next  step,  tin;  cornea  is  formed  of  trans- 
parent crystal  The  colored  tubing  is  now  drawn  out 
initil  it  has  the  diameter  of  the  linest  silk  thicad,  ami. 
by  using  its  melted  tip  as  a  brush  or  ])eneil.  the  delicate^ 
shadings  and  vein  traci-ry  are>  jiroduced  After  this  the 
ball  is  again  heated,  is  I'ut  from  the  stem  on  which  it 
was  previously  held,  and  its  sharp  edges  are  roumh'd  olV, 
When  completed  the  sliell  has  an  ovoid  form,  concavo- 
convex,  the  surfaces  being  smooth  and  enamelled  The 
jnipil  in  the  artificial  eye  is  made  of  the  average  si/.e.  or. 
when  made  to  order,  oi'  the  size  of  the  patient's  pujiil  in 
daylight* 

\Viibin  the  (last  few  years  ophthalmic  s\irgeons  and 
opticians,  having  become  dissatistied  with  the  results 
obtained  by  prescribing  practically  th<'  same  shaped  eye 
for  all  orbits,  have  paid  greater  attention  to  the  fitting 
of  individual  orbits  with  individual  eyes,  by  making 
such  alterations  in  their  outlines  and  chatiges  in  tlnir 


FIG.  351. 


FIG.  'Xa. 


Figs.  S51  ANn  aie.— FIr.  :i.51.  Anterior  view  of  F.ye  Adapti'ii  to  I)i  ip 
Upper  Forni.\.  Fill.  xa.  ProUle  View  of  Same  Eye-  1,  Nai.al  e\- 
trt'Oilty  ;  i.  temporal  exlreiiiity 

curvature  that  they  may  be  adapted  not  only  to  iiormally 
shaped  orbital  beds,  but  to  those  that  present  cicatricial 
bands  or  other  ol)slacles  to  the  wearing  of  the  average 


*Tliis  description  is  taken  from  the  previous  edition  of  the  Rkfkr- 
F.NCE  H.4XDB0()K.  II-S  accuracy  hiu-s  iKcn  verillcd  l)y  the  pn'senl  wrlier 
during  a  visit  to  the  factory  of  Miiller  Bros.,  Wiesbaden,  (iermany,  in 
the  summer  of  1891). 


eye      Such  moditieauons  are  repre.seiiled  in  the  accom- 
panying figures 

The  ingenious  adaptation  of  the  common  eye  of  tlie 
shops,  shown  in  Figs  ii.ldand  :5.")T.  was  suggested  by  Dr. 
J,  \,  Borsch.  .Jr  .  Paris,  France  It 
may  with  little  trouble  beadajited  to 
most  orbits  with  entire  satisfaction 
In  a  normal  socket  the  plate  will 
lie  at  right  angles  to  the  sides  of 
the  shell.  The  plate  is  fastened  to 
the  eye  by  means  of  silicate  paste 
and  the  line  <if  juncture  is  jn'o. 
teeted  by  a  thin  layer  of  wa.\  In 
order  to  overcome  the  expansion 
of  the  air  contained  between  the 
plate  and  shell  that  would  ni'ces 
sarily  follow  when  the  tempera- 
ture of  the  eye  is  raised  to  that  of  the  socket,  the  shell 
and  plate  are  brought  to  the  lempeialure  of  100'  F.  or 
over  while  being  cemented. 

The  (il)jei't  of  weiniiig  an  iirtififiiil  etje,  is  cosmetic,  to 
( imceal  a  .glaring  deformity,  and  therapeutic,  to  prevent 
asymmetrical  giowth  of  those  bones  of  the  face  which 
enter  into  the  formation  of  the  orbit.     A  further  object 


Fig.  .l-kJ.-Solld  F.ye. 
One  of  three  patterns 
described  by  Mr.Snell 
in  (iiilinmhiiir  Hi- 
i'hn\  and  devised  to 
avoid  the  suction  in- 
ciili'nt  to  the  usual 
concavo-i'onvux  shell. 


Ki(;.:r>4,  -  The  Averaf-'e  Eye.  1, 
,Na.sal  e.vtieiiiity  ;  'J,  temporal 
e.Ktremity. 


F1G.3.V).— A  Complete  Ball  with 
Indentations  on  Superior  and 
Inferioi-  Sides  for  I.lds. 


is  to  give  relief  to  the  conjunctival  irritation  cau.sed  by 
distorted  eyelids  and  inturned  eyelashes,  often  the  ac- 
companiments of  eyeless  orbits 

'/'/(<'  ('I'liijiiinitifii  Value  of  Siihslitu/i'  Operations. — For- 
merly, enucleation — removal  of  the  liall — was  the  only 
radical  operation  iierformed,  but,  with  the  object  of  pre 
serving  or  creatiiiir  a  bed  over  which  an  artilicial  eye 


^^ 


FIG,  356. 


Fig,  :K7. 


Fros.  '.iV}  A-NIi  a')".  — FiK.  :r)rt  Shows  the  Coinnion  Eye  wilh  a  <;la.ss 
Plate,  which  Forms  the  Haseof  the  Concavity  of  the  Eye.  The  plate 
may  be  cemented  fonvaril  or  backward,  or  to  one  or  the  oilier  side, 
in  iirder  to  till  the  cornea  into  any  desired  direction.  Fig.  357,  thi; 
plate. 

may  be  worn  and  by  which  movement  and  concomitant 
rotation  will  be  imparted  that  will  be  superior  to  that 
following  simple  enucleation,  various  (dher  operations 
have  been  suggested:  o|)lico  ciliary  neurectomy,  or  divi- 
sion of  the  opt'ic  and  ciliary  nerves  wMlh  retention  of  the 
ball,   .sdero-optic  neurectomy,  or  icsectioa  of  the  pos- 


FiG.  a-)8. 


Fig.  359, 


FKiS.    :V)8  AND   3W.— Ftp    ara.  Aluminum   Button-Shaped  Vitreous 
FlR.  :)5ft,  Aluminum  Vilrcons  wilh  Flat  or  t:oncave  Base. 

terior  jiart  of  the  sclera  and  of  the  adjoining  optic 
nerve,  eviscero  iieurotomy.  or  eniplying  the  .scleral  sac 
and  dividing  the  nerve .  "evisceralion,  or  emptying  the 
scleral  sac  ■.  evisceralion  wilh  the  insertion  of  an  artificial 
vitreous,  implantation  of  a  gla.ss  or  metal  globe  (such  as 
is  shown  in  Figs.  :J.").")  and  oiiO)  in  Tenon's  capsule  after 
enucleation,  abscission  of  tlie  anterior  thiril  or  fourth  of 
the  ball;  and  complete  keratectomy  or  abscission  of  the 
cornea.  But  most  of  these  operations  have  lew  advo- 
cates because  of  their  failure  to  accomplish  the  objects 
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for  wliioli  tlK'y  were  ilc vised  or  because  they  have  been 
proven  to  be  ail  iusullieieiil  barrier  to  sympathetic  in- 
Haiiiination.  The  strongest  rival  to  enucleation  is  the 
Mules'  operation — evisceration  with  the  insertion  of  an 
ariiticial  vitreous.  Operatorsare  divided  in  their  opinion 
as  to  the  value  of  this  procedure.  It  is  conceded  that  it 
will  sive  ideal  cosmetic  results  when  successful.  It  lias, 
however,  not  been  generally  ailojited  for  the  following 
reasons;  the  reaction  is  far  more  severe  than  that  after 
enucleation:  the  recovery  is  more  prolonged — a  serious 
.obstacle  to  the  breadwinner;  the  danger  of  sympathetic 
inflammation  is  not  avoiiled;  the  artificial  vitreous  is 
subject  to  fracture  or  alteration  insha]ie  from  accidents, 
primary  success  is  no  assurance  that  tlie  vitreous  substi- 
tute will  be  ])ermanently  retained;  enucleation  of  the 
scleral  sac  may  be  deman(le<l.  The  advantages  claimed — 
viz..  that  the  artificial  eye  is  more  movable,  owing  to  the 
better  stump  secured,  and  that  the  operation  can  be  safely 
performed  in  panophthalmitis — do  not  warrant  its  fre- 
quent performanee  or  its  uuiiualified  adoption  as  a  sub- 
stitute for  enucleation.  If  we  e\ce]it  the  isolated  cases 
in  which  >[ules'  operation  is  successful,  the  most  mov- 
able support  for  the  prothesis  is  afl'orded  when  as  the 
first  .step  of  enucleation  the  distal  extremities  of  the  recti 
muscles  are  uuited  by  suture  to  a  mass  that  is  covered 
by,  and  later  becomes  amalgated  with,  the  conjunctiva. 
The  comparative  value  of  enucleation,  evisceration, 
and  Mules'  o|5eration,  considered  only  in  reference  to 
the  concomitant  movements  of  the  prothesis,  is  well 
shown  in  the  table,  made  from  recent  investigations.* 


Average  rotations 

Rotations  after  enuclea- 
tion with  suture  of  ten- 
dons   

Rotations  after  enuclea- 
tion without  suture  of 
tendons - 

Evisceration 

Mules'  operation 


5 

a 

a 

n 

c 
Q 

45 

31 

.50 

55 

19 

22 

20 

50 

13 

13 

12 

25 

1.5 

IS 

23 

35 

23 

ai 

23 

.58 

Average     of      Lanrtolt's     and 
Stevens'  measurements. 


Average  of  three  cases. 


Average  of  de  Schweiuitz's  and 

Truc's  ineaMirHinents. 
Avenigf  of  di-  Srliweinitz's  and 

Truc's  measurements. 
Average    of     de    Scbweinitz's 

cases. 


Fig. 


Choice  of  an  Artificial  Ki/c. — In  tlie  choice  of  an  artificial 
eye  one  must  be  guifled  fiy  the  size  and  shape  of  the  socket 
and  by  the  condition  of  the  orbital  couteuts.  Only  in  e.\- 
cejitional  cases  is  the  selection  from  the  large  stock  car- 
ried liy  opticians  ditlicult.  When  irregularity  of  the 
conjunctival  sac  demands  a  specially  constructed  eye  a 
leaden  pattern  may  be  moulded  from  whicli  the  artifical 
eye  is  fashioned.  In  cases  of  small 
sockets  a  series  of  leaden  scales  or 
glass  shells  (Fig.  HOO)  of  increasing 
size  may  be  successively  worn  until 
the  cul  de-sac  has  been  sufficiently 
stretched.  It  is  essential  not  onlv 
that  the  eye  shall  look  well  but  that 
it  shall  be  comfortably  worn  and 
not  cause  irritation.  The  points  to  be  considered  are 
that  it  shall  resemble  the  sound  eye.  that  it  shall  have 
both  mobility  and  stability,  and  that  it  shall  easily 
'be  adapted  to  the  orbital  contents. 

The  stability  depends  upon  the  accurate  adjustment 
to  the  conjunctival  bed  behind  and  to  the  lids  in  front, 
upon  the  degree  of  curvature,  and  upon  the  length  of 
the  prothesis  in  relation  to  the  length  of  the  commissure. 
The  size  of  the  eye  must  be  particularly  regarded;  if  it 
is  too  large  the  lower  lid  is  pushed  in,  "the  cul-de-sac  is 
effaced,  and  the  eye  is  spontaneously  protruded;  if 
it  is  too  .small  it  shifts  its  position  independently  of  the 
movements  of  the  other  eve,  and  engages  itself  in  the 


360.-Glass 
Sbell. 


superior  cul-de-sac,  ,so  that  its  lower  border  is  protruded 

*  From  a  paper  read  by  Dr.  G.  E.  de  Schwelnltz  tiefore  the  Section 
on  Ophthalmology,  College  of  Physicians,  Philadelphia.  February, 
1900. 
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Fic.  .S61.--Lateraland 
Posterior  View, 
showing  e.xpanse  of 
sclera  upward  and 
backward  for  adap- 
tatiim  intci  shallow 
lower  fornix. 


from  the  inferior  culde-sac.  A  contraction  of  the  con- 
junctival sac  may  form  a  bridle  that  will  necessitate 
cutting  a  ]iiece  out  of  the  eye  or  surgical  intervention  in 
the  orbit  tor  the  destruction  of  the  bridle  and  rehabilita- 
lion  of  the  sac. 

A  detective  or  misfitted  prothesis  will  cause  pain 
throughout  the  entire  orbit  or  at  that  portion  of  the  con- 
junctiva which  is  wounded  b}'  the  im- 
jjcrfection  and  aggravated  by  all 
movements.  If  the  eye  is  too  con- 
ve-ii  forward,  it  encroaches  upon  the 
lid  at  an  acute  angle  and  wounds 
it ;  if  it  is  too  fiat,  its  posterior  sur- 
face rests  in  contact  with  the  cornea 
or  with  the  cicatri.x  and  produces 
pain.  An  old  eye  that  has  lost  its 
polish  gives  the  sensation  of  a  foreign 
body  ill  the  orbit. 

7o  Iiincrt  (in  Artificial  Eye. — The 
upper  lid  is  elevated  by  traction  on 
the  skin  below  the  orbital  margin;   the  upper  edge  of 
the  shell  is  intioduced  under  the  upper  lid  and  almost 
in  contact  with  it  until  the  superior  border  of  the  cornea 
is  hidden  by  the  ciliary  border  of  the  lid. 

The  lower  lid  is  now  retracted  and  partly  everted, 
sufficiently  far  to  permit  the  lower  edge  of  the  eye  to 
escape  it  and  to  pass  into  the  lower  cul-de-sac.  By"  easy 
movements  vertically  auil  laterally  the  eye  is  forced  into 
the  socket,  where  it  is  held  by  the  lids. 

To  licmore  tlie  Eye. — The  head  of  a  large  pin  or  a 
similar  iustruiiient  is  inserted  under  tlie  lower  border  of 
the  eye,  during  eversion  of  the  lower  lid,  and  by  this 
means  the  artificial  eye  is  gentl}'  jiried  out  so  that  the 
inferior  edge  may  pass  over  the  lower  lid.  when,  by  hold- 
ing the  head  slightly  forward,  the  eye  will  fall  iiito  the 
extended  hand.  After  a  short  experience  tlie  insertion 
and  removal  of  the  eye  are  easily  and  .safely  done. 

Care  of  the  Eye. — The  eye  should  not  be  worn  for 
twenty-four  consecutive  hours-*  At  night  it  should  be 
taken  out  and  cleansed  with  soap  and  water  ami  allowed 
to  remain  in  oil  until  luoruiug.  Under  favorable  cir- 
cumstances au  artificial  eye,  when  well  made  and  fitted, 
will  retain  its  polish  and  .smoothness  forabout  two  years. 
In  cases  of  much  discharge  of  mucus  and  tears  it  cor- 
rodes in  a  few  months,  when  its  edges  must  be  ground 
down  and  its  surface  repolished  or  it  must  be  replaced 
by  a  new  one. 

Care  of  tlie  Orhit. — How  soon  after  operation  may  a 
glass  eye  be  worn'/  The  interval  depemis  upon  there- 
action  following  o]icratiou.  upon  the  disease  of  the  eye 
that  necessitated  its  removal,  and  upon  the  time  required 
for  perfect  healing  of  the  tissues.  'Writers  specify  the 
average  interval  after  the  usual  operations  as  four  weeks. 
'We  have,  in  a  number  of  instances,  when  it  was  impor- 
tant that  the  patient  should  return  to  his  occupation  as 
soon  as  possible,  inserted  the  eye  seven  days  after  enu- 
cleati(ui  and  have  had  no  reason  to  regret  the  action. 
'When  all  signs  of  lu'evious  disease  and  of  reacliini  from 
the  operation  have  disappeared,  and  there  has  been  no 
complaint  of  sympathetic  trouble,  the  eye  may  be  worn 
without  fear  of  consequences.  After  enucleation  for 
sympathetic  irritation,  at  least  two  mouths  should  elapse 
because  of  the  danger  of  exciting  a  pathological  process 
that  may  be  destructive  to  the  opposite  eye.  Cases 
have  been  recorded  by  Lawson.  Mooreu,  Keyser.  Salo- 
mon, and  'Warlomont  in  which  sympathetic  ophthalmia 
has  followed  the  wearing  of  an  artificial  eye  over  atro- 
phied globes  and  after  enucleation.  This  accident  is 
all  the  more  probable  in  the  case  of  a  stump  that  is 
ossified  and  jiaiuful.  In  threatening  sympathetic  dis- 
ease the  prothesis  is  badly  tolerated.  On"  the  other  hand, 
unnecessary  delay  enhances  the  difficulties  of  inserting 
and  wciiring  an  artificial  eye.  in  consequence  (>f  shrink 
ing  of  the  contents  of  the  orbit,  which  is  prone  t<i  be 
rapid  and  iirogressi  ve.     For  the  first  few  days  after  fitting 

*  Dr.  ('hisolni  has  reported  a  case  in  which  an  artificial  e,ve  had  lieeu 
worn  for  twelve  years  without  ever  having  been  removed  and  with  no 
bad  symptoms. 
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Arllliflal  KeNptratlon. 


an  eye  it  should  be  worn  only  an  lioiir  or  two  at  a  tinic. 
so  that  the  tissues  may  beconu-  graiiually  aceuslomeil  to 
its  presence.     Should  intlanimation  of  llie  inueous  nieni 
brane  arise,  it  is  to  be  treated  by  desislance  from  wearing 
the  prothesis  and  by  api)liealions  of  eauteranrs  or  astrin 
gents,  such  as  silver  nilrate.  tannit  a<-id,  alum,  <'le. 

Utiir.inl  Funic  Jlansell. 

ARTIFICIAL  LIMBS.     Sec  /./,/,/«,  Arlificinl. 

ARTIFICIAL  RESPIRATION.  This  prueedure  is  fre- 
quenlly  required  for  Ihe  purpose  of  suslaining  a  feelile 
and  failing  resjiiraliou.  or  to  restore  that  function  after 
tlie  lungs  have  ceased  to  act.  Its  value  as  a  icstorative 
measure  is  umloubted,  and  l)y  its  use  very  many  lives 
have  been  Siived.  If  dcatli  in  its  i)ro|)er  sense  has  taken 
place,  all  elTorts  are  fruitless,  but  in  man,v  instances  the 
respirations  cease,  the  pulse  is  imperceptible,  and  all 
signs  indicate  an  absence  of  life,  yet  the  heart  remains 
in  action  and  the  bl.ood  continues  to  How  Clinical  e.\- 
perieuee  and  experimental  work  have  shown  how  life 
may  be  restored  so  long  as  there  remains  any  contractile 
power  iu  the  cariliac  muscle,  and  on  this  is  based  the 
iiope  of  artitieial  icspiralion. 

The  length  of  lime  that  may  elapse  between  the  ce.s.sa- 
tion  of  breathing  and  its  restoration  is  uncertain.  This, 
however,  is  not  of  much  practical  importance,  as  in 
nearly  all  cases  it  is  im])ossible  to  determine  when  the 
respiration  ceased.  In  cases  of  drowning,  smothering, 
poisoning,  etc..  there  is  more  or  less  struggling  and  we 
are  unable  to  say  how  much  air  was  breathed  In  the 
cessation  of  breathing  durin.ir  ana'sthesia,  and  in  cases  of 
shock,  the  patient  is  under  observation  and  the  change 
is  cpiite  evident.  In  such  cases  a.ssistance  is  at  han<i  and 
efforts  to  restore  are  commenced  at  once.  Many  remark- 
able stories  are  told  of  long  ]ieriods  of  suspended  anima 
tion  after  which  recovery  has  taken  place,  but  all  are  tin 
rcliabh!.  Three  or  four  minutes  are  g<'nerally  given  as 
the  limit,  and  it  is  probable  that  if  respinition  h;is  ceased 
for  that  length  of  time,  death  has  taken  place.  TIjc 
important  fact  is.  that  a  very  slight  inlerchange  of  air  w  ill 
sujiport  life,  and  no  matter  how  long  the  respirations 
have  api)arently  cease<l  tlK'fe  is  the  possibility  of  moder- 
ate breathing,  and  every  effort  should  be  made  to  resusci 
tate.  What  is  of  .irreat  inipurtance  is  the  length  of  lime 
that  artificial  res])iration  should  be  maintained.  Many 
cases  are  reported  in  which  it  was  performed  for  ten. 
fifteen,  and  twenty  minutes  before  breathing  began,  and 
in  some  cases  it  is  stated  that  an  hour,  or  evc'ii  a  longer 
time,  elapsed  Ijefore  natural  breatliing  was  secured.  It 
.should  always  be  continued  for  twenty  minutes,  anil  if 
there  is  the  faintest  sign  of  life  no  limit  should  restrict 
the  operator.  In  some  cases  in  which  breathing  con- 
tinues, Init  is  weak,  as  in  ojiium  iioisoning.  it  may  be  re- 
quired for  hours.  In  the  asphj'xia  due  to  gas  poisoning 
artificial  respiration  may  have  to  be  kept  up  for  days. 

The  apno^a,  or  asphy.\ia.  which  we  are  called  upon  to 
relieve  may  be  |)roduced  by  two  distinct  conditions  It 
may  arise  from  an  absence  of  o.wgen  and  the  saturation 
of  the  system  with  carbonic  acid  and  its  ])roducls.  or  it 
may  be  due  to  a  direct  action  on  the  medulla  and  to  i)araly- 
sis  of  respiration.  In  the  tirst  condition  the  air  brealhe<l 
may  be  impure,  or  charged  with  carbon  mono.vide,  or 
there  may  be  an  obstruction  to  the  entrance  of  air,  as  in 
drowning,  smothering,  han.irin.ir.  the  pressure'  of  tumors, 
anil  in  disease  of  the  air  passages.  In  the  second  condi- 
tion the  cause  m.'iy  be  traced  to  shock,  to  ojiium,  chloro 
form,  and  other  poisons,  and  to  disease  of  the  brain. 

The  various  methods  of  c.-iriTing  out  artificial  respira- 
tion are  directed  to  the  relief  of  llie.se  two  conditions. 
Tfie  alternate  expansion  and  contraction  of  the  lungs 
brings  to  them  tlie  pure  air  and  carries  off  the  impure,  and. 
at  the  same  time,  the  respiratory  centre  may  be  refiexly 
excited  by  the  entrance  of  the  pure  air  into  the  lun.is,  by 
the  sudden  pressure  over  the  chest  walls,  and  by  the 
drawing  forward  of  the  tongue. 

The  preliniiuarv  treatment  of  the  patient  is  of  as  mucli 
importance  as  the  artitieial  respiration.     It  varies  some- 


what with  the  various  causes,  but  it  must  always  be  care- 
fully observed  if  we  wish  to  obtain  success. 

In  the  lirsl  jilace.  it  is  necessary  to  make  a  correct 
diagnosis.  Unless  the  cause  is  known,  all  efforts  may 
jirove  of  no  avail,  as  some  important  detail  may  be 
overlooked.  If  the  air  of  the  room  is  iinpiire  tlie  jiatient 
should  be  removed  to  more  favorable  siiifoundings.  If 
an\"  foreign  body  obstructs  the  entrance  of  air  it  should 
be  removed;  the  stenosis  of  the  larynx  should  lie  over- 
come by  intubation  or  by  trachentomy  :  in  cases  of  drown- 
ing or  sniotheiing,  efforts  should  lie  made  to  remove  the 
Huid  or  f'orei.gn  substance  ihat  may  have  entered  the 
lungs.  If  poi.sons  liave  been  taken,  "the  proper  antidote, 
the  stomach  iiuni]),  and  lavage  will  be  required. 

Whenever  there  are  indications  for  eiiqiloying  artitieial 
respiration  the  necessary  steps  should  be  lakeii  without 
delay,  as  the  first  few  efforts  may  save  the  ]iaticnt's  life. 
At  the  same  tinu^  the  many  other  means  of  resuscitation 
may  be  carried  on  by  assistants.  Heat  to  the  surface  of 
the  body  and  the  extremities  is  of  much  service:  if  the 
body  heat  has  been  lowered  by  exposure  or  by  immersion 
incold  waterthis  becomesanecessity.  Death  ironi  drown- 
ing is  much  more  rapid  in  cold  than  in  warm  water,  and 
hope  of  recovery  is  much  greater  if  the  temperature  of 
the  Iiody  is  maintained.  Fortunately,  heat  is  usually 
readily  procured.  The  transfer  of  the  patient  to  a  warm 
room,  the  removal  of  his  dam])  clothing,  the  application 
of  hoi  blankets  to  the  body  and  of  hot  water  bottles  to 
tile  extremities,  and  the  employment  of  friction  over 
the  surface  of  the  skin,  are  all  measures  which  are  gener- 
ally availalile.  In  some  cases  it  may  be  preferable  at  once 
to  inniierse  the  body  in  a  hot  bath  without  waiting  to  re- 
move the  clothiii.tf. 

Of  drugs,  the  cardiac  and  respiratory  stimulants,  such 
as  strychnine,  digilalin.  ammonia,  ether,  and  lirandy, 
may  be  administered  liypodermically  :  also  hot  stimu- 
lating rectal  eiiemata  may  be  used.  Oxygen  may  be 
added  to  the  air  inhaled,  particularly  in  tlie  asphyxia  of 
noxious  and  poisonous  gases. 

I'lood  letting  has  iieen  recommended.  In  all  cases 
in  which  the  system  has  lieeii  de]uived  of  o.xygen,  the 
lungs  are  congested  and  the  right  cavities  of  the  heart 
are  distended,  Inder  such  conditions  the  abstraction 
of  venous  blood  will  lessen  the  engor.gement  and  allow 
the  heart  to  regain  its  contractile  power. 

So  far  as  the  question  of  po.sition  is  concerned,  it  is 
generally  recommended  that  the  patient's  body  be  in 
dined  slightly  upward  and  !i  pad  of  clothing  be  placed 
under  the  back  to  raise  the  chest,  as  this  allows  of  the 
greatest  degree  of  expansion.  I'nderordinary  conditions 
this  advice  should  be  followed,  but  in  the  failure  of  res- 
piration during  ana'sthesi.a  il  is  desirableat  once  to  lower 
the  head  and  shoulders,  as  this  position  favors  the  flow 
of  blood  to  the  cerebral  centres  and  will  of  itself  revive 
many  iiatients.  In  cases  of  drowning  the  jiatient  should 
tirst  be  jilaced  with  the  face  downward  and  the  head 
lower  than  tlie  body,  the  tongue  being  drawn  forward. 
This  allows  any  water  that  may  be  present  to  escape,  and 
the  emptying  of  the  lungs  may  be  further  assisted  by 
pressure  on  the  chest  walls.  The  jios'ltion  of  the  head 
is  a  matter  of  the  utmost  importance,  as  upon  it.  in  a 
great  measure,  depends  the  freedom  of  the  air  jiassages. 
In  asphyxiated  patients  the  relaxed  tissues  allow  the 
epiglottis  to  clo.se  the  larynx  and  the  tongue  to  fall  back 
against  the  posterior  pharyngeal  wall.  It  was  generally 
taught  that  traction  on  the  tongue  would  overcome  both 
these  obstructions,  but  it  is  now  well  known  that  draw- 
ing the  tongue  forward  exerts  little  or  no  intluence  on 
the  e])iglottis  unless  the  base  is  grasped  and  very  forcibly 
raised.  The  epiglottis,  however,  is  very  readily  rai.serl 
and  the  air  passages  kept  free  by  maintaining  the  head 
in  a  proper  position  :  but  much  confusion  hasarisen  from 
the  many  positions  that  liavebeen  advocated.  Sylvester, 
in  describing  his  method  of  artificial  respiration,  directed 
the  head  to  be  held  "in  a  line  with  the  trunk."  The 
conimittee  of  the  Koyal  McdicoChirurgical  Society,  in 
their  re|iort  on  artificial  resi>iration.  states  that  "when 
the  head  of  the  subject  was  allowed  to  hang  back  over 
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the  wlge  of  the  tnlile.  air  scciiu-d  to  puss  into  the  cliost 
more  ivadily  lliaii  wlu'ii  llie  liaek  of  llic  head  rested  ou 
the  table."  A  few  years  laler.  Dr.  Howard  iu  liis  in- 
vestigations arrived  at  the  same  eoneliision,  and  iu  his 
directions  he  reeoniniends  that  "a  roll  of  clothing  be 
placed  under  the  back  just  below  the  shoulder  blades, 
the  head  hanging  back  as  low  as  possible."  In  a  later 
paper  (Liinrt^l,  May  'i'i.  1880),  in  discussing  the  proper 
position  of  the  head  to  keep  the  epiglottis  rai.sed,  he 
states:  "Having,  by  bringing  the  patient  to  the  edge  of 
the  table  or  bed,  or"  by  elevation  of  the  chest,  provided 
that  the  head  may  swing  quite  free,  with  one  hand  under 
the  chili  and  the  other  o'ii  the  verte.\,  steadily  but  firmly 
carry  tlie  head  backward  and  downward;  the  neck  will 
share  the  motion,  which  must  be  continued  till  the  utmost 
possible  extension  of  both  head  and  neck  is  obtained." 
Tliese  diverse  views  caused  some  confusion  iu  regard  to 
the  projier  position  in  which  to  jilace  the  head,  but 
neither  one  supplanteil  the  other.  The  influence  of  Dr. 
Howard's  work,  however,  was  Avidely  felt,  and  manj' 
cuts  representing  Dr.  Sylvester's  method  of  resuscitation 
represent  the  patient  with  shoulders  raised  and  head 
hanging  low. 

Professor  Hare,  in  a  paper  (JalinK  Hopkins  Hospitnl 
Bulletin,  January.  1895)  in  which  he  described  some  ex- 
periments made  upon  this  subject  by  himself  and  Dr. 
Edward  Martin,  lias  advanced  a  step  further  and  advo- 
cated an  entirely  different  position  of  the  head.  "While 
agreeing  as  to  the  effect  of  the  Howard  position  on  the 
epiglottis,  he  shows  that  it  at  the  same  time  causes 
the  soft  palate  to  apply  itself  against  the  dorsum  of  the 
tongue  and  thus  cut  olT  the  entrance  of  air  through  the 
mouth.  The  importance  of  this  is  apparent  when  we 
consider  how  large  is  the  number  of  persons  in  whom 
the  nasal  passages  are  more  or  less  obstructed.  He 
states:  "If  the  head  is  extended  and  simtdtaneously  pro- 
jected forward,  both  the  tongue  and  epiglottis  are  raised, 
and  the  soft  palate  is  so  tlrawn  as  to  jiermit  of  free 
breathing  through  the  mouth  as  well  as  the  nose." 

Of  the  many  methods  of  performing  artificial  respira- 
tion, that  introduced  by  Dr.  Henry  H.  Sylvester  (Ran- 
kin's Abstract,  1858,  ii.)  is  almost  universally  adopted. 
Modifications  suggesteil  by  others  may  be  combined  with 
it.  but  in  nearly  all  casi's  the  principles  of  this  method 
are  followed  to  a  greater  or  less  extent.  The  object  is  to 
imitate  the  action  of  the  ivspiratory  muscles,  by  alter- 
nately raising  and  lowering  the  arms.  The  patient  is 
placed  upon  his  back,  and  the  movements  are  made  slowly 
and  deliberately  about  fifteen  times  in  the  minute.  The 
directions  are  as  follows:  "Standing  at  the  patient's 
head,  grasp  the  arms  just  above  the  elbows,  and  draw  the 
arms  steadily  and  gently  upward  above  the  head  and 
keep  them  stretched   uinvard  for  two  seconds.     Then 


Fig.  362.— Sylvester's Mfttioii  (First  Position).  Patient's armsextended 
to  iillow  the  entrance  of  air  into  tlie  chest. 

turn  down  the  patient's  arms  and  press  them  gently  and 
firmly  for  two  seconds  against  the  sides  of  the  chest." 

In  1850,  two  years  previous  to  Dr.  Sylvester,  Dr. 
Marshall  Hall  hail  introduced  his  "ready  inethod."  In 
this  the  patient  is  ]^laced  on  his  face  and  i)rcssure  made 
tipon  the  back  to  expel  the  air  iu  the  lungs.  He  is  then 
turned  on  the  side,  iu  which  position  the  lungs  can  more 
easily  expand.  The  directions  are;  "Place  the  patient 
with  the  face  downward  and  one  of  the  arms  under  the 
forehead,  iu  whit:h  jiositiou  the  lougue  will  fall  forward 


leaving  the  entrance  into  the  windpipe  free.  Turn  the 
body  very  gently  on  the  side  and  a  little  beyond,  and  then 
briskly  on  the  face  again.  Repeat  the  movement  about 
fifteen  times  per  minute,  occasionally  varying  the  side. 
Ou  each  occasiou  that  the  hoAy  is  placed  ou  the  face. 


Fig.  363.— Sylvester's  Method  (Second  Position) .  Patient's  arms  pressed 
against  the  sides  of  the  chest  to  expel  the  air. 

make  uniform  and  efficient  pressure  ou  the  back  and 
sides,  removing  the  pressure  immediately  before  turning 
the  body  to  the  side." 

These  rival  methods  produced  a  great  deal  of  contro- 
vers3'.  Each  one  hail  its  followers  who  praised  their 
method  and  decried  the  other  The  subject  attracted  so 
much  attention  that  the  Koyal  Medical  and  Surgical  So- 
ciety api)oiuted  a  committee  to  incjuire  into  the" relative 
merits  of  the  two  methods.  The  work  of  this  committee 
was  very  thoroughly  done  and  their  report  was  a  valu- 
able contribution  to  the  subject  of  artificial  respiration 
(Trans.  Koyal  Med.  Chir.  Soc.  vol.  liii..  186'i).  In  re- 
gard to  the  t\vo  modes,  the  evidence  was  very  decidedly 
in  fa  vor  of  that  adx-ocated  by  Dr.  Sylvester.  They  found 
that  by  his  method  the  amount  of  air  drawn  into  the 
lungs  avc-r.'iged  about  thirty  cubic  inches,  while  in  !Mar- 
sliall  Hall's  method  not  more  than  fifteen  cubic  inches 
could  be  obtained.  Quite  recently,  in  1895,  Hare,  in  his 
experiments,  which  were  carried  out  w-ith  much  more 
exactness,  obtained  the  same  preponderating  evidence 
in  favor  of  the  Sylvester  method.  He  found  that  the 
amount  of  air  expelled  from  the  lungs,  when  the  latter 
method  was  employed,  was  sixty-two  cubic  inches,  while 
in  Hall's  it  amounted  to  only  twenty  two  cubic  inches. 

In  addition  to  the  advantage  just  mentioned,  there  are 
others  which  Sylvester's  method  possesses.  It  may  be 
easily  and  perfectly  carried  on  by  one  person,  while  the 
other  method  recpiires  the  presence  of  an  assistant  to  sup- 
port the  head  in  a  iiroper  position.  In  the  former  the 
two  sides  of  the  chest  are  being  acted  upon,  while  in 
Hall's  method  only  one  side  is  inideigoing  expansion. 

Another  inethoil,  ascribed  both  to  Professor  Pacini  and 
to  Dr.  Bain  ("Holmes'  System  of  Surgery,"  v.,  906),  re- 
quires that  traction  be  made  directly  tipon  the  shoulders. 
According  to  Prof.  Pacini,  the  operator,  standing  at  the 
patient's  head,  shouhl  place  a  thumb  upon  the  head  of 
each  humerus  and  his  fingeis  in  each  axilla,  and  should 
then  draw  the  jiatient  upward  by  the  shoulders  until  he 
occupies  a  silting  postui'e.  According  to  Dr.  Bain's 
method  the  operator's  hands  are  to  be  placed  iu  such  a 
manner  tliat  the  thumbs  shall  rest  Upon  the  patient's 
clavicles  while  his  fingers  press  against  the  sides  of  the 
chest  in  the  axilla-.  The  next  step  is  to  lift  the  patient's 
shoulders  upward. 

In  the  older  methods  of  resuscitating  the  apparently 
drowned  the  effort  was  made  to  expel  the  air  fiom  the 
lungs  by  simply  compressing  the  chest  walls;  it  being 
assumed  that  the  natural  cTasticity  of  the  ribs  avouUI 
suffice  for  efVecting  a  re  expansion  of  the  lungs.  Another 
factor  ujion  whicli  some  dependence  was  ]ilaceil  was  the 
reflex  contraction  which  takes  place  in  the  diaphragm 
when  pressure  iscxerted  upon  it.  Among  these  methods 
s|)ecial  mention  should  be  made  of  that  of  Dr.  Benjamin 
Howard  {Lancet.  August  11,  18T7).  It  is  thus  described 
by  its  author;  "Turn  the  patient  face  upward,  the  roll  of 
clothing  iiut  under  his  back  just  below  the  shoulder 
blades,  the  he;id  h;uiging  back  as  low  as  possible.  Place 
the  patient's  hands  together  above  his  head.     Kneel  with 
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tlic  patient's  hips  between  yo\ir  knees.  Fix  3 ourellxiws 
against  your  liips.  Now,  grasping  tlie  lower  part  of  tlic 
patient's  eliest,  scpieeze  llie  two  sides  together,  pressing 
gradually  forward  with  all  your  weight  for  about  three 
seconds,  until  your  mouth  is  nearly  over  the  mouth  of 
the  patient;  then,  with  a  push,  suddenly  j(,'rk  yourself 
back.  Rest  about  three  seconds,  then  begin  again. 
Repeat  the.se  niovenients  al)out  eight  or  ten  times  a 
minute." 

In  what  is  known  as  the  Jlichigan  method,  the  patient 
is  placed  with  the  face  downward.  The  operator  stands 
astride  the  body  and  seizing  the  shoulders  raises  them 
as  high  as  he  can  without  |)eiinilting  the  head  to  leave 
the  floor,  and  then  n'turns  tlieiu  to  their  original  Jiosition; 
he  next  places  his  hands  on  the  lower  ribs  and  presses 
downward  and  inward  with  gradually  increasing  force; 
he  then  suddenly  lets  go  to  begin  again  with  tlie  first 
motion. 

Another  way  that  is  frequently  reeoinmended  is  to 
apply  jiressure  to  t,he  soft  abdominal  w;dls,  directing  it 
upward  against' the  diaphragm.  In  this  way  a  large 
amount  of  air  is  e.xpcljed;  but  the  objeclions  arc,  that 
considerable  force  is  n'ipiired  and  that  Ihcic  is  danger 
of  injiuing  neigiilioring  organs. 

Dr.  Howard  Kelly  (Jo/mx  lh>jil,-iiis  Jlnllt/iii.  .January. 
18!)."))  describes  a  melliod  which  he  liasado|)tc(I  and  wliicli 
.shoidd  prove  of  .service  when  the  respirations  cea.se  dur 
ing  an  abdominal  section,  as  it  ]ii-evenls  the  escape  of 
the  alidoniinal  contents  during  the  nianijiulations.  It 
also  places  the  ])atient  in  the  most  favorable  position 
vmder  such  circumstances,  the  value  of  the  lowennl  head 
bciug  well  recognized.  He  thus  describes  it;  "An  as- 
sistant steps  upon  the  table  and  takes  one  of  the  patient's 
knees  under  each  arm,  and  thus  rai.scs  the  body  i'rom  the 
table  until  it  restsnpon  llieshmdilers.  The  ana'sthetizcr 
in  the  mean  while;  has  brouglit  the  hi'ad  totlie  edge  of  (he 
table,  where  it  hangs  extended  and  slightly  inclined  for- 
ward. The  patient's  clothing  is  jiulled  down  iiuiler  her 
armpits,  completely  baring  the  abdomen  and  chest.  The 
operator,  standing  at  tin;  head,  institutes  respiratory 
movements  as  follows-  ins])iration,  by  placing  theojien 
hands  on  each  side  of  the  chest,  posteriorly,  over  the 
lower  libs,  and  drawinir  the  elu'sl  wall  forward  and  out- 
ward, holding  it  thus  for  about  two  seconds;  expiration, 
reversing  tin'  movement  by  replacing  the  hands  on  the 
front  of  the  chest  over  Uw-  lower  ribs,  and  pushing  back- 
ward and  inward,  at  the  same  time  compressing  the 
chest." 

A  very  valuable  addition  to  o\ir  many  methods  of  re- 
suscitation is  that  of  Professor  Labord,  presented  to  the 
Paris  Academy  of  Medicine,  in  1S1)2,  and  tlie  subject  of 
ninneious  jiajiers  in  the  TriliKnc  Miilidilr  during  the 
following  year.  The  oliject  of  this  method  is  to  indu(-e 
reflex  action  on  the  jiart  of  the  diaphra.gni  and  lungs  by 
traction  on  the  tongue.  He  traces  the  impidse  through 
the  glosso-pharvngeal  and  lingual  nerves  to  the  respir- 
atory centre,  and  tlience  to  the  phrenic  and  other  respir- 
atory nerves.  The  mode  of  applying  this  method  is  ex- 
tremely simple.  After  the  ordinary  preliminary  meas- 
ures have  been  carried  out  the  tongue  is  lield  deeply  and 
drawn  forcibly  forward,  about  tifteen  times  to  the  nu'n- 
iite.  Tlie  claims  of  Professor  Labord  are.  that  it  not  oidy 
is  a  goo<l  means  of  resuscitation,  but  th(!  best,  and  in  his 
reports  of  successful  cases  there  ai-e  many  in  which  other 
methods  had  been  adopted  withmil  success.  Very 
nianj'  others  have  also  reported  favorable  results.  Two 
points  are  to  be  carefidly  observed,  viz.,  to  grasp  the 
tongue  deeply  so  that  the  whole  organ  is  a(-ted  on  and 
not  the  ti])only,  and  to  draw  the  tongue  sharply  and  relax 
it  suddeidy  and  comi>lelely.  As  in  all  methods  it  must 
be  conducted  ]iatiently  for  some  time.  During  its  jx-r- 
formanceothcr  methodsof  exeitingthe  reflex  action  may 
be  attempted.  The  finger  of  the,  other  hand  may  be 
placed  in  tin;  pharynx,  tlie  mucous  surfaces  of  the  nose 
and  fauces  may  be  tickled,  or  ammonia  and  other  vohilllc 
substances  may  be  used.  Labord's  method  is  particularly 
valuable  in  resuscitating  newly  born  infants.  In  them 
the  lungs  have  not  acted,  and  some  excitation  is  required 
Vol.  1.— 36 


to  awaken  the  respiratory  centre.     Sylvester's  and  sim 
ilar  measures  are  not  of  much  service  in  such  (;ases.  as 
the  respiratory  muscles  are  not  projierly  developed,  nor 
can  the  compression  of  the  chest  walls  avail,  as  the  lungs 
have  not  yet  been  inflated. 

In  infants  dependence  must  be  placed  on  reflex  excita- 
tir)n  and  insutllatioii.  For  the  former  we  have  Labord's 
iliythmic  traction  of  the  tongiu-,  slappin.g  the  surface  of 
the  liody,  etc.,  while  at  the  same  time  an  attem|it  may  be 
made  to  compress  the<-hest  walls  and  to  <-:iri-y  out  Sylves- 
ter's movements.  To  inflate  the  lungs,  the  most  ready 
method  is  to  breathe  flirectly  into  the  mouth  of  the  child 
eighteen  or  twenty  times  a  minute.  To  insure  a  proper 
passa.ge  of  the  air,  tlu;  larynx  is  to  be  pressed  upw-aid 
and  back,  to  close  the  u'sophagus,  the  tongue  is  to  be 
drawn  forward,  and  the  nasal  c;ivitiesare  to  Ik;  closed. 
Expiration  is  aided  by  pre.s.sing  ii|)on  the  chest  walls. 
Catheters  or  rubber  tubes  may  be  introduced  into  the 
larynx,  and  various  bellowsaiid  i)UMips  have  lieen  devised 
for  forcing  air  into  the  lungs,  but  the  objections  to  them 
are,  the  valuable  time  lost  if  they  are  not  at  hand  and 
the  ditHeulty  in  j^lacing  them  in  jiroper  position  for  use. 

Faradization  has  been  projiosed  as  a  means  of  con- 
tracting the  diaphragm,  and  has  been  employed  as  an 
adjunct  to  other  elTorts  to  inflate  the  lungs.  It  is  not 
of  much  value  alone,  but  should  always  be  utilized 
when  at  hand.  One  electrode  is  to  be  pre.s.sed  over  the 
right  phrenic  nerve,  just  outside  the  carotid  artery,  while 
the  other  is  to  be  iilat-ed  over  tin;  lower  ribs.  The  left 
side  is  avoided  in  order  not  to  interfere  with  the  heart's 
action.  The  current  should  be  applied  re,!rularly  dur- 
ing the  elevation  of  the  ai-ins,  atid  cut  o(T  as  soon  as  the 
arms  begin  to  descend.  The  abdominal  elect  rod(!  should 
not  be  placed  too  low  for  fear  of  contiaeting  the  abdom- 
inal muscles  insle.-id  of  the  di.-iphragm. 

In  all  attempts  at  artiflcial  respliation  it  is  qtntc  evi- 
dent that  one  method  must  not  be  followed  to  the  ex- 
elusion  of  all  others.  Fortunately,  no  one  of  them  pre- 
cludes the  employment  of  another,  but  lather  there  is 
every  reason  to  expect  a  greater  benclit  from  their  con- 
billed  u.se.  If  a  suflicient  number  of  assistants  are  avail- 
able, Sylvester's,  Labord'scoiniire.ssion  of  the  chest  walls, 
and  electricity  may  be  conducted  at  the  same  time.  The 
only  precaution  rci(uir<'il  is,  that  they  .should  b(;  carefully 
and  regularly  conducteil,  and  that  the  v;irious  elforts  to 
l)romote  inspiration  .-ind  exphalion  should  coincide. 

Ili'iiiiDioiit  Hmiill. 

ARUMBARO  SPRINGS.— Munieipality  of  Morelia, 
State  of  Mic-lioacan,  .Mexico.  Thesi'  sinings  are  thermal. 
According  to  an  examiiiiition  by  Dr.  Zufiiga  the  w-ater 
presents  the  following  characteristics;  "  l'erfe(;tly  trans- 
pai-ent,  yellow  in  color,  unctuous  to  the  ton<-ii,  of  ;i 
saline  ta.ste  and  alkaline  i-eaction."  A  qualitative  ex- 
amination showed  the  following  chemical  ingredients; 
carbonates  of  calcium,  magni'sium,  potassium,  sodium 
and  iron,  sulphuric,  sulphurous,  and  phosphoric  acids, 
chlorine  and  organic  matters.  Total  solids  ]icr  L'nited 
States  gallon,  approximately  lis  grains.  The  soda  salt 
appears  to  be  the  prepmidcrating  i-onstituent.  The 
water  discharges  suliihui-eted  hydrogen  in  abundance, 
giving  to  it  its  peculiar  odor.  It  is  u.sed  for  b:ithing, 
although  no  buildings  have  so  far  been  elected.  The 
liaths  appear  to  be  bencflcial  in  cases  of  eczema,  herpetic 
eniptifms,  rhcumatisin.  and  diabetes. 

A'.  ./.  Pdiiee  de  Leon. 

ASAF(ETIDA. — "  .\   sum  resin  collected  from  F<riilii 

fatUUt  (linngi-l  Hegel  (fain.  Vnibdlifera)''  [l' .  S.  P.).  To 
this  deflnition  the  liritish  Pharmacopoeia  adds  ''and 
l)robably  other  species. " 

Over  "the  desert  steppes  of  Western  A.sia  grow  in  great 
numbers  a  variety  of  gigantic  perennial  sjieeics  of  (Jm- 
hdUfera,  which  perpetuate  themselves  during  the  long 
dry  seasons  by  very  large  fleshy  roots,  protecteil  ;igainst 
decay  and  foraging aniinals  by  antiseptic  and  obnoxious 
resins  and  volatile  oils.  So  abundant  are  these  plants 
that  immediately  after  the  occurrence  of  the  first  rains, 
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it  is  their  ^(^rminatinjr  leaves  wliieli,  according  to  the 
traveller  Aiteliison.  I'hieHy  impart  the  tiuge  of  green  to 
the  laiulseape.  Later,  these  huge  leaves  interlace  so 
thickly  as  to  become  obstructive  to  travel,  and  huge 
tlowei"  .stalks  shoot  up  to  the  height  of  many  feet. 
The.se,  like  tlieii'  branches,  terminate  in  great  umbels  of 
small  greenish  or  yellowish-Avhite  flowers.  Among  these 
plants"  are  luimerous  si)ccies  of  the  genus  Fenihi  L., 
.several  of  which  have  been  supposed  to  yield  the  sub- 
stance under  consideration.  It  is  fairly  well  establi.shed 
that  this  is  collected  from  the  species  named  above,  as 
■well  as  from  /■'.  nxnfirtiihi  L..  assuming  these  to  be  dis- 
tinct. It  is  probable  also  that  it  is  collected  from  F. 
narthe,r  Boiss..  and  peiiiaps  also  from  F.  dlliiicea  Boiss. 
and  F.  pcnicn  Willd.  The  young  leaves  and  shoots  of 
these  plants  are  used  as  pot  herbs  in  their  native  home. 

The  history  of  asafanida  in  Europe  before  the  twelfth 
century  is  not  clear,  although  it  has  lieen  held  to  have 
been  an  article  of  commerce  from  near  the  beginning  of 
the  Christian  era;  but,  from  the  twelfth  century  down, 
there  is  no  diud)t  of  its  presence  in  European  drug  lists. 
On  the  other  hand,  of  its  use  in  Asia  there  is  evidence  in 
Arabian  and  Sanscrit  writings  of  great  anti(|uity. 

The  principal  supply  of  this  drug  is  collected  in  Af- 
ghanistan, and  exported  to  India  (Bombay),  whence  it 
comes  to  Eui-ope  or  America.  It  is  usually  packed  in 
large  cases,  but  sometimes  in  bags  or  "mats." 

Our  knowledge  of  the  collection  of  asafoetida  rests 
principally  upon  the  evidence  of  two  travellers,  who 
liad  the  fortiuie  to  see  it  at  an  interv<.l  of  nearly  two 
hundreil  years  from  each  other.  The  first  of  these  was 
the  celebrated  Kaempfer,  who  observed  it  in  the  Persian 
province  of  Laristan.  His  description  has  been  repeat- 
edly quoted,  and  is,  in  the  main,  as  follows:  "About 
the  miildle  of  April,  when  the  leaves  have  done  grow- 
ing, the  fields  are  visited  b.y  the  peasants,  who  dig  away 
the  ground  aroun<l  the  older  roots,  tear  off  the  leaves 
from  the  crown,  and  then  carefully  cover  it  u])  with 
earth  and  leaves,  to  protect  it  from  the  ra_vs  of  the  sim. 
After  leaving  the  plants  in  this  way  for  several  weeks, 
they  again  uncover  them,  remove  a  portion  of  the  top 
and  cover  them  again,  being  careful  that  nothing  touches 
the  newly  cut  surface.  In  one  or  two  days  more  the 
exuded  juice  is  scraped  off  with  a  knife,  a  fresh  surface 
is  made  by  cutting  off  a  thin  slice,  and  the  covering  is 
repeated.  This  is  continued  until  the  root  is  exhausted, 
the  product  growing  better  as  the  season  advances.  The 
soft  juice  is  mixed  with  earth  to  give  it  body." 

The  other  authority  is  Stalf  Surgeon  Bellew,  who  saw 
asafo?tida  collected  during  a  visit  to  Afghanistan  in  18")7. 
The  process  was  something  like  that  observed  by  Kaemji- 
fer,  but  it  was  done  at  a  season  when  the  yoiujg  leaves 
were  sprouting,  and  instead  of  cutting  off  the  top  of  the 
root  they  cut  or  gashed  it  in  several  places;  the  digging 
away  of  the  earth  and  the  covering  of  the  roots  to  keep 
iilf  the  beat  of  the  sun  were  the  same  in  both  cases. 
i\Ir.  Bellew  slates  that  the  juice  is  mixed  with  gypsum 
or  flour,  although  some  very  fine  juice,  obtained  from 
the  bud,  is  usually  sold  pure.  This  latter,  like  the  fine 
juice  of  Kaempfer's  later  cuttings,  piobably  never 
reaches  the  European  markets. 

Good  asafretida,  when  the  cases  are  first,  opened,  is  a 
moderately  soft,  yellowish  gray,  rather  tenacious  mass, 
of  a  not  very  homogeneous  texture;  sometimes  lighter, 
■whitish  or  yellowish  tears  are  common  in  the  mass; 
oftener  coar.se  impiuities  are  the  cattse  of  its  unevenness. 
Upon  exjiosure,  this  light-colored  asafoetida  turns  first 
pink,  or  reddish  plum  or  violet  pink,  and  then  graduallj' 
becomes  brown.  Its  odor  is  characteristic:  strongly 
alliaceous,  jienetrating,  and  persistent.  It  is  exhaled, 
like  that  of  onions,  in  the  breath  of  ]iersous  taking  it. 
Taste  bitter  and  acrid,  nauseous.  When  in  lumps,  even 
if  long  kept,  asaf<elida  is  usually  not  quite  brittle,  but 
if  finely  liroken  and  dried  it  can  be  ground  to  jiowder, 
in  the  cold. 

The  quality  is  considered  fine  according  to  the  abun- 
ilance  of  clear,  whitish  tears  ■which  it  contains,  and  the 
absence  of  impurities  and  insoluble  residue.     Occasion- 


ally specimens  are  met  with,  consisting  wholly  of  tears, 
but  these  are  rare.  The  Uniteil  States  Phai'macopa^ia 
requires  that  it  should  dissolve  at  least  to  the  extent  of 
sixty  per  cent,  in  alcohol. 

In  spite  of  this  requireiuent,  such  asafoetida  cannot 
now  be  found  in  otu-  markets.  Very  much  of  it  will 
yield  little  more  than  twenty  per  cent.,  and  importations 
yielding  as  low  as  twelve  per  cent,  have  not  been  un- 
known of  late.  This  state  of  the  asafoetida  trade  has 
been  regarded  as  in  the  nature  of  a  scandal  in  the  United 
States  Cu.stoin  Department.  Many  authorities  suggest, 
lowering  the  standard  to  aceonunodate  the  adulteration, 
but  it  would  appear  a  better  policy  to  applv  drastic 
methods  of  exclusion,  which  would  doubtless  cure  the 
evil  radically,  even  though  slowly.  When  it  is  consid- 
ered that  the  chief  cost  of  the  article  is  the  result  of  its 
long  transportation,  much  of  it  over  very  expen.sive 
stages,  it  will  be  recognized  as  e.xceedingly  ■wasteful  to 
import  from  eighty  to  ninety  per  cent,  of  sand  and 
crushed  stone.  Polisek,  in  189T,  determined  the  com- 
position of  an  almost  ]jure  sample  of  asaftttida  to  be  as 
follows:  "Ether-soluble  resin  (ferulic  acid  ester  of  asa- 
resinol  tannol,  C24H33040H),  61,4;  ether-insoluble  resin 
(free  asaresinol  tannol),  0.00;  gum,  35.1;  volatile  oil, 
6.7;  vanillin,  0.06;  free  ferulic  acid,  1.28;  moisture, 
2.36;  foreign  matter,  2.5."  This  composition  is  by  no 
means  constant,  as  the  relative  proportions  of  resin  and 
gum,  and  to  a  less  extent  of  the  oil,  are  quite  variable. 
The  ini|Muities  and  ash  should  not  exceed  ten  or  fifteen 
per  cent.  The  gum  is  luostly  insoluble  in  water.  The 
resin  yields  resorcin  when  fused  with  ]')otassa,  and  um- 
belliferon  and  oils  when  subjected  to  destructive  distilla- 
tion. The  oil  is  light  yellow  and  possesses  very  strongly 
the  odor  of  the  drug.  It  is  related  to  the  volatile  oil  of 
mustard,  but  is  not,  like  it,  a  strong  local  irritant.  It  is 
of  a  very  conrplex  composition,  which  has  not  yet  been 
perfectly  worked  out.  It  contains  about  twenty -five  per 
cent,  of  sulphur. 

Asafa'ti<la  is  a  typical  antispasmodic,  as  well  as  one 
of  our  best  cariuinatives.  It  stimulates  the  ai-)petite  and 
the  gastric  secretions  and  movements,  as  well  as  the  in- 
ternal fancti(ins.  As  an  antispasmodic  it  is  particularly 
useful  in  hysteria,  and  is  sometimes  useful  in  spasmodic 
affections  of  the  resjiiratory  organs,  as  pertussis  and 
asthma.  It  frecpiently  penults  sleep  by  allaying  excite- 
ment, and  especially  by  removing  intestinal  iriitation. 
It  is  very  largely  used  in  veterinary  jiractice.  The  dose 
is  0.3  to  1.5  gm.  (gr.  v.  to  xx.).  Four  preparations  are 
official •  The  Piluhe  Asafa^tidas  contain  each  0.2  gni. 
(gr.  iij.)  asafa'ti<la  and  three  tiiues  as  much  soap;  the 
PiluliB  Aloes  et  Asafcetidse  contain  0.09  gm.  (gr  1*) 
each  of  aloes.  asafa?tida.  and  soap,  the  Emulsum 
A.safoptid;T  (formerly  "Mistura")  has  a  strength  of  4  per 
cent,  and  the  dose  is  15  to  30  c.c.  (fl.  ?  ss.  to  i.).  This 
preparation  is  remarkably  effective  when  used  as  an 
enema,  in  ■which  case  the  dose  ma_v  be  doidjled.  The 
tincture  has  a  strength  of  20  per  cent,  and  the  dose  is  2 
to  4  c.c.  (fl.  3  ss.  to  i.).  Asafoetida  is  frequently  used 
externally  in  plasters,  being  a  mild  rubefacient. 

It  luay  be  added  that  asafo'tida  renders  bait  attractive 
to  certain  fishes,  notably  bullheads.  H.  II.  Hiisby. 

ASAPROL. — Abrastol-beta-naphthol-alpha-mono  sul  - 
phonate  <if  calcium— C,„Hc.OH(S03)-2Ca-f3H,0.  An 
aciueous  sohuion  of  b('ta-n.-i))hthol-alpha-mono-sulphonic 
acid  is  saturated  with  calcium  carbonate,  and  the  salt 
crystallized  out.  It  isa  white  or  pale  reddish  crystalline 
powder  without  odor  and  .soluble  in  one  part  and  a  half 
of  water  and  three  |iarts  of  alcohol.  It  is  of  neutral  reac- 
tion, is  not  changed  by  heat,  and  is  incompatible  with  the 
sul)ihates,  and  with  (|uiiiine  and  antipyrine.  It  is  anti- 
septic, aiitineuralgic.  ami  antirheuniatie,  and  is  elimi- 
nated by  the  kidneys  in  the  form  of  a  najihthol  sulphuric 
ether.  It  may  be  detected  in  the  lu'ine  by  the  formation 
of  a  blue  ring  on  the  addition  of  ferric  chloride. 

Internall}^  it  may  b(^  employed  as  an  antiseptic  in 
intestinal  indigestion,  enteritis,  and  typhoid  fever.  As 
an  antirheumatic  it  is  claimed  by  Dujardin-Beaumetz, 
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Buck,  Stackk'i-,  and  ollieis  that  asjipiol  is  ocuuil  in  value 
to  tho  salicylates,  and  at  the  same  time  does  not  cause 
lieadache,  tiu//.inir  i"  the  eais,  and  ilepressiDn  of  the 
heart.  It  lias  been  tried  with  moderate  ell'ecl  in  inlhi- 
t'nza,  malaria,  and  cliorea.  and  with  relief  of  the  pain  in 
neuralgia.  Jjocally,  as  antiseptic,  aslrin^-enl,  a'ul  styjUie 
it  may  he  applied  in  one  to  four  per-cent.  solution  or 
ointment,  and  in  whoo]iinir-cou.srh  a  one-per-eeut.  .solu- 
tion may  he  sprayed  into  the  throat. 

The  dose  internally  is  gr.  .\v.  to  Ix.,  or  more,  three  times 
a  day,  given  in  gaultheria  water  or  eli.xir  of  orange,  or 
in  capsules.  For  typhoid  fever  gr.  iij.  to  v.  should  be 
given  every  two  hours.  11'.  ,1.  Busledo. 

ASARABACCA.     See  Simlrront,  Caiiiiiln. 

ASBOLINE.— A  ]iroduct  of  the  destructive  distillation 
of  pine  roots,  prep;ired  by  liracounol.  It  is  a  yellowish 
or  brownish  oily-looking  ll(|uid  consisting  mainly  of 
pyrocatechiu,  homopyrocatechin,  and  allied  sul)slances. 
It  is  used  in  medicine  against  the  tubercle  bacillus. 

If.  A.  IS'ixledo. 

ASCARIS   LUMBRICOIDES.     See  yetiwtoihi. 

ASCITES. — (Synonyms  llyilrops Ascites.  Ilydroperi- 
toneum.  Dropsy  of  the  I'eriloneum. ) 

DKKiNrrioN. — Ascites  is  an  acctunulation  of  free  tiuid 
in  the  iicritoncal  cavity. 

It  is  eillicr  (l)a  part  of  a  general  dropsy  involving 
pkninr,  pericardium,  and  the  subcutaneous  tissues  of 
•the  body,  or  ('i)  a  strictly  localized  <lrop.sy  caused  by 
disease  "in  the  peritoueaf  cavity.  Class  (3),  if  of  long 
standing,  may  secondarily  cause  o-dema  of  the  legs,  as  a 
result  of  the  an;einia  which  usually  develops,  or  as  a  re- 
sult of  pressure  upon  the  iliac  veins.  Class  (1)  includes 
diseases  of  the  heart,  kidneys,  lungs,  and  blood.  Class 
(3)  includes  atrojihic  and  hypertro))hic  <-irrlio.sis  of  the 
liver,  cancer  and  syphilis  of  the  liver,  amyloid  liver, 
atrophy  of  tlK-  liver  due  to  external  pressure  or  growth, 
abscess  or  echinococcus  of  the  liver  causin.u  pi-essure  upon 
the  portal  vein.  Tumors  of  the  stomach  and  pancreas, 
peiitoncal  adhesiousaud  cnlar.ired  lymphatic  ,i;landsmay 
cause  ascites  by  pressin.s  upon  the  jiortal  vein.  Throm- 
bosis of  the  portal  vein  or  of  the  inferior  vena  cava  like- 
wise may  cause  ascites.  Chronic  ]ieritonitis,  eillicr 
simple,  tuberculous,  or  cancerous,  and  iierihcjialilis 
chronica  (Ziir/.rrf/>ii<.i-/<lMr)  are  causes  of  ascites.  Leuk:e- 
mia  and  splenic  ana-mia  are  occasionally  associated  with 
this  condition;  and  so  also  are  intrallioracic  growlhsand 
mediastino-iiericarditis.  A  small  ascites  may  occur  in 
apoplexy:  it  has  also  been  noted  in  intestinal  obsiruc- 
tion.  Occasionally  on  the  post-mortem  table  there  have 
been  found,  in  the  dilTerent  cavities  of  the  body,  col- 
lections of  tluid  which  had  not  been  dcmonsi  rated  by 
physical  signsduring  life.  Immediately  iireccding  death 
there  is  an  intense  con,i:estion  of  the  viscera  which  fre- 
fiuently  results  in  an  outpour  of  serum.  This  condition. 
when  involving  the  peritoneal  cavity,  is  leriiicd  jirc- 
agonal  ascites. 

P.\Tiioi.<)(iV. — From  an  etiological  standpoint  all  varie- 
ties of  ascites  (chylous  ascites  is  <liscussed  under  the  cor- 
respondiiiir  headin.g  in  Vol.  II.)  may  be  classed  under 
three  heads: 

1.  Ascites  due  to  stagnation  of  blooil  in  lilood-vessels. 

2.  Ascites  due  to  interference  with  the  escape  of 
lymph. 

"  8.  Ascites  due  to  disturbanc<'  of  capillary  secretion, 
i.e.,  alteration  in  the  walls  of  cajiillaries. 

In  certain  diseases  we  have  combinations  of  the  above 
causes:  for  example,  a  chronic  heart  disease  willi  iiicoiii- 
pens;ition  may  secondarily  produce  clian,ges  in  the  cajiil- 
lary  walls,  as  a  result  of  lack  of  nourishmeni  resulting 
from  the  imperf<'Cl  renewal  of  blood. 

The  third  class  is  distinctly  a  conception  of  modern 
pathologists  and  w'ill  re<piire  more  detailed  discussion. 
The  former  belief  that  the  jirocess  which  resulted  in 
dropsy  was  merely  a  filtration  of  lluid  through  an  ani- 


mal membrane  has  been  discarded.  It  is  now  lield  that 
the  capillary  walls  are  to  be  rc.irarded  as  livin.g  organs 
with  a  cajiacity  for  secretion.  The  ]ironipt  passa.ite  of 
the  crystalloids  from  the  blood  and  the  lymph  is  accom- 
plished with  the  aid  of  a  force  inherent  in  the  capillary 
walls.  The  fact  that  the  |iidiiorlion  of  sails  or  cf  sugar 
in  the  lymjih  is  often  greater  than  that  in  the  blood  sug- 
gests a  capillaiy  secretion.  The  fad  that  the  i)roiiortion 
of  albumin  in  pure  transudates  in  dilTerent  parts  of  the 
body  vaiies  considerably,  points  to  a  difVering  constitu- 
tion of  the  vessel  wall  in  these  several  regions.  Accord- 
ing to  Keuss'  (able,  (lansiidiiles  in  dilfeicnl  parts  of  the 
body  give  the  following  ])erccntages  of  albumin: 

I'leura S-J.."!  pro  inllle. 

Perliariliutn lS.:i 

Peritoneum 11.1 

Subc'Utiineous  cellular  tissue .'i.S        " 

Cerebral  and  spinal  fluid 1.4 

Ileideuhain  believes  that  the  siiecilie  function  of  the 
capillary  walls  plays  a  controlling  pari  in  the  formation 
of  lymph.  AVhencver  the  removal  of  lymph  fails  to 
keep  pace  with  its  formation,  dropsy  results.  This  in- 
vesti.gator  has  demonstrated  that  the  formation  of  this 
material  can  be  inlluenced  by  various  substances  present 
in  the  blood.  Subcutaneous  injcclions  of  an  infusion  of 
crabs  or  leeches  .so  increased  the  transudation  of  water 
I'lom  tile  blood-vesseis  into  the  lymph  lli;it  the  (|uantity' 
of  lymph  flowing  from  the  ductus  Ihorai-ieus  was  in- 
creased even  to  lifleenfold.  This  exciting  subslance 
must  stimulate  the  specific  functions  of  those  capillary 
cells  in  the  capillary  walls  which  secrete  the  lym|)h. 
Class  iS  includes  the  varieti<'S  of  ascites  usually  termed 
iuflanimatory  and  cachectic.  In  the  nia.|ority  of  cases, 
the  changes  in  the  \'essel  walls  are  the  result  of  pro- 
tracted isch;emia,  of  imperfect  o.xygenation,  or  of  chem- 
ical changes  in  the  Vilood,  or  are  due  to  Iheell'ect  of  high 
or  low  temperature  or  to  active  traumatism.  It  is  also 
]U'obable  that  either  irritation  or  paralvsis  of  the  va.so- 
motor  nerves  may  lead  to  an  increased  vascular  secretion. 
The  exact  changes  in  the  vessel  walls  are  not  known. 
but  there  aie  probably  alterations  of  lliecndothelial  cells 
and  of  the  cementing  subslance  lietwcen  them.  It  is 
quite  possible  that  Chiss  '.i  may  include  Class  1  and 
that  our  so-called  pure  transudates  of  olistructed  circu- 
lation are  capillary  .secretions  rather  tli.-ui  lillralions,  the 
cajiillary  cells  lieing  stimulated  to  secrclionby  irritating 
substances  circulaling  in  the  blood. 

In  cases  of  hydnemia  with  o'dema.  Ziegler  looks  upon 
the  increase  in  the  amouni  of  water  in  the  blood  as  only 
one  factor  which  is  faviu'able  lo  the  occui'rence  of  (edema. 
In  cachectic  ami  neplirilic  subjects  (edema  occurs  often 
when  no  liydraMuic  plelliora  is  present,  and  conversely 
a'denia  may  be  ab.sent  when  hydra'mlc  plethora  is  pres- 
ent. So  it  is  held  that  the  u'diMiia  of  cachcclics  and 
ne]>hritics  is  due  to  alteration  in  the  vessel  walls  cau.sed 
eilher  by  the  hydrated  condition  of  the  blood  (U-  by  a 
]ioison  circulating  in  the  blood. 

Two  factors  are  present  as  causes  of  ascites  in  intiam- 
matory  chan.scs  in  the  peritoneum,  viz.:  alterations  in 
the  walls  of  the  blood-vessels,  and  the  destruclion  of  a 
large  number  of  lym|ihalic  vessels  through  which  the 
lluid,  secreted  in  excessive  amoiuit,  should  be  carried. 
The  ascites  almost  invariabl.v  associated  with  perihepa- 
tilis  chronica  is  to  be  ex])lained  by  the  coexistence  of  a 
clironic  peritonitis.  In  a  few  cases  of  jierilieiialitis  in 
which  I  here  was  no  ascites,  general  peril  oiiil  is  was  absent. 
.•I.>r(7/c  J/)/ /(/is  either  a  transudate  or  an  exudale  Transu- 
dates are  fVmnd  in  non  intlammalor.v  conditions  and  ar(! 
usually  light  yellow  in  color,  while  exudates  are  found 
in  inllammalorv  condilions  and  are  darker  in  color. 
There  are  essential  dilTerences  in  their  coniposilion.  a 
f:ict  which  nuiy  be  of  aid  in  diagnosis.  reiiloneal 
transudates  have  a  specilic  gravity  varying  between 
1.005  and  l.Ol.l.  while  that  of  e'xudiites  frc(iuently 
reaches  1.():iO.  The  diirerence  in  the  specilic  gravity  is 
due  to  thedilTercncc  in  the  amount  of  albumin;  exudates 
contain  from  four  to  six  per  cent.,  while  transudates  con- 
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tain  from  one  to  two  anil  a  half  per  cent.  Transudates 
do  not  eoasulatc  spontaneously ;  in  exudates  a  eoasulum 
is  frequently  observed  after  slandini;  for  twenty -four 
hours. 

Microscopically  the  transudate  shows  only  a  few  iso- 
lated leitcocytes  and  endotlielial  cells  derived  from  serous 
surfaces  and  ruidergoinir  fatty  defeneration.  E.xuilatcs 
contain  many  more  formed  elements  and  mav  be  serous, 
sero-tibriuous,  sero-purvdent,  purulent,  putrid,  hemor- 
rhagic, chylous,  or  chyloid. 

Following  the  administration  of  potassium  iodide 
it  is  possible  to  obtain  the  iodine  reaction  in  ascitic 
fluids. 

Etiology. — Atrophic  cirrhosis  of  the  liver  is  the  most 
common  cause  of  ascites.  It  is  less  commonly  foinid  in 
the  hypertrophic  form.  The  frequency  of  ascites  in  dis- 
eases of  the  heart  and  kidneys  is  illustrated  by  the  statis- 
tics of  300  cases  of  general  diopsy.  as  revealed  after 
death,  taken  consecutively  from  tlie  post-mortem  books 
of  St.  George's  Hospital.  London,  from  1888  to  1897. 
One  hundred  and  sixty-three  of  these  were  due  to  affec- 
tions of  the  heart  or  aorta.  As  regards  ascites,  1  in  2.5 
of  the  cardiac  cases  and  1  in  3.2  of  the  renal  (not  larda- 
ceous)  cases  presented  t  liis  condition.  Any  of  t  lie  organic 
heart  lesions  when  incompensated  may  be  followed  by 
ascites.  It  is  mo.st  frequently  associated  with  mitral 
stenosis.  The  pleun^  and  peritoneum  are  esiiecially 
liable  to  dropsical  invasion  with  the  large  while  kidney 
of  nephritis  and  the  advanced  granular  kidney  in  wliich 
secondary  cardiac  changes  have  been  added  to  the  renal. 
Diseases  of  the  lungs,  such  as  emphysema  and  tibroid 
changes,  may  cause  ascites  by  obliterating  ])u!nionary 
vessels.  This  results  in  an  increase  of  pressure  in  the 
right  heart,  and  secondarily  in  the  veins  and  capillaries, 
with  transudation. 

Di.\GNOsis. — In.yiectio/i. — In  ascites  of  moderate  degree 
with  the  patient  lying  down,  the  abdomen  is  full  at  the 
sides  and  flat  on  top;  in  the  upright  iwsition  it  projects 
below  the  navel.  If  the  ascites  is  enormous  there  is  a 
imiform  distention  and  no  change  of  shape  with  change 
of  po.sition.  The  superficial  abilominal  veins  become  en- 
larged in  cases  of  long  standing.  In  ciirhosis  of  the  liver 
the  veins  surrounding  the  undjilieus  may  become  very 
prominent  and  form  the  caput  medusre.  When  the 
amount  of  fluid  is  excessive  there  is  a  marked  hernial 
protrusion  of  the  navel. 

Piilpiilion. — Fluctuation  is  obtained  by  jilacing  one 
hand  flat  upon  one  side  of  the  abdomen,  and  tapi-iing 
gently  on  the  opposite  side  with  the  other,  as  in  direct 
peicussiou.  A  similar  sensation  may  be  felt,  however^ 
if  the  abdomen  be  very  fat  or  tym]5anitic.  In  order  to 
exclude  this  jiseudo-fluctuation,  an  assistant  presses  the 
edge  of  his  hand  along  the  linea  alba;  this  mano'uvro 
does  not  interfere  with  the  transmission  of  the  wave  in 
ascites,  but  effectually  interrupts  it  in  the  other  condi- 
tions mentioned. 

Pciriisfn'on. — In  the  horizontal  position  there  is  dulness 
at  the  sides,  and  tympany  over  the  upper  and  middle 
portions  of  the  abdomen.  The  fluid  seeks  the  dependent 
parts  and  the  intestines  float  to  the  top  so  far  as  the 
mesentery  will  permit.  The  area  of  dulness  changes 
with  the  position  of  the  patient.  Ou  assuming  the  side 
])osition,  dulness  is  obtained  over  the  lower  side  and 
tymiiauy  over  the  upper.  If  the  ascites  is  enormous, 
the  intestines  and  stomach  do  not  reach  the  surface, 
consequently  there  is  dulness  over  the  entire  abdomen. 
The  amount  of  fluid  necessary  for  demonstration  varies 
with  the  size  and  .sex  of  the  patient. 

Toma'ssigu  has  been  employed  to  distinguish  between 
an  exudate  and  a  tran.sudate,  or  inflanunalory  and  non- 
inflammatory conditions.  In  inflammatory  conditions 
of  the  peritoneum  the  mesentery  contracts,  drawing  the 
intestines  over  to  the  right  side.  Asa  result,  the  jiatient 
assuming  a  horizontal  iiosilion,  tympany  is  elicited  over 
the  right  side  and  dulness  over  the  left. 

Exploratory  puncture  is  the  crucial  test,  .and  should 
always  be  employed  before  operation. 

DiFFEKENTiAL  Diagnosis.— The  ascites  of  heart  dis- 


ease is  associated  with  a  dusky  skin,  while  that  of 
Bright 's  disease  is  associated  with  a  pale  skin.  Diseases 
of  the  heart,  lung.s,  kidneys,  and  blood  should  be  ex- 
cluded b_v  careful  examination.  A  satisfactory  examina- 
tion of  the  abdomen  by  palpation  can  be  made  only  after 
the  withdrawal  of  the  fluid.  Palpation  is  then  very 
easy  on  account  f)f  the  relaxed  abdominal  muscles.  An 
enlarged  liver  or  spleen,  growths  on  the  liver  or  in  the 
neighborhood  of  the  portal  vein  can  then  be  easily  felt. 
At  times  the  nodules  of  tuberculous  or  carcinomatous 
peritonitis  can  be  made  out.  If  primarj'  cancer  or 
tuberculosis  is  found  in  other  parts,  the  problem  is 
simplified.  The  great  value  of  microscopical  examina- 
tion of  the  fluid,  as  a  material  aid  in  differential  diag- 
nosis, should  be  strongly  emphasized.  The  fluid  should 
be  centrifugated,  the  sediment  spread  on  cover  slips, 
dried  in  the  air,  fixed  in  absolute  alcohol  and  ether,  then 
stained  with  hematoxylin.  Quincke,  Rieder,  Dock,  and 
AVarthin  have  found  in  exudates  cells  which  seem  pecul- 
iar to  cancer  and  sarcoma  of  serous  membranes.  Riedei- 
found  cells  undergoing  division,  their  nuclei  presenting 
niunerous  kar3'okinetic  figures,  especially  as.ymmetrical 
division  forms,  which  are  found  to  a  slight  degree  or 
not  at  all  in  endothelial  cells.  Dock  found  in  cancerous 
etfu.sious  more  cells  showing  mitoses  than  in  simple  or 
tuberculous  inflammations.  Warthin  concludes  from 
his  investigations  that  the  presence  of  numerous  cell- 
division  forms  in  the  cells  of  the  sediment  of  serous- 
exudates  may  be  taken  as  strong,  perhaps  conclusive, 
evidence  that  the  effusion  is  due  to  the  presence  of  a 
new  growth,  inasmuch  as  mitoses  are  but  rarely  found 
in  cells  of  purely  inflammatory  exudates.  Quincke 
claims  that  carcinoma  probably  exists  if  a  marked  gly- 
cogen reaction  can  be  obtained  in  the  endothelial  cells. 
Endothelial  cells  are  sometimes  mistaken  for  the  so-called 
cancer  cells.  Quincke  states  that  the  diagnosis  should 
be  made  only  wlien  large  epithelial  cells  of  variable  form, 
measuring  at  times  120 ,«  in  diameter,  are  found  in  large 
numbers,  especially  when  arranged  in  groups,  unless  in- 
deed cancerous  nodules  presenting  the  characteristic  al- 
veolar structure  are  found.  Hemorrhagic  exudates  are 
as  a  rule  tuberculous  or  cancerous.  The  fluid  should  he 
centrifugated,  spreads  made  and  stained  for  tubercle 
bacilli ;  though  tliese  are  rarely  foimd  even  in  undoubted 
cases  of  tuberculosis  of  the  peritoneum.  A  guinea-pig- 
should  be  inooilated  with  the  sediment,  since  even  when 
the  bacilli  are  not  found  the  pig  often  develops  tubercu- 
losis. The  diazo  reaction  is  occasionally  present  in  the 
urine  of  tuberculous  and  cancerous  pentonitis,  but  does 
not  help  in  differentiating  one  from  the  other,  as  it  has 
been  found  in  both. 

The  cpiantity  of  fluid  varies  greatly  with  the  disease, 
but  is  usually  largest  in  atrophic  cirrhosis  of  the  liver 
and  in  perihepatitis  chronica.  W.  Hale  "White  reports 
the  case  of  a  patient  with  ]>erihepatitis  who  was  tapped 
thirty-five  times;  the  total  amount  of  fluid  withdrawn 
was  seven  hundred  and  ninety  jiints;  the  largest  quan- 
tity taken  out  at  one  1  iuie  was  thirty-one  and  a  half  pints. 
Piitz's  case  of  atrophic  cirrhosis  of  the  liver  was  tapped 
fortj'seven  times,  with  the  removal  of  twelve  hundred 
litres  of  fluid,  during  a  sickness  of  four  years'  duration. 

Prognosis. — The  majority  of  the  patients  die  within 
two  years.  Some  cases  as.sociated  with  incompensiited 
lieart  lesions  recover  imder  cardiac  treatment  and  live 
for  many  years.  Occasionally  a  case  of  cirrhosis  of  the 
liver  recovers,  if  a  sufiicient  collateral  circulation  is 
established.  Numerous  recoveries  have  been  reported 
in  eases  of  tuberculous  peritonitis  with  ascites,  treated 
by  laparotomy.  !Many  theories  have  been  advanced  to 
explain  the  cause  of  recovery  in  these  cases.  There  are 
tuberculous  diseases  of  the  peritoneum  which  heal  spon- 
taneously. Ilildebrandt  believes  that  laparotomy  only 
increases  the  natural  healing  factors.  This  author  be- 
lieves that  the  venous  hypera>mia  which  ensues  is  the 
important  factor  in  the  healing  of  lubenMilousiieritonitis. 
Following  ()|n'ration  he  has  observed  an  involution  of 
the  tuberculous  process,  and  in  isolated  cases  a  complete 
healing  with  disappearance  of  the  tubercles  which  he 
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had  seen  in  the  first  la|);ii()toniv  (yfiinchoicf  iiictl.  ]V"r/u/i- 
sr/irift.  1898.  Nos.  .">!  ami  .'(i). " 

TRf;ATMENT. — Tlic  asi-itcs,  it'  ti(ml>lcsomo,  slioiilil  ]w 
ri'lii-vcti  immediately,  ami  tieatmcnt  din'Cte<l  to  the 
causative  disease  iiistitined  if  advisiilile.  Tlie  lirst  is 
most  s\iccessfully  accoiii|ilislHil  l>y  tlie  simple  suriiieal 
I)ii>ce(liire  of  tapjiintr.  This  operation  is  strikiiiifly 
free  from  tlie  daiisj:er  of  infecliii!;  the  peritoneum. 
Flint  refers  to  a  jiatient  who  frcMpjently  ta|>p<Ml  him- 
.self  with  a  jack-knife  and  \ised  a  elay  i)i|ie  stem  for  a 
•cannvda. 

Aspiration,  or  the  introiluetion  of  Sonlliey's  tubes, 
may  he  res()rte<l  to. 

If  the  diagnosis  of  tubi'reulous  ])erilonitis  seems  prol)- 
-jlhle,  then  laparotomy  should  he  iierformed.  The  lluid 
may  eolleet  so  rapidly  that  it  is  necessary  to  lap  every 
fortnijrht  or  oftener,  but  fretpu'ut  tappiniis  do  no  harm. 
In  ascites  due  to  heart  disease  and  anaMuia,  tn^atment 
appropriate  to  these  diseases  sliouhl  be  iriven.  The  use 
of  diuretics  and  l)ydra,sogue  cathartics  is  usually  un- 
satisfactory. The  value  of  the  dehydrating  ellect  of 
dry  diet  should  he  emphasized.  Care  snould  be  taken 
in  selecting  appropriate  cases,  since  it  is  well  lionK'  in 
cardiac  dropsy  and  jioorly  borne  in  renal  dropsy. 

./(/litis  ],'.  Ariidll. 
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ASCLEPIADACE/E.  — (.WH('-m/  hinnilii.')  This  im- 
mense family,  of  more  than  two  hundred  genera  and 
tifleen  hundred  sjiecies.  is  an  exceedingly  (litllciill  one 
for  botanists.  There  is  probably  no  other  family  the  ri'- 
latious  of  whose  members  are  so  poorly  known,  so  that 
any  present  system  of  classification  must  be  ivirarded  as 
very  arhitiary.  Nevertheless,  the  conijiosition  and  prop- 
erties of  its  mcmliers  are  singularly  uniform.  Its  plants, 
with  few  exceptions,  abound  in  a  milky  juice  which  |ios- 
sessesacrid,  narcotic,  and  nausciiting  properties,  so  that 
a  great  many  of  them  liiive  been  used  as  nauseating  cx- 
pectonints,  alteratives,  and  milil  couiiterirritants.  The 
glucosidc  iinrlijiiiii/iii  occurs  fre(|iiently  in  this  juice, 
as  do  many  otlier  glucosides.  The  only  plants  which 
have  been  much  used  in  professional  medicine  are  several 
species  of  Axrhpinti  (see  I'll  niixi/  H'lot)  and  ('oiKhirniirin. 
■Many  are,  however,  used  in  nativeaiid  domestic  jiiaetice. 
In  India  especially,  a  large  number  of  species  have  been 
used,  the  principal  of  which  are  described  by  Dymock 
and  Hooper  in  the  "  I'harniacographia  Indica"  as  iol- 
lows:  Criiptoxtiiiiii  iirniiilifl/ini  Hr.,  which  is  poisonous 
and  yields  a  rubber,  diihilnqnn  iiiiinntea  R.  I?r.  and 
C.  -procfra  R.  Hr..  which  are  irritant  purgatives;  Tjilo- 
jihorti  (ixtliriuiliai  W.,  and  A.  whicli  is  a  nauseating  ex- 
pectorant; Damia  crtcnm  Yir.;  Drfr/en  rolnliilis  IJenth. ; 
J[emuk.<nnw<  Indinm  Br.,  the  root  of  wliicli  is  a  niuch- 
rised  and  powerful  diuretic;  Conmoiitipiut  ractmiisum 
Wiglit. ;  Oyirmema  sylecstre  Br.  and  many  otliers  less  well 
known.  //.  //.  IiukOi/. 


ASEPSIS,  SURGICAL.— That  wound  infection  and 
supimialinii  uiv  the  result  of  the  ]iresenee  of  vegetable 
microorganisms  is  no  longer  a  theory  but  a  fact  proven 
by  experimental  research  and  clinical  experience.  While 
no  one  will  deny  that  wounds  may.  umler  certain  con- 
ditions, heal  kindly  without  the  use  of  any  pii'cautions 
to  prevent  the  entianceof  minute  living oiganisms,  such 
result  obtains  with  great  rarity,  iiiid  not  in  conse(|Ucnce 
of  a  lack  of  these  pi'ecaiitions  but  desiiiti'  such  negligence. 
The  almost  complete  disuppearance  of  hosjiital  gan- 
grene, the  greatly  diminished  IVecpieiiey  of  other  forms 
of  wound  infection,  the  very  low  moitality  rate,  the 
safety  with  which  the  abdominal  and  cranial  cavities 
are  invaded  at  the  |)i'esent  time,  render  unassail!d)le  evi- 
dence of  the  valueof  surgical  asepsis.  The  term  asepsis 
now  indicates  an  absence  of  germs  in  a  wound.  Unfor- 
tunately, we  are  as  yet  unable  to  obtain  a  condition  of 
absolute  asepsis.  Theie  is  peilia|is  in  every  wound  some 
form  of  organism  picseiit.  Iml  by  inciper  ajiplicatioM  of 
the  means  now  at  hand,  aided  by  the  resistance  in  the 
tissues,  we  are  enabled,  in  a  large  peicenta.ije  of  wounds, 
to  oljtain  healing  without  inliammation  or  suppuration. 
In  the  development  of  our  present  methods  of  ase])sis. 
Lister  stands  out  as  the  pioneer,  and  although  his  idea 
thai  air  infection  was  very  dannei'ous  has  been  proven 
fallacious  and  the  s]ii':iy  has  fallen  into  disuse,  the  ])res- 
ent  technic|Ue  is  the  direct  outcome  of  his  tciiching. 
Otlier  investigators  haveadded  toour  knowledge  during 
the  time  that  has  elapsed  since  his  writings,  and  the 
present  technique  is  the  result.  The  object  in  wound 
treatment  is  to  iirevent  anythin.g  coming  into  contact 
with  the  wound  surfa<-e  whicli  can  convey  infection,  and 
to  limit  the  number  and  the  \irulence  of  hacleiia  whose 
eiil ranee  cannot  lie  ]ireveiiteil.  To  accomplish  this  end 
requires  unremitting  car<>  and  altenlion  to  detail  as 
well  as  a  tlioiough  appreciation  of  the  dangers  resulting 
from  the  sli.irhtest  oveisight.  TIh'  more  cleanly  a  sur- 
geon is  in  his  daily  life  the  more  easily  can  he  form 
h.abits  of  surgical  cleanliness.  Many  surgeons  obtain 
jioor  results  because  of  an  imperfect  technique  and  fail 
to  perceive  such  imperfection.  Only  by  a  careful  in- 
vestigation of  poor  results  can  the  evil  he  remedied. 
The  young  surgeon  educated  to-day  under  the  intluence 
of  the  present  teaching  more  readily  learns  and  practises 
aseptic  sui-gery  than  one  who  was  taught  and  piactised 
under  the  old  regime.  The  infectiousagents  are  bacteria 
of  dilTei'eiit  forms  which  exist  in  the  ail',  the  soil,  and  the 
clothing,  upon  the  skin  and  mucous  membianes  of  the 
healthy  body,  in  the  heard  and  liafr.  and  especially 
under  the  nails.  The  number  of  bacteria  in  the  air  is 
inconsiderable  compared  to  the  number  found  in  the 
other  places  mentioned.  The  infection  occurs  as  a  rule 
by  contact  with  a  broken  surtaee.  If  the  chances  of 
contact  infection  are  exehuled.  air  infection  becomes  of 
little  moment.  This  can  be  almost  entirely  eliminated 
by  care  to  prevent  dust  being  raised  in  a  room.  No 
sweeping,  brushing,  taking  down  of  curtains,  opening 
windows  or  doors  on  oppositt'  sides  of  si  room  should  he 
allowed  just  before  an  operation.  A  moist  cloth  can 
remove  dust  and  dirt  with  the  least  ]iossible  disturbance. 
Bacteria  can  scarcely  leave  a  nioist  surface  and  pass  into 
the  air. 

There  is  some  tendency  iit  the  iiresent  time  again  to 
attribute  greater  importance  to  air  infection,  as  certain 
investigators  have  ohtaineil  virulent  cultures  of  the  pyo- 
genic bacteria  from  the  air  of  hospitals.  The  methods 
of  handling  dressings  and  wound  discharges  will  de- 
termine, to  a  large  extent,  the  number  of  bacteria  which 
reach  the  air.  It  is  important,  therefore,  to  destroy  all 
wound  dressings  and  not  allow  liiein  to  lie  about  in  a 
dry  condition.  That  Hies  and  other  insects  can  he  the 
medium  of  transportation  is  well  established,  and  while 
perhaps  not  a  frequent  means  of  infection  yet  it  is 
well  to  exclude  them  from  hosjiitals,  for  this  reason  as 
well  as  for  the  comfort  of  the  patients,  by  the  use.  of 
screens.  The  most  ftetpient  source  of  wound  infection 
is  the  hands  of  the  surgeon  and  his  assistants.  TJiis  can 
be  readily  appreciated  when  we  consider  th<'  great  fre* 


565 


AsepHls. 


REFERENCE   HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


(luciu-y  witli  wliic:!)  llie  snifjcoiis  and  their  lielpers  are 
railed  upon  to  liandle  cases  in  which  bacteria  are  pres- 
ent in  eoiintlcss  uninbers,  all  possessing  some  degree  of 
virulence.  In  the  language  of  Keith.  "It  is  the  willing 
and  tender  though  unclean  hand"  which  conveys  the 
infection.  Therefore  the  fewer  and  better  trained  the 
assistants,  the  better  the  results  obtained.  If  the  chain 
of  careful  technique  is  broken  by  any  of  these,  the  result 
will  be  infection  with  its  cousetiuent  inflammation,  sup- 
puration, and  sepsis. 

The  very  greatest  care  cannot  prevent  the  occurrence 
of  an  occasional  contamination  of  the  wound  surface. 
But  in  direct  proportion  lo  the  care  exercised  will  the 
tianger  of  infection  be  lessened.  Every  surgeon  shoidd 
assume  the  right  to  inspect  the  hands  and  nails  of  his 
assistants  and  accept  or  reject  them,  for  he  alone  is  re- 
sponsible for  the  outcome  of  the  case.  No  mere  washing 
for  one  minute  in  this  and  for  one  minute  in  the  other  solu- 
tion will  render  the  hands  sterile.  Rubber  gloves  or  finger 
cots  sterilized  for  each  case  will  prove  very  u.seful  iu 
handling  septic  ca.ses  with  the  least  chance  for  contami- 
nation. Those  working  in  the  deadhouse  oi'  in  pnti'efy- 
iug  materials  shoidd  not  perform  or  assist  at  surgical 
operations. 

All  who  liandle  wounds  should  keep  the  idea  of  asep- 
sis always  before  them  and  shoidd  carefully  avoid  need- 
less contamination  of  their  hands.  In  dressing  woimds 
which  are  suppurating  or  are  infected  conta(^t  should  be 
avoided  as  nuich  as  possilile.  From  fifteen  to  thirty 
minutes'  careful  scrubbing  witli  soap,  water,  and  freshly 
sterilized  brush  are  necessary  for  the  mechanical  cleans- 
ing of  the  hands.  The  water  either  should  be  running 
or  should  be  changed  frequently  during  this  process. 
The  soap  should  be  carefully  selected  and  germ  fi-ee. 
Ordinary  green  soap  is  very  frequently  used  for  this 
purpose.  A  cheap  brush  of  vegetable  fibre  can  be  ob- 
tained which  has  the  advantage  of  not  being  injured  by 
boiling.  Each  person  engaged  in  the  operation  should 
have  an  individual  brush  for  his  final  .scrubbing.  The 
nails  should  be  kept  short  and  all  visible  dirt  should  be 
removed  by  a  sterilized  scraper  after  a  primary  washing 
and  before  the  final  scrubliing  which  should  extend 
above  the  elbows.  Such  mechanical  cleansing  is  the  first 
step  in  all  plans  of  sterilization  of  the  hands.  In  hospi- 
tals the  final  cleansing  of  the  hands  is  preceded  by  a 
complete  change  of  the  clothing,  the  operator  and 
assistants  removing  the  outer  clothing  and  donning 
a  white  sterilized  suit  and  cap.  Some  operators  go  so 
far  as  to  change  the  shoes  as  well.  In  private  practice 
such  a  change  is  not  often  possible,  therefoie  the  coat, 
vest,  collar,  and  ti(^  are  removed  and  a  large  steiilized 
apron  is  used  to  cover  the  clothing  to  within  a  few  inches 
of  the  feet.  In  such  way  the  object  desired  can  be 
accomplished.  If  the  apron  and  clothing  beneath  be- 
come saturated  with  water,  care  must  be  used  tf)  pre- 
vent such  spot  coming  into  contact  with  the  wound, 
hands  of  surgeon,  or  anything  which  will  touch  the 
wound. 

A  number  of  investigators  have  made  bacteriological 
tests  of  the  efficiency  of  different  methods  for  the  prep- 
arations of  the  hands.  In  1885  Kummel  made  a  num- 
ber of  experiments  to  determine  the  value  of  dilferent 
antiseptic  solutions,  such  as  boric  acid,  thymol,  carbolic 
acid,  and  corrosive  sublimate.  After  rinsing  the  hands 
in  soap  and  water,  and  immersing  in  one  of  the  above 
solutions,  he  drew  his  finger  tips  over  the  surface  of  a 
sterile  nutrient  gelatin.  He  found  the  colonies  least 
abundant  when  tive  per  cent,  carbolic  or  1  to  1, ()()()  bi- 
chloride of  mercury  was  used.  He  concluded  that  pri- 
mary import ance  should  be  attached  to  the  mechanical 
cleansing,  while  chemical  agents  were  of  secondary 
importance.  Forster  alioiit  the  same  time  obtained 
Ihe  same  results.  Flirbringer  in  1888  showed  that  a 
sterile  culture  resulting  after  such  a  test  by  no  means 
indicated  that  the  fingers  were  sterile,  for  scrapings  from 
beneath  the  nails  of  such  fingers  would,  when  thrown  on 
gelatin,  produce  an  excessive  growth  of  bacteria.  This 
result  was  obtained  even  after  the  utmost  care  in  cleans- 


ing and  scraping  this  jiart  prior  to  the  disinfection.  He 
was  led  to  believe  that  the  grease  adherent  to  the  skin 
pi'otected  the  germs  fi-om  the  action  of  the  chemicals. 
Acting  on  this  idea  he  used  a  strong  solution  of  alkali, 
which  proving  inadequate  he  abandoned  for  ether.  Thi.s 
was  not  satisfactory  owing  to  its  rapid  evaporation.  Al- 
coIkiI  was  found  to  have  the  solvent  property  of  ether 
without  the  rapid  evajioration.  His  method  was  as  fol- 
lows: 

1.  Thorough  cleansing  of  subungual  space. 

3.  Scrubbing  the  hands  for  one  minute  with  water 
and  soap. 

3.  Scrubbing  hands  with  sterile  brush  in  eighty  or 
ninety-five  per  cent,  alcohol  for  one  minute. 

4.  Rinsing  in  three  per  cent,  carbolic  or  thieetenths- 
of  one  per  cent,  of  bichloride  solution. 

He  did  not  claim  germicidal  action  for  the  alcohol. 
The  more  recent  investigations  show  that  the  tests  with 
alcohol  give  as  good  results  without  the  fourth  step  as 
when  the  .germicides  are  used.  The  great  objection  to 
bicldorideof  mercury  is  the  cracking  of  the  hands  which 
follows  its  use.  Some  operators,  notalily  Kelly  and 
others,  use  the  solution  of  jjotassium  permanganate  and 
oxalic  acid  (Schatz'  method)  in  addition  to  the  mechan- 
ical cleansing  mentioned  before;  others  use  turpentine, 
and  still  others  use  sterilized  ground  mustard  in  their 
technique.  Less  depends  upon  plans  u.sed  than  upon 
the  thoroughness  with  which  the  preparation  is  accom- 
plished. The  method  most  in  vogue  is  .some  modifica- 
tion of  Flirbringers  with  the  use  of  a  longer  time  for 
the  preparation  than  his  instructions  would  indicate. 
First  scrub  the  hands  and  aims  to  elbows  with  soap  and 
water,  after  cleansing  nails  thoroughly  until  no  dirt  is 
visible.  Then  scrub  thoroughly  tlie  hands,  arms,  and 
crevices  abcmt  the  nails  in  a  basin  of  alcohol  for  at  least 
five  minutes.  This,  with  or  without  the  use  of  bichloride 
of  mercury,  will  give  the  best  results  and  has  the  ad- 
vantage of  being  very  simple  and  easy  of  a]i]ilication. 
After  this  preiiaiation  has  been  completed,  the  greatest 
care  should  be  exercised  to  keep  from  touching  any- 
thing which  is  not  sterile.  That  almost  irresistitile  de- 
sire to  scratch  the  nose  .or  to  .adjust  spectacles  must  be 
controlled. 

Mikulicz  advi.sed  the  use  of  sterile  cotton  gloves  to 
prfitect  against  infection  frt>m  the  hands.  As  might 
be  expected,  this  was  not  successful  owing  to  the  facil- 
ity with  which  fluids  passed  to  and  from  the  hands 
carrying  microlu's  through  the  gloves.  More  recently 
thin  rubber  gloves  and  fingers  cots  have  been  introduced 
to  provide  a  sterile  finger  and  hand.  These  are  not  in- 
jured by  boiling  or  b.\'  steam,  therefore  can  be  made  per- 
fectly sterile,  and  will  undoubtedlv  have  a  large  field  of 
usefulness.  The  chief  objection  that  can  be  offered  to 
rubber  gloves  is  that  they  interfere  to  a  greater  or  less 
extent  with  the  manipulations.  Some  sur.geons,  how- 
ever, become  quite  exjiert  in  their  use  and  claim  that 
the  tactile  sense  is  not  perceptibly  lessened.  The  finger 
cots  allow  greater  freedom  to  the  hands  but  do  not  cover 
them  sufficientlv  and  if  not  snug  may  be  left  in  the 
wound.  This  might  prove  troublesome  in  operations  in 
the  abdomen  and  otlier  cavities.  Sterile  glycerin  or  sterile 
talc  will  aid  in  putting  the  gloves  on  the  hand.  The 
cleansing  process  must  lie  just  as  thorough  as  when 
operating  without  the  gloves.  Dr.  A.  C.  Wiener,  of 
Chicago,  has  suggested  the  use  of  celluloid  dissolved  in 
acetone  as  a  substitute  for  collodion.  Enough  celluloid 
is  dissolved  in  the  jirojier  amount  of  acetone  to  produce 
a  thin  syrupy  liquid.  For  holding  small  dressings  iu 
place,  sealing  wounds  and  abrasions  of  the  hands  before 
operation,  and  like  purposes,  it  aiipears  to  be  .superior 
to  collodion,  as  it  adheres  much  more  tenaciously. 

Dr.  James  B.  Bullitt,  of  Louisville,  Ky,  has  proposed 
the  possibility  of  eliminating  Ihe  fin.ger  nail  and  crevice 
as  a  factor  in  wound  infection  by  sealing  up  the  nails  by 
means  of  this  ]ireparation.  He  has  found  that  if  a  thin 
solution  be  first  applied  to  the  nail  and  the  conti.guous 
skin  and  then,  after  this  has  dried,  in  a  few  minutes  a 
further  coat,  or  coats,  of  a  thicker  solution  of  theconsist- 
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once  of  cream  lie  applied,  that  tlie  nails  can  be  com- 
pletely sealed.  If  a  liaH'-lioiirs  time  be  then  given  for 
dryiD.c  and  liardeninir  it  will  lie  found  that  the  hands 
can  be  thorouj^lUy  washed,  scrubbed  with  a  brush,  and 
subjected  to  all  of  the  usual  iire|]aratious  for  a  surjjieal 
operation  without  the  celluloid  loosening  its  hold.  In 
usin":  this  material  for  such  iiurjiose.  it  is  recommended 
that  the  hands  and  nails  be  thoroughly  washed  and  |ir<'- 
pared  just  as  is  usual  foroi>eration.  and  that  thecclbdoid 
he  then  ai)plied.  after  w  hieh  it  is  desirable  to  permit  a 
half-hour  to  elapse  before  the  hands  are  a.gain  placed  in 
water.  Sealin.g  the  nails  in  this  way  leaves  the  tactile 
sense  of  the  lingers  unimpaired,  an  objection  olTered  by 
many  operators  to  the  use  of  glovi^s.  whether  of  rul)l)er 
or  of  cotton  fabric.  Raclcriological  investigation  upon 
this  point  will  be  of  interest,  anrl  if  the  method  achieves 
the  object  desired  it  will  prove  (|uile  an  adjuvant  to  our 
present  technitiue. 

The  Pitlind. — It  is  undoubtedly  a  fact  that  the  con- 
dition of  the  iwtient  is  often  responsible  for  a  wotmd  in- 
fection. It  has  been  proven  that  bacteria  can  and  do 
exist  in  the  blood  of  apparenlly  healthy  individuals,  only 
becoming  localized  after  a  tr.-iuma.  and  in  other  cases 
the  resistance  of  the  tissues  is  below  par ;  therefore,  when 
time  is  allowed,  the  patient  should  be  placed  on  tonics 
and  nutritious  food.  The  kidneys,  skin,  and  inlestincs 
should  be  rendered  active.  In  this  way  the  bacteria 
present  are  eliminated  and  the  resistance  of  the  tissiu's 
to  infections  is  increased.  A  number  of  warm  or  Turk- 
ish baths  .should,  whenever  praclicable.  lie  given  jjrior  to 
operation.  One  warm  liatli  should  be  insisted  upon  in 
all  cases  in  which  it  does  not  endanger  the  patient.  A 
bichloride  of  mercury  bath  will  render  the  bacteria  on 
the  surface  less  active,  but  is  irritating  to  sensitiv<'  skins. 
On  the  afternoon  before  an  operation  is  to  be  performed 
the  field  shotdd  be  shaved  and  thoroughly  cleansed  with 
soap,  water,  and  brusli.  This  sliould  extend  some  dis 
tance  away  from  the  jioint  of  incision.  The  scrubbing 
should  be  done  gently  when  over  a  suppurating  lesion 
in  the  abdomen,  to  pn;vent  ru])ture.  After  rinsing  w  ith 
plain  steiilized  water  a  bichloride  scrubbing  shoidd  be 
added,  then  the  part  slioidd  be  covered  with  a  thin  layer 
of  green  soa]),  and  over  this  a  thick  fold  of  gauze,  or  in 
lieu  of  this  a  gauze  compress  saturated  with  bichloride 
of  mercury  solution,  1  to  'J, 000,  should  be  Iai<l. 

Sensitive  skins  are  sometimes  blistered  if  either  of 
these  applications  is  left  on  too  long.  Especial  atten- 
tion must  be  given  to  the  axilla,  the  tnubilicus,  the 
pubes,  and  also  the  scalp.  The  preparation  of  mucous 
surfaces  will  of  necessity  be  more  or  less  imperfect.  The 
object  is  to  promote  the  highest  degree  of  asei)sis  po.ssi- 
ble  with  the  least  injury  to  the  mucous  membrane,  for 
the  intact  ir.embrane  will  resist  infections  much  belter 
than  one  which  has  been  damaged.  The  eye  camiot  be 
scrubbed  and  catmot  stand  any  strong  gi-rmicides  to  pro- 
mote asepsis.  .Moi-eover.  the  normal  secretions  in  this 
part  seem  to  have  sonu'  antiseptic  action.  The  intcgu- 
mentaiy  surfaces  of  the  lids  and  brows  should  receive  a 
thorough  scrubbing  with  soap  and  water.  The  con- 
junctival sac  should  be  inigaled  thoroughl}'  with  a 
saturated  solution  of  Ixiric  acid  or  Thiersch's  solution. 
If  the  conjunctiva  or  the  tear  sac  is  infected,  no  o]iera- 
tions  upon  the  eye  should  be  undertaken  exccjit  those 
of  emergency.  The  residts  will  cerlainl.v  justify  wait- 
ing until  the  jn-ocess  subsides  under  iiroper  treatment. 
The  nose  can  be  cleansed  only  by  the  ust-  of  the  spray 
or  douche  and  some  of  tlie  sim])ler  antiseptic  solutions. 
of  which  an  ordinary  saline  is  one  of  the  best.  Dobell's 
solution  is  also  very  poiiular.  Prior  to  operations  about 
the  mouth  it  is  advisiil)le  to  have  a  dentist  care  for  the 
teeth  in  order  that  the  chance  of  infection  will  be 
diminished.  Hefore  an  operation  the  teeth  shotdd  be 
thoroughly  scridibed  with  br\ish  and  tooth  wash  or 
powder.  The  mouth  should  then  be  washed  out  with 
tincture  of  myrrh,  peroxide  of  hydrogen,  or  biehloricht 
of  mercurj-  solution,  and  subse(|uently  rinsed  with  plain 
sterilized  water.  The  anus  and  rectum  can  be  cleansed 
by  means  of  two  or  more  scrubbiugs  of  external  parts 


followed  by  plain  eneinata  prior  to  the  operation.  And 
when  the  patient  isaua'sthetized.  the  bowel  can  be  thor- 
oughly scrubbed  wilh  soap  and  waler  and  flushed  with 
a  weak  solution  of  corrosive  sublimale  followed  by  one 
of  jilain  boiled  water.  The  sjime  plan  can  be  followed 
with  the  vagina,  using  a  small  nail  brush,  a  jeweller'.'; 
brush  (Tierster),  or  a  small  piece  of  gauze  on  forceps  to 
nacli  the  upper  ])arl.  About  live  days  prior  to  a  trache- 
lorrhaphy, after  cleansing  the  vagina,  tlie  cavity  of  the 
ulerus  should  be  curelted  and  cleansed  by  tlushing  with 
carbolic  or  bichloridt-  solution  and  jilain  walei.  JIany 
operators  advise  tlic^  same  step  before  a  h,vstereetom.v, 
but  it  is  not  generally  considcicd  necessary.  The  room 
should  be  light  and  well  venlilaled.  devoid  of  curtains  or 
superlliious furniture.  The  temperature  should  be  about 
T.")  F.  It  should  be  .so  arranged  that  cleaning  can  be 
easily  accomplished  by  means  of  a  mop  and  wet  cloths 
wit  bout  inipregnating  the  air  with  dust.  When  operat- 
ing in  privalc  houses  the  furiiiture,  carpels,  and  curtains 
must  not  be  disturbed  at  the  lime  of  the  operatfon.  The 
utensils  should  be  glass,  jiorcelain-lined.  or  granite  ware 
which  can  readily  be  rendereil  clean  and  sterile  by  hot 
water.  Hard  rubber  makes  the  best  portable  trays, 
owing  to  its  light  weight.  The  tables  and  other  furni- 
ture for  the  operating  room  should  be  of  the  simplest 
kind,  and  those  made  of  iron  and  enamelled,  with  or 
without  glass  tops,  are  the  best.  Where  these  cannot  be 
obtained  a  plain  table  made  of  hard  w  ood  will  answer 
every  purpose,  'i'liey  must  be  kejit  scru]Hiloii.sly  clean. 
All  basins,  jiitchers,  etc.,  which  will  be  used  should  be 
well  .scoured  and  boiled  or  scalded  just  prior  to  use. 
Sheets  and  blankets  should  be  sterilized  and  the  patient 
should  be  well  covered  except  at  the  site  of  operation. 
The  towels  must  be  sterilized  and  kept  tightly  wrapped 
until  ready  for  use.  These  materials  may  be  sterilized 
in  the  same  way  that  gauze  and  dressings  arc  prepared. 

S/ioiif/tx. — The  best  silk  sjionges  are  expensive  so  that 
rest erilizal  ion  would  be  neeessarv.  and  this  is  more  or  less 
unreliable.  Boiling  unfortunately  hardens  the  sponges 
and  destroys  their  usefulness.  This  has  rendered 
their  thorough  sterilization  sfimewhat  difficult.  Very 
good  sponges  can  be  obtained  for  about  two  dollars  and 
a  half  per  |K)und.  and  these  can  lie  thrown  away  after  an 
operation.  Many  methods  of  pn'paring  sea  sponges 
have  been  projiosed.  The  following  (Scliimmelbiisch) 
is  useful  and  very  simple:  The  sponges  are  beaten, 
washed,  and  kneaded  repeatedly  in  cold  and  warm  water 
until  the  dirt,  shells,  and  other  foreign  matter  are  entirely 
r<'move<l.  They  are  then  |)resscd  together,  surrounded 
by  .gauze,  and  put  into  a  one  ])er-cenl.  solution  of  soda, 
just  removed,  while  boiling,  from  the  fire.  They  are 
ke]it  in  this  solution  for  half  an  hour.  The  soda  is  then 
washed  away  with  boiled  wati'r  and  the  sponges  are 
stored  in  a  tight  jar  and  covered  with  a  solution  of 
bichloride  of  m.'rciiry  (1  to  L'.OOO). 

Still  another  melliod  of  slerilizin,g  sea  sponges  is  tli<^ 
following:  After  the  usual  beating  and  rinsing  to  free 
from  dirt  and  lime,  they  should  be  immersed  in  a  solution 
of  miirialic  acid,  3  ij.  to  O  i,  for  twenty-four  hours. 
They  should  next  be  soaked  in  a  saturated  solution  of 
permanganate  of  jiotassium,  and  then  decolorized  in  a 
liot  saturated  .solution  of  oxalic  acid.  The  latter  is  re- 
moved by  |iassing  the  sponges  through  lime  water. 
When  washed  in  plain  sterilized  water  they  are  placed  in  a 
s<ilution  of  bichloride  of  mercury  (1  to  1,000)  for  twenty- 
four  hours  and  are  kept  in  three-per-eent.  .solution  of 
carbolic  acid  until  needed.  In  the.  latter  steps  of  iirepa- 
ralion  the  sponges  shoulil  be  handled  by  means  of  steril- 
ized rubber  gloves  and  sterile  forceps.  The  diHicnlly 
of  sterilization  and  thecost  are  objections  to  sea  sponges, 
and  while  the  advantages  of  a  good  sponge  are  appar- 
ent, its  [ilaee  is  being  largely  taken  by  pads  of  ab.sorb- 
ent  gauze  and  mops  or  wipers  made  of  cotton  covered 
by  gauze  (Tui)fcrs).  These  can  easily  be  made  by 
siiuaresof  gauze  with  diagonal  corners  ti<'d  together  and 
enclosing  a  small  pledget  of  cotton.  When  desired  they 
can  be  made  of  very  small  size  for  use  in  cavities.  They 
are  easily  sterilized  by  steam  and  ate  very  convenient 
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and  iiu'xpt'iisivo.  As  faras  p<issil)lc  the  cdirt'S  should  be 
tuviH'd  ill  to  pivvi-iil  lavclliiiiis  Ixmms  li'l't  iu  the  wound. 
These  mops  and  iiads  sliouUi  be  wrapped  in  gauze,  one 
dozen  in  a  package,  and  so  sterilized.  In  this  vvav  they 
can  readily  be  counted  so  that  none  shall  remain  in  the 
wound.  Large  Hat  gauze  pads  with  a  string  attached 
are  now  often  used  in  abdominal  work  in  place  of  the 
huire  flat  sponges  formerly  so  much  iu  vogue. 

The  iiititruiiH'iilx  shoukl'lie  made  entirely  of  metal,  of 
very  siniide  design  and  easily  cleansed.  They  should 
be  kept  jierfeclh-  clean  by  thorough  scrubbing  with 
brush,  soap,  and  "water  before  and  after  each  operation. 
This  should  have  the  most  careful  attention  lest  shreds 
of  tissiu'  and  clots  of  blood  remain.  Proper  cleansing 
having  been  obtained,  the  instruments  may  be  rendered 
sterile" by  boiling  iu  one-per-cent.  solution  of  carbonate 
of  sodium  for  live  minutes.  The  sodium  salt  seems  to 
aid  in  the  destruction  of  micro-organisms  which  may  be 
present  (Schimiiiellmsch).  It  also  prevents  rusting  of 
the  instruments  which  occurs  in  plain  water.  The  ordi- 
nary tish  kettle  is  very  useful  for  boiling  instruments, 
as  tiie  tray  can  be  lifted  and  the  instruments  transferred 
to  another  tray  or  towel  without  being  handled.  Wip- 
ing them  and  placing  iu  a  towel  exposes  them  to  a  chance 
of  "contamination  and  is  not  as  a  rule  advisable.  Cutting 
instruments  unfortunately  lose  their  edge  when  boiled, 
hence  other  means  are  necessary  to  render  them  germ 
free.  Immersion  for  a  short  time  iu  alcohol,  then  in  pure 
carbolic  acid  for  live  or  ten  minutes,  again  in  alcohol 
which  dissolves  the  carbolic  acid,  and  finally  in  freshly 
boiled  water  will  be  the  best  plan  for  sterilization. 
Germicidal  drugs  other  than  carbolic  acid  are  seldom 
used  for  the  preparation  of  instruments.  Bichloride  of 
mercury  acts  destructively  upon  metal.  After  steriliza- 
tion the  instruments  should  be  kept  in  basins  and  covered 
with  hot  water  or  towels  and  should  not  be  handled 
again  before  the  operation.  One  assistant  should  have 
entire  charge  of  the  instruments,  or,  perhaps  better,  the 
table  containing  them  is  so  jjlaced  that  the  operator  can 
get  them  himself.  If  an  in.stniment  falls  upon  the  floor, 
ts  handled  by  septic  hands,  or  is  soiled  b.v  infectious  ma- 
terial during  an  operation,  it  should  be  discarded  or 
resterilized.  WIk'u  not  in  use  instruments  should  be 
kept  in  a  clean,  dust-proof  case. 

The  Dressings. — Butter  or  cheese  cloth  is  almost  uni- 
versally used  at  the  present  for  a  wound  dressing  and  is 
known  to  the  profession  as  gauze.  Surgeons'  absorbent 
cotton  is  also  very  largely  used  as  a  wound  dressing. 
Other  materials,  such  as  oakum,  jute,  etc.,  are  used  less 
frequently.  The  materials  most  suitable  for  bandages 
are  butter  cloth,  unbleached  cotton,  flannel,  and  crinoline. 
The  dressing,  gauze,  cotton,  and  liandages,  also  aprons, 
towels,  gauze  sponges,  blankets,  and  sheets,  can  all  be 
lendered  aseptic  by  exposure  to  steam  in  a  sterilizing 
apparatus  for  one  hour  on  three  successive  days.  The 
sterilizer  of  Arnold,  E.  Boeckman.  or  a  similar  one  may 
be  used  for  this  purpose.  The  chief  object  is  to  obtain 
a  moving  or  live  steam  with  suflicient  pressure  to  be 
forced  into  all  parts  of  the  material  undergoing  steriliza- 
tion. Heat  applied  before  closing  the  sterilizer  ■will 
tend  to  prevent  condensation  of  the  steam  and  satura- 
tion of  tlie  dressings.  The  same  end  can  be  reached 
by  allowing  the  steam  to  pass  through  the  materials 
after  ojiening  the  sterilizer.  When  taken  from  the 
sterilizer  they  should  be  dry  and  subseciuently  handled 
as  little  as  possible  and  with  the  greatest  precaution  to 
]u-event  contamination.  If  folded  in  gauze  before 
sterilization  tlir  y  should  be  opened  only  when  ready  for 
use  and  iu  the  mean  while  conlined  in  closed  retainers. 

Siifiire.9  tnid  Lif/nturcs. — The  suture  and  ligature  ma- 
terials now  in  use  are  catgut,  silk,  silkworm  gut,  kan- 
garoo tendon,  silver  wire,  and  horsehair,  each  having 
its  peculiar  indications  for  use.  Of  these,  catgut  and 
kangaroo  tendon  are  sterilized  with  most  diflieulty.  The 
other  materials  are  less  readily  alVecled  by  heat  and  are 
therefore  the  more  ea^ly  rendered  sterile.  The  former 
have,  however,  the  advanlage  of  bi'ing  readily  ab.sorbed, 
and  will  be  on  this  account  less  likely  to  act  as  a  foreign 


body  and  prove  subsequently  a  source  of  irritation.  Silk- 
worm gut  is  not  absorbent,  has  no  tendency  to  become 
softened  by  wound  secretions,  and  is  therefore  not  so 
likely  to  carry  infection  into  the  wound  as  catgut  or 
silk.  It  is  veiy  useful  when  a  firm,  strong,  and  non- 
absorbable material  is  indicated.  Silk  sutures  and  liga- 
tures should  be  rolled  on  glass  spools  and  sterilized  with 
the  dressings  by  steam  or  by  boiling  in  plain  water  just 
before  use.  or  the  method  in  use  at  the  Johns  Hopkins 
Hospital  (Halsted)  can  be  adopted.  The  silk  is  cut 
in  lengths  of  from  nine  to  twelve  inches,  and  ten  of  these 
strands  are  wound  on  a  glass  reel.  Several  of  these 
reels  of  desired  sizes  of  silk  are  placed  in  a  glass  tube, 
winch  is  loosely  ]>lugged  with  cotton.  The  tube  is  then 
jdaced  in  a  steam  sterilizer  for  an  hour  on  the  first  day 
and  on  the  two  following  days  for  half  an  hour  each 
time.  AVhen  removed  from  the  sterilizer  the  cotton  is 
pushed  tightly  into  the  tubes,  and  the}-  are  kept  in  a.sep- 
tic  glass  jars  until  wanted.  Frequent  boiling  of  silk 
appears  to  lessen  its  strength  to  some  extent.  Boil- 
ing silk  or  silkworm  gut  in  soda  solution  will  soften 
it  and  cause  deterioration.  The  sterilization  of  cat- 
gut is  a  more  difficult  task,  and  most  methods  have  been 
far  from  satisfactory.  The  prepared  gut  offered  for  sale 
is  as  a  rule  most  unsatisfactory  i  this  is  especially  true  of 
that  kept  iu  oil.  The  latter  is,  however,  rarely  sold  at  the 
present  time.  Catgut  kept  in  alcohol  in  a  sealed  glass 
tube  can  be  sterilized  by  boiling  for  two  hours.  Kelly 
for  some  years  used  catgut  that  had  been  soaked  in  ether 
and  then  boiled  in  absolute  alcohol  under  pressure,  but 
he  abandoned  the  method  after  several  cases  of  infection, 
which  were  thought  to  be  due  to  imperfect  steriliza- 
tion of  the  gut,  had  occurred.  He  has  recently  used  Kro- 
nig'scumol  method  moditied  by  Clark  and  Jliller.  This 
he  describes  as  folhnvs;  1.  Cut  the  catgut  into  desired 
lengths  and  wind  twelve  strands  into  a  figure-of-eight 
form  so  that  it  may  be  sli]iped  into  a  large  test  tube.  3. 
Bring  the  catgut  gradually  up  to  a  temperature  of  80°  C. 
and  hold  it  at  this  ]ioiut  one  hour.  3.  Place  the  catgut 
in  cumol,  wliii-h  must  not  be  above  a  temperature  of 
100'  C. ;  raise  it  to  16.5'  C.  and  hold  it  at  this  point  for 
one  hour.  4.  Pour  off  the  cuiuol  and  either  allow  the 
heat  of  the  sand  bath  to  dry  the  catgut  or  transfer  it  to 
a  hot-air  oven  at  a  temperature  of  l(5o'  C.  for  two  hours. 
5.  Transfer  the  rings  with  sterile  forceps  to  test  tubes, 
previously  sterilized  as  in  the  laboratory.  Cumol  is  not 
explosive  but  very  inflammable;  care  must  therefore  be 
used  to  keep  it  from  the  flame.  Kangaroo  tendon  is 
not  generally  used,  but  is  useful  when  early  absorp- 
tion is  not  desired.  It  can  be  prepared  in  a  manner 
similar  to  that  employed  for  the  sterilization  of  catgut. 
The  irregularity  of  tlie  tendon  makes  it  somewhat  difli- 
cult  to  handle.  Silkworm  gut  can  be  readily  sterilized 
by  steam  or  by  boiling  and  can  then  be  kept  immersed 
in  alcohol.  It  can,  however,  be  boiled  with  the  instru- 
ments at  the  time  of  operation  and  thus  rendered  per- 
fectly sterile.  By  cutting  off  the  two  irregular  ends  of 
the  recjuired  numlier  of  strandsand  making  the  first  turn 
of  a  reef  knot,  they  can  easily  lie  handled  and  one  strand 
removed  at  a  time  by  holding  at  the  knot  and  pulling 
it  from  the  convexity  of  the  loop.  Another  good  plan 
is  to  place  the  strands  in  test  tulies  in  which  they  can  lie 
sterilized  and  kept  aseptic  until  ready  for  use.  Silver 
wire  is  easily  sterilized  by  boiling  with  the  instruments. 
It  is  a  favorite  suture  with  many  operators,  especially 
when  a  considerable  thickness  of  tissue  is  to  be  approxi- 
mated. Some  abdominal  operators  use  it  in  suturing  the 
abdominal  wall  in  tiers.  It  is.  however,  not  so  fre- 
quently used  as  some  of  the  other  materials  and  often 
causes  irritation  when  embedded  in  the  tissues.  Horeo- 
hair  makes  a  very  valuable  material  for  suturing  the 
skin  where  tension  will  be  slight.  Black  liaii-s  are  best 
as  they  are  larger  and  stronger.  The  hairs  are  readily 
prepared  as  follows:  Take  a  small  bunch  of  hair  from 
the  horse's  tail  and  brush  it  in  a  direction  opposite  to 
its  growth  to  remove  the  short  hairs.  Then  wash  it 
thoroughly,  first  in  soap  antl  water  to  remove  grit  and 
dirt,  and  then  in  ether  to  remove  fats.     Finally,  boil  and 
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keep  in  alcohol  iiutil  needed  for  use.  Or  llie  small  liiiudles 
<an  be  ]nit  into  a  test  lulie  and  sterilized  by  steam  as  is 
<lone  in  the  case  of  silUworm  gut.  The  hair  suture  is 
best  inserted  as  a  bultonliolc  suture  or  as  the  chain  stitch 
of  Billroth.  In  or<ler  to  do  this,  tie  the  tirst  stitch  as  in 
simple  continuous  sutures,  then  pass  the  needle  through 
both  lips  of  the  wound  and  hook  tlie  emerging  end  of  the 
suture  under  the  other  to  lock  the  stitch. 

Fluid  for  Im'i/iilio/i. — Water  as  generally  sc-en  is  not 
germ  free.  The  best  and  simjilcst  method  to  render  it 
sterile  is  by  boiling  with  or  without  previous  till  ration. 
The  latter  is  to  be  preferred,  because  there  will  be  less 
sediment  and  the  vessels  will  the  more  readily  be  kept 
clean.  These  vessels  should  be  iirovided  with  covers 
which  are  put  in  place  after  the  .sterilization.  It  is  well 
to  .supplenicnt  the  cover  by  a  few  folds  of  sterile  gauze 
or  a  towel.  Some  of  the  water  should  be  sterilized  lon.g 
enough  before  the  operation  to  allow  time  for  cooling. 
The  dipper  for  conveying  the  water  from  one  vessel  to 
another  can  be  sterilized  with  the  water.  In  fresh  and 
clean  wounds  geruncidal  solutions  are  to  be  used  otdy 
in  preparing  the  ti<ld  and  the  hands  ]irior  to  operation, 
anil  onlv  idain  steriU'  wat<'rora  normal  salt  solution,  (i  to 
1,0(10,  used  during  the  operation.  In  accidental  wounds 
and  se]itic  conditions  an  ell'ort  is  to  be  made  to  destroy 
the  organisms  by  the  use  of  chemicals  such  as  1  to  I.IIOI) 
bichloride  of  mercury  solution,  or  from  one  to  five  ])er- 
cent,  solution  of  carbolic  acid,  or  one-jier  cent,  solution  of 
acetate  of  aluminum.  In  fresh  aseptic  wounds  many 
surgeims  use  the  dry  mctliod  of  ojierating  and  ol)tain 
excellent  results.  No  fluids  of  any  kind  coiiK^  into 
contact  with  the  wound,  and  dry  gauze  s])onges  remove 
the  l)lood.  In  this  way  one  of  "the  things  necessary  for 
bacterial  growth,  moisture,  is  markedly  lessened. 

T/ie  DmiiKKje. — JIaterial  for  drainage  is  used  to  re- 
move from  wound  spaces  the  serum  whicli  woidd  form 
a  jiabulum  for  bacterial  growth,  and  in  accidental  or  in- 
fected wounds  to  rcniovi'  pus  and  incidental  colonies  of 
bacteria,  but  in  luany  <-ases  some  additional  drainage 
material  is  necessary.  Thisobject  may  beaceomi)lished 
by  a  simple  counter  opening  at  a  de|X'ndent  part. 
Strands  of  sterilized  silk,  horsehair,  catgut,  and  silk- 
worm .gut  are  freiiuently  used  for  this  purpose.  The  other 
materials  which  are  eni|iloved  for  drainage  are  gauze 
and  tulH's  maile  of  decaleilied  bone  (Ncuber),  of  glass, 
or  of  i)ure  rubber,  fenestrated  as  (hsired.  The  latter  is 
one  of  the  best  and  most  universally  used.  Glass  tubes 
are  used  almost  exclusively  in  abdotniual  and  pelvic 
■work,  and  are  less  useful  in  other  parts  of  the  body. 
Tubes  of  .glass  and  rubber  can  be  made  perfectly  sterile 
by  boiling,  and  they  produce  as  little  irritation  as  any  of 
theother  formsof  clrain.  Owing  to  the  tendency  the  tis- 
sues have  to  become  adherent  to  the  meshes  of  the  gauze, 
it  has  been  proposed  to  siirround  the  gauze  drain  by 
gutta-percha  tissue.  This  tissue  caiuiot  be  boiled  as  it 
is  destroyed  by  heat,  and  dependence  must  be  placed  on 
alcohol,  bichloride  of  mercury,  or  other  chemical  disin- 
fectant which  is  w  ashed  away  before  the  drain  is  inserted. 

Drainage  should  be  em|>l'.iyed  only  when  theie  is  a  dis- 
tinct reason  for  so  doin.t  as  where  there  is  excessive 
wound  secretion,  where  contamination  f)f  the  wound  has 
occurred,  where  dead  spaces  are  unavoidable,  aiul  where 
the  wound  is  connected  with  nnicous  surfaces.  The 
danger  of  contamination  of  the  w-ound  through  drainage 
must  not  be  overlooked.  When  the  objectf'or  which  thi' 
drain  has  been  inserted  has  been  accomidished,  or  when 
its  presence  produces  irritation,  its  use  shoidil  be  discon- 
tinued. The  size  of  the  dtain  must  be  suited  to  the 
amount  of  tluid  to  l)e  removed.  If  rubber  tubing  is 
used,  it  should  just  emerge  from  the  skin  to  ]U'event 
tle.xion  and  obstruction,  which  may  occur  if  it  projects 
too  far  out.  and  it  must  not  be  choked  by  the  i.rcssure 
of  the  nearest  suture.  A  steiilized  safety  pin  jiassed 
through  the  margin  will  prevent  the  tube  slipping  into 
the  dejiths  of  the  wotuid. 

The  WdiuhI. — In  making  a  wound  the  surgeim  should 
endeavor  to  injure  the  tissues  as  little  as  possible,  using 
.sharp   knives  and   making  a   clean-cut    incision.     Tin- 


tissues  shoidd  be  torn  asinider  as  little  as  po.ssible  .so 
that  the  amount  of  dead  tissue  will  be  small,  thus  less- 
ening the  favorable  soil  for  bacterial  growth.  For  the 
same  reason  rough  spon.iring  and  injurious  chemicals 
aie  to  lie  avoideil.  Ilainostasis  must  be  comjilete,  and 
suitable  drainage  arrangements  should  be  made  for  the 
removal  of  tlie  wound  secretions  in  the  laiger  wounds 
and  in  tho.se  in  which  infection  is  likely  to  lake  place. 
The  dead  spaces  must  be  as  nearly  as  possible  ciVaced 
by  position,  suturing,  and  banda.gin,g;  in  fact,  every- 
thing should  be  excluded  from  tlu!  wound  which  will 
lessen  the  vitality  of  the  part  or  form  a  nidus  for  the 
growth  ol  bacteria.  It  isa  well  known  biet  that  too  much 
tension  upon  a  suture  will  favor  the  birmation  of  a  stitch 
abscess;  therefore  the  stitches  ai'e  to  be  drawn  only 
tight  cnou,i;h  to  a]iproxiniate  the  edges  without  tension. 
When  the  suturing  is  comiilete,  the  wiiund  and  adjoining 
field  should  be  freed  from  blood  by  a  piece  of  moist  gauze 
and  dried  thoroughly.  The  dressing  is  then  to  be  ap- 
|illed,  the  character  of  which  will  de|iend  largely  upon 
the  situation  iind  size  of  the  wound.  The  small  and  su- 
jierlicial  wounds  can  be  sealed  Ijy  the  use  of  collodion  or 
celbdoid,  and  if  a  drain  is  needed  its  point  of  emergence 
can  be  left  open.  In  the  latter  case  it  is  wise  to  a))ply  a 
sufVieient  (pianfity  of  gauze  over  the  wound  to  take  up 
the  secretion,  and  then  to  cover  this  with  cotton  and  a 
bandage.  In  tlu'  larger  wounds  plain  sterilized  gauze 
in  voluminous  folds  should,  aftc-r  being  shaken  up,  beap- 
]illed  and  covered  with  cotton  and  a  bandage.  The  part 
is  then  to  be  placed  at  rest,  and  if  an  extremity,  in  an 
elevated  position.  The  ap]ilication  of  chi  mieal  dusting 
jiowdersto  the  wound  will  de|)end  largely  ui)on  the  ex- 
perience of  the  op<'rator.  The  substances  most  used  for 
this  purpose  arc^  iodoform  and  boric  acid,  neither  of 
whicli  is  .srermicidal  or  steiile  as  usually  seen.  Iodoform 
can  be  made  .sterile  by  ))lacin.g  it  in  a  gauze  bag  ami  im- 
mersing in  a  strong  solution  of  mercuric  chloride. 

For  some  years  the  writer  has  adopted  the  jiractice  of 
dressin.ir  ase|itic  wounds  without  any  dusting  jiowder, 
and  has  found  that  they  remain  dry  and  heal  as  kindly 
as  with  the  useof  such  svdistanees.  When  an  ins|)ection 
of  the  wovind  is  demanded  there  is  no  crust  covering  the 
wound  to  ])revent  the  discovery  of  a  small  focus  of  snp- 
]iuration,  and  there  is  no  obstruction  to  the  free  removal 
of  wcnnid  products  by  the  dressing.  AVhen  it  is  found 
necessary  to  use  adhesive  jilaster  for  eoa|ilation  or  to  pre- 
vent separation  of  wnund  siuM'aces,  several  folds  of  steri- 
lized ,gauze should  be  placed  between  the  wound  and  the 
adhesive,  for  this  material  cannot  be  rendered  sterile. 

Sii/isrr/Hf»t  ]Jirssii>f/x.—T]w  stme  degree  of  care  in  the 
preparation  of  the  hands  sho\dd  be  observed  forthedress- 
ing  of  wounds  as  at  the  time  of  the  operation.  Rubber 
gloves  and  finger  cots  will  find  a  very  useful  fiehl  where 
many  wounds  are  to  be  dressed  in  succession.  If  drain- 
age lias  been  \ised,  the  wound  should  be  dressed  at  the 
end  of  twenty-four  or  forty-eight  hours,  and  the  gauze 
or  tube  removed.  After  this  time  there  should  be  some  dis- 
tinct indication  forsuch  interferenci'  before  thewouixl  is 
again  disturbol.  Rejiair  will  not  be  hastened  by  needless 
inspection.  Fever,  pain,  odor,  and  saturation  of  dress- 
ings will  indicate  tlur  iK'cessity  foran  examination.  The 
sutures  should  b<'  removed  when  they  have  fulfilled  the 
indication  of  their  insertion  or  when  iliey  are  producing 
irritation  and  thus  ant  failing  in  this  jjurpose. 

Ai'i'iiliiital  Wi/iiiifls. — A  large  ijcrcentage  of  such 
wounds  are  infected  before  they  reach  the  surgeon  and 
therefore  retiuire  especial  efforts  at  sterilization.  The 
wound  and  surrounding  skin  must  be  thoroughly  cletmsed 
with  soa])and  water,  and  washed  with  anantiseptic  solu- 
tion, eitherof  corrosive  sublimate  (1  to  2,000)  or  of  carbolic 
acid  (1  to  100).  The  solution  is  removed  by  flushing  with 
sterile  water.  Complete  appniximation  is  not  often  advis- 
able and  drainage  is  the  rule  rat  her  than  the  exec]  if  ion.  A 
dustiii.tr  powder,  of  which  iodoform  is  the  best,  may  then 
be  applied,  and  over  this  the  same  dressing  as  in  an  a.septic 
wound.  Van  Arsdale  has  recommended  the  use  of  a  li  ve- 
per-cent.  .solution  of  balsam  of  Peru  in  castor  oil  as  a 
wound  dressing.     This  can  be  sterilized  bv  beat  and  will 
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Tie  found  useful  especially  in  accidental  and  supinirating 
wounds.  II  prevenls  the  dressings  from  adhering  to  tlie 
woiuid  and  permits  of  their  easy  and  almost  paiidess  re- 
moval. Tlie  a])pearanee  of  infection  in  a  wound  de- 
mands the  establishment  of  free  drainage  and  the  use  of 
antiseptic  irrigation.  Tli<^  application  of  a  hot,  moist 
antiseptic  dressing  will  often  prove  beneficial. 

jUejisi.i  "f  Sjicn'iil  ()p<  fi'ti'ins. — In  abdominal  opera- 
tions, in  which  contamination  of  the  cavity  liy  pus, 
f.Tces.  bile,  or  urine  may  be  feared,  it  is  essential  that  the 
gcncrtd  peritoneum  be  protected  by  the  interposition  of 
gauze  pads  or  sponges  to  take  up  such  material.  These 
sponges  or  jiads  are  removed  after  the  tield  has  been 
cleansed  and  the  danger  of  further  contamination  is 
passed.  Following  this,  the  general  cavity  is  to  be 
flushed  thoroughly  and  a  complete  toilet  made.  Similar 
steps  are  necessary  in  opening  a  cerebral  abscess  wliicli 
is  likelv  to  be  followed  by  a  general  inflammation  of  the 
meninges.  Some  minor  surgical  procedures  demand 
aseptic  precautions,  such  as  aspiration  and  injection  of 
cavities,  saline  infusion — hypodermic  injections  —  and 
the  use  of  catheters  and  sounds  for  urethra,  bladder,  and 
ureters.  Aspirators  and  syringes  shoidd  be  so  con- 
structed as  to  be  easily  sterilized.  A  hypodermic  sj'ringe 
is  now  on  the  market  which  is  made  entirely  of  metal 
and  can  be  boiled.  Overlach's  syringe  with  rubber 
piston,  glass  barrel,  and  metal  mountings  can  also  be 
sterilized  by  boiling.  The  needles  should  be  boiled  in 
soda  solution  before  they  are  used.  The  fluid  to  be  in- 
jected into  the  tissues  should  be  boiled,  unless  it  is  itself 
germicidal.  Fountain  syringes  made  of  rubber  or  glass 
can  be  lioiled  and  are  frequently  used  for  making  .saline 
injections  into  the  lilood  and  tissues.  They  must  be 
freshly  sterilized  before  they  are  used.  It  is  essen- 
tial that  the  skin  should  also  be  sterilized  in  such  pro- 
cedures. It  is  claimeil  by  Cazeneuve  and  others  that 
the  mine  from  healthy  kidneys  in  a  healthy  blailder 
is  always  sterile.  Decomposition  of  the  urine  and  in- 
flammation of  the  bladder  occur  only  as  the  result  of  the 
presence  of  micro-organisms,  which  as  a  rule  enter  from 
without.  The  entrance  of  septic  germs  does  not  always 
produce  an  inflammation  of  the  bladder,  as  they  are  ra])- 
idly  expelled  with  the  urine.  Any  obstruction  to  outflow 
wiil  favor  their  retention  and  growtli,  and  the  develop 
ment  of  inflammati<m  in  the  ureters  and  kidneys  as 
well.  Every  effort  must  be  made,  therefore,  to  prevent 
infection  of  this  tract.  Catheters  are  made  of  soft  rub- 
ber, metal,  silk,  or  linen  sealed  by  gum.  The  metal  and 
soft  rubber  are  best.  They  .should  be  sterilized  by  boiling 
for  five  minutes,  and  then  anointed  with  sterilized  glyc 
erin  or  oil  before  they  are  introduced.  Sounds  and  other 
instnunents  shoidd  be  treated  in  tlie  same  way.  If  such 
procedine  would  injure  the  instrument,  de))endence  must 
be  placed  on  a  strong  carbolic  solution.  Brisk  friction  for 
one  minute  with  a  wet  towel  followed  by  similar  treat- 
ment with  a  dry  cloth  will  make  the  solid  instruments 
sterile  (Sehimmelbuseli).  A  virulent  urethritis  contra- 
iudicates  calherization,  and  before  any  instrument  is 
passed,  the  urethra  shoidd  be  cleansed  by  the  evacua- 
tion of  the  urine  or  by  flushing  the  canal  with  water  or 
normal  salt  solution.  Constant  watchfulness  in  all  sur- 
gical procedures,  both  large  and  small,  is  absolutelj' 
essential  for  the  prevention  of  septic  contamination. 
This  watchfulness  can  be  cidtivated  to  a  very  high  de- 
gree so  that  it  becomes  more  or  less  a  matter  of  habit. 
Wlien  this  occurs,  however,  there  enters  the  danger  of 
carelessness.  Therefore  it  is  well  to  remember  that  our 
techni(|iic  is  always  ojjeu  to  improvement  and  that  the 
danger  lies  in  inditlereuce  and  a  lack  of  care. 

J.  Garhind  Slicrrill. 

ASEPTOL  is  the  trade  name  of  a  solution  of  sozolic 
acid,  of  the  slicngth  of  thirty-three  per  cent.  Sozolic 
acid,  CijH4(HS08)OII,  is  formed  when  carbolic  acid  is  dis- 
solved in  conceutraled  sidphuric  acid,  in  chemically 
equivalent  ]iarts.  It,  is  a  syrupy,  redilish-brown  fluid, 
miscible  in  all  proportions  in  water,  alcohol,  and  glycerin. 
It  is  less  poisonous  than  carbolic  acid  and  has  a  more 


agreeable  odor.  Specific  gravity.  1.168.  It  possesses 
antiseptic  properties  and  is  used  externally  for  the  same 
purpose  as  carbolic  acid.  It  is  devoid  of  caustic  pro])er- 
ties,  is  less  irritating,  and  is  not  so  powerful  an  antiseptic, 
being  estimated  to  possess  about  one-thirtl  its  germicidal 
power.  A  solution  of  ten  per  cent,  may  be  generally 
employed  as  an  antiseptic  wash.  In  diphtheria  it  is 
recommended  as  a  local  application.  It  may  be  given 
internally,  but  the  official  salt,  suliihocarbolate  of  so- 
dium, is  to  be  preferred.  Beaumont  Small. 

ASH  BARK. — The  bark  of  various  species  of  Fraximts 
L.  (fam.  (Heaceif).  The  commonly  used  species  are  the 
F.  ejvdsior  L.  of  Europe  and  the  F.  Atnericana  L.,  or 
"White  Ash.  of  America,  tlie  inner  root  bark  of  which  has 
been  employed.  The  fluorescent  glucoside  fraxiii,  very 
common  in  the  genus,  seems  to  be  less  important  thera- 
peutically than  the  volatile  oil  and  amaroid.  which  are 
present  with  a  considerable  amount  of  resin.  Its  com- 
position would  indicate  its  utility  as  a  stimulant  to 
nutrition.  Its  empirical  u.se  in  the  treatment  of  dys- 
menorrhcea  and  metritis  is,  however,  not  e.xplained. 
The  dose  is  1  to  -1  gm.  (gr.  xv.  to  Ix.),  and  it  is  advised 
to  be  given  in  the  form  of  a  wine.  H.  H.  Rusby. 

ASH,  PRICKLY.— XANTnoxYLUM.  '"Thebarkof  Xt/j- 
tho.rylnm  Ajiitrieiiiiuin  Jliller  and  of  Xtnit/io.iylum  Claca- 
HercuUn  L.  (fam.  Ilutncni-)"  (U.  S.  P.).  Prickly  ash  de- 
rives its  name  from  its  armature  of  thorn-like  prickles 
and  its  superficial  resemblance,  when  in  flower,  to  the 
true  ash  (Franii us),  to  which  it  is  not  related.  Tlie  genus 
Xanthoxylum  L.,  as  recognized  by  Bentham  and  Hooker, 
contains  nearly  one  hundred  species,  distributed  widely 
in  both  temperate  and  tropical  regions  of  both  hemi- 
spheres. In  most  of  these  regions,  one  or  more  species 
are  used  as  ours  is,  and  many  of  them  are  employed  also 
in  fish  poisoning.  Of  the  two  species  named  above,  the 
former  is  the  nortliern,  the  latter  the  Southern  prickly 
ash.  The  latter  is  regarded  by  Dr.  Engler  as  represent- 
ing a  distinct  genus.  Fngnra  L.,  anil  is  called  by  him 
F.  Curoliiiiana  (Lam.)  Engler.  This  view  is  apparently 
correct. 

The  fruits  of  both  the  northern  and  southern  species 
have  composition  and  properties  generally  similar  to  those 
of  the  bark,  and  are  used  similarly,  but  in  rather  smaller 
doses.  The  Cuban  species,  to  which  the  name  X  Chwa- 
Ilcrculin  L.  lias  also  been  applied,  is  a  distinct  species 
(X  Cnrihirmn  Lam.).  Northern  prickly  ash  is  a  large 
shrub,  rarely  attaining  to  the  dimensions  of  a  veiy  small 
tree.  Its  spines  are  not  borne  upon  corky  protuberances. 
Southern  prickly  ash  becomes  a  small  tree,  and  its  spines, 
at  least  upon  the  older  portions,  are  elevated  upon  large 
conical  corky  excrescences.  The  bark  of  the  former  is 
in  small  quills  or  pieces  of  them,  very  thin  (rarely  ex- 
ceeding one  twentieth  of  an  inch  in  thickness),  brown  or 
purple  with  light  gray  patches,  very  rarely  entirely 
gray,  and  usually  with  minute  black  spots  resembling 
fl\'  specks.  Its  inner  surface  is  smooth  and  whitish,  be- 
coming yellow,  and  ■with  a  greenish  tinge.  It  has  a 
sharp,  brittle  fracture,  exhibiting  an  outer  green  and  an 
inner  yellowish-white  layer.  The  southern  bark  is  even 
thinner  in  quills  of  the  same  size,  though  the  older  pieces 
become  twice  as  thick,  and  it  is  more  uniformly  gray. 
The  s|iine  characters  assist  in  the  differentiation.  Both 
barks  have  a  very  bitter  and  pungent,  afterward  acrid 
taste. 

Composition. — As  to  their  general  nature  the  constitu- 
ents agree  in  the  two  barks,  though  the  compounds  are 
different.  There  are  two  resins,  (nie  very  acrid.  The 
oil  is  also  very  acrid.  The  bitter  taste  is  due  to  a  dis- 
tinct substance,  .mntIto.ryliii.  A  small  amount  of  tannin 
is  also  present. 

Properties. — The  action  of  prickly  ash  is  that  of  an 
aromatic  bitter,  but  it  has  other  characteristic  properties. 
Its  locally  stimulating  powers  are  very  marked.  Ex- 
ternally it  is  an  active  counterirritant  and  relieves  ni'U- 
ralgia  and  rheumatism.  It  excites  profuse  secretion  in 
the  mouth  and  stomach,  and  apparently  in  the  intestine. 
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It  stimulates  the  heart  quite  stronifly,  apparently  re- 
tiexly.  It  promotes  exeretioii  as  well  as  seeretion  atul  is 
an  excellent  iliaphoretic.  diu relic,  and  expectorant.  This 
eliniinative  power  makes  it  of  service  in  the  treatment 
of  rheumatic  and  syiiliilitic  conditions.  It  was  one  of 
the  most  extensively  u.sed  of  aboriLiinal  drufis,  and  has 
always  been  a  favorite  in  domestic  piactiee.  and  it  is 
unfortunate  that  it  lias  been  displaced  professionallv  liv 
less  worthy  articles.  The  ollicial  preparation  is  the  tluiil 
extract,  the  dose  of  which  is  1.  to  4.1)  c.e.  {fl  3  i  to  1 1. 
The  root  of  A'.  Sentr/dleiise  DC.  is  similarly  used  under 
the  name  of  nrliir  nmt.  It  contains  the  alkaloid  iirta- 
riiif.  II.  H.  Uufliij. 

ASHEVILLE,  N.  C— Asheville  is  situated  in  Western 
North  I  amliiia  upon  a  hilly  table  land,  at  an  elcvalioii  of 
2,.'ir)()  feet,  in  the  culmination  of  llie  Allejihany  .Moiui- 
tains,  between  the  diverainji;  ranges  of  the  Great  Smoky 
Mountains  and  the  Bine  l!id<;c. 

Completely  surroundjnir  this  |ilateau  of  some  thirty 
miles  in  width,  willi  tin'  IjIuc  Uidge  to  the  south,  east, 
and  northeast,  and  the  Smoky  Mountains  to  the  west  and 
northwest,  are  tlie  projecting  spurs  and  peaks  of  these 
ranges  with  an  elevation  double  and  almost  treble  that 
of  Asheville.  The  meteorolo.aieal  conditions  of  the  pla- 
teau—the tenii)erature,  the  purity  of  the  air,  and  the 
amount  of  jirecipitation — are  iieculiarly  inliueueed  by 
these  high  mountain  cliains.  The  rain  clouds,  especially 
tho.se  apiu'oaehing  from  a  southerly  direction,  are  .satu- 
rated at  a  higlier  temperature  than  they  meet  on  approach- 
ing and  passing  over  these  nmuntain  ranges,  and  on  that 
account  they  precipitate  their  moisture  beloi'e  rcacliing 
the  plateau.  In  consecpience  there  is  a  dilTerence  of  from 
tifte<'n  to  twenty  inches  of  annual  rainfall,  and  from  ten 
to  twelve  de,!rrees  in  relative  humidity,  between  places 
.situated  immediately  in  the  surrounding  luountains  and 
the  Asheville  j)lateau. 

In  the  winter  .season  the  tctnperaturc  is  moderated  by 
the  prevailing  air  currents  from  the  south,  but  as  they 
come  as  a  nde  from  a  iKirthcrly  direction  in  the  summer, 
the  siunmer  months  are  co(j1  and  pleasant. 

Preferring  not  to  make  use  of  tabulated  meteorological 
statistics  which  are  dillicult  to  decijiher,  and  to  he  com- 
plete would  oi'eupy  my  entire  available  space,  I  may 
Siiy  that  Asheville  is  practically  an  all-year  resort,  hav- 
ing, in  the  |)arlance  of  climatologists,  a  medium  elevation, 
and  olfering  favorable  conditions  for  ont-of-door  life;  at 
all  seasons  of  the  year. 

Tlie,  Vi'inU'v  M<itithn. — Januar.v  and  February  present, 
however,  periods  of  cold  weather,  lasting  for  a  few  days, 
and  exeeptionall.v  for  a  wecdi,  and  several  of  such  "  cold 
spells"  are  obseived  (luring  these  months. 

Such  ,a  cold  s|)ell  is  as  a  rule  initiated  with  a  considi'r- 
able  wind  movement  from  the  north,  during  which  the 
temperature  falls  rapidly  to  10'  F.  or  to  zero,  and  tem- 
peratures below  zero  have  been  observed  during  several 
of  tlu^  twelve  winters  during  which  the  writer  has  had 
charge  of  the  local  weather  bureau.  As  already  stated, 
these  cold  s]iellsdonot  last,  the  wind  subsides  after  from 
twenty-four  to  thirty -six  hours,  and  then  the  t<'mpera- 
ture  rises.  Tlie  days  are  bright,  and  during  the  hours 
of  sunshine  invalids  can  be  out  of  doors,  when  pro|)erly 
clothed,  without  sulTcring  from  colil. 

The  humidity  averages  between  olt  and  .").">  per  cent,  in 
the  two  winter  montlis,  and  the  dry  atmosphere  and 
large  amount  of  sunshine  have  a  stinudating  and  ex- 
hilarating elfeet  U]ion  all  cases  which  are  otherwise  in  a 
condition  to  profit  from  climatic  treatment.  The  amount 
of  ozone  in  the  air  reaches  its  greatest  jiroportion  in 
thesis  months,  and  70  iiereent.,  of  a  .scale  from  0  to  100, 
has  frequently  been  reeoi'ded. 

In  .some  years  the  winters  have  been  very  mild,  hut 
frosts  occur  in  the  spring  months  as  late  as  the  latter 
part  of  April.  Snow  rarely  bdls.  and  when  it  does,  it 
melts  away  under  the  sun  upon  the  same  day  or  within 
a  day  or  two  thereafter.  The  average  snowfall  is  less 
than  two  inches. 

The  xpriiifj  neivson  has  its  beginning  between  February 


'iOth  and  .March  10th,  during  which  the  vegetation  be- 
gins to  spring  uii,  and  the  trees  to  leaf  out.  The  days 
ar("  comfortable,  and  while  not  hot.  temiieratures  up  to 
75'  F.,  (luring  the  hours  from  10  .\.M.  to  3  p.m.,  are 
(piite  eoniniou. 

Thunderstorms  occur  with  the  advent  of  such  warmer 
weather,  and  are  attended  with  brisk  showers,  especially 
upon  tli('  environing  high  mountain  ranges,  where  one 
can  often  see  such  storms  in  progress  while  the  plateau 
cn.ioys  bright  stinshine. 

The  relative  humidity  during  the  spring  months  aver- 
ages between  (!0  and  (io  ])er  cent. 

One  of  the  featuics  of  the  spring  is  the  beautiful  and 
varied  flora  of  this  region,  and  the  azalea,  laurel,  and 
rhododendron,  as  well  as  the  siualler  flowers  of  the 
mountains,  are  the  deli.ght  of  all  visitors. 

Till'  Siiiii/iier. — In  some  years  past  June  has  been  as 
warm  as  any  of  the  summer  months,  and  the  highest 
maximum  temperature  may  fall  in  this  month  or  in  July 
or  .\ugust.  The  highest  temperature  recorded  in  the 
past  twelve  y(Mrs  was  91. :i  F..  but  iJO  F.  is  frequently 
reached  during  the  summer  of  every  year. 

I'sually  there  are  cool  breezes  durin.g  the  day,  and 
unless  one  is  exjiosed  to  the  direct  rays  of  the  sun,  there 
is  no  discomfort  on  account  of  heat.  When  the  sun  goes 
down  the  air  cools  rapidly,  and  the  nights  are  always 
comfortable  and  bed  covers  are  necessary,  at  least  aft«r 
midnight. 

The  rainfall  iluring  the  summiT  months  is,  as  a  rule, 
greater  than  in  the  winter,  and  heavy  rains  of  short 
duration  occur  more  frc(piently.  I  have  known  an  inch 
of  rain  to  fall  in  the  course  of  an  hour  or  two.  but,  the 
exci'llent  natural  drainage  carries  the  water  olf  (juite 
rapidly,  and  the  streets  become  dry  in  a  few  hours. 

The  average  rainfall  for  the  summer  is  four  inches  per 
month,  and  the  average  humidity  varies  between  70  and 
7~)  per  cent. 

'/'//('  A II  til  III  II. — Withbut  few  exce|)'ions,  inthetwelve 
years  uf  my  ex|)ericncc.  the  fall  weather  has  been  con- 
tinuously plea.sant  and  enjoyable  uiuil  January,  when, 
as  stated  above,  colder  weather  usually  sets  in.  With 
frosts  in  October  the  foliage  of  the  great  variety  of  trees 
and  shrubs  begins  to  turn,  assuniin.g  every  po.ssible  shade 
and  hue  from  the  green  of  the  pine,  to  yellow,  crimson, 
red,  purple,  and  brown,  and  this  change  goes  on  until 
December  or  even  later,  when  the  leaves  begin  to  fall. 
Visitors  never  tire  in  their  admiration  of  this  ever- 
varied  play  of  colors  in  the  closely  adjacent  forests,  and 
thousands  of  boxes  of  leaves  and  branches  of  myrtle, 
mistletoe,  holly,  and  galax  are  mailcil  from  Asla^ville 
during  the  fall  and  winter  months  to  distant  friends  and 
relatives. 

The  fall  months  arc  always  delightful,  the  tempera- 
tur(-  declining  in  average  and  maxima  graduall.v;  and 
after  October  1st  artificial  heat  is  fre(|uently  retiuired  in 
houses  in  the  early  morning  and  evening. 

The  total  annual  rainfall  is  forty  inches,  and  is  nearly 
(■(piallv  distributed  over  all  the  months,  with  a  slight 
increase  in  summer.  Then'  is  no  distinctly  lainy  season 
or  month,  and  no  distiiu'lly  dry  .sea.son  for  any  part  of  the 
year. 

Having  given  the  essential  information  as  to  the 
climate,  I  nia.v  now  consider  other  subjects  which  arc  of 
interest  and  about  which  in(piirics  arc  fre(|Uentl_v  made 
the  by  distant  jihysicians  and  intending  visitors. 

The  city  has  a  |iermancnt  jiopulation  of  lifleen  thou- 
sand and  a  lloating  populaliou  of  several  thousand  more, 
the  latter  consisting  of  people  who  arc  in  search  of  health 
and  pleasure.  The  railway  station  is  situated  in  the 
valley  near  the  confluence  of  the  French  Hroad  and  the 
Swanannoah  Rivers,  at  a  distance  of  a  mile  from  the 
cent  re  of  the  city,  which  is  located  on  a  blulT  about  lhre(^ 
luHidredaiid  fifty  feet  above  the  river  valley.  Thestriefs 
from  the  depot  and  in  the  central  parts,  as  well  as  some  of 
the  residence  streets,  are  well  paved  with  brick,  an<l  brick 
pavement  and  macadam  extend  to  Biltmore,  a  distance 
of  two  niil(;.s,  to  the  Vanderbilt  estate.  Electric  trolley 
linos  connect  the  dillerent  parts  of  the  city  with  the  de- 
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pot  and  with  Biltmorc,  and  also  extend  to  otlier  suburbs, 
jriviug ample  faeilitiesand  good  service  for  all  purposes. 
The  business  part  of  the  city  is  well  and  substantially 
built,  and  the  business  establislunents  compare  favorably 
■with  tho.se  of  even  larger  cities  either  North  or  South. 

Apart  fr(>m  its  mereantile  business,  Asheville  is  prac- 
tically a  town  of  hotels  and  boarding-houses,  and  the 
available  accommodations  are  ample  in  kind  and  good 
in  quality  according  to  the  rates  charged.  As  to  the 
latter  it  must  not  be  forgotten  that  provisions  and  fuel 
are  more  expensive  than  in  thickly  populated  centres, 
which  are  nearer  to  their  .sources  of  supply  and  have 
low  rates  of  transportation. 

The  rates  in  the  cheaper  boarding-houses  vary  from 
S4  to  S8  per  ^^•eek,  but  most  of  these  do  not  offer  accom- 
modations suitable  for  invalids.  The  better  houses 
charge  from  SIO  to  §15  per  week  and  give  good  accom- 
modations. A  few  of  them  refuse  invalids  altogether, 
catering  to  well  people  and  pleasure-seekers  only. 

There  are  several  good  commercial  hotels  in  the  centre 
of  tlie  city,  with  daily  rates  of  from  S2  to  S3.  These  are 
suitable  for  a  brief  stay  when  one  first  arrives;  but  in- 
valids should  be  advised  to  avoid  such  hotels  for  per- 
manent quarters  on  account  of  the  want  of  facilities  for 
out-of-door  life.  The  more  fashionable  hotels  are  the 
Battery  Park  and  the  Kenilworfh  Inn.  The  former  is 
open  all  the  year,  and,  though  centrally  located,  it  has 
large  grounds  and  abundant  piazza  room,  and  is  other- 
wise tjrst  class  in  all  its  appointments.  It  is  the  popular 
hotel  in  Asheville  with  (he  wealthier  class  of  vi.sitors. 

The  Kenilworth  Inn  is  open  only  during  the  winter 
season,  from  the  middle  of  January  to  May.  It  is  situ- 
ated near  Biltmore,  about  two  miles  from  the  city.  This 
is  also  one  of  the  finest  equipped  modern  hotels  of  the 
South. 

A  special  institution  for  tuberculous  patients  was 
established  over  twenty  years  ago  by  Dr.  J.  W.  Gleits- 
mann,  now  of  New  York.  After  it  had  been  conducted 
for  .several  .years  and  had  shown  excellent  clinical  results, 
it  was  clo-sed  in  1883.  The  Winyah  Sanitarium  for  tuber- 
culous patients  was  established  in  1888  and  has  been  in 
successful  operation  since.  New,  modern,  and  perfectly 
appointed  buildings  and  cottages  were  erected  during 
1899,  and  were  opened  for  patients  last  January,  and 
cottages  with  an  aggregate  of  sixty  private  rooms  for 
patients  are  in  progress  of  constniction,  to  be  completed 
in  the  fall  of  1900."  AVith  their  oecupaticra  the  old  build- 
ings will  be  abandoned.  This  institution  is  situated  in 
a  small  wooded  park  of  seventeen  acres,  in  the  outskirts 
of  the  city,  and  the  electric  car  line  passes  through  its 
grounds.  The  admissions  are  limited  to  sueh  patients 
only  as  have  a  reasonable  prospect  for  improvement  and 
recovery,  and,  as  far  as  there  is  room,  accompanying 
friends  can  also  obtain  accommodations. 

While  there  is  no  city  hospital  receiving  all  patients 
free,  the  INIission  hospital  has  limited  facilities  for  caring 
for  the  city  poor,  as  well  as  for  those  who  can  afford  to 
pay  for  private  rooms.  It  admits  no  contagious  diseases. 
Although  .small  it  is  well  ecjuipped  with  modern  appli- 
ances and  is  imder  the  care  of  a  staff  of  local  physicians. 

The  water  supply  of  the  city  is  from  the  headwaters 
of  the  Swauannoah.  and  is  perfectly  pure,  as  shown  by 
competent  analysis  and  bacteriological  examination. 

The  city,  e.xeejit  in  some  of  the  negro  quarters,  is  well 
sewered.  Under  the  diligent  labors  of  a  competent  board 
of  health,  the  general  sanitary  conditions  of  Asheville 
liave  been  much  improved,  and  tliey  are  now  as  good  as 
those  of  other  ijrogressive  cities.  Expectoration  in 
public  places  and  u)ion  sidewalks  is  forbidden  under  fine ; 
and  the  prospect  for  an  ordinance  recjuiring  meat  inspec- 
tion, the  testing  of  dairy  cows  for  tuberculosis,  as  well  as 
the  disinfection  of  rooms  pn  viously  occupied  by  tubercu- 
lous patients  is  good,  and  will  probalily  be  a  law  before 
these  pages  go  into  print.  The  mortality  of  the  city  is 
very  low,  especially  among  the  white  population ;  malaria 
is  unknown,  and  phthisis  among  the  natives  is  rare. 

Asheville  has  a  system  of  good  graded  schools,  a  mili- 
tary academy  for  boys,  and  several  colleges  for  girls, 


and  these  private  institutions  are  of  a  high  standard  and 
well  conducted.  Students  fiom  localities  in  which  the 
climate  is  unfavorable  to  delicate  and  rapidly  growing 
youths,  and  invalided  parents  who  come  to  Asheville 
for  permanent  homes  with  their  children,  are  offered  ex- 
cellent educational  advantages. 

Ashe\'ille  has  also  a  good  public  library. 

The  principal  religious  denominations  are  all  repre- 
sented and  their  church  edifices  would  be  creditable  to  a 
larger  city. 

Cottages  and  larger  houses,  furnished  and  unfurnished, 
are  plentiful  for  rent,  the  prices  varying  from  §10  per 
month  upward. 

Many  inquiries  are  constantly  being  received  by  the 
writer  from  invalids  as  to  opportunities  for  employment. 
Most  of  the  invalids  who  arrive  here  in  quest  of  em- 
ployment are  physically  unfitted  for  labor  of  any  kind, 
and  it  is  a  great  mistake  to  send  to  this  or  any  other 
health  resort  phthisical  patients  who  must  depend  upon 
their  own  exertions  to  make  their  way. 

Sources  for  amusement  and  recreation  are  chiefly 
limited  to  driving,  hor.seback  riding,  and  walking  amid 
the  beautiful  scenery  of  this  region.  Golf  links,  said  to 
be  among  the  finest  in  the  country,  baseball  grounds,  an 
opera  house,  and  the  gayeties  of  the  fashionable  hotels 
furnish  their  part  in  season. 

Carriage  hire  and  riding  horses  may  be  obtained  in 
Asheville  at  \ery  reasonable  rates. 

Asheville  is  on  the  Southern  Railway,  abotit  half  way 
between  Salisbury,  N.  C,  and  Knoxville,  Tenn. 
Through  sleepers  leave  New  York  City  over  the  Penn- 
sylvania Railway  via  Washington  at  4:30  p.m.  and  arrive 
at  Asheville  at  3:30  p.m.  the  next  day. 

Through  sleeping  accommodations  exist  also  from 
Nashville,  Tenn..  and  Cincinnati,  Ohio,  the  trains  leaving 
these  cities  at  8  p.m.  and  arriving  at  Asheville  the  fol- 
lowing day  in  time  for  dinner. 

There  is  also  direct  connection  from  New  Orleans  via 
Montgomeiy,  Birmingham,  and  Atlanta:  and  the  South- 
ern Railway  gives  an  excellent  service  over  all  its  lines, 
taking  special  pains  with  its  Asheville  patronage. 

Karl  'Bon  Muck. 

ASPARAGIN.— C4H.N,0,,HnO.  A  crystalline  prin- 
ciple, olitaiiicd  from  (tspamgns  officinalis.  It  also  is  very 
widely  distributed  in  nature,  having  been  found  in  al- 
monds, licorice  root,  belladonna  leaves,  potatoes,  lily 
of  the  valUy,  marshmallow,  and  many  other  plants. 

It  is  neither  an  alkaloid  nor  a  glucoside.  but  an  organic 
principle  derived  from  malic  acid.  When  decomposed 
W  strong  acid,  it  is  C(m  verted  into  ammonia  audaspartic 
acid.  It  occurs  in  hard,  brilliant,  colorless  crj-staLs, 
with  a  faintly  saline,  cooling  taste,  soluble  in  water,  one 
part  in  twelve. 

The  use  of  asparagus  is  being  revived,  and  this  princi- 
ple is  recommended  as  the  best  means  of  obtaining  its 
therapeutic  jiroperties.  It  is  administered  in  doses  of 
one  grain  to  one  grain  and  a  half  three  times  a  day. 

Asiiaragus  has  long  been  supposed  to  possess  thera- 
peutic properties,  but  it  has  not  received  much  attention. 
The  roots  and  shoots  are  official  in  the  French  Codex, 
and  at  many  European  watering-places  it  occupies  au 
important  position  in  the  articles  of  diet  in  lithiasis  and 
in  the  treatment  of  gouty  patients.  It  increases  the  flow 
of  urine  and  imparts  r^  peculiar  strong  odor.  It  may 
cause  vesical  irritation,  and  should  be  used  with  caution 
when  the  renal  tissue  is  diseased.  In  cardiac  dropsy  it 
is  recommended,  as  its  action  is  said  to  resemble  that  of 
con\  idhiria.  Beaumont  tymall. 

ASPARAGUS.— The  common  garden  asparagus,  A. 
nfliciiiiili.':  l.imi.  (Fam.  Liliaeiw),  will  hardly  be  made 
more  familiar  by  description.  It  is  ;-  native  of  Europe, 
and  cultivated  everywhere.  Both  the  underground  por- 
tion and  stems  are  ollicial  in  France. 

■'  .\sparagus  root, "  as  the  rhizome  is  improperly 
called,  contains  reKiii.  ylncose,  dextrin,  bitter  extractive, 
and  other  simple  constituents,  but  no  a^tparagin.     The 
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frcsli  sprouts  have,  ia  addition,  flic  intercstiii/r  ooiii- 
pouiul  (ixpiiragiii,  discovered  in  IHO.'i  by  VaiKjiiclin  and 
Kobiqnes. 

As  a  riicdicin(!  asparagus  is  of  little  use.  Its  iiropcrl y 
ofnioditying  the  odor  of  the  uriuc  is  known  to  every 
one,  and  is  caused  by  methyl  inercajitan,  a  deeoniposi- 
tiou  product  of  protein.  It  may  increase  the  quantity 
of  urine  c.vcreted,  but  does  not  do  so  always.  It  ap- 
liears  to  make  it  slijrhtly  irritating,  and  to  prompt,  to 
more  frecjuent  micturition.  In  larije  doses,  it  has  been 
compared,  in  its  elTects  upon  the  heart,  to  dij;italis,  lint 
is  rarelv  now  used  with  this  in  mind.     (See  Axpnrar/in.) 

li'.  J'.  /W/,.v. 

ASPERMIA.     See  Strri/if)/  in  t/if  Mah: 

ASPHYXIA  (('.  jirivative,  c<;>r^ir.  a  pulse).  —  Diminution 
or  suspension  of  the  ])henoniena  of  luematosis  and  of  the 
respiratory  function  from  hindranci'  to  the  entrance  of 
air  into  the  huiL;s 

Turned  from  its.prhnitive  sense,  the  word  in  medical 
technology,  an<l  even  in  connnon  lan.guai;!',  has  now 
quite  a  different  mcaniiiir.  experiments  havint;-  shown 
that  the  physiological  fad,  qualilied  sununarily  under 
the  name  asphyxia,  may  be  tlie  couseqiience  of  sevei'al 
pathological  slates,  or  of  di.slinct  functional  tro\ibles. 
Broadly  speaking,  there  will  be  asphy.\ia  when  any  ob- 
stacle whatever  hinders  air  from  iienelrating  tlie  pul- 
monary vesicles,  or  when  the  tinid  that  penetrates  llieni 
is  of  any  other  nature  than  tlie  medium  in  wliich  the 
animal  is  dcstini'd  to  live.  Consequently  the  name  as- 
phyxia is  applic'd  generically  to  all  accidental  conditions 
in  which  life  is  threatened  by  any  interce])tion  of  the 
respiration  which  imjiairs  the  f/"<(07.(/ of  the  blood,  but 
does  not  diminish  its  ((uantity. 

Many  writers,  objecting  to  the  term,  advi.se  itsabolisli 
meni  from  medicine,  and  seemingly  wilh  good  reason, 
since  asphyxia  may  Ix'  confounded  with  apiuea.  sulfoea 
tion.  syiico])e.  shock,  dyspmea.  and  other  disorders  of 
respiration,  and  with  suspended  animation  from  various 
cau.scs.  On  the  otlnr  hand,  it  is  ])referal)le  to  retain  lliis 
name  rather  than  coin  a  new  one,  which  in  its  turn  may 
lie  inadequate  to  cxjjlain  phenomena  that  may  he  sub- 
,scquently  revealed  by  science,  I'nder  1h<'  title  are 
groupi'd  many  accidents  or  diseases  that  have  no  other 
relations  bet  ween  themselves  than  :i  gradual  lowering  of 
the  liaMuato.sis,  of  the  pulse,  of  the  temperature,  and  of 
sensibilily  and  motion. 

V.MtiKTiES. — Several  conditions  resemble  or  complicate 
but  do  not  constitute  asphyxia.  Aji/hdi.  or  syncojie  of 
the  lesser  circulation,  is  physiologically  oiqjositi^  to  as- 
phyxia, .since  the  stoppage  of  res|)iiatiou  isowing  tothe 
siluration  of  the  blood  with  oxygen.  Apimii  occurs 
when  the  blood  is  shut  oil  from  the  air  passages;  (f.v- 
phfl.vi.ii,  when  the  air  is  sliut  off  from  the  blood.  A|ino'a 
\>i  h>viit/iliMtu:.''.i  ;  asphyxia,  dillicully  of  taking  in  breath. 
Poisoning  by  toxic  vapors,  the  fumes  of  sulphuric  acid, 
chloroform,  mepliitic  gases  in  general,  and  more  espe- 
cially the  gas  [jrodueed  by  burning  charcoal,  do  not  occa- 
.sion  asphyxia,  but  a  true  ])oisoning,  resembling  narcotic 
poisoning,  in  which  tlu'  oxygenation  f>f  the  blood  has  no 
recognized  |iart.  Of  the  toxic  gases,  the  disastrous  in- 
halation of  which  is  erroneously  attributed  to  asphyxia. 
an  excei)tion  must  be  ma<le  in  favor  of  oxide  of  carbon. 
This  gas  acts  by  paralyzing  the  blood  globules,  and  by 
obstructing  the  gaseous  exchanges  of  which  they  are 
the  agents.  Between  poisoning  by  the  inhalation  of 
toxic  vapors  and  asphyxia  there  is  I  his  capital  dillcrence: 
in  th('  pretended  as])liyxias  the  ha'inalosis  continues,  in 
real  asphyxia  ha^matosis  ceases,  As])liyxiation  by  light- 
ning anil  by  vacuum,  l)eing  of  no  practical  interest, 
cannot  be  touched  u])on:  and  the  complex  stale  in  which 
phenomena  analogous  to  asphyxia  are  Ihouglit  to  occur 
in  the  fd'tus,  from  impeded  circulation  of  the  placenta, 
does  not  :.p])ear  to  call  for  special  mention  in  connect  ion 
with  our  subject.  Infantile  iixfihji.ria,  or  the  apparent 
death  of  the  new-born,  is  a  distinct  morbid  condition 
brought  on  by  a  cerebral  congestion,  or  by  a  syncopal 


state,  and  will  be  studied  elsewhere,  Th<'  term  hiail 
iHipiiij.ria  is  rat  her  a  bold  innovation  that  has  I  leeii  applied 
to  , symmetrical  angioneurotic  gangrene  of  the  extremi- 
ties, as  sei'ii  in  Kaynaud's  di.sease  and  in  the  aborted 
form  known  as  (li'iili  murliii.  Its  supposed  cause  is  iiii- 
vation  of  oxygen,  but  in  reality  it  is  due  to  embolic  arrest 
of  circulation  in  the  jiarls  ali'ected,  resulling  from  pro- 
l>athia  or  from  lesion  of  tlie  cord  or  its  enveloiies. 
Scnuiifityy  /i.sp/ii/.ria  may  occur  after  drowning  or  other 
cause  of  asphyxia.  The  individual  having  recovered 
from  the  primary  elTects  of  llie  asphyxia,  dies  suddenly, 
without  aiiparent  cause,  after  a  lap'si;  of  a  few  iniuutes 
or  .several  days.  Such  cases  are  explained  as  the 
.secondary  results  of  tlie  arrested  inlerslitial  nutrition 
that  took  place  during  the  period  while  breathing  was 
leinporarily  arrested. 

I'hknomkxa. — Interruption  or  suspeii.sion  of  the  res- 
jiiratory  iihenomcna  may  be  iuHuenced  by  diverse  circum- 
stances. It  is  a  matter  of  conimon  cxiierience  that  ner- 
vous impulses  from  without  act  upon  the  respiratory 
centre  in  various  ways.  Cold  water  dashed  on  the  skin 
all'ects  the  breathing,  and  of  all  the  a]isychical  nerve 
centres,  the  one  that  controls  respiratory  events  is,  per- 
li:ips.  most  frequently  and  deeply  alTect'ed  by  the  action 
of  the  will  and  lh<remotions.  When  pulmonary  absorp- 
tion ceases,  that  is  to  say,  when  oxygen  is  diminislied, 
and  carbon  dioxide  is  stored  up  in  ihe  blood  and  in  the 
tissues,  the  rhythm  and  cliarac'cr  of  the  respimtion  be- 
come changed  by  the  venous  blood  mixture  all'eiMing 
the  inhibitory  nerves  of  thi!  heart  and  the  medulla  ob- 
longata, labored  respiration  follows,  and  this  in  turn 
giv<'s  ])lacc  to  dyspixca  and  uncon.sciousness,  which 
nii'i-ge  into  asjihyxia,  and  a  fatal  termination  ensues  un- 
less some  restorative  event  occurs. 

.Many  of  the  niodilications  thai  occur  in  asphyxia  have 
been  noted  in  physiological  exiM-rimenls  The  blood  of 
an  as|)hyxiated  animal  resists  slow  combustion  and 
putrefaction;  when  the  venous  blood  eiilers  the  deep 
tissues  of  the  organs  suppression  of  the  urinary  and 
other  excretions  follows;  the  glycogenic  function  of  the 
liver  is  interfered  wilh,  and,  if  the  asphyxiation  lie  sulli- 
ciently  slow,  the  temperature  is  lowered.  An  excess  of 
carbon  dioxide  in  the  blood  excites  powerful  res])iratoiy 
movements;  wliik^  hyperoxygenatiou,  or  ,saturalion  of 
th(^  blood  with  oxygen,  cheeks  the  respiratory  move- 
ments. Ilciirtsof  frogs,  |)Umged  in  carbon  dioxide,  stop 
beating  in  about  ten  minutes,  but  continue  to  contract 
during  more  than  three  hours  in  air,  and  at  least  an  hour 
in  nitrogen  gas.  Ili'artsof  new-born  rats  placed  in  tejiid 
water,  saturated  wilh  carbon  dioxide,  and  others  in  or- 
dinary water  of  the  same  tempi'ralure,  show  that  those 
placed  in  the  carbonized  water  beat  much  quicker  than 
the  others.  It  is  denifinsi rated  that  the  contractile  iiowcr 
of  the  heart  is  preserved  nuich  longer  in  oxygen  than  in 
carbon  dioxide.  Tlierc^  is  also  a  loss  of  muscular  con- 
tractility, notably  in  the  muscles  that  control  defecation 
and  mieturilion.  and  in  feiimles  near  the  full  term  of 
liregnancy  the  IVetus  is  expelled.  The  jnipils.  at  first 
contracted  then  dilated  to  the  maximum,  offer  in  the 
fibres  of  the  iris  a  phenomenon  of  the  ,same  older;  the 
■xpansiou  in  this  instance  being  couse(iuent  upon  the 
irritation  of  the  cenln^  in  the  medulla  govcrniiig  the  ac- 
tion of  the  pupil.  In  the  diminislied  respiration  from 
detieiency  of  oxygen  lies  tlu^  true  cause  of  dyspiKca  and 
asphyxia,  2\o  animal  can  maintain  the  respiratory 
process  in  an  atmos|ilu're  dcMiiil  of  oxygen,  or  in  one 
that  does  not  contain  at  least  ten  percent,  of  this  gas, 
and  such  (|uadrupeds  as  whales,  liippo])otami,  and  .seals 
or  the  pygopodous  birds  would  <lrown  in  the  same  man- 
ner as  a  dog  if  kept  submerged  long  enough.  It  is 
mainly  by  virtue  of  Ihe  arterial  plexus,  known  as  (he 
refill'  viiffihiliri,  which  stores  up  a  supplementary  supply 
of  oxygenated  lilood,  tliat  Ihese  animaisarc  enabled  lo 
remain  .so  long  submerged  ami  n  sist  asphyxiation. 

Absence  of  the  respiratory  murmur  in  the  chest,  and 
abundance  of  mucous  rale:  in  the  bronchi,  always 
accompany  asphyxia.  Diminution  of  sensibility  also 
conies  on  gradually,  and,  following  an  ascending  and 
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centripetal  niareli.  appears  last  in  the  cornea.  Progres- 
sive ana'Slliesia  measures  the  (lejrree  of  asphyxia,  and 
absolute  .seueral  insensibility  indicates  complete  arrest 
of  life  beginning  at  the  lungs.  After  all  other  move- 
ments liave  ceased  the  heart  continues  to  beat,  and 
finally  stops  in  a  state  of  diastole. 

ETior.oiiY. — Asphy.xia  is  one  of  the  most  frequent  of 
tlie  immediate  eausi-s  of  death.  It  may  result  from  any 
of  the  causes  that  hinder  respiration.  These  causes  may 
arise  from  eireumstanees  inherent  to  the  individual,  or 
they  may  be  exterior  to  him.  Asphyxia  being  brovight 
abo\it  by  the  circulation  of  non-oxygenated  blood  in  the 
lungs  and  the  respiratory  centre  in  the  medulla  oblon- 
gata, may  be  produced  by  any  cause  that  tends  to  oxy- 
gen starvation  and  the  accumulation  of  carbon  dioxide 
m  the  blood.  Arrest  of  the  thoracic  movements  and  hin- 
drance of  haMuatosis  may  sometimes  be  produced  by  any 
of  the  causes  of  thoracic  spasm ;  by  liemorrhage  at  the 
base  of  the  brain  or  iu  the  medulla  oblongata,  or  by  poi- 
soning by  curare;  by  the  slow  and  gradual  feebleness 
which  precedes  and  leads  to  fatal  disease;  by  the  intro- 
duction of  air  into  the  blood,  and  by  the  action  of  cold 
or  of  heat. 

MechaniMl  ohstaHes  to  respiration  often  bring  on  cya- 
nosis and  anaesthesia,  resulting  in  arrested  hiematosis. 
Special  instances  occur  in  the  case  of  arrest  of  respira- 
tion by  a  foreign  body  in  the  larynx,  or  by  a  polypus, 
by  a>dema  of  the  glottis,  by  an  abscess  of  the  pharynx 
or  of  the  tonsils,  by  a  goitre  compressing  the  trachea, 
by  an  accumulation  of  mucus  in  the  trachea  in  capillary 
bronchitis,  by  an  extensive  pneumonia,  by  a  consider- 
able hyilrotliorax.  by  strangulation,  by  intestinal  pneu- 
matosis compressing  the  diaphragm  into  the  thoracic 
cavity;  by  pressure  on  the  chest,  not  capable  of  being 
overcome  by  respiratory  efforts,  such  as  the  falling  in  (jf 
earth,  being  crushed  in  a  crowd,  or  by  the  accident  of 
overlying  that  often  happens  to  young  children,  and  by 
changes  in  the  pressure  of  the  air  breathed,  no  matter 
whether  this  be  a  gradual  diminution,  a  sudden  diminu- 
tion, or  an  increase.  Asphyxia  may  also  residt  from 
traumatic  cause,  as  inj  ury  to  the  spinal  cord  or  the  base  of 
the  brain,  a  double  woiuid  of  the  chest  admitting  air,  an 
opening  of  the  diaiihragni  iiennitting  the  passage  of  the 
abdominal  organs  into  the  thorax,  and  from  hemorrhage. 

In  the  foregoing  instances  the  air  surroundina;  the  in- 
dividual does  not  present  any  alteration,  the  inspiratory 
efforts  produce  still  some  effect,  l)ut  this  effect  is  insufti- 
cient  to  preserve  life. 

Submersion  in  any  liquid  medium  whatever  causes 
asphyxia,  and  it  maybe  caused  l)y  l)eing  surrounded  by 
a  medium  devoid  of  oxygen  and  im]iroper  to  .support 
sufficient  ha?matosis,  as  hydrogen,  nitrogen,  and  the 
protoxide  of  nitrogen,  gases  not  toxic,  proijerly  speak- 
ing, but  eonsidereil  irrespirable. 

The  three  tyiiical  moiles  of  asphyxia,  the  most  im- 
portant practically  and  the  best  studied  in  theory,  occur 
iu  siranrpiliiiinn.  snbmcfK/on,  and  eonfineinent. 

In  occlusicm  of  the  air  pa.ssages  from  meclianical  im- 
pediment, such  as  garotting,  throttling,  or  by  a  noose 
or  ligature,  death  results  essentially  from  asphyxia.  In 
some  cases  of  hanging  death  may  occur  from  asjiliyxia 
in  combination  with  coma,  the  conjoint  causes  of  occlu- 
sion of  the  air  passages  and  distm'bance  of  the  cerebral 
circulation  giving  rise  to  the  condition  known  as  neuro- 
]iaralysis.  It  is  observed  in  a  general  manner  that  all 
kinds  of  death  caused  by  the  pi'ivation  of  respirable 
air  have  among  tlicmselves  the  greatest  resemblance. 
Whatever  be  the  obstacle  that  intercepts  the  connection 
of  the  lungs  with  the  atmosphere,  (he  apjiarent  differ- 
ences are  only  .secondary,  and  the  essential  symptoms 
are  identical,  because  all  act  in  suppressing  the  functions 
of  the  blood  and  htcmatosis.  In  fact,  the  iihenomena  of 
asphyxia  are  constant,  and  related  to  disturbances  in  the 
respiration,  innervation,  and  circulation,  which  vary  ac- 
cording as  the  asphyxia  is  the  result  of  submersion  or  of 
the  absence  of  oxygen  in  the  surnnniding  medium,  ac- 
cording as  it  is  imnii'diale  or  slow.  '!"he  fatal  result  of 
asphyxia  is  owing  to  the  introductory  arrest  of  the  pul 


monary  circulation,  the  capillaries  of  the  lungs  being 
incapable  of  conveying  venous  blood.  The  stagnation 
of  the  blood  in  the  hmgs  is  followed  by  paresis  of  the 
respiratory  centre  and  stoppage  of  the  heart. 

It  is  doubtful  whether  life  be  ever  recalled  in  any  case 
after  stoppage  of  the  heart  following  on  asphyxia,  yet 
the  facts  of  suspended  animation  prevent  the  formula- 
tion of  iirecise  statements  in  this  regard.  Pigeons  ap- 
parently dead  from  the  effects  of  chloral  hydrate  recover, 
and  fish  frozen  for  a  considerable  time  can  be  resusci- 
tated by  immersion  in  cold  water.  The  -writer  has  seen 
frozen  terrapins  resuscitated  in  the  same  manner.  A 
striking  dift'i'reuce  is  observed  iu  dogs  submitted  to  ex- 
periment. They  recover  after  they  have  been  deprived  of 
air  for  three  minutes  and  fifty  seconds  or  even  four  min- 
utes, but  they  die  if  they  are  submerged  in  water  for  a 
period  of  two  minutes.  They  recover  after  two  minutes 
and  fifteen  seconds  if  chloroformed  before  submersion. 
Dr.  B.  AV.  Richardson  reports  a  case  of  recovery  in  a 
child  with  croup  who  was  completely  asphyxiated  for 
eleven  minutes,  and  cases  of  recovery  fiom  hanging  are 
known  in  whicli  the  time  was  much  longer. 

Asphyxia,  though  not  always  the  mode  of  death  in 
those  submerged,  is  commonly  present  in  a  certain  nvun- 
ber  of  cases.  The  resistance  of  new-born  animals  to  this 
mode  of  asphyxiation  is  especially  noted  in  the  greater 
time  recpiired  to  drown  a  new-born  pup  than  an  adult 
dog.  One  minute  and  a  half  usually  suffices  to  drown 
a  dog,  while  a  new-born  pup  often  reqinres  as  much  as 
fiftyiniuutes.  This  great  difference  is  owing  to  the  less 
active  change  of  tissues,  and  the  smaller  consumption  of 
oxygen  in  the  young  animal.  Tlie  more  active  the  vital 
combustion,  and  the  greater  the  demand  upon  the  gen- 
eral store  of  oxj-gen  in  the  blood,  the  quicker  the  young 
animal  perishes  when  the  respiration  is  obstructed. 

Accidents  owing  to  the  absence  of  respirable  air,  or 
to  confinement  in  places  where  the  air  is  not  renewed, 
are  of  common  occurrence.  Asphyxia  from  this  cause  is 
less  prompt  than  that  by  strangulation.  The  phenomena 
connect  and  follow  one  another.  Efforts  to  hold  the  res- 
piratory function  in  abeyance  are  soon  followed  by  head 
troubles,  with  nausea,  loss  of  consciousness,  diminution 
of  the  pulse,  and  insensibility  of  the  skin.  The  more 
energetic  the  subject  the  more  intense  are  the  effects  of 
asphyxia. 

Althougli  no  warm-blooded  animal  can  live  in  any 
mediimi  not  containing  a  sufficient  mixture  of  oxygen. 
yet  animals  may  become  habituated  to  deteriorated  air. 
and  in  certain  conditions  of  suspended  animation  they 
may  live  for  a  certain  length  of  time  with  impunity  in  a 
vacuum,  and  even  in  a  medium  charged  with  carbon 
dioxide.  Rats  and  mice  live  in  air  containing  but  one, 
and  even  0.5  per  cent,  of  oxygen,  and  carnivora  and 
birds  resist  death  in  an  atmosphere  in  which  the  pro- 
portion of  oxygen  is  so  small  as  barely  to  support  the 
combustion  of  a  candle.  There  is  also  a  tendency  in 
the  new-born  to  resist  asphyxia  from  confined  air. 
Young  sparrows  without  feathers  have  been  known  to 
live  twenty-four  hours  in  a  space  where  the  adult 
sparrow  died  in  two  hour.s.  Marmots  in  a  state  of 
hibernation  live  under  an  exhausted  receiver,  but  die 
when  awakened.  Cold-blooded  animals  resist  longer  the 
luivation  of  atmospheric  air,  as  can  be  fully  seen  in  the 
case  of  frogs. 

It  is  sufficiently  demonstrated  that  death  in  confined 
air  is  due,  as  is  death  in  nitrogen,  to  simple  privation  of 
oxygen.  Death  from  asphyxia  may  also  occur  in  atmos- 
pheres which  are  still  rich  in  oxygen,  but  in  which  the 
lu'oporlion  of  c.-irlion  dioxide  is  too  high,  as  in  caves, 
cellars,  and  the  like. 

The  important  facts  relating  to  the  cadaveric  lesions. 
the  treatment,  and  the  medico-legal  questions  likely  to 
arise  in  connection  with  asphyxia,  will  Vie  foiuid  in  the 
following  article.  Irnn;]  C.  I}i\^se. 

ASPHYXIA,     MEDICO-LEGAL     RELATIONS     OF.— 

117/1//  in  ospliji.viii  '  Nothing  is  more  dillicult  than  to 
(^xpress  hi  a  definitii>n   all  that  any   medical  or  legal 
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term  may  mean.  No  proof  of  tliis  assoi'tion  is  rcciuircd 
by  tlif  rciulcr  who  sees  how  (HnVii'iilly  aulhors  ihtiiic 
the  iiK'iuiiui:  of  siicli  Irniis,  and  how  foiistaiilly  tlic 
simplest  (Icfinitioiis  arc  varii'd,  quulilii'd,  and  uinplitii-d 
by  till'  authors  thi-niselvcs. 

Nor  can  tlic  derivation  of  tlie  word  itself  doterniiiie  its 
present  technical  meauin,!;',  for  it  has  loiij;  since  acquired 
a  meaniii!;  distinct  from  the  mcaniuj;-  derived  from  the 
Greek,  a,  privative,  and  the  verb,  aipr^civ,  to  puls<ite, 
without  pulse,  as  all  death  is  that. 

Thedetinitioii  accepted  by  le.\icoi;ra])hers  is  best,  staled 
in  the  Century  Dictionary,  as  follows:  As|)hy.\ia,  the 
c.\trem(!  condition  caused  by  lack  of  o.\yf;eu  and  excess 
of  carbon  dioxide  in  the  blood,  brouf;lit  about  by  a  suffi- 
cient interference  with  respiration,  as  in  <'hokinjr, 
drowninjr.  or  paralysis  of  the  muscles  of  respii'ation. 

In  its  medico-legal  sen.se,  asphyxia  is  the  cessation  of 
the  heart's  action  which  arises  from  interrupted  respira- 
tion, caused  either  by  cxpellinj;  the  air  from  the  body 
or  by  preventing  the  entrance  of  pure  air  into  the  body. 
When  air  is  eliminated  from  the  l)ody,  or  pure  air  pre- 
vented from  entering  tlie  hody,  the  action  of  the  lungs 
is  iiaraly/.ed.  and  the  blood,  no  longer  aOrated,  lo.ses  its 
vital  ([ualities  and  circulating  powers.  Tlii'  combina- 
tion of  these  conditions  causes  death.  Death  so  residt- 
ing  is  called  deatli  from  asphyxia,  and  the  conditiiui 
produced  by  this  combination  is  asphyxi.i. 

While  asphyxia  in  a  {■ertain  measure  produces  general 
■effects  which  are  jiractically  similar  in  character,  yet, 
as  above  indicated,  it  is  not  always  caused  by  similar 
agencies,  nor  does  asphyxia  always  present  symptoms 
entirely  uniform.  On  the  contrary,  there  are  found  in 
cases  of  asphyxia  produced  by  dilfercnt  a.gencies  strik- 
ingly different  physical  symptoms,  botli  external  and  in- 
ternal. For  sake  of  illustration :  in  the  cases  of  asphyxia 
resulting  from  suffocation,  tliere  is  rarely  any  positive 
disarran.gement  of  the  vascidar  system  of  the  brain,  and 
ecchymoses  are  con\paratively  sliglit.  and  often  una|)pai  - 
ent  to  tlie  untrained  eye;  while  in  tlie  cases  of  asphyxia 
residting  from  strangulation,  the  vascular  .system  of  the 
brain  i)resents  strong  evidence  of  death  by  strangula- 
tion, the  ccmdition  of  lij'pera'inia  being  marked,  and  ec- 
chymoses  are,  as  a  rule,  much  more  pronounced  in  num- 
ber and  in  extent,  so  niueh  so  as  to  challenge  the  oliser- 
vation  of  the  unprofessional  witness. 

There  have  been  almost  as  many  divisions  and  sub- 
divisions of  asphy.xia  as  tiiere  have  been  treatises  de- 
voted to  the  suiiject.  However,  for  the  pur|ioses  of  this 
article,  asphyxia  may  be  divided  as  follows: 

1.  Asphyxia  from  the  want  of  respirable  air,  and  from 
the  inhalation  of  noxious  gases, 

2,  Asphyxia  from  suffocation, 

8,  Asphyxia  from  strangulation  other  than  from 
banging. 

4.  Aspliyxia  from  strangidation  from  hanging. 

5.  As])hyxia  from  drowning. 

In  this  artich',  however,  asphyxia  from  drowninir  will 
not  be  discussed,  as  a  spjiarate  article  upon  this  branch 
of  the  sub,iec1  will  be  found  elsewhere  in  this  work 
{see  Drviriiiiui). 

Ilfiin  Axphyx'ui,  M<iy  hr  Prnren. — Wilhoiil  tnnching 
too  much  upon  that  bnmch  of  nieilic;d  ,iuiisprudence 
■which  treats  of  the  introduction  of  expert  testimony,  it 
is  not  amiss  lirietiy  to  sketch  the  jirinciples  applicable 
to  the  admissibilil}'  of  expert  testimony  in  reference  to 
asphyxia. 

In  sucli  cases,  in  the  administration  of  justice,  it  fre- 
quently lieconies  necessary  to  determine  the  nature  and 
cause  of  physical  injury  and  death.  These  questions 
arise  in  tribunals  vested  with  the  power  to  try  civil 
causes  and  also  in  tribunals  vested  with  the  power  to  Iry 
criminal  cases. 

The  judgment  of  human  courts  is  fallible  enougli  at 
all  events,  but  it  is  evident  that  no  judgment  can  be  ap- 
proximately just  uidess  founded  upon  a  true  statement 
of  facts.  Recognizing  this  axiomatic  truth,  the  a<lmin- 
istrators  of  the  law  recognize  the  further  piinciide  that 
in  determining  the  nature  and  cause  of  physical  injuries 


and  death,  they  must  look  for  help  from  that  profession 
the  membc-rsof  which  have  devoted  their  timeand  talent 
to  the  study  of  the  human  body,  ils  nature,  and  its  in- 
lirmities. 

The  rules  that  .■ire  j)rescribed  by  the  courts  in  securing 
the  help  of  medic.d  experts  constitutes  a  large  part  of 
medical  jurisprinlence. 

In  questions  arising  from  injuries  and  deaths  from 
as[)hyxi;i.  the  courts  exercise  the  function  above  men- 
tioned, and  summon  to  their  aid  medicid  experts. 

The  questions  upon  which  these  exp<'rts  are  to  shed 
light  a I'e.  necessarily  tliese:  Was  asphyxia  the  cause  of 
the  injuries  or  the  death  (jf  the  jierson  :  and  second,  if  so, 
by  ■what  means  was  asphyxia  elfectedV 

These  opinions,  given  by  the  medical  witnesses,  con- 
stitute exiiert.  evidence. 

The  law  recognizes  the  value  of  such  evidence  (in 
many  cases  it  is  the  only  method  of  arriving  at  a  just 
conclusion),  but  both  the  law  :uid  the  science  of  medicine 
recognize  theilangers  of  relying  ujion  exjii'rt  evidence 
alone,  and  usually  it  has  its  greatest  weight  when  sup- 
[Knted  by  collateral  evidence. 

T!ic  1.II1I  Wi/iicxs. — However,  the  law  does  not  rely 
alone  upon  expert  evidence,  in  arriving  at  the  facts  in  a 
case  of  death  su)iposed  to  have  been  caused  Ijv  asphyxia; 
if  it  did.  ofteuiimes  justice  would  miscarry.  Indeed,  in 
the  majorily  (jf  cases  it  is  necessary  to  have  wilues.ses 
both  lay  and  exjiert. 

The  ]iliysical  facts,  including  the  .surroundings,  tlie 
position  of  the  l)ody,  its  a])pearance  after  death,  etc., 
are  facts  which  may  all  fre((Uently  be  proven  as  well  by 
one  of  the  commonalty  of  men  as  by  the  skilful  scii'Utist. 
To  illustrate:  Should  tlie  Rid)ject  of  investigation  be 
whether  or  not  the  deceased  died  from  strangulation,  lay 
witnesses  would  be  i)er!uitted  to  testify  as  to  tlie  posi- 
tion in  which  the  body  was  found,  the  marks  of  violence 
njion  it,  the  ]>rints  of  tingers  or  marks  of  hands,  the  dis- 
coloration r>f  the  skin,  the  ])rotrusion  of  the  tongue,  etc. 
l!ut  they  will  rarely,  if  ever,  lie  pernutte<l  to  give  opinion 
as  to  whether  or  not  the  decea.sed  ■was  .stfangled  to  death. 

In  a  great  number  of  cases,  the  lav  witness  is  very 
valuable  and  sometimes  is  indispensable.  He  is  in- 
dispensable wlu'n  no  physici.-ui  viewed  the  body  after 
death,  lit  such  a  case,  without  lay  testimony,  the  ex- 
jiert opinion  is  ne<-essarily  useless,  having  no  physical 
iacts  upon  which  to  base  an  opinion, 

Neverlheless,  tin-  legal  profession  recogniz<'S  the  dan- 
ger of  determining  the  cause  of  death  from  asphyxia, 
when  the  physical  facts  upon  which  the  expert  opinion 
is  based  are  derived  entirely  from  lay  witnesses.  The 
justness  of  this  can  be  readily  appreciated  when  it  is 
considered  how  easily  the  lav  witness  might  fail  to  dis- 
cover some  physical  sign  which  would  readily  ajipear 
to  the  medical  ex|i<'rl,  and  have  the  clTect  of  conqielling 
a  radically  different  o])iiuon  as  to  the  cause  of  death. 

T/ir  Krpcrt  Witiiixs. — The  testimony  given  by  the  ex- 
|ierl  witness  is  twofold;  first,  it  is  jiurely  ojiinion  evi- 
<lence.  based  upon  hypothetical  (|Ueslions.  When  such 
evidence  is  pernulted  to  be  given,  the  hypothesis  sub- 
mitted to  the  expert  must  lii'  made  up  of  facts  testified 
to  by  other  witnesses. 

The  opinion,  therefore,  of  the  witness  can  have  no 
weight  with  the  court,  ludess  the  facts  upon  which  it  is 
based  ai^e  accepted  by  the  court  as  the  Inu'  facts  of  the 
case. 

Hut  the  expert  witness  is  not  confined  to  piirely  hypo- 
thetical (|uestions  where  he  lias  made  a  personal  ex- 
anunation  of  the  body  And  in  a  case  of  asphyxia,  the 
expert,  having  examined  the  body,  will  be  permitted  to 
testify  that  in  his  opinion  death  was  or  was  not  caused 
by  asphyxia,  and  by  wlial  means  he  believes  asphyxia 
was  elTected. 

Upon  cross  examination  it  may  be  elicited  as  to  how 
carefully  hisexaminalion  was  made,  and  the  witness  can 
be  comp<'lled  to  give  in  detail  his  reascuis  for  his  conclu- 
sions. 

The  student  will  readily  conclude  lliat  in  prejiaring  to 
testifv  as  to  whether  or  net.  a  death  was  caused  bv  as- 
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pliyxia.  grout  care  should  be  taken.  In  fact,  before  one 
is  "really  ciiinpetent  to  jiass  upon  such  a  question,  lie 
should  be  learned  and  experienced  iu  medicine.  He  can- 
not hope  to  be  able  thorousrlily  to  prepare  himself  by 
the  study  of  works  u|)on  meclical  jurisprudence  alone. 

Starting  with  the  projier  foundation  of  professional 
accomiilishments.  it  is  well  for  the  witness  to  freshen  his 
mind  upon  the  niinutia'  of  the  subject,  and  if  called  to 
respond  to  hypothetical  questions  alone,  this  will  be 
doubly  essential,  for  the  witness  may  expect  a  rigorous 
cross  examination,  often  conducted  by  an  adroit  advo- 
cate, coached  to  the  edge  by  some  accomplished  medical 
expert. 

If,  however,  the  witness  has  had  occasion  to  examine 
the  body  and  its  surroundings,  and  pi'oposes  to  testify 
as  to  the  cause  of  death  based  ujion  his  own  personal 
examination,  he  will  lind  that  he  will  require  accurate 
Information  not  included  in  his  science.  He  will  be  ex- 
pected to  have  a  distinct  recollection  of  the  surroundings 
and  of  every  detail  of  the  physical  ajjpearance  of  the 
body,  internally  and  externally.  For  this  reason,  when- 
ever any  substantial  doubt  exists  as  to  the  cause  of 
death,  and  especially  where  crime  is  suspected,  the  phy- 
sician should  by  all  means  make  an  autopsy. 

On  such  occasions  memory  should  not  be  trusted  too 
far,  and  copious  notes  sliould  be  made  by  the  physician 
concerning  the  surroundings,  and  cspeciallj'  concerning 
the  results  of  his  jjliysical  examination. 

The  extent  of  his  ability  as  physician  will  tell  him 
best  what  to  look  for  and  what  to  make  note  of,  in  re- 
gard to  the  condition  of  the  body,  and  his  knowledge  of 
medical  jurisprudence  will  prompt  him  to  decide  what 
facts  concerning  the  position  of  the  body,  etc.,  heshoidd 
preserve. 

Having  progressed  thus  far.  it  now  remains  for  me 
briefly  to  discuss  the  four  divisions  of  asphyxia  which  it 
is  the  province  of  this  paper  to  treat,  namely:  (1)  As- 
phyxia from  the  want  of  respirable  air  and  the  inhalation 
of  noxious  gases;  (2)  asphyxia  from  suffocation;  (3)  as- 
phyxia from  strangulation  other  than  from  hanging;  (4) 
asphyxia  from  strangulation  fi'om  hanging. 

(1)  AKj>hy.Tia  from  the  }V(tiit  <if  Renpirahle  Air  cm]  the 
Inhahiti'iii  i>f  Nii.rii'iiH  (uistk. — Doubtless  this  division  of 
the  subject  embrai'es  what  is  more  commonly  understood 
to  be  asphyxia.  In  this  division  arc  included  such  in- 
stances as  where  the  asphyxiated  person  has  been  shut 
in  a  small  apartment  with  no  means  of  receiving  fresh 
air;  instances  of  death  in  which  the  illuminating  gas  is 
blown  out,  or  turned  on  in  the  room,  when  the  victim 
was  asleep;  instances  in  which  unfortuuate  miners  meet 
the  fatal  damp  of  the  mines,  or  imfortuuate  laborers 
perish  in  sewers  by  reason  of  being  oi'ereome  with  what  is 
known  iu  the  popular  vcrnacidar  as  "sewer  gas."  And 
the  books  do  present  instances  of  death  coming  to  one  who 
was  keeping  guard  over  flowers  which  exhaled  a  poison 
in  their  perfume  which  was  deadly  to  the  watcher. 

The  three  most  common  wa.ys  by  which  death  is 
caused  by  this  class  of  as|ihyxia  are  a.s  follows: 

(a)  There  is  a  certain  amount  of  <ixygen  in  all  pure 
health}'  air.  When  this  air  is  taken  into  the  lungs  a 
part  of  this  oxygen  is  exhausted,  and  the  air  is  expelled 
from  the  body,  charged  with  a  poisonous  gas,  called 
carbonic  acid  gas.  Whenever  the  air  becomes  charged 
with  this  gas  to  a  certain  percentage  further  inhalation 
is  deadly.  Deatlis  occur  usually  from  this  cause  when 
a  large  number  of  people  are  placed  in  a  small,  ill-venti- 
lated room  or  apartment. 

(A)  This  same  poisonous  gas  frequently  destroys  life 
by  being  generated  in  a  nxmi  where  the  victim  is  sleep- 
ing, in  a  most  unexpected  manner,  as  from  the  combus- 
tion of  charcoal,  coke,  or  anthracite  coal.  Sometimes  it 
is  turned  directly  into  the  room  from  a  defective  gas 
pipe  or  an  ojien  burner. 

(c)  Asphyxia  is  often  prodvu'cd  by  inhaling  another 
noxious  gas.  even  more  <leaiUy  than  the  carbonic  acid 
gas,  and  that  is  sidiilmrcted  hydrogen  ga.s — commonly 
called  sewer  gas — which  is  most  frequently  foimd  in 
sewers  or  the  vaults  of  privies. 


In  the  investigation  of  the  cause  of  death,  where  as- 
phyxia from  noxious  gases  is  supposed  to  be  the  agency, 
the  first  proceeding  should  be  to  discover,  if  possible, 
the  presence  of  the  gas  in  the  air,  and  then  to  trace  it  to 
its  source.  If  this  can  be  done,  it  requires,  as  a  rule, 
little  skill  to  determine  that  the  gas  was  the  cause  of  the 
death;  altliough  it  is  possible  that  a  dead  bodj'  may  be 
found  in  the  midst  of  such  poison,  and  j'ct  death  have 
arisen  from  another  cause,  as  when  murder  has  been 
committed  and  the  assassin  turned  on  the  gas  to  hide  his 
crime.  It  i.s  also  frequently  the  case  that  death  ensues 
from  such  a  small  charge  of  the  poisonous  gas  as  to 
render  itsdeleelion  difiicult.  In  such  cases,  and  in  cases 
in  which  the  expert  does  not  visit  the  scene  of  death,  he 
must  rely  mainly  upon  the  signs  and  evidences  upon  the 
bodv  in  arriving  at  his  conclusion  as  to  the  cause  of 
death. 

The  usual  signs  pointing  to  such  death  are  swollen 
head,  face,  neck,  and  abdomen,  jaws  firmly  set,  discol- 
ored lips  (dark  blue),  abdomen  often  violet-colored. 
The  body  preserves  its  warmth,  especially  when  poison- 
ing results  from  carbonic  acid  gas,  for  some  hours,  and 
the  rigor  of  death  is  tardy  in  setting  in,  although  these 
indications  are  frequently  not  all  found  in  one  case. 

When  death  has  not  ensued,  the  physician  will  find, 
when  the  patient  is  suffering  from  carbonic  acid  gas 
poisoning,  a  disposition  to  sleep,  a  rapid  losingof 
strength  and  sensibility,  heavy  breathing,  accompanied 
at  times  with  frothing  at  the  mouth,  and  occasionally 
with  delirium  and  convulsions. 

When  the  patient  is  asphyxiated  with  sewer  gas, 
nausea  and  irregular  respiration,  rather  than  labored 
resjiiration,  agitated  pulse,  cold  skin  and  loss  of  motion, 
frothy  saliva  tinged  with  blood,  and  closed  eyes,  are 
conunonly  accepted  symptoms. 

(2)  Suffocation. — Following  the  definition  in  Wharton 
and  Stille's  work  on  "'  Medical  Jurisprudence, "  suffocation 
may  be  said  to  ensue  when,  "by  an}'  means  air  is  ex- 
cluded from  the  larynx  or  chest,  or  the  chest  is  prevented 
from  receiving  it." 

Suffocation  is  most  comniouh'  accomplished  in  two 
ways : 

{(0  By  expelling  the  air  from  the  lungs,  by  pressure 
upon  the  abdomen  and  chest,  and  bj'  such  continued 
pressure  preventing  the  physical  action  necessary  for 
respiration.  Cases  of  this  kind  are  more  usually  found 
where  small  children  have  been  overlaid  b_v  older  per- 
sons during  slceji.  and  oceasionallv  where  one  has  been 
caught  in  a  jam  of  heavy  material,  or  pressed  exces- 
sively in  a  great  crowd. 

Death  iu  such  eases  is  attributed  to  the  fact  that  press- 
ure upon  the  abdomen  and  chest  compresses  the  vital 
organ.s,  expels  the  air  from  the  lungs,  and  so  closes  the 
lungs  and  windjiipe  as  to  prevent  other  air  from  enter- 
ing. Death  of  this  character  usually  results  from  ac- 
cident. 

Beck  reports  the  case  of  a  child  who  died  from  be- 
ing wrapi-icd  up  too  closely  by  the  parents,  w-hen  it  was 
being  taken  to  a  nurse. 

(h)  By  i'o\ermg  the  mouth  and  nostrils  so  as  to  (ire- 
vent  the  ingress  and  egress  of  air,  most  frequently  ac- 
complished by  the  use  of  bedclothes,  or  other  heavy 
clothes,  a  method  made  famous  among  all  English- 
speaking  people  by  the  genius  of  Shakespeare,  who 
makes  his  jloorish  hero  adopt  it  as  a  means  of  revenging 
his  imagined  wrongs  upon  the  innocent  and  beautiful 
Desdemona. 

In  this  division  should  also  be  included  those  cases  in 
which  the  \ictim  lias  been  covered  by  dirt,  ashes,  snow, 
or  the  like,  as  by  being  l)uried  alive  or  caught  under  a 
slide  of  snow.  And  in  the  same  connection  should  be 
mentioned  those  cases  in  which  feeble  or  intoxicated 
persons  have  fallen  face  downward  in  snow  or  sand  or 
other  .similar  substjince,  and,  being  unable  to  rise,  have 
been  suffocated. 

Suffocat  ion  is  not  often  adopted  as  a  method  of  suicide, 
and  it  is  infrecjiiently  resorted  to  for  the  pur]Hise  of  homi- 
cide.    Perhaps  it  more  freciuently  occurs  hy  accident. 
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Unless  somo  facts  arc  proven  which  point  to  tlie 
cause  of  tlie  deatli.  the  expert  is  at  a  great  disadviiutaire 
in  alteinptinir to  determine  whellier  or  not  death  wasdiie 
to  external  cause,  or  was  the  result  of  apoplexy,  faucial 
disease,  or  pulmonary  conireslion. 

Some  of  the  most  common  |ihysical  indications  of  dealli 
by  sulToealion  arc  lividityof  the  face;  and  san.L'uineous 
engorgement  of  the  viscera  of  the  thorax  and  abdomen. 
There  are  frequently  bloody  infiltration  of  the  eyes  and 
eyeliils,  and  very  small  ecchyniosesof  the  neck  and  chest; 
a  partial  engorgement  of  the  lung:  little,  if  any,  blood 
in  the  left  ventricle  of  the  heart,  while  th(^  right  vi-nlricle 
of  the  heart  is  generall}'  engorged.  Sometimes  a  reddish 
froth  is  found  in  the  trachea  and  bronclii,-e.  Asa  rule, 
the  body  is  slightly  if  at  all  discolored,  and  the  vascular 
system  of  the  brain  shows  rarely  any  evidence  of  disorder. 
()ne  of  the  most  common  indications  is  congestion  of  the 
kidneys.  When  a  dead  body  is  found  in  earth,  ashes,  or 
snow,  or  the  like,  the  question  presents  itself  at  once 
whether  the  death  preceded  the  fall  or  the  burial.  Per- 
haps the  best-recogniz<'d  lest  is  to  examine  the  stomach, 
gullet,  and  air  passages.  If  the  foreign  matter  is  fo\ind 
in  the  stomach  or  in  the  gullet,  this  is  regarded  as  very 
po.sitive  evidence  that  death  followed  the  fall  or  burial, 
as  only  by  the  action  of  a  body  instinct  with  life  could 
the  foreign  matter  be  so  drawn  in.  On  the  contrary,  if 
the  foreign  matter  is  foimd  only  in  the  nostrils  and 
mouth,  this  is  |)ositive  evidence  that  death  was  not 
caused  by  sutTocation. 

SulTocation  frccpiently  is  caused  by  foreign  stibstances 
hecoming  lodged  in  the  windpipe  or  in  the  lesophagus. 
Children  and  infirm  people  more  frequently  sulfer  in 
this  way.  This  often  makes  it  necessary,  in  order  to 
determine  the  cause  of  death,  to  make  an  examination 
of  the  windpipe  and  gidlet,  frequently  by  incision. 

(8)  AKjilii/j-iit  fi-iim  t^trunfjuhitkiii,  Other  thun.  In;  Ihtn'jinri. 
— The  first  (piestion  to  be  determined  in  this  division  is, 
of  course:  AVas  death  caused  by  strangulation,  and  if  so, 
by  what  means?  Under  this  head  we  shall  consider  the 
indications  of  strangulation  other  than  that  accomplished 
by  hanging. 

As  in  all  cases  of  asphyxia,  the  trouble  in  strangula- 
tion is  the  lack  of  air  in  the  bodv.  But  the  means  used 
to  create  this  lack  is,  in  strangidation,  different  from  the 
meansemployed  in  eitherof  the  two  preceding  divisions. 

In  strangidation.  the  access  of  air  into  the  lungs  is  in- 
terrupted by  a  pres.sure  upon  the  windpipe  at  the  throat. 
This  method  jirovidcs  a  double  means  of  death,  and  in 
the  majority  of  instances  death  is  the  result  of  condiined 
causes,  namely,  the  lack  of  breath  caused  by  the  press- 
ure upon  the  windpipe  and  the  closing  of  the  larynx, 
and  congestion  of  the  brain  caused  by  pressure  upon  the 
veins  of  the  neck.  Either  of  these  "might  be,  in  itself, 
sunicient  to  cause  death,  according  to  the  violence  of 
the  attack,  but  il  is  rarely  the  case  that  the  expert  can 
definitely  jiroportion  the  responsibility. 

In  the  majority  of  cases,  there  are  many  apparent 
physical  signs  that  pfiint  with  great  clearness  to  the 
causeof  death,  and  give  greataid  in  arrivingat  a  ]u-oper 
conclusion. 

Some  of  the  physical  indications  that  tend  to  lead  to 
the  cmclusion  that  death  has  resulted  from  strangidation 
may  be  enumerated  here.  One  of  the  most  common  in- 
dications is  the  presence  of  ecchymoses  upon  the  face, 
neck,  and  chest  caused  by  extra vasated  blood.  The 
presence  of  these  ecchymoses  poiriis  strongly  to  dealli 
by  strangulation,  although  it  is  usually  coHceded  that  the 
absence  thereof  will  not  be  conclusive  proof  to  ihe  c<m- 
trary.  Freiiuently  these  ecchymoses  are  so  minute  as 
to  fail  to  attract  the  attention  of  the  lay  observer,  and 
for  this  reason  a  careful  examination  by  the  medical 
expert  is  often  invaluable. 

An  examination  of  the  brain  will  disclose  more  or  less 
congestion  and  disarrangement  of  the  vascular  system 
generally,  and  congestion  of  the  kidneys  and  liver  is 
very  common. 

Aside  from  these  indications,  the  swollen  face,  often 
the  protruding  tongue  and  eyes,  and  the  distortion  of 
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the  features  generally  throw  much  light  upon  the  sub- 
ject. 

As  stran,gulation  other  than  by  lian,iring  is  usually 
homicidal,  great  attention  should  be  jiaid  to  noting  any 
mark  of  violence  upon  the  body,  any  evidence  of  struggle 
either  upon  the  body  itself  or  u|ion  the  surroundings. 
The  condition  of  the  clothing  may  be  strongly  indicative 
of  attack  and  resistance. 

Death  from  manual  strangulatitm  may  bo  accomplished 
by  means  of  the  hands,  cord,  or  other  ligature. 

When  the  hands  are  used,  it  is  very  easy,  as  a  general 
thing,  to  determine  that  the  strangulation  was  nwnual; 
but  when  a  cord  or  ligature  was  used,  the  conclusion 
cannot  be  so  safely  or  easily  arrived  at.  In  such  cases, 
the  mark  of  the  cord  or  ligature  will  give  aid.  Where 
the  strau.gulation  was  manual,  as  distinguished  from 
strangulation  from  hanging,  the  mark  of  the  cord  will 
be  very  nearly  horizontal,  whereas  in  strangulation 
from  hanging,  the  mark  will  be  higher  on  one  side  than 
on  the  other,  and  will  at  the  point  of  the  knot  ap- 
luiiach  near  the  head.  The  mark  of  the  cord  or  ligature 
in  manual  strangulation  is  also,  as  a  rule,  much  lower 
on  the  neck  than  when  tin-  strangulation  results  from 
hanging,  as  the  weight  of  the  body  invariably  causes  the 
cord  to  slij)  as  high  as  possilile,  only  being  stojiped,  as  a 
rule,  by  the  head. 

There  are  seldom  (in  manual  strangulation)  any  in- 
juries to  the  vertebra',  and  the  ligaments  of  theneck 
are  rarely  torn;  while,  on  the  contrary,  such  results  are 
frequent  when  strangulation  is  caused  bj'  hanging. 

And,  finally,  it  may  be  ob.served  tliat  in  manual 
strangulation  the  throat  is  rarely  so  perfectly  closed  as 
in  strangiilatiim  from  hanging,  fin-  the  suddenness  of 
the  fall,  combined  with  the  weight  of  the  body,  tends 
thoroughly  to  shut  all  the  air  passages.  While  the  posi- 
tion of  the  body  usually  throws  some  light  upon  the 
question,  yet  this  is  liy  no  means  decisive,  for  it  is  an 
easy  matter  for  the  assassin,  after  accomplishing  murder 
by  manual  strangulation,  to  suspend  the  body  by  a  cord 
in  order  to  cast  about  the  death  the  apjiearance  of  sui- 
cide. The  foregoing  signs  are  merely  helpful,  and 
rarely  unconnected  with  collateral  evidence  intirelv  .sat- 
isfactory to  the  conscientious  administrators  of  the  law. 

Human  experience  has  demonstrated  that  few  signs  of 
this  nature  are  to  be  absolutely  relied  upon,  for  Vjften- 
limes  incidental  and  accidental  iihysical  facts  tend  to 
incriininale  an  innocent  man,  ,-ind  fre(|iiently  the  guilty 
deliberately  make  evidence  of  this  character  in  a  speedy 
and  skilful  manner  for  the  purpose  of  creating  the  im- 
pression of  self-murder. 

The  importance  of  a  careful  investigation  and  physi- 
cal examination  is  very  apparent,  when  it  is  considered 
that  while  the  law  takes  great  care  to  punish  the  de- 
structioii  of  human  life,  it  also  takes  greater  care  that  no 
innocent  man  shall  be  punished.  To  such  a  degree  is 
this  carried  that  if  from  the  evidence  the  jury  should 
have  a  reasonalile  doiibl  as  to  the  fact  that  the  death 
was  homicidal,  under  the  instructions  of  the  court  an 
aciiuittal  is  necessary. 

(4)  Asphyjia  from  Uanginy. — In  determining  whether 
or  not  death  was  caused  by  hanging,  either  when  the 
dead  bodv  is  found  suspended  or  when  it  shows  certain 
external  evidences  of  such  a  death  although  no  longer  sus- 
pended, many  of  the  evidences  found  in  death  from  man- 
ual strangulation  should  be  considered  and  .sought  f(xr. 

The  congestion  of  the  brain  and  the  derangement  of 
the  organ  in  other  respects  are  largely  alike  in  Ihe  two 
forms  of  asphy.xia,  although  more  pronouiuvd  in  death 
from  hanging;  the  ecchymoses  arc'  also  in  evidence 
again,  usually  in  a  more  pronounced  manner,  and  thi^ 
same  physical  distortions  and  swellings  of  the  face  and 
neck  will  be  found,  .save,  as  in  the  congestion  and 
ecchymoses.  to  an  accentuated  degree.  But  to  the 
unskilled  observer  these  indications  niiiy  be  said  to  be 
similar  in  death  from  hanging  and  in  death  from  man- 
ual strangulation.  After  having  observed  these  indica- 
tions, which  are  largely  alike,  as  just  set  forth,  it  is 
probably  best  to  look  carefully  for  those  marks  which 
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are  conminn  in  bolli  cuscs.  but  difTpi-cnt  in  form  or  de- 
i;rpc.  The  first  slioulil  lie  the  niarlv  of  the  rord.  In 
iiiingin!;'  it  will  lir  found  not  to  l)c  liorizontal.  one  side 
usually  being'  mueli  liig'licrand  tenniniiting-  in  something 
like  a  point:  tlie  marU.  fnrlliermore.  is  invariably  higher 
1han  in  manual  strangulation,  the  weiglit  of  the  body 
drawing  downward  and  foreing  the  cord  to  the  base  of 
the  liead.  while  the  air  passages  are  elosely  shut  by 
virtue  of  the  Aveight  of  the  body  or  the  siuiden  foree 
of  the  fall.  The  marks  of  the  cord  are  usually  deei)er 
and  more  distinct,  and  there  will  rarely  be  the  same  evi- 
dence of  finger  marks  ujiou  the  face  and  throat.  There 
are  more  pronounced  excoriations  in  connection  with 
the  marks  of  the  cord.  The  great  majority  of  deatlis 
from  hanging  are  due  to  the  combined  causes  of  asphyxia 
and  apoplexy:  while  in  manual  strangulation,  perhaps 
a  majority  of  deaths  ensiu'  from  asjihyxia  alone. 

One  of  the  most  eonuuon  pliysical  evidences  found 
upon  a  body  when  death  is  attributable  to  hanging 
consists  of  injuries  to  the  ligaments  of  the  spinal  column 
and  the  tearing  of  the  carotid  arteries  in  the  neck. 

The  lens  of  tlie  eye  is  said  to  be  often  eraclied  by  the 
sharp  shock  of  descent,  and  this  sometimes  gives  lielp 
to  the  expert,  if  he  is  prepared  to  make  a  proper  ex- 
amination. 

The  effect  ujion  the  genital  organs  of  both  the  luale 
and  the  female  victim  often  throws  great  light  upon  the 
question.  It  is  mentioned  by  the  authorities  that  hang- 
ing causes  a  certaui  excited  condition  of  these  organs 
both  in  the  male  and  female,  but  usually  more  pronounced 
in  the  male.  However,  evidences  of  tliis  are  notalwaj's 
present,  and  in  view  of  the  fact  that  often  they  ai'c  found 
after  death  from  other  forms  of  violence,  they  alone  will 
not  sullice  to  prove  that  death  was  caused  by  hanging. 

The  usual  effect  U]ion  the  male  genitals  is  a  state  of 
Inmefaetion;  spermatozoa  are  found  in  the  urine  and 
in  the  urethra,  and  frecjuently  there  is  an  emission  of 
,semen.  In  (he  female,  there  is  often  found  a  dilated 
and  inflamed  condition  of  the  .genitals,  and  sometimes  a 
bloody  discharge. 

Another  indication  commonly  oliserved  is  the  dis- 
<'liarge  of  the  bowels. 

As  many  deaths  resulting  from  lianging  are  suicidal, 
it  is  often  a  question  of  grave  importance  to  determine 
whether  the  hanging  was  in  fact  suicidal  or  homicidal. 
It  is  the  unanimous  opinion  of  those  who  have  made 
profound  study  of  this  subject  that  in  the  absence  of 
collateral  evidence  the  presumption  is  that  the  death 
was  suicidal. 

Hanging  is  such  an  easy  and  convenient  method  of 
exit  from  the  world  that  the  wi'ctched  and  despondent 
frequently  adojit  il.  in  ridding  themselves  of  those  "ills 
they  have."  Tliis  is  ]irobalily  due  in  a  certain  measure 
to  the  fact  that  unlike  niany  other  methods  of  suicide, 
hanging,  when  once  begun,  can  rarely  be  stojiped  by 
the  would-be  suicide.  The  first  compression  of  the  air 
passages  tends  to  benundiall  sen.sibilities.  to  stupefy  tlie 
will,  and  to  paralyze  those  other  members  of  the  boily 
which,  upon  a  change  of  mind,  would  be  necessary  to 
effect  a  self-rescue.  Therefore,  doubtless,  in  many  in- 
stances in  which  the  resolution  to  destroy  one's  self  is  only 
partially  fixed,  when  the  first  steli  has  been  taken  thi're 
is  rarely  an  opportunity  to  go  back. 

Hanging  can  be  accomplished  in  so  many  ways,  and 
with  such  .simple  appliances,  as  also  to  present  a  royal 
road  to  death  to  the  melancholy  and  desponding. 

The  main  things  to  consider  in  this  connection  are: 
the  position  of  the  body,  whether  it  swings  clear  or 
barely  touches  the  ground  ;  whether  the  hanils  and  feet 
are  bound  ;  whether  or  not  the  cord  or  other  device  gives 
evidence  of  beini;  prepared  by  another:  and  sometimes 
the  manner  in  which  the  knot  is  tied. 

There  is  no  doubt  also,  as  a  rule,  that  in  suicide  there 
are  no  marks  fif  violence  uiion  the  body,  and  rarely  any 
evidence  that  would  tend  to  show  struggle. 

But.  in  the  end,  evidence  ]iurely  expert  and  hypo- 
thetical, in  this  as  in  all  methods  of  determining  the 
cause  of  injury  and  death,  is  to  be  received  with  caution. 


and  is  most  valuable  when   considered  together  with 
jiroven  facts  that  point  to  a  cause  of  the  death. 

J(j!iit  Bell  Kecblc. 

ASPIDIUM.     See  Male  Fern. 

ASPIDOSPERMA.— QUEBRACHO  \V7iiie  QuebraeJu>. 
"The  bark  of  Anpidvupcrma  (^uebracJio-blaiKo  Schlech- 
teiidahl  (faiii.  Apoeipiamr)'''  (U.  S.  P.). 

This  plant  is  not  to  lie  confused  with  the  quebracho 
Colorado  (red  quebracho),  the  wood  and  bark  of  which 
are  very  largely  em]jloyed  for  the  iireparation  of  an  ex- 
tract used  in  tanning,  and  pertaining  to  the  Qnebrachia 
Momnr/ii  Britton  (fain.  Anacarfliace(v).  The  title  "que- 
bracho "  means  axe-breaker,  and  is,  for  obvious  reasons, 
applied  to  various  trees.  In  the  last-named  species  it  is 
the  iroulike  wood  which  has  given  the  name.  In  that 
under  consideration,  it  is  the  .great  abundance  of  stone 
cells  in  the  bark  which,  occurring  in  masses,  chip  out 
the  ed.ge  of  the  axe.  The  tree  is  of  medium  size,  widely 
spreading,  evergreen  and  handsome,  and  inhabits  the 
northwestern  portion  of  the  Argentine  Republic  and  ad- 
jacent countries.  The  supply  of  bark  is  irregular,  and  it 
is  usually  .scarce  and  dear.  It  occurs  in  irregular  chiplike 
or  blocklike  pieces,  and  is  about  the  thickest  and  rough- 
est bark  of  commerce,  resembling  only  dita  bark  in  this 
particular.  The  gray  outer  surface  is  most  coar.selv  and 
deeply  fissured,  wliile  the  texture  is  .so  compact  and 
tou.gh  that  there  is  little  tendency  for  it  to  scale  off. 
Half  the  thickness  or  more  consists  of  cork  and  cortex, 
the  latter  filled  with  large  groups  of  stone  cells.  The 
color  of  this  layer  may  be  either  of  a  yellowish  white 
or  pale  yellow,  or  more  or  less  rusty  or  brick  red.  The 
inner  bark  consists  of  several  tiiick  layers  of  very  coarse 
bast  fibres  and  varies  from  nearly  white  to  a  rather  dark 
brown.  It  is  very  compact,  tough,  hard  and  w,->od\-. 
and  of  splintery  fracture.  All  parts  of  the  bark  have 
an  intensely  bitter  taste.  The  variation  in  the  color  of 
the  bark  cannot  be  explained  in  the  present  state  of  our 
knowledge.  It  is  not  the  darkening  of  age.  as  the 
writer  has  bark  which  has  lieen  kept  for  many  j'ears, 
but  which  is  almost  white  throughout.  It  isnotimprob- 
able  that  a  number  of  closelj'  related  species  are  in  use. 
If  so.  the  matter  is  in  much  need  of  investigation,  as  the 
composition  and  properties  may  differ  more  than  the 
physical  characteristics  of  the  bark. 

Compositiiip. — Although  aspidosperma  contains,  along 
with  a  small  amount  of  tannin,  no  less  than  six  alkaloids, 
its  action  is  remarkably  simple,  owing  to  the  fact  that 
the  alkaloids  agree  rather  closely  in  their  general  action. 
AspidoKperiii/iie,  fjvehmchim,  gnebvacJiiimiue,  and  ospid(h 
spermiitine  are  crystalline,  aspidosaniine  and  hydroqve- 
brncln'iie  are  not. 

Properties. — Theircombined  action  isfirst  tostimulate. 
then  to  depress  the  respiratory  centres  and  to  produce  a 
nauseating  expectorant  effect,  followed  by  muscular  de- 
pression or  weakness,  including  moderate  cardiac  depres- 
sion. Abnormal  temjieratuie  may  be  reduced.  The 
drug,  used  in  moderate  doses,  thus  becomes  capable  of 
increasing  both  the  number  and  the  depth  of  the  resjiira- 
tions,  and  of  relieving  spasmodic  conditions,  while  in 
large  doses  it  induces  convulsive  breathing  and  ends 
in  fatal  respiratory  paralysis.  Vomiting  very  rarely  ac 
companies  the  nausea.  It  is  said  that  aspidosjiiiiine. 
used  alone,  acts  as  an  emetic.  Little  has  been  done 
therapeutically  with  the  individual  alkaloids,  that  usu- 
ally sold  asaspidosperniine  being  an  alkaloidal  mixture. 
Neither  has  (he  (herapeudcal  use  of  iiuebracho  in  any 
form  been  greatly  developed.  It  is  said  to  be  used  in 
its  native  home  partly  as  an  antijieriodie.  and  partly,  like 
coca,  to  overcome  the  dyspniea  of  mountain  travel.  Its 
chief  use  in  ]uofessional  medicine  is  to  relieve  (he  dysp 
ncea  of  asthma  and  odier  spasmo<Iic  conditions,  as  well 
as  of  emphysema.  Owing  to  its  weakening  effect  upon 
the  heart,  it  is  contraindicated  in  case  of  organic  disease 
of  that  organ.  The  results  of  its  continual  use  have  not 
been  found  satisfactory,  bein,!;  those  of  continued  de 
pressionof  the  nerve  centres,  with  salivation  and  nausea. 
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A  peculiar  effect  has  been  rcpoitcMl,  in  sonic  cases,  of 
promptly  cunn.ir  ervsipeliis  hy  the  liypiHlermic  injection 
into  llie  alTected  part  of  a  half  ;;rain  of  coninicreial  as- 
pidosperniine.  The  dose  of  aspidospernia  is  1  to  4  gni. 
(  ;  j^  to  1).  Then'  is  an  ollicial  lluid  cMnicI,  hut  the  ex- 
tract, in  five-grain  doses,  is  more  often  cniplovcd. 

//.   //.   Iln.shjl. 

ASPIRATION.— In  a  paper  presented  lo  the  French 
Acadiiiiy  of  Medicine.  Xovcniber  'i.  IHli!).  Dr.  (ieorjjes 
Dieulafoy  lirouj;ht  to  the  notice  of  tlu'  profession  a  valu- 
able niclhod  of  deteclinj;  the  i)resene('  of  fluids  in,  as 
well  as  of  rcmovin.s  them  from,  various  iiarts  of  the 
body.  The  process  is  called  pneumatic  aspiration,  or 
simply  aspiration.  Briefly  slated,  it  i.s  a  method  of  e.\- 
plorin,!^  diseased  part.s  with  a  hollow  needle,  connected 
witli  a  vacuum,  or,  as  it  is  called  hy  the  inventor,  a 
"  previous  vacuum." 

IxsTiifMKNTs. — While  several  dilVcrent  patterns  of 
aspirator  have  lieen  devised  and  i'econuiiende<l,  onlv 
two  re(|uire  notice  here,  as 
they  comprise  the  principal 
ailvanta,i;es  of  <'ach  of  the 
others. 

The  Dieulafoy  aspirator 
(Fi.i;.  'AM)  ct)nsisls  of  a  gla.ss 
syrinjre  holdini;  three  or  four 
ounces,  ami  liavin.g  two  out- 
lets at  its  lower  end.  each  of 
wln'ch  has  a  stopcock,  li.  II  ; 
a  rublier  lube,  into  which  is 
let  a  .n'lass  index,  h' ;  and  four 
needles  of  various  sizes.  The 
apparatus  is  used  as  follows: 
The  needh'  having  been  con- 
nected with  the  syrinfre  l)y 
means  of  the  tube,  and  the 
outlets  closed,  the  piston  is 
withdrawn  to  its  full  extent, 
and  secured  by  a  (piarler  turn. 
The  needle  is  now  to  be  intro- 
duced at  the  proper  place, 
and  as  soon  as  its  point  is 
.,„_,__  -^^  buried  in  the  tissues  the  eorre- 
*,  i  sponding  cock  is  to  be  opened, 

thereby  extending  the  vacu- 
um to  the  extremity  of  the 
instrument.  The  needle  is 
carefidly  pushed  forward  as  far  as  is  desirable,  or 
luitil  fluid  is  found,  which  will  be  indicated  by  its  aji- 
pearance  in  the  index,  if  not  in  the  syringe.  The  lat- 
ter may  be  emptied  by  closin.g  its  outlet  leading  to  the 
tube,  opening  the  other,  and  unlocking  and  driving  the 
piston  liome.  Another  vacuum  is  to  be  made  as  befori', 
and  tlie  process  may  be  repeated  indefinitely  without 
riinoving  the  needle  or  disconnecling  the  syringe. 

Should  the  needle  become  stop]ied  up  during  the 
opi-ration  ell'orts  may  l)c>  made  to  clear  it  by  reversing 
the  actiim  of  the  syringe,  and  forcing  a  little  fluid  back, 
or  it  may  be  partially  withdrawn,  or  carried  a  little 
deeper,  or  its  direction  may  be  changed.  These  ma- 
nu'uvres  failing,  it  must  be  taken  out,  cleared,  anil  in- 
troilueed  in  another  place. 

With  this  instrument,  stimtdating  or  oilier  lii|uids 
may  be  injected  into  a  cavity  by  tilling  the  syringe  with 
the  Huid.  instead  of  exhausting  the  air. 

I'otain's  aspirator  (Fig.  '-K')*)  comprises  an  air  pump, 
A.  having  two  openings,  C.  D,  each  of  which  is  supplied 
with  a  metallic  valve,  working  in  o]iposile  direclions, 
the  ff)rmer  allowing  an  exit,  and  the  latter  an  entrance, 
of  air  to  the  pump;  a  bottle,  with  a  capacity  of  a  pint 
or  more,  fitted  with  a  rubber  stopper,  /i',  which  is  per 
forated  by  a  double  metallic  tube,  whose  outer  portion 
'erminates  in  two  branches,  each  having  a  stop-cock, 
K.  A,"  two  rubber  tubes,  with  the  necessary  needles, 
complete  the  apparatus. 

•  Codman  &  SliurtleS,  Boston. 
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It  is  made  ready  for  use  by  conMecling  the  bottle  with 
till-  needle  by  the  indexeil  lube.  A',  and  with  the  punil) 
by  the  tube,  (1.  The  cock.  A',  nearest  the  i)ump,  is 
opened:  the  other  is  closed.  The  air  is  exhausted  from 
the  bottle  by  a  few  sharp  strokes  of  the  piston,  anil  the 
cock,  K,  is  closed.  The  inmetun!  is  now  made,  and  as 
soon  as  the  point  of  the  nc^cdle  is  tmder  lhi>  .skin  the  (-or. 
resjionding  cock,  L.  is  to  Ik;  opened,  and  the  explora- 
tion carried  to  com|>letion.  .Vnotlicr  vacuum  is  readily 
established  without  disturbing  the  needle  or  its  connec- 
tions. 

By  attaching  a  ruliliertube  to  the  iiuier  eml  of  the 
metallic  one,  long  enough  to  reach  to  the  bottom  of  the 
liotlle,  and  by  changing  the  tube  (I  from  />  to  (J.  so  as 
to  force  air  into  the  bottle,  instead  of  exhausting  it,  the 
ap|)aratus  may  be  used  for  injection  or  irrigation,  or  the 
bottle  may  be  emptied  of  its  contents  by  simjily  work 
ing  the  pump.  This  action  is  dm;  to  the  fact  that  the 
inner  orifice  of  the  tube  A' is  on  the  side  just  below  the 
stopper,  and  hence  independent  of  thetidie  in  the  bottle. 

Asa  more  perfect  vacuum  can  be  obtained  with  Dieu- 
lafoy's  instrument,  it  is  the  best  one  for  diagnostic  i)ur- 
Ijoses.  It  is  also  well  suited  for  evacuating  or  injecting 
small  quantities  of  fluid,  esiiecially  when  it  is  desiiable 
to  be  exact  as  to  the  amount.  But  for  drawing  off  large 
effusions,  or  for  irrigating  large  cavities,  I'otain's  ap- 
paratus saves  lime  and  labor.  .Xnd  it  may  be  said  that 
for  general  use  the  latter  inslnuuent  is  tlie'more  .service- 
able  of  tlu!  1  wo.  as  it  can  be  m.ade  to  do  the  work  satis- 
factorily in  most  of  the  cases  requiring  this  operation. 

The  peeidiar  feature  of  the  aspirator,  which  distin 
guishes  it  from  the  suction  trocar,  and  which  makes  it 
.so  nnieh  more  valuable,  li<'S  in  w  hal  Dieulafoy  calls  the 
•■  previous  vactuim."  Asthisexteiuls  to  the  point  of  the 
needle  the  operator  is  notified  of  the  prcsenei;  of  fluid 
Ihe  instant  it  is  reached,  and  therefore  there  is  little 
danger  of  passing  through  a  small  collection  of  fluid 
without  knowing  it,  or  of  wounding  deeper  structures 
unnecessarily,  a  matt<'r  of  much  iinporlance  in  tapping 
joints  and  otlier  cavities.     Tin-  strong  suction  ])ower  of 


Fig.  ;JtJ.5.  -  Potaiir.»i  .-Aspirator. 


this  instrument  enables  one  to  use  smaller  needles,  as 
well  as  to  evacuate  fluids  which  are  too  tliick  to  be 
withdrawn  with  an  ordinary  trocar. 

The  aspirator  should  always  be  tested  just  before  it  is 
u.s<'d  upon  a  patient,  because,  from  its  peculiar  construc- 
tion, it  is  very  lialile  to  get  out  of  order.  The  piston 
gets  loose,  the  needles  are  easilv  jibigged  with  rust  or 
dirt,  the  tubes  crack  and  break,  the  cocks  .stick,  the- 
stopper  may  not  fit  the  bottle,  All  of  these  points  re 
(luire  attention  in  order  to  avoid  embarrassment  and 
delay. 

Il  would  be  well  if  all  aspirator  needles  were  made 
after  the  pattern  recommended  by  Dieulafoy,  namely. 
Xos.  1,  2,  3,  and  4,  having  ther<'speelive  diameters  of  ()..">. 
t,  1.5,  and  3  mm.  {»'^.  J-..  -,',,  ,'j  inch).  After  having 
been  used,  the  needles  shouhl  be  thoroughly  cleansed 
with  hot  water  (carbolized),  dried,  and  threaded  with  a 
wire  to  keep  them  patent. 

Small  trocars  can  be  used  with  the  aspirator  in  place 
of  the  needles  for  purposes  of  evacuation  and  irrigation. 
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For  diagnostic  explorations  they  are  inferior  to  the 
needles. "if rom  the  faet  that  with  the  former  it  is  impos- 
sible to  make  use  of  the  previous  vacuum.  The  trocars 
are  of  special  value  in  tapping  the  chest,  or  any  other 
cavity  in  which  there  is  danger  of  doing  harm  by  the 
point  of  the  needle. 

In  aspirating  the  cranium,  pericardium,  spina  bifida, 
and  intestine  the  smallest  needle.  No.  1.  should  be  used. 
For  the  bladder,  joints,  strangulated  hernia,  and  tumors, 
No.  3  is  suitable:  while  for  abscesses,  thoracic  and  peri- 
toneal elTusions,  the  larger  sizes  are  appropriate. 

Owing  to  the  fineness  of  the  needle,  and  to  the  elasticity 
of  the  tissues,  almost  any  organ  or  part  of  the  body  may 
be  safely  explored  with  tlie  aspirator.  For  example, 
the  head,  chest,  stomach,  liver,  gall  bladder,  spleen,  in- 
testines, uterus,  tumors  of  various  descriptions,  and  aneu- 
risms have  bei'u  punctured  without  untoward  result.s. 
The  principal  diseases,  however,  in  which  the  aspirator 
has  been  proved  by  experience  to  be  of  especial  value 
are  the  following : 

Uelcntion  of  Urine. — In  the  severer  stages  of  this  affec- 
tion, aspiration,  as  a  temporary  resource,  is  often  of  great 
service.  It  is  safe,  speed_y,  and  effectual.  So  little  pain 
attends  the  operation  that,  as  a  rule,  ana'sthetics  are  not 
required.  If  relief  is  not  obtained  in  these  cases  from 
milder  measures,  together  with  a  moderate  trial  of  the 
catheter,  it  is  far  better  to  aspirate  the  bladder  above 
the  pubes  than  to  irritate  and  perhaps  lacerate  the  urethra 
by  prolonged  and  often  fruitless  efforts  at  catheterization. 
The  operation  is  best  performed  with  Potain'sapjiaratus. 
It  being  in  readiness,  the  needle  is  entered  on  the  median 
line  just  above  the  symphysis,  and  carried  backward  and 
downward  toward  the  iiollow  of  the  sacrum,  to  such  a 
depth  that  the  point  will  not  escape  as  the  bladder  con- 
tracts. "Wlien  the  viscus  is  nearly  emptied  the  patient 
is  apt  to  experience  a  pricking  .sensation,  which  is  due 
to  the  needle's  imjunging  on  the  posterior  wall.  It  should 
be  withdrawn  a  short  distance,  and  the  urine  allowed  to 
escape  as  long  as  it  will  without  producing  too  much 
pain.  The  jnincture  in  the  skin  may  be  covered  with  a 
bit  of  adhesive  plaster.  This  operation  can  be  safely 
repeated  as  often  as  may  be  necessary  for  two  or  three 
days,  by  which  time  the  urethral  irritation  is  generally 
so  far  subdued  by  appropriate  measures  that  the  power 
of  voluntaiy  micturition  is  restored,  and  the  primary 
obstruction  can  receive  the  required  attention. 

Aspirating  the  bladder  is  preferable  to  the  operation 
of  tapping  by  the  recttun.  because  it  is  safer,  it  is  more 
easily  performed,  there  is  less  liability  to  mistakes,  and 
it  is  not  followed  l)y  rectovesical  or  other  fistulse.  by 
extravasation  of  urine,  or  by  pelvic  or  prostatic  intlani- 
mation  and  suppuration,  accidents  which  have  occasion- 
ally suijcrvened  upon  the  rectal  operation. 

Affections  of  the  Joints. — While  almost  any  large  joint 
containing  a  considerable  quantity  of  flind  may  be  as- 
pirated, the  operation  is  chiefly  confined  to  the  knee. 
Large  effusions  in  that  articulation,  whether  of  serum, 
blood,  or  pus,  can  be  safi-ly  and  (piicklv  r<'moved  bv 
this  method.  The  needle  is  to  be  insertec'l  wherever  the 
swelling  is  most  prominent,  which  is  usually  above  or 
to  the  inside  of  the  patella.  Care  shoidd  be  taken  not 
to  wound  the  cartilages  with  the  point  of  the  instrument, 
as  serious  results  have  been  known  to  ensue.  After  the 
operation  the  ])atieut  should  be  kept  in  bed.  the  limb 
should  be  jilaced  upon  a  posterior  splint,  and  firm  press- 
ure should  be  aiijilied  by  means  of  flannel  or  rubber 
bandages.  Shovdd  the  fluid  reaccumulate  the  operation 
may  be  safely  repeated  (under  aseptic  precautions)  as 
often  as  is  necessary.  Ana'sthetics  are  required  only  in 
children,  and  in  nervous  or  timid  subjects. 

Slrangul.iited  Hernia. — It  was  thought  atone  time  that 
aspiration  might  prove  to  be  very  beneflcial  in  the  treat - 
meiitof  this  afl'eetion,  but  it  has  not  stood  the  test  of  ex- 
perience. The  needle  is  apt  to  become  clogged,  or  from 
varioiis  causes  the  tumor  cannot  be  suthcieutly  reduced 
by  this  means  to  enable  it  to  be  returned  to  its  proper 
place.  It  is  true  that  many  cases  of  successful  reduction 
of  the  hernia  after  asiiiration  have  been  reported  from 


time  to  time,  but  as  the  operation  ofteuer  fails  than  suc- 
ceeds it  is  less  frequently  resorted  to  at  present  than 
it  was  formerly.  Fatal  results  have  followed  this  pro- 
cedure, yet.  when  carefully  performed  with  a  No.  3 
needle,  it  is  attended  with  little  danger,  and  it  is  occa- 
sionally successful. 

AhtfcesH. — Aspiration  is  frequently  of  the  greatest  value 
in  determining  the  presence  and  character  of  fluids,  but 
as  a  method  of  treating  ordinary  abscesses  it  is  far  in- 
ferior to  free  incisions,  drainage  tubes,  and  antiseptics. 
The  pus  usually  reaccumulates  after  each  evacuation, 
until  finally  a  spontaneous  opening  takes  place,  unless 
it  is  anticipated  by  an  artificial  one.  Occasionally,  how- 
ever, a  favorable  result  follows  repeated  aspirations,  as 
occurred  in  the  case  of  an  extensive  pytumic  abscess  over 
the  sacrum,  in  the  practice  of  a  colleague.  It  was 
aspirated  twent^'-one  times  in  twenty  five  days,  twenty 
ounces  of  pus  being  withdrawn  at  the  first  "operatioii, 
and  three  ounces  of  serum  at  the  last.  But  such  cases 
are  juobably  best  treated  by  the  method  of  incision,  as 
above  mentioned-  An  exception  to  this  rule  is  an  abscess 
occurring  in  a  person  the  subject  of  the  hemorrhagic 
diathesis.  Such  cases,  when  active  interference  is  neces- 
sary, should  l)e  aspirated  rather  than  incised,  as  the 
hemori-hage  would  be  less,  and  probably  could  be  more 
easily  controlled.  Hepatic,  perinephritie,  and  some  other 
deep  collections  of  pus  may  occasionally  be  treated  by 
repeated  aspirations.  The  diagnosis  is  thus  rendered 
certain,  the  shock  of  the  operation  is  less  than  that  which 
follows  incision,  and  in  a  certain  proportion  of  cases  a 
favorable  result  will  be  obtained. 

II(vmnt,omri. — Collections  of  blood  in  the  cellular  tissue 
resulting  from  contusion  or  other  injury  may  often  be 
satisfactorily  treated  by  aspiration,  one  or  two  operations 
being  sufficient  in  manj-  cases  to  effect  a  cure.  A  large 
nceiUe  or  trocar  may  be  used  to  evacuate  the  contents, 
and  firm  pressure  should  be  a]iplicd  to  prevent  a  return 
of  the  affection.  The  withdrawal  of  effused  blood  by 
this  method  is  much  more  successful  than  the  evacuation 
of  pus,  and  seldom  does  harm. 

Pliiiriiic  effusions  can  be  readily  drawn  off  with  Po- 
tain's  aspirator.  It  is  better  to  use  a  trocar  than  a  needle 
in  these  cases,  as  b_y  so  doing  there  is  less  danger  of  in- 
juring the  huig.  The  puncture  may  be  made  in  the 
eighth  or  ninth  intercostal  space,  about  two  inches  below 
the  angle  of  the  scainila.  The  operation  should  cease 
the  instant  pain  or  coughing  sets  in,  but  it  may  be  re- 
peated as  often  as  necessary.  Should  the  fluid  reaccimiu- 
late  less  raiiidly  after  each  evacuation,  and  the  general 
health  improve  orat  least  remain  good,  a  favorable  result 
may  lie  expected  by  persisting  in  the  treatment. 

It  is  the  opinion  of  many  who  have  had  a  large  experi- 
ence with  this  operation,  that  ether  should  seldom,  if 
ever,  be  given  duiing  its  performance.  A  number  of 
fatalities  have  resulted  from  this  prjictice.  The  pain  is 
neither  severe  nor  of  long  duration.  Children  may  be 
restrained  by  moderate  force,  and  adults  seldom  request 
an  ana'sthetie  if  the  danger  isexplained  tothem.  Should 
it  be  thought  necessary  to  administer  ether,  a  few  whiff.s, 
just  enough  to  produce  primary  annesthesia.  is  sufficient, 
and  is  much  safer  than  complete  etherization.  But  the 
rule  should  be.  use  no  anesthetics  in  tapping  the  chest. 

The  perinirdinm  may  be  sjifcly  aspirated  with  the 
smallest  needle,  as  follows:  The  puncture  is  to  be  made 
in  the  fourth  intercostal  sjiace.  one  inch  ("2.5  cm.)  from 
the  left  border  of  the  sternum,  and  the  instrument  carried 
slowly  backward,  upward,  and  a  little  toward  the  median 
line.  The  puncture  may  also  be  made  in  the  fifth  inter- 
space, an  inch  and  a  half  to  the  left  of  the  stennun.  To 
avoid  wounding  the  heart  it  is  important  that  the  vacuum 
should  extend  throughout  the  needle  at  the  earliest  mo- 
ment ])ossible.  Little  danger  need  be  appreheijjied,  even 
if  that  organ  is  touched  with  the  needle,  'nie  latter 
should  immediately  be  withdrawn  under  tlu'si'  circum- 
stances and  introduced  in  another  place.  Aspirating 
the  pericardium  is  an  operation  that  will  not  often  be 
required. 

Should  it  be  deemed  advisable  to  evacuate  the  fluid  in 
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a  case  of  hycJrocephidiiK,  it  may  bo  done  with  the  smallest 
needle.  The  piiuetiire  should  be  niiide  throuirh  the  an- 
terior fontanelle.  far  enough  from  the  median  line  to 
avoid  the  longitudinal  sinus.  Experienee  gives  slight 
encouragement  for  the  performanee  of  this  ojieration. 

Spiiiii  hifida  has  lieen  cured  by  aspiration,  either  alone 
or  follov,-ed  by  some  stimulating  iiijecliou.  The  small- 
est needle  shoukl  be  used,  and  pressure  imtiiediately 
applied. 

Tiimorx  may  often  be  advantageoiisly  aspirated  to  de- 
termine their  character  or  contents,  but  it  is  .seldom  that 
the  operation  is  of  any  curative  value.  The  most  notable 
exception  is  prolxibly  that  of  acyst  of  the  broad  ligament, 
cases  of  which  have  been  cured  by  one  as|)iralioiT. 

T>/)ii/iiiriit<'K  can  be  temporarily  relieved  liy  aspirating 
the  intestines  with  a  line  needle,  but  the  method  pioliably 
has  no  advantages  over  simple  tapjiing,  and,  moreover, 
it  is  not  entirely  free  from  danger,  as  e.xtiavasalion  of 
fa'ces  has  followed  and  caused  a  fatal  termination. 

The  jirincipal  dangers  to  be  apprehended  in  p<'rform- 
ing  aspii-ation  are  the  wounding  of  large  veins,  arteries 
being  seldom  injured  iu  this  manner,  extravasation  of 
faeces  and  suppurative  arthritis,  as  mentioned  above,  and 
peritonitis  from  tii]iping  the  abdomen.  In  conclusion  it 
may  bi>  .said  that  wliile  as])iration  is  generally  safe,  yet, 
like  every  other  operation,  it  should  always  be  carefully 
performed,  and  with  a  full  under.stan(lingof  the  ])ossible 
accidents  and  results,  Oeon/e  W.  (.iny. 

ASPIRIN— Acetyl  salicylic  acid,  CJI,,OCO,Cn,,C()- 
oll.  is  prepared  b\-  acting  upon  sjilicylic  acid  with 
aeelii'  aiiliyilride.  It  crystallizes  in  whiter  needles,  which 
are  soluble  in  aliout  one  hunilred  parts  of  water,  and 
]iraclii'all.v  in.soluble  iu  acids.  Alkaline  fluids  dissolve 
it  freely,  but  split  it  up  into  its  components. 

Asjiirin  is  a  recently  introduced  remedy  which  has 
been  used  with  good  success  in  acute  rhetunatism.  Be- 
ing insoluble  in  the  gastric  .iuice  it  passes  unchanged 
into  the  duodenum,  and  there,  in  the  alkaline  fluids  of 
the  intestine,  it  is  broken  up  to  form  salicylates  and 
acetates.  Over  sodium  salicylate  it  possesses  the  ad- 
vantages of  not  deranging  the  stomacli  and  not  causing 
cardiac  depression,  nervous  symptoms,  tinnitus  aurium, 
deafness,  etc.  Aspirin  may  therefore  be  u.sed  in  lar,ge 
(lo.se  even  in  cases  of  cardiac  disease.  The  usual  ilose  is 
ten  to  twenty  grains  two  or  three  times  a  day,  increased 
in  the  resistant  cases  to  every  two  hours.  It  is  admin- 
istered in  capsule,  or  suspended  iusyiup.  or  in  a  mixture 
with  syrup  and  .gaultheria  water.  IT.  .1.  /lunta/o. 

ASSIMILATION.     See  MrlnMism. 

ASTEROL. — Para-sulpho.|)henol  mercurv  and  ammo 
Ilium  tartrate  — C,  =  H, „().S.,Hg,4C', II, ()„(NH,).,-fHlI.,(). 
This  is  a  preparation  claimed  by  its  manufacturers  to 
contain  fifteen  per  cent,  of  mercury,  to  have  less  action 
on  metals  than  other  mercury  compounils,  and  to  jire 
ci]iitale  albunun  to  only  a  small  degree.  Steinmann's 
investigations  have;  sustained  these  claims,  and  he  states 
that  one  to  ten  jier-cent.  solutions  of  albumin  are  pre 
cipitated  by  (). l-|)er-ccnt.  solution  of  mercuric  chloridi', 
wliile  they  are  made  only  slightly  opalescent  by  a  solu- 
tion of  asterol  of  the  same  strength.  Vert uii  has  ques- 
tioned the  claims  of  the  manufacturers,  stating  that  he 
found  only  eleven  per  cent,  of  mercury,  and  that  it 
would  attack  surgical  instruments  and  precipitate  al 
biirnin.  Asterol  is  a  brown  powder,  slowly  soluble  in 
cold  water,  and  rapidly  soluble  in  hot  water  with  the 
formation  of  a  permanent  solution.  It  is  used  as  an 
antiseptic  substitute  for  mercuric  chloride  in  0. 1  to  four 
per-cent.  aqueous  .solution.  Such  a  solution  of  O.T-per. 
cent,  strength  is  equivalent  in  anti.septic  power  to  a  (1.1- 
percent,  solution  of  mercuric  chloride. 

ir.  .1.  BitKttdo. 

ASTHENOPIA  (from  (inftrvi/r,  weak,  and  (Ji/i,  eye)  is  the 
name  proim.sed  by  Mackenzie  (1848)  to  designate  a  com- 
plex of  symptoms  constituting  so-called  weakness  of  sig/it. 


"  By  asthenopia  is  understood  that  state  of  vision  in  which 
the  eyes  are  unable  to  sustain  continued  exercise  u|Km 
ne'ar  objects,  although  the  patient,  upon  tirst  viewing 
such  objects,  geneially  sees  them  distinctly,  can  employ 
his  si,glit  for  any  len.>:t]i  of  time  in  viewing  distant  ob- 
jects, and  presents  no  external  appearance  of  disease  in 
his  eyes.  ...  In  the  open  air  the  jiatient  makes  no 
complaint,  being  able  to  discern  distant  objects  clearly 
and  without  fali,gue.  .  ,  .  In  readin.g,  .sewing,  and  the 
like,  he  is  obliged,  partly  from  the  confusion  which 
seems  to  spread  over  the  objects,  jiartly  from  a  feeling 
of  fatigue  in  the  eyes,  to  internqit  the  exertion.  ...  A 
very  short  period  of  rest  is,  in  general,  sutticieiit  to  re- 
cruit the  sight,  so  that  tlu'  power  of  |)erceiving  small 
objects  returnsand  the  patient  is  in  a  condition  toresume 
his  eniployineiit.  .  .  .  When  near  objects  fade  away,  as 
it  were,  from  the  asthenopic  siglit,  some  patii'tits  feel  it 
a  sutlicient  relief  to  turn  tlieirattentioii  to  remote  objects, 
which  they  continue  to  see  iierfectly  ;  others  find  remote 
objects  also  to  appear  confused,  and  require  to  shade 
their  eyes  till  the  attack  wears  off.  The  most  complete 
relief  is  in  all  cases  obtained  by  shutting  the  eyes.  .  .  . 
Asthenopia  is  rarely  observed  toeommence  in  those  wlio 
have  already  reached  the  middle  iieriod  of  life,  but  al- 
most exclusively  takes  its  origin  in  childhood  or  youth. 
.  .  .  Few  patients,  not  even  those  who  arc  mere  children, 
continue  to  be  long  afi'ect<'(l  with  asthenopia  without 
making  use  of  convex  glasses.  ...  A  child,  engaged 
in  learning  its  lesson,  complains  that  it  cannot  see.  and 
lepeatstlK' com])laint  .so  frecpiently,  especially  by  candle- 
light, that  his  father  or  .grandfather  at  last  says,  'Try 
my  glasses,'  The  cliilil  now  sees  jii^rfeetly.  and  night 
after  night  the  loan  of  the  .glasses  is  rei|uired  before  the 
task  can  be  finished."  To  complete  this  gra])liic  sketch, 
by  Mackenzie,  it  is  only  necessary  to  add  that,  as  a 
rule,  the  asthenope  .sees  perfectly  at  a  distance  with  the 
same  convex  glasses  which  make  it  easy  for  him  to  read, 
and  that  he  needs  onl}'  to  wear  convex  glasses,  of  the 
greatest  strength  compatil)le  with  distinct  vision  at  a 
distance,  to  be  at  once  and  completely  relieved  of  his 
disaliility. 

No  allusion  to  asthenopia  is  to  be  found  in  the  medical 
writin.gs  of  antiquity.  Taylor  (lTfJ6)  sketches  its  symp- 
toms in  a  few  lines  under  the  name  "debilitas  visus." 
Scarpa  (1801)  mentions  it  as  one  of  several  forms  of  "in- 
c(miplete  amaurosis,"  and  says  of  it  that  it  is,  "properly 
speaking,  not  .so  much  an  amaurosis  as  a  weakness  of 
sight  from  fatigue  of  the  nerves,  and  especially  of  those 
which  constitute  the  immediate  organ  of  vision,"  i.i'..  of 
the  o|itic  nerve  ami  retina.  .Several  later  writers  on  the 
diseases  of  the  eye  have  .given  excellent  descriptions  of 
asthenoiiia,  but  always  in  connection  with  amblyopia  or 
amaurosis,  of  which  it  was  assumed  to  be  an  early  stage 
and,  therefore,  !i  ]irecursor  of  blindness.  Gradually 
stress  came  to  be  laid  iqion  fati.guc  as  the  essential 
symptom,  but  as  the  seat  of  the  fati.gue  was  still  thou.cht 
to  be  in  the  retina,  it  was  sup]iosed  that,  if  neglected,  it 
might  develop  int<i  amaurosis  and  <'nd  in  loss  of  sight. 
Next,  it  was  shown  that  asthenopia,  even  of  nianv  years" 
duration,  does  not  result  iu  actual  impairment  of  vision, 
and  so  it  came  to  be  regarded  as  a  condition  of  "morbid 
sensibilitv  of  the  retina,"  or  else  as  an  ainblyo])ia  of  a 
special  and  benignant  type.  Later,  the  fact  began  to  be 
recognized  that  the  essential  phenomena  of  asthenopia 
are  such  as  to  su.ir.eest  muscular  fatigue,  and  the  ex- 
planation was  sought  in  weakness,  or  in  overtension,  of 
one  or  more  of  Iheextcrn.'il  muscles  of  Iheeyeball.  Still 
later,  with  a  .irrowing  belief  in  the  existence  of  a  true 
accommodative  adjustment,  asthenopia  was  thought  to 
be  the  result  of  weakness  of  this  function,  and  so  was 
brought  into  connection  with  so-called  iiresbvojiie  vision 
in  young  persons.  Finally,  through  the  discovery  of 
the  mechanism  of  accommodation,  and  the  demonstration 
of  hypermetropia  as  an  error  of  refraction,  the  way  was 
opened  for  the  ri'cognition  of  the  true  cause  of  asthenopia 
in  an  overloadin.L'  of  the  aeeommodation  iiu-ident  to  the 
displacement  of  the  rc.irion  of  accommodation  in  livper- 
metropia.     Asthenopia  is,  therefore,  not  properly  a  dis- 
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case,  Init  a  complex  of  symptoms  dependent  on  an 
iiuomalv  of  ivtraetioii.     (See  IJi/ixi-metropia.) 

Ilypernietioiiia  maybe  brielly  defined  as  a  structural 
anoiiialy  in  wliieli  llie  refractive  power  of  the  eye,  in  a 
.state  of  rest,  is  insiillicient  to  focus  parallel  rays  upon 
the  retina.  In  the  highest  .sraides  of  hypermetropia,  the 
total  accommodalive'powei-  of  the  eye  (absolute  range 
of  aeeommo(ialion)  may  be  inudeiiuale  to  meet  the  re- 
i|uireMients  of  disiiiirl  vi.sion,  even  at  a  distance,  and  the 
rondilion  may  then  bear  a  supertieial  resemblance  to 
amblyoiiiai  but  in  the  medium  and  lower  grades  there 
is  ordinarily  developed  a  state  of  habitual  tension  of  the 
accommodation,  under  which  the  ad.iustmcut  for  dis- 
tance, and  in  many  cases  for  the  near  also,  may  be  easily 
and  uneonsciously  performed.  In  other  cases,  little  or 
no  iueonvenience  is  felt  in  distant  vision,  but  the  greater 
{■xercise  of  the  accommodation  required  for  reading  or 
other  near  work  is  felt  to  involve  elTort,  and  becomes 
wearisome.  The  fatigue  in  accommodation  for  near  ob- 
jects does  not,  however,  imply  an  actual  insufficiency  of 
the  accommodation  for  the  work  imposed  upon  it,  for 
the  position  of  the  absolute  near  pomt  (p)  in  youthful 
hyiiermetropes  is.  in  most  cases,  w-ell  within  the  distance 
at  which  the  book  is  usually  held  in  reading,  and  it  is 
also  ti'ue  that  in  liypermetro]5ia  complicated  with  stra- 
bismus, in  which  condition  the  crossed  eye  takes  no  part 
in  the  visual  act,  reading  is  not  ordinarily  attended  with 
especial  ditficultj',  at  least  during  cliildhood  and  youth. 
The  principal  determining  cause  of  asthenopia  is,  in 
fact,  to  be  sought  in  the  close  correlation  of  the  two 
functions,  accommodation  and  convergence,  whereby 
any  given  exercise  of  the  accommodation  tends  to  evoke 
a  conesponding  exercise  of  the  convergence,  and,  con- 
versely, an.y  given  exercise  of  the  convergence  tends  to 
evoke  a  corresponding,  and  no  greater,  exercise  of  the 
accommodation.  Hence,  in  hypermetiopia.  either  the 
accommodation  required  for  distinct  vision  at  any  given 
short  distance  may  be  associated  with  excessive  conver- 
gence, and  so  may  lead  to  the  development  of  convergent 
strabismus,  or  the  convergence  necessary  for  binocular 
vision  at  the  given  distance  may  be  associated  with  in- 
sufficient or  strained  accommodation  for  that  distance, 
and  .so  may  give  rise  to  asthenopia. 

Asthenopia  ma.y  be  detined.  then,  as  fatigue  incident 
to  a  contiict  between  accommodation  and  convergence 
when  partially-  divoieed  through  the  displacement  of  the 
region  of  accommodation  in  hypermetropia. 

Although,  strictly  speaking,  asthenopia  is  a  misnomer, 
for  it  is  not  a  condition  of  weakness,  nevertheless  weak- 
ness (paresis)  of  acconniiodation  may  give  rise  to  a  train 
of  symptoms  not  readily  to  be  distinguished  from  true 
asthenopia.  In  paresis  of  accommodation  following 
diphtheria,  the  simulation  of  asthenopia  is  perfect,  but 
the  history  of  sore  throat,  the  accomjianying  affection 
of  speech  and  of  deglutition  due  to  paresis  of  "the  faucial 
muscles,  the  absence  of  previous  disturbance  of  tlie  ac- 
commodation, and  above  all  the  absence  of  hyperme- 
tropia make  the  diflferentiai  diagnosis  easy. 

Fatigue  from  long  continued  tension  of  both  accom- 
modation and  convergence  in  reading  or  in  line  work  at 
too  short  a  distance,  as  by  bad  light,  etc..  may  develop 
into  a  condition  of  <lisabirity  in  wliicli  all  use  of  the  eyes 
becomes  wearisome  or  jiainful.  Astigmatism,  regiilar 
or  irregtdar,  distortion  of  the  cornea  from  keratitis  or 
corneal  ulcers,  dazzling  of  the  retina  by  diffused  light 
tran-smitted  by  corueai  nebuUe.  effusions  in  the  field  of 
the  pn]iil,  structural  defects  in  the  cry,stalline  lens,  etc., 
may  thus  disable  the  e_vcs  for  continued  exertion  by 
making  it  impossilile  to  distinguish  small  objects  except 
at  an  abnormally  short  distance;  but  these  are  essentially 
cases  of  Imperfect  vision,  and  the  disabilities  to  which 
they  give  rise  are  not  propeiiy  to  be  clas.sed  with  as- 
thenopia. 

Astigmatism  may.  however,  be  a  cause  also  of  true 
asthenopia.  Thus  in  simple  hypermetropic  astigmatism 
(Ah),  or  in  ml.\ed  astigmatism  (.\mh  or  Ahm)"  if  the 
ocular  meridian  of  least  refraction  Is  horizont;il  or  ap- 
proximately horizontal,   the  hypermetrojila  in  this  m('- 


ridian  may  give  rise  to  a  displacement  of  the  region  of 
accommodation  just  as  in  simple  hypermetropia;  and  in 
compound  hypermetropic  astigmatism  (H  +  Ah)  thisdis- 
])lacement  may  be  equal  to  the  sum  of  the  displacements 
due  to  the  hypermetropia  (H)  and  to  the  hypermetropic 
astigmatism  (Ah).  But  in  astigmatism  there  is  also  im- 
pairment of  the  acutenessof  vision,  due  to  the  asymmet- 
rical ocular  refraction,  and  for  this  reason  the  drsabillty 
resulting  from  any  given  grade  of  hypermetropic  as- 
tigmatism is  ordinarily  greater  than  that  resulting  from 
an  equal  grade  of  uncomplicated  hypermetropia.  In 
asthenopia  complicated  by  hyiiermetropic  astigmatism 
it  is,  therefore,  often  more  Important  to  correct  the  as- 
tigmatism, by  means  of  appropriate  convex  C3'lindrical 
glasses,  than  to  correct  the  hypermetropia,  b_y  convex 
spherical  glasses,  without  regard  to  the  astigmatism. 

The  name  asthenopia  e.r  liypcropsia  was  formerly  used 
to  designate  a  state  of  persistent  w-eariness  and  irritabihty 
of  the  eyes  brought  on  by  long-continued  application  to 
fine  work,  especially  when  pursued  under  unfavorable 
physical  or  hygienic  conditions.  The  frequent  continu- 
ance of  the  disability  even  under  prolonged  rest  from 
work,  also  the  fact  that  a  like  train  of  .symptoms  may 
follow  enforced  disu.se  of  the  eyes  as  a  result  of  injury, 
inflammation,  etc.,  led  .similarly  to  the  recognition  of  a 
so-called  asthenopia  e.r  anopsia.  JIany  of  the  cases  for- 
merly included  under  one  or  the  other  of  these  two  groups 
were,  in  fact,  cases  of  true  asthenopia  dependent  on 
hypermetropia  or  on  hypermetropia  with  astigmatism, 
complicated,  perhaps,  by  some  other  structural  defect 
involving  impaired  acuteness  of  vision.  In  other  cases, 
in  the  absence  of  noteworthy  refractive  error,  the  ex- 
planation of  the  disiibility  must  be  sought  in  a  disor- 
dered state — irritability,  atony,  etc.,  of  the  accommoda- 
tion. Under  these  conditions,  general  hygienic  measures, 
careful  attention  to  any  accompanying  irritation  of  the , 
cx)njunctiva,  etc. ;  in  some  cases  the  use  for  a  time  of 
mydriatics,  to  secure  complete  ph\-slological  rest  of  the 
accommodation;  in  other  cases  carefully  regulated  and 
progressive  use  of  the  eves  in  reading,  either  with  or 
without  glasses,  and  mild  stlmidation  of  the  accommoda- 
tion by  the  systematic  use  of  myotics,  particularly  of 
]illocarpine  in  a  weak  solution,  are  often  most  useful. 

A  condition  of  hypera'sthesia  Is  not  Infrequently  de- 
veloped, generally  in  persons  of  irritable  temperament, 
which  manifests  itself  by  over-sensitiveness  to  light  or 
by  discomfort  or  pain  in  the  eyes,  headache,  dizziness, 
nausea,  or  other  nerxous  symptoms,  after  even  moderate 
use  of  the  eyes  in  near  work.  Such  cases  are  more  fre- 
quently observed  In  women  than  in  men,  and  oftenest  in 
women  in  comparatixely  easy  circumstances,  or  who 
lead  a  sedentary  rather  than  a  physically  active  life. 
Such  patients  often  suffer  from  impaired  digestion  and 
nutrition,  constipation,  menstrual  derangements,  etc.  In 
general  they  need  careful  hygienic  supervision,  regula- 
tion of  the  diet,  correction  of  constipation  by  daily  small 
doses  of  laxatives,  combined,  perhaps,  with  belladonna 
or  hj'oscyamus.  or  with  strychnine,  iron,  arsenic,  etc. 
Refractive  errors  (liypermetro]ila,  anisometropia,  astig- 
matism, etc.).  so  slight  as  ordinarily  to  be  negligible, 
may  also  rciiuire  correction  by  means  of  very  carefully 
adjusted  glasses.  The  regular  use  of  the  ejes  in  reading 
should  be  encouraged,  at  first  for  perhaps  only  a  few 
minutes  at  a  time,  increasing  by  very  gradual  additions 
as  the  patient  acquires  confidence  and  the  eyes  gain  in 
capacity  for  exertion.*  Pilocarpine,  instilled  daily  into 
the  eyes  in  very  small  doses,  is  also  often  of  decided 
benefit. 

Disease  of  the  frontal  sinuses  or  of  the  ethmoidal  cells 
may  be  a  CiUise  of  persistent  headache,  with  Inability  to 
use  the  eyes  in  near  work.  Sensitiveness  to  jiressure 
made  against  the  roof  and  inner  side  of  the  orl)it,  espe- 
cially In  the  region  of  the  pulley  of  the  superior  oblique 
muscle,  has  been  noted  by  Ewjng  as  a  diagnostic  sign  of 
this  condition  (Transactions  of  the  American  Ojihthal- 
mological  Society,  1900). 

•E.  Dyer:  Trans.  Am.  Ophllial.  Society,  1865. 
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A  siR'ciul  typo  of  ocular  Iiyiicra'sllicsia  1ms  Ijccii  de- 
scribed by  Forster,  and  naiiieil  by  bim  kopinimi  *' Ityxtiricn. 
Tbis  anVetioii  stands  in  close  relation  to  parametritis, 
and  is  gem'rally  rebellious  to  all  tberajieutic  measures 
directed  to  tbc  eyes;  its  course  is  extremely  tedious,  but 
recovery  generally  takes  place  wben  tbe  pelvic  disease 
lias  been  arrested  or  lias  run  its  course. 

Musoui..\u  Astitt;n(>im.\. — As  in  bypermetropia,  with 
ace\irat(^  coiiverfreuce,  tbe  aeconunodation  is  forced  to 
[lerform  its  work  at  a  disadvautanc  so  in  myoj)ia  tbe 
rela.\atio!i  of  the  accommodation  in  near  vision  may  give 
rise  to  conditions  unfavorable  to  the  jierfect  and  easy 
exercise  of  tbe  convergence.  As  a  consequence  of  tbe 
close  pbysiological  connection  between  tbe  two  adjust 
ments,  the  voluntary  etlort  to  accommodate  tends  to 
evoke  a  corresponding  degree  of  cimvergenee.  and  tlic 
{'flfort  to  converge  tends  to  evoke  a  corresponding  degree 
of  aeconunodation.  In  bypermetropia,  as  bas  been  al 
ready  stated,  eitber  tbe  convergence  may  be  accurately 
adjusted  for  single  .vision  with  tbe  two  eyes,  in  wliieb 
(•as(t  the  relativ<>  ncconiniodalion  may  be  insuilieient  for 
continuous  distinct  vision  at  tlie  distance  of  tbe  jioint  of 
intersection  of  the  visual  axes,  or  tbe  accommcidation 
may  be  exerted  to  tbe  degree  necessary  to  ailmit  of  dis- 
tinct vision,  and  tbe  correlated  excessive  impulsi-  to  con 
verge  may  lead  to  crossing  of  the  eyes.  So  in  myopia, 
normal  convergence  may  be  associated  with  useless  or 
harmful  tension  of  the  aeconunodation,  or  the  relaxation 
of  the  acconuuoilation  in  near  vision  may  be  associated 
with  insniticient  tension  of  the  recti  interni  muscles,  thus 
necessitating  a  special  voluntary  effort  to  maintain  single 
vision  with  tln^  two  eyes  and  so  leading  to  nuiscular 
fatigue,  or,  in  default  of  this  siieeial  exertiini,  permitting 
one  of  the  eyes  to  diverge  (relatively  or  actually),  with 
sacrifice;  of  binocular  vision. 

Fatigue  of  the  recti  interni  muscles  is  mentioneil  liy 
Scarpa  (1801)  as  an  occasional  cause  of  asthenopic  symp- 
toms, and  it  was  at  one  time  tlie  fashion  to  invoke  dis- 
ordered action  of  the  <'Xternal  muscles  of  the  eyeball  as 
tbe  princijial  cause,  and  to  extol  tbe  division  of  one  or 
another  of  these  muscli's  as  the  principal  renie<ly  in  as 
theno]iia  generally.  Hut  the  recognition  of  muscular 
asthenopia,  as  a  distinct  type,  became  possible  only  after 
correct  vi<'ws  had  come  to  be  held  regarding  the  nature 
and  mechanism  of  acconinindation  ;  and  its  connection 
with  myopia  was  revealed  only  in  connection  with  tbe 
(exhaustive  study,  by  Donders,  of  theacconunndation  in  its 
relation  to  the  errors  of  refraction. 

Muscularaslhenopia  is  a  din'Ct  result  of  tbe  |iiTsisleriee 
of  tbe  physioldgical  comiectiou  between  acconnnodatioii 
and  convergence,  nol  wilbslanding  the  displacement  (if 
the  farthest  pnint  of  distinct  visicn  (/■)  in  the  myopic  eye. 
If.  for  example,  we  assume  a  myopia  of  four  dio|)(ries, 
ibe  far  point  will  be  only  one-foiu'th  of  a  metre  (about 
ten  Englisli  inches)  from  the  eye,  and  this  will  l)i>  the 
greatest  distance  at  which  fine  print  can  be  distinctly 
seen  under  full  relaxation  of  tbe  accommorlation.  But 
full  relaxation  of  tbe  aeconunodation  is,  under  normal 
conditions,  associaterl  with  full  relaxation  of  the  conver- 
gence, whereas  the  reimirenientsof  single  vision  demand  a 
convergence  of  four  /»(://■<;  inif/li.t.\  The  relation  ncu-mally 
existing  between  accommodation  and  convergence  must 
therefore  needs  be  materially  altered  in  order  to  admit 
of  distinct  binocular  vi.sion  at  or  near  the  far  jioint;  and 
such  altered  relation  is,  in  fact,  observed  in  tbe  greater 
number  of  cases.  But  myopia  is.  as  a  rul<\  an  acepiired 
affection,  and  is  often  of  mjiid  development,  in  which 
case  tiie  necessary  adaptation  may  fail  to  keep  pace  with 
the  change  of  place  of  the  far  point,  and  thus  a  st;ite  of 
coiiHict  between  accommodation  and  convergence  may 
ari.se,  In  this  conflict  the  convergence  is  oftenest  tbe 
victor,  for  the  reason  that  double  vision,  wben  first  de 


♦  From  (coTTiaw,  Ut  l)e('ome  weary,  and  w*//.  eye. 

i  Metre  atmJr^  a  naiiu'  projKised  by  Nat^el  t(i  designate  tlic  unit  of 
cfinverL'ence  corre.spnndintr  tx>  one  dioptrie  of  arcoinnindatien.  In 
convertrenre  for  a  iMiint  :t,  :i.  I.  ^,  Mi.  V^,  el<"..  in'-tres  disiant,  the  con- 
vertfi'ni'e  Is  said  to  be  of  ^,  K>.  I.  -.  •!.  4,  etc..  inctle  ant'lcs.  and  t!i" 
acroraniodatioti  (in  eininetropia)  is  simitariy  oM-ii,  H;,  U  ".  -J,  l,  etc.. 
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veloped,  gives  rise  to  very  great  confusion  of  sight,  while 
excessive  accommodation  may,  in  a  young  person,  in- 
volve no  particular  inconvenience  other  than  the  necessity 
of  holding  the  book  or  work  neaier  to  the  eyes.  In  other 
cases,  however,  the  habit  is  formed  of  relaxing  the  ac 
eommodation  in  order  to  see  distinctly  at  (a'  near  the  far 
point,  and  a  special  cITort  of  the  will  may  then  be  re- 
quired tdcjlcct  the  necessary  convergence.  The  fatigue 
which  attends  this  elfort  to  maintain  the  Cdnvergence. 
simultaneously  with  relaxation  of  the  accommodation, 
constitutes  muscular  asthenopia* 

Regarding  the  curability  of  astla'iKipia  opposite  views 
have  prevailed  at  dilTereiit  times.  Until  the  dependence 
of  accommodative  asthenii]iia  ujioii  bypermetropia  bad 
been  (h'lnonstrated  by  Donders.  it  was  g<'iierally  believed 
to  be  curable,  at  least  in  certain  eases,  and  the  means 
ad(ipte<l  were  such  as  we  unw  recognize  as  tending  to 
bring  about  a  state  of  iniprove<l  co-ordination  between 
accommodation  and  convergence,  namely,  tbe  use  of  cnii 
vex  glasses  of  the  least  power  compatible  with  the  com 
fortabh;  use  of  the  eyes,  which  glasses  were  afterward  to 
be  exchanged  for  ])rogressively  weaker  glasses,  in  the 
bojie  of  being  able  ultimately  to  dispense  w Kb  them  alto- 
gether. That  tbis  plan  of  treatment  was  not  altogether 
irrational  is  evident  finm  the  cxiicrieuce  of  the  very 
large  number  of  young  hy|ierinetropes  who  are  able  to 
use  their  eyes  freely  in  ])rolonged  near  work,  a  fact  en- 
tirely in  accordance  with  the  observation  of  Donders,  that, 
with  parallel  visual  axes  and  also  under  moderate  con 
vergenci',  tbe  hypermetropic  eye  ordinarily  brings  into 
usi;  much  more  of  its  accommodation  than  does  the  em- 
metropic eye  under  like  conditions.  Jloreover,  it  is  not 
unc(nnmon  for  astbencipic  symptoms,  occurring  in  con- 
nection willi  hypermelro[iia  of  moderate  grade,  to  disap 
jiear  after  a  few  weeks  or  monliis  of  relief  from  strain 
all'orded  by  tbe  use  of  weak  convex  glasses  in  reading 
and  study.  In  these  cases  the  glasses  give  great  relief 
wben  first  worn,  but  after  a  time  ihe  need  of  them 
Cdines  to  be  less  urgently  felt,  so  that  the  child  begins 
to  d(j  without  them,  and  at  last  forgets  to  use  them  at 
all.  But  these  cures,  however  satisfactory  they  may  be 
for  the  time  being,  are  apt  to  be  followed  by  relajises. 
which,  again,  may  yield  to  a  new  fdiiise  of  treatment  by 
glasses,  until,  Willi  increasing  age  and  tbe  acconi|ianying 
restriction  of  the  range  of  acconimndatioii,  Ihe  liabitual 
iisi;  of  convex  gla.sses  becomes  imperative. 

Asthenopia  may  be  treated  also  by  acting  directly  upon 
the  accommodation  by  tbe  methodical  use  of  myotics. 
In  his  original  study  of  tbe  aclioii  of  Calabar  bean.  Don- 
ders ob.served  that  (he  range  of  aecommodalion  is  posi 
lively  increased  after  the  iiislillal iciii  of  this  drug,  and 
thatlhis  increase,  which  is  gieatesl  afferaboul  Iwohours. 
diminishes  rather  slowly.  He  observed,  also,  a  material 
increase  in  the  accommodation  as  related  to  the  conver 

*'l'tie  conditions  whieli  determine  the  development  of  astbeoopia 
may  be  slated  in  a  irenerai  fnnn  as  follows : 

In  the  normal  conduion  of  the  eyes  (etnmetropia),  under  an  exercise 
of  the  accommodation  ci|ijal  to  ii  rlioptries,  each  eye  is  adjusted  for 

distinct  vision  at  a  distance  of  —  metre,  and  with  tliis  accommodation 

/( 
of  ji  dioptries  there  is  a.ssociated  a  fh'jrree  of  convergence  eiiual  to  *( 
metre  atigles:   the  visual  axes  intersect,  therefiire,  at  the  exact  dis- 
tance (—metrei  for  which  the  two  eyes  are  severally  accommodated, 

and  tlie  two  ad.instnients  are  perfornn*d  in  perfect  harmony. 

ni  hypermetropia  a  friven  exercise  of  the  accommodation,  say  of /( 
dioptrics,  is  re(niircd  for  distinct  vision  at  a  distanc*e,  at  the  same  time 
that  the  ciJiivertrence  is  relaxed  to  zero  (parallelism  of  the  visual 

axes),  so  tlmt  for  vision  at  the  distance  of  -  -  metre  a  degree  of  con- 
vergence eejtial  to  H  metre  angles  must  he  associated  with  an  exercise 
of  tilt;  accommodation  I'qnal  to  /( -f  /(  dioptries;  the  lelatively  exces- 
sive demand  thus  made  upon  the  aeconunodation  may  l)e  atti-nded 
with  fatigue  from  relative  insullicieticy  of  the  acconnnodatioii  loc- 
ciitnitmilitlivr  asllitui>i>iii). 

In  myopia,  say  of  iii  dioptries.  distinct  vision  at  a  distance  is  im- 
possible, and  for  vision  at  a  distance  (Within  the  lindls  of  tlH'rcL'iou 

olaccoininodation)  of  —  metre  from  the  i-ye,  an  e.xercise  of   the  ac- 

eommodation  etpial  to  n  —  m  dioptries  must  be  a.ssociated  with  a 
convergence  of  n  metre  angles;  the  relatively  exce.ssive  demand  thus 
made  upon  the  I'onvergeiii'i'  may  be  attended  with  fatigue  from  rela- 
tive Insulllciency  of  the  recti  interni  muscles  {iiuiscnt'ii-  iiMhiiuniuiK 
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gcncc  nmoimtiiiff  to  mtbov moro  than  0.8  dioiitric  eleven 
houis  after  llie  instillation  ;  and  he  nialies  the  very  ."ii.iiniti- 
caut  remark  that  "liyiiernietro])e.s,  tinder  the  douhle  ad- 
vantage of  .snialliT  eireles  of  difTusion  and  of  easier  ten- 
sion of  aceomniodatioii,  lose  for  a  time  their  asthenopia." 
The  introduction  of  ]iiloearpiiie  in  ophthalmic  therapeu- 
tics has  made  it  practicable  to  keep  u])  a  moderate  myot- 
ic action  for  an  jilmost  indefinite  period,  witlimit  injuri- 
ous spasm  of  accommodation.  In  eases  of  astheuojiia  in 
youiis  iiersons.  associated  with  hyiiermetropia  of  low 
gnide.  piIoear|iiiie  may  he  em]iloyed  in  the  form  of  a 
weak  .solution,  instilling  any  desired  fraction  of  a  minim, 
measured  by  means  of  a  slender  glass  pipette.  The  in- 
stillation may  be  made  morning  and  evening,  and  after 
a  few  weeksat  night  only;  or  the  effect  ma.y  be  gradu- 
ally diminished  liy  reducing  the  quantity  used  or  the 
strength  of  the  solution.  In  this  way  it  is  often  practi- 
cable to  tide  over  an  attack  of  asthenopia  in  a  young  per- 
son without  interrupting  school  work,  and  so  to  post- 
pone the  use  of  glasses  for  perhaps  many  years. 

In  asthenopia  dependent  on  hypermetropia  of  high 
grade,  the  only  elTeetive  resource  is  in  the  use  of  convex 
glasses,  and  these  should  be  of  a  strength  sufficient  to 
correct  fully  the  refractive  error.  Owing  to  the  fact 
that  a  part  of  the  hypermetropia  is  almost  always  la- 
tent (see  Hiipermetro]iia).  fully  correcting  (neutralizing) 
glasses  often  prove  less  acceptable  in  the  fieginning  than 
those  of  less  power,  but  in  every  case  the  selection  of 
glasses  should  be  made  with  distinct  reference  to  the 
total  hypermetropia,  and  in  the  C-xpectation  of  ultimately 
applying  the  full  correction.  In  a  few  cases  of  asthe- 
nopia any  e.xercise  of  the  accommodation  even  with  con- 
vex glasses  is  attended  with  pain,  so  that  it  may  be 
found  necessary  to  have  recourse  to  atropine  for  tlie  pur- 
pose of  maintaining  for  a  time  a  state  of  complete  physi- 
ological rest.  During  the  maintenance  of  the  mydriasis 
reading  may  be  permitted  with  the  aid  of  stronger  con- 
vex glasses  which  must  be  exchanged  for  neutralizing 
glasses  when  the  accommodation  is  allowed  to  resume  its 
function.  The  hypermetro]ie  wh<i  recpiires  convex  glass- 
es for  reading  sees  perfectly  at  a  distance  with  the  same 
glasses,  and,  as  a  rule,  finds  it  more  convenient  and  com- 
fortable to  wear  them  constantly:  but  in  this  he  may 
generally  be  permitted  to  follow  his  own  pleasure.  If 
for  any  reason  he  is  disinclined  to  wear  glasses  constantly, 
a  compromise  may  often  be  effected  by  prescribing  spec- 
tacles for  continuous  reading  and  an  eyeglass  {pinc£-)ie!) 
for  occasional  use. 

In  muscular  astheno]iia  the  treatment  consists  prima- 
rily in  the  correction  of  the  myopia,  together  with  any 
astigmatism  that  may  be  present,  by  means  of  neutraliz- 
ing concave  spherical  or  spherico-cylindrical  glasses. 
The  glasses  should,  as  a  rule,  be  mounted  in  a  spectacle 
frame  rather  than  as  a  pince-nez.  and  they  should  be 
worn  continuously.  The  relief  afforded  by  neutralizing 
glasses  is  generally  immediate  and  complete,  but  in  a 
few  cases  it  inav  be  necessary  to  prescribe  stronger  con- 
cave glasses,  which  shall  over-correct  the  myopia  and  so 
compel  some  exercise  of  the  accommodation  in  distant 
vision  and  a  correspondingly  increas(>d  exercise  of  the 
aceonunodation  in  near  work.  This  over-correction, 
which  may  be  carried  as  higli  as  three  diojitries  in  chil- 
dren or  in  young  adults  with  ample  range  of  accommo- 
dation, is  free  from  the  dangers  and  disabilities  whicli 
attend  the  wearing  of  too  strong  concave  glasses  in 
uncomplicated  myopia. 

The  decentration  of  concave  glasses  outwards,  or,  what 
amounts  to  the  same  thing,  the  grinding  of  the  necessary 
concave  splierical  or  siiherical  and  cylindrical  surface's 
on  prisms  of  from  1°  to  8'  angle,  set"  with  bases  of  the 
prisms  toward  the  nose,  is  occasionally  of  advantage  by 
correcting  the  refractive  error  and  "at  the  same  time 
giving  some  measure  of  direct  relief  to  the  recti  interni 
muscles.  In  the  higher  grades  of  relative  muscular  in- 
sufficiency, division  of  the  tendon  of  the  rectus  externus 
muscle  in  one  eye  or  in  both  eyes  may  be  indicated, 
but  operative  interfen^nce  should  be  considered  only 
after  an  exhaustive    investigation  of    each    particular 


case,   and   generally   after  a  full  trial   of   less  radical 
methods.* 

In  the  treatment  of  asthenopia,  w-hether  accommodative 
or  muscular,  the  chief  reliance  is  to  be  placed  upon  the 
correction  of  the  underlying  error  of  refraction  (hyper- 
metropia, myopia,  astigmatism,  anisometropia)  by  means 
of  appropriate  glasses  (convex,  concave,  cylindrical,  or  of 
different  power  for  the  two  eyes).  A  practically  normal 
relation  of  accommodation  to  cfinvergence  is  thus  estab- 
lished, and.  apart  from  subsequent  structural  changes 
in  the  eyes,  the  glasses  which  perfectly  correct  the  re- 
fractive error  in  youth  suttice  until,  with  advancing  age, 
the  sight  begins  to  be  i^resbj-opic  (see  Actommodation  and 
liifraction.  Astigmatism,  Hypermetropia,  Myopia,  Pres- 
byopia, Spectacles).  John,  Green. 

ASTHMA. — Sy.mptomatology. — -Asthma  is  a  disease 
characterized  by  attacks  of  true  intermittent,  but  severe, 
dyspuiea,  accom])auied  by  general  sibilant  n'des.  In  a 
typical  case  of  the  complaint  the  patient  mav  retire  to 
bed  in  apparently  good  health,  and  with  no  more  warn- 
ing of  the  impending  attack  than  in  a  case  of  nocturnal 
cpileps}';  but  after  a  few  liours'  sleep  his  respiration 
becomes  labored  and  whistling,  so  that  it  even  may  be 
heard  by  others  while  he  is  still  asleep.  Soon  he  is  him- 
self awakened  by  his  difficulty  of  breathing,  though  if 
accustomed  to  such  visitations  he  may  endeavor  to  con- 
tinue his  slumber,  and  for  a  while  succeed  in  doing  so. 
Ere  long,  however,  not  only  sleep,  but  all  rest  becomes 
impossible  hy  the  supervention  of  a  most  urgent  d.ysp- 
noea,  whose  symptoms  would  indicate  great  peril  to  life 
in  any  other  disease.  In  asthma,  however,  though  the 
di.stress  be  great,  alarm  is  significantly  absent  from  the 
patient. 

Careful  observation  now  will  show  that  the  difficulty 
in  the'breathing  is  mainly  due  to  some  interference  with 
the  c-vpiration.  Unlike  croup,  asthma  allows  the  air  to 
readily  enter  with  the  inspiration,  but  the  expiration  ap- 
pears as  a  laborious  struggle  which  succeeds  in  forcing 
the  air  out  only  with  painful  slowness,  rendering  this 
process  from  two  to  four  times  the  length  of  the  inspira- 
tion. This  disjiroportionate  expiratifm  is  characteristic, 
for  though  the  expiration  is  prolonged  in  emphysema 
and  ]ihthisis,  yet  it  never  equals  the  delay  of  asthma. 
The  patients,  therefore,  dread  the  most  ordinary  acts 
which  entail  a  prolongation  of  the  expiration,  like  cough- 
ing, or  even  speaking,  but  especially  laughing,  for  in 
some  this  is  itself  sufficient  to  induce  an  attack,  while 
on  the  other  hand  a  forced  inspiration  will  often  serve  to 
break  up  the  jiaroxysm. 

Owing  to  tliis  impeded  exit  the  residual  air  increases 
in  the  lungs  to  such  an  extent  that  the  intercostal  spaces 
become  much  widened  and  the  girth  of  the  chest  so  ex- 
panded that  the  ordinarily  worn  clothes  of  the  patient 
will  not  come  together  by  from  one  to  three  inches.  The 
upper  abdomen  also  becomes  similarly  distended  by  the 
forced  descent  of  the  diaphragm  iiushiug  down  the  liver, 
stomach,  and  spleen.  The  walls  of  the  chest  finally  seem 
too  fixed  to  allow  of  any  but  the  slightest  expansion  and 
retraction  in  breathing,  and  this  condition  gives  to  the 
patient  a  sense  of  snff<icative  tightness,  as  if  caused  by 
some  external  compression.  Salter  notes  also,  as  a  fre- 
quent symptom,  a  persistent  itching  of  the  chin,  and 
often  between  the  shoulder  blades  and  sternum  as  well, 
supervening  with  the  first  symptoms  of  asthmatic  breath- 

*Tlie  indiscrinu'nati'  cuttinirof  tlie  recti  and  even  of  the  olilique 
miisiies.  in  tlie  linpe  uf  tlitTciiy  furiuff  asthenopia,  which  was  at  one 
time  sonu'wlial  t'xti'nMVt'h  practised,  has  tieen  .tustlv  referred  to  by 
Donders  as  "  a  molanflioiv  patre  in  the  histviry  of  ojionitive  ophthalmic 
surgery."  E.xaj^fferated  or  perverted  Ideas  reirardin.L'  disturbed  bal- 
ance of  the  o<-idar  iimscle.s.  as  tlie  deterniimnLr  t-ause  not  only  of 
dilTerent  conditions  of  disability  more  or  less  closely  simnlatin.ff 
asthenopia,  but  also  of  all  sorts  of  nervous  manifestations  occnrrine 
in  otlier  and  even  remote  imrt.s  of  the  Ixidy.  have  borne  fruit,  in 
recent  times,  in  reports  of  numerous  and  oft-repeated  operations  on 
one  and  the  same  muscle  or  on  difTerent  inuscles.  for  which  it  is  difti- 
cult  to  tlnd  justillcatit^n  in  the  known  facts  of  piiysioiotrv  or  patholoiry. 
Operations  on  the  ocular  nniscles  iiaye  a  legitimate  place  in  tlie  treat- 
ment of  muscular  asf  beiu>pi:i.  as  truly  as  in  strabismus :  in  both  con- 
ditions ijravc  ami  often  irrcpaniltli'  harm  may  result  from  a  ha.sty  or 
ill-considered  resort  to  t»pendivc  |>n>cedureA. 
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iiig  aiifl  passing  off  witli  tlie  full  (lcv(>li)]iinr'nt  (if  tlie 
paroxysm. 

Dl.UiNosis. — Pliysical  oxploration  of  the  clicsl  now 
affords  a  group  of  fliarartcristif  symptoms  wliich  rcnilcr 
tlip  diagnosis  of  astliina  a  matter  of  no  great  dillieiilty. 
The  lung  <listenti(ine.\aggirates  the  puhnonary  resonance 
on  percussion  and  extends  its  area  in  every  direction. 
behind  the  clavicles,  over  the  heart,  and  downward  over 
the  regions  of  normal  splenicand  hepatic  dulness.  From 
the  same  cause  the  vocal  fremitus  either  disappears  or 
is  much  diminished  in  those  h)calities  where  it  is  well 
marked  in  health.  Auscultation,  however,  is  the  most 
decisive  in  its  indications,  for  the  normal  vesicular  mur- 
mur is  (|uite  displaced  liy  high-])itehi'd  sibilant  rales, 
which  often  attract  the  attention  of  bystanilers,  as  they 
become  audible  to  some  distance  from  the  jiatient.  On 
applying  the  ear  to  the  chest,  however,  one  distinguishes 
very  fine  rales,  mingled  with  others  larger  and  graver  in 
tone,  which,  moreover,  seem  to  shift  in  location  as  if 
sometimes  near  to.tlie  ear,  and  then  farther  olT,  like  a 
wavy  passage  of  air  over  various  musical  tubes  In 
simple  asthma  these  rales  arc  jiurely  siliilant,  but  in  pri>- 
longcd  attacks,  or  when  broncliitis  is  also  present,  they 
lieeome  more  or  less  crackling. 

As  the  disordered  respiration  continues,  the  sufferings 
of  the  patient  for  breath  l)ccome  extreme.  His  whole 
frame  partakes  in  the  strug.irle  for  air.  which  leads  liim 
involuntarily  to  try  to  expand  the  chest  vet  more  and 
more.  He  strives  to  make  inuiiovable  his  back,  shoulders, 
and  head,  so  that  from  them  the  accessory  mus<'les  of 
resi)iration  may  |iull  u|ion  the  already  tense  walls  of  the 
thorax.  Hence  he  ti.xcs  his  arms  nr  plants  his  elbows  on 
a  table  or  other  support,  while  liis  head  is  thrown  back, 
liis  mouth  i)anling,  his  eyes  wid<dy  opened  and  fixed, 
and  his  face  pale  and  bedewed  witli  persjuration.  He 
speaks  oidy  in  monosyllables,  and  resents  everything 
which  calls  him  off.  even  for  a  moment,  from  his  efforts 
to  breathe.  The  pulse  grows  small  and  feeble,  and  the 
patient  becomes  so  cyanotic  and  cold  thathiswet,  elamni}' 
skin  and  ghastly  expression  are  apt  to  insiu'ro  strangers 
with  fear  of  his  near  dissolution. 

The  duration  of  an  attack  varies  greatly,  not  only  in 
different  jiatients,  but  in  the  same  patient  at  different 
times.  The  at  tack  may  come  on  in  the  night  and  pass  off 
soon  after  dayliglit,  or  it  luiiy  be  jjrolonged  into  a  series 
of  exacerbations  and  incoiuplete  remissions  for  several 
successive-  days  and  nights,  until  the  sufferer  becomes  al- 
most fatally  exhausted  In  like  manner  the  subsidence 
bears  little  relation  to  the  severity  or  duration  of  tlie  at- 
tack. Either  as  the  elTect  of  rem<'dies  or  spontaneously, 
the  breathing  may  become  suddeidy  easier,  the  rigidity  of 
the  chest  walls  jiass  off,  the  inspirations  grow  fuller  and 
the  expirations  shorter,  and  the  patient,  who  but  a  few 
moments  before  seemed  about  to  perish  in  his  distress, 
will  soon  return,  after  a  moderate  ex|iectoratlon  of  a 
clear  frothy  mucus,  to  regular  and  natural  breathing, 
with  no  other  indication  of  his  recent  sufferings  than  an 
ex))resslon  of  fatigue.  At  other  times,  especially  if  bron- 
chitis supervenes,  the  attack  passes  off  in  a  series  of 
irregular  jjaroxy.sms  of  diflicult  breathing,  alternating 
witli  coughing  and  free  exjiectoration.  In  many  fully 
developed  attacks,  however,  the  jiatlent  has  carefidly  to 
watch  for  its  decline  by  avoiding  all  causes  of  exacerba- 
tion or  relapse,  especially  from  eating,  so  that  some 
asthmatics  are  obliged  to  go  to  bed  fasting  if  they  are  to 
[lass  that  night  free  from  dyspncra. 

Etioi.O(;v. — In  asthma,  as  hi  otliermarkeilly  spasmodic 
diseases,  the  afferent  impression  which  Induces  the  at  lacks 
varies  indefinitely,  both  In  kind  and  In  seat.  The  .sensoiy 
nerves,  however,  which  are  distributed  to  the  mucous 
membrane  of  the  respiratory  tiact,  including  the  olfac- 
tories, afford  the  most  fre(|uent  Instances  of  tlie  curious 
impressibility  which  excites  rellexly  the  asthmatic  siiasm. 
On  this  account  bronchitis  Itseli'  takes  Ihe  leail.  for 
asthmatic  lirealhing  occurs  in  so  large  a  luoportion  of 
both  acute  and  chronic  forms  of  this  aff<'Ctlon  that  some 
writers  have  gone  the  length  of  ascribing  all  asthmas  to 
bronchitis.     It  is  easy  to  show,  however,  that  asthma 


lacks  no  element  of  a  true  neurosis,  and  that  in  many 
typical  cases  there  is  no  bronchitis  whatever.  Yet,  so 
great  is  the  proclivity  to  it  In  bronchiils,  that  even  com- 
Jiaratively  transient  affections,  like  measles  and  p<'rtussis, 
sonii-times  entail  a  lifelong  asthma  as  a  sequel  to  the 
bronchial  irritation  atlendant  U]ion  their  course.  In  the 
initial  or  "dry"  stage  of  acute  bronchitis,  along  with 
the  sense  of  soreness  and  tightness  across  the  chest,  aus- 
eidtation  reveals  the  presence  of  true  asthmatic  wheezing, 
while  in  chronic  bronchitis  asthmatic  attacks  often  occur 
ujjon  very  slight  provocations,  sucli  as  by  rising  too  sud- 
denly, or  from  attempting  too  long  a  sentence  m  talking. 

After  tlie  Irrllatlon  of  bronchitis,  the  list  of  excitants 
of  asthma  which  take  their  start  from  the  sensory  nerves 
of  the  respiratory  mucous  membrani-  varies  in  a  most 
extraordinary  degree.  Nearly  every  aslhmatic  has  his 
S]ieclalty  of  the  kind,  so  to  speak,  often  with  a  most  un 
accountable  caprice  of  choice.  The  writer  has  known  of 
a  gentleman  wiio,  while  in  liis  room  on  an  u|>per  Hoor, 
yet  could  tell  at  once  by  his  breathing  tliat  Inickwheat 
Hour  had  just  been  brought  into  the  house.  The  prox- 
imity of  certain  animals,  especially  cats,  will  induce  an 
attack  with  many  asthmatics,  who  nia.v  suffer  from  this 
cause  for  a  long  time  without  being  awar<'  of  its  origin 
until  they  accidentally  discover  that  the  tightness  comes 
on  so  soon  as  they  come  near  a  liorse  or  a  dog,  or  pay  a 
vi.sit  to  a  menagerie.  The  ]iroclivlty  to  asthma  from  de- 
ranged innervation  within  the  nasal  cavity  is  also  lllns 
tiated  by  numerous  histories  of  cures  bj-  the  removal  of 
poly])i  or  other  causes  of  nasal  obstruction  or  irritation. 
The  smell  of  [lowdered  ipecacuanha  is  often  mentioned 
as  a  similar  excitant,  but  although  this  niav  be  ascribed 
to  lrritati(m  by  tninute  particles  of  ipecac  inhaled — and 
the  like  may  lie  said  of  asthma  from  Ihe  inhalation  of 
mustard  or  of  the  fumesof  a  siilphurmatch — yetsuch  an 
explanation  cannot  hold  good  in  asthma  caused  by  the 
smell  of  violets  or  of  of  her  fragrant  flowers.  In  fact  noth- 
ing can  be  more  whimsical  than  the  behavior  of  asthma 
as  regards  either  what  iiiav  be  resented  as  an  ingredient 
of  the  air  inspired,  or  simply  from  the  general  character 
of  the  outer  atmosphere.  One  asthmatic  may  find  com- 
fort iu  the  air  of  a  particular  locality  which  another  asth- 
matic can  enter  only  at  his  iieril.  Salter  mentions  the 
instance  of  two  friends  who  could  not  exchange  visits  at 
their  country  houses,  wlilcli  were  on  opposite  sides  of  a 
ridge,  though  bolh  were  suited  with  the  air  of  London. 
The  air  of  large  cities,  in  fact,  despite  its  smoke  and  dust, 
agrees  oftener  with  asthmatics  than  does  the  pure  air  of 
the  country. 

Next  to  the  respiratory  trad,  the  most  frequent  exci- 
tants of  asthmatic  attacks  proceed  from  the  alimentary 
canal,  esiieclally  from  its  gastro-duodenal  jiortion.  Most 
asthmatics.  Indeed,  are  al.so  d.vspcptlcs.  and  are  thus 
doidily  obliged  to  be  particular  in  their  dietary.  The 
list  of  forbidden  articles  is  singularly  varied,  as  we  might 
exjiect  from  the  range  in  this  respect  among  dyspeptics 
as  a  class.  Some  will  have  asthma  if  they  take  cheese, 
others  almonds,  others  ajipli'S  or  wine  or  tea  or  tobacco, 
etc.  ;  the  |)ecullarlty  being  that  Ihe  pari  leular  Idiosyncrasy 
is  generally  consistently  adhered  to,  perhajis  for  many 
years,  or  at  least  as  long  as  nattiral  tastes  or  likings  are 
ajit  to  last.  AVith  many  |)allents,  however,  it  Is  not  so 
much  a  particular  article  which  brings  on  a  paroxysm, 
but  a  loo  hearty  meal  for  them  of  any  kind.  On  the 
other  hand.  consti]>atlon  is  the  sure  provocative  with 
some  who  are  also  often  jironiplly  relieved  liy  a  cathartic. 
In  women,  uterine  derangements  have  their  share  iu  the 
causation  of  asthma,  though  not  as  frequently  as  they 
serve  to  excite  other  spasmodic  diseases:  while  a  certain 
juoportiou  remains  whose  attacks  seem  to  be  induced 
.solely  by  mental  excitement,  iiaiticularly  of  a  depressing 
kind. 

Among  the  special  predisjiosing  causes  of  asthmatic 
seizures  is  the  state  of  sleep,  for  tlie  majority  of  distinct 
attacks  set  in  after  the  liatient  has  been  asleep  for  some 
time,  and  oflenest  during  the  hoursof  profound  slumber, 
after  midnight.  Some  asthmatics  are  obliged  to  keej) 
awake  after  noting  certain  of  their  usual  ]iremonitory 
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signs,  or  the  attack  will  surely  develop  if  they  happen  to 
sleep  at  all.  The  relation  of  sleep  to  the  allacks  is  also 
well  illustniteil  in  peplie  asthma,  for  though  the  ollenil- 
ing  artieleof  diet  be  taken  in  the  morning,  yet  it  will  not 
be  until  its  customary  hour  in  the  night  tliat  the  asth- 
ma which  it  induces  will  come  on.  This  chronometry  of 
asthma  exemplilics  the  real  but  unpereeivcd  continuous- 
ness  of  the  spasmodic  nervous  diseases,  in  all  of  which 
the  outbreaks  are  sudden  only  in  the  niainfestatiou  of 
certain  symjiloms,  and  which  mere  .symptoms,  like  spasm, 
etc.,  are  therefore  too  often  mistaken  for  the  whole  dis- 
ease. The  reasons  which  ha\e  been  adducctl  by  various 
writers  for  this  nocturnal  feature  of  asthma,  as  in  the 
analogous  instance  of  nocturnal  epilepsy,  are  too  hy])0- 
thetical  tocall  for  extended  discussion.  It  is  interesting, 
however,  to  note  that  the  mere  fact  of  darkness  seems  to 
dispose  to  the  attacks.  Not  a  few  patients  can  prevent 
them  by  keejiing  a  light  biirning  brightly  in  their  rooms, 
while  if  the  light  be  put  out  the\- will  soon  wake  up  with 
difficult  breathing. 

Asthmatic  dysimoea  is  also  occasionally  secondary  to 
other  diseases  or  morbid  states,  in  which  case  it  ranks 
only  as  a  symptom  of  them.  Thus,  iu  heart  disease,  ]iar- 
ticularly  in  mitral  stenosis,  the  widesjiread  congestion  of 
the  bronchial  mucous  membrane  may  excite  real  asthmatic 
symptoms,  which,  moreover,  should  not  be  confounded 
with  true  cardiac  dyspno'a.  In  the  latter,  the  patient 
resembles  one  who  is  out  of  breath  from  muscular  ex- 
ercise, as  after  running,  but  cardiac  asthma,  properl^y 
speaking,  shows  the  same  derangement  of  expiration  as 
ordinary  asthma,  and  is  evidently  due  to  the  bronchial 
hyper.Tmia  acting  as  a  reflex  excitant.  Toxsemia  also 
.sometimes  produces  asthmaticatfacks,  especially  in  goiit 
and  iu  uraemia.  In  the  gouty  cases  the  attacks  arc  sud- 
den, nocturnal,  and  quickly  accomjianied  by  a  great 
bronchial  flux,  which  may  be  pinkish  from  capillary 
hemorrhage.  A  patient  of  mine  once  expectorated  two 
large  basinfuls  of  such  mucus  between  midnight  and 
morning,  but  after  three  such  attacks  they  ceased  and 
never  recurred  afterward.  In  gouty  asthma  alarm  is 
wholly  absent,  but  not  so  in  ura'mic  asthma.  Here 
again,  as  iu  the  cardiac  cases,  the  dyspna>a  should  not  be 
■  mistaken  for  asthma,  if  it  be  due,  as  it  conunoidy  is,  to 
pulmonarj'  o?dema  or  to  pleuritic  effusion.  True  luitmic 
asthma  is  characterized  by  sudden  attacks  of  difficult 
breathing  with  great  teiror,  and  often  also  with  severe 
palpitation  of  the  heart,  which  is  usually  much  hjpcr- 
tro]3hicd  from  the  arterial  obstruction  of  chronic  renal 
disease.  After  a  few  attacks,  if  not  after  the  first  one. 
the  breathing  remains  permanently  shnrtcned,  and  the 
patient  dreads  the  slightest  cau.se  of  cardiac  excitement. 
In  most  cases  ura'mic  asthma  is  a  late,  and  not  a  favor- 
able symptom  of  chronic  Bright's  disease,  particularly  of 
the  granular  variety,  and  it  is  commonly  associated  with 
abundant  light-colored  urine  of  low  specific  gravity,  with 
or  without  albumin,  and  with  evidence  of  general  en- 
darteritis as  illustrated  by  the  tortuous  and  I'igid  lempoi'al 
and  radial  arteries.  In  one  case,  however,  seen  by  me  in 
consultation,  the  kidney  affection  .seemed  to  follow  the 
asthma  rather  than  to  precede  it.  The  patient,  a  gentle- 
man about  fifty  years  of  age,  was  suddenly  seized, While 
apparently  in  perfect  hefdfh,  with  extreme  dyspncca. 
His  physician  on  airival  tested  his  urine  and  found  it 
heavily  loaded  with  albumin.  This  albumin,  however, 
wholly  disappeared  in  a  few  days,  until  after  a  fortnight, 
wlien  he  had  anotlier  exactly  similar  seizure,  also  in  tlie 
daytime.  The  interesting  circumstance  connected  with 
the  second  seizure  was  that  he  had  sent  a  specimen  of 
urine,  passed  only  an  liour  before  the  attack,  to  lie  ex- 
amined, and  it  wa's  found  to  be  whollv  free  from  allaimin 
and  of  normal  specific  gravity:  but  .some  tested  imna^di- 
ately  after  the  seizure  set  in  became  nearly  solid  on  boiling. 
This  observation  of  the  reapiiearance  of  albunnn  only  at 
the  attacks,  with  its  gradual  but  ultimately  final  disap- 
pearance until  another  fit  of  ilyspmea  arrived",  was  lepeatcd 
a  number  of  times,  once  by  nivsclf,  as  dailv  examinations 
of  his  water  were  kept  up.  He  finallv  succumbed,  some 
months  later,  to  extensive  effusions  in  both  pleura'. 


Asthmatic  attacks  are  also  sometimes  plainly  associated 
with  the  disappearance  of  chronic  .skin  eruptions.  A 
patient  of  mine  always  became  asthmatic  whenever  an 
old  eczema  of  the  chest  began  to  subside,  until  he  found 
that  he  could  rid  himself  of  the  infliction  by  an  artificially 
induced  eczema  with  croton  oil. 

Age. — Asthma  may  begin  at  any  age.  An  intelligent 
patient  of  mine,  seventy  years  old,  stated  that  the  disease 
was  observed  iu  him  on  the  first  day  of  his  life.  There 
is,  however,  a  special  proclivity  to  it  in  the  first  decennial, 
owing  to  the  predisposition  of  children  to  bronchitis.  Of 
32.J  cases,  Salter  had  71  under  ten,  and  in  11  of  them  it 
began  in  thefirst  year.  The  prognosis  of  asthma  is  better 
in  childhood  than  later  on,  as  it  is  frequently  outgrown 
after  puberty,  particularly  if  the  causes  of  bronchitis  be 
carefully  avoided.  The  cases  which  begin  in  adolescence 
are  relatively  few,  and  are  then  general!}'  of  the  purely 
spasmodic  form.  But  iu  middle  life  the  proclivity  to 
asthma  again  increases  with  the  greater  exposure  fiom 
outdoor  occupations,  but.  unlike  bronchitis,  asthma  as 
a  new  di.sease  begins  to  fall  off,  and  progressively  de 
creases  in  its  ratio  till  seventy.  The  common  impression 
that  asthma  is  a  disease  of  old  age  is  a  mistake,  arising 
rather  naturally  from  the  frecjuency  of  chronic  bronchitis 
with  asthmatic  wheezing  among  elderly  per.sons. 

Sex. — The  influence  of  sex  is  considerable,  the  prepon- 
derance of  males  being  about  double  that  of  females. 
That  this,  however,  is  due  to  the  greater  exposure  of  men 
to  causes  of  bronclntis,  is  shown  by  the  fact  that  the 
cases  of  the  pure  spasmodic  variety  are  about  equally 
divided  between  the  sexes. 

Hekedity. — Asthma  belongs  also  to  the  markedly 
hereditary  diseases,  as  might  be  expected  from  the  char- 
acters of  its  common  accompaniments.  An  inherited 
proclivity  to  bronchitis  is  observable  as  often  as  a  family 
tendency  to  phthisis,  while  neuroses,  on  the  other  hand, 
are  more  frequently  of  constitutional  origin  than  any 
other  class  of  affections.  About  thirty-five  per  cent,  of 
all  asthmatics,  therefore,  will  show  some  sign  of  heredity, 
and  oftcner  from  the  paternal  than  from  the  maternal 
side — a  fact,  moreover,  in  keeping  with  the  greater  fre 
queney  of  the  disease  among  men. 

P.WHOLoey  — Asthma  has  no  characteristic  anatomical 
lesions.  That  extensive  pathological  alterations  are  often 
found  post  mortem  is  quite  true,  but  in  most  cases  they 
are  caused  by  intercurrent  affections,  particularly  by 
bronchitis.  Under  this  head  come  hypertrophy  of  the 
circular  muscular  fibres,  with  consequent  narrowing  of 
the  bronchioles,  it  may  be  even  to  occlusion,  collapse  of 
lobules,  enqihysema,  and  dilatation  of  the  right  side  of 
the  heart,  with  the  various  sequela'  of  these  conditions, 
to  be  detailed  in  their  proper  place  (see  Bronchitis).  But 
there  are  some  organic  alterations  which  may  be  ascribed 
to  the  labored  respiration  of  asthma  alone,  when  severe 
and  jirolonged  attacks  come  so  often  that  the  parts  have 
no  opportunity  to  return  to  their  normal  state  during  the 
intervals.  That  this  is  the  occasion  of  such  changes  ap- 
pears from  their  complete  absence  in  those  patients  who 
have  perfect  intermissions  between  the  attacks.  The  first 
of  these  elfccts  is  dilatation  of  the  right  heart,  caused  by 
long  labor  in  the  difficult  propulsion  of  blood  through 
the  lungs  so  soon  as  apna?a  occurs  iu  any  form.  During 
a  paroxysm  of  asthma,  the  left  heart  and  the  systemic 
arteries  are  relatively  empty  and  the  pulse  is  small,  while 
the  systemic  venous  system  from  the  right  auricle  back- 
ward" is  everywhere  overloaded.  The  heart  bi'at  is  then 
found,  not  under  the  nipide,  but  in  thcscrobiculus  cordis: 
partly,  it  is  true,  from  the  displacement  caused  by  the 
dilated  left  lung,  but  equally  also  from  the  distention  of 
the  right  ventricle.  Another  constant  result  is  emiihy- 
sema,  oi-  permanent  overdistcntion  of  the  air  vesicles, 
caused  by  the  progressive  accmnulation  of  the  residual 
air  from  the  imiierfect  cx])iration.  Emphysema  may  thus 
be  found  in  old  asthmatics,  whether  they  have  had  chronic 
bronchitis  or  not.  Lastly,  from  the  combined  derange- 
ment of  the  pulmonary  circulation  caused  by  the  inter- 
mittent apno'a  and  t lie  permanent  emphysema,  \veha\e 
a  tendency  to  bronchial  fiux   to  relieve  the  congested  . 
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vessels,  which  finally  iidds  chronic  inlhininuUiou  Icichidnic 
liypcrannia,  iinil  Ihus  establishes  the  vicious  circle  of  ini 
peiled  circiilalion  causing  hroncliitis.  and   bronchitis  in 
turn  causing  progressive  circulatory  inipedinieiit. 

These  slowly  induced  cll'ccts  tinally  produce  those 
clmnges  of  personal  appearance  which  mark  old  asth- 
malics.  As  tlie  general  nutrition  sulVcrs  from  the  jier- 
sistent  congestion  of  the  liver  caused  bytlie  impeded  out- 
flow of  the  right  heart,  these  patients  are  usually  thin, 
pale,  or  c.yauotic,  and  with  deficient  muscular  power. 
The  eyes  are  prominent  and  watery,  (lie  voice  is  weak,  the 
gait  slow  ami  measured,  and  the  back  roiuuled.  often  to 
great  deformity.  The  head,  however,  is  always  thrown 
hack  between  the  elevated  shoulders,  and  the  trunk  <ir 
the  body  is  kept  so  rigid  that  the  anus  liang  passively, 
swung  by  the  movements  of  walking. 

Leyden  endeavored  to  demonstrate  that  tlie  cause  of 
asthma  lies  in  the  presence  of  sharply  tipped  octahedral 
crystals,  found  aliun<lantly  in  the  expectoration  which 
terminates  a  iiaro,\ysm  ot  asthma,  and  wiiich,  he  sup 
]iose(l,  by  their  lumn'rous  line  iioinis  set  up  a  reflc.\  irri 
talion  of  the  terminal  branches  of  the  vagus  in  the 
bronchial  mucous  membrane.  This  theory,  however,  is 
sulliciently  negatived  by  the  discovery  of  the  .same  crys 
talsiu  the  secret  ions  of  other  bronchial  alfectionsin  which 
there  is  no  astlima.  That  asthma,  instead,  is  essentially  a 
functional  neurosis  is  readily  apjiarent  when  the  disease  is 
studied  in  uncomplicated  cases,  forin  them,  though  there 
be  neither  bronchitis,  heart  disease,  nor  to.xa'mia.  we  have 
typical  at tjicks developing  inassociation  with  phenomena 
which  belong  to  nervous  diseases  alone.  Of  such  ]]lie 
nomena  we  would  cite:  1.  K.xtreme  suddenness  of  onset. 
as  the  inuiicdiateasthiua caused  in  some  by  certain  odors. 
No  less  sudden  also  in  many  cases  is  its  de|iarture,  as 
upon  the  inhalation  of  certain  fumes.  This  feature  ndli- 
tates  also  against  the!  theory  of  Weber,  who  a.scribes 
asthma  to  turgescence  of  the  mucous  membrane,  narrow- 
ing the  calibre  of  the  bronchi  as  an  acute  cory/.a  imjiedcs 
breathing  Ihrouirh  the  nose.  Stiirek  lent  support  to  this 
view  by  laryiigoseo|iic  observation  of  tumefaction  of  the 
tracheal  mucous  mcmbrancMis  far  as  tlu^  riglit  bronchus 
in  an  asthmatic  during  an  attack.  Bristowe,  moreover, 
cites  the  rapid  subsidenei^  of  cutaneous  turgescence  in 
some  cases  of  urtieariaevanida  asalfordin.g  some  support 
to  congestive  swelling  of  tlielironchial  mucous  membrane 
being  a  factor  in  (he  etiology  of  asthma.  ]{'.it  though 
it  be  freely  granted  that  the  agonizing  struggles  of  an 
astlimalie  for  air  may  have  considerable  elTect  upon  the 
circulation  of  the  bi'onehial  walls,  yet  the  fact  remains 
that  no  known  swelling,  however  evanescent,  vanislies 
so  ([uickly  as  some  liue  asthmatic  dysi)na'as  vanish,  the 
])atients  liccoming  natural  often  more  sjjcedily  than  is 
common  after  either  epileptic  or  neuralgic  attacks.  2. 
Like  other  spasmodic  neuroses,  whether  sen.sory  ormotor. 
asthma  often  has  characteristic  proilromes  of  the  attacks. 
One  of  theraostconimon  is  a  feelingof  almost  iiresistible 
drowsiness,  giving  way  to  which.  th<'  patient  well  knows, 
will  be  followed  by  IIk'  old  dread  awakening.  With 
some,  on  the  other  han<l,  unusual  wakefulness  is  a  sure 
precursor.  As  in  epilepsy  and  in  migraine  some  are 
warned  by  (he  temper  becoming  very  irritable,  or  the 
spirits  causelessly  depressed,  while  others  e.xiierience  un- 
wonted l)tioyancy  of  spirits,  .\roreover,  as  in  these  neu 
roses,  tlu'  attacks  ar(!  sometimes  ]>receded,  but  oftener 
followed,  bj'  an  abundant  How  of  jiale,  limpid  urine,  '.i. 
Ulental  influences  alone  are  known  both  to  excite  and  to 
suspend  the  at  tacks  with  some.  In  certain  patients  a  tit  of 
anger  may  induce  an  attack  imm<'i!iately,  in  others,  more 
sigiiitican'tly  still,  it  invariably  insures  the  attack  dur- 
ing the  succeeding  night,  long  after  the  angry  emotion 
is  gone  or  forgotten.  4.  It  is  only  in  functional  neuroses 
that  we  find  many  and  widely  dilfering  exciting  causes. 
Thus  epilepsy  has  been  wholly  relieved  by  the  expulsion 
of  a  tapeworm,  or  of  a  renal  ealc\ilus.  or  l)y  trepanning. 
Hut  in  this  respect  asthma  surpasses  all  othercomplaints, 
and  the  bearing  of  this  fact  upon  the  nervous  charaetrr 
of  the  discasft  ajipears  when  contrasted  with  bronchitis, 
which  involves,   moreover,  just  the  sjiine  j)arts  which 


asthma  alTcels.  Bronchitis  c<'rtaiidy.  as  well  as  any 
other  disease  with  iiali)ablc  lesions,  camiot  be  e.xciteJl 
liy  such  a  motley  array  of  mtluences  as  the  smell  of  cats 
or  of  violets,  the  eating  of  raisins  or  nuts,  by  constipa- 
tion, by  depressing  emotions,  or  by  the  cxtinguishinent 
of  a  li,ght.  ').  A  decisive  consideration  is  to  be  noted 
also  in  the  intermediate  condition  between  the  paii>x\'.sms. 
In  typical  ast lunatics  in  whom  no  organic  changes  have 
yet  been  induced,  such  as  emphysema  or  the  elTects  of 
chronic  bronchitis,  the  existence  of  asthtna  cannot  be 
even  guessed.  The  ])atient  shows  to  inspection  and  to 
physical  exidoration  <if  the  chest  no  more  signs  of  being 
sulijcct  to  violent  and  prolong<'d  attacks  of  dyspnoea 
than  an  c|)ileptic's  muscles  tell  of  his  convidsions. 

JIlicir.v.MSNt. — Asthma,  therefore,  may  be  regarded  as 
esseutiall}' a  derangement, of  tlie  innervation  of  the  respir- 
atory apiiaratus,  disturbing  the  rhythmical  succession  of 
contraction  and  relaxation  by  a  muscular  cramp,  wliich 
interferes  chiefly  with  the  act  of  expiration.  But  the 
mechanism,  so  to  s))eak.  of  the  asthmatic  paroxysm  itself 
is  by  no  means  agreed  iqion.  The  majority  of  authorities 
ascribe  it  to  narrowing  of  the  bronchioles  by  sjiasm  of 
their  muscular  coat,  w  bile  ol  hers  maintain  that  it  consists 
in  spiism  of  the  diaphragm  and  costal  muscles.  Each  of 
the.se  thecnies  may  be  said  to  explain  what  (he  other 
leaves  unexi)laincd,  and  hence  it  is  doubtful  if  cither  of 
them  alone  can  be  regarded  as  adequate.  The  arguments 
in  favor  of  the  latter  theoiy  are: 

1.  During  the  attacks  the  whole  aspect  of  the  patient 
is  that  of  extreme  external  muscidar  rigidity.  Both  the 
tliora.x  and  abdomen  appear  fixed  and  inuuovable.  and 
show  none  of  those  strimg  heaving  and  expan.sive  cfl'orts 
which  an^  visible  in  other  I'oi-ms  of  dyspntea.  Thus,  in 
asthma,  the  diaphragm  remains  depressed,  as  if  arrested 
in  ins])iration,  and  (he  muscles  of  the  distended  abdomen 
grow  hard  and  tense  as  they  labor  in  vain  to  overcome 
the  resist  ingdiaphragtn  and  thus  assist  expiration.  From 
the  powerful  contract  ion  of  the  abdominal  muscles  it  even 
ballpens  that  the  lower  ribs  often  bulge  during  the  effort 
.at  expiration.  On  theother  han<l.  when  there  isobstrtic- 
tiou  in  tlie  respiratory  tract,  as  in  laryngeal  croup,  (edema 
glottidis.  etc..  the  iihenomenaareall  dilferent.  The  ditfi- 
culty  is  then  pl.ainly  in  the  inspiration,  and  not  in  the  ex- 
jiiration,  and  the  ribs  to  which  the  diaphragm  is  attached 
actually  sink  in.  even  during  inspiration.  Why  obstruc- 
tion in  the  bronchi  shoidd  reverse  all  these  ('irccts  is  not 
explained. 

'i.  The  theory  of  bronchial  sjiasm  fails  to  account  for 
the  dilliculty  of  expiration  in  asthma.  If  contr.action  oc- 
curs in  the  tubes,  it  must  interfere  with  both  inspiration 
and  expiration  equally,  unless  it  can  be  shown  that  the 
circular  tibrcs  have  a  valvular  action  at  tlii!  points  of 
contraction,  admitting  the  incoming,  but  interfering  with 
the  outgoing,  current.  Tills  phenomenon,  however,  has 
never  bec'U  induced  inaninadsexperimenlally,  and  iseven 
diflicnlt  to  imagine.  Jloreover.  that  nothing  of  the  kind 
occurs  is  proved  by  auscultation,  for  a  valvular  obstruc- 
tion to  tlieex]iiratioii  would  totally  alter  both  tliei|uality 
and  the  pitch  of  the  expiratory  sibilus.  which  is  not  the 
case. 

3.  On  the  other  hand,  the  theory  of  diaphragmatic 
sinism  explains  why  inspiration  is  c-asier  than  expiration 
in  asthma,  because  it  is  well  known  that,  partially  cramped 
voluntary  musch's,  like  the  diaphragm,  can  always  be 
stimulateil  to  further  contraction,  though  still  disinclined 
to  yield  to  relaxation.  This  a  p|)ears  strikingly  in  tetanus, 
in  which  disease  the  tonic  rigidity  of  the  muscles  never 
wholly  gives  way,  although  every  few  moments  fresh 
and  powerful  contractions  occur  in  response  to  the  slight- 
est external  impressions.  Jleantime,  the  statement  tliat 
the  depressed  state  of  the  diaphragm  is  a  passive  condi- 
tion due  to  the  overdisteiition  of  the  lungs  with  residual 
air,  is  negatived  by  the  active  muscular  contraction  of 
the  abdomen  above  referred  to.  which  is  ijuitc  ditVerent 
from  the  passive  distention  of  the  abdominal  walls  wdien 
the  <liaiiliragm  is  depressed  in  emphysema. 

4.  The  asthmatic  jiaroxysm  is  always  aggravated  by 
certain  movements  which  confes.sedlv  occur  onlv  in  the 
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tliiiplinisiii  itself.  Piitionts,  on  tliis  account,  especially 
dieail  to  lauish  or  to  do  anytiiinfr  wliieh  slo\v.s  or  cliecks 
the  iela.\;ilion  of  the  diapiirajjni.  swell  as  long  talking. 
But  how  these  actions  eouhl  iu  any  way  affect  bronchial 
constriction  is  difficult  to  conceive. 

On  the  other  hand,  there  is  one  incontestable  proof  that 
constriction  of  the  bronchi  diies  take  place  in  every  case 
of  real  asthma,  ami  that  is  tlu'  in varialile  presence  of  gen- 
er:d  sibilant  rales  of  every  variety  of  size,  from  line  whis- 
tling to  large  I'ooing  sounds.  In  true  astlmia  these  sounds 
are  purely  tiUiular,  and  from  their  shifting  character, 
above  alliuled  to.  it  is  plain  that  they  are  produced  by 
progre.s.sive  waves  of  contraction  in  the  bronchial  walls, 
and  not  by  a  uniform  diminution  of  their  calibre,  such  as 
general  tumefaction  (Weber)  would  occasion.  These 
rales,  moreover,  are  simultaneous  with  tlie  onset  of  the 
attack,  as  they  are  audilile sometimes  in  the  breathing  of 
an  asthmatic,  even  before  he  is  awakened  by  a  fit.  and  so 
constant  are  they  that  no  dyspuani  can  be  termed  asth- 
matic if  there  be  no  wheezing.  Now,  the  theory  of 
diaphragm  spasm  wholly  fails  to  account  for  these  char- 
acteristic bronchial  rales.  If  we  had  diaphragm  spasm 
alone,  the  symptoms  then  would  rather  resemble  hnrkinr/, 
or,  more  properlv,  the  dyspna\a  which  is  often  the  fatal 
complication  of  tetanus,  in  which  disease  death  resvdts 
from  tonic  spasm  of  the  respiratory  muscles.  Here,  as  I 
have  had  personal  occasion  to  note,  there  is  no  wheezing 
whatever. 

From  these  considerations  the  view  of  Lebert  seems  to 
us  preferable,  namely,  that  the  asthmatic  paroxysm  be- 
gins with  spasm  of  the  bronchial  muscles,  much  as  the 
lirst  discharge  of  epile])sy  often  begins  with  a  special 
group  of  mu,scles,  and  then  spreads  to  other  and  wider 
muscular  as,sociations.  Considering  how  intimately  and 
constantly  the  muscular  actions  of  respiration  are  asso- 
ciated, it  is  easy  to  conceive  bow  disordered  innervation 
of  the  bronchial  muscles  may  become  (piickly  accom- 
l)anied  by  disordered  innervation  of  the  dia]5hra,gm,  and 
thus  check  the  return  of  inspired  air.  Some  ten  such 
resjiirations  would  suffice  to  inflate  the  lungs  to  the  ex- 
tremist degree  observable  in  asthma,  imtil  the  whole 
muscularajiparatusof  expiration  would  join  in  the  spasm 
and  eomjili'te  the  ]iii-ture  of  this  dyspncea,  in  which  con- 
dition almost  the  only  movements  which  remain  in  the 
distressful  breathing  are  the  lifting  actions  of  the  neck 
and  shoulder  muscles.  Lebert  justly  insists  on  the  con- 
trast between  the  pulmonarj'  dilatation  in  asthma  and  its 
absence  in  fibrinous  bronchitis,  in  which  disease,  though 
the  obstruction  is  great  and  the  constriction  of  the  bron- 
chioles a  tubular  narrowing,  yet  there  is  but  .slight,  if  any, 
dilatation;  which  proves,  therefore,  that  something  more 
than  bronchial  constriction  is  needed  to  explain  all  the 
clinical  features  of  asthma. 

Tre.vtment. — Much  the  greater  number  of  reputed 
remedies  forasthma  are  little  else  than  palliative,  because 
their  opei-ation  merely  relieves  a  ]iaroxysm  or  attack  of 
the  complaint,  just  as  opium  may  relieve  the  pain  of  a 
syphilitic  node  without  producing  the  least  etfect  on  the 
cause  of  the  symptom  itself.  The  peculiar  motor  spasm 
of  asthma  is  not  the  disease,  but  only  a  symjitom  of  it, 
the  same  in  nature  Avith  pain,  and'  hence,  like  other 
mere  symptoms  in  nervous  diseases,  it  can  be  affected  by 
a  great  variety  of  influences.  Thus,  such  uidike  agents 
as  caffeine,  chloi-al,  ether,  and  tobacco,  or  the  inhalation 
of  stramonium  or  of  nitre  fumes,  are  each  sjwken  of  as 
marvellously  relieving  certain  confirmed  asthmatics.  No 
sooner  does  t lie  patient  begin  to  experience  the  special 
effects  which  these  drugs  produec  in  a  healtliy  man  than 
the  agony  of  his  breatiiing  subsides,  and  a  restful  calm 
succeeds  as  by  ma,gic.  But  the  great  disappointment 
with  these  seemingly  effective  remedies  is  that  tlu'  long- 
est use  of  them  brings  the  patient  no  nearer  getting  lid 
of  his  enemy  than  when  he  began.  He  may" break  up 
his  attacks  for  years  with  his  sjiecial  prescription,  but 
tlie  asthmatic  tit  is  as  ready  to  return,  and  as  severely, 
as  if  no  remedy  for  it  ever  hail  been  tried. 

The  reason  for  this  failure  is  fundamental.  These  so- 
called  remedies  for  asthma  are  all  nervines,  and  no  agent 


like  opium,  or  aconite,  or  stramonium,  or  ether,  whose 
whole  medicinal  action  is  obtained  by  one  do.se.  can  do 
anything  more  than  that  one  dose  does.  However  often 
repeated,  no  cumulative  progressive  effect  follows  upon 
the  administration  of  nervines,  and  hence  they  can  affect 
only  the  functional  manifestations  of  a  constitutional 
disease.  All  that  such  medicines  can  do  is  to  pioduce 
some  immediate  but  temporary  change  in  some  symptom 
of  the  complaint,  but  no  more!  There  is  hence  a"  parallel 
between  the  curious  variety  of  the  exciting  causes  of 
asthma  in  different  persons  and  the  like  variety  both  in 
the  nervines  themselves  and  in  their  disproportionate 
efficacy  in  different  patients.  For  while  the  exciting 
causes  show  by  their  incongruity  that  they  are  not  true 
but  only  accidental  elements  in  the  case,  so  the  diverse 
nervines  recommended  for  asthma  show  that  they  affect 
only  some  accessory  but  not  essential  factor  in  the  dis- 
ease. AVhen  a  nasal  piil}-pus  makes  one  patient  an  asth- 
matic and  a  loaded  rectum  anotlier,  neither  of  these  cases 
throws  tlie  least  light  on  the  truecause  of  asthma.  Like- 
wise when  a  nauseant  emetic  and  a  glass  of  hot  spirits 
and  water  are  each  said  to  "  work  like  a  charm  "  in  some 
asthmatics,  we  can  scarcel_y  say  of  such  remedies  that 
they  bring  us  nearer  the  true  therapeutics  of  the  malady, 
for  it  is  plain  that  tlie_v  modify  only  some  chance  asso- 
ciation of  perverted  function. 

In  this  class  of  palliative  remedicswe  would  assign  the 
first  place  to  the  mydriatics,  belladonna,  hyoscyamus, 
stramonium,  and  duboisiu.  The  wide  range  of  disorders 
in  which  these  medicines  have  been  found  beneficial  is 
due  to  a  general  princi|)le  in  their  operation,  which  also 
suggests  the  explanation  of  their  use  in  asthma — viz., 
that  they  relieve  disordered  innervation  of  involuntaiw 
muscular  fibre  by  a  motor  stimulant  action  which  restores 
its  rhythmical  contraction  when  it  has  been  arrested  by 
spasm  from  any  cause.  Spasm  and  paralysis  are  asso- 
ciated phenomena  in  unstriped  muscle,  tetanic  contraction 
of  one  portion  and  relaxation  of  the  remainder  taking  the 
place  of  the  normal  wave  movement  throughout  the 
whole.  Hence  the  use  of  belladonna  and  it^  allies  in 
spasmodic  action  of  the  bladder  in  cystitis,  in  nocturnal 
incontinence  of  urine,  in  the  constipation  of  women  from 
reflex  pelvic  irritation,  iu  spasmodic  gastrodynia,  iu  car- 
diac pains  when  due  to  left  hypertrophy  deranging  the 
rhythm  of  the  two  sides  of  the  heart,  etc.  As  with  other 
nervines,  the  earlier  they  are  given  iu  the  attack  the 
more  pronounced  and  speedy  is  the  effect.  A  full  dose 
of  the  tincture  or  of  the  fluid  extract  of  belladonna 
should  be  given,  enough  to  produce  well-marked  consti- 
tutional effects,  and  then  the  dose  should  be  repeated  in 
two  hours  if  there  be  only  imperfect  relief.  If  the  second 
dose  fails  to  affect  the  breathing,  a  very  effective  method 
is  to  give  a  hypodermic  of  atropine  injected  deeply  into 
the  nape  of  the  neck,  a  locality  which  is  the  seat  of  a  sen- 
sation of  great  weariness  in  severe  attacks  of  asthma,  and 
which  this  measure  often  mitigates  at  once,  after  other  em- 
ployment of  the  remedy  has  failed,  Hyoseyamine  some- 
times affords  more  relief  than  atropine,  luitin  most  cases 
is  not  superior  to  it.  Other  patients  are  best  relieved 
by  the  inhalation  of  the  smoke  of  stramonium  leaves,  for 
w-liich  purpose  they  may  be  lit  at  the  bottom  of  a  cup, 
or  used  like  tobacco  iu  a  pipe,  or  made  into  cigarettes: 
t  he  effort  being  to  inhale  the  fumes  as  deeply  as  possible, 
when  the  dyspnoea  sometimes  is  found  to  vanish  with 
surprising  rapidit}-. 

Coffee  shouki  be  reckoned  also  among  the  nervines 
which  are  effective  in  asthma  by  a  stimulant  action.  It 
should  be  made  very  .strong,  taken  always  on  an  empty 
stomach  and  taken  hot.  for  the  sipping  of  the  potion  is 
not  without  its  own  effect,  as  it  has  been  shown  by  Kro- 
neekcr  that  the  act  of  swallowing  itself  powerfully  stim- 
ulates the  cardiac  and  iiulmonary  branches  of  the  vagus. 
Coffee  taken  after  eating  aggravates  asthma  by  interfer- 
ing with  digestion.  In  some  cases  I  have  "found  the 
alkaloid  caffeine  of  temporary  benefit,  but  on  t\w  whole 
I  regard  it  as  inferior  to  the  freshly  madc<  and  strong  in- 
fusion. Hot  eotfee  is  particularly  good  in  asthmatic 
bronchitis,  as  it  facilitates  the  expectoration  while  it  re- 


588 


HKFKKENCE   HANDBOOK   OF   THE   MKDICAL  SCIENCES. 


AHthnia. 
Astlinia. 


lieves  the  spasmodic  condition.  It  is  in  the  .same  class 
of  cases,  also,  that  the  mii.scK-  stimulant,  nux  vomica,  is 
sometimes  beneficial.  Hei'e  again  tlie  tincture  or  the 
tluid  extract  of  the  drug  is  iireferable  to  its  alkaloid, 
strychnine. 

Next  in  order  come  the  nervines  which  proliuWy  re- 
lieve ih(^  asthmatic  iiaro.xysm  by  a  sedative  acti<m  on  the 
initial  irritant  impression.  Amonir  these  we  would 
enumerate  alcohol,  the  ethers,  chloral,  and  oi)ium.  It 
should  be  noted  that  while  alcohol  is  a  stiimilant  to  the 
heart  and  to  some  cerebral  functions,  it  is  an  immediate 
sedative  to  the  sensory  nerves,  and  this  sedation  steadily 
increases  in  i>roportion  to  the  do.se.  Sulphuric  ether, 
when  taken  internally,  resembles aleoliol  in  these  resijects, 
though  its  sedative  ellects  an- much  more  ])roiiounced. 
Hence  the  use  of  botli  al(H)hol  and  ether  in  the  muscle 
cramp  of  intestinal  colic  and  in  si)asmodic  allcctions  of 
duets  generally.  Full  do.ses  of  si)irits,  therefore,  taken 
hot.  will  relieve  some  astlimatics  to  the  exclusion  of  all 
other  remedies ;  but  the  relief  does  not  occur  generally 
until  eno\igli  istakeiito  intoxicate  a  well  i)ersoii,  tliough 
it  rarely  does  so  with  an  asthmatic.  Sulphuric  etlier. 
however,  is  much  more  generally  elfective.  especially  in 
the  preparation  of  the  Spirit  us  ('(jiu  posit  us,  or  Hoffman  s 
anodyne,  owing  to  the  oil  of  wine  which  it  conlains.  As 
this  latter  ingredient  is  expensive,  it  is  sometimes  fraudu- 
lently omitted,  with  a  plain  falling  off  in  remedial  power 
over  the  attacks.  The  dose  for  the  paroxysm  should  be 
not  less  than  two  drachms.  As  the  latter  acts  in  a  differ- 
ent way  from  the  belladonna  (being  more  connected  with 
the  sensory  clement  of  the  sjiasniodic  condition,  while 
the  belladonna  alfects  the  motor),  an  un(iuestionable  gain 
is  .secured  by  administering  these  two  remedies  together. 

As  might  be  expected,  theic  is  much  contradictory 
testimony  about  the  value  of  opium  in  asthma.  This 
need  not  be  wondered  at  in  view  of  the  widely  different 
effects  of  opium,  ( jj.,  asa  soporific,  in  different  individu- 
als. The  mode  of  administration,  however,  counts  more 
with  this  remedy  than  with  any  oilier,  for  the  sjieedy 
(•fleet  of  a  hypodermic  of  morpliine  is  much  oftrner  suc- 
cessful than  morpliine  or  u|)iiim  taken  by  the  mouth. 
This,  however,  is  in  accordanei'  with  the  general  rule 
that  the  more(|uickly  a  nervine  is  felt,  the  moreelTe<-tive 
it  is  against  any  spasmodic  affection — r.ij..  arresting  an 
epileptic  tit  by  a  sudden  irritant  impression,  but  which  it 
fails  to  do  if  applied  gradually.  Chloral  in  large  doses, 
thirty  to  sixty  grains,  is  claimed  as  an  excellent  remedy 
for  asthma;  but  the  patient's  tolerance  of  this  drug,  some- 
times fatal  in  only  fifteen-grain  doses,  should  be  well 
established  before  this  treatment  is  tried.  Inhalations 
of  nitrite  of  amyl  often  arrest  a  commeuciug  attack,  but 
are  not  of  much  use  in  a  fully  developed  paroxysm. 
The  fumes  of  the  nitrate  of  potash,  however,  inhaled  by 
burning  cigarettes  made  of  rice  paper  di|iped  in  a. satu- 
rated solution  of  the  salt  and  then  dried,  are  much  more 
generally  effective.  This  remedy  undoubtedly  acts  by 
virtue  of  the  well-known  locally  sedative  properties  of 
potash  itself,  and  hence  may  well  co  operate  with  the 
dilferent  action  of  the  fumes  of  stramonium  leaves  rolled 
up  with  the  nitre  paper. 

Lastly,  we  have  the  pure  sedatives  whose  action  cannot 
be  secured  until  nausea  has  been  oc<'asioned  by  them. 
Asthmatic  spasm,  like  every  other  cram]),  rarely  holds 
out  against  tlie  sickening  effect  of  tobacco,  lobelia,  or 
even  of  ipecacuanha.  Tobacco,  therefore,  is  eifeetive 
only  with  those  who  are  not  used  to  it.  Lobelia  has  the 
disadvantage  of  producing  too  much  prostration,  and  the 
same  may  be  said  of  tartar  emetic.  This  class  of  nMiie- 
dies  works  much  better  in  bronchitic  than  in  peptic 
asthma. 

Besides  these  there  are  but  few  nervines  left  in  the 
pharmacopo'ia  which  are  not  recommended  by  some  for 
asthma,  although  no  one  is  ever  permanently  benefited 
by  any  of  them. 

Better  results,  however,  may  be  hoped  for  from  efforts 
directed  to  other  aims  than  simply  to  relieve  a  fit  of  the 
dysimrea  when  present.  Asthma  is  at  no  time  absent 
from  the  asthmatic  any  more  than  epilepsy   from  the 


epileptic,  though  the  manifestations  of  either  are  only 
occasional.  I'rophylaxis,  therefore,  assumes  an  ex<'ep- 
tional  importance,  because,  as  in  other  spasmodic  neu- 
roses, the  malad}-  becomes  inveterate  in  jiroporfion  to 
the  freiiuency  of  the  attacks.  As  in  the  case  of  epile])sy 
also,  the  slightest  attacks  of  asthma  areas  much  lobe 
avoided  as  the  .severer  ones,  if  there  is  to  be  any  hojie  of 
the  patient  becoming  ultimately  free  from  them,  and 
hence  the  exciting  causes  in  each  instance  should  be 
carefully  noted  and  jealously  provided  against.  In  those 
ca.ses  in  which  the  susceptibility  to  odors  indicates  the 
upper  respiratory  tract  as  the  seat  of  the  irritability, 
the  inhalation  of  carliolized  steam  slioidd  be  tried.  The 
steam  should  be  made  tosurround  the  head  by  the  simple 
device  of  directing  it  under  an  umbrella,  held  low  by 
the  patient  him.self,  so  that  he  may  inhale  without  more 
effort  than  in  ordinary  res])iration,  because  breathing  by 
will  is  too  fatiguing  a  task  to  be  kejit  up  for  long  by  any 
OIK',  and  it  is  this  fact  which  accounts  for  the  uniform 
failure  of  the  many  inhalers  and  atomizers  which  have 
been  invented  during  the  past  century.  This  treatment 
should  be  kept  up  twice  a  day  for  months,  the  oli.ject 
being  to  produce  a  permanent  change  in  the  susceptibility 
of  the  sen.sory  nerves  distributed  to  the  nasal  and  pharyn- 
geal mucous  membranes.  Occasionally  the  vapor  of 
turpentine  ma_v  be  substituted  for  that  of  carbolic  acid. 
It  is  in  these  cases  also  that  much  may  be  exjiected  from 
the  French  procedure,  originatetl  liy  Ducros,  of  painting 
the  posterior  wall  of  the  pharynx  with  aqua  ammonia', 
although,  to  prevent  sonic  being  made  worse  by  the  irri- 
tant fumes,  Trous.seau  recommends  inhalations  of  am- 
monia tirst  from  a  vial  and  then  touching  the  pharynx 
with  a  weak  .solution,  to  be  made  stronger  as  the  patient 
becomes  accustomed  to  it.  Trousseau  refers  the  immu- 
nity of  many  patients  from  visits  of  asthma  so  long  as 
they  reside  in  the  vicinity  of  gas-works  to  the  presence 
of  ammonia  iu  the  air  of  the  locality  ;  but  while  this  pos- 
sitily  may  be  operative,  yi't  we  would  aserilie  it  more 
to  the  unmistakable  sedative  effect  upon  the  bronchial 
nerves  of  air  charged  with  creosote,  earliolic  acid,  and 
other  allied  products  of  wood  distillation.  It  is  in  this 
class  of  patients  also  that  the  bromides  are  u.seful.  owin,g 
to  their  paralyzing  the  reflex  excitability  of  the  pharyn- 
geal nerves.  A  d(.>se  of  thirty  grains  of  pfifassium  bro- 
mide, with  a  drachm  of  Hoffman's  anodyne  at  bed-time, 
will  often  ward  off  a  nocturnal  visit  of  the  enemy. 

It  is,  however,  in  bronchitic  asthma  fliat  prophylaxis 
is  particul.-irly  imiierative.  As  comparatively  few  cases 
of  bronchitis  originate  from  direct  irritation  of  the  Iiron- 
eliial  mucous  membrane,  but  much  more  conmionly 
from  some  partial  exposure  of  the  skin  to  unecpial  degrees 
of  temperature  (M'<!  BroueliitiK).  so  the  iiarticular  suscejiti- 
bility  of  different  cutaneous  regions  should  be  tested  and 
preventive  measures  adojited  accordingly-  As  a  general 
rule,  in  bronchitis  which  begins  usually  with  a  coryza  it 
is  the  nape  of  the  neck,  while  in  ]ditliisical  cases  it  is  the 
anterior  surface  of  the  chest,  and  in  pharyngeal  or  ton- 
sillar cases  the  feet,  which  are  the  most  susceptihle  to 
those  impressions  of  passing  cold  that  set  U]i  their  special 
tracks  of  inflammation  or  hypeiaunia  in  mucous  mem- 
branes. After  a  few  days'  continuance  of  the  catarrhal 
state,  however,  the  skin  of  the  whole  surface  jiartakes  in 
this  specific  irritability,  so  that  the  jiafients  may  become 
aware  of  a  draught  from  a  distant  open  door  which  others 
do  not  feel.  Alany  cases  of  bronchitic  asthma,  therefore, 
are  promptly  reli<'Ve(|  by  luitting  on  a  whole  suit  of 
buckskin  over  a  light  under  tlannel,  and  wearing  the 
same  until  settled  summer  weather.  These  patients  also 
should  guard  against  nocturnal  perspiration  aliout  the 
neck  and  shoulders,  by  the  use  of  light  liannel  instead  of 
cotton  or  linen  night-shirts.  Daily  inunctions  with  oil 
also,  ajiplied  especially  to  tlf  feel,  and  jireferably  done  on 
rising,  do  much  to  les.sen  the  tendency  to  catching  cold. 
The  bronchitis  itself,  of  course,  should  be  treated  accord- 
ing to  its  indications,  with  es]iecial  benelit  to  be  ho|)ed  for 
in  asthmatics  from  the  emulsion  of  linseed  oil.  AVe  need 
also  oidy  allude  here  to  the  importance  of  making  the 
utmost  of  the  intermediate  sunnner  period  of  mitigation 
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of  broiic-hitis  with  many  luitii'iits  before  the  malady  has 
become  too  ehionic.  iis"  tlmt  subject  is  to  be  fully  dis- 
cussed muter  its  proper  licnd. 

Peptic  nslliMia  is  so  mucli  iutluenccd  by  the  slate  of  the 
aliTneiilary  canal  that  some  have  spoUeu  of  the  treatment 
of  asthma  in  iicueral  as  if  it  were  mainly  a  matter  of 
rciiimen  and  diet.  Indiacstible  food,  even  a  single  meal 
of  such,  is  to  be  scrupulously  avoided  in  every  form  of 
spasmodic  disease.  Tlie  pat'ient  must  not  endea\()r  to 
reconcile  his  diijestive  apparatus  to  any  second  trial  with 
an  oll'ender.  Whether  the  pmneness  to  spasmodic  or 
convulsive  disorder  be  due  here  to  the  greater  suscepti- 
liilily  of  the  nerve  centres  to  retlc.x  excitation  fromthe 
alimentary  canal  than  from  any  other  nerve  distribution, 
or  whether  the  susceptibility  is  caused  by  the  absorption 
of  nerve  poisons  generated  in  some  intestinal  fermenta- 
tion, it  is  uufiuestionable  that  any  departure  from  good 
digestion  is  to  be  dreaded  in  treating  such  complaints, 
and  in  none  more  so  than  in  asthma.  Experience  will 
best  leacli  each  one  all  the  particulars  as  regards  what  he 
can  and  what  he  cannot  eat.  and  its  verdict  must  be  ac- 
cepti'd.  Moreover,  with  all  asthmatics,  the  digestive 
power  decreases  as  the  day  wears  on,  and  hence  the  best 
meal  .should  be  taken  before  the  afternoon,  while  iu  the 
evening  only  the  lightest  supper  shotdd  be  allowed. 

But  as  the  prevention  of  peptic  asthma  wellnigh  in- 
volves the  treatment  of  all  the  varied  forms  of  dyspepsia, 
we  can  direct  attention  here  only  in  a  general  way  to  the 
subject,  for  each  case  is  to  be  managed  according  to  its 
own  indications.  We  may  remark,  however,  that  bis- 
muth ajipears  to  be  one  of  the  most  effective  jireventives 
of  peptic  asthma,  probably  owing  to  its  antisejitic  prop- 
erties. A  good  form  of  administration  is  in  capsules  of 
tive  grains  each  of  bismuth,  carb. .  and  of  pulv.  calumba'. 
two  such  to  be  taken  an  hoiu'  after  meals  and  at  night. 
Ten  grains  of  sodium  lienzoate  and  ten  grains  (}f  bismuth 
salicylate,  administered  iu  two  capsules,  will  also  often 
be  found  effective  in  preventing  intestinal  fermentation. 

In  conclusion,  we  would  recommend,  besides  prophy- 
lactic measures,  the  recoiu'se  to  certain  remedies  whose 
benefit,  w'hen  secvircd.  can  properly  lie  termed  lasting  or 
curafi\'e.  instead  of  merely  palliative.  Want  of  success 
with  them  may  be  due  often  to  a  failure  to  recognize  the 
fact  that  to  be  truly  cm-ative  iu  such  a  deepseated  and 
lifelong  malady  as  asthma  a  remedy  must  be  given  con- 
tinuoiisly  without  reference  to  the  attacks,  and  long 
enough  to  produce  a  decided  modification  in  the  system 
itself.  Such  a  result  never  can  be  obtained  from  nervines, 
however  steadily  or  largely  they  be  taken,  as  is  proved 
by  the  absence  of  any  recognizable  sign,  either  during  life 
or  after  death,  of  the  years  spent  by  many  in  consuming 
tobacco  or  opium.  In  arsenic  and  the  potassium  iodide", 
liowever.  we  possess  truly  constitutional  uiedieines, 
whose  value  in  asthma  has  been  rejieatedly  demon- 
strated. If  these  medicines,  howevei-,  have  any  etTect 
on  astlnna,  that  etfect  is  wholly  different  in  kiiid  from 
the  immediate  relief  produced  by  a  ti-ansient-acting  ner- 
vine, for  it  iHUSt  be  by  causing  a  more  or  less  organic 
alteration  in  tlie  lesion  itself.  Their  proper  administra- 
tion in  asthma,  therefore,  should  be  like  the  administra- 
tion of  iron  for  antemia,  or  mercvu-y  for  syphilis,  or  the 
bromides  for  epilepsy,  the  effect  being  obtained  not  by 
one,  or  by  the  first  diise,  but  only  after  months  of  steady 
use.  I  feel  assured  that  if  a  combined  or  alternate  arsen- 
ical and  iodide  treatment  were  as  systematically  adojited 
in  the  treatment  of  asthma  as  the  above-named  constitu- 
tional remedies  are  vised  in  other  malarlies.  many  a  case 
of  tins  disease  would  be  finally  got  rid  of  which  now. 
under  the  deceptive  reconr.se  to'nervines,  becomes  at  last 
an  incnralile  habit  of  the  nervous  respiratory  mech.anism. 

To  obtain  the  best  results  with  constitutional  remedies, 
two  therapeutical  rules  should  be  steadily  followed. 
The  first  is  to  administer  along  with  them  one  or  more  of 
the  restoratives,  in  order  to  prevent  the  injurious  effects 
of  the  continued  taking  of  such  unnatural  siibstances  into 
the  system  as  arsenic  or  iodine.  No  symptoms  of  iodisni 
or  of  arsenic  shoidd  lie  allowed,  because  tlie  remedi.al 
effects  of  these  medicines  cease  at  once  upon  the  appear 


ance  of  any  signs  of  their  poisonous  operation.  If  dimin- 
ishing tlie  dose  is  not  lollowed  by  a  cessation  of  the  synii)- 
toms,  these  drugs  must  be  omitted  for  a  time,  and  then 
resumed  in  small  doses,  to  be  increased  again  onlj-  as  the 
patient  can  tolerate  them.  The  best  restoratives  with 
arsenic  are  quinine  and  codliver  oil.  while  phosphorus 
and  the  muriated  tincture  of  iron  best  prevent  the  injuri- 
ous effects  of  iodine. 

The  second  rule  Is  to  .secure  the  co-operation  of  ner- 
vines, for  though  these  latter  cannot  be  curative  in  them- 
selves, j'ct  experience  proves  that  they  unquestionably 
promote  the  action  of  constitutional  remedies  -n-hen  they 
relieve  some  of  the  symptoms  of  the  disease.  Thus  I 
have  repeatedly  noted  potassium  iodide  fail  adequately, 
to  cure  a  syphilitic  node  until  opium  and  conium  were 
added  to  the  prescription.  And  on  the  same  principle  I 
have  been  accustoined  in  asthma  to  prescribe  a  combina- 
tion somewhat  as  follows:  3  Kal.  iodid.,  3  iss. ;  Liq. 
pot.  arsen.,  J  i. ;  Spts.  eth.  sulph.  co.,  §  iiss. .  Tr. 
belladonna'.  3ij.;  Spr.  auraut.  cort.  ad  ^  vi.  M.  S. : 
Two  teaspoonfuls  in  water  an  hour  after  meals. 

In  a  certain  proportion  of  cases  a  curative  effect  is 
secured  by  counter-irritation  apjilied  along  the  cervical 
and  upper  dorsal  vertebra-.  The  actual  cautery  is  to  be 
preferred,  and  one  form  of  this  irritation  is  both  effective 
and  readily  applied  without  ex  pensive  apparatus,  namely, 
by  the  hot  glass  rod.  Spots  of  ink.  half  an  inch  or  so 
ajiart.  maile  along  the  spinous  processes,  are  to  be  lightly 
touched  liy  the  tip  of  a  glass  rod  raised  to  a  w-hite  heat 
in  the  flame  of  an  alcohol  lamp.  This  simple  procedure 
causes  but  little  pain,  and  immediately  after  the  applica- 
tion shows  a  continuous  red  line  as  if  made  by  the  pas- 
sage of  a  hot  iron.  The  application  should  be  repeated 
about  every  fourth  day. 

If  there  is  any  history  of  the  alternation  of  asthma 
with  the  disappearance  of  a  cutaneous  eruption,  an  ar- 
tificial eczema  by  croton  oil  on  the  chest,  as  already 
mentioned,  is  often  positively  remedial  if  persevered  in 
on  the  first  sign  of  a  return  of  the  dyspiKca.  Asthma 
secondary  to  other  diseases  must  be  treated  with  them. 
In  the  cardiac  cases,  and  in  gouty  patients  as  well,  a  con- 
tinued use  of  saline  waters,  like  the  Congress  or  Hathorn 
of  Saratoga,  will  afford  the  best  prospect  of  relief. 

In  all  cases  of  asthma,  however,  a  careful  examination 
of  the  nas;il  passages  should  be  made  at  the  beginning 
and  repeated  throughout  the  treatment.  The  innerva- 
tion of  tlie  outlets  of  all  long  tubular  tracts  is  closely 
associated  with  the  nervous  mechanism  controlling  the 
muscular  movements  of  the  whole  tract,  examples  of 
which  are  seen  in  the  heightened  irritability  of  the  whole 
genito-urinarvapiiaratus  by  a  narrowed  meatus,  ororifice 
of  the  prepuce,  by  the  pylorus  remaining  patent  so  that 
the  stomach  is  too  quickly  emptied  in  dysentery,  etc. 
AA'e  need  not  woniler.  therefore,  if  the  normal  rhythm  of 
respiration  is  readily  tleraiiged  by  a  iiolyjuis  or  other 
obstruction  in  the  nose,  and  all  such  conditions  should  be 
fully  remedied  when  found.  But  aside  from  such  lesions, 
many  asthmatic  attacks  may  be  ju'evented  or  aborted 
early  by  a  s]iray  of  carbolized  oil — one  iiart  of  carbolic 
acid  to  forty  of  sweet  almond  oil — used  especially  on 
retiring  at  night.  William  II.  Tliomson. 

ASTIGMATISM*  {from  a,  privative,  and  (rriyua,  a 
point)  is  till-  imiiie  proposed  by  Whewell  (1846)  to  desig- 
nate the  vi.^ual  anomaly  which  results  from  unequal  re- 
fraction in  the  planes  of  the  several  ocular  meridians.f 
Accurate  measurements  of  the  cornea  reveal,  in  the 
greater  number  of  eyes,  a  somi'what  different  radius  of 
curvature  iu  ilifferent  meridians,  and  not  infrequently 
this  difference  is  sufficient  to  give  rise  to  serious  imper- 

*The  form  "n.-^h'i/im'rt,"  cf,  "  ptrshytia  "  =  prc^liijnpia,  bas  been 
lately 'adopted  by  rertaiii  Frentii  \vritei*s. 

+  For  eonvenience,  Itie  faiiuliar  system  of  lines  and  oin'les  used  in 
peoirnipliy  is  e,xtended  to  tlie  topoL'niptiv  ^)f  tlie  eyeball.  If  we  desip- 
nate  tlie  centre  of  tlie  cornea  and  tlie  retitral  fovea  of  tbe  retina  as 
the  anterior  and  posterior  poles.  res)iei-tively.  the  line  oonneotini? 
them  is  the  axis ;  all  jrreat  ein^les  pa.ssin(r  lliniiipb  tbe  two  p<iles  are 
nieriiiians;  the  pivat  <'ircle  wliieh  cuts  all  tlie  meridians  midway 
between  the  ]ioles  is  tbe  equator :  and  tbe  portion  of  the  surface  iu- 
eluried  between  any  two  pamllels  is  a  zone. 
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fectiou  of  vision.  As  a  rule,  the  meridian  of  greulesl 
curvature  is  vertical  or  ap|)i().\iiuately  vertical,  and  the 
meridian  of  least  eiu'vature,  at  rij;ht  an.trli'S  to  the  former, 
is  Itori/onlal  or  api/roximately  horizontal.  To  this  rule 
there  are.  howevei.  many  and  conspieuous  exceptions. 

Tlie  crystalline  lens,  also,  may  be  the  seat  of  asym- 
metrical refraction,  either  tlirou.i^li  ineiiuality  of  curva- 
ture in  its  several  meridians,  or  throujrh  some  devi.-ition 
from  perfect  synunetryof  jiosition  as  referred  to  the 
axis  of  the  eyeball.  Astigmatism  of  the  crystalline  lens 
is  generally  of  comparatively  low  grade,  and  the  meridian 
of  greatest  lenticular  refraction  isoftenest  approximatel}' 
horizontal,  rather  than  vertical.  Hence  lenticular  astig 
matisni  tendsoftenerto  correct  than  to  increasr  the  astig- 
matism due  to  asynunetry  of  the  cornea,  and  the  total 
astigmatism  of  any  eye  is  apt  to  fall  short  of  rather  than 
to  exceed  that  which  would  result  from  the  corneal  asym- 
metry alone. 

From  the  fact  that  neither  the  cornea  nor  the  anterior 
or  posterior  lens  surface  is  a  ])erfect  surface  of  revolution, 
and  that  not  one  of  these  surfaces  is  quite  accurately  ad- 
justed with  rer<'renc('  t.o  the a.xis  of  the  eyeball,  it  follows 
that  the  refraction,  whet  her  symmetrical  or  asymmetrical, 
in  any  eye  is  actually  the  resultant  of  three  more  (jr  less 
asynmietrical  refractions.  In  practice,  however,  these 
complications  are  disregarded,  and  the  investigation  of 
the  elements  of  any  case  of  astigmatism  is  limited  to  the 


a  number  of  jioinls  arranged  along  the  horizontal  line  M 
L  N,  these  points  will  be  severally  projected  at  /,,  eacli 
as  a  horizontal  line,  and  lhe.se  lines,  overlapping  each 
other  in  the  greater  part  of  their  length,  will  appear 
fused  into  a  single  horizontal  line.  It  follows  that  the 
line  iM  I,  N,  which  may  be  regarded  as  made  up  of  an 
intinite  number  of  points,  will  be  projected  asa  horizontal 
lineat/i.  So  also  a  series  of  points  arranged  along  the 
vertica'l  line  O  L  P,  or  the  vertical  line  O  h  P  itselfi  will 
be  projected  as  a  vertical  lineat/j.  Lines  lying  in  one 
or  the  other  of  these  two  directions  (parallel  to  M  L  N 
or  to  O  L  P)  are,  in  fact,  the  only  objects  which  can  be 
projected  by  the  asymmetrical  refracting  surface  with- 
out consjiiciious  alteration. 

The  line  M  L  N  and  the  tirst  focal  line  ./',  lie  in  the 
saniei]lane;  similarly  the  line  ()  L  P  and  the  secoml  focal 
line/o  lie  in  a  plane  at  ri,ght  angles  to  the  former  plane. 
The  intersections  of  these  two  planes  {piinrijui!  pli/nes) 
with  the  refracting  surface  mark  the  meridian.s  of  least 
and  greatest fefraction  (prinripul  ineridinnn),  which  are 
also  at  light  angles  to  each  other.  It  is  sunici<>nt,  there- 
fore, in  any  case  to  note  the  direction  of  one  of  the  prin- 
cipal meridians,  preferably  the  meridian  of  greatest  re- 
frai'lion,  which,  in  the  case  of  th{'  cornea,  is  designated 
by  the  symbol  Mv. 

The  phenomena  characteristic  of  astigmatic  refraction 
may  be  shown   experimentally  by  means  of  a  lighted 


measurement  of  dilferenees  in  the  curvature  of  the  eor- 
neain  ditferent  meridians  and  to  the  study  of  the  refract- 
ive phenomena  as  a  whole. 

The  characteristic  property  of  a  pencil  of  light  after  a 
single  astigmatic  refraciion  (or  rcfleetion)  is  that  it  has 
no  focus,  properly  so  callecl,  but  that  all  its  rays  pass 
through  two  nearly  straight  lines,  which  lie  at  right 
angles  to  the  axis  of  the  pencil  and  to  each  other  (fond 
lines).  The  construction  of  such  a  pencil  is  shown  in 
Fig,  ;")6,  in  which  L  represents  a  luminous  point;  A, 
B,  C,  D  a  ])ortion  of  an  asymmetrical  refracting  surface 
(cornea),  of  which  the  meridian  of  greatest  refraction  is 
assumed  to  be  vertical,  and  which  for  convenience  in 
reiiresentation  is  taken  as  a  square:  /,  the  first  foeal  line; 
and /a,  lying  in  a  direction  at  right  angles  to  the  fir.st. 
t he  second  focal  line.  The  form  of  the" cross  section  of 
thei)encilat  other  jiarts  of  its  course  after  refraction  is 
indicated  by  the  three  ]iarallelograms,  o.  r.  and  li.  Oidy 
one  of  the.se  cross  .sections  (r),  lyin,g  between  the  two 
focal  lines  but  nearer  to.f,  than  to/g.  has  the  .same  form 
as  the  cross  section  of  the  pencil  before  refraction 
(namely,  a  square);  all  the  otliers  are  parallelograms, 
having  their  longer  sides  in  a  direction  parallel  to  the 
nearer  focal  line.  The  distance  .separatin.g  the  two  fdcal 
lines  (/,  and/j)  is  <-alled  \hi-foriil  iiiterrnl. 

From  the  construction  it  follows  that  if  the  pencil  is 
cut  by  the  retina  at  fi.  the  luminous  point  at  L  will  be 
seen  as  a  horizontal  bright  line,  and,  .similarly,  if  the 
pencil  is  cut  at  J\.  the  point  L  will  be  seen  as  a  vertical 
line.  If  the  pencil  is  cut  by  the  retina  at  r.  the  point 
will  be  seen  as  a  small  spot  having  the  form  of  the  re- 
fracting surface,  which,  in  the  eye,  is  determined  by  the 
form  of  the  pupil,  and  is  therefore  approximately  cir- 
cular. If  the  pencil  is  cut  at  any  other  part  of  its  course 
the  point  will  be  seen  as  an  oval  closely  approximating 
an  ellipse.  The  section  of  the  pencil  at  c  is  called  the 
cirrle  of  lexxt  confiixinn . 

If,  instead  of  a  single  luminous  point  at  L.  we  assume 


c;mille.  an  oidinary  convex  lens,  and  a  convex  jilano- 
cylindrical  lens.*  The  imageof  the  distant  candle  (lame, 
which  may  be  considered  as  equivalent  to  a  luminous 
point,  is  tirst  received  upon  a  screen  placed  at  the  prin- 
cii.ial  focus  of  the  spherical  lens,  where  it  will  appear  as 
a  bright  point.  If  now  the  convex  cylindrical  lens  is 
placed  inunediatelj'  in  front  of  or  behind  the  spherical 
lens,  this  bright  point  will  be  sei'U  drawn  out  into  a 
bright  line  representing  the  second  focal  line  (/;),  and  by 
moving  the  screen  nearer  to  the  condaned  lens  a  distance 
will  be  reached  at  which  tlie  bright  point  will  be  seen 
drawn  out  into  a  line  at  right  angles  to  the  tirst,  repre- 
senting the  fir.st  focal  line  (/,).  In  moving  the  screen 
from  the  position  of  the  second  to  that  of  the  first  focal 
line,  a  point  will  be  passed  at  which  the  illunnnated  area 
is  sec'ii  exjianded  into  a  small  circular  bright  spot,  repro- 
ducing the  circular  o\itline  of  the  lens  (circle  of  least 
confusion);  at  all  otherdislances  the  section  of  thoiieneil 
will  lie  elliptical  in  form,  with  the  longer  axis  of  the 
cllip.sc!  in  the  direction  of  the  nearer  focal  line.f 

To  study  the  iilienomena  of  astigmatic  vision,  it  is 
only  necessary  to  look  through  a  weak  cylindrical  lens 
held  before  the  eye  or  moimted  in  a  spectacle  frame.  If 
the  eye  is  enunetropic  (see  Afr<>nimoiJiili<in  anil  Refrac- 
tion), aconvex  cylindrical  lens  will  render  it  short-sighted 
(myopic)  in  the  meridian  at  right  angles  to  the  axis  of 
the  cylinder,  and,  conversely,  a  concave  cylindrical  h^ns 
will  render  it  over-sighted  (hypermetropic)  in  the  same 


*  A  plano-oTliniirioal  lens  has  one  surface  plane  and  the  other  pround 
to  a  cytindrirjil  cnrvattire,  whicli  may  he  either  e<invex  or  concjive. 
f.enses  are  also  trround  witli  a  convex  or  concave  sptierical  surface  on 
one  side  and  a  convex  or  concave  cyiindrical  surface  on  ttie  other  side, 
and  may  tie  iiiilliiled  liy  ceinenting  t^tpeilier.  l>y  tiieir  plane  surfaces. 
an  ordinary  ptanoK'onvex  or  plano-ciincave  lens  and  a  plano-i-ylin- 
drical  lens.    Such  a  i-ombined  lens  is  called  a  spherlctwylindiical  lens. 

t  If  inst4>ad  of  a  candle  ilame  a  very  lirifjht.  lij^ht  is  used,  such  as 
an  electric  arc  or  calcium  llijlit.  or  a  i)eani  of  sunlltrlit  directed  by 
means  of  a  mirror  throuLdi  a  small  hole  in  the  window  shutter,  the 
fonn  of  the  pencil  may  be  seen  ligtHinK  up  the  dust  of  tlie  room  along 
Its  entire  course. 
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meridian;  tlius  reproducing  the  two  types  of  simple 
astigiuatism.  namely,  Kimpk  mijopic  astiffmatism  (Am) 
tnuisiiiiph'  liypcfiiuiroiuc  tiftir/iiuttism  (Ah).  If  the  eye 
is  myopic,  or  is  made  so  for  the  experiment  by  means  of 
a  convex  spherical  lens,  the  convex  cylindrical  lens  will 
render  it  more  myopic  in  the  meridian  at  riyht  angles  to 
its  axis:  and.  similarly,  if  the  eye  is  liy  |iernii-tropic.  or  is 
made  so  by  means  of  a  concave  sjilicrical  lens,  the  con- 
cave cylindrical  lens  will  render  it  more  hypermetropic 
in  the  "meridian  at  right  angles  lo  its  axis;  thus  repro- 
ducing the  two  types,  cumpiniml  iiij/opic  dutif/matism 
(JI  +  Am),  and  compound  hypermetropic  nsfir/mitlixm 
(H  -f-  Ah).  A  fifth  type,  called  mi.red  (i.fti'g7)iati.im  (Amh 
or  Alim),  is  reprodviced  in  the  emmetropic  eye  by  look- 
ing through  a  convex  orconcave  splierical  lens  combined 
with  a  concave  or  convex  cyliiuhical  lens  of  greater 
power:  in  the  myopic  eye,  by  looking  through  a  con- 
cave cylindrical  lens  of  a  power  in  excess  of  the  degree 
of  the  myopia ;  and  in  the  hyiiermetropic  eye,  bj'  look- 
ing through  a  convex  cylindrical  lens  of  a  power  in 
excess  of  the  degree  of  the  hypermetropia.  These  five 
types  include  all  the  possible  varieties  of  regtilar  astig- 
matism. 

In  JI  + Am  all  distant  objects  appear  confused  and  in- 
distinct, but  there  is  a  certain  distance  at  which  a  point 
is  seen  imder  the  form  of  a  line  corresponding  to  the 
second  focal  line  (/j).  and  there  is  a  second,  shorter  dis- 
tance at  which  the  same  point  is  seen  as  a  line  at  right 
angles  to  the  former  line  and  corresponding  to  the  first 
focal  line  (./'i).  In  Am  a  distant  point  is  seen  as  a  line 
corresponding  to  the  second  focal  line  (f-^).  and  a  point 
at  .some  shorter  distance  is  seen  as  a  line  corresponding 
to  the  first  focal  line  (/, ).  In  Ah  a  distant  point  is  seen 
as  a  line  corresponding  to  the  first  or  to  the  second  focal 
line  (/i  or/;),  according  as  the  eye  is  in  a  state  of  rest  or 
is  accommodated  to  a  degree  equal  to  the  measure  of  its 
astigmatism.  In  H  -)-  Ah  a  distant  point  is  seen  as  a  line 
corresponding  to  the  first  focal  line  (/,)  through  the  ex- 
ercise of  some  part  of  the  accommodation  equal  to  the 
measure  of  the  hypermetropia  (H),  and  it  may  be  seen  as 
a  line  corresponding  to  the  second  focal  line  (/j)  through 
a  greater  exerci.se  of  the  accommodation  equal  to  the 
sum  of  the  hypermetropia  (H)aud  the  astigmati.sm  (Ah). 
In  mixed  astigmatism  i  Amh  or  Ahm)  a  distant  point  is 
seen  as  a  line  corresponding  to  the  second  focal  line  (/«) 
through  the  exercise  of  some  part  of  the  accommodation, 
and  a  point  at  some  shorter  distance  is  seen  as  a  line  cor- 
responding to  the  first  focal  hne  (fi). 

In  any  case  in  which  a  point  is  seen  under  the  form  of 
a  line,  all  lines  at  tlie  same  distance  which  corresiiond  in 
direction  to  the  du'ection  of  this  linear  image  will  be 
seen  sharply  defined.  Hence  the  visual  phenomena  in 
astigmatism  may  be  studied  by  the  use  of  test  objects 
made  up  either  of  points  or  rows  of  points,  or  of  lines  or 
sets  of  parallel  lines.     Examples  of  such  test  objects  are 


shown  in  Figs.  367  and  368,  both  as  they  are  seen  by  the 
normal  eye  when  accurately  focnssed  for  their  distance, 
and  as  they  aiipear  to  an  astigmatic  eye  when  sinnlarly 
adjusted  in  its  vtTtical  meridian.  In"  Fig.  307  h  every 
dot  is  seen  elongated  and  blurred  in  the  horizontal  direc- 
tion, so  that  the  dots  in  th(.>  horizontal  rows  ajipear  to 
run  into  one  another,  while  in  the  vertical  rows  they  aix- 
seen  distinctly  separated.     Similarly  the  horizontalliues 


in  Fig.  308  A  are  seen  sharply  defined,  although  some- 
what elongated,  while  the  vertical  and  -oblique  lines 
appear  blurred. 

In  the  diagnosis  of  astigmatism,  as  of  ametropia  gen- 
erally, both  objective  and  subjective  methods  are  em- 
ployed.    In  the  examination  of  the  eyes  of  very  young 
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children  objective  methods  are  alone  available,  and  in 
nearly  every  case  they  give  direct  and  valuable  informa- 
tion by  i.|uickly  and  surely  revealing  special  refractive 
defects  and  indicating  the  way  to  their  further  investiga- 
tion. 

For  convenience  and  general  applicabihty  the  oph- 
thalmometer of  Javal  and  Schiotz  (see  Ophtiiahuometer) 
holds  a  foremost  place.  Bj'  means  of  this  instrument 
the  smallest  deviations  from  symmetrical  cvu'vature  of 
the  cornea  are  detected,  and  both  the  direction  of  the 
meridians  of  greatest  and  of  least  curvature  and  the  dif- 
ference in  the  corneal  refraction  in  these  meridians  are 
measured  with  great  accuracy'  and  with  great  economy 
of  time.  Working  from  these  corneal  measurements  as  "a 
starting  point,  the  way  to  the  determination  of  the  re- 
fraction of  the  eve  as  a  whole  is  shortened  and  made 
clearer,  and  in  the  end  a  more  comprehensive  diagnosis 
is  reached  than  is  possible  when  the  corneal  astigmatism 
is  ignored  as  a  distinct  factor. 

The  ophthalmoscope  is  used  in  several  different  ways 
for  the  detection  and  measiu'ement  of  refractive  anomalies, 
including  astigmatism.  In  viewing  the  fundus  of  the 
eye  in  the  erect  image  (see  Ophtholmmcope),  the  details 
of  the  picture  of  the  retinal  vessels  and  optic  disk  are 
affected  in  the  s;ime  manner  as  are  the  images  of  visible 
objects  when  viewed  by  an  ametropic  eye.  In  astigma- 
tism the  retinal  vessels  afford,  to  the  observer,  test  objects 
not  unlike  the  radiating  lines  shown  in  Fig.  3G8;  the 
determination  of  the  refnictitm  in  the  two  principal 
meridians  is  made  by  noting  the  strongest  convex  or  the 
weakest  concave  lens  through  which  the  observer  sees 
distinctly  the  vessels  which  lie  at  right  angles,  respec- 
tively, to  the  direcli(ra  of  these  meridians.  In  the  higher 
grades  of  astigmatism  the  fundus  of  the  eye  presents  a 
very  characteristic  picture  of  a  confused  red  ground 
marked  by  parallel  streaks  of  a  deeper  red,  in  which  the 
double  contour  of  a  retinal  vein  or  artery  is  here  and 
there  recognizable,  and  by  a  lighter  spot,  the  optic  disk, 
which  is  seen  elongated  and  blurred  in  the  same  direc- 
tion. The  inspection  of  the  details  of  the  fundus  is  best 
made  with  the  oiihthalmoscope  devised  for  this  purjiose 
by  Loring,  in  which  a  revolving  disk  (or  disks),  contain- 
ing a  large  series  of  con\ex  and  concave  lenses,  is  mounted 
immediately  behind  the  mii-ror.  To  secure  a  good  ob- 
servation it  is  often  convenient,  and  sometimes  necessary, 
to  dilate  the  pupil,  but  not,  as  a  rule,  to  paralyze  the 
accommodation.  Cocain  hydrochlorate  (three  per  cent.) 
and  euphthalmin  hydrochlorate  (five  per  cent.),  or  a 
solution  of  the  two  Siilts  (one  per  cent,  each),*  afford  a 
choice  of  mydriatics  which  best  fulfil  this  indication. 

Another  apjilication  of  the  ophthalmoscoiH'  to  the  in- 
vestigation of  the  refraction  is  by  the  metliod  known  as 
retin<iscopy,  shadow  test,  etc.,  which  consists  essentially 
in  the  observation  of  the  direction  in  which  the  dark 

*  As  recommended  by  E.  Jackson. 
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border  of  the  image  of  a  fiiime,  reflected  into  tlie  eye  by 
the  mirror,  moves  across  tlic  strongly  illuminated  ini])il 
(see  Sh(ul(iir  Tint).  liy  this  niethcid  nieilsurcMUMils  of 
tlie  total  refraction  of  the  eye.  and,  in  astigmalisni,  of 
the  direction  of  the  principal  meridians  and  also  of  the 
refraction  in  each  of  these  meridians,  may  be  made  with 
a  fairly  clo.se  aiiproximation  to  accuracy,  ['reliminary 
dilatation  of  the  jjupil  is  always  a  help,  and  is  often 
indispensable;    cocain    hydriMldorate  and   cuphthalmin 

h3-d  roc  Idorale 
are  to  be  pi'c- 
ferred  I'cjr  this 
purpose.  F  o  r 
the  indication 
of  other  methods 
by  which  the 
ophtlialmoscoi)e 
may  be  helpful 
in  the  detection 
and  investiga- 
tion of  asti,sma- 
tism,  see  Ojih- 
thdhiioscfiiif. 

The  sidiject- 
ive  investiga- 
tiou  of  astigma- 
tism is  most 
ti  i  r  e  c  1 1  y  and 
easily  cf)uduct- 
ed  by  the  use 
of  special  test 
diagrams  s  i  m- 
ilar  to  the  test 
objects  sh  ow  n 
in  Figs.  367  and 
3fW.  A  few  ex- 
amples, .selecteii 
f  r  n  ni  a  m  u  c  h 
larger  number 
w  hich  have  been 
devised  for  this 
p  u  r  p  o  s  e,  are 
shown  in  Figs. 
8(ii),  II  t  o  h. 
They  are  printed 
on  c  i  r  c  u 1 ar 
cards,  about 
nine  inches  in 
diameter,  and, 
for  greater  con- 
venience in  use, 
and  to  meet  the 
varied  c  o  n  d  i 
tionsin  different  cases,  they  are  drawn  to  different  scales; 
the  tiller  lines  are  easily  distinguished  by  a  normal  eye 
at  a  distance  of  about  eiglit  metres.  The  several  cards 
are  made  with  a  central  hole,  so  that  they  may  be  made 
to  turn  on  a  pivot  at  the  centre  of  a  larger  card  rej)- 
resenting  a  clock  dial.  This  dial  card  is  hung  on  the 
wall,  in  a  good  light,  and  the  tests  are  viewed  from  the 
opposite  side  of  the  room  at  a  distance  ofabout  live  orsi.v 
metres.  'When  an  astigmatic  eye  is  directed  upon  one  of 
tlie  diagrams  made  up  of  radiating  lines  or  sets  of  lines 
(Fig.  369,  a  to /)  or  of  narrow  sectors  (Fig.  litii).  ;/,  h), 
the  lines  or  sectors  which  corres])oiid  in  direction  to  one 
of  the  two  ]uincipal  meridians  are  generally  seen  more 
sharply  detinc'd  tlian  those  in  the  other  meridians.  In 
simple  myopic  astigmatism  (Ami  the  line  or  lines  corre- 
sponding in  direction  to  the  ocular  meridian  of  greatest 
refraction  (Mo)  are  seen  clearly  defined,  while  those  in 
the  other  meridians  apjicar  indistinct  or  confused.  In 
mixed  astigmatism  (Amh  or  .Vhm)  the  lines  uliicli  corre- 
sjiond  in  dirrction  tn  tli<'  lucridian  of  greatest  refraction 
are  distinguished  thniugh  an  I'xereise  of  the  aceommo 
dation  ecpial  to  the  measure  of  the  hyjiermetropic  part  of 
the  refractive  anomaly,  while  those  in  the  other  meridians 
are  seen  indistinctly.  In  simple  hypermetropic  astigma- 
tism (Ah)  the  lines  corresponding  in  direction  to  the 
Vol..  I.— ;« 


ocular  meridian  of  least  refraction  (at  right  angles  to  Mo) 
are  seen  distinctly  when  the  eye  is  in  a  state  of  aceom- 
niodative  rest,  and  these  lines  beeoine  confused,  while 
those  corresponding  in  dire<'lioii  to  the  meridian  of  great- 
est refraction  (Mo)  become  in  turn  distinct,  when  the  ac- 
commodation is  exerted  to  a  degree  e(iiiivaleut  to  the 
measure  of  the  astigmatism.  In  coiniiouud  liypernie- 
tropic  astigmatism  (H -f  Ah),  the  lines  in  the  former  or 
ill  the  latter  of  these  meridians  are  .seen  sharply  detineil. 
thrcaigh  an  exercise  of  the  aecoinmodation  equivalent  in 
the  one  case  to  the  measure  of  the  liypernietio)iia  (II). 
and  in  the  other  case  to  the  measure  of  the  <  oinliini'd 
hypermetroiiia  and  asligmatisni  (II  -)-  Ah).  Only  in  com 
Iiound  myopic  astigiuatism  (M  +  Am)  do  the  lines  neces- 
sarily ajipear  indistinct  in  all  meridians,  although  least 
so  in  the  meridian  of  greatest  ocular  refraction;  when 
the  myopia  (M)  is  corrected,  by  placing  a  suitable  con- 
cave lens  in  front  (d'  the  eye.  the  case  is  tran.sformed  into 
that  of  simple  myopic  astigmatism  (Am). 

In  the  hypermetid]iic  forms  of  astigmatism  (Ah,  and 
II  -f-  Ah),  and  also  in  certain  casesof  mixed  astigmatism, 
the  examination  is  rendered  ditbcult  by  uncnnsciinis 
accommodative  efforts  of  the  patient  in  the  attempt  to 
recognize  as  many  as  possible  of  the  test  lines.  To  over- 
come this  difficulty  it  is  generally  necessary  to  suppress 
the  aecoinmodation  for  the  time  being,  which  may  be  ac- 
comidished  by  placing  before  the  eye  a  convex  glass  of 
suflicient  strength  to  correct  it  in  its  meridian  of  least 
refraction;  in  other  words,  bringing  the  eye  into  the  con- 
dition of  simjile  myopic  astigmatism  (Am),  Viy  making  it 
look  through  the  strongest  convex  glass  through  which 
it  can  clearly  distinguish  the  lines  in  any  meridian.  The 
disturbing  iiiHiience  of  the  accommodation  may  also  be 
annulled  by  means  of  a  solution  of  atropia,  several  limes 
instilled,  until  the  accommodation  becomes  completely 
]iaialyzed.  This  involves,  however,  a  serious  disturb- 
ance ;if  vision,  which  may  persist  for  many  days,  and 
also  the  special  disadvantage  of  enlarging  tlie  (lupil  far 
tieyond  its  iiornial  diameter,  and  .so  including  in  the 
measurement  a  peripheral  zone  of  the  cornea  an<l  of  the 
crystalline  lens,  in  which  the  curvature  may  differ  ma- 
terially from  that  in  the  central  region  which  aionc  is 
ordinarily  utilized  in  vision.* 

Ill  the  investigation  of  any  case  of  ametro])ia  by  this 
method,  we  first  select,  by  successive  trials,  the  weakest 
concave  glass  (in  !M  +  Ami  or  the  strongest  convex  glass 
(in  Anili  or  Alini.  Ah.  and  H -|- Alil  through  which  the 
lines  ill  any  meridian  are  clearly  distinguished.  If  the 
lines  in  all  the  meridians  are  .seen  through  this  sidierical 
glass  with  perfect  distinctness,  astigmatism  is  excluded. 
If  the  lines  in  only  one  meridian  are  distinctly  recognized 
this  meridian  will  be  the  ocular  meridian  of  greatest  re 
fraction  (JIo),  and  the  glass  through  which  the  lines  are 
seen  will  represent  the  measure  of  the  ametropia  i.M  or 
II)  in  the  ocular  meridian  of  least  refraction.  AVlicn 
these  two  elements  have  been  determined,  it  remains  only 
to  ascertain  the  degree  of  astigmatism,  by  successive 
trials  with  concave  cylindrical  glasses,  until  a  glass  is 
b.und  through  which  (when  added  to  the  spherical  glass 
already  chosen)  the  lines  in  both  |irinci])al  meridians  are 
seen  clearly.  This  cylindrical  glass  is  the  measure  of 
the  astigmatism. 

Froceeding  in  this  manner,  we  obtain  a  formula  in 
terms  of  M  -4-  Am.  Am.  or  II  +  Am;  thcsymtxil  M  -|  Am 
being  that  of  coiiijidiiiuI  tui/njiif  ii.il /f/iiiii limn,  and  Am  that 
of  ninijile  mxiupic  (islirinuilmiii.  In  the  expression  H  +  Am, 
we  may  have  II  =  Am.  in  which  case  the  expression  re- 
duces to  Ah,  which  is  the  symbcd  of  xinqiU'  h}i(iirmitrii}iir. 
iixtiiimcttimi.  When  H  >  Am,  the  expression  H  -f-  Am  is 
transformed  into  II  -f-  Ah,  the  symbol  of  miiipiiiiinl  /ii/pi r- 
initi-iijiic  a.itif/iiiiili.iiii.  by  taking  II  e(iual  to  the  dilference 
in  the  numerical  values  of  II  and  Am  and  changing 
Am  to  Ah.  When  II  <  Am.  the  easels  one  of  ini.riil 
ii.iti!/m(itiniii  (Anili  or  Alim).  and  the  ex])ressioii  II  -f  Am 

♦  M<>a.«iiremeiit.s  of  tlip  refraction  made  under  artilli'ial  paralysis  of 
tlie  arroiiimodalion  out'lii  never  to  lie  a(io()ted  as  final  until  tliey  have 
iM-eti  viTilliMj.  or  C(>n>Ttril.  by  other  tests  uiade  after  tlie  last  tniees  of 
iiiyilriusis  bave  disappeared. 
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may  bp  coiiverti'ci  at  will  into  the  alteinalivc  fonii. 
JI-f-Ali,  by  takinji:  M  ('<[ual  lo  the  (litt'ei-ence  iu  the 
nviraorical  vahu's  of  II  aud  Am  anil  chaiiffiug  Am  to  Ah. 
TIk' form  H  +  Am(=  Amli).   is  rommoiilv  u.sctl   when 

H"<  AAm;     the 

altfruative  form 

>I    +    Ah    (= 

.\lmi)   is  used 

when  II  >  AAni. 

Test      objects 

made  up  of  ai- 

raiigements    o  f 

poiuts    or    dots 

are    best     made 

liy  punching 

liiiles  in  a  sheet 

of  cardboard. 

to   be   hung    in   a   wiiidou'   against    a   background   of 

ground  gIa.ssor  of  white  or  colored  (yellow  or  red)  tissue 

paper  (Fig.  870).     The  astigmatic  eye  sees  each  bright 
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dot  elongated  in  the  direction  of  one  of  its  principal 
meridians,  and  if  the  test  object  is  viewed  through  a 
spherical  lens,  selected  as  in  tlie  case  of  examination  by 
the  aid  of  the  diagrams  with  radiating  lines,  the  elonga- 
tion will  be  in  the  direction  con-espcmding  to  the  ocular 
meridian  of  greatest  refi-aetion  (Mo  ).  If  now  the  atten- 
tion is  directed  to  the  low  of  dots  lying  in  this  meiidian, 
the  several  dots  will  appear  as  if  fused  together  in  a 
bright  streak,  whereas  iu  the  other  principal  meridian 
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(corresponding  to  the  ocular  meriilian  of  least  refraction) 
they  will  be  seen  distinctly  separate  from  one  another, 
and  can  be  easily  counted.  Transparent  test  objects 
may  also  be  made  with  radiating  lines,  either  bright  lines 
on  a  dark  ground  or  dark  lines  on  a  bright  groiuid  (Fig. 
371).  Owing  to  tlie  stning  iriadiation,  the  contrast  be- 
tween the  lines  in  the  several  meridians  is  much  more 
conspicuous  than  in  the  caseof  the  jirinti'd  diagrams,  but 
by  using  one  or  more  thicknesses  of  tissue  paper  for  the 
background,  we  may  reduce  the  irradiation  to  any  degree 
that  may  be  found  most  advantageous.  A  useful  test 
object  may  also  be  made  with  translucent  red  (carmine) 
radii  on  a  translucent  blue  (ultramarine)  tield,  separating 
the  two  colors  by  narrow  dark  lines  (see  Opiomrtrii): 
the  radii  whieli  lie  in  the  |ilane  of  the  ametropic  meridian 
are  seen  in  their  |)niper  color,  while  the  others  apiiear  of 
a  combination  (purple)  tint.  Test  objects  may  also  be 
constructed  of  circles  instead  of  radii,  or  of  combined 
radii  and  circles  (Fig.  Ii72);  or  lines  of  dilTerent  degrees 
of  inclination  may  be  arranged  in  a  linear  .series  (Fig. 
373),  or  as  iu  the  striped  letters  clevised  by  Pray.  Ad- 
vantage may  also  be  taken  of  the  projierty  of  certain 
letters  or  figures  to  take  on  confusing  shapes  uuder  the 
iuHuence  of  astigmatic  refracticm. 


A  stellate  arrangement  of  very  fine  lines  may  be  used 
as  a  test  for  astigmatism  by  placing  it  at  or  near  the 
principal  focus  of  the  convex  lens  of  an  optometer 
(Hurow).  The  best  apparatus  for  this  purpose  is  the 
binocular  ojitometer  of  javal.  in  winch  the  two  eyes  are 
severally  directed,  with  their  axes  parallel,  upon  two 
small  figures,  like  watch  dials,  corresponding  to  the  two 
]uetures  on  a  .stereoscopic  slide  (Fig.  374).  Upon  one  of 
the  dials  are  engraved  the  hours,  and  the  star  of  tine 
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Fig.  373. 

lines ;  besides  these  there  are  a  number  of  circles  and 
lines  conuuon  to  both  dials,  to  facilitate  binocular  fusion 
of  the  two  pictures.  The  radiating  lines  are  thus  viewed 
by  only  one  of  the  eyes,  while  the  other  ej-e  is  fixed  upon 
the  second  dial.  The  card  with  the  two  dials  is  ]ilaced 
in  the  optometer  (or  in  a  stereoscope  fitted  with  a  sliding 
holder),  at  a  distance  from  the  lenses  well  within  their 
principal  focu.s,  and  is  then  moved  slowly  away  until  all 
the  radii  except  those  in  one  meridian  become  indistinct; 
this  meridian  corresponds  to  the  ocular  meridian  of 
greatest  refraction  (JIo),  and  the  measure  of  the  refrac- 
tion for  this  meridian  is  the  difference  between  the  power 
of  the  convex  lens  (in  dioptrics)  and  that  of  a  lens  having 
a  focal  length  eipial  to  the  greatest  distance  at  which  the 
line  in  question  is  distinctly  seen.  The  measure  of  the 
astigmatism  is  obtained  by  successive  trials  with  concave 
cylindrical  lenses,  brought  in  front  of  the  lens  of  the  op- 
tometer (or  stereoscope),  until  a  glass  is  found  through 
which  all  the  radii  are  seen  clearly  defined.  Having 
measured  one  of  the  eyes  in  the  manner  described,  the 
card  is  exchanged  for  another  with  transposed  dials  and 
the  other  ej'c  tested  in  its  turn. 

The  stciiDjKfic  apparatus,  which  is  simply  a  thin  plate 
of  blackened  metal  perforated  by  a  narrow  slit,  may  be 
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used  to  shut  out  from  the  eye  all  rays  except  those  which 
lie  in  the  plane  of  the  meridian  of  the  slit.  In  this  way 
it  is  possible  to  measure  iu  successitm  the  refraction  in 
the  two  principal  ocidar  meridians  by  the  use  of  spherical 
glasses.  The  stenopa'ic  slit  is  often  useful  in  the  first 
approximate  diagnosis  of  complicated  cases  of  astigma- 
tism, but  the  method  is  greatly  inferior  in  accuracy  to 
those  in  which  cylindrical  lenses  are  employed. 

The  optical  correction  of  astigmatism  is  by  wearing 
a  spectacle  lens  of  asymmetrical  refraction,  of  such 
])Ower  and  so  moimted  as  to  equalize  the  refraction  of 
the  eye  iu  its  two  principal  meridians.  The  simplest 
form  of  lens  for  this  juirpose  is  a  ]ilanocylindrical  lens, 
mounted  so  that  the  axis  of  the  cylindrical  stu'face  shall 
lie  in  the  plane;  of  the  ocular  meridian  of  greatest  refrac- 
tion (Mo)  when  the  cylindrical  surface  is  convex,  or  iu 
the  plane  of  the  meridian  of  least  refraction  (at  right 
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aiifrlcs  Id  Mo)  when  tlio  cylindrical  surface  is  conciive. 
A  cdiivcx  iilaiio cvliiiilrical  lens  in  the  case  of  simple 
liyinTMiclropic  asliymatism  (Ah),  or  a  concave  piano 
cylindrical  lens  in  the  ca.se  of  simple  myopic astii;nial ism 
(Am),  corrects  the  entire  refractive  error  an<l  so  reduces 
the  eye  to  the  condition  of  emmctropia  (E).  In  all 
othercases  the  effect  of  any  piano-cylindrical  lens  whic-ii 
corrects  the  astigmatism  is  to  reduce  the  eye  either  to 
simple  liypcrmetropia  (II)  or  to  simple  myopia  (M).  To 
correct  this  residual  hypermetrojiia  or  myopia  a  convex 
or  a  concave  spherical  sinl'acc.  of  apiiropriale  radi\is  of 
curvature,  may  he  f;round  on  the  back  of  the  jdano- 
cylinilrical  lens,  thus  niakinij;  a  spherieo cylindrical  lens 
siiited  to  the  correction  of  the  total  refractive  error. 

In  any  case  of  Hstii,'malisni,  the  e(iuali/.ation  of  the 
refraction  in  the  two  iiriiicipal  meridians  may  be  elfccted 
either  by  a  convex  cylindrical  or  l\y  aconcave  cylindiical 
lens,  as'  may  be  preferred.  Thus,  in  Am.  vce  ordinarily 
prescribe  a  plano-concave  cylimlrical  lens;  but  we  may. 
at  jileasure.  prescribe  an  alternative  form  of  lens  combin- 
ing a  convex  cylindrical  with  a  concave  spherical  surface 
of  cciual  (negative)  ]ioWer.  In  M  +  Am.  we  ordinarilj' 
IM-escrihe  a  Tens  combining  a  concave  cylindrical  with  a 
<-oncave  spherical  surface;  but  we  may,  at  pleasure,  pre- 
scribe an  alternati\e  lens  in  which  a  con\cx  cylindrical 
surface  is  combined  with  a  concave  spherical  surface  of  a 
(negative)  power  ciiual  to  the  stun  of  the  (negative) 
powers  of  the  concave  cylindrical  and  the  concave 
spherical  surfaces  in  the  former  comtiinalion.  In  mixed 
astigmatism  (Amh  or  Ahm).  we  may.  at  |deasure.  com- 
bine a  concave  cylindrical  with  a  convex  spherical  sur- 
face, or  a  convex  cylindrical  with  a  concave  spherical 
surface.  In  all  these  cases  there  may  be  a  positive  ad- 
vantage in  prescribing  a  lens  with  a  concave  spherical 
surface  turned  toward  the  eye,  thus  ap|iroximating. 
more  or  less  closely,  the  concavo-convex  form  of  lens.  In 
Ah  we  may,  at  pleasure,  prescribe  a  plano-convex  cylin- 
drical lens,  or  a  lens  in  which  a  concave  cylindrical  sur- 
face is  combined  with  a  convex  spherical  surface  of  equal 
power.  In  II  +  Ah  we  may  similarly  choose  between  a 
lens  in  which  a  convex  cylindrical  surface  is  combined 
with  a  convex  spherical  surface,  or  a  lens  in  which  a 
concave  cylindrical  surface  is  combined  wilh  a  convex 
spherical  surface  of  a  power  equal  to  the  sum  of  tli<' 
powers  of  the  convex  spherical  and  the  convex  cylindri- 
cal surface  in  the  first  combination.  In  these  alterna- 
tive combinations  the  meniscus  form  of  lens  is  pai'tially 
realized,  and  some  a<lvanlage  may  lie  oblaiTie<l  by  mount  - 
ing  the  concave  cylindrical  surface  toward  the  eye. 

The  greatest  freedom  of  choice  in  the  seleclion  of  the 
best  form  of  lens,  iti  any  case  of  astigmatism,  is  alforcUil 
by  the  use  of  lenses  in  which  oiu^  of  th(^  surfaces  is 
ground  to  a  curvature  of  unequal  radii  in  itstwo])rin- 
<ipal  meridians.  Su''h  lenses,  having  cither  a  convex  or 
aconcave  surface  ground  to  the  configm'ation  of  a  seg- 
ment of  a  torus,*  may  be  made  of  any  re(|uireil  radius  of 
<-urvalure  in  each  of  the  two  ]iriiicipal  meridians.  The 
dilference  in  power  in  the  two  meriilians  represents  the 
required  correction  for  the  astigmatism,  and  the  power 
of  the  lens  in  one  or  the  other  of  these  meridians  repre- 
sents the  correction  for  any  residual  liyjiermetropia  or 
myopia.  A  concave  toric  combined  with  a  convex 
spherical  surface,  or  a  concave  spherical  combined  with 
a  convex  toric  surface,  may  be  prescribed  for  the  correc- 
tion of  any  case  of  simjde.  comiioimd,  or  mixed  astigma- 
tism. Such  a  lens,  with  the  concave  surface  (spherical  or 
toric)  turned  toward  the  eye,  may  be  so  proportione(l  as 
to  realize  fidly  the  particular  advantiiges  derivable  from 
the  periscopic  (concavo-convex  or  meniscus)  form  of  lens. 
Lenses  may  also  be  grotmd  with  two  une(|ual  cylindrical 
surfaces  with  crossed  axes,  but  such  lenses  do  not  ditTer 

'Toms  is  a  word  ased  In  arrliltcrture  to  (ie.sipniate  a  minililinsr,  of 
f^»nvex  (TOSS  seetlon.  carried  around  Uie  base  of  a  coiuinn.  In  tji'orn- 
elrv.  a  tiinis.  or  tore,  is  the  surface  generated  l)y  thi'  revoliaioii  of  a 
circle  alxiuf  a  rit'lit  line  In  its  own  plane:  when  llie  riifht  line  islaken 
"UL-iide  the  circle  the  torus  has  the  fonn  of  a  rlDK— anchor  rind.  A 
stripof  metal  of  this  cros.s  section.  (.  Ix'nt  around  a  cylinder,  Uikcs 
(he  fonu  of  an  cc|Uiitorial  zone  of  a  torus,  and  uiay  !«  iL<ed  us  a  tool 
for  jrrludini;  cUlicr  a  eonaive  or  a  convex  to?lc  lens  surface. 


in  effect  from  those  in  which  a  spherical  and  a  cylindiical 

surface  ari'  combined. 

Any  lens  set  oblic|uely  to  the  direction  of  a  pencil  of 
rays  refracted  thidiigh  ils  cintrc  develops  an  increase  of 
jKiwer  in  all  meridians,  but  most  in  the  meridian  cut  by 
the  common  plane  of  the  axis  of  the  pencil  and  the  axis 
of  the  lens.  A  convex  or  concave  spherical  spectacle 
lens  may  thus  have  its  power  so  increased  in  its  vertical 
meridian,  by  tilting  it  forward,  as  to  render  it  equivalent 
to  a  lens  of  somewhat  greater  powei'  combined  with  a 
cylindiical  lens  with  its  axis  horizontal.  This  property 
of  lenses  is  sometimes  utilized,  iiiti-ntionally  or  uninten- 
tionally, in  cases  of  compound  myopic  astigmatism 
(.M-|-Am),  when  the  (xailar  mei'idian  of  greatest  refrac- 
tion is  vertical,  and  in  cases  of  ajdiakia  after  cataract 
extraction,  when,  as  is  ofteiiest  the  case,  the  meridian  of 
greatest  refraction  is  horizontal  (see  Spentrirlcs). 

As  the  ordinary  spherical  glas.ses,  convex  or  concave, 
worn  in  liypcrmetropia  or  myopia,  have  the  incidental 
elfect  of  increasing  or  diminishing  the  apparent  size  of 
objects,  so  the  etfect  of  a  convex  or  concave  cylindrical 
glass,  worn  for  the  correction  of  astigmatism,  is  to  in- 
crease or  diminish  the  apparent  magnitude  in  the  direc- 
tion at  right  angles  to  its  axis.  Thus  a  circle  is  made  to 
a])i)ear  as  a  somewhat  elongated  or  iis  a  somewhat  com- 
l)ressed  ellijisc,  a  square  as  an  ehjugated  oy  shortened 
liarallclogram,  etc.  This  distortion,  which  is  in  propor- 
tion to  the  power  of  the  cylindrical  glass  required  to  cor- 
rect the  astigmatism,  may  cause  tem]iorarv  annf>yance: 
or,  in  the  case  of  uneiiual  or  unsymmetrical  correction  of 
the  two  eyes,  it  may  give  rise  to  special  stereo.scopic 
illusions.  Errors  of  judgment  from  this  cause  are,  how- 
ever, speedily  corrected,  as  the  patient  becomes  accus- 
tomed to  the  new  conditions  (see  Sjiirlmiis). 

As  a  conse(|uence  of  the  iinpairment  of  the  acuteness 
of  vision  incident  to  the  higher  grades  of  astigmatism, 
an  astigmatic  person  niiiy  be  com]u-lled  to  hold  his  book 
very  near  to  the  eyes  in  order  to  distinguish  the  smaller 
sizes  of  jirint.  The  effort  to  improve  the  recognition  of 
special  details  of  the  object,  through  rapid  changes  in 
the  accommodation,  may  also  be  a  cause  of  fatigue. 
Particular  forms  of  astigmatism  may,  therefore,  con- 
tribute materially  to  the  develojjinent  of  asthenopia, 
either  accommodative  or  muscular  (see  Ast/ifiiopin).  of 
excessive  acconunodative  tension  and  progressive  my- 
opia (see  Ai-niiiiiiii>ihitiiiii  imd  Uifrdrfluii.  Mjiuiiid),  or  of 
convergent  or  divergent  strabismus  (see  Striihisiiiiix). 

Iiii!Kori,.Mt  As-rioM,\'risM. — Under  (his  title  Donders 
has  included  all  visual  defects  due  to  irregularity  in  the 
general  form  or  in  the  surface  of  the  cornea.  an(l  also  to 
iiie(|uality  in  the  refraction  of  the  crystalline  lens  in  its 
<lilTereiit  sectors,  and  in  dilferent  jiarlsof  I  he  same  sector. 

Some  degree  of  irregular  astigmatism  is  present  in 
every  eye,  and  must,  therefore,  be  regarded  as  niyiiiiiil. 
L'ndl'r  this  head  falls  the  irregularity  in  refraction  which 
results  from  the  partial  scattering  of  the  rays  of  light  in 
])assiiig  through  the  crystjilline  lens.  If  we  pri<-k  a  very 
small  hole,  with  the  point  of  a  tine  needle,  in  a  card,  and, 
hcjiding  it  a  little  within  the  anterior  focus  of  the  eye 
(M.s  mm.  =:  0.0  inch  in  front  of  the  cornea),  look  through 
Ilu'  hole  at  a  bright  light,  the  sha<low  of  the  pupillary 
opening  and  of  the  central  portion  of  the  crystalline  lens 
will  be  thrown  u|ioii  the  retina  and  will  be  seen  as  de- 
lineated in  Fig.  o7.")  (Dondeis).  If  now  we  move  the 
card  slowly  away  from  the  eye.  this  |)iiture  will  change 
gradually  io  the  familiar  liguie  which  we  call  a  star,  and 
which  W('  see  when  we  look  at  a  star  in  the  heavens,  or 
at  a  distant  point  of  light.  If,  instead  of  a  luminous 
])oint,  we  look  at  a  minute  speck  of  white  pigment  on 
an  intensely  black  ground,  the  s|ieck  willajipear  luultiple 
(;«///"/»/"  riiomiplMiihiiicd),  wilh  iiiilicatioi;s  of  a  stellate 
arrangement,  as  in  Fig.  HTIi  (Helmlioltz). 

If  we  look,  with  a  single  eye.  at  a  disk  luade  ui>  of 
concentric  circles,  as  in  Fig.  oTT  (after  llelmholtzt.  the 
circles  will  appear  wavy  and  <(iiifused  in  particular 
sectors  of  the  disk,  and  also  abruptly  lient  or  broken 
along  the  radii  which  separate  one  sector  from  anothei^. 
From  this  and  from  the  preceding  experiment  it  is  evi 
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(lent  timt  thee 
retina,  but  rat 
whieli  is  seen 


ye  does  not  foens  a  point  sharply  tiiion  its 
her  as  a  small  jrroup  of  points,  eaeh  one  of 
soinewlKil   (XpMniU'd  and  distorted,  or,  in 


Fig, 

the  case  of  a  brijrht  point,  as  a  star-shaped  figure  made 
tip  of  a  uuinlier  of  points  more  or  less  eom]iletrly  fnsed 
together  ami  rendered  still  more  eomple\  by  innumer- 
able fine  radiating  lines. 
Thus,  a  brilliant  fi.xed 
star  or  planet  is  seen  as 
of  very  conspicuous 
magnitude,  wherea,s  the 
image  of  a  fi.xed  star  in 
the  most  powerful  tel- 
escope is  but  an  in- 
tenselj-  bright  point  of 
inappreciable  diameter. 
A  white  dot,  line,  or  let- 
ter on  a  black  ground  is 
similarly  seen  expanded, 
and  is  therefore  visible 
at  a  greater  distance 
than  a  black  object  of 
the  sauie  size  upon  a 
white    ground ;  on    the  Kin.  .iTii. 

other  hand,  the  form  of 

the  black  object  on  a  white  ground  may  often  be  recog- 
nized at  a  greater  distance  tlian  that  of  the  bright  object 
on  a  black  grotmd.     This  phenomenon  is  called  irradin- 

tiiin.  The  phe- 
nomena of  normal 
irregular  astigma- 
tism are  compli- 
cated also  b  y 
alierration  of  cur- 
\iiture.  in  so  far 
as  the  configura- 
tion of  the  cornea 
and  of  the  crystal- 
line lens  varies 
from  the  theoreti- 
<ally  perfect  cur- 
vatme  requisite 
for  the  refraction 
of  incident  rays 
t<i  a  single  focus, 
.-is  well  as  by  the 
slight  inefpiality 
of  refraction  in 
different  meridians,  which  is  demonstrable  in  almost 
e\ery  eye,  and  which  must,  therefore,  be  considered  as 


in,. 


ixn-iiiiil  n'rudrir  (istiyiruitisin.  Hence  tlic  retinal  image  of 
a  star  is  actually  seen  a  little  more  expanded  than  it 
would  be  as  a  result  of  the  scatteiing  of  the  rays  of  light 
in  traversing  the  crystalline  lens,  and,  in  the  presence  of 
regular  astigmatism,  the  star  is  also  seen  elongated. 

Ahnormal  irrefjular  astigmatism  attains  perhaps  its 
liigliest  grade  in  coiucal  cornea  (staphyl4>ma  pell iieii! inn). 
in  which  aflPection  it  may  be  a  source  of  verj'  great  con- 
fusion of  vision.  Intlammatory  processes  in  the  cornea 
may  lead  to  softening  and  consequent  irregular  distention 
of  that  tissue;  and  chan,ges  of  curvature,  both  partial 
and  total,  may  follow  the  cicatrization  of  corneal  wounds, 
incisions  made  in  operations,  ulcers,  etc.  In  all  these 
cases  the  disturbance  of  vision  may  often  be  resolved  in 
]>art  into  i-rgular  astigmatism,  and  sight  may  then  be 
materially  improved  by  wearin.g  appropriate  cylindrical 
glasses;  in  other  cases  the  definition  of  objects  is  much 
improved  by  looking  through  a  small  hole  or  narrow  slit 
punched  in  a  blackened  card  or  in  a  thin  plate  of  metal; 
in  rare  instances  it  may  be  justifiable  to  attempt  to 
change  the  position  of  the  pujjil  b3'  the  operation  of 
iriil'li.ii.'<  (Crilchett). 

Abnormal  irregular  asti,gmatism,  with  multiple  vision, 
may  occur  as  a  res\ilt  of  changes  in  the  crystalline  lens, 
incident  to  tht  incipient  stages  of  cataract;  myopic  re- 
fraction also  may  be  developed  at  the  same  time,  proli- 
ably  through  an  increase  in  the  curvature  of  the  lens 
smfaces.  John  Green. 

ASTRINGENTS.— Astringents— from  ad  (to)  and 
sti-iiiijii  (I  bind) — are  agents  which,  acting  locally,  jiro- 
duce  condensation  and  corrugation  of  tissues  by  precipi- 
tating their  contained  albumin  and  gelatin,  and  by 
diminishing  the  amount  of  fluids  present  in  protoplasm. 
They  also  cause  contraction  of  living  muscidar  fibre, 
possibly  by  direct  irritation.  Secretion  from  nuicous 
membranes  and  from  denuded  surfaces  is  lessened  by 
astringents  which  produce  a  constricting  effect  U]ion  the 
capillary  blood-vessels  and  also  perhaps  at  the  same  time 
upon  tlie  glands  and  their  ducts.  All  the  astringents  ex- 
cept alcohol  jiroduce  some  sort  of  chemical  action  which 
promotes  destructive  metamorphosis.  Alcohol,  on  the 
other  hand,  retards  these  retrograde  changes  in  the  tis- 
sues. The  subdivision  into  vegetable  and  mineral  astrin- 
gents is  recognized  and  their  action  is  either  local  or  re- 
mote. Astrin.srents  are  said  to  act  locally  when  they  are 
apiilied  directly  to  a  ixtrt  upon  which  it  is  desired  to  pro- 
duce this  particular  kimi  of  etfect.  On  the  other  hand, 
they  ac-t  remotely  when  lliey  are  taken  into  the  circidat- 
ing' blood  and  are  thus  brought  in  contact  with  certain 
internal  (remote)  organs.  Among  the  astringents  which 
are  used  in  this  way  are  dilute  sulphuric  acid,  gallic  acid, 
lead  acetate,  etc.  According  to  some  authorities  this 
mode  of  action  of  astringents  is  precisely  the  same  as  that 
which  takes  jilace  when  the  remedy  is  applied  locally,  in 
the  ordinary  direct  manner.  Intestinal  and  luinary  as- 
tringents are  terms  which  arc  apjilied  to  certain  drugs 
which  exert  a  sjieeial  astringent  influence  upon  these 
organs  of  the  body  ;  the  former  contracting  the  walls  of 
intestinal  vessels  and  constringing  the  intestinal  niucmis 
memlu-ane,  while  the  latter  manifest  their  influence  mainly 
by  diminishing  the  excretion  of  urine.  Astringents  are 
administered  internally  in  the  form  of  solutions,  pills,  or 
powders. 

Vegetable  astringents  depend  for  their  action   upon 
the  contained  tannic  and  gallic  acids.     Tannic  acid  is  .s;iid 
to  be  digallic  acid  anhydride.     It  is  a  crystalloidal  snb 
stance,  a  glucoside.  having  the  formula  lU'ulI.O.j.     It 
combines  with  colloids,  precipitates  pepsin,  and  coagu 
lates  albmnin   and   gelatin.     In   this   respect   it  dilTei's 
from  gallic  acid,  which  does  not  coagulate  either  albunn'n 
or  geiatin.  an<i  which  is  therefore  better  adapted  for  in 
ternal  vise.     In  fa<'t.  before  tannic  acid  can  be  absorbed 
it  must  be  converted,  in  the  system,  into  .gallic  and  pyro- 
gallic  acids.     Arranged  alphabetically,  the  vegelable  as- 
tringents are :  alnus,  castsmea,  catechu,  dios]nros,  galla, 
geranium,    .granatum,    hamamelis,    ha^matoxylon.    heii- 
chera,  kino,  krameria,  myrica,  nymphea,  quercus  ,alba, 
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rhiis  j^labni,  roKi  jrlahra.  nilms  stntiai,  uva  ursi.  and  all 
other  suhstaiKcs  which  (•(iiilain  laiiiiic  acid.  Aiiioiiir  the 
mineral  a.striugents  may  be  mentioned:  the  dilute  aciiU 
(acetic,  carljolie,  muriatic,  nitric,  snliiliuric),  alcohol, 
alum,  bisnnilh  subnilrale  and  other  bisuuith  sails,  cad- 
mium sulphate,  chalk,  cocaine,  cerium  o.\alate.  co|ipcr 
.snlphat".  creosote,  ferric  chloride  and  ferric  persalts,  lead 
acetate  and  subacetale,  zinc  ])reparations,  especially  the 
o.xide  and  the  sulphate,  and  several  other  metallic  salts. 

Astrinjrent.s  are  valuable  styptics  ami  hicmostjilics, 
and  the}'  also  har<len  and  restore  tone  to  rela.xed  tissues. 
They  cause  capillary  vessels  to  contract,  and  they  con- 
strict jrlands  and  their  ducts.  They  e.\ert  some  control 
over  indanuuation  and  tliey  diminish  the  secretion  from 
muccnis  mendmuies  and  from  denuded  surfaces.  They 
e.xcitc  contractions  in  muscular  libre,  and  they  cause 
sponjry  granulations  to  wither  away.  When  applied  to 
an  uleer.itetl  or  denuded  surface  they  bring  about 
(through  coagulation  of  the  proloplasniic  albumin)  the 
formation  of  a  pcdlicle  which  covers  and  protects  this 
.surface  from  tho-iltmosphere  and  from  external  irritants. 
Thus.  |iain  is  lessened  at  the  same  lime  that  healing  is  pro- 
moted by  astringents.  AV'hcn  they  are  administere(i  in- 
ternally, tlieir  action  is  either  local,  or,  lilvc  tonics,  wliicli 
they  somewhat  rescnd)!e,  they  impart  vigor  and  lone  to 
various  structm-esof  the  body.  Thus,  upon  the  nervcms 
system  they  may  exert  a  decided  and  oftentimes  a  bene- 
ficial intluence.  They  diminish  peristaltic  action  to 
some  extent.  With  three  exceptions  all  astringents  irri- 
tate more  or  less.  They  are  therefore  contraindicated  in 
acute  intlanimation.  The  three  sedative  astrinirents  are 
lead  acetati'  or  (subacetale),  cerium  oxalate,  and  bismuth 
.subnitrale. 

Synergists:  Toincs,  especially  the  bitter  tonics,  also 
tlio,sc  agesits  which  increase  retrograde  metamorphosis. 

Antagonists  and  Incompatibles:  Vc.getable  astringents 
are  incom]iafible  with  the  ■■  ic  "  and"ous"  salts  of  iron, 
also  with  the  salts  of  antimony,  coiiper,  lead,  silve;',  and 
zinc;  with  alkalies,  alkaloids,  and  glucosides:  and  with 
pepsin,  albumin,  gelatin,  cmul.sions,  and  the  mineral 
acids. 

Manner  of  Elimination  from  the  System:  Tannic  aciil 
is  <'Xcreted  by  the  l)owels  as  gallic  or  pyrogallic  acid.  It 
is  also  eliminated  by  way  <if  the  kidneys. 

Uses  and  Thcraiieutic  Applications:  To  check  excessive 
secretion  from  the  .skin,  as  in  hyperidrosis  or  in  night 
sweats;  to  check  secretion  from  mucous  membranes,  as 
in  the  various  catarrhs  (nasal,  buccal,  bronchial,  intes- 
tinal, urethral,  vesical,  vaginal,  etc.):  to  lessen  secretion 
from  <lenuded  and  idcerated  surfaces.  It  must  always  be 
remembered  that  astringi'uts  are  not  to  bi-  used  until  the 
inllammation  readies  that  stage  in  which  the  secretion 
from  the  intlamcd  part  is  beginning  to  be  excessive. 
Capillary  oozing  or  hemorrhage  from  some  remote  organ, 
as  from  the  kiclney  or  bowel,  may  be  controlled  by  the 
astringents;  gallicacid  being  preferable  totaniiic  in  such 
cases.  Diabetes  insipidus  and  albuminuria  are  other 
pathological  conditions  in  which  the  use  of  gallic  acid  i.s 
indicated.  Where  the  ])art  can  be  directly  reached,  as 
in  epislaxis,  luematcmesis,  hemorrhage  from  lower  bowel, 
hemorrhoids,  rect,-il  fissure  or  ulcer,  jirolapsus  ani,  sub 
acuteorchnmic  conjunctivitis,  otorrluea,  etc.,  tannic  acid 
is  [jrcfcrable  to  gallic.  In  bed  sores  or  when  cxcorialion 
is  taking  place,  as  in  dermatitis  and  intertrigo,  alcohol, 
bisnnith,  or  tannic  acid  will  be  found  useful  as  a  means 
of  hardening  the  skin.  Finally,  since  tannic  acid  is 
chemically  incompatible  with  tlie  alkaloids  and  gliu'o- 
sides,  it  may  serve  as  a  useful  chemical  antidote  in  poi- 
.soning  from  these  active  principles.  It  accomidishes  tliis 
good  effect  by  throwing  down  a  very  slowly  solubh',  <}r 
entirely  insoluble,  therefore  inert,  lannate  of  the  alkaloid 
or  glncosiile  in  iiuestion.  IjCOu  L.  SoIwkh/i. 

ATAVISM.     See  Rerersion. 

ATELECTASIS. — (Synonym.s:  A  pneumatosis;  collapse 
of  lung. )  The  term  (itdi'ctasts  (a-(A//f.  imperfect,  and 
tKTaaif,  dilatation)  is  used  to  designate  all  nou-iuHamma- 


lory  conditions  by  whi(di  either  the  whole  or  sharply 
defined  portions  of  the  lungs  are  undistended  by  air. 
Two  forms  are  recognized:  congenital  and  acipiired 
atelectasis. 

In  some  new-born  babies,  more  or  less  extensive  areas 
of  the  lungs  are  unex|ianded  l]y  the  forcible  extrance  of 
air  into  the  alveoli.  This  conililion,  which  is  normal  in 
fetal  life,  becomes  i)alh(ilogical  when  it  Continues  after 
birth,  and  is  named  /■•/ii;/iiiitiif  (itifirfn.i/'s. 

In  other  cases,  altliougli  the  respiratory  funclions  have 
l)een  thoroughly  established,  collapse  is  induced  as  a  con- 
se(|iicnce  of  some  mechanieal  impediment  to  the  move- 
ment of  air  through  th<- bronchi ;  and  a  traetof  lung  of 
v;u'ialil(!  extent  becomes  again  condensed  and  airli-ss,  as 
in  the  fetal  state.  This  is  called  iir</iiiri(/  ir/i/irtdsix  or 
m/lii/ixi'  iif  tlie  hncj.  There  arc  two  varieties;  cciHapsc 
from  obstruction  iUid  collapse  from  com]iression. 

Atelectasis  is  comparatively  rare  in  adults,  but  is  (|uite 
common  in  infancy  and  chililhooil.  especially  during  the 
first  few  months  of  life.  A  c<insiderable  percentage  of 
the  mortality  in  infants  is  attributable  to  this  cause. 
The  lialiilily  1o  the  occuiTen<'e  of  pulmonary  collapse 
adds  gravitv  to  all  diseases,  but  es|iecially  to  those  of 
the  respiratory  organs  at  this  period  of  life. 

Ivnoi.oov. — Congenit.-il  atelectasis  is  not  commonly 
due  to  vice  or  disease  of  the  pulmonary  organs,  but  is 
[uoduced  by  any  condition  which  prevents  the  prompt 
and  ellicient  establishing  of  the  function  of  respiration 
after  birth.  It  may  be  the  result  of  causes  which  have 
been  in  operation  during  the  intra-uterinc  life  of  the 
child,  or  which  have  originated  during  or  immediately 
succeeding  birth.  Phy.sical  weakness.  ])remature  birth, 
placental  sc-|iaration,  com|)ression  of  the  cord,  Jirotracted 
lalior,  and  kindred  con<litions  are  common  causes  of 
atelectasis.  It  is  al.so  not  infrequently  due  to  |iluggiug 
of  tlu-  bronchioles  by  liijuor  amnii  anil  mucus,  sucked  in 
by  elTorts  at  I'cspiration  before  the  head  has  cleared  the 
maternal  ].>assages.  Intracranial  effusions  jircssiug  upon 
the  pneumogasiric,  the  result  of  severe  protracted  or  in- 
strumental (hdiveries,  may  be  placed  among  the  rarer 
causes  of  this  alTection  in  the  new-born. 

Ati'lcctasis  from  obstruction  is  always  secondary  to 
some  disease  or  accident  which  interferes  mechanically 
with  the  access  of  air  to  the  lung  cells.  The  lodgment 
of  a  foreign  body  in  a  bronchus  may  result  in  alveolar 
collaiise.  In  the  vast  majority  of  instances  this  im])edi- 
ment  is  the  presence  of  mucus  in  the  bronchial  tubes,  the 
effect  of  an  acute  or  chronic  bronchial  catarrh,  and  col- 
lapse is  therefore  a  frequent  complication  of  those  dis- 
eas<'s,  like  pertussis  and  measles,  in  which  bronchitis  is  a 
part  of  the  natural  history. 

Whenever  one  or  more  terminal  bronchioles  are  oc- 
cluded by  viscid  mucus  and  swelling  of  the  mucosa,  the 
collapse  of  that  jiortion  of  the  lung  fed  by  the  obstructed 
ttibe  inevitably  takes  place  as  soon  as  the  imprisoned  air 
is  expelled  or  absorbed.  This  ])ur(dy  nu'chanical  ex- 
])lanation  of  collapse,  first  advanced  by  (Jairdner  of 
Kdinburgh  and  adoi)led  by  nearly  all  writers  on  the  dis- 
eases of  children,  has  been  challenged  by  Holt  and 
others. 

Weakness  of  the  inspiratory  muscles,  and  the  conse- 
(pient  inability  to  overcome  the  obsta(des  in  the  lubes,  is 
a  powerful  auxiliary  factor  in  bringing  about  collapse, 
and  hence  any  condition  which  decreases  the  phy.sical 
vigor  of  the  child  strongly  predisposes  to  this  accident. 
It  is,  therefore,  a  common  malady  among  tho.se  enfeebled 
by  a  bad  inheritance,  by  chronic  and  wasting  diseases,  or 
by  unsanitary  surroundings.  Hickels  also  (ilays  an  im- 
|iortant  role  in  the  <"iusalion,  associated  as  it  is  with 
softening  of  the  ril)s  an<l  narrowing  of  the  thorax. 

External  jiressure  may  render  a  lung,  or  any  portion 
of  it.  airless  {nUU etasii<  front  nnn}n-ci*i<iiin).  Intratlioracic 
growths  or  exudations,  spinal  cleforniities.  and  npwani 
displacement  of  the  diaphragm  by  abdominal  tumors  or 
eiTusions  may  cause  collapse  of  such  portions  of  the  lung 
as  are  subjected  1o  pressure. 

Moitmu  Anato.mv. — The  collapse  may  involve  consid- 
erable areas  of  the  lung  {diffuse  utdediii>i!<).  or  it  may  be 
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limited  to  small  and  scattered  patches  (Mnihir  utilirtuxia). 
Tlii-sc  varieties  are  found  in  both  the  eonsenital  and  the 
acquired  fornisof  the  disease,  hut  in  the  former  the  lesion 
usually  involves  larger  tracts  of  tissue,  the  half,  or  even 
the  wiiole.  of  one  lobe;  it  is  nw)st  frequi'utly  observed 
in  the  posterior  and  inferior  jiortions  of  the  lungs,  in  the 
tongue-shaped  projections,  and  in  the  apices;  while  in 
acquired  atelectasis  the  |iatches  are  ofleiier  limited  to  iso- 
lated lolndes  or  grou])S  of  lobules,  and  are  more  widely 
disseminated  through  the  pai'enchyma  of  botli  lungs. 

The  collapsed  portions  aiv  depressed  below  the  general 
surface  of  the  lung,  feel  tough  and  dense,  like  soft  leather, 
and  are  of  a  dark  blue  or  steel  color.  They  are  airless, 
do  not  crepitate  upon  pressure,  and  sink  readilj-  when 
thrown  into  water.  When  they  are  incised,  the  section 
is  smooth,  non-granular,  and.  if  .scraped,  exudes  a  .small 
(piantity  of  bloody  serum.  After  death,  if  the  lesion  is 
recent,  the  atelectatic  portiinis  can  be  readily  inflated 
through  the  bronchus,  and  instantly  assume  the  color 
and  qualities  of  normal  lung;  but  after  some  time  has 
elapsed,  they  undergo  changes  which  destroy  their  dila- 
tability.  and  eventually  end  in  the  total  disapjiearance 
of  the  vesicular  structure.  The  pleura  is  normal  in  un- 
complicated cases. 

When  a  considerable  tract  of  lung  is  disabled,  impor- 
tant changes  ensue  in  the  unaffected  tissues  and  also  in 
the  organs  of  circ'ulalion.  Pulmonary  emphysema  is  a 
common  sequel.  The  impeiliment  to  the  movement  of 
the  blood  through  the  lungs  results  in  stasis  in  the  pul- 
monary artery  and  the  entire  venous  system,  and  leads  to 
hemorrhagic  infarctions  and  a-dema  of  the  unaffected 
Itmg  tissue.  The  same  condition  also  tends  to  prevent, 
in  congenitjd  eases,  the  closure  of  the  fetal  channels  of 
circulation,  especially  the  foramen  ovale. 

St.uptoms  .\nd  CotT.SE. — The  symptoms  of  atelectasis 
are  chiefl.y  those  of  "inefficient  breathing  and  incomplete 
decarbonization  of  the  blooil."  They  exhibit  varying 
degrees  of  severity  in  proportion  to  the  rapidity  of  de 
velopment  and  the  amount  of  lung  tissue  involved. 
AVhen  the  collapse  is  limited  to  scattered  lobules,  the 
symptoms  are  by  no  means  marked  or  distinctive.  But, 
on  the  other  hand,  if  it  be  so  extensive  as  suddenly  to 
arrest  the  function  of  a  large  part  of  both  lungs,  death 
may  take  jilace  almost  instantly.  This  occasionally  oc- 
curs in  whoo]iing-cough  or  capillar}' bronchitis,  affecting 
feeble,  young  children. 

The  symptoms  of  congenital  atelectasis  are  usually 
present  from  birth.  In  a  large  majority  of  instances  the 
infant  is  born  more  or  less  deeply  asphyxiated,  resjiira- 
tion  is  established  with  diffleulty  and  is  notably  inefficient, 
but  not  always,  for  occasionally  the  child,  although  less 
vigorous  than  usual,  exhibits  no  serious  lung  symptoms 
for  some  days  or  weeks  after  birth. 

The  liti'rature  f)f  the  suliject  furnishes  numerous  ex- 
amples of  children  who  have  lived  ior  several  weeks 
with  a  considerable  jiortion  of  the  lung — even  an  entire 
lobe — atelectatic,  and  .so  altered  in  structure  as  to  be  in- 
capable of  inflation  after  death. 

A  noted  case  is  repoited  by  Dr.  Ryan  (Loudon  Lancet, 
vol.  i.,  186H.)  A  child,  aged  five  weeks  and  in  good 
condition,  died  suddenly.  At  the  coroner's  inquest, 
both  lungs  were  found  shrunken,  inelastic,  uon-crepitant 
on  pressure,  and  presenting  in  every  particidar  the  usual 
appearances  of  fetal  lung.  They  sank  in  water,  and 
when  they  were  cut  into  many  pieces  no  portion  of  them 
floated.  The  microscope  showed  an  absence  of  cellular 
structure.  Holt  comments  on  the  frequency  with  which 
the  discovery  is  made  that  a  child,  using  less  than  one- 
half  of  its  lung  tissue,  has  lived  for  months  wiilunit 
showing  n)arked  signs  of  cyanosis. 

The  breathing  is  fast  and  shallow.  The  child  lies 
quietly  without  attentpting  muscular  movements,  and 
his  whole  demeanor  indicates  lack  of  vigor.  Most  of  the 
time  is  passed  in  sleeji.  The  cry  is  not  loud  and  strong, 
but  is  a  jiiteous  moan  or  mere  whimper,  and  at  times 
almost  inaudible.  The  child  nurses  feebly  or  not  at  all. 
The  surfac<',  especially  the  face  and  finger  tijis.  become 
cyanotic  and  the  extiemities  cold.     The  temperature  is 


normal  or  subnormal,  and  the  pulse  feeble  and  rapid. 
The  fontaiielle  is  depressed. 

In  the  unfavorable  cases,  these  s_ymptoms  become  more 
pronounced,  and  muscidar  tw'itchings  foreshadow  the 
coma  or  convulsions  which  so  often  immediately  precede 
the  fatal  termination.  It  is  not  at  all  uncommon  for 
still-born  children  who  have  been  resuscitated  with  diffi- 
culty, perhaps  by  the  prolonged  use  of  artificial  respira- 
tion, to  die  suddenly  after  a  feeble  existence  of  a  few- 
hours  or,  at  most,  a  day  or  two.  In  man}'  of  these  cases, 
even  when  the  breathing  has  been  apparently  thoroughly 
established  and  the  cries  fairly  strong,  the  post-mortem 
examinations  have  shown  that  only  very  limited  portions 
of  the  lungs  had  been  inflated.  The  autopsy  usually  re- 
veals a  patulous  foramen  ovale  and  sometimes  thromboses 
of  the  cerebral  sinuses. 

Acquired  atelectasis  is  always  a  secondary  affection, 
and  the  symptomatology  is  largely  influenced  by  the  an- 
tecedent disease.  As  previously  stated,  it  almost  iuvaria- 
lil}'  occurs  as  a  comjilication  of  primary  bronchitis,  or  of 
one  of  those  specific  diseases  of  which  bronchial  catarrh 
is  an  essential  element.  When  collapse  of  a  considerable 
area  of  lung  occurs  in  the  course  of  a  pulmonary  catarrh, 
the  symjifoms  at  once  assume  a  graver  jihysiognomy. 
The  breathing  is  more  hurried,  very  shallow,  and  altered 
in  rhythm;  the  respirations  sometimes  number  from 
70  to  yO  in  the  minute.  The  child  grows  more  restless, 
the  lips  become  cyanosed,  the  extremities  cold,  and  the 
whole  apjicarance  indicates  profound  depression.  The 
teiiqierature  falls  below  normal  The  nares  dilate  widely 
with  each  inspiration.  The  suprasternal  depressioii. 
and  the  deep  sulcus  aroimd  the  base  of  the  chest  which 
forms  with  every  inspiration,  attest  the  phj'sical  diffi- 
cvdty  of  getting  sufficient  air  into  the  lungs.  When 
these  symptoms  are  present,  unless  the  obstruction  in  the 
bronchial  tubes  is  ijromptly  removed,  permitting  the  free 
access  of  air  to  the  closed  vesicles,  the  child  sinks  into  a 
state  of  stupor,  and  dies  asphj'xiated  or  in  C(nivulsions. 
Such  severe  symptoms  are.  however,  exceptional.  In 
most  cases,  the  collapse  involves  only  scattered  lobvdes. 
and  is  indicated  by  symptoms  similar  to  those  just  enu- 
merated, but  less  violent. 

The  physical  signs  of  atelectasis  vary  with  the  extent 
of  the  lesion.  If  several  contiguous  lobules,  or  the 
greater  part  of  a  lobe  is  affected,  so  as  to  cau.se  consolida- 
tion of  a  considerable  area,  the  i)hysical  signs  are  pro- 
nounced; but  when,  as  happens  in  a  fair  proportion  of 
the  cases,  the  collapsed  patches  are  disseminated  through 
both  lungs  and  vary  in  size  from  a  pea  to  a  filbert,  each 
consisting  of  one  or  more  lobules  separated  by  a  network 
of  normal  cells,  the  physical  signs  are  necessarily  negative. 
However,  the  very  absence  of  signs  in  the  presence  of 
decided  lung  symptoms  will  assist  in  the  diagnosis.  For 
example,  if  in  the  progress  of  a  mild  bronchitis,  without 
corresponding  increase  in  fever,  grave  symptoms  sud- 
denly arise, — the  dyspna-a,  lividity,  and  general  distress 
being  greatly  aggravated, — and  physical  interrogation  of 
the  chest  reveals  no  solidification  of  the  lungs,  the  oc- 
currence of  lobular  collajise  offers  the  only  satisfactory 
explanation  of  the  sudden  change. 

When  present,  the  iihysical  signs  are  tho.se  of  consoli- 
date<l  lung.  The  sonority  of  the  chest  is  dimiinshed  over 
the  affected  spc>ts.  but  the  duliu'ss  has  a  marked  tymiia- 
nitic  quality  owing  to  the  proximity  of  normal  lung, 
and  especially,  as  commonly  occurs,  if  emiihysemattuis 
patches  surround  the  collapsed  lobules.  The  ntu'mal 
breathing  sounds  are  absent,  and  may  be  replaced  by 
bronchial  respiration  and  bronchophony.  Vocal  reso- 
nance is  increased,  and  in  acquired  atelectasis  abundant 
mucous  rillis  ari'  audible  over  the  entire  chest.  A  very 
important  and  characteristic  feature  of  atelectasis  is  the 
suddenness  with  which  the  physical  signs  are  changed. 
Occasionally,  during  an  cxamiinition,  dulness  and  bron- 
chial breathing  w  ill  be  replaced  by  normal  resonance  and 
vesicular  miu'mur;  or  within  a  brief  jieriod,  abnormal 
so\uids  may  ajipear  and  disajipear  in  different  portions  of 
the  lungs.  This  can  ha|ipen  in  no  other  pidmonary  dis- 
ease, and  depends  upon   the  closing  of  the  brimchi  by 
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plujrs  of  iiuiiiis  iiiul  tlifir  speedy  removal  by  forced  ex- 
piration ill  coiii.'IiiiiL''.  cnin!;'.  etc. 

DiA(i.N(isis. — Tile  reeoi^iiition  of  conjieiiitjil  atelectasis, 
if  extensive  enouirli  to  ,u:ive  rise  to  symptoins,  is  coniiiani- 
tivelyeasy.  But  tlie  post-natal  form  is  always  associated 
with  other  morbid  conditions  which  rcnilcr  the  diagnosis 
dillicult  and  sometimes  impossible. 

Capillary  bronchitis,  catarrhal  pneumonia,  and  lobar 
pneiuuonia  are  the  only  diseases  lor  which  coUajise  is  lia- 
ble to  be  mistaken.  CatJirrbal  pneumonia  is  rarelv  devel- 
oped except  in  ]ioitions  of  the  lunj;  already  I'ollapsed, 
and  hence  cannot  be  dilferentialed  by  i)hysical  signs 
alone.  Diffuse  atelectasis  differs  from  lobar  pneumonia 
in  the  absence  of  fever,  the  percussion  note  is  luore  tym- 
panitic, bronchial  respiration  is  less  marked,  and  the  crepi- 
tjinl  rale  is  absent.  The  .smldenness  with  which  the 
physical  signs  are  manifested  and  n-ach  their  full  devel- 
opment in  <-ollapse  is  an  iiuportant  diagnostic  point.  If 
in  the  course  of  a  bronchial  catarrh  symptoms  of  con- 
siderable severity  suddenly  su]iervene,  such  as  rapid  and 
shallow  breathiiig.  duskiness  of  the  face,  faint  cough  and 
feeble  cry,  with  little  or  no  increase  in  fever,  the  nature 
of  the  attack  can  scarcely  be  doubled.  If  along  with 
these  symptoms  the  idiysieal  evidence  of  solidified  lung 
is  present,  the  chain  of  evidence  is  complete. 

The  the.nnometer  renders  valuable  aid  in  differentiating 
between  the  above  diseases.  Capillary  bronchitis  is 
normally  attended  with  only  moilerate  febrile  move- 
ments, the  mercury  fluctuating  between  101'  F.  and  lOo' 
F.  A  sudden  exacerbation  of  fever  in  bronchitis,  in 
■which  the  thermometer  registers  104  F  or  higher, 
strongly  suggests  the  otist'l  of  catarrhal  i^neiuiionia  ,  on 
the  other  hand,  a  sudden  fall  of  the  mercury,  without 
corresponding  iniiirovement  in  the  symptoms,  points 
strongly  to  collapse. 

Proonosis. — In  congenitjil  atelectasis,  if  re.stomtive 
measiu'esareadoiited  early  and  the  lesion  is  not  extensive, 
the  prognosis  is  good.  But  if  the  child  be  premature  or 
feeble,  or  if  the  fetal  circulatory  openings  are  unclosed. 
the  outlook  is  bad  in  the  extreme.  The  prognosis  in 
acquired  atelectasis  is  always  grave;  and  if  the  condition 
occurs  in  whooping-cough,  it  is  apt  to  be  fatal.  Con- 
vulsions are  of  bad  omen.  Lobidar  collapse  is  the  initial 
lesion  in  many  cases  of  catarrhal  pneumoru'a.  of  which 
caseous  degeneration  and  ].hthisis  are  not  infrecpient 
se(iiiels.  Emphysema,  more  or  less  extensive,  is  nearly 
always  left  behind,  if  any  considerable  tract  of  lung  has 
been  involved  in  the  collapse. 

TiiK.vTMENT. — The  treatment  consists  in  tlie  adojition 
of  measures  and  remedies  to  strengthen  the  respiratory 
process,  to  clear  the  air  passages  of  all  obstructions,  and 
to  sustain  the  strength.  Artificial  respiration  by  an}'  of 
the  recognized  methods  is  of  great  ini|)orlance  in  <-ongeni- 
tal  cases.  In  crying  and  cougliing.  dce|i.  full  ins])irations 
arc  instinctively  taken,  and  lience  these  acts  should  be 
frequently  provoked.  Xothing  condiu'cs  more  strongly 
to  iierpetnate  atelectasis  than  to  indulge  a  feeble  infant 
in  a  vegetative  existence.  Infants  should  not  be  per- 
mitted to  sleep  too  long  at  one  titne.  or  to  remain  any 
great  length  of  time  in  the  sam(!  position.  The  body 
heat,  often  subnormal,  should  be  carefully  maintained  by 
swathing  the  infant  in  cotton  or  llanncl,  and  in  extreme 
cases  it  may  be  kept  for  days  or  weeks  in  an  incubator. 
In  ae(|uire(l  or  jiost  natal  ateli'Ctasis  remedies  addressed 
to  the  bronchial  catarrh,  pleurisy,  or  other  associated  dis- 
eases are  indicated  and  will  be  discussed  in  other  columns 
of  the  ir.\xt)i«K)K.  It  is  only  proper  to  remark  here  that 
those  remedies  should  be  chosen  which,  like  the  prepara- 
tions of  ammoniiuii.  increase  the  tlow  of  serum  and  lessen 
the  viscidity  of  the  tough  secretion  which  occludes  the 
bronchioles.  Opiates  should  be  sparingly  used.  If  not 
contraindicated  by  delnlity.  emetics  serve  the  twofold 
purpose  of  expelling  viscid  phlegm  from  the  bronchial 
tubes  and  producing  jiowerful  inspirations.  Tliose 
emetics  only  are  admissible  which  act  promptly  and 
with  little  depression,  as  suliiliate  of  copjier  and  ipecac. 
Alcoholic  stimulants  are  always  indicated.  Hot  inmier- 
sion  baths,  made  more  stimulating  by   the  addition  of 


nuist;ird.  and  mildly  irritating  embrocations  to  the  chest 
are  useful.  Nutritious  diet  and  tonics,  by  which  the 
respiratory  muscles  gain  iiermanc'iit  volume  and  vigor, 
constitute  our  chief  reliance,  as  soon  as  the  immediate 
danger  is  tided  over.  W.  J.  Conklin. 

ATHEROMA.     See  Blood- 1 '< vw ?.f,  Dmimen  of. 

ATHETOSIS  (iifhriir.  without  fixed  position). — A  cere- 
bral allection  characteri/ed  mainly  by  continuous,  slow, 
deliberate  motion  of  the  fingers  and  toes,  and  by  inabil- 
ity to  retain  them  in  any  position  in  which  they  may  be 
placed. 

This  new  differentiation  being  now  recognized  by 
eminent  pathologists  both  in  English  speaking  and  con- 
tinental countries,  there  is  a  deluge  of  rejiorted  cases  of 
atheto.sis.  many  of  which,  however,  are  not  strictly  in 
accord  with  the  definition  ;  but  th<-  details  in  regard  to  the 
affection  are  well  descriljed.  notwithstanding  the  objec- 
tions of  tlujse  who  saw  in  athetosis  nothing  more  than  a 
complex  .symjitom.  ora  variety  of  post-hemijilegic  chorea. 

Sv.Mi'TOMs. — Tlie  morbid  movements  of  tlie  fingers  and 
toes,  sympttmiatie  of  athetosis,  are  involuntary,  gro- 
tes(iue.  and  complex  in  character,  being  of  a  more  com- 
jilicated  form  than  those  of  sinqile  flexion  and  extension. 
The  contractions,  which  do  not  cease  even  during  slee)!. 
come  on  slowly  with  apjiarent  deliberaticm  and  with 
great  force.  The  fingers  and  toes  assume  various  dis- 
torted jiosilions.  and  carry  out  movements  that  would 
be  nearly  impossible  in  the  normal  state.  There  is  a 
jieeuliar  distorted  [josition  of  the  thumb  and  of  the  in- 
dex finger,  with  sprawling  abduction  of  tlie  other  fingers, 
which  the  hand  constantly  tends  to  assume  in  typical 
cases,  and  when  once  seen  can  never  be  mistaken.  That 
which  a|qii-ars  to  be  pathognomonic  of  athetosis  is  the 
localization  and  the  iieeuliarily  of  the  inces.sant  complex 
involuntiiry  movements  of  the  smaller  and  more  rapidly 
acting  muscles  of  the  limbs.  They  seem  to  |u-efer  the 
peripheric  ends  of  the  extremities,  such  as  the  fingers 
and  toes,  and  rarely  the  face.  A  gliding  iirotrusion  of 
the  head  is  occasionally  a  characteristic  of  the  disease, 
and  in  exceptional  eases  the  morbid  kinesis  lias  extended 
to  every  voluntary  muscle  of  the  body.  The  patient  is 
able  to  control  these  movements  for  a  limitiMl  time  bv 
position  and  the  exercise  of  an  extreme  effort  of  the  will; 
but  the  disorder  is  increased  by  attempts  at  restraint,  by 
exhaustion,  cold,  and  emotion. 

The  essential  feature  of  the  disea.se  seems  to  be;in  inco- 
ordination between  the  flexors  and  extensors  of  the 
musclesof  the  fingersan<I  toes,  in  conse(|Uenceof  a  lesion 
in  the  centre  controlling  the  muscular  movements  of 
these  members.  It  lias  been  noted  that  the  jihenomena 
have  partly  the  character  of  associated  movements,  for 
while  the  fingers  moved,  the  arm  was  bard  and  rigid,  and 
during  the  motion  (d'  the  toes  the  muscles  of  the  calf 
were  in  a  state  of  tonic  contraction.  The  muscles  <d'  the 
affected  extremity  are  hypertroidiied :  bnl  it  often  liap- 
peiis  that  the  hand  and  foot  affected  may  be  atrophied. 
There  is  also  vaso  motor  disturbance  in  ilie  alfeeted  ex- 
tremity, which  may  be  red,  livid,  moist,  and  colder  than 
the  corresponding  extremity,  and  pain  may  also  occur  in 
the  alTected  limbs.  In  .some  cases,  the  electric  contrac- 
tility of  the  muscles  is  enfeebled  or  it  is  increased;  in 
others,  it  is  normal.  Relaxation  of  the  ligaments  and 
joints  of  the  alfeeted  extremities  has  also  been  noted  as  a 
cliaracteristic.     The  ankle  clonus  is  frei|uently  jircsent. 

The  advent  of  athetosis  is  always  sudden,  and  in  most 
ca.ses  occurs  in  young  children  wiiose  hereditary  antece- 
dents are  bad.  or  in  those  who  have  sutt'en'd  from  an  attack 
of  convulsion  and  unconsciousness,  or.  what  is  more  com- 
mon, hemiplegiii.  a  distinct  attack  of  which  in  many  ca.ses 
precedes  the  apjiearanee  of  the  clonic  spasm.  It  is  often 
associated  with  epilepsy,  idiocy,  chronic  hydroceidialus, 
and  imbecility.  Hammond  s:iys.  however,  that  of  the 
eight  cases  oceurriiig  in  his  experience.  hemi])legia  was 
not  an  antecech'iit  condition  in  four.  Jlore  rec<Mit  au- 
thority is  that  athetosis  is  found  in  twenty  per  cent,  of  all 
cases  of  hemiplegia  and  infantile  cerebral  palsy.     It  has 
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also  been  observed  indninUaids  and  oecasionally  in  tabes 
and  jrencml  paresis.  Adults  «S  irregular  liabits.  between 
thirty  and  thirty-five  years  of  ajje.  are  tlie  iiceasional  sub- 
jeets  of  the  alTeetion.  Two  eases  are  reported  to  have 
oeeurred  at  the  ages  of  forty -eight  and  fifty-seven  respec- 
tively: and  two  others  in  eonsequenee  of  sudden  fright 
in  girls  of  seven,  both  of  whom  had  histories  of  hemi- 
eninia  confined  to  the  left  side:  and  iu  another  case  the 
mother  was  exposed  in  i>regiiancy  to  violent  psychical 
excitement.  A  case  isrei>ortcil  to  have  followed  infantile 
encephalitis.  Another  followed  diphtheria,  another  a 
burn,  and  another  a  gunshot  wound.  It  is  not  known 
that  sex  is  an  etiological  factor,  nor  does  the  affection  ap- 
]iear  to  be  confined  more  to  one  side  than  to  the  other.  In 
thirty -five  cases  it  was  confined  to  the  right  side  in  nine- 
teen, and  to  the  left  in  sixteen.  When  athetosis  is  con- 
fined to  one  side  of  the  body  it  is  designated  as  unilateral 
or  /lenn'fit/ietoitiii,  and  is  symptomatic  of  disease  of  tlie 
cerebral  centre. 

Double  or  bilateral  athetosis,  which  usually  dates  from 
infancy,  is  generally  idiopathic  and  unaccompanied  by 
hemiplegia:  it  occurs  in  cases  iu  which  there  is  probable 
atrophy  of  tlie  braiu.  In  fact,  there  seems  to  be  a  close 
relation  between  cerebral  atrojiby  and  this  affection,  the 
reason  for  which  is  not  clear.  A  case  is  reported  in  which 
the  spasms  occurred  in  th(>  right  hand  and  the  left  foot. 
The  muscles  of  the  face  and  neck  appear  to  be  affected 
to  a  greater  extent  in  this  form  than  iu  the  unilateral : 
tliere  are  no  sensory  disturbances:  the  reflexes  are  in- 
creased; the  mental  condition  is  variable;  it  may  or  may 
not  be  associated  with  idiocy,  and  the  disorder  is  not 
necessarily  post-hemiplegic. 

Di.\ON'osis. — Athetosis  being  a  combination  of  symp- 
toms somewhat  resembling  paralysis  agitans,  care  should 
be  taken  not  to  confound  it  Avith  that  affection.  A  like- 
ness to  athetosis  is  also  found  in  senile  trembling,  in  the 
tremor  characteristic  of  mercurial  poisoning,  and  in  that 
of  disseminated  sclerosis  of  the  nerve  centres.  Other 
analogous  conditions  are  the  spastic  contractions  com- 
mon after  hemi|:)legia  iu  children,  and  the  movements 
that  take  ]ilace  in  chorea.  Athetosis  ma_v  be  distin- 
guished from  all  tliese  by  the  peculiarity  of  the  move- 
ments, which  are  slow,  systematic,  uniform,  and  appar- 
ently determinate.  They  have  not  the  q'aick,  jerky,  un- 
expected character  presented  by  other  forms  of  "clonic 
spasm,  but  are  slower  and  of  a  gliding,  ciuasi-rhyfhmical 
character  that  may  be  compared  to  tlie  peristaltic  action 
of  some  involuntary  nmscles,  or  to  the  movements  iu  mus- 
cles affected  by  a  peculiar  form  of  cramp.  The  anoma- 
lous position  of  the  hand,  which  is  an  exaggeration  of 
that  assumed  by  a  baseball  catcher,  is  an  excellent  diag- 
nostic sign;  slowness  of  speech  and  impairment  of  the 
intellect  are  also  diagnostic  aids.  Electric  excitability  is 
increased  in  chorea;  in  athetosis  it  is  normal. 

Pathology.— Though  the  pathological  anatomy  of  the 
affection  may  not  be  stated  in  such  clear  terms  as  its 
clinical  phenomena,  yet  the  cases  seem  to  warrant  the  act 
of  making  a  distinct 'pathological  entity  of  athetosis  and 
the  placing  of  it  in  the  category  of  briiin  diseases.  The 
pathological  cliaracteri.stics  "appear  to  be  degenerative 
changes  in  the  corpus  striatum  and  the  optic  thalamus. 
In  one  recorded  case  the  disease  was  thought  to  be  caused 
by  an  embolus  blocking  the  middle  cerebral  artery:  and 
the  post-mortem  examination  showed  the  disease  to  be 
limited  to  the  ojitic  tlialaiuus.  the  corpus  striatum,  and 
the  parts  just  external,  thus  justifying  Dr.  Hammond's 
original  surmise  as  to  the  probable'seat  of  the  affection, 
before  he  liad  as  yet  had  an  opportunity  to  ascertain  bv 
necropsy  the  nature  of  the  lesion  that  cau.ses  the  symp- 
toms. The  true  nature  of  this  class  of  cases,  however, 
awaits  further  pathological  evidence.  Later  observers 
think  that  the  clinical  manifestations  of  athetosis  are 
owing  to  functional  distiirbauces  or  obliquity  in  the 
motor  centres  rather  than  to  anv  recognizable  structural 
change. 

Tre.\tment.— So  far  Imt  few  cases  of  athetosis  have 
recovered.  Slight  cases  may  do  so  apiiroximatcly. 
Sedatives  and  uerve  tonics  and  the  application  of  galvan- 


ism are  recommended.  The  chlo.ide  of  barium,  arsenic, 
ergot,  and  cannabis  iudica  have  all  been  given  with  iii<lif- 
ferent  results.  On  the  one  hand,  it  is  reported  that  marked 
improvement  follows  the  application  of  the  constant  cur- 
rent; on  the  other,  that  both  galvanization  and  faradiza- 
tion lead  to  no  results.  It  would  probably  be  well  for  the 
patient  to  exercise  the  fingers  by  a  graduated  system  of 
lifting  in  conjunction  with  vigorous  efforts  of  the  will. 

Irving  C.  Rosse. 

For  more  detailed  and  systematic  information,  with  eopious  biblio- 
graphical references,  the  reader  may  consult  SeeligmuUer :  "  Ueber 
Athetose,"  Schmidt's  Jahrbiicher.  Leipzig,  1881 ;  Michailoyski,  Dimi- 
tri;  Ivani:  "Etude  olinique  Siur  I'athetose  double,"  Paris,  1893;  also 
current  numbers  of  Giornale  di  Neuropatologia,  Napoli. 

ATLANTIC  CITY.— New  Jersey.  This,  a  much-fre- 
quented resort  for  invalids,  is  situated  on  theeoast  of  New 
Jersey,  titty-seven  miles  southeast  from  Philadelphia. 
It  is  connected  with  the  latter  city  by  three  lines  of  rail- 
road, one  of  these  being  a  branch  of  the  Philadelphia  and 
Reading  Railroad  and  the  other  two  forming  a  part  of 
the  Penns_ylvania  Railroad  system,  by  means  of  which  it 
is  placed  in  direct  connection  with  New  York  and  New 
England,  as  well  as  with  the  West  and  South.  One  of 
the  lines  of  the  latter  company  now  crosses  the  Delaware 
River  above  Philadelphia  by  <i  bridge,  so  that  the  former 
inconvenience  of  ferriage,  in  going  to  Atlantic  City  from 
western  and  southern  points,  may  be  avoided. 

Atlantic  City  is  in  latitude  39°  22'.  and  could  at  one 
time  be  properly  described  as  situated  at  a  point  on  the 
upper  part  of  Abseeom  Beach,  an  island  ten  miles  long 
and  averaging  about  half  a  mile  wide;  but  with  its 
suburbs  of  Ciielsea,  Ventnor.  South  Atlantic  City,  and 
I^ongport  (the  first  two  of  which  have  become  jiracti- 
cally  continuations  of  the  main  resort),  it  now  reallj-  in- 
cludes the  entire  island,  though  there  are  still  consider- 
able gaps  of  unoccupied  beach  in  its  lower  part.  A 
trolley  line  extends  from  one  end  of  the  island  to  the 
other,  thus  closely  connecting  the  various  suburbs  with 
Atlantic  City  proper, 

Abseeom  Beach  has  a  very  dry,  porous,  sandy  soil  and 
is  separated  by  a  narrow  arm  of  the  sea  from  "the  main- 
land of  South  Jersey.  Almost  this  entire  region,  which 
includes  Lakewood,  Hammonton,  Vineland,  and  otlier 
towns  of  greater  or  less  importance,  has  become  famed 
for  the  salubrity  of  its  climate,  the  sandy  Ijarrens  covered 
in  places  with  pine  forests  having  a  dryer  air  than  is 
usually  found  at  the  same  proximity  tothe  sea.  The 
fact  that  the  winds  from  the  west,  northwest,  and  north 
must  pass  for  many  miles  over  this  sandy  region  has 
doubtless  something  to  do  with  the  peculiar  quality  of 
the  air  observed  by  most  visitors  to  Atlantic  Citv,  espe- 
cially its  dryness  when  the  wind  is  from  the  landward. 

The  writer,  who  practiseri  for  twenty  years  in  Atlantic 
City,  deems  it  right  to  record  here  as  "the  result  of  his 
own  observation  the  fact  tliat  the  air  there  is  nearly  al- 
ways tonic  and  invigorating  from  whatever  quarter  the 
wind  may  blow,  liut  that  directly  on  the  beach  or  ocean 
front  it  is  coiniiaratively  moist  when  there  is  a  sea 
breeze,  as  must  be  tlie  case,  of  coui-se.  at  all  seaside 
localities.  As  to  asthma,  there  is  no  uniformity  in  the 
influence  of  the  climate.  Many  cases  of  it  are  aggravated 
there  decidedly,  but  nearly  an  equal  number  of  those 
seen  )iy  the  writer  experienced  benefit.  It  would  be  un- 
wise for  any  asthmatic  )iatient  to  arrange  for  a  long  stay 
at  Atlantic  City  untilafter  testing  the  climate  by  sojourn- 
ing there  a  night  or  two.  While  some  were  glad  to 
escape  afti'r  jiassing  a  single  night  of  distress,  othei's. 
who  always  sutfcred  severely  elsewhere,  sojourned  for 
consideiablc  iH'riods  there,  and  in  some  instances  an  en- 
tire winter,  without  an  attack. 

With  regard  to  patients  affected  with  ]inlmonary 
]ihth!sis,  the  more  populous  parts  of  the  town  are  not  so 
well  suited  to  them  as  the  newer  suburbs  below.  Dur- 
ing his  residence  there  the  writer  was  accustomed  fre- 
quently to  see  cases  of  early  phthisis  progress  favombly 
in  Atlantic  City,  but  those  in  the  second  and  third  stage's 
did  not  often  do  well  unless  iu  a  very  stfitionary  condition, 
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when  tlif  stimulatiiiir  fliaiaftcr  of  tlic  air  somctinifs 
si'piiR'd  to  rITccI  iniprovfini-iit  iven  in  tlicm. 

Ill  rliLMiiiialisiii  and  ucuraliria.  as  willi  astlima,  tin 
eft'pcts  woio  various.  Soiiu-  cases  were  ai;j;ravatf(l, 
especially  when  the  suffereis  while  at  the  shore  followed 
their  accustomed  self-indulgent  liabits  of  eating  and 
drinliing  with  little  or  no  e.\ercise.  Others  who  had 
learned  to  live  hy.irieuically  and  (li<l  not  indulire  too  far 
the  enorniousappetile  which  the  sea  air  usually  ])roduces, 
often  gained  decidedly  in  health.  In  insomnia  there  was 
in  most  cases  a  marked  improvinient,  and  many  who  had 
required  liypnotics  at  home  slept  well  in  Atlantic,  City 
without  them,  especially  when  such  drugs  were  stopped 
at  onc(^  upon  their  arrival.  But  i)atients  with  bad 
livers,  stomachs,  or  bowels  who  could  not  be  made  to 
follow  proper  dietetic  rules,  and  those  es|)ecially  who  were 
under  a  stimulating  regimen  as  to  both  medicines  and  diet, 
found  that  they  were  no  better  alile  to  disjiense  with 
appropriali'  treatment  there  than  in  any  other  place, 
while  sulTcring  from  an  excessive  ])rop<]rtion  of  ]i\dro- 
chlori(r  acid  In  their  gastric  juice.  Hut.  for  1h(^  most  part, 
the  victims  of  ne\irasthenla  res]ionded  in  an  asl<inishing 
way  to  the  tonic  and  restorative  inlhience  of  the  cli- 
mate, and  all  the  more  so.  usually,  when  tlK'V  had  in 
addition  to  the  air  sea-water  baths  in  just  the  right 
doses,  though  in  s\immer  invalids  who  attempted  to 
bathe  in  the  surf  without  medical  advice  nearly  always 
overdid  it  sooner  or  later,  and  thus  often  lust  more  than 
they  gained. 

Uisinterested  testimony  as  to  what  a  certain  climate 
has  done  for  various  classes  of  invalids  ought  to  be  more 
useful  than  the  meteorological  statistics  from  which 
we  often  endeavor  vainly  to  gain  some  definite  idea  con- 
cerning its  dcslralnlity  and  etlicac\'  as  a  curative  agent ; 
and  a  large  mass  of  svich  testimony  is  available  with  re- 
gard to  the  effects  of  the  climate  of  Atlantic  City;  but 
lack  of  space  prevents  its  use  here.  In  articles  like  this, 
however,  it  is  necessary  to  furnish  at  least  a  few  .statis- 
tics, and  accordingly  we  rejiroduce  below  some  facts  and 
figures  coming  from  th(>  AVeather  liurean  and  the  office 
of  the  United  Strifes  Coast  and  Geodetic  Survey. 

These  official  soureesof  information  were  freely  drawn 
upon  liy  tlie  writer  in  preparing  a  paper  some  years  ago 
on  the  climate  of  Atlantic  City.*  In  describing  then  the 
course  of  the  Gulf  Stream,  he  said: 

"This  really  includes  numerous  parallel  or  slightly 
diverging  currents  of  very  warm  water  with  overH(jw 
currents  of  a  somewhat  lower  tem]ierature.  One  <if 
these  overflow  currents  approaches  within  sixty-five 
miles  of  Atlantic  City,  while  it  is  one  hundred  and  ten 
miles  from  Sandy  liook.  The  ]irincipal  current  is 
farther  away,  being  one  hundred  and  thirty-five  miles 
from  Atlantic  City,  one  hundred  and  eighty -five  miles 
from  Sandy  Hook,  and  about  the  same  distnnce  from 
Long  Branch  and  Montauk  Point. 

"liut  the  e.vceiitloiial  mildness  of  this  climate  may  be 
attributed  to  the  peculiar  course  of  tlie  Gulf  Stream  in 
this  vicinity  as  much  as  to  its  proximity.  The  inni'r- 
most  current,  according  to  the  map  received  from  the 
Coast  Survey  Office,  has  a  direction  o]i])osile  Atlantic 
Citv  of  east-northeast,  but  turns  more  and  more  to  the 
eastward  till  in  latitude  40  —that  of  Philadelphia— it 
bears  nearly  due  east.  The  main  current  turns  more 
abruptly,  and  a  little  north  of  latitude  :!8',  some  distance 
to  the  southward  of  Atlantic  City,  has  a  course  directly 
eastward.  Our  south,  southeast,  and  east  winds,  then, 
must  all  pass  for  three  hundred  to  five  hundred  miles  at 
least  over  more  or  less  heated  water  which  has  come 
directly  from  the  Gulf  of  Mexico.  Our  only  ocean 
breezes  not  affected  in  this  wa.y  are  those  from  the 
northeast." 

While  the  coast  of  New  Jersey  hiis  a  general  trend  from 
northeast  to  southwest,  the  beach  in  front  of  Atlantic 
City  makes  a  sharp  turn  to  the  westward,  so  that  it  faces 
almost  directlv  southward.     South  as  well  as  east  winds 


•  Winter  Ilpaltli  Resorts.  "  The  Climate  of  Atlantir  City  and  Its 
Effects  on  Pulmonary  Diseases,"  PlillaUelpliia  Medical  Times.  Deeein- 
Der  18,  l!i»0. 


and  even  south-southwest  windsan-.  therefore,  sea  breezes 
there  and  blow  oir  the  Gulf  Stream.  This  southern  ex- 
posure enjoyed  by  the  town  is.  climatically,  a  decided 
advantage  which  is  po.sse.ssed  liy  no  other  paii  of  the  Xew 
Jersey  coast  except  lis  southernmost  extremity  at  Cajie 
May.  In  the  article  on  Atlantic  City,  which  apjieared  in 
the  first  edition  of  this  work,  occur  the  subjoined  para- 
grajihs,  written  by  Dr.  Huntingdon  Uichar'ds.  a  distin- 
guished authority  on  climatology: 

"In  the  absence  of  shelter  from  the  winds,  it  is  con- 
soling toretlcct  that  tlieii- force  and  fiei|uency  at  Atlantic 
City  are  less,  in  all  probability,  than  at  any  other  well- 
known  place  of  resort  lying  upon  the  New  Jers<'y  coast. 
In  a  table  showing  the  average  j'carly  movement  of  the 
atmosphere  for  the  five  years,  "IH8II  to  18S4,  inclusive, 
the  following  figures  stiuid  opposite  the  four  stations, 
Atlantic  City,  Barnegat,  Cajie  May,  and  Sandy  Hook: 
Athuitie  City,  82.():«);  Barnegat, 'l22.!WS;  Cape  May, 
i:il).(tt.-);  Sandy  Hook.  118.4."il).  The  figures  of  this  tab'le 
(((Uoted  from  ".\tlaidic  City  as  a  Winter  Ke.sort,"  by  15. 
A.  Blundon,  Sergeant.  Signal  Service.  U.  S.  A.)  reveal 
the  fact  that,  during  the  five  years  above  mentioned,  the 
average  amount  of  wind  blowing  at  Atlantic  City  was 
81  [icr  cent,  less  than  at  Sandy  Hook,  33  per  cent,  less 
than  at  Barnegat.  and  37  percent,  less  than  at  Cape  Jlay. 
Coucerning  the  relative  freejuency  of  winds  blowing  from 
the  <lliTerent  jioints  of  the  compass  at  Atlantic  City,  a 
table  giving  the  result  of  observations  made  during  the 
three  years  intervening  between  Jtdy,  I8TI).  ami  July. 
1879,  shows  tliat  9  per  cent,  of  such  winds  were  from  tJie 
north,  11.7  jier  cent,  were  fiom  the  northeast,  1.1.3  per 
cent,  were  from  the  northwest.  IC).  1  per  cent,  were 
from  the  west,  8.3  per  cent,  were  from  the  east,  6.3 
]ier  cent,  were  from  the  .southeast.  1.1.9  per  cent,  were 
from  the  southwest,  and  17.4  jier  cent,  were  from  the 
south. 

"  During  the  warmer  part  of  the  year  Atlantic  f'ity, 
and  all  i>tlier  jdaces  lying  vijion  the  New  Jersey  coast,  are 
visited  daily  (with  tiut  rare  exce]itions)  liy  a  delightful 
sea  breeze,  which  begins  to  blow  at  about  eleven  or 
twelve  o'clock  in  the  day,  and  lasts  until  nightfall.  .  .   . 

"A  particularly  striking  feature  in  the  climate  of  At- 
lantic City  is  the  cinnparatively  small  amount  of  the 
annual  rainfall.  A  table  on  page  11  of  the  pamjihlet  en- 
titled. '  .\tlanlic  City  as  a  AVInter  Resort.'  shows  that 
the  rainfall  is  less  in  amount  at  Atlantic  City  than  at  any 
other  point  on  the  .\tlantic  coast  of  the  I'nited  States, 
with  the  single  exception  of  Portland.  Me.;  and  that  it 
is  fully  twenty  ])er  cent,  less  than  at  the  neighboring 
station  of  Barnegat — a  .singular  fact,  and  one  very  diffi- 
cult of  explanation." 

It  should  be  mentioned  that  wliili-.  like  Brighton, 
England.  Atlantic  City  is  an  all  the-year-rcsort.  and  a 
considerable  amount  of  business  is  done  by  many  of  the 
hotels  an<l  boarding-houses  even  in  the  dullest  months, 
yet  the  season — tlial  is,  tlie  rush  of  visitors — may  be  said 
to  liegin  in  February  and  the  crowds  dwindle  rapidly 
in  September.  The  autumn  months,  when  the  jdace 
is  the  least  frequented,  are  really  the  most  desirable  of 
all  for  invalids,  the  sea  lireezes  being  then  deliclously 
balmy. 

While  a  resident  in  .\tlaiitic  City,  the  writer  made 
careful  and  regular  observations  of  the  weather  during 
the  winter  of  is7!)-8(l.  These  showed  that  In  December, 
1879.  there  were  lwcnty-^ix  days  during  which  the 
thermometer  did  not  fall  below  3'2  F. — the  freezing  point ; 
also  that  there  were  only  two  days  in  the  same  month 
when  the  thermometer  did  not  indicate  at  noon  a  tcni 
perature  above  40  F. ;  and  that  there  were  ten  days  upon 
which  it  was  not  below  .lo'  F.  at  the  same  hour.  During 
the  January  following  (1880)  there  were  twenty-four 
days  during  which  the  mercury  never  fell  below  the 
freezing  point  at  any  hour,  and  only  two  days  during 
which  it  went  below  30'  F.  It  was  only  once  in  the  same 
month  lower  than  4(r  F.  at  noon,  and  only  three  times 
lower  than  4.5°  P.  at  the  same  hour.  On  nineteen  of  the 
thirty-one  days  the  thermometer  stood  at  .50  F.  or  above 
at  midday. 
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Climate  of  Atlantic  City,  N.  J.,  Latitdde  39'  22';  Longitude  74°  25'.  Condensed  from  a  Climatic 
Chart  of  Ten  Years,  in  the  Previous  Edition  of  This  Handbook,  and  from  United  States  Weather 
Bi'REAr  OnsERVATioNs  from  1891  TO  1898,   Excepting  the  Years  1895  and  1896. 


Tcmpeniture  -Average  or  noraml 

Avi'Him'  iluily  range 

Mc;iii  iif  wiinnest 

Mi'aii  oti'oldi'st 

Hijrliest  or  maximum 

Lowest  or  minimum 

Humidity— Averape  relative — 

I*i-eeipiiation  -  A  vt-rairr  in  inciies 

Wind  -Prevailiiitr<iire('tinn 

Average  tiourly  veloi-ity  in  miles  . . . 

Weather— A  verajpre  luimher  elear  days. . 

Aveni^e  nuiiiber  fair  days '. . . . 

Avei-age  number  clear  and  fair  days 


February. 


34.2° 
U.8 
43.4 
37.6 
65.3 
2.7 

;i.n6 

N.  w. 

10.8 


6.6 
7.5 
14.1 


March. 


39.0° 

14.1 

4.5.5 

31.4 

67.5 

13.6 

79..5!< 
3.96 
N.  W. 
12.0 


9.5 
9.0 
18.5 


April. 


46.9° 

13.7 

.53.5 

39.8 

75.8 

33.6 

78.K 
3..59 
N.  W. 
11.7 


13.3 
10.6 


May. 


57.3° 

12.7 

63.9 

51.2 

84.1 

37.3 

81.K 
2.35 
S. 

10.1 


10.8 

9.6 

20.4 


June. 


B2.6i 
2.33 

s. 

8.7 


12.3 
13.8 
^5.1 


July. 


93.C 
54.4 


83.6« 


August. 


l.'i.S 
ll.n 
24.5 


Sep- 
tember. 


69.3° 

13.6 

74.8 

62.3 

89.7 

45.0 

80.7;« 
3.83 
S. 

10.4 


13.0 
111.3 
23.3 


Oc- 
tober. 


.56.7° 
13.9 
64.3 
51.4 
81.3 
31.6 

79« 
3.80 
W. 
9.6 


ll.S 

9.3 

31.1 


56.9' 


Total  precipi- 
tation for 
nine  months. 
30.12 
S. 
10. 
Total  for  nine 
months. 
100  3 
93.7 
194.0 


From  the  records  frnni  wliich  tlicse  climatic  statistics 
liuve  been  compiled,  it  is  learned  further  that  in  1891, 
during  the  nine  niouths  of  the  season  from  February  1  to 
November  1,  the  mercury  fell  to  33°  F.  only  twice  in  Fell 
ruary  and  three  times  in  March,  and  that  it  did  not  rise 
above  90°  F.  except  once,  which  was  in  .Jul}',  when  it 
reached  91°  F.  In  1892,  during  the  same  period,  it  fell 
below  33°  F.  four  times  in  February  and  three  times  in 
March.  It  rose  abo\e  90°  F.  once  only,  which  was  in 
.luly. 

In  1893  it  was  below  32°  on  seven  days  (which  included 
the  nights  as  well)  during  tlie  period  of  nine  months — 
five  times  in  Fel>ruary  and  twice  in  JIarch.  It  exceeded 
90  F.  once  only  in  that  year,  reaching  93°  F.  on  one  day 
in  .lulj'.  In  1894  it  was  below  33°  P.  on  six  days  and 
nights  in  February  only,  and  did  not  rise  above  90°  F. 
even  once  (hiring  that  year. 

Meteorologically  spe.-ikiug,  one  of  the  important  ad- 
vantages of  Atlantic  City  as  a  winter  and  spring  resort 
is  the  small  amount  of  snow  there  in  comparison  with 
other  localities  in  the  same  latitude  and  with  most  places 
in  the  Northern  and  ^Middle  States.  This  is  much  more 
striking  than  even  the  figui-es  of  the  Weather  Bureau 
would  lead  one  to  infer,  for  the  reason  that  in  conse- 
quence of  both  the  jiorous  sandy  soil  and  the  effects  of 
the  strong  sea  air,  most  of  the  snow  that  does  fall  there 
is  melted  almost  immediately  fir  witliin  a  day  or  two. 
It  is,  as  a  rule,  only  in  the  very  exceptionally  severe 
winters  that  sleighing  may  be  enjoyed  for  a  week  or  two, 
and  even  then  usually  early  in  the  winter  before  the 
season  has  fully  opened.  A  handsome  ocean  promenade 
forty  feet  wide,  elevated  twelve  feet  above  the  beach  on 
steel  supiiorts,  and  known  as  the  board  walk,  skirts  the 
fi-ont  of  the  town  and  its  nearby  suburbs  for  five  miles, 
and  on  this  snow  is  never  allowed  to  lie,  even  when  it 
liugcrs  longer  than  usual  elsewheiv,  so  tliat  the  throngs 
of  invalids  on  foot  or  in  wheeled  chairs  may  always  be 
able  to  enjoy  an  outing  under  comfortixble  and  cheerful 
conditions.  During  the  busy  season  these  throngs  of 
health-seekeis  pass  contiuualjy  to  and  fro  with  the  "ever- 
attractive  breakers  rcdling  in  on  the  one  side  (at  some 
points  even  under  their  ifeet),  the  stui  shining  down  in 
full  force  from  above  as  well  as  retlectc'd  fidin  the  water 
so  as  to  have  double  power,  and  the  continuous  build- 
ings on  the  landwai-d  side  jilTonliug  an  etticient  shelter 
from  the  winter  winds  which  Iilow  fi-om  tin-  north  or 
west  when  cold  enough  to  be  annoying.  This  board 
walk,  e-xtending  for  miles  along  the  edge'of  the  water,  i.s 
the  chief  attraction  of  Atlantic  City  iii'all  seasons  of  the 
year,  but  in  winter  it  is  of  marked  advantage  to  invalids 
in  enabling  them  to  s|iend  most  of  their  tinie  in  the  ojien 
air  and  sun.  except  in  the  worst  weather.  When  it  aclu 
ally  storms,  invalids  may  sit  in  the  conifortable  sun 
parlors  or  glass-enclosed  iioi-ches  connected  with  a  large 
pinjiortion  of  the  nine  hundred  hotels  and  boardiiiir- 
houses  which  Atlantic  City  now  possesses,  and  a  |iai-t  of 
w  liich  are  open  all  the  year.     The  board  walk  and  omni 


present  sun  parlor  are  two  almost  unique  features  of  this 
liojnilar  resort. 

Tliere  is  an  abundant  supply  of  pure  water  elrawn 
mainly  from  springs  and  creeks  on  the  mainland,  but  also 
in  part  from  a  number  of  deep  artesian  wells.  Under- 
ground sewers,  deeph'  placed  according  to  a  novel  system, 
convey  the  sewage  \o  a  central  point  on  the  meadow 
back  of  the  town,  where  it  is  pumped  to  a  sufficient  eleva- 
tion to  admit  of  its  flowing  by  gravity  to  the  waters  of 
tlie  bay  so  far  away  from  the  hotels  and  residences,  as 
well  .-is  from  the  bathing  grounds,  that  it  never  causes 
the  slightest  offence  or  inconvenience. 

The  population  of  Atlantic  City  is  now  about  ,30,000. 
and  it  may  be  interesting  to  add  that  besides  the  nine 
hundred  houses  that  entertain  guests,  including  a  num- 
ber of  first-class  hotels  with  all  tlie  modern  conveniences, 
there  are  in  the  town  twenty-six  churches,  a  casino,  a 
number  of  good  theatres,  and  numerous  minor  places  of 
amusement  (the  number  of  such  in  the  height  of  the 
summer  season  having  been  estimated  as  high  as  two 
hundred),  three  daily  papers  and  five  weeklies.  Sistv- 
tive  physicians  of  all  kinds,  including  .some  iinusallv 
able  men,  look  after  the  needs  of  the  sick  and  ailing, 
while  twenty -eight  drug  stores  see  to  it  that  no  one 
suffers  for  lack"  of  medicines.  There  are  also  a  fully 
equipped  hosjiital  and  several  well  managed  h<it-and-cord 
sea-water  bathing  establishments.  Tlie  Atlantic  City 
Country  Club  with  gtilf  links  affords  recreation  for  guests 
in  the  spring  and  summer,  and  there  are  also  abundant 
facilities  for  rowing,  sailing,  and  fishing  in  the  waters  all 
around. 

A  fine  level  driveway  near  the  beach  from  Atlantic 

City  to  Longport  at  the  lower  end  of  the  island  is  much 

appreciated  by  coaching  parties  as  well  as  by  bicyclists. 

In  short,  very  few  if  any  health  resorts  even  in  Euroiie 

offer  a  largei'  total  of  ad\ant;iges  or  a  greater  varietv  of 

ways  in  which  invalids  may  agreeably  pa.ss  the  time  while 

wooing  back  their  lost  health.  "    r.      j  n    , 

Boardman  Heed. 

ATOTONILCO.  —  ?.Iunicipality     of     Chiconcuantla. 

Piiel]la.  M4-\i<i).     This  spring  is  located  near  the  town 

of  Tlaltenaiigo.     According  to  an  examination  made  bv 

Zuhiga  tile  water  has  a  sulphurous  odor,  is  slightly  une 

tuous  to  the  touch,  limpid  inajipearance,  and  contains  the 

carbonates  of  lime  and  magnesia,  sulphurous  acid,  and 

carbonic  acid  and  sulphureted  hydrogen  gases.      It  is 

recommended  in  rheumatism,  neuralgia,  and  disea-ses  of 

the  skin.  -\-    r   t>         j    r  • 

^v .  ./,  Ponee  ae  Leon. 

ATOTONILCO    DE    SAN   ANDRES.— Municipality  of 

San    .\iulve<,   Z.iiateeas.   ,\[e\ieo.      The   waters  of  ijiese 

springs  are  luki-warm  and  contjiin  sodium  sulphate  and 

other  ingredients.     They  arc  recommended   for  syphilis 

and  skin  diseases,  but  uo  bathing  facilities  have  been 

provided.  »■    r    /j         j    r  - 

JS.  J.  loiice  ac  Leim. 


602 


REFEKENCE    llA.NDiiouK   OF   THE   .MEDICAL   SflENCES. 


Alutoiillro, 
Atresia. 


ATRESIA. — (Impcrforation,  dosiiro.  or  abst-nre  nf  a 
natuial  upciiiiiir  or  passajrc. )  Tlicrc  may  exist  an  atresia 
of  any  (iiie  of  tile  external  oriliees  or  internal  jiassaiies 
of  the  body;  Atresia  i)npill;e.  A.  i>alpebrarum,  A.  oris. 
A.  auris.  A.  trachea?,  .\.  (esophagi.  A.  broncliii.  A.  in- 
testiui,  A.  recti,  A.  ani,  A.  \a.gina\  A.  urethra'.  A. 
vesicw,  A.  uteri.  The  imperforaliori  may  be  the  result 
of  disturbances  of  devlopnient  in  fetal  life,  or  it  may 
arise  secondarily  to  local  inlianuuatory  i)roce.sses  eithei- 
before  or  after  liirth,  or  may  be  jiroduccil  by  meelianieal 
olistruetion.  |iressuri',  etc.  Aecorilinic  to  the  elioln;;y 
we  may  therefore  distinguish  two  classes  of  atresia,  the 
congenital  and  the  acquired. 

Atrctin  Piijiillir. — Conjienital  closure  of  the  jmpil  of 
the  e\-e  not  infre(iuently  occurs,  and  is  usually  the  result 
of  a  persistence  of  the  pupillary  mendirane  which  in 
fetal  life  covers  the  lens  and  as  a  nde  disapjiears  in  the 
last  month  of  ])re^'uancy.  Various  forms  of  this  inallor- 
malion  occur:  tlie  pu]>il  may  be  entirely  covered  by  a 
thick  frrayish  nieiidirane  cuntainiui;  blood-vessels,  or  by 
a  network  of  tine  threads  in  which  vessels  run.  or  irregular 
brown  or  crayish  jiatches  may  appear  in  the  pujiil.  Ac- 
quired atresia  of  tlu'  ptlpil  is  of  rather  frequent  occur- 
rence in  adult  life  as  the  result  of  inflammations  of  the 
iris  and  choroid,  but  it  may  take  place  at  any  time,  even 
before  birtli.  In  chronic  iritis  the  ]>u|iil  may  be  partially 
or  completely  closed  by  vascular  coiuiective  tissue. 

A.  Pill pchriini III. — Total  imperforation  of  the  eyelids 
is  not  of  frei|uent  occurr<-nce.  The  congenital  form  is 
usually  associated  with  jrravc  defects  of  development 
which  do  not  permit  of  cxtra-nterino  life.  The  edges  of 
the  lids  may  be  tirndy  adherent  to  each  other  and  to  the 
eyeball  (symbleidiaron).  The  condition  may  be  caused 
by  a  failure  of  .sejiaration  of  the  conjunctiva^,  intra-uterine 
inflanunations  cd'  the  eye,  or  it  may  be  caused  liy  amniotic 
adhesions.  Tin'  latter  cause  is  probably  the  most  fre- 
(pient.  One  or  both  eyes  may  be  alleeted.  Remains  of 
the  anmiolic adhesions  maybe  found  in  theshapcof  tags, 
bands,  or  firm  meiubranes  covering  the  lids  and  adherent 
to  them.  Ac(pnred  atresia  of  the  eyelids  (syniblepharon, 
ankyloblepharon)  occurs  after  severe  ulcerations,  diph- 
theritic conjunctivitis,  burns  catised  by  lime,  hot  metal, 
and  e.vplosives.  In  <'ases  in  which  there  is  complete  oc- 
clusion the  edges  of  the  lids  are  firndy  luiited  to  each 
other  and  to  the  eyeball. 

.1.  Xariiiiii.- — Complete  atresia  of  the  nostrils  is  rare 
and  is  usually  fotuid  in  association  with  cyclopia.  In 
this  type  of  monster  the  nostrils  are  re])reM'nted  by 
one  or  two  fleshy  imperforate  ta.gs  whii'h  arc  usually 
placed  in  the  forcheail  above  the  solitary  eye.  The 
atresia  of  one  nostril  through  a  congeidtal  obli(pnty  of 
the  septum  is  not  infrcqtU'nt,  and  is  of  great  practical 
importJinec  because  of  the  habit  of  mouth-bicathing 
and  the  chronic  catarrhs  of  nose  and  pharynx  which  are 
a.ssocialed  with  it.  Acqvured  stenoses  of  one  or  both 
nostrils  are  also  not  rare.  The  closure  may  be  caused 
by  new  growths,  polypi,  injuries,  chronic  catarrhal  con- 
ditions, etc.  This  condition  is  lik<'wise  of  great  ]iractical 
importiuice. 

A.  OriK. — Complete  absence  of  the  nunitli  is  a  very 
rare  occurrence,  luid  is  always  associated  with  marked  de- 
fective development  of  the  head  and  face.  It  is  most  fre 
(pa'ntly  the  result  of  anunolic  adhesions,  orof  anabnoi  inal 
tightnes.s  of  the  ce]ilialie  cap  of  the  aiunion.  Partial 
atresia  (microstomia)  is  of  more  fre((uent  occurn>nce,  but 
is  rarely  found  in  a  viable  fVetus.  Congenital  closure  of 
the  fauces  is  likewise  of  rare  occurrence. 

A.  Ami'n. — Complete  failure  of  development  of  the 
external  auditory  meatus  occurs  very  rarely.  The  lumcMi 
of  the  meatus  may  be  tilled  with  compact  bone  or  car- 
tilage, or  it  may  be  closed  by  a  firm  membrane  of  con- 
nective tissue  in  which  small  islands  of  bone  or  cartilagi' 
may  be  iiresent.  AVitli  this  malformation  there  is  almost 
alway.s  associated  a  defective  development  or  entir<' 
absence  of  the  e.xtertial  ear,  and  imperfect  development 
of  the  tympanuiri  and  internal  ear.  The  site  of  th<'  ear 
may  be  indicated  only  by  a  slight  indentation.  In  other 
cases  a  cartilaginous  canal  may  be  present  which  is  closed 


at  a  slight  depth  by  bone  or  membrane.  Partial  atresias, 
Jiour  glass  or  synunetrical  narrowing  of  the  external 
canal,  are  of  rather  frei|uent  occnrrence.  In  these  casi-s 
the  external  car  may  be  normally  developed  or  show 
greater  or  less  malformation. 

.Vc(|uired  atresia  of  the  external  canal  is  not  rare.  In- 
flammations may  cause  thickenings  of  the  wall  of  the 
meatus,  aiul  stenosis  or  constriction  ina_v  result  from  the 
formation  of  connective  tissue.  Very  freipiently  there 
is  a  polypoid  growth  of  gratnilation  ti.ssue  into  the  canal, 
and  through  the  adhesion  id'  the  granulating  surfai-es 
complete  atresia  of  the  canal  may  result;  or  bauds, 
bridges,  and  sejita  of  connective  tissue  may  be  formed. 
A  subperiosteal  formation  of  new  bone  may  lea<l  to  osse- 
ous atresia;  in  other  cases  exostoses  may  block  tlu-  canal. 
Detached  o.steomata  sometimes  develojj  in  the  granula- 
tion tissue  formed  in  inflammatory  i)rocesses.  Further, 
cholesteatomata  are  rather  frei(uently  found  blocking  u]) 
the  external  canal.  In  these  cases  all  jiarts  of  the  car 
may  be  perfectly  developed  and  the  tympanum  intact. 
It  is  therefore  probable  that  these  formations  owe  their 
origin  to  a  desquamative  intlanuuation  of  the  lining  of 
the  canal.  In  very  rare  insbinces  they  may  develo])  from 
epidermoidal  cells  which  during  th<'  |ieriod  of  endiryonic 
life  have  found  their  way  into  the  meatus.  Plugs  of 
cerumen,  foreign  bodies,  tumors,  parasitic  growths,  etc., 
may  also  lead  to  an  accpiired  atresia  of  the  auditory  canal. 

.1.  'I'riii-liiiv.  Jh-iiiii-liii.  itc. — Atresia  of  the  larynx 
fhrough  the  formation  of  connective-ti.ssue  mendiranes 
or  through  the  adhesion  of  the  walls  is  of  very  rare  oc- 
currence, and  has  been  observed  only  in  ca,ses  showing 
marked  malformations  of  the  face.  There  may  be  com- 
idete  absence  of  the  trachea,  the  Iironchi  l)eing  given  off 
directly  from  the  larynx.  In  other  cases  the  trachea  may 
bi!  represented  by  a  fibrous  cord-like  structiu'e.  or  its 
walls  may  lie  uinted  by  the  formation  of  connective 
tissue.  Similar  formations  of  coiuiective  tissue  may 
block  the  main  bronchi,  the  trachea  ending  in  a  blind 
tidic.  Partial  narroui'ig  of  the  respiratory  passa.ges  is 
not  luicomiuon.  The  accpiired  forms  of  stenosis  of  the 
trachea  and  bronchi  are  for  the  greater  part  lu'oduced  by 
conditions  external  to  these  structures,  new  growths  in 
the  neighboring  lymph  glands,  aneurisms,  etc.  Ob- 
struction of  the  passages  themselves  may  be  produced 
Ijy  inflammatory  conditions,  foreign  bodies,  etc.  New 
growths  within  them  are  of  rare  occurrence. 

A.  (Kmiplidiji. — Atresia  of  the  oesophagus  throughout 
its  entire  length  is  very  rare.  Congenital  imperforation 
of  this  organ  is  most  frequently  found  in  the  lower  two- 
thirds,  the  upper  third  being  open  and  endin.g  in  a  blind 
tube,  while  the  lower  closed  portion  is  represented  by  a 
thill  cord-like  structure.  Associated  with  the  congenital 
atri'sia  there  is  almost  always  an  abnormal  communica- 
tion with  the  trachea  eitbir  at  the  lower  end  of  the  ujiper 
portion  or  at  the  u)i]ier  end  of  the  lower  |iortion.  which 
may  tie  continued  as  an  ojien  canal  from  th-'  ]ioint  of 
communication.  In  other  cases  the  middle  portion  of 
the  aesopliagus  may  be  obliterated,  so  that  the  upper  and 
lower  portions  are  sejiarated  from  each  other  by  an  im- 
perforate cord  of  connective  tissue.  In  these  cases  no 
connection  with  the  tracdiea  may  exist.  As  a  rule  this 
form  occurs  late  ill  fetal  life  and  is  most  i)robably  duo 
to  inflammatory  processes.  Accpiired  stenoses  of  the 
O'sophagus  are  of  relativcdy  frecpient  occurrence  and  are 
of  .great  clinical  importance.  They  may  be  caused  by 
pressure  of  tumors  in  the  cervical  or  mediastinal  lymph 
glands  and  thyroid,  by  mediastinal  tumors,  aneurisms. etc. 
The  lumen  maybe  obturated  by  polypoid  growthsof  the 
mucosa,  carcinoma,  thrush,  foreign  bodies,  etc,  iSliic- 
tures  arc  produced  by  contractions  of  scars  resultiii.g 
from  the  effects  of  alkalies,  acids,  carcinomatous  and 
syidiilitic  ulcerations,  etc. 

Coruplete  occlusion  of  the  stomach  is  very  rare.  Occa- 
sionally the  organ  is  vcmt  small,  resembling  a  jiortion  of 
the  intestine.  Congenital  occlusion  of  the  pylorus  is 
very  rare,  while  acquired  stenosis  at  this  jioint  is  rela- 
tively frequent.  In  almost  every  ease  the-  latter  is  due 
to  the  obstruction  or  constriction  of  the  orifice  bv  new- 
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■riowths.  but  it  may  he  cmiscil  liv  licaling  ulcers  or  by 
pri'ssurc  from  without.  Partial  constriction  of  the 
stiMuach  may  occur  in  any  part  of  the  organ  through  the 
contraction  "of  healing  ulcers,  new  growths,  etc.  (hour- 
glass constriction). 

.1.  Iidextliii. — Congenital  atresia  or  .stenosis  may  occur 
at  any  portion  of  the  intestinal  tract.  Tliere  is  usually 
only  a  single  such  closure,  but  occasionally  nuiltijile  atre- 
sias" may  be  found.  The  intestine  may  be  entirely  alisent 
for  a  i)ortion  of  its  course,  or  be  represented  by  a  cord- 
like l)and  of  conne<t  i  ve  t  issue.  Tlie  portion  of  mesentery 
belongingto  the  obliterated  intestine  is  alsoabsent.  The 
entire  jejunum  and  ileum  may  be  absent,  the  duodenum 
ending  in  a  blind  sac.  In  such  cases  both  stomach  and 
duodc'-num  may  be  greatly  dilated.  The  most  conuuon 
site  of  inleslinal  atresia  is  in  the  region  of  the  opening  of 
the  ductus  choledochus.  If  it  is  below  the  ojiening  the 
collection  of  secretions  together  with  the  swallowed 
iimuiotic  fluid  may  cause  an  extreme  dilatation  of  the 
<luodeiuuu  and  stomach.  The  lower  portion  below  the 
imperforation  begins  in  a  blind  sac.  In  otlier  cases  the 
atresia  is  located  above  the  opening  of  the  common  duct, 
80  that  l)ile  passes  into  the  lower  portion  of  the  intestine, 
as  shown  by  the  presence  of  meconium.  The  genesis  of 
the  larger  congenital  defects  of  the  intestine  has  not  j-et 
been  satisfactorily  explained.  Peritoneal  adhesions,  em- 
bolic infarction  of  the  mesentery,  etc.,  have  been  thought 
to  be  primary  causes,  but  no  conclusive  evidence  has  yet 
been  shown."  It  is  more  iirobal)le  tliat  some  essential 
defect  of  development,  such  as  an  abnormal  axis  rotation, 
lies  behind  these  malformations.  The  smaller  localized 
atresias  occurring  in  late  fetal  life  are  most  probably  the 
result  of  pathological  jirocesses  in  the  peritoneum,  and 
in  some  cases  tliis  has  been  deflnitely  shown.  Such  con- 
ditions are  most  frequently  fovuid  in  childieu  witli  con- 
genital syphilis  who  die  a  few  days  after  birtli.  Acquired 
obliteration  of  the  lumen  of  the  intestines  is  not  uncom- 
mon, the  UKist  frequent  causes  being  new  growths,  con- 
striction of  healing  ulcers,  peritoneal  Iwnds  and  adhesions, 
etc.  They  may  be  foiuid  in  any  jiortion,  but  are  more 
common  in  tlie  large  intestine,  jiarticidarly  in  the  region 
of  the  sigmoid  flexure  and  rectum, 

^4.  Am. — Of  all  the  congenital  atresias  the  most  com- 
mon and  important  is  that  of  the  rectum  and  anus.  Ac- 
cording to  the  location  of  the  imjierforation  a  number  of 
varieties  of  tlfis  malformation  exist,  the  most  important 
of  which  are : 

{(i)  A.  Ani  Simplex. — In  this  form  the  anus  is  closed 
by  a  connective-tissue  septum  of  varying  tliickne.ss. 
It  may  be  a  very  tliin  membrane  so  that  the  contents 
of  the  re<'tum  may  be  easily  felt  through  it,  or  the  rec- 
tum may  end  in  a  blind  sac  some  distance  above  the 
anus.  In  other  cases  the  free  end  of  the  rectum  lies  in 
the  pelvis  and  is  usually  greatly  dilated.  This  malfor- 
mation is  not  always  a  primary  defect  of  development, 
but  maybe  caused  by  an  abnormal  growth  of  connective 
tissue.  In  other  cases  there  may  be  a  complete  failure 
of  develo]iment  of  the  lower  end  of  the  intestine.  In 
place  of  the  luius  there  is  usually  oidy  a  slight  depression 
in  the  skin.     The  sphincter  is  usually  formed. 

(A)  A.  Ani  H  Recti. — The  large  intestine  may  end  in 
a  blind  sac  far  above  the  anus,  whicli  is  usually  not  in- 
dicated at  all,  or  oidy  Ijy  a  very  slight  gi'oo've  in  the  skin. 

(<■)  A.  Rei-li. — The  anus  may  be  perfectly  formed,  but 
the  rectum  fails  entirely  or  is  converted  into  a  solid 
'strand  of  connective  tissue. 

In  these  forms  tlie  sinus  urogenitalis  may  be  normally 
developed,  or  the  original  conmuuiications  Ix'tween  tlie 
intestine  and  the  anterior  portion  of  the  cloaca  luay 
remain  preserved,  or  the  i-ectum  may  open  into  the 
jierineum  anteriorly  to  the  anus,  or  i'nto  the  scrotum, 
jx-nis,  liladder,  vagina,  uterus,  or  urethra.  We  may. 
therefore,  further  distinguish  such  forms  as,  atresia  ani 
resicalix,  atresia  of  the  anus  with  fistula  of  tlie  liladder: 
atfeiyia  ani  ni-itlirntin.  atresia  of  tlie  anus  witli  opening 
into  the  urethra — usually  the  membranous  portion,  as  this 
malformation  is  found"  almost  exclusively  in  male  in- 
dividuals; atresia  ani  imlvu-ragi naiis  and  lUerina.  atresia 


of  the  anus  with  communication  of  the  rectum  into  the 
vagina,  vulva,  or  uterus.  In  other  forms  both  the  rectum 
and  the  sinus  urogenitalis  may  open  into  a  common 
clo.sed  space  which  has  no  external  opening  and  which 
through  the  collection  of  urine  and  meconium  may  be- 
come greatly  dilated.  The  more  marked  malformations 
of  this  class  preclude  life,  but  some  of  the  cases  are 
capable  of  surgical  cure.  Acquireil  atresias  of  the  anus 
or  rectum  are  not  infrequent  and  are  jH-oduced  by  new 
growths,  cicatricial  contraction  of  healing  ulcers,  syphi- 
litic processes,  etc, 

A.  Urethra  et  Vesica;. — Total  atresia  of  the  male  ure- 
thra occurs  rarely,  and  is  found  in  association  with 
complete  absence  of  the  external  genitals.  As  a  result 
of  the  collection  of  urine  in  the  bladder  an  enormous  dila- 
tation of  the  abdomen  may  occur  which  may  be  so  great 
as  to  ]irevent  normal  delivery,  Riluber  observed  an  adult 
male  with  complete  absence  of  ))enis  whose  urethra  com- 
municated with  the  rectum.  The  most  frequent  localized 
atresia  of  the  male  urethra  is  at  the  external  meatus  and 
oritice  of  the  prepuce.  Imperforation  of  the  anterior 
urethra  occurs  rarely  as  a  result  of  defective  development 
of  the  urethral  septum,  and  in  the  posterior  portion  as  a 
result  of  proliferations  and  adhesions.  Congenital  atresia 
of  the  female  urethra  also  occurs  rareh',  and  may  affect 
the  entire  length  of  the  urethra  or  only  a  portion.  As  a 
result  of  the  congenital  imperforation  of  the  urethra  in 
both  sexes,  congenital  ililatation  of  the  bladder,  ureters, 
and  pelvis  of  the  kidneys  results  from  the  retention  of 
urine.  Occasion:illy  the  urachus  remains  open  and  there 
is  an  escape  of  urine  from  the  umbilicus,  or  there  may 
be  abnormal  communications  with  the  intestines,  vagina, 
uterus,  etc.,  by  which  the  urine  passes.  Acquired  atre- 
sia of  any  jiortion  of  the  urinary  jiassages  may  occur 
as  the  result  of  cicatricial  adhesions  and  contractions, 
new  growths,  tuberculosis,  syphilis,  external  pressure, 
etc.  Gonorrhoea  and  direct  injury  are  the  most  com- 
mon of  these  factors. 

^■1.  Vafjinn:-  et  Cteri. — A  congenital  total  atresia  of 
the  female  genital  tract  may  exist  in  connectitin  with 
a  total  defect  of  the  external  genitals.  The  vagina  may 
end  in  a  closed  space  in  common  with  the  bladder  and 
rectum  (]iersistence  of  the  cloaca).  The  most  common 
site  of  congenital  atresia  of  this  tract  is  at  the  opening  of 
the  vagina,  which  is  closed  by  a  membrane  of  greater  or 
less  thickness  (gynatresia).  The  imperforation  may  be 
due  to  an  abnormall.y  thick  hvnien  (atresia  vaginalis 
hymenalis).  The  closure  may  extend  throughout  the 
entire  length  of  the  vagina  or  occur  at  any  portion. 
Comjilete  absence  of  the  vagina  is  rare,  more  frequently 
the  organ  is  represented  by  a  tibrous  cord.  The  closure 
is  due  to  a  failure  of  the  e|iithelial  layers  to  separate  or 
to  secondary  adhesions.  Congenital  atresia  of  the  uterus 
is  also  rare.  The  occlusion  occurs  usually  at  the  cervix, 
which  may  be  closed  partly  by  mucosa  or  partly  by 
muscle  and  connective  tissue.  This  condition  may  exist 
witliout  other  malformations  and  remain  undiscovered 
vnitil  puberty,  when  the  c<illection  of  the  menstrual  dis- 
charges within  the  dilated  uterus  and  tubes  may  give 
rise  to  very  important  symptoms.  The  atresias  of  the 
vagina  may  similarly  assert  themselves.  Complete 
absence  of  the  tubes  occurs  in  connection  with  marked 
malformations  of  the  ut<'rus.  Atresiaof  either  the  abdom- 
inal or  uterine  end  may  occur,  or  an  imperforation  may 
exist  in  any  jiart  of  the  tube. 

Acquireil  atresias  of  the  female  genital  tract  may  be 
the  result  of  cicatricial  contractions  following  ulcerations, 
etc.  (gangrenous  vaginitis,  tears,  use  of  caustics,  cervical 
amputations,  retained  pessary,  tumors,  etc.).  The  ma- 
jority of  the  atresias  of  the  vagina  and  uterus  which  are 
iiot  as.sociated  with  marked  malformations  are  amenable 
to  surgical  treatment.  Ahlreel  Sectt  Wart/iin. 

ATROPHIA  PILORUM  PROPRIA.— By  this  term  is 
meant  sim|ilc  atroplLV  of  the  hair  uncomplicated  with 
apiiareiil  disease  of  the  scalp.  Under  it  are  included 
at  least  three  forms,  namely  :  fragilitas  crinium.  trichor- 
rhexis nodosti.  and  monilethrix.     Thev  have  one  feature 
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ill  comniDii.  wliicli  is  tliat  tlic  hairs  arc  I'rialilc.  splittin.ir 
or  breakiii!;  with  sliirlit  tractiou. 

FKAdiLiTAs  cKiNirM. — Tliis  is  also  called  scissuni  ]ii!o 
rum.  Thcr-hanictcristic  of  this  disease  is  that  the  hair  is 
dry  and  sjilits  cither  at  its  ends  or  in  its  continuity.  It 
may  be  symptomatic  or  idiopathic. 

1.  Si/iii/i/'iitiiitir  Fni(/i/itiix  Criiiiinii.- — This  is  a  vcr}' 
common  atlection  of  the  hair,  and  is  met  with  in  manj- 
diseases  of  the  scalp,  such  as  ee/.ema,  rinjrworm,  favns. 
and  setiorrlia>a.  Whenever  the  scalj)  is  abnormally 
dry,  and  also  in  general  constitutional  diseases  in  which 
the  nutrition  of  the  body  is  lowered,  the  liair  may  be 
tome  dry  and  split.  It  is  seen  chielly  in  the  loiij; 
liair  of  women.  If  the  hair  is  viewed  in  mass  it  looks 
as  if  it  had  been  siiiycd.  if  the  ease  is  a  severe  one.  In 
any  case,  if  the  hair  is  hi'ld  in  th<-  hand  in  a  jrood  light  it 
will  be  noticed  that  the  ends  of  the  liair  arc  split  into 
several  divciiring  ti laments. 

2.  Idiiiiiiifliic  h'ritr/ilitdH  CiiniiiiH. — In  this  form,  which 
is  much  rarer  than  tliB  preceding,  the  liair  s|)lits  at  the 
end  without  any  ap]iarent  disease  of  the  scalp.  Tiie 
split  inav  be  at  the  free  end,  in  the  continuity  of  the  shaft, 
or  within  the  buUi.  The  hair  may  be  cleft  only  at  the 
end,  or  the  cleft  ma}'  run  up  the  shaft  for  a  variable  dis- 
tance. If  the  cleft  occurs  in  the  continuity  of  the  shaft 
the  filaments  may  hold  together  or  separate  widely.     The 

disease  is  seen  most  often  in  the  long 
scalp  hair  of  women.  It  occurs  also  in 
the  beard.  There  may  be  but  a  few- 
hairs  alTccted  or  there  may  be  many, 
giving  the  singed  appearance  spoken 
of  above.  In  some  ca.ses,  as  the  hair 
splits  and  breaks  olT  before  it  has  at- 
tained any  great  length,  the  woman  is 
unable  to  put  up  her  hair  and  has  to 
wear  it  cut  short. 

Piitholnfi!/. — rsually,  nothing  further 
abnormal  is  found  about  the  hair  than 
that  it  s|dits.  The  hair  bulbs  may  lie 
normal  or  atrophied. 

Ktioloriy. — We  do  not  know  what  the 
\  ff^     j  !  cause    of  the    disease    is.      We   assunu' 

\l*  «  Ji'jX  that  it  is  a  disturbance  of  nutrition. 
In  very  long  seal])  hair  it  may  be  dtie 
simply  to  a  lack  of  initrition  on  ac- 
count of  the  lenirth  of  the  hair. 

Ti-Kitiiunt. — The  split  hairs  slioulil 
be  cut  olf  above  the  cleft.  Every  etfort 
must  l)e  made  to  improve  the  nutrition 
of  the  patient,  and  In  cure  any  disea.se 
of  the  seal]).  A  little  oil.  vasi'line.  or 
poniaile  should  l)c  rublied  into  the  scalp 
several  times  a  week.  In  massage  we 
have  the  best  stimulant,  when  properly 
done 

Ti!icnoiuuiKxisNi>i><>s.\. — Also  call- 
ed clastothri.x.  and  nodositas  crinium. 
This  is  a  ilisease  of  th(^  hair  character- 
ized by  the  aiiiiearance  alonir  its  shaft 
of  one  or  mcire  nodose  swellings,  and 
by  the  breaking  of  the  hair  through  the 
nodes. 

Si/iiipt'iiii.i. — The  ilisease  affects  most 
often  the  hair  of  the  beard.  The  pa 
tient  notices,  when  handling  the  beard, 
that  there  are  irregularities  upon  some 
of  the  hairs;  or  else  he  sees  that  his 
beard  looks  ragged.  On  examining 
the  hair  there  will  be  found  one  oi' 
more  whitish,  gray,  or  normal  colored. 
shiny,  transparent,  nodular  swellings,  not  unlike  the 
nitsof  pediculi,  excepting  that  they  arc  oval  and  in- 
volve the  whole  circumference  of  tlie  hair,  not  jiear- 
shaped  and  fixed  on  one  side  of  the  hair  as  in  jiedicu- 
losis.  There  have  been  found  as  many  as  five  nodes  on 
one  hair.  Tlu:  diameter  of  the  nodes  varies  with  the 
diameter  of  the  hair.  The  nodes  are  usujilly  on  tie 
upper  third  of  the  hair.     '!'hc  hair  is  very  brittle  and 
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easily  broken  by  combing  it  or  by  handling  it,  or  the 
break  may  occur  seemingly  spontaneously.  The  frac- 
ture tJikes  place  almost  invariably  through  the  node. 
When  the  hair  breaks  com|detcly  the  remaining  end 
will  have  a  frayidont  appearance."  If  the  ends  do  not 
separate,  but  the  hreak  is  tludugh  I  hi-  node,  then  the 
ap|)earancc  will  be  that  of  two  small  paint  brushes 
pressed  end  to  end.  The  fracture  may  be  longitudinal 
through  the  node.  When  many  bails  are  allected  we 
see  the  siime  singed  appearance  met 
with  in  'fagilitas  crinium. 

While  the  ilisease  was  first  de- 
serihed  as  affecting  the  beard,  it  is 
seen  also  on  the  scalp  hair.  es]>ecially 
in  women.  The  seal])  hair  being  so 
much  tiller  than  is  the  hair  of  the 
beard,  the  nodes  are  very  much  small- 
er and  more  apt  to  be  overlooked. 
Sometimes  the  nodes  on  the  scalji 
hair  are  found  only  with  the  micro- 
scope. The  disease  has  also  been  met 
with  on  the  ]iubic  hair,  the  scrotal 
hair,  and  the  hair  of  the  labia  majora. 
the  axilke,  and  the  eyebrows. 

FJii'liiiii/. — The  cause  of  the  ilisease 
has  not  been  determined.  It  may  be  a 
disturbance  of  the  nutrition  of  the 
hair.  By  some  it  is  thought  to  be  a 
neurosis.  McC'all  Andeivson  has  re- 
ported a  case  in  which  the  disease 
seemed  to  be  hereditary.  In  some 
countries,  as  about  Constantinople,  it 
is  far  more  prevalent  in  the  .seal])  than 
in  other  countries.  By  some  investi- 
gators jiarasites  are  believed  to  be 
the  cause  of  the  disease,  and  a  micro- 
organism is  said  to  have  been  found. 
Others  deny  the  presence  of  a  micro- 
organism. Simple  liandling  of  the  beard  has  als 
crediled  with  producing  the  disease. 

I'l-riitiiii  lit. — Thus  far  treatment  has  been  most  unsatis- 
factory. .Mercurial  ointments  may  be  tried.  (lamberini 
recommends  bathing  with  a  lotion  of  three  drachms  of 
subcarbonate  of  ]iotassium  in  four  ounces  of  distilleil 
water;  or  using  inunctions  of  tannic  acid  or  oil  of  cade. 
Schwimmer  advises  an  ointment  of  seven  grains  of  oxide 
of  zinc,  fifteen  grains  of  washed  sulphur,  ami  two 
drachms  and  a  half  of  sim]ile  ointment.  This  is  to  be 
rublied  in  night  and  morning.  As  far  as  the  beard  is 
concerned  the  chief  reliance  is  upon  shaving,  with  tlie 
liope  that  after  a  time  tlie  hair  will  grow  in  pro|ierly. 

.■MoMi.KTiiuix, — This  is  also  called  aplasia  jiilonim 
propria. 

Si/iii/il<iiiix. — This  form  of  atrophy  of  the  hair  is  often 
mistaken  for  trichorrhexis  nodosa,  because  like  it  it  is 
marked  by  the  ]u-eseuce  of  nodes  on  the  hair.  It  ditlers 
from  it  in  that  the  nodes  are  the  normal  parts  of  the  hair, 
and  in  that  the  fracture  in  it  takes  place  through  the 
inlernodiilar  part. 

In  the  vast  majority  of  cases  the  disease  is  congenital, 
though  it  may  come  on  late  in  life.  The  subjects  are 
therefore  usually  infants.  They  arc  commonly  l)oni 
with  normal  appearing  hair,  but  after  a  few  weeks  the 
hair  breaks  off  from  the  whole  head  or  from  patches, 
giving  a  stubbly  a])pearance  to  the  hair,  similar  to  what 
is  .seen  in  ringworm.  In  some  cases  the  scalp  is  red 
ileiied  and  has  on  it  a  number  of  small,  scaly,  elevated 
cones,  or  perha])S  pustules.  From  the  little  cones  | no 
truile  short,  stubby  hairs.  ^lany  of  them  are  bent,  .■mil 
all  break  easily  on  slight  traction.  They  are  seldoni 
longer  than  a  quarter  of  an  inch,  and  often  are  no  more 
than  black  points.  By  the  naked  eye,  or  under  the 
microscope,  these  little  hairs  show  fusiform  swellings 
with  contractures  between,  through  which  the  fracture 
has  occurred.  Sometimes  complete  baldness  results. 
All  the  hairy  regions  may  be  affected.  A  general  kera- 
tosis pilaris  may  be  present. 

PnthiAoijy.—V mVr   the  microscope   the  hairs   will    be 
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fouixi  to  linvc  on  Ihcm.  at  rcEruliir  intervals,  alttn-nate 
swi'llinirs  and  constrictions.  Tlic  swellings,  or  nodes, 
arc  aliout  1  mm.  Ions.  I'usiform  in  slinpc,  and  darl<cr  in 
color  tlian  llic  constricted  parts.  Tlie  latter  are  about 
one-third  the  Icnjrth  and  diameter  of  the  nodes.  Tlic 
constricted  i)arts'Contain  neither  medulla  nor  pigment 
and  mav  consist  of  the  euticular  layer  of  the  hair  alone. 
There  is  atrophy  of  the  hair  bulbs.  The  nodes  are  all 
alons  the  hair  from  the  root  to  the  jioint.  Fracture  iu- 
varialilv  takes  ]dace  through  the  inlernodular  portion, 
and  frayed  iiut  en<ls  may  be  found.  Sabovu-aud  foun<l 
that  theCoustrietions  formed  at  two  days'  interval.  (Jil- 
cluist  believes  lliat  the  disease  oriirinates  in  the  hair  fol- 
licle very  near  to  the  papilla.  He  was  able  to  trace  the 
fusiform  swelling  to  the  lower  fourth  of  the  liair  shaft, 
where  there  were^  constrictions  in  the  walls  of  the  hair 
follicle.     He  found  no  change  in  the  hair  papillae. 

Etiiihi;/!!. — In  many  cases  the  disease  is  hereditary. 
Several  observers  have  rejjorted  instances  of  a  number  of 
cases  in  the  same  family.  At  times  it  shows  a  tendency 
to  descend  in  the  same  .sex,  a  peculiarity  shown  in  other 
dermatoses.     It  is  probably  a  trophoneurosis. 

Trcntmenf  has  thus  far  been  witliout  effect.  Stimula- 
tion might  be  tried,  but  the  prognosis  is  bad. 

Besides  these  well-detined  forms  of  atrophy  of  the 
liair  we  have  reports  of  allied  diseases  fnjm  single  ob- 
servers. Tims  Crocker  describes  a  case  of  end  dtriipliy  of 
the  hair  in  wliich  tlic  distal  I'nds  of  the  hairs  are  bulbous 
and  of  lighter  shade  than  tlic  rest  of  the  hair. 

Ph-\c.mesis  is  another  abnormality  of  the  hair  in  which 
feathers  instead  of  hair  are  met  with.  This  is  of  doubt 
ful  character  and  comes  down  to  us  from  1881,  at  which 
time  a  boy  showing  tliis  anomaly  is  said  to  have  been  on 
exhibition  in  Bremen. 

Two  ]ieeuliar  changes  in  the  texture  of  the  hair  are  re- 
ported by  Fcrber  (Virchow's  ^-l/rA^'c.  1866,  xxxvi.,  .598). 
Both  patients  were  of  nervous  temperament,  and  their 
hair  in  a  few  hours  would  change  from  being  soft  and 
curly  to  become  straight  and  bristly.  After  a  time  the 
hair  would  assume  its  natural  condition. 

Nonui.i  L-^QUE.^Tf  is  an  anomaly  of  the  hair  in  which 
it  seems  to  tie  itself  into  knots.  The  loops  of  the  knots 
catch  dust.  The  hair  looks  as  if  infesteil  with  nits,  but 
under  the  microscope  it  is  seen  that  it  is  the  knots  that 
give  this  appearance.  Gearge  Thonuis  Jnckson. 

ATROPHY.— (Wasting,  lack  of  nourishment,  wasting 
of  the  body  due  to  defective  nutrition.)  The  word  is  at 
the  present  time  used  in  pathology  to  signify  the  de- 
crease in  size  of  an  organ  or  tissue  whiidi  rcsidts  either 
from  a  decrease  in  the  size  of  its  individual  elements,  or 
from  a  diminution  in  the  number  of  these  elements,  or 
from  a  condiination  of  these  twn  factors.  We  may  speak, 
therefore,  of  a  quantitative  and  of  a  nmnerical  atrophy, 
Init  no  practical  distinction  can  be  made  between  these 
two  forms,  as  a  dimiiuition  in  tlie  number  of  the  tissue 
elements  almost  always  aecom]ianies  a  decrease  in  size. 

In  its  narrowest  sense  the  term  is  used  to  indicate  a 
decrease  in  size  of  the  individual  histological  elements 
due  to  a  simple  loss  of  substance  without  including  the 
idea  of  other  retrograde  changes.  The  essential  idea  of 
atrophy  is.  therefore,  separated  from  that  of  degcnera 
tion.  and  Ihe  term  should  be  applied  only  to  those  con- 
ditions in  which  the  primary  pathological  change  is  a 
loss  of  bulk. 

On  the  other  hand,  the  meaning  of  atrophy  must  not 
he  confus(>d  with  the  ideas  expressed  by  "the  words 
agenesia,  hypuplasia,  and  aplasia.  These  terms,  unfortu- 
nately. Iiave  liccn  used  rather  loosely  as  synonyms  with 
atrophy,  but  tlie  best  usage  is  to  assign  to  each  one  a 
distinct  technical  meaning:  agenesia,  total  failure  of  de- 
velopment or  destruction  of  ;>,  ]iart  after  it  has  begun  to 
develop;  aplasia,  marked  defective  deV(dopment  of  an  or- 
gan i  hypoplasia,  under-development:  atrophy,  decrease 
in  size  after  develoiunent  has  been  reached.  From  this 
it  will  lie  .secTi  fliat  the  causes  leading  to  these  changes 
operate  at   different  jieriods  of  life;  thus  agenesia  and 


aplasia  are  the  results  of  disturbances  in  early  fetal  life ; 
hypoplasia  the  result  of  changes  occurring  later,  but  at 
any  period  before  complete  development  is  reached ; 
while  atroi)hy  may  occur  at  any  time  in  the  history  of 
the  organism  when  any  tissue  or  structure  has  reached 
its  full  anatomical  and  pliysiological  maturity.  The 
latter  [irocess  is,  therefore,  a  retrograde  change  occurring 
in  parts  that  were  originally  normal  and  perfectly  formed. 

All  stuntings  and  defective  development  of  the  body 
and  its  parts,  cither  intra-  or  extra-uterine,  are  to  be  con- 
sidered under  the  head  of  aplasia  or  hypoplasia,  and  not 
under  tliat  of  atrophy.  But  the  cells  of  an  aplastic  or 
hypoplastic  organ  may  also  undergo  a  decrease  in  size 
due  to  the  same  causes  that  lead  to  atrophy  of  perfectly 
formi'd  organs.  A  hypoplastic  organ  may  become 
atrophic;  hence  in  its- broadest  sense  the  meaning  of 
atrophy  must  be  extended  to  include  the  retrograde  de- 
crease in  size  of  imperfectly  devel(:j]ied  cells  and  organs. 
The  fundamental  idea  of  atrophy  is,  therefore,  a  retro- 
UntrJe  ihcniise  in  size  of  eitJur  ptifirt  ur  imperfect  eelh. 

The  decrease  in  size  and  the  disapjjcarance  of  the  tissue 
elements  in  atrophy  must  be  referred  to  a  failure  of  the 
processes  of  restoration  to  keep  equal  step  witli  the 
never  ceasing  processes  of  tissue  waste  and  destruction. 
All  cells  possess  a  histogcnetic  energy  which  is  maidfested 
in  the  functions  of  nutrition,  assimilation,  and  reproduc- 
tion. For  all  cells,  for  every  organ,  for  every  individual, 
and  for  every  species  there  is  a  certain  limit  to  the  ulti- 
mate amoiuitof  inherent  histogcnetic  energy.  This  limit 
is  fixed  by  intrinsic  forces  acquired  through  the  agency 
of  exteraal  forces  in  the  process  of  evolution  of  the 
species,  and  represents  the  physiological  duration  of  life 
of  each  organ,  and  of  each  individual  of  that  species. 
Could  all  external  injurious  inlluences  be  avoided  the 
organism  would  after  a  cei-tain  period  of  time  conie  to  a 
physiological  death  through  physiological  atrophy,  or, 
in  other  words,  as  soon  as  such  a  limit  of  histogeactic 
energy  is  reached  that  the  necessary  vital  functiitus  of 
the  body  fail  to  be  jiropeily  performed  in  a  ilegree  suffi- 
cient to  preserve  life.  We  may,  therefore,  speak  with 
propriety  of  a  physiological  or  histogcnetic  atrophy. 

Further,  the  histogcnetic  energy  of  the  cells  is  to  "a  cer- 
tain extent  maintained  by  means  of  certain  stimuli,  and 
as  a  result  of  the  removal  of  these  stimuli  an  inaction 
atrophy  may  residt.  Atrophy  must  result  al.so  from  anv 
deficiency  or  disturbance  in  the  supply  of  nutrition,  and 
likewise  excessive  consumption  or  waste  of  tissue  must 
lead  to  atrophy.  Further,  atrophic  changes  may  be  set 
up  by  mechanical  hindrances  to  growth,  as  in  pressure, 
constriction,  etc.  On  the  other  hand,  the  loss  of  normal 
pressure  or  tension  may  produce  atrophic  changes  in  tlic 
tissues  so  affected,  and  the  separation  of  an  organ  or 
tissue  from  its  nerve  centres  is  usually  followed  by  a 
similar  condition.  We  may'  consequently  clas.sify  the 
various  forms  of  atrojihy  as  histogcnetic.  inaction',  lack 
of  nutrition,  neuropathic  and  pressure  atrophy.  Only 
the  tirst  of  these,  the  histogcnetic  form,  is  essentially  an 
active  process:  the  cells  are  unable  to  assimilate  the  food 
brought  to  them.  The  other  forms  are  passive  in  char- 
acter: cither  insufficient  food  is  brought  to  the  cells,  or 
harmful  sidistanccs  are  formed  which  injm-e  their  nutri- 
tive function. 

llisiufienetie  or  Physiological  AtropJiy. — This  form  of 
atrojdiy  is  the  result  of  a  decrease  in  the  histogcnetic 
energy  of  the  cells.  As  stated  abox'e,  the  jiotential  energy 
of  each  cell  and  organ  is  limited  in  direct  relation  to  the 
part  which  its  finiction  plays  in  the  general  economy  of 
the  organism.  Hence  the  dumtion  of  life  varies  with 
different  organs  and  tissues,  and  in  the  life  history  of  the 
organism  from  the  very  beginning  the  jiroccsses  of 
atrophy  go  liand  in  hand  witli  those  of  development. 
In  the  earliest  stages  of  growth  \i]i  to  the  liuieof  indierty 
there  is  a  lU'eponderance  of  cell  growth  over  cell  decay  ; 
in  adult  life  there  is  a  period  of  equilibrium;  but  with 
the  beginning  of  old  age  the  loss  of  histogcnetic  energy 
is  shown  in  the  fact  that  cell  decay  pre]>ondcnites  over 
cell  restoration. 

Even  in  earliest  fetal  life  certain  strvu'tures  fulfil  their 
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function  and  pass  out  of  existence.  In  llie  formation  of 
the  fetal  placenta  portions  of  the  inenibnines  disippear 
at  a  very  early  stjin'e,  and  in  the  development  of  the 
chorion  there  is  from  the  bejiinnini;  a  proj?ressiveatro|)hy 
of  the  villi.  The  iilacenta  al  tenn  must  be  regariled  as  a 
senile  orjian.  I'ortionsof  the  fu'tns  itself,  as  the  Wolliian 
bodies,  the  Wollhan  ducts,  the  duets  of  Mi'iUer,  the  um- 
bilical vesicle,  the  oniphalo-meseiileric  diu-t.  etc..  disap- 
pear very  early,  even  in  the  period  of  most  vigorous 
develoiiment  of  the  foMus.  Numerous  hlcjod-vessels  un 
deri;o  <iblit<'ralion  even  before  birth,  and  very  soon  after 
this  event  the  closure  of  the  ductus  Bolalli  and  the  um- 
bilical vessels  takes  i)lace.  Likewise  the  casting'  oil  f)f 
the  lunbilical  cord  must  be  considered  under  this  head; 
and  later  the  shedding  of  the  milk  teeth  i.s  another  e.v- 
ample  of  the  disap])eiiraMce  of  sliuetures  that  have  ful- 
tilled  their  aim  and  reached  their  limit  of  existence.  The 
disjippearanee  of  the  thymus  after  the  fifteenth  year  is 
one  of  the  most  strikins  of  the  bistoy-enetie  atrophies. 
During  the  jieriod  of'most  active  development  it  is  one  of 
the  largest  lymph  glands  of  the  body,  but  soon  after 
pid)erty  it  disappears,  becoming  entirely  replaced  by  fat 
tissue.  During  middle  life  single  jiort ions  of  ti.ssues,  as 
certain  port  ions  of  the  petrous  and  sphenoid  hones,  vanish. 
Hyaline  cartilage  may  also  be  regarded  as  an  essentially 
temporary  structure,  as  in  many  individuals  it  entinOy 
disappears  from  the  body  during  middle  life  and  is  r<'- 
jilaced  by  bone. 

Some  orgiins  do  not  atrojihy,  but  very  early  suffer  a 
cessation  of  growth,  so  that  they  become  no  larger  in  the 
adult  than  in  the  newborn  (adrenals,  male  mamm;¥, 
etc.).  The  failure  of  these  organs  to  increase  in  size  is 
not  due  primarily  to  any  failure  of  nutrition  or  disturb- 
ance of  circulation,  and  can  be  explained  only  liy  the  as- 
siuiiiition  that  the  original  histogenetic  ])otentiality  of 
growth  has  reached  its  limit.  Tlieatrophy  of  the  ovaries 
and  of  the  uterus  after  the  forty-lifth  year.  befor<' all  of 
the  ova  are  discharged,  iiuist  be  similarly  explained.  In 
the  ca,se  of  the  ovary  the  primary  change  is  in  the 
blood-vessels  of  the  organ,  which  normally  show  sclerotic 
changes  before  the  blood-vessels  of  any  other  part  of  the 
body.  The  menopause  is  essentially  a  process  dependent, 
ujion  changes  in  the  ovarian  vessels,  and  to  these  changes 
the  alro|ihy  of  the  (iraafian  follicles  must  lie  considered 
secondary.  The  atrophy  of  the  ovary  at  the  menopause 
may,  therefore,  be  explained  by  the  assumiition  tljat  the 
histogenetict  energy  of  the  ovarian  vessels  has  an  earlier 
limit  than  that  of  the  systemic  vessels. 

In  tlie  atro|)hy  of  old  age  (senile  atrophy)  the  blcod 
vessels,  lymphadenoid  tissues,  muscles,  and  liones  sulfer 
most.  The  changes  in  faeies,  postiu'e,  and  gail  of  the  old 
individual  are  dependent  ujion  these  conditions.  The 
brain  may  also  undergo  a  marked  atrophy,  and  of  the  in- 
ternal organs  the  kidneys,  liver,  and  lungs  may  suffer  to 
a  greater  or  less  extent.  On  the  other  hand,  tla're  are 
certain  organs  and  tissues  which  undergo  but  little  senile 
change:  the  formation  of  the  red  blood  cells  continues  in 
old  age  without  decreased  energy,  and  delects  of  epithe- 
lium, blood  vessels,  and  connective  tissue  are  as  com- 
pletely repaired  as  in  earlier  life.  There  are  very  marked 
individual  ditferences  as  to  the  organ  whicli  shows  the 
greatest  degref*  of  senile  change;  en\'ironment.  diseasi'. 
etc.,  may  lessen  the  inherent  histogeni'tie  cneigy  of  cer- 
tain  organs  so  that  they  may  become  iirematurely  senile, 
or  atrophy  to  a  greater  degree  than  others.  Further, 
there  are  individual  differences  dependent  upon  the 
amount  of  histogenetic  energy  inherited;  the  variation 
in  this  is  a  well-known  pathological  fact.  Nevertheless, 
in  spite  of  these  individual  differences  typical  senik' 
atrojihy  is  always  conlined  to  certain  organs  and  tis- 
sues. 

Senile  atrophy  is  not  only  active  but  is  also  [lassive,  as 
it  depends  not  only  upon  tlie  gnidual  decrease  of  energy 
on  the  part  of  the  cells,  but  is  in  part  the  result  of  the 
narrowing  and  obliteration  of  the  blood-vessels  suiijily 
ing  mitrition  to  the  cells.  The  changes  in  the  blood- 
ves.sels  are,  therefore,  to  be  regarded  as  the  most  impor 
taut  of  the  senile  processes,  and  it  is  probable  that  the 


chief   part  of  the    glandular  atrophies    is    secondarv   to 
these, 

Atniplni  <if  Dixiinr. — The  histogenetic  energy  of  many 
organs  and  tissues  is  dependent  u])ou  ci'rtain  regular 
stimuli.  If  these  stinndi  are  removed  for  any  length  of 
time  an  atrophy  results  which  we  may  call  an  inaction 
or  disuse  atro])liy.  The  atrophy  of  th<-  optic  nerve  after 
destruction  of  the  eyeball;  the  atrophy  of  periplieral 
ni'rvi's  and  portionsof  the  spinal  cord  following  amputa- 
tions of  llie  limbs,  are  familiar  examjiles  of  this  form. 
Likewisi',  if  through  any  intluence  glands  or  nuiscles 
remain  inactive  for  a  certain  period  of  time  atrojihic 
changes  occur.  In  the  case  of  muscle  the  loss  of  sub- 
stance is  usually  not  very  great.  The  testicles  are  said 
to  become  atro|)liic  in  cases  in  which  sexual  abstinence  is 
extended  over  a  long  period  of  time,  and  even  the  bones 
un(U'rgo  a  loss  of  substance  when  kejit  in  undisturbed 
rest  for  several  years.  Further,  the  physiological  atrophy 
of  the  uterus  and  mainnuB  after  pregnancy  may  be  in 
eluded  in  this  class. 

In  the  case  of  nerves,  glands,  and  muscle,  inaction 
atrophy  is  essentially  active,  but  as  the  result  of  the 
cessation  of  function  there  is  also  a  decrease  in  the  nutri- 
tive activity  of  these  structures  and  a  lessened  lilood 
supjdy  which  leads  to  further  disturbances  of  nutrition. 
In  othi'r  tissues  the  chief  cause  of  the  atrophy  is  a  de- 
crease in  the  nutrition  of  the  unused  jiart,  but  w  ith  this 
there  is  also  a  lessened  jiower  of  assinnlation.  The  in- 
volution of  the  puerperal  uterus,  by  means  of  uhich  the 
organ  is  restored  to  very  nearly  its  original  size,  is  a  very 
complicated  process,  partly  atrophy  and  partly  degenera- 
tion, involvingall  of  its  ,structurcs,  endometrium,  muscle, 
and  blood-vessels.  It  is  essentially  active  in  its  nature, 
but  the  obliteration  of  its  eidarged  blood-vessels  through 
.sclerotic  changes  and  the  organization  of  thrombi  plays 
a  very  imjiortant  part  in  the  retrogn-ssion. 

If  the  conditions  leading  to  the  inactivity  of  certain 
parts  are  in  operation  during  the  ]ieiiod  of  (ievelopment 
and  the  tfssues  in  consequence  of  disturbed  nutrition  fail 
to  reach  their  normal  size,  the  process  is  to  be  regarded 
in  the  light  of  a  hypoplasia  rather  than  of  atrophy.  It 
is,  however,  ini|iossible  in  all  cases  to  separate  these 
processes,  since  in  hypoplastic  organs  there  may  be  an 
atrophy  or  disaiiiiearance  of  tissues  which  had  uuder- 
gom-  a  certain  degree'  of  devekipmeut, 

Alrojiliii  l)i jicnilint  iipnn  Iiiijniired  Xiilritioti. — If  there 
isailericiency  in  the  amount  of  nutritive  material  brought 
to  the  cells  these  will  undergo  atro]ihic  changes.  The 
degree  and  rapi<lity  of  the  alroj.hy  are  in  direct  relation 
to  the  degree  of  metabolic  change  of  which  the  affected 
organ  or  tissue  iscapable.  Henceadipose  tissue  (puckly 
di.sapjiears  if  fat  or  fat  forming  substances  are  not  ade- 
quately supjilied  to  it.  The  bones  become  softened  and 
fragile  if  the  sujiply  of  lime  salts  is  withheld  for  a  period 
of  time,  and  it  is  also  probable  that  a  decrease  in  the 
amount  of  ha'moglobin  contained  in  the  reel  blood  cells 
is  the  result  of  deficient  absorption  of  iron.  The  nature 
of  rachitis,  osteomalacia,  and  llie  various  forms  of  ana'inia 
is  as  yet  but  little  understood,  and  these  diseases  may 
be  the  result  of  more  conqilicated  disturbances  than  the 
mere  withdrawal  of  certain  food  elements. 

Local  atidiihies  may  result  from  disturbances  in  the 
blood  supiily  of  certain  regions  following  arteriosclero- 
sis. throndKisis.  or  inrtamm:itory  processes  involving  the 
vessels.  Degenerative  changes  almo.st  invariably  ac- 
conqiany  this  form  of  atrophy.  If  the  blood  supjily  of 
any  part  is  completely  shut  olf.  necrosis  results.  "When 
there  is  an  insullieieni  siqiply  of  food  to  the  body  as  a 
whole,  or  if  the  fluids  of  the  body  are  not  adecpiately 
restored,  a  geni-ral  atrophy  of  the  body  takes  place.  The 
fat,  muscles,  bkiod,  and  :ili<!omiiial  organs  suffer  to  the 
greatest  degree.  The  fat  disap|iears  first  and  may  be 
reduced  to  ,seven  per  cent,  of  its  original  amount.  The 
muscles  may  lose  as  much  as  fifty  jier  cent,  in  weight. 
Of  the  abdominal  organs  the  liver,  spleen,  and  inti'stines 
suffer  most.  The  brain,  spinal  cord,  bones,  and  heart 
muscle  undergo  but  little  kiss  of  substance  even  in  cases 
of  death  from  starvation,     Lipomata  remain  luichanged 
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in  spite  of  tlio  aliiuist  loiuiili'te  loss  of  tlio  normal  fat 
tissue  of  the  tiody.  This  icinarkable  jihenomeuou  has 
not  as  yi't  been  explained. 

The  iiistojtenelie  enei'jiy  of  the  cells  is  most  intimately 
connected  ^vilh  their  i)liysieal  and  chemical  integrity,  and 
distiirlianees  of  this  lead  to  a  decrease  of  this  energy. 
The  |)resence  of  certain  foreign  elements  in  the  circula- 
tion leads  occasionally  to  atrojihy  associated  with  degen- 
erative processes.  The  protracted  use  of  iodine  may 
cause  atrophy  of  the  thyroid  and  mammary  glands,  and 
in  chronic  lead  poisoning  the  extensor  muscles  of  the 
forearm  may  become  atrophic. 

]'n Knii re  'A/n'ji/ii/. — Closely  allied  to  the  atrophy  re- 
sulting from  insutlieieut  nutrition  is  that  produced  by 

continued  slight 
pressure.  As  the 
result  of  artificial 
mechanical  press- 
ure may  be  men- 
tioned the  exam- 
ples of  "corset 
liver"  and  "corset 
spleen "  the  con- 
striction produced 
b_y  rings,  belts,  and 
garters,  the  C'hinese 
foot,  the  flat  head 
and  Hat  nose  of  cer- 
tain Indian  tribes, 
et<'.  Skin,  muscles, 
and  bone  may  dis- 
appear as  the  result 
of  pressure  from 
aneurisms  and  tu- 
mors. Varicose 
veins  ma.y  like 
wise  lead  to  the 
atro]>hy  of  the 
neighboring  struc- 
tures. In  scoliosis, 
genu  valgum,  and 
lies  valgus,  atrophy 
of  certain  portions 
of  the  joints  may 
be  caused  by  the 
abnormal  jiressure 
ji  r  o  (1  u  c  e  d  by  an 
olili(iue  I'osition  of 
the  Iiones.  After 
loss  of  the  teeth  the 
alveiilar  processes  of  both  jaws  ma}'  disapjiear  as  the  re- 
sult of  the  pressiu'e  brought  to  bear  upon  them  in  masti- 
cation. The  skidl  cap  may  present  erosions  which  have 
been  produced  by  tlie  ])i-essure  of  atbi'romata  of  the 
scalp  or  by  hypertrophic  Pacchionian  bodies.  In  hy- 
drocejihalus  and  hydronejihrosis  the  brain  and  kid- 
neys res|)eetively  may  undergo  extreme  atrophy.  Fur- 
ther, atrophic  changes  may  be  caused  in  any"]iart  of 
the  boily  as  the  result  of  jiressure  from  inflammatorj' 
exudates. 

The  vario\is  forms  of  pressure  atrophy  are  caused,  asa 
rule,  liy  slight  jncssure  continued  through  long  periods 
of  time.  It  is  the  resultof  direct  injury  to  the  tissinand 
of  circvdatory  disturbances.  It  is  therefore  passive  in 
its  nature.  If  the  )iressure  is  so  great  that  the  blood- 
vessels become  closed,  degeneration  and  necrosis  must 
follow.  In  many  cases  the  causes  of  the  atro|ihy  result- 
ing from  pressure  are  complicated,  mechanicjd  force 
and  disturbances  of  nutrition  playing  the  chief  parts  in 
its  production. 

X'ciiru/iiit/iir  Atrrijilii/. — The  question  of  the  existence 
of  trophic  nerves  and  trophic  centres  and  their  relation 
to  the  individual  ti.ssues  is  still  unsettled,  and  the  exist- 
ence of  a  neuropathic  or  trophoneurotic  atrophy  must  at 
tlie  present  time  be  viewed  more  in  the  light  of  a  possi- 
bility than  as  lieing  an  established  fact.  It  is  not  to  be 
iloubted  that  as  the  result  of  disturbances  of  innervation 
biith  atrophic  and  degenerative  changes  arise,  but  it  is 


Fig.  38(1.— Pressure  .4tro|))iv  of  the  Spinal 
Column,  Causfd  by  the  Encroachment  of 
an  Aneurism  of  the  Aorta.   (After  Zlegler.) 


probable  that  these  changes  are  not  entirely  (U'pendent 
upon  the  loss  of  nerve  intluence,  but  for  the  greater  part 
are  secondaiy  to  the  loss  of  functional  activity  and  to 
disturbed  nutrition  caused  by  vaso-nKjtor  changes  in  the 
regions  supi}lied  by  the  affected  nerves.  As  a  residt  of 
these  changes  inflammations  are  easily  set  up,  even  by 
slight  causes  which  ordinarily  produce  no  lesions,  and 
the  result  of  the  intlanunatory  process  may  be  either 
atrophic  or  degenerative  in  its  nature.  The  "majority  of 
the  changes  following  disturlianeesof  innervation  are' not 
of  the  nature  of  a  tnu'  atrophy,  but  are  degenerative  in 
character.  The  apiilication  of  the  term  atrophy  to  these 
processes  is  justifiable  only  by  the  fact  that  the  ultimate 
condition  is  a  lo.ss  of  tissue. 

Disease  of  the  anterior  horns  of  the  spinal  cord  or  of 
the  motor  roots  is  followed  by  atrophj'  of  the  corre- 
sponding nerves  and  muscles.  Anterior  poliomyelitis, 
progressive  muscular  atrophy,  and  bulbar  paralysis  are 
well-known  examples  of  tiiis  form  of  atroplly.  In 
syringomyi'liaanil  tabes  dorsalis  atrophy  of  the  liones  and 
joints  not  infrequently  occurs.  lujiu'ies  of  the  peripheral 
nerves  may  be  followed  by  thinning  of  the  skin,  exfolia- 
tion, loss  of  hair,  and  atrophy  of  the  glands  of  the  skin. 
Disease  or  injury  of  the  nerve  trunks  of  one  side  of  the 
face  may  lead  to  atrophy  of  the  tissues  of  that  side. 
Unilateral  affections  of  the  bi'ain  in  fetal  life  or  during 
early  childhood  may  cause  an  atiophy  of  the  opposite 
side  of  the  body  (congenital  or  infantile  hemiatrophia). 
General  atrophy  of  the  l)ody  occurs  in  progressive  par- 
alysis and  to  a  less  extent  in  melancholia  and  dementia. 
It  is  denied  by  many  authors  that  these  forms  of  atrophy 
are  neuropathic,  and  it  is  much  more  probable  that  vaso- 
motor disturbances,  loss  of  function,  and  general  as  well 
as  local  disturbances  of  nutrition  are  the  chief  factors  in 
their  production. 

Atrophy  Biiif  to  E.rcf^sice  Waste. — In  all  conditions  in 
which  the  reixiir  of  the  tissue  is  exceeded  b.y  tissue  con- 
sumption a  loss  of  substance  must  occur.  In  fetal  life 
and  in  the  iieriod  of  earl}'  development  only  a  portion  of 
the  substances  taken  into  the  body  is  completely  oxidized, 
the  greater  jiart  is  used  in  the  building  up  of  tissue.  In 
adult  life  the  larger  part  is  burned  up,  the  smaller  re- 
maining portion  is  used  in  tissue  repair.  The  two  proc- 
esses i>f  waste  and  repair  stand  in  dilTerent  relations  to 
each  other  at  ditlereut  iieriods  of  life,  and  must  be  con- 
sidered as  independent  Jirocesses.  This  is  ^'ery  clearlv 
shown  in  those  pathological  conditions  in  which  tissue 
waste  exceeds  tissue  repair.  Over->ise  of  any  organ  leads 
to  fatigue,  poisonous  products  of  metabolism  are  re- 
tained, and  the  c:clls  are  not  given  sufficient  time  for  re- 
building. If  a  condition  of  chronic  fatigue  develops  as 
a  result  of  chronic  over-use  anatomical  changes  occur. 
Chief  of  these  is  a  loss  of  sulistance.  The  brain  is  the 
most  impcjrtant  organ  which  may  be  so  atfected.  Of  the 
glandular  organs  the  testicles  most  frequently  suffer. 
Atrophy  of  the  heart  and  voluntary  nulscles  inay  also 
occur  as  the  result  of  over-use.  The  failure  of  colnpen- 
sation  in  chronic  valvular  disease  is  also  to  be  )>laced  in 
this  category. 

Repeated  severe  hemorrhages,  chronic  suppurative 
processes,  long-continued  excretion  of  albumin,  diabetes, 
fever,  rapidly  growing  tumors,  and  many  other  similar 
]U'c]eesses  proiluee  general  wasting  of  the  body  with 
marked  atr(.)iihy  of  certain  tissues.  In  general  the  nature 
and  course  of  the  various  cachectic  atrojihies  are  very 
clo.sely  allied  to  senile  atrophy,  and  the  microscopical 
apiiearances  are  identical. 

Almphji  Ciiiisiil  hy  Decreased  Teii^/oii. — Through  a 
permanent  loss  or  decrease  in  the  normal  lensi<in.  as  in 
the  case  of  muscles,  tendons,  fasci;e,  and  bloodvessels 
after  amputations,  or  of  tendons  after  tenotomy,  atrophy 
may  take  place.  The  involution  of  the  puerperal  uterus 
may  also  be  consiilered  imder  this  head. 

A  large  number  of  conditions,  such  as  the  decresise  in 
size  of  the  orbital  cavity  after  removal  of  the  eyeball 
and  of  the  sockets  of  joints  after  niu'educed  dislocjitions. 
are  not  properly  included  in  this  class,  as  the  decrease  in 
size  of  the  cavity  is  not  of  the  nature  of  an  atropln-,  but 
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is  usually  caused  liy  an  incrc:is<-  of  tissue  in  ami  about 
tlic  cavity. 

Macuoscoi'icai,  Api'Kauancks. — Tlic  most  striUiii?; 
clian;;c  in  atiopliic  organs  is  their  decrease  in  si/.e.  This 
is  direelly  de])enilent  upon  the  <leci('ase  in  size  and  the 
diniiniilinii  in  number  of  the  structural  elements.     The 


Fig.  :Js1.— Exrpntrii-  Atrnptiy  of  the  I,ow4>r  Kniis  i>f  the  'I'iWa  and 
Kiliul:i,  Willi  ii.sle(i|.c.n/sis.    Natural  size,     i  After  Zict'hT.i 

muscles,  kidneys,  liver,  and  spleen  show  this  decrease  in 
.si/c  to  the  most  marked  dcirrce.  In  extensive  alropliy 
of  the  nuiscles  as  seen  in  proirre.ssive  muscular  atrophy 
the  dis;ippearanc(^  of  the-  tissues  may  bo  so  marke 
the  impression  is  iriven  that  there  is  nothing  be- 
tween the  skin  and  the  bone  (so-called  living 
skeleton).  In  many  cases,  however,  there  is  a 
deposit  of  fat  in  the  atrophic  tissues  which  may 
lie  so  extensive  that  tlu^  normal  size  may  bi'  jire- 
served  or  an  actual  increase  mav  take  place  (airo 
phia  musculorum  lipomatos;i).  The  atrophic  liver 
and  heart  may  likewise  b<' increased  in  size  througli 
fatt.v  intillration. 

The  size  of  alro])hic  lungs  may  be  incriased 
through  the  strelching  of  the  atro]ihic  alvi'olar 
walls  and  the  consei|uenl  dilatation  of  the  air 
sjiaces  (atropine  emphysema). 

In  the  case  of  atrojihy  of  fully  developed  bones 
no  decrease  in  size  takes  place,  but  the  Haversian 
canals  anil  medullary  cavity  become  enlarged  (ex- 
centric  alropliy  or  osteoporosis).  The  s])lecn  as  a 
rule  sufTers  a  symmetrical  decrease  in  volume, 
while  the  liver  usually  shows  more  marked  loss  of  sub- 
stance in  the  left  lobe  than  in  the  ri,<;hl. 

If  the  atrophy  of  an  organ  proceeds  symmetrically  in 
all  parts  a  uniform  decrease  in  size  results  wiih  preserva- 
tion of  normal  form.  It.  however,  progresses  most  fre- 
ipiently  with  greater  rapidity  in  one  part  llian  in  another, 
and  as  the  result  of  this  tmoqual  alro|ihy  nodules  and 
furrows  are  formed  so  that  the  organ  comes  to  present  a 
Vol.  I.— ;!!) 


nodular  or  granular  surface.  This  is  especiallv  marked 
in  atrophy  of  the  glandtdar  structures,  liver,  kidney,  etc. 
As  a  rule  atrophic  orijans  contain  less  bloml  and  are  drier 
than  normal  ones.  The  increase  of  connective  tissue, 
either  relative  or  actual,  causes  an  increase  in  consistency 
with  loss  of  elasticity.  As  a  result  of  the  decreased 
blood  content  the  natural  color  of  the  organ  stands  out 
more  distinctly;  lience  atrophic  muscle,  especially  heart 
muscle,  is  much  browner  in  color  than  normal.  An  in- 
crease of  the  normal  i)i,gment  or  an  increased  dejiosit  of 
Inematogenous  iiigment  is  also  a  very  fre(|uent  accom- 
paniment of  atropihy  (lirown  atrophy  of  hearl  and  liver). 
In  other  cases  the  color  of  the  atrophic  organ  is  lighter  or 
more  graj'isli  than  normal  becauseof  the  relativeoractual 
increase  of  connective  ti.ssue.  In  all  cases  in  which  much 
lat  is  deposited  the  color  becomes  yellowish. 

Micnoscoi'icAi,  C'iiANoi-;s. — The  microscopical  exam- 
ination of  atro])liic  organs  shows  a  decrease  in  size  and  a 
diminution  in  number  of  the  normal  elemenls.  This  may 
occur  without  other  chan,ges.  or  the  atrophy  may  be  ac- 
coni|ianied  by  a  deiiosit  ol  fat  or  pignieiil.  or  an  increase 
in  the  amount  of  the  normal  pigment,  or  it  ma,v  occur 
in  association  with  v.arious  degenerative  processes.  We 
may  therefore  distinguish;  u>in)le  ainiithji.  fiillji  itirophy, 
jiif/iiHiit  atrojiliy,  and  diyem'.ratifc  iitrnpldi.  Fatty  and 
])igment  atrophy  are  so  closely  related  to  simple  atrojihy 
that  they  are  to  be  considered  as  siin]ile  atrophy  followed 
by  or  associated  with  fatty  intiltration  and  ]iigment 
formation.  They  should  be  carefully  distinguished  from 
the  true  degenerative  atrophies  in  wliich  clianges  in  the 
nature  of  the  protoplasm  occur  from  the  very  beginning. 
As  a  result  of  these  changes  new  sidistanees  are  formed 
in  the  cells  or  about  them  (nnicous.  fatty,  hydropic  de- 
generations; amyloid,  etc.,  deposits).  In  these  condi- 
tions, especially  in  the  case  of  the  pathological  deposits 
andintiltrations,  the  atrojihy  of  the  cells  must  be  regarded 
in  many  cases  as  a  secondary  iirocess. 

As  a  rule  the  inoie  highly  specialized  portions  of  the 
tissues  sufTer  to  a  ,grealer  extent  than  the  connective- 
tissue  framework.  This  may  be  unchanged  or,  as  most 
frequently  occurs,  increased  in  amount.  In  the  newly 
formed  connective  tissue  there  is  usually  a  greater  or  less 
degree  of  fatty  infiltration.  Through  the  increase  of 
connective  tissue  and  the  fat  deposit  the  normal  press- 
ure upon  surrounding  structures  may  be  preserved  un- 
changed. The  fatly  iiilillialioii  may,  therefore,  be  re- 
garded as  bring  of  the  nature  of  a  compensatory  jn'ocess. 

In  atrophy  of  striped  mu.scle  the  contractile  sulislanee 
disappears  while  the  nuclei  of  theendomysium  proliferate 
to  a  greater  or  less  extent.  In  atrophy  of  the  lun.g  the 
alveolar  walls  become  greatly  Ihinneil,  the  ca]iillaries  dis- 
appear, and  the  air  spaces  become  increased  in  size  or 


Fm,  :i.s2,— StTtion  (it  an  Alnipliiecl  Muscle,  fmiii  a  Ca.se  ef  rmu'icsshe  Miisi-iilar 
Atriiphv.  (MuUcr's  fluid  ;  Bismaiek  fjnnvu.)  <i,  ii.  Nonual  iiiusriilar  llbres: 
/',  atroftliic  uuiseular  ffbre-s;  c,  pcriiuysiuni  luternuin.  the  nuclei  of  which,  at 
<■,,  seem  to  l>e  increased  in  nuuiljcr.  Maj^'iiillcd  2(KI  Uiauietei-s,  (After 
Zicgler. ) 

1  confluent  throngh  the  disajtpearance  of  the  wall.  Asa 
result  of  the  obliteration  of  many  of  1  he  smaller  capillaries 
the  larger  vessels  show  a  state  of  chronic  congesi  ion.  The 
liver  lobules  become  very  much  smaller  in  alropliy  of 
Ihat  organ,  the  connective  tissue  of  (ilisson's  capsule  is 
relatively  or  actually  increased,  and  is  more  hyaline  in 
character,   resembling   scar  tissue.     The  liver  idds  and 

i   cells  are  decreased  in  size,  and  there  is  a  great  variation 

609 


Alr»pio  Poisons. 
Aiidltlou. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


in  the  size  ot  the  individual  liver  nuclei,  many  of  which 
show  a  eouipensatory  hypertrophy.  The  central  veins 
and  capillaries  are  conjiested,  and  the  liver  cells  of  the 
cenlnd  zone  of  the  loliule  contain  much  hannatoidin, 
while  those  of  llie  peripheral  zone  show  an  increased 
amount  of  fat. 

In  the  atrophic  kidney  there  is  a  decrease  in  the  size  of 
the  tulndes  due  to  a  deereas<'  in  si/,<'  and  to  a  diminution 
in  number  of  the  epithelial  cells.  Many  tubules  may  be 
found  containing;  few  cells  or  completely  collapsed.  As 
a  result  of  the  loss  of  inlervenin,!;  tissue  the  glomeruli  are 
hrouiiht  closer  tosiether,  so  that  from  twenty  to  forty  may 
be  found  in  one  low-power  tield.  The  epithelium  and 
capillaries  of  the  jrlomeruli  also  disappear,  and  as  a  re- 
sult numerous  obliterated  glomeruli  are  found.  In  atro- 
phy of  the  central  nervovis  system  tiie  ganglion  cells  dis- 
apjx'ar  or  become  smaller,  while  the  neuroglia  remains 
in  normal  amomil  or  becomes  increased.  Atrophy  of 
the  lymph  glands  antl  spleen  is  shown  by  a  disappear- 
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Fig.  383.— Ijipomatosis  of  the  Muscles  of  the  Calf  ot  the  Leg.  Together  with  Atrophy.  (Miiller's 
fluid,  oamiine.)  Transverse  sections  of  a  normal  (a)  and  an  atrophied  (a,)  muscular  flbns  «2. 
transverse  section  of  a  tubular  sarcolemraa  containing  contractile  substance  in  a  condition  ot 
disintegration;  6,  bands  of  connective  tissue ;  c,  fat  tissue.  Magnilled  Wl  diauieters.  (After 
Ziegler.) 

ance  of  the  follicles  and  a  diminution  in  the  number 
of  the  lymphadenoid  cells.  The  trabecultie  are  brouglit 
more  closely  together,  and  the  tiner  stroma  is  increased  in 
amount.  In  atroph_v  of  b<ine  the  bone  substance  is  de- 
creased in  amount  and  tlie  marrow  spaces  are  increased. 
With  this  there  is  usually  an  increase  in  the  fatty  mar- 
row, but  it  occasionally  disappears,  leaving  cystic  spaces 
filled  with  tluid. 

Course. — The  course  of  the  various  forms  of  atrophy 
depends  wholly  ujion  their  naluie.  Total  atrophy  oc- 
curs as  the  result  iif  the  e.xluiustion  of  the  inherent  his- 
togenetic  energy,  as  in  the  case  of  many  of  the  fetal 
structui-es,  the  thymus,  etc.  In  partial  atropliies  due  to 
other  causes,  such  as  disturbances  of  nutrition,  pressure, 
etc.,  a  greater  or  less  degree  of  restoration  is  possible  in 
all  structures  in  which  the  histogenetic  liiuit  has  not  been 
reached.  If  the  causes  leading  to  atrophy  operate  in  the 
early  periods  of  develo]iment,  agenesia  or  aplasia  may 
result.  Certain  organs,  as  the  thyroid  or  sexual  glands, 
may  be  thus  atfected  and  their  lack  of  development  may 
lead  to  retarded  growth  of  other  tissues.  As  stated 
above,  these  jirocesses  are  not  of  the  nature  of  true 
atrophies,  but  it  is  difficult  in  all  cases  to  make  sharp  dis- 
tinction. The  atrophy  of  certain  fully  developed  organs 
likewise  may  afTect  the  growth  of  other  organs  or  even 
of  the  whole  body,  as  in  progressive  muscular  altophy 
where  atrophic  changes  in  the  lioiies  follow  those  in  the 
nnisclcs. 

In  so  far  as  the  fiuiction  of  the  organ  is  concerned,  the 
atrophy  of  its  elements  is  of  the  greatest    importance. 
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Atrophic  muscles  lose  their  contractile  power,  atrophic 
glands  their  secretory  function,  osteoporotic  bones  are 
easily  broken,  and  atrophic  skin  is  easily  injured  by  a  very 
slight  trauma.  Further,  the  atrophy  of  one  organ  or  set 
of  tissues  disturbs  tlie  function  of  other  organs  and  leads 
to  a  general  diseased  condition  of  the  organism. 

The  prognosis  in  atrophy  is  favorable  only  in  those 
pathological  conditions  in  which  the  cause  of  the  atrophy 
may  be  removed,  and  in  tissues  in  which  the  physiologi- 
callimit  of  growth  has  not  been  reached.  Atrophy  of  the 
vital  organs,  heart,  medulla  oblongata,  kidneys,  respira- 
tory muscles,  etc. ,  not  inf reciuently  leads  to  death.  There 
may  also  result  a  complete  disappearance  of  certain  struc- 
tures caused  by  the  atrophy  of  the  matrices  wliich  form 
them.  In  atro]ihy  (jf  the  periosteum  the  lione  disappears, 
in  atrophy  of  tlie'skin  there  is  a  loss  of  the  hair  and  nails, 
and  in  atrophy  of  the  lymph  glands  there  is  a  decrease  in 
the  formation  of  leucocytes. 

It  is  evident  that  only  the  purely  passive  forms  of 
atrophy  admit  of  treatment.  The 
removal  of  the  cause  and  the  res- 
toration of  the  normal  nutrition  are 
the  chief  indications. 

Aldi-ed  Scott  Warthin. 

ATROPIC   POISONS— The  nat 

ural  onler  ,Sjliii,iin_ <r  comprises  many 
plants  possessing  actively  poisonous 
properties.  Among  these  the  more 
important  are:  Atropa  brlhuhiniui, 
deadly  nightshade  ;  Ui/osci/amiis 
niger,  henbane;  Datura  stramo- 
nium, thornapple  or  Jamestown 
weed;  Mandragora  officinale,  man- 
drake; Scopolia  Japonira,  Japanese 
xt-*  belladonna;  and  several  species  of 

/  Dvboisia.      It    is    worthy   of    note 

that  several  of  the  most  widely  used 
foods — e.g.,  potato,  tomato,  and  egg 
plant — are  derived  from  plants  of 
this  order. 

The    poisonous  qualities  of    the 
Solanace(e   depend  on  well-marked 
alkaloids,  analogous  in  composition 
and  properties,  notably  as  regards 
the  power  to  produce  dilatation  of 
tlie    pupil,    for    which   reason    the 
term   mydriatic  alkoloid.'i  has  been 
applied  to  them  collectively.     Since  the  toxicology  will 
include  the  effects  ot  botli  the   plants  and  the  active 
principles,  it  will  be  more  ssitisfactory  to  consider  them 
under  the  title  of  the  "Atropic  Poisons."     The  deadly 
nightshade.  Atropa  belladonna,   is  the  most   important 
of  the   group,  and  its  alkaloid,   atropin   (atropina,    U. 
S.  P.),  has  been  extensively  used  by  ojihthalmologists, 
but  of  late  years  it  has  beeii  often  replaced  by  a  deriva- 
tive, homatropin,  and  by  another  natural  alkaloid  of  the 
class,  scopolamin:  tlie  clTects  of  these  being  more  tran- 
sient than  those  of  atropin.     According  to  recent  inves- 
tigations, the  so-called  dalurin — derived    from  Datura, 
stramonium — is  identical  with  atropin.  but  commercial 
daturin  often  contains  some  hyoscyamin.     Statistics  col- 
lected by  Wilt  haws  show  that  of"  the  reported  cases  of 
poisoning  by  the  plants  of  this  class  or  their  alkaloids, 
over  sixty  jier  cent,  are  by  belladonna  or  atropin.  and 
next  in  order  by  Datura  stramonium.     The  majority  of 
cases  were  accidental. 

The  .<()/uiptom.t  produced  by  toxic  doses  of  the  prepara- 
tions of' bclladomia  usually" manifest  themselves  within 
an  hour,  and  are  marked  and  characteristic.  They  are 
heat  aiui  dryness  of  the  mouth  and  throat,  increasing  to 
a  feeling  of  burning  or  constriction,  dilliculty  of  swallow- 
ing, giddiness,  nausea  and  vomiting  frequently,  but  not 
invariably;  great  mental  excitement,  delirium,  and  hal- 
lucination, often  decidedly  maniacal  or  hysterical.  The 
circulation  is  decidedly  affected,  the  pulse  being  quick- 
ened, the  face  becomiiig  red  and  turgid,  and  in  some  in- 
stances a  scarlet-  eruption  has  appeared  over  the  body. 
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Dilatation  of  the  pupil  with  insensibility  to  light  and 

impainiii.-nt  of  vision  is  a  usual  and  important  syniploni. 
Till'  nicntal  synijitonis  ofK'n  lake  the  I'oitu  of  wild  and 
uncontrollable  laughU'i'.  The  I'ollo.ving  case,  detailed 
by  Taylor  ("Treatise  on  Poisons"),  illustrates  tlieeliiiieal 
history  of  belladonna  poisoning.  A  boy,  aged  fourteen. 
ate  about  thirty  belladonna  berries.  In  about  three  hours 
it  appi'ared  to  him  as  if  his  face  wa.s  swollen,  his  throat 
became  hot  and  dry.  vision  impaired,  objects  appeared 
double,  and  seemed  to  revolve  and  nui  liaeUward.  llis 
hands  and  face  were  Hushed  and  his  eyelids  swullen.  and 
occasional  Hashes  of  li^dit  were  e.xpei  ieiieeil.  lie  tried  to 
eat,  but  could  not  swallow  on  account  of  the  slate  of  his 
throat.  In  endeavoring  to  walk  home  he  staggered,  and 
felt  giddy  whenever  lie  attemiited  to  raise  his  head.  He 
was  incoherent,  frequently  counted  his  money,  and  did 
not  know  the  silver  from  the  copjier  coin.  His  eyes  had 
a  fixed  and  brilliant  look,  he  could  neither  hear  nor  speak 
plainly,  and  was  very  thirsty:  he  cauglit  at  imaginary 
objects  in  theajr.'  There  was  hi-.idaehe,  but  no  vomiting 
nor  purging.  These  symiitoms  were  much  the  same 
nine  hours  after  the  taking  of  the  poison.  The  pupils 
were  so  strongly  dilated  that  there  was  merely  a  narrow 
ring  of  iris:  the  eyes  were  quite  iiisensibh'  to  light,  the 
eyelids  did  not  close  when  the  hand  was  pas.sed  suddenly 
over  them,  but  the  nerves  of  common  .sensation  were  un- 
aflfected.  The  pulse  was  90,  feeble,  and  comiiressilile. 
He  continued  in  this  state  for  two  days.  Imt  gradually 
recovered. 

Fatal  cases  usually  terminate  in  coma,  less  frei|ueiitly 
in  convulsions. 

The  treatment  of  bi'lladonna  (or  atropin)  poisoning  is 
both  direct  and  physiological.  Free  evacuation  of  the 
stomach  by  means  of  emetics  or  the  stomach  pump 
should  be  resorted  to;  a.s  antidotes,  animal  charcoal  or 
tannic  acid  may  be  given.  The  former  has  been  found 
efficacious  by  actual  experiment  on  the  human  subject  ; 
it  acts  by  absorbing  the  alkaloid:  tannic  acid  renders  it 
insoluble.  Hotli  these  agents  are.  however,  only  tempo- 
rary:  they  do  not  set  aside  the  necessity  lor  evacuating 
the  stomach  or  using  other  remedies.  Since  ]diysostig- 
min — the  active  principle  of  the  Calabar  lieaii — and  also 
morphia  cause  contraction  of  the  ])upil.  they  have  been 
naturally  suggesti'<l  as  physiological  antidotes  to  atropin. 
and  clinical  experience  has  borne  out  this  view.  The 
hypodermic  use  of  these  agents  should  thc'refore  be 
cautiously  cniploj'ed,  the  eondition  of  llie  pupil  and 
the  general  nervous  symptdins  being  used  as  guides  to 
the  medication. 

Many  of  the  recorded  cases  of  belladonna  i)oisoning 
have  recovered  under  treatment.  When  a  fatal  result 
takes  place,  no  special  or  characterislie  ])i)st-moitem  ap- 
pearances are  discoverable. 

There  are  no  striking  or  easily  apjilied  chemical  tests 
for  atropin.  It  may  be  identified  by  its  |iliysiologieal 
actiim.  dilatation  of  the  pupil.  Ikuvii  Liffnuihu. 

ATROPINE.     See  lhn„<h,iu„i. 

AUDITION.— Audition  or  hearing  is  the  result  of  proe 
esses  by  which  certain  vibrations  of  physical  media  are 
taken  up  by  a  periiiheral  sense  organ,  the  ear,  and  trans- 
formed into  nerve  stimuli  which  excite  in  consciousness 
sensiltionsof  a  peculiar  kind.  These  sensations  we  know 
as  mund.  They  are  a  function  of  a  certain  i)art  ol'  the 
cerebral  cortex.  I'nfortunalely,  it  is  also  the  rule  to 
designate  by  the  name  of  "sound  "  those  physical  vibra- 
tions which  are  the  objective  cause  of  sound  sensation 
but  which  have  nothing  in  common  with  it. 

This  article  will  bi' chiefly  limited  to  the  trealmeiit  of 
objective  or  physical  souiul  and  the  manner  in  which  it 
affects  the  mechanism  of  tlieear  in  giving  rise  toimpulses 
in  the  auditory  nerves. 

Plitjsicitl  soviid,  as  contrasted  with  sound  sensation,  is 
due  to  vibrations  of  particles  of  solid,  liquid,  or  gaseous 
media.  In  its  vibration  a  particles  may  move  back  and 
forth  in  a  straight  line,  as  in  the  transmission  of  an  air 
wave  or  in  the  propagation  of  a  tremor  longitudinally' 


along  a  rod  of  metal ;  or  it  may  describe  a  more  or  less 
ellii>fical  or  circular  path  as  in  a  wave  of  water,  and 
tranver.se  to  the  direction  cd'  wave  nii>venient.  When  a 
]iai'ticle  is  forced  from  its  position  of  ei|uililirium,  the 
t'ori'e  with  which  it  tends  to  resume  that  position  is  a 
measure  of  the  elasticity  (d'  lli(^  substance  of  which  it 
forms  a  part.  Elasticity  is  the  pio|ierty  b_v  virtue  of 
which  vibrations  are  propagated. 

I'runKnrm  and  Liinyitndlnal  Vihratidiix.  Wares  of 
Saiind. — The  vibration  of  iiarliclcs  gives  rise  to  waves 
having  definite  form,  length,  and  rate  of  progress.  The 
waves  most  familiar  to  us  are  those  seen  on  the  surfiice 
of  water  formed  by  an  up  ami  down  motion  of  the  iwr- 
ticles  in  au  elliptical  ctirve.  The  vibration  is  tranxrcrse 
to  the  direction  and  length  of  the  wave,  and  the  anilili- 
tude  or  depth  of  the  wave  and  that  of  the  vibration  cor- 
resiiond.  The  wave  length  is  the  distance  measured  from 
crest  to  crest  or  hollow  to  hollow;  it  has  no  necessary 
relation  to  the  amplitude  of  vibration.  A  stretched  string 
or  a  tuning  fork  also  executes  transverse  vibrations,  when 
]iluekecl  or  rubbed  in  the  usual  way.  But  if  a  stretched 
string  or  a  rigid  njd  be  scratched  at  one  end  the  particles 
there  will  be  set  in  oscillation  back  and  forth  (longitu 
dinal  vibration),  and  this  vibrati<in  will  be  transmitted  as 
a  wavealong  the  string  or  rod  and  may  be  heard  as  .sound 
;it  tlii^  further  end,  but  will  make  tin  visible  niovement. 
It  is  important  to  consider  how  these  longitudinal  waves 
are  formed.  The  iiurticles  which  are  struck  or  scratched 
at  the  end  of  the  string  or  rod  are  forced  against  tlio.se 
immediately  adjoining,  these  in  turn  crowd  upon  the 
particles  in  from ;  the  ener.gy  of  the  first  displa<-enient 
measures  the  degree  of  crowding  or  condensation  thus 
]iroiluced.  The  particles  unnaturally  strained  together 
spring  away  from  one  another  by  virtue  of  their  elasticity, 
and  their  energy  of  niovenient  carries  them  beyond  their 
jHisition  of  rest,  making  tluMiumber  of  jiartieles  at  the 
previous  point  of  condensalion  less  numerous  than 
normal,  thus  producing  a  einidition  of  ranfacti/a/  as  a 
result  of  the  osciUati<in.  The  forward  vibration  of  the 
Iiarticles  is  thus  transmitt<'d  as  a  phase  of  rimdi  iixa/iari 
to  successive  layers  of  the  substance  Iraver.sed,  each 
condensation  being  succeeded  by  a  complementary  rare- 
fiirtioii.  The  two  phases  of  condeii.sationand  rarefaction 
make  up  the  wave  of  soiunl.  The  length  of  the  wave  is 
the  distance  measured  between  two  jioints  of  extreme 
condensation  ur  rarefaction.  This  wave  length  has  no 
necessary  connection  with  the  length  of  the  path  de- 
scribed by  the  individual  ]iartieles  whose  motion  gives 
rise  to  the  siniud  wave. 

Ai'-rial  vibrations  resemble  the  longitudinal  vibrations 
of  solids  and  licpiids  in  that  the  sound  waves  move  in 
the  same  direction  as  the  jjarticles  who.se  movement  jiro- 
duees  the  waves.  The  amiilitude  of  niovenient  of  the 
iiidi\idual  iiarlicles  is  very  much  less  than  the  wave 
length  proilueed  by  that  niovenient.  In  the  mobile  air 
the  iiath  descrilied  by  tli<'  particle  is  relatively  great,  but 
in  a  rod  of  wood  or  metal  or  under  water,  the  excursion 
of  each  particle  in  its  vibration  is  intinitestimal  in  its  re- 
lation to  the  wave  length  or  distance  between  siic<-essive 
eonilensations  or  rarefactions.  The  amplitude  of  move- 
ment of  the  vibrating  iiarticle  is  a  measure  of  the  energy 
which  has  been  imparted  to  it,  and  it  has  extraordinary 

JMlteigfe«gfe'ffiNdit.w>i<fc^iri6:im)i^ 

I'li:.  :W.-Iiliistratinfr  V:\^<v;,-  of  an  .\ir  Wiivc.  Tlie  liulls,  F„c.  B, 
eti\.  vepreseiii  Mir  i>:irlicti-.s  hti-I  th<-  sprinus  the  eta.stic  forre  rcst^tr- 
ingtliem  tii position.    (.\rtiT  I'vikImII  en  "Sound.") 

physiological  signiticance.  for  upon  it  depends  the  hmd- 
hrsx  of  sound.  In  exact  language,  the  intensity  of  sound 
sensation  is  proiiortiiinal  to  the  scpiare  of  the  amplitude 
of  the  vibrations  which  cause  it.  Tynrlall  in  his  work 
on  sound  illustrates  by  a  diagram  the  method  by  which 
a  "sound  pulse"  is  transmitted  (see  Fig.  JiS-l  ).  Theap- 
jiaratus  consists  of  a  series  of  wooden  bidls  separated 
from  one  another  by  spiral  springs  (the  balls  ^'present 
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air  particles  ami  the  spn'iitrs  the  elastic  force  restraining 
their  tlisplacenieiU).  On  strikinjr  the  Uniib  A.  a  rod  at- 
tacheil  to  it  impinges  upon  the  tirst  ball  H.  which  trans- 
mits its  motion  to  C,  thence  it  passes  to  E,  and  so  on 
throuirhoiit  the  entire  series.  The  arrival  at  D  is  an- 
nounced by  the  shock  of  the  terminal  ball  against  the 
wood.  or.  if  we  wish.  I)y  the  ringing  of  a  bell.  Here  the 
elasticity  of  the  air  is  represented  by  that  of  the  springs. 
The  "pulse"  may  be  reduced  to  such  a  degree  of  slow- 
ness that  it  can  be  followed  by  the  eye. 

Vibrations  occurring  in  any  medium  may  be  trans- 
mitted by  direct  coiitact  to  another  medium.  Thus, 
when  thebell  of  a  stcthoseoiie  is  applied  to  the  chest,  the 
vibrations  of  the  chest  wall  are  transmitted  to  the  ear 
either  by  the  air  colunuisof  the  instrument  or  by  its  .solid 
structure  or  by  lioth.  Vibrations  of  the  bones  of  the  sUull 
are  transmitted  directly  to  the  tymiianic  membrane  and 
probablv  also  to  the  Ivniph  of  the  labyrinth. 

The  Prniiiii-tidii  of  "^'o/xw.— When  tlie  pendtdum  of  a 
clock  swings  to  and" fro  it  might  be  supposed  that  a  sound 
woidd  be  produced  by  each  excursion  of  the  rod,  and  this 
would  be  the  case  were  not  the  air  so  moliile  that  its 
particles  instantly  retreat  from  the  front  to  the  back  of 
the  slowly  moving  ]iendubiin.  so  that  no  sensible  conden- 
sation, which  is  necessary  to  the  ]iroiluetion  of  a  sonorous 
wave,  occurs.  That  is  to  Siiy,  a  certain  suddenness  of 
imimlse  is  necessiiry  to  start  an  air  wave.  Such  an  im- 
pulse is  developed  when  a  mi.xture  of  oxygen  and  li\'- 
drogen  are  ignited  by  an  electric  spark.  The  heat  gen- 
erated by  their  union  causes  a  sudden  expansion  which 
starts  a  sonorous  wa\'e  which  comt«  to  the  ear  as  a  sharp 
report. 

Simple  Pend>ihir  Vibrations. — Suppose  our  pendulum 
to  gradually  increase  its  rate  of  movement;  when  it 
swings  so  fast  as  to  accomplish  one  complete  to-and-fro 
movement  in  about  the  one-sixteenth  of  a  second  a  con- 
tinuous sound  of  very  low  jjitch  shoidd  be  exjiected. 

In  practice  it  is  customary  experimentally  to  produce 
sounds  b_y  the  transverse  vibrations  of  tuning  forks  set 
upon  resonance  boxes  (see  liclow).  The  effect  of  sucli 
vibration  upon  the  air  is  illustrated  in  Fig.  385,  in  which 
the  dark  sjiaces.  n.  h.  c,  rf,  rciire.seut  the  phases  of  con- 
densation, and  the  light  spaces.  //',  <•'.  d  ,  the  phases  of  rare- 
faction of  the  air  waves.  The  wave  length  is  the  dis- 
tance measined  fi'oni  a  to  />  or  from  />'  to  c'. 

Such  to-and-fro  oscillations  are  known  as  simjiJe  jteii- 
dtilar  rihrnlionK.  The}-  make  no  audible  .sound  until 
they  attain  the  rate  of  sixteen  to  twenty-four  per  second, 
according  to  the  iierceplive  power  of  tlie  hearer. 

Tilt  Pileh  and  Londnexx  of  Tone. — Instead  of  using  the 
tuning  fork  as  a  soui'ce  of  srnuid  the  following  familiar 
device  would  serve :  Take  a  circular  disc.  A-15  in  Fig.  3sti. 
of  cardboard  or  metal  about  twelve  inches  in  diameter, 
and  let  it  be  perforated  at  equal  intervals  along  a  circle 
near  its  circumference.  The  disc  is  fastened  at  its  centre 
to  the  axis  of  a  wheel  callable  of  rapid  rotation.  A  bent 
tube,  tn,  eomnuinicatins;-  wilh  a  liellows  giving  a  con- 
tinuous blast  of  air,  isbrou^dlt  with  its  orifice  over  the 
circle  of  holes.     Wlienthe  disc  isiotatcd  and  air  is  forced 


Fui.  ;!,'^').— l)i;is.'r:im  i>f  a  Series  of  .\ir  Waves  as  Si-m  (mt 
by  a  Tuniii!;  Fork.  (r.  )i.  r.  il,  repi-esent  phases  ef  ciinilen- 
saluiil  and  II'.  h',  (•'.  .f,  .if  rarefaction.  Thu  wave  len2tll 
Is  nu'a.siuvd  from  n  to  dor  fmiii // toe'.    (.\ftfrTviulail.) 


•Tjj  B  through  the  tube  ni.  a  juilT  of  air  iiasses  through 
the  disc  wlien  one  of  the  holes  coincides  with 
the  open  end  of  the  tube,  Imt  the  air  stream  is 
cut  off  by  the  solid  plate  between  the  holes.  As  the 
rate  of  rotation  of  the  disc  is  gradually  increased  a 
low-pitched  sound  is  heard  when  the  jiu'lTs  of  air  suc- 
ceed one  another  at  the  rate  of  about  sixteen  per  sec- 
ond, and  as  the  rate  of  succession  increases  tlie  .scnuid 


becomes  a  well-marked  musical  tone,  and  the  jtiteh  of 
the  tone  is  found  to  rise  and  fall  with  the  numlier  of 
iniffs  in  a  second  which  have  caused  it.  If,  instead  of 
the  single  tube  m,  two  tubes  were  used  to  convey  the 
Idast  of  air  simultaneously  through  two  different  holes, 
the  pitch  of  the  sound  would  not  be  altered  but  its  loud- 


FiG.  386.— Illustrating  tlie  Produilion  of  a  Musical  Tone  bv  Puffs  of 
Air  througU  a  I'erloi-ated,  Kotatiug  disc.    (After  Tyndall.) 

ness  would  be  increased,  because  the  two  forces  leading 
to  condensation  of  the  air  would  be  added  together.  The 
demonstration  of  the  laws  of  soimd  production  in  air 
owes  much  to  an  instrument  called  the  siren,  which  is 
essentially  elaborated  from  the  perforated  rotating  disc. 

Tfie  liaiiije  of  Piteli  of  A'ldible  Sounds. — As  already 
mentioned,  physical  vibrations  do  not  so  affect  the  ear  as 
to  give  rise  to  a  sensation  of  sound  until  they  succeed  one 
another  at  the  rate  of  sixteen  to  twenty -four  per  second. 
As  the  rate  of  vibration  is  progressively  increased  the 
pitch  of  the  tone  is  raised  until  it  becomes  a  painful 
squeak,  and  it  is  said  that  for  most  persons  vibrations  be- 
come inaudible  when  they  reach  a  frequency  of  IG.OOIt  per 
second,  though  scmie  ears  are  still  impressed  with  .sounds 
caused  by  38,000  to  40,000  vibrations  in  a  second.  Some  of 
the  lower  animals  can  probably  hear  tones  produced  liy 
still  more  rapid  oscillations.  It  is  a  familiar  experience 
that  when  a  sounding  bell  or  whistle,  as  of  a  locomotive, 
rapidly  approaches,  its  pitch  seems  to  rise,  and  then  to 
fall  as  it  recedes.  The  reason  for  this  variation  is  that 
the  motion  of  the  locomotive  adds  to  or  subtracts  from 
the  number  of  sound  waves  reaching  the  ear  in  a  given 
time.  In  the  rendition  of  music  a  much  narrower  com- 
pass is  employed,  beyond  which  tones  cease  to  have  a 
pleasing  character.  The  droning  note  of  the  sixteen-foot 
organ  pipe  and  the  lowest  bass  of  the  piano  (d)  represent 
a  vibration  rate  of  thirty-three  per  second.  The  highest 
treble  of  the  piano  has  a  vibration  rate  of  4.234  per  second. 
Finely  trained  cars  can  distinguish  differences  of  pitch 
rejiresented  by  oidy  half  a  vibration  per  second.  As  to 
the  number  of  vibrations  necessjirv  to  produce  the  sensa- 
tion of  sound,  it  has  been  found  that  two  or  thi'ee  vibra- 
tions excite  the  senssition  of  a  mere  stroke;  four  or  live 
vibrations  arc  necessaiy  to  give  a  tone;  and  some  twenty 
to  forty  are  required  to  develop  the  full  musical  qualities 
of  a  tone.  Thus  from  a  iihy.sical  scale  representing  aiM'ial 
vibrations  of  indetinitely  various  rapidity  the  mind  .selects 
and  aiijireciates  as  .yoimd  a  small  fraction,  about  a  range 
of  eleven  octaves,  and  receives  aesthetic  pleasure  from  a 
still  narrower  range  of  aliout  seven  octaves. 

iSnntniari/. — The  foregoing  discu-ssion  may  be  summa- 
rized in  the  statement  that  simple  tones  are  dve  to  waves 
irhieh  tire  prod  need  III/  the  pendiilar  vibration  of  the  partieles 
of  elastie  bodies.  The  intensiti/  of  tlie  sound  sensation  in- 
erca.ies  as  the  .iijiiare  if  the  aniplittide  of  vibration,  and  the 
piteh  of  the  sound  rises  in  proportion  to  the  rate  of  ribration. 

The  l>rir/in  if  Sound  Qualitii.  Overtones. — Il  is  but 
seldom  that  sonorous  bodies  are  confined  to  the  simide 
pendtdar  vibration  of  their  particles:  but  the  soundwave 
is  the  resultant  of  sevei-al  vibrations  of  different  rates 
simultaneously  imparted  to  the  moving  partieles.  When 
a  stretched  siring  is  plucked  or  bowed  at  its  middle  it 
vibrates  tiiroughout  its  whole  length,  the  greatest  am 
plitude  of  moveiiient  lieing  at  the  middle  point,  which 
moves  to  anil  fro  like  a  pendulum.  The  musical  note  so 
produced  is  Ihe  lowest  in  pilch  which  Ihe  siring  is  capa- 
ble of  giving.  If  the  cord  is  held  at  its  middle,  or  simply 
touched  there  with  a  feather,  and  a  bow  is  drawn  across 
one  of  the  segments,  vibration  is  renewed;  but  now  the 
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string  divides,  as  it  were,  into  two  lialves  with  a  point 
of  rest,  or  a  "  node,  "  between.     Eaeli  inter  node  or  "  ven- 


Flfl.  3S!I. 

FiOS.  3S7-389.~IllustratinK  tlii^  Seffmentiil,  Transverse  Vibration  of  a 

String.    (Tyndall. ) 


but  is  the  algcl)raic  sum  of  an  iiidetiuite  number  oTf  such 
movements.  The  sonnd  whi(-h  is  heard  is  a  note  in 
whieli  are  contained  as  many  siniple  tones  as  tliei-c 
are  si-panite  rates  of  vibi-ation.  The  lone  inoduced 
l)y  the  movement  of  tlie  siring  as  a  whoK',  which  is 
tlie  slowest  rate  of  vilii-ation.  is  known  as  the  fund- 
iintiiitiil  tone.  Tile  various  tones  produced  by  the  seg- 
mental vibrations  are  known  as  onrlnnes,  iipin r  pnHiiih. 
or  hitnmmic  Koitnth.  The  jtlU-h  of  liie  compound  nole 
is  identical  with  that  of  its  fundamental  lone.  Hut  the 
blending  of  tlu^  various  segmcnlal  vibi-alions  with  the 
l)rimary  results  in  an  extraoi'dinary  a'sthctii'  modilication 
of  the  sound,  for  thereby  its  iiunlili/,  limhri',  or  dani) 
liiil  is  determined.  Diftereiil  soun<l-produciiig  bodies 
may  give  out  notes  in  which  the  number  of  upper  (lartial 
tones  is  ditfe'rent.  Again,  certain  partial  lones  occurring 
in  till!  note  of  one  musical  instrument  may  be  wanting  in 
that  of  another,  or  a  given  harmonic  may  Ix'  dilTereut  in 
iiilensity  in  two  notes.  As  an  outcome  of  these  facts  it 
lias  been  demonstrated  that  l/ii'  i/i/ii/i/i/of  n  mi/ijiijinid.  tune 
'^jicnih  iipoii  tin'  nunihcy,  (ifilrf,  (iiid  reliilire,  iiitenutien 
■f  lis  eunntittient  pdrtiiils.  Thus,  a  violin,  a  cornet,  and  a 
jiiaiio,  though  sounding  a  note  of  the  same  liitch.  would 
never  be  mistaki'U  for  one  another.  But  were  all  their 
overtones  oliliterated  the  threi' inslninienls  would  be  in- 
distinguishable to  tint  car. 

The  liiilliancy  and  richness  of  musical  notes  is  (le])end- 
ent  on  llieir  we:illh  of  upper  partials.  It  is  believed  that 
a  sound  producing  body,  like  a  stretched  siring,  does  not 
send  to  the  ear  a  separate  set  of  wuves  rejiresenting  each 
of  ils  s<'gmenti!l  vibrations,  but  all  the  waves  aroused  by 
it  fuse  together  into  ii  single  series  of  waves  of  peculiar 
form.  Such  a  composite  wave  may  be  repn'sented  graph- 
ically by  depicting  under  one  another  a  series  of  waves 
having  two.  three,  four,  etc..  times  the  rate  of  succession 
of  the  curve  indicating  the  fundamental  tone  (Fig.  390). 
If  a  vertical  line  lie  drawn  across  the  series  representing 
the  vibralioii  rates  of  the  various  tones,  and  an  algebraic 
addition  be  niiide  of  the  distance  of  each  jinint  of  inter- 
section above  (jr  below  the  line  of  rest,  the  result  will  de- 
termine the  position  of  the  composite  wave  on  the  same 
Vertical.  It  is  evident  that  the /'(//■/«  of  llu'  composite 
wav(^  must  change  with  every  change  in  the  number  ami 
relative  prominence  of  the  ovi'rlones:  and  the  movement 
imparled  by  il  to  the  tyin|ianic  membrane,  and  the  wave 
geneial<'d  in  the  labyrinthine  lluidsisee  below  |  must  have 
corresponding  dilferences.     Notes  of  difl'erent  (juality  are 


tral  segment"  is  half  the  length  of  the  whole  string,  but 
its  vibralion   is   twice  as   rapid.     'I'he   note   given  out  is 
thcrcfoi-e  the  octave  of  that  ]irodiiced  in  thelirst  insbince. 
If  the  feather  be  applied  at  a  point 
one-third    the   distance   from   one 
end,  bowing  the  smaller  segment 
will  cause  the  string  to  break  U]) 
into  three;  e(iual  vibrating  i)arls,     ^ 
separated  by  two  nodes  or  points 
of    rest.      In   a   similar   way    the 
siring   may  be  cau.scd  to  vibiate 
in  f(nir,  live,  etc..  segments.     In 
each  case  I  ho  rate  of  vibration  is    jj 
as  many  times  that  of  the  wholc> 
string  as   there  are   segments  of 
vibration.     It  is  not  necessary  tx> 
keep  the  feather  applied  after  the 
node  is  once  formed.  _ 

The  relative  immobilily  of  the  ^ 
nodes  is  illustrated  by  placing 
over  th(!  string  a  .series  of  paper 
riders:  when  the  string  is  thrown 
into  vibration  the  strips  of  pajier 
are  violently  displaced  along  the 
ventral  segments  but  retain  their 
position  at  the  nodes  (see  Figs.  D 
387.  :«S,  8.Si)).  It  is  not  po.^sible  to 
make  ti  sti-ing  vibrate  iis  a  whole 
without  at  the  same  time  its 
breaking  up.  to  a  greater  or  less 
degree,  into  its  vibrating  seg-  Fig.  390.— A  romimsite  W.ive  (C,  solid  line).  Formed  by  tlie  .^Ifelirale  .Addition  nt  Two  simple  Pen- 
ments  The  result  is  that  the  dular  Viliration.s.  .1  and  /i.  A  and  li  are  In  Uie  same  iilia.se;  but  if  enrve /<  is  moved  to  tlie 
r>or.;il..t;r>i,  of  .i>..-  ivi i-t J/.l..  iu  not  rlpht  untl I  c  of  /J  coineides  witb '(  of  .1,  tlic  |)lia.ses  of  the  cuives  Will  be  dilTeivMit  and  Ibflr ad- 
oMiiiaiioii  oi  ciiiv  p.uiK  K,  IS  iioL  (lition  will  (five  eurve  /*  (solid  Hue).  Sucli  ebange  of  phase,  Lowever,  does  not  ehange  ttie 
a    smiple     pendulur     movement,       musical  ijuaUty  of  tbe  composite  note. 
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produrod  by  composite  air  vjnt'S  of  ililVcrcnt  forms.  But 
wnvcsdiirenng' somi'wliiit  in  form  may  still  produce  notes 
of  tlie  sjime  quality ;  for  if.  in  the  eiapliica!  lisfinx',  one  or 
more  of  the  curves  representin.u:  simple  tones  be  slid  to 
the  riijlit  or  left,  the  form  of  the  composite  wave  will 
thereby  be  chan.u'ed,  but  not  the  (lualily  of  the  sound 
proiliu-ed  by  it.  In  other  words,  change  of  "  phase  "  of 
the  jiartial  tones  does  not  alti'r  the  (|Uality  of  the  note. 

CoiKlilions  Detcniiining  the  Kind  of  Orcrtoiies. — The 
series  of  overtones  accoiupanyiug  the  fundamental  varies 
under  delinite  conditions.  Thus,  in  a  metal  rod  fixed  at 
both  ends  th<'  longitudinal  vibrations  set  up  b_v  rubbing 
the  rod  lengthwise  produce  tones  wliose  vibration  niuu- 
bers  are  to  each  other  as  the  odd  numbers  1,  3,  5,  7,  etc. 
The  tones  of  a  rod  free  at  both  enils  have  vibration  rates 
proportionate  to  the  even  luunbers  2.  4,  6,  8.  etc.  In  a 
stretclied  string  the  order  of  tlie  overtones  depends  ui:ion 
the  place  at  which  the  string  is  plucked  or  struck.  In 
general,  it  may  be  said  that  no  overtone  is  heard  which 
requires  for  its  production  the  existence  of  a  node  at  the 
point  plucked  or  struck. 

Differt'iice  lietiretn  JS'uifie  mid  Miisic. — Sound  sensations 
may  lie  divided  into  two  groujis.  iiiiis/'ml  toncx  and 
iinixiv.  The  requisite  for  the  fonner  is  that  the  viliia- 
tionsthat  produce  them  shall  \w  jicriudir,  that  the  motions 
shall  repeat  themselves  at  regular  intervals.  Irregularitv 
of  the  vibration  period  or  rapid  breaks  from  one  periodic 
motion  to  another  produce  the  sensation  of  "  noise. "  The 
singing  voice  restricts  itself  ciiiefly  to  the  musical  notes 
formed  by  periodic  vibration  of  the  vocal  cords;  but  in 
articulate  speech  the  distinguishing  consonantal  sounds 
are  chiefly  noises. 

Si/nijifit/ietic  Vibration.  Besonance. — Every  elastic 
body  is  capable  of  fiyinpntlutic  vibration;  that  is,  air 
waves  beating  upon  it  at  its  own  natural  rate  of  vibration 
set  it  into  corresponding  motion.  In  the  .same  manner 
a  heavy  pendulum  may  be  forced  into  violent  movement 
by  exceedingly  light  taps  with  llie  finger,  the  oul_v  neces- 
sary condition  being  that  the  iminilses  imparted  by  the 
finger  be  exactly  timed  to  the  jieriodic  motion  of  the 
lienduluni  or  to  some  multiple  of  it.  A  body  capable  of 
sympathetic  vibration  with  some  particular  tone  is  set 
into  vibration  Ity  that  tone,  and  reinforces  or  magnifies  it 
whether  the  tone  exists  alone  or  as  the  fundamental  of  a 
complex  note,  or  is  contained  in  the  latter  simply  as  an 
uiilier  partial.  The  property  of  increasing  the  inteasity 
of  sound  l)y  sympathetic  vibration  is  known  as  resonance. 
The  tone  of  a  tuning  fork  helil  in  the  fingers  is  scarcely 
heard,  but  becomes  plainly  audible  when  the  stem  is 
touched  to  a  wooden  table  top.  Forks  u.sed  lor  experi- 
ment are  usually  attached  to  special  "resonance  boxes." 
The  sound  of  the  pianoforte  owes  its  volume  to  the  sym- 
pathetic resonance  of  its  sovinding  board  and  the  air  con- 
tained in  the  iu.strument.  .  Confined  bodies  of  air  are,  on 
account  of  their  low  density,  especially  easily  set  into 
sympathetic  vibration.     Helinholtz  cons"tructed  and  used 

as  resonators  a  series 
of  hollow  brass  spheres 
with  a  perforated  coni- 
cal projection  at  one 
pole  for  insertion  in  tlie 
ear,  ami  a  larger  open- 
ing diametrically  oppo- 
site (Fig.  3!)1)."  Tlie 
size  of  the  spheres  was 
graduated  so  tliat  the 
fundamental  tone  of 
the  contained  air  body 
represented  various  de- 
termined vi  brat  ion 
rates.  Each  resonator  picks  out  from  a  compound  note, 
sounded  near,  that  upjier  partial  which  is  its  own  fun- 
damental tone  and  greatly  magnifies  the  iiiten.sity  of 
that  iiarticular  overtone,  'in  tliis  way  a  eomiilex  musical 
note  may  be  analyzed  into  its  constituent  simple  tones. 
Conversely,  Helinholtz  was  able  to  reconstruct  a  com 
plex  note  by  simultaneously  sounding  a  series  of  tun- 
ing forks,  and  appropriately  regulating  the  intensity  of 


Fig.  391.— The  Era.nator  ot  Helmlioltz. 


the  various  simple  peiidular  vilirations  by  means  of  res- 
onators. 

The  vowel  sounds  of  the  human  voice  owe  their  differ- 
ence of  quality  to  the  adjustment  in  size  and  shape  of 
the  resonant  air  chambersabove  the  vocal  cords  by  which 
now  one,  now  another  set  of  overtones  is  magnitied. 

That  ajiparently  simple  tones  are  actually  luade  up  of 
a  number  of  partials,  having  rates  of  vibVation  which 
form  simple  multiples  of  the  fundamental  tone,  niaj- 
easily  be  demonstrated  at  the  open  piano.  If  any  note, 
as  C  in  the  bass  clef,  be  struck  while  the  key  of  its'octave 
c  is  depressed,  and  then  the  struck  string  "be  damped,  it 
will  be  found  that  the  octave  c  rings  out  with  its  proper 
note.  So  in  turn  the  ff  above  that,  the  second  octave  and 
the  e  above  that,  may  lie  made  to  sound  when  the  lower 
C  is  struck,  because  eacli  of  these  strings  is  so  tuned  that 
its  fundamental  note  has  the  same  viliration  rate  as  one 
of  the  o\-ertones  of  the  lower  C,  to  which  it  resjionds  by 
sympathetic  resonance.  A  note  sung  near  the  jiiano  may, 
iu  the  same  way,  be  more  or  less  "completely  analjzed 
into  its  component  tones. 

The  organ  of  hearing  certainly  has  some  such  power 
of  musical  analysis,  for  some  cultivated  cars  are  not  only 
able  to  folhiw  a  special  instrument  in  a  playing  orchestra, 
but  can  even  distinguish  the  overtones  in  the  notes  pro- 
duced by  it. 

Inliarmonic  Orertones. — All  overtones  thus  far  consid- 
ered are  jjroduced  by  vibrations  whicli  are  simjjle  mul- 
tiples of  the  rate  of  the  fundamental  tone.  Thus,  the 
vibration  rates  of  a  series  of  upper  partials  may  be  two. 
three,  four,  five,  etc..  times  that  of  the  fundamental,  or 
the  \il)ration  rate  of  the  upper  partials  may  be  repre- 
sented by  the  series  of  odd  or  eveu  numbers,"as  the  case 
may  be.  Such  \-ibrations  do  not  interfere  with  one  another 
or  with  the  fundamental  tone,  and  their  union  produces 
on  the  ear  an  agreeable  effect  which  gives  them  their  name 
of  harmonies.  Harmonic  upper  partials  are,  according  to 
Helmlioltz.  particularly  characteristic  of  stretched  strings 
and  narrow  organ  pipes.  But  most  elastic  bodies  when 
caused  to  vibrate  gi\-e  rise  also  to  Jiartial  tones  which  are 
not  exact  multiples  of  the  fundamental,  and  which  mav 
be  termed  inliarmonic  upper  partials.  The  high-pitched 
jingle  heard  when  a  tuning  fork  is  first  struckreprcsents 
the  inharmonic  upper  partials  of  the  fork.  Stretched 
membranes  have  a  great  number  of  such  inharmonic  over- 
tones, a  fact  which  is  of  great  importance  in  the  function 
of  the  tympanic  membrane.  Inharmonic  upper  partials. 
as  might  be  expected,  rapidly  die  out  in  a  note  of  which 
they  form  a  part,  because  the  vibrations  causing  them 
are  antagonized  by  one  anotlier  and  by  the  stronger  har- 
monic vibrations.  "  For  this  reason  the"  de\-eloi)ment  of  a 
weU-marked  fundamental  tone  is  reiiressed  in  structures 
(like  the  tympanic  membrane)  which  easily  produce  in- 
harmonic overtones. 

Interference  of  Sound.  Beats. — Any  source  of  sound, 
as  a  tuning  fork,  may  be  imagined  as  sending  out  from 
itself  a  series  of  waves  of  alternate  condensation  and 
rarefaction  (see  Fig.  385).  If  a  second  tuning  fork,  hav- 
ing the  same  pitch,  is  brought  near  the  firstT  the  motion 
imjiarted  to  the  air  particles  will  be  a  resultant  of  the  two 
forces.  If  the  forks  vibrate  in  such  order  that  the  con- 
densation or  rarefaction  produced  by  eachsimultaneouslv 
engages  the  same  air  particles,  each  of  these  conditions 
Avill  become  more  intense  and  the  sound  will  be  louder. 
The  forks  are  then  said  to  vibrate  in  the  sjtnie  phase. 
But  if  one  fork  in  its  movement  precedes  or  follows  the 
other  by  one-half  a  vibration,  then  the  ]ihases  of  conden- 
sation from  one  tuning-fork  correspond  with  those  of 
rarefaction  from  the  oilier,  and  the  result  h  sHence.  A 
very  important  outcome  of  this  principle  of  interference 
is  manifested  when  two  tones  slightly  dift'erent  in  jiitch 
are  sovinded  together.  Let  a  prong  of  one  of  two  vibrat- 
ing tuning  forks  be  loaded  with  wax:  its  vibrations  will 
thereliy  be  made  slower  and  its  jiiteh  lowered.  Though 
the  forks  may  start  vibrating  in  the  s;inie  ]ihase.  the 
vibrations  of  one  fork  will  outiiaee  those  of  the  other 
until  a  jihase  of  condens;ition  of  the  first  will  correspond 
to  a  phase  of  rarefaction  of  the  .second,  and  the  result  will 
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be  perfect  or  eoniparative  silcnee.  Tlie  iinequiil  rate  of 
vibration  coiitiiuiiiitr.  like  phases  ^vill  aijaiii  tall  toKelher 
and  the  sound  will  "liecome  louder  than  from  either  forU 
alone  (Fisr.  ■ii>'2).  An  alternate  aii.irnientatioii  and  diminu- 
tion in  the  intensity  of  the  sound  is  the  result.  These 
sound  pulses  are  known  n^/un/.i.  and  they  are  the  eause' 
of  all  diseord  in  niusie,  AVhen  two  notes  not  ineluded 
in  a   perfect   cliord  are  soundeil  on  the  piano,  beats  are 


Fic.  3ie.-Thc  Two  I'.riiki'n  Lines  Hi'])n-<riit  Air  Waves  of  Slitrtillv 
DilTeivnt  Viliratiim  lintes.  Tlie  suliil  lini>  rei>resi'nls  Ihe  ■"  lii'uls  " 
or  variiilloiis  ill  souna  intensity  pr<Klu<-eU  Ijy  tlie  alKeljraii-  aililitinn 
ol  the  lli-st  two. 

heard  not  only  from  the  interference  of  the  fundamental 
tones,  but  of  iheujiiK-r  jiartials  as  well.  It  is  theabscuec 
of  beats  in  tones.tliut  .shoidd  be  in  harmony,  as  those  of 
the  major  choi-d,'  that  determines  the  instrument  to  be  in 
tune.  When  two  tones  pi-oduee  beats,  the  uuinber  of 
beats  in  a  given  time  is  C(iual  to  the  dilTeicnce  between 
the  mnnbei'of  vibrations  involved  in  thetwo  tones  in  the 
same  time.  For  example,  ii  toiu!  piixluced  by  '.ioG  vibia- 
tions  in  a  second  sounded  with  one  of  2iS  vibrations 
would  give '-'8  lieats  in  a  second.  It  is  evident  that  the 
frequency  of  beats  may  be  increased  eilhc-i-  liy  inei-easing 
the  interval  between  the  tones  or  I)y  .striking  tones  of  the 
same  interval  in  a  higher  jiart  of  thiiscale.  Beats  •which 
arc  not  too  fre(iuent— fi-om  four  to  .si.\  in  a  second— have 
important  musical  value;  but  when  tlicy  number  80 
or  40  in  a  second  they  become  exceedingly  disagreeable, 
irritating  the  ear  in  a  niannt'r  anitlogous  to  the  effect  of  a 
flickering  light  on  the  eye,  Wiien  sutliciently  near  to- 
gether tiie  beats  no  longer  pi-oduce  an  inlermittcnt  seiisa- 
tion. 

The  number  of  beats  recpiii'cd  to  result  in  this  fusion 
increases  as -we  ascend  the  nuisical  .scale,  varying  fi'om  Hi 
beats  at  O  of  64  vibrations  a  second  to  i:!6  beats  at  c  '  of 
1,024  vibrations. 

Hdlinony  and  Dixrunl — Tones  aie  riiiinirdniit  iir/un- 
?noH«'c  when  tliey  produce  no  licats  on  being  sounded  to- 
gether; they  B.rh,dii<mr(liint  when  beats  are  produced,  and 
tlie  i)ainfursense  of  disstmance  inci'cases  in  intensity  up 
toabout  '■'•'■i  bealsper  second,  l*erf<-cl  concord  is  obtained 
by  blending  tones  whose  vibrations  are  to  one  another  iis 
siiiall  whole  numlicis. 

Thus,  in  the  major  ehoi'd  C  E  (i  C  the  vibiation 
numbci-sare  132.  Hio,  198,  204,  their  ratios  are  4,  o,  0,  S, 

If  tones  the  ratio  of  whose  vibration  i-atcsean  be  repre- 
sented onlv  bv  large  vvliole  liumbei's  ai'e  combined,  a  dis- 
coi-d  is  formed,  for  the  reason  that  their  up]ier  pai-tials 
interfei'c  with  one  another  aitd  cause  beats;  there  is  no 
especial  virtue  in  the  small  integer.* 

Thus  in  the  di.scoid  (.'  D  E  tlic  vibration  numbers  are 
132,  148.5,  105,  which  ai'c  not  i-educililc  to  small  w  hol<- 
numbers.! 

liisnUant  Tones.— \\\un  two  jiowerful  tones  of  differ- 
ent iiitcli  !ire  soimded  together  there  ntay  be  heaid  in  ad- 
dition a  thii'd  tone  of  much  lower  pitch  than  eilhei'.  This 
isaretiulliiiit  of  the  two  primary  loiics  and  has  been  called 
a  diffii-<  lire  time,  liccau.se  its  piicli  corresponds  to  a  viliia- 
tion  rate  ccpial  to  the  difference  of  rales  of  thetwo  pri- 
mary tones,  ••  l)itTci-cnce  tones,"  though  having  the  same 
nnnierieal  relations  as  "beats,"  are  not  to  be  confused 
with  the  latter.  As  two  tones  may  generate  a  third 
which  repi-escnls  the  ditlei-ence  between  their  vilirations. 
so,  it  was  pi-edielcd  and  demonsi  rated  by  Jblmhollz,  they 
may  give  rise  to  Hunniiotiim  A'/i<.«  whose  pitch  is  deter- 
miiied  by  the  khiii  of  the  vibi-ati<ins  of  the  ]irimary  tones. 
The  vast  couiplexity  of  the  system  of  aerial  waves  to 
whose  imjii-ess  aiid  analysis  the  ear  is  seiisilive  and  capa- 
ble, is  well  cxpi-essed  by  TyiidalhJ  "■In  the  music  of  an 
orchestra,  not  only  have  we  the  fundamental  tones  of 

♦Tyndall:  "Sound."  tWaller:  "Human  I'liysIoIof.'y."  '^'-^b 

tTyiidall:  "Sound,"  ISTU'.  p.  ;i.si. 


everv  pi])e  and  of  evei'v  string,  !)Ut  we  have  theoverlones 
of  each,  sometimes  audible  as  far  as  the  sixt<'enlh  in  the 
series.  We  have  also  I'csultant  tones;  lioth  cliffeiciice 
tones  and  stnniniition  (ones;  all  tiembling  thiough  the 
same  ail',  all  knocking  at  Hie  selfsame  iynip;inie  niciii 
bi-ane.  We  have  fundainenlal  lone  intciiering  willi  fun 
damental  lone,  overtone  willi  ovirlone,  rcsullanl  lone 
with  resultant  lone.  And,  besides  this,  we  have  the 
members  of  each  class  interfering  willi  tlie  members  of 
every  other  class.  The  imagination  retii'cs  batiled  ficnn 
any  attempt  to  realize  I  he  physical  condilion  of  the 
ali'nosphcre  throu.y'li  wliidi  Ihe.sc  sounds  are  passing." 

(Out  of  the  wealth  of  lilei'atiire  ujion  Ihe  physics  of 
sound,  menlion  may  be  contincd  lo  the  work  of  Helm- 
liollz:  "Die  Tonemiifundungeii,"  translated  by  Ellis, 
"SeiisiUions  of  Tone,"  etc.,  which  covers  the  field  of 
phvsiological  acoustics.  Also,  the  lectures  of  Tyndall 
on""  Sound."  Appleton,  18TT,  are  full  of  clear  beauty  ou 
the  jihysical  side.) 

Anatomv  and  Physiology  ok  thk  PL\r, 

(Detailed  description  of  th(^  structure  of  the  various 
parts  of  the  car  may  be  found  underapproprialeca])lions. 
in  this  seclion  anatomy  and  histology  will  receivi^  as  lillle 
alteiilionas  is  consislenl  with  dear  exposition  of  func- 
lions. ) 

The  oriiHii  of  lull  ri  III/  is  usually  described  as  consisting 
of  Ihe  following  divisions:  1.  The  e.rtenml  im;  composed 
of  the  pi'iiiiii  or  iiiii-icle  and  the  rxtri-iiitl  niidilorij  iiiciitiia. 

2.  Tlie  middle  eiiy.  including,  with  its  contents,  the  com- 
municating Eustadiian  tube  and  the  tympanic  niembi-ane. 

3.  The  interned  enr  or  liihi/riiit/i,  including  the  vestibule, 
cochlea,  andsemicirctdar  canals,  with  their  corresponding 
menibnuious  eontenls  and  the  diietus  eiidi/li/iiijihn/iriis. 

The  piitiiii  or  iniride  (Fig,  30:3)  has  less  functional  im- 
|iorlance  in  man  Ihan  in  some  of  the  lower  mammals,  as 
lln^  derr,  in  wliiili  ilstruni]iet  .shape  is  especially  adajited 
lor  the  collection  of  waves  of  sound.  The  extreme 
mobilily  of  tlie  auricle  in  sue  h  animals  must  make  it  of 
use  in  locating  sounds,  a  function  imiiorlant  to  the  pres- 
ervation of  its  life  from  eiu'inies.  Even  the  human 
auriile,  and  especially  the  ronehn.  must  serve  an  impor- 
tant use  in  the  colleciion  of  soimd  waves. 

The  e.rteniiil  oiiditori/  wiiiiiis  or  riiinil  (Fig,  393)  serves 
the  purpose  of  conveying  with  undiminished  inlensity 
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Caiialis  F<illovlae 
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Fk;.  393.— Vertical  Sei-tioii  throiarli  Ritrlit  Exlenml  Auditory  Canal  and 
Tyinpanic  Cavily.    (Alli-r  Heitzuiaiiu.) 

Ihe  sound  colleclcd  by  the  auride  to  the  tymiianic  mem- 
brane, while  allowing  this  structure  to  lie  buried  at  a 
safe  distance  from  the  surlace.  Sound  w:ives  iirodiiced 
in  till'  open  air  radiate  in  all  directions  and  rapidly 
diminish  in  inlensity  (the  decline  in  intensity  is  projior- 
tional  to  the  sqiiari'  of  the  distance  traversedi.  When 
sound  is  pri'Venled  from  radiating,  as  wlieii  one  whispers 
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into  I  ho  open  011(1  of  a  tube,  it  is  oonductcd  for  oxtraordi- 
iiarv  dislnneos.  This  is  tho  principle  on  which  Ihe  effec- 
tiveness of  the  stethoscope  depends.  Tlie  relations  of 
tho  parts  of  th(>  Innnan  external  ear,  the  tnir/iin  and  aitti- 
tragtm.  the  oblique  direction  of  the  meatus  and  the  benil 
in  its  eo\n-se,  are  admirably  adaiited  for  the  jirotection 
of  the  tympanic  membrane  from  external  violence. 

The  e.xt<>rnal  auditory  meatus  acts  as  a  resonator  for 
tones  in  uinson  with  its  own  fundamental,  whose  pitch 
corresjionds  to  a  vibration  rale  of  about  three  thousand 
per  second.  The  shrill  intensity  jiossessed  by  certain 
tones  near  tlie  upiier  limit  of  the  musical  scale,  as  the 
chirji  of  a  cricket,  is  due  to  the  sympathetic  resonance  of 
the  auditory  canal  (Ilelniholtz). 

The  iiiiild/r  air  or  ii/iiiju(/uiiii  (Figs.  393,  401)  is  an  air- 
liolditiiT  cavity  of  irrea'ular  shape  in  the  petrous  bone, 
and  it  is  l)roader  Iiehind  and  above  than  it  is  below  and 
in  front.  Posteriorly  it  is  in  open  communication  with 
tlie  complex  system  of  air  cavities  in  the  mastoid  bone 
known  as  the  mastoid  antrum  and  the  mastoid  cells.  A 
considerable  portion  of  the  cavity  lies  above  the  level  of 
the  tympanic  membrane  and  is  known  as  the  attic.  It  is 
separated  from  the  brain  cavity  by  a  thin  plate  of  bone 
itegmciUuiit  tyinpani.  Fig.  393).     It  is  easy  to  see  how 


continuous  with  that  of  the  Eustachian  tulie  and  the 
pharynx,  and  the  membrane,  like  that  of  the  Eustachian 


MemtfraTia 
tympam 
Or^J.  t't/jnrpu.n,tuf)clc 

\  Uthm>ct  tutja,  JianuWum 

mallei 


Fig.  394.— Tlie  Memlirana  Tympanl  and  the  Eustachian  Tube,  as  Seen 
Within.    (After  Heltzmann.;) 

suppurative  inflammation  of  the  middle  ear  not  only  may 
invade  the  mastoid  cells  but,  by  absorption  of  the  thiii 
roof  of  the  cavity,  and  in  other  ways,  may  make  otitis 
media  t  he  commonest  soui'ce  of  pyogenic  all'ectious  of  the 
l)i-ain.*  Anteriorly  the  tympanum  is  continuous  with  the 
pharynx  thi-ouj;h  the  Evistticliian  tulie  (Fiy:.  391).  The 
inner  wall  of  the  cavity  is  formed  chiefly  by  jiart  of 
the  bony  envelope  of  Ihe  internal  ear.  The  surface  of  the 
inner  wall  is  ]iierced  by  two  apertures,  th(>  fenestra, 
oralis,  or  oval  window,  and  the  fenestra  rotiinda,  or 
round  window,  leading  into  separate  divisions  of  I  be 
cavity  of  the  bony  labyrinth. 

In  life  each  fenestra  is  covered  by  a  thin  sheet  of 
membrane,  and  the  foot  of  the  stapes  (see  below)  is  fast- 
ened by  a  ligamentous  fringe  in  Ihe  oval  window.  The 
cavity  of  the  tympanum  is  lined  by  mucous  membrane 

*  Macewen,  "  Pyogenic  Diseases  ot  the  Brain  and  Spinal  Cord,"  1893. 


«  ,    Processus 
'  brats 

Manubriummalhi 

Fig.  395.— The  Right  Membrana  Tympanl  as  Seen  frnm  Without,  After 
tho  Itenioval  of  a  Pan  of  the  osseous  E.xternal  Autiitory  Canal. 
(After  Heitzmann.) 

tube,  is  ciliated  except  over  the  surfaces  of  the  ossicles 
and  the  tympanic  memlirane. 

The  iiiiiipanic  meiidirane  or  dram  skin  (F\s:».  39.3- 
397),  seijarates  the  tympanic  cavity  from  the  au- 
ditory canal.  It  is  a  somewhat  oval  disc  whose 
longer  axis  is  directed  from  behind  and  above 
downwai'd  and  forward,  and  whose  length  is  about 
9  mm.  The  membrane  is  inserted  obliquely  to  the 
axis  of  the  mentus,  so  that  the  floor  of  the  latter 
Is  longer  than  its  roof.  The  membrane  varies  con- 
sidei'ably  in  its  physical  characters  in  disease,  but 
normally  it  is  semitransparent  and  of  a  pearly  lustre 
to  otoscojjic  vision  (Figs.  396, 
397).  It  is  composed  of  an 
outer  layer  of  thin  skin,  an 
inner  layer  of  mucous  mem- 
brane, with  a  coat  of  chiefly 
fibrous  tissue  between.  The 
greater  numlier  of  the  fibres  of 
this  middle  layer  (/iieMhraiiii 
propria)  radiate  from  near  the 
centre  to  the  periphery  of  the 
membrane;  but  there  are  also 
circular  libres  of  elastic  tissue 
which  are  most  numerous  in 
a  ring  near  the  attached  mar- 
gin of  the  membi'ane.  The 
surface  <if  the  drum  skin  is 
not  flat,  but  is  funuel-sliaped 

with  the  apex  of    the  funnel  pointing  inward,   a 
position   determined    by   the    attachment    of    the 
handle  of  the  malleus.     Moreover,  the  radial  lines 
of  the  membrane  are  not  straight,  but  are  slightly 
cui-ved  with    the    convexity  outward,    this   shape 
being  partly  due  to  the  tension  of  the  circular  elastic 
from      fibres.     A  small  segment  in  the  upper  part  of  tlie 
membrane,   mendirana  Jfarcidei.  or  S/trapnrll's  mem- 
brane, lacks  the  tenseness  of  the  rest  of  the  struc- 
ture.    When  light  is  thrown  upon  the  normal  tympanic 
membrane,  a  bright  reflection  (known  as  the  pyramid  of 
light)  is  seen  in  its  lower  anterior  quadrant.     The  apex 
of  Ihe  bright  ti-iangle  is  at  the  tip 
of  Ihe  manubrium,  and  its  base  is 
on   or   near   Ihe    perijdiery  of   the 
membrane. 

Auditor!!  Ossicles. — The  vibrations 

of    the     t_yniiianic    membrane   are 

transferred  lo  i\w  fenestra  oralis  of 

the  labyrinth  by  a  chaui  of  three 

little  bones:    the  iimllens  (hammer), 

!'/)(V/.'i (anvil).  and,4V(»/>c.v(slirrup).  Ihe 

so-called  aiiditori/ ossicles  (Fiirs.  39S. 

399).     The  mtillens  is  18  lo  19  mm. 

Fig.  397.- n  o  I- in  a  1       lomj;  it  has  a  rounded  bead  srrooved 

?Iefl''SV'''TAft"r      ""'""''   side   for  artieulalion  with 

Jacobson.)'  the  incus,  a  short  neck  and  a  long 


Fig.  396.— N  or  ma  1 
Membrana  Tympam 
(rlRht  side).  After 
Jacobson.) 
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hantllc  or  ninntibrium,  wliicli  is  iiisprtcd  in  tlip  tissue  of 
the  tyiiipaiiic  mpiiiljrano  frniu  a  point  on  its  iipiKT  |iciii)Ii- 
rry  to  a  little  below  its  eeiitre.  T\w  pmrcxxiin  hrcri.s  of 
the  malleus  is  a  low  conical  pnijeclion  which  rises  from 
the  top  of  the  manubrium  anil  jiresses  directly  a.srainst 
that  segment  of  the  tympanic  nu-mbrane  which  lies  im- 
mediately behiw  the 

Mnllfus 
g/  frrnc.  bm: 


C2' 

hrce 


-Caftit 


Collum 


Tile  Tbrcc  Ossicles. 
iiiaTin)-.     . 


(After  Heitz- 


t/tt'iiibr/f/ui  Jliicrithi, 
or  meml)rana  von 
vibrans.  These 
parts  can  usually  be 
seen  on  insjiection 
with  the  ear  specu- 
lum (Figs.  10,  13. 
14).  Th(!  pr<ira<itii« 
f/riiri'lis  or  pn/asf^un 
Foliiiniii,  long  and 
slender,  arises  from 
an  emini'iice  just 
below  the  neck  of 
the  malleus,  and, 
passing  forward 
and  outward,  is  inserted  in  the  (llaserian  lissure  in  the 
wall  of  the  tympanum.  The  malleus  is  held  in  position 
partly  by  ligaments.  The  .•oijx  ri'>r  or  sunpeiisdr)/  Ufinmeut 
passes  downward  and  outward  fiom  the  roof  of  the  tym- 
panum to  111'  inserted  into  the  head  of  the  malleus.  The 
main  portion  of  the  iintifiitr  liijiinii  iit{  Fig.  400)  is  attached 
to  the  necU  of  the  malleus  just  above  the  prvrcsniixf/riiril/x  ; 
it  embraces  the  latter,  an<l.  passing  forward,  (inds  its  ori- 
gin in  the  anterior  wall  of  the  tympanum  anil  in  the  Ula- 
serian  ti.ssnre.  Another  division  of  this  ligament,  the  i.r- 
liriidl  liyiiMi'iit.  iirhv.sand  is  attached  more  e.\  tenia  I  ly  than 
that  just  described.  The  ligaments  of  the  malleus  serve 
to  keep  its  head  in  position  (Figs.  400,  401).  The  exter- 
nal ligament  being  attached  above  the  axis  of  rotation  of 
the  hammer,  prevents  the  head  of  this  bone  from  iiifiving 
too  far  inward,  and  the  manubrium  from  being  puslied 
too  far  outward.  The  superior  ligament,  owing  to  its 
oblique  course,  restrains  the  head  of  the  hammer  from 
moving  too  far  outward. 

The  ihfiiK.  (inihiis,  or  anvil  lione,  is  shaped  somewhat 
like  a  bicuspid  tooth.  Its  body  is  hollowed  on  the  sur- 
face and  covered  with  cartilage  for  articulation  with  the 
head  of  the  malleus.  It  has  two  processes,  a  /««.'/ and  a 
n/ort,  which  jiroject  at  right  angles  to  each  other.  Their 
respective  lengths  are  about  4  and  Ji  mm.  When  in  nat- 
ural position,  the  long  iirocess  descends  nearly  parallel 
with  till'  manubrium,  but  it  has  less  than  three  fourths 
the  length  of  the  latter.     The  free  end  of  the  long  proc- 
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ess  is  turned  sharply  inward  at  right  angles,  and  termi- 
nates in  a  roundeii  [irojeption,  tlicw  orhiciilare  or  leiili'-n- 
hire.  which  is  jirovided  with  cartila,ge  for  articulation 
■with  the  head  of  the  xtiipcs.  The  short  process  is  conical 
in  shape  and  is  thicker  than  the  long  process.     It  has  a 


horizontjd  position,  and  is  attached  by  a  thick  ligament 
to  tli<'  posterior  wall  of  the  tympainun. 

The  s/iijKK  articulates  with  the  end  of  the  long  process 
of  the  incus:  its  ])lane  is  horizontal  and  about  at  right 
angles  to  that  process.  It  measures  about  !!  to  4  mm.  in 
length  by  about  2. .5  in  lireadth.  The  base  of  the  stirrup 
bone  is  set  in  i\ic  fniixtra  unilis,  an  ajierture  measuring 
about  'i  by  l.o  mm.,  and  is  held  in  position  by  a  narrow 
membrane  made  up  of  radial  tibres  of  connective  tissue 
(Fig.  402).  When  in  position,  the  innirl'ace  of  the  base 
of  the  stapes  is  covered  with  lymphatic  endotlieliinn 
and  is  washed  liy  the  ]ierilyniiili  of  the  internal  ear;  the 
outer  faci',  like  the  other  ossicles  and  the  wall  of  the 
tympanum,  is  covered  by  thin  mucous  membrane. 
"  Miirciiicnt.i  of  t/ii;  (Jx.si(ic.i. — Tin.'  iihiIU  ii«-iiii-ii«  articula- 
tion is  so  arranged  that  with  outward  movements  i;f  the 
manubrium  the  head  of  the  malleus  glides  freely  in  the 
joint ;  but  the  lower  margins  of  the  articulating  surfaces 
jiroject  in  such  a  wa.y  that  the  prominences  catch  upon 
eacii  other  and  intiilock  when  the  maniibriuin  is  moved 
inward.  Thus,  in  inward  movements  of  the  tympani(; 
membrane  and  its  attached  manubrium,  the  malleus  and 
incus  move  together  like  one  rigid  piece  of  bone,  the 
motions  of  the  manubrium  and  of  tlie  long  jiroccss  of  the 
incus  being  parallel.  In  the  outward  movements  the 
lockingteeth  or  project  ions  are  probably,  under  ordinary 
conditions,  still  kept  iu  apposition  through  the  elastic 


Kiii.  tna.-A  Nearly  Horizontal  Section  tliroiiali  the  Tympannni,  In- 
c-lurlinsi  the  Mallelis-Inrus  Artii-iiliition.  //,  lieiul  of  liainiiier,  inner 
snrfiui' ;  A.  anvil  or  incus,  whose  sli'Tt  jip  tress  is  heldlty  lii;anicnta 
in  a  iMiny  niclie ;  St>.iii..  spina  iiiajoi-  uf  tyniiianic  wall;  /^(/.(I., 
anterinr  iifranieut ;  Ijij.  /',>(.,  external  liiranient.  The  line  it.r-tix 
rejircsent-s  the  a.xis  of  rotjitiou  of  the  two  ossicles.    (After  Hensen.) 

reaction  of  the  ligament  and  the  stapedial  attachment  of 
the  incus.  Should,  however,  the  tymjianic  memliranc 
be  forced  unduly  outward,  as  by  increase  of  iiressure 
within  the  tympanum  or  rarefaction  of  the  air  in  the 
auditory  meatus,  the  incus  only  follows  the  malleus  for 
a  ciitain  distance,  the  latter  comiileting  its  motion  by 
gliding  in  the  joint.  There  is  thus  no  danger  of  the 
stapes  being  torn  mit  of  the  oval  window.  Of  the  mal- 
leus-incus articulation  Helmholtz  sjiys:  "In  its  action 
it  may  bo  compared  with  the  joints  of  the  well-known 
Hreguet  watch  keys,  which  have  rows  of  interlocking 
teeth,  olTering  scarcely  an\'  resistance  to  revolution  in 
one  direction,  but  allowing  no  revolution  whatever  in 
the  other."  The  hammer  and  the  anvil,  suspended  by 
their  ligaments,  move  freely  about  sm  a.xis  one  end  of 
which  is  found  at  the  origin  of  the  anterior  part  of  the 
anterior  ligament  of  the  malleus,  and  the  other  end  in  the 
origin  of  the  ligament  which  is  continuous  with  the  short 
])rocess  of  the  incus  (F'i.g.  400). 

In  inward  motions  of  the  tympanic  membrane  (and 
probably  under  ordinary  conditions  in  outward  motions 
as  well),  the  ossicles  move  like  a  single  bone  about  the 
axis  of  suspension.  The  three  bones  may  lie  likened, 
then,  to  a  single  rigid  lever  of  peculiar  form.  The  |iower 
is  applii'd  to  this  lever  at  the  tip  of  the  manubrium,  the 
eflect  is  produced  at  the  footplate  of  the  stapes.  Ob- 
.servalion  .shows  that  the  fulcrum  is  found  at  the  end  of 
the  short  jirocess  of  the  incus.  From  the  latter  point  the 
distance  measured  to  the  i///(/w  or  tip  of  the  manubrium 
is  about  one  and  one  half  times  the  distance  from  the 
fulcnim  to  the  end  of  the  long  process  of  the  incus. 
Therefore,  motions  im|iarteil  to  the  stajies  can  have  but 
two-tliirds  the  amplitude  of  those  arising  at  the  uml)o: 
but.  according  to  the  principles  of  the  lever,  the  former 
movements  have  one  and  one-half  times  the  fnice  of  the 
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latter.  It  Avill  bo  iidticoii  tliiit  a  large  proportion  of  tlie 
mass  of  both  anvil  and  hunnner  is  found  above  their  a.\is 
of  rotation;  this  upper  portion  aets  as  a  eounterpoise  to 
the  parts  below  whieh  are  direetly  eoneerned  in  the  lever 
action.  Tlie  bony  lever  lieing  thus  balaneed.  it  is  less 
dillicidt  tounderstand  itsknown  sensitiveness  to  inipidses 
that  are  ineoneeivably  weak.  The  tense  tympanic  mem- 
brane, bv  reason  of  its  funnel  sliape,  resists  strong  in- 
ward compression ;  hence  the  stajies  is  |)revented  from 
being  i)ressed  too  far  inward.  The  ma.vimum  amplitude 
of  motion  of  the  end  of  the  long  process  of  the  incus  is 
very  small,  being  only  about  ^V  b>  yV  mm.,  while  that  of 
the" centre  of  the  tympanic  membrane  is  about  -j\y  to  } 
mm. 

The  great  rapidity  of  aOrial  vibrations  to  which  the 
chain  of  ossicles  can  respond  suggests  that  it  conducts 
the  sound  jiulses  as  molecular  or  longitudinal  vibra- 
ti(ais.  as  a  rigid  rod  of  wood  transmits  the  tick  of  a  watch. 
But  Ilelmholtz  lias  shown  reasons  for  believing  that  the 
fimctional  movements  of  the  ear  bones  is  molar,  that 
they  oscillate  as  a  whole,  the  chain  moving  in  a  body 
with  each  impulse.  It  is  open  to  suspicion  that  the 
upper  limit  of  the  scale  of  pitch  may  be  determined  by 
the  superior  rate  of  vibration  to  which  the  chain  of  bones 
is  capable  of  responding.  The  sole  jinrpose  of  this  ap- 
paratus of  the  middle  ear  is  to  transmit  exactly  the  varia- 
tions of  pressure  in  t he  air  of  the  e.xteinal  auditory  meatus 
to  the  perilymph  which  bathes  the  foot  of  the  stapes:  in 
other  words,  to  convert  air  waves  into  a  similar  series  of 
water  waves.  As  put  by  Helmholtz:  "The  mechanical 
problem  whieh  the  apparatus  within  the  drum  of  the  ear 
had  to  solve  was  to  transforin  a  motion  of  great  ampli- 
tude and  little  force,  such  as  impinges  on  the  drum  skin, 
into  a  motion  of  small  amplituile  and  great  force,  such  as 
had  to  be  communicated  to  the  thud  in  the  labyrinth." 
The  adaptation  of  the  apparatus  of  the  middle  ear  to  this 
end  is  worthy  of  careftd  consideration.  In  the  tirst  place, 
it  will  be  noticed  that  the  area  of  the  fenestra  ovalis 
which  receives  the  impulses  of  the  stapes  is  but  a  small 
fraction  of  the  surface  of  the  tympanic  membrane  on 
which  the  air  waves  impinge,  the  latter  area  being  some 
fifteen  to  twenty  times  greater  than  the  former,  so  that 
the  eucrgy  of  air  motion  is,  in  a  fashion,  concentrated. 
In  the  second  place,  as  previously  observed,  the  lever 
mechanism  of  the  auditory  ossicles  is  such  that  the  move- 
ments of  the  end  of  the  long  process  of  the  incus  have 
two-thirds  the  amplitude  of  those  of  the  tip  of  the  manu- 
brium, liut  aliout  one  and  one-half  times  their  force.  It 
should  also  be  noticed  that  the  membrane  fastening  the 
foot  of  the  stajx-s  in  the  fenestra  is  somewhat  less  "tense 
on  the  upper  side,  so  that  the  top  of  the  oval  footpiece 
has  a  freer  motion  than  the  bottom,  and,  as  the  end  of 
the  incus  process  mo\es  somewhat  upward  and  inward, 
the  head  of  the  stirrup  rises  slightly  with  inward  motions. 
In  other  wfirds.  the  stapes  itself  forms  an  indeiieudent 
lever,  of  which  the  long  arm  is  the  height  of  the  stirrup 
and  the  short  arm  less  than  the  breadth  of  its  footiiiece, 
by  which  the  motion  imparted  by  the  inc\is  is  further  re- 
duced in  amiditudebut  increased  in  power.  In  the  third 
place,  it  has  been  demonstrated  by  Helmholtz  that  the 
shape  of  the  tympanic  membrane  peculiarly  adapts  it  for 
transforming  weak  movements  of  wide  amplitude  into 
strong  ones  of  small  compass.  For  this  membrane  is  not 
a  sim])le  funnel  deju-essed  inwardly,  but  the  radii  are 
slightly  curved  with  the  convexity  outward,  u  shape 
chiefly  due,  it  is  said,  to  the  tension  of  the  elastic  circular 
fibres  of  the  membrane  on  its  inner  face,  these  being  most 
luimerous  toward  the  circumference.  Air  waves  beating 
upon  this  convexity  flatten  the  curve  somewhat,  anil 
their  whole  energy  nnist  be  concentrated,  with  increased 
intensity,  but  loss  of  motion,  near  the  central  point  of 
the  membrane.  The  same  effect  is  illustrated  by  the  fact 
that  when  a  string  or  rope  is  stretched  horizoiitally  be- 
tween two  iioints.  no  matter  how  tightly,  it  always' sags 
in  the  middle;  tlie  weight  of  the  cord,  however "sliglit., 
drags  it  tlown  in  a  curve,  and  jiroduces  a  corresponding 
traction  on  the  points  of  support. 

iSpccwl  Properticn  of  the   '/'i/iiijianie  Membrane. — It  is 


evident  that  any  marked  tendency  of  the  transmitting 
apparatus  of  the  middle  ear  to  vibrate  at  a  particuUir 
rate — ^lliat  is,  possession  by  it  of  a  strong  fundamental 
tone — would  render  impossible  the  conduction  of  aerial 
pulses  in  their  actual  proportion  of  intensity.  Mem- 
branes have  fundamental  tones  (see  p.  (il3)  whose  pitch 
is  determined  by  their  area,  thickness,  and  tension,  but 
they  diS'er  from  rods,  strings,  etc.,  in  lieing  less  strictly 
confined  to  a  single  fundamental  tone  in  their  vibration. 
The  tympanic  membrane  is  peculiar  in  that  it  can  hardly 
be  said  to  have  a  definite  fundamental  tone.  This  is 
jjre vented  probably  both  by  reason  of  its  structure  and 
the  peculiar  form  of  its  surface,  and  also  because  its 
oscillations  are  damped  by  the  pressure  of  the  malleus 
held  in  position  by  the  other  mechanisms  of  the  tym- 
panum. 

One  important  purpose  subserved  by  the  tympanic 
membrane  is  no  doubt  to  guard  from  injury  the  delicate 
membranes  of  the  feuestrae  and  other  contents  of  the 
middle  ear.  The  astonishing  freedom  of  the  normal 
membrane  from  foreign  jjartieles  is  probably  due  to  a 
radial  movement  of  its  surface  epithelium  in  the  course 
of  cellular  renewal. 

When  the  tympanic  membrane  is  perforated  or  is 
even  wholly  removed,  without  destructive  inflammatory 
changes  in  the  middle  ear.  sounds  are  still  heard,  though 
usually  with  diminished  loudness.  An  artificial  drtim 
inserted  in  the  meatus  occasionally  improves  hearing  in 
the  absence  of  the  normal  membrane,  or  when  the  trans- 
mitting mechanism  is  abnormally  relaxed.  It  is  said 
that  it  should  be  iilaced  in  contact  with  the  malleus,  and 
its  mode  of  action  seems  to  be  to  bring  atrial  vibrations 
to  bear  effectively  upon  the  ossicles.  A  small  wad  of 
cotton  has  been  emjiloyed  with  the  .same  result. 

When  the  tymjianic  membrane  is  absent,  air  waves 
beat  directly  upon  the  membranes  of  the  fenestra;,  and 
certain  sounds  may  then  be  heard  with  increased  loud- 
ness. But  in  the  absence  of  the  elaborate  arrangement 
described  above  for  abolishing  sympathetic  vibi-ation  of 
the  sound-conducting  mechanism,  it  is  probable  that  the 
fenestral  coverings  are  crude  and  inaccurate  interpreters 
of  the  sounds  beating  upon  them.  Thus,  a  musician 
who  had  suffered  loss  of  his  tyni])anic  meml.iranes  was 
no  longer  able  to  play  his  violin,  probabl_v  because  sounds 
of  different  pitch  ceased  to  be  perceived  in  their  true  re- 
lations of  loudness  (Dr.  E.  C.  Rivers). 

JkfiriDff  h}i  Boiif  Conduction. — Just  as  the  sound  of  a 
watch  or  tuning  fork  may  be  conducted  through  a 
wooden  rod,  so  molecular  vibrations  may  pass  to  the 
auditoiy  apparatus  through  the  bones  of  the  skull. 
Such  movements  ]irobably  have  the  nature  of  the  longi- 
tudinal vibrations  discussed  in  a  previous  section  (p.  611). 
If  the  stem  of  a  sounding  tuning  fork  be  touched  to  the 
skull  or  held  between  the  teeth  the  tone  will  be  plainly 
heard,  and  the  sound  becomes  louder  when  the  ears  are 
stojipcd.  If  the  fork  be  held  between  the  teeth  until  the 
sound  dies  away,  the  tone  reappears  upon  closing  one  of 
the  auditory  cauals  and  on  the  same  side  as  the  closure.  A 
fork  which  has  become  silent  to  air  conduction  luay  still 
be  heard  if  held  lietwecn  the  teeth;  and  when  the  somid 
again  dies  away,  it  returns  when  the  stem  of  the  fork  is 
inserted  into  the  meatus.*  Hearing  by  bone  conduction 
occurs  in  the  absence  of  the  tympanic  membrsines,  and 
even  when  the  membranes  covering  the  fencstrse  of  the 
internal  ear  are  so  altered  by  disease  as  to  be  ill  adapted 
to  transmit  vibrations.  Such  vibrations  are.  probably, 
transmitted  directly  through  the  bony  labyrinth  to  its 
contained  fluid,  though  in  the  presence  of  the  normal 
fenestral  coverings  and  of  the  tympanic  membrane  the 
vibrations  are,  without  doubt,  taken  up  and  transmitted 
by  these  structures.  Closing  the  ears  would  then  reflect 
and  intensify  the  sound. 

In  deafness  due  to  middle-ear  trouble  sound  can  still  be 
plainly  heard  by  bone  conduction.  The  (iinliphone  is 
essentially  a  sheet  of  some  ehistic  material,  as  hard  rub- 
ber, easily  .set  into  sympathetic  vibration,  which  is  held 

*  Hensen  :  Hermuuu's  Hdi),  d,  Pliysiolo^le,  Bd.  iii..  Th.  2. 
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a;raiIl^^t  tlu'  teeth  to  wliieli  it  tniiisniits  vibrations  that  it 
lias  talieii  pj)  liice  a  soimdiii!;  boai'd. 

In  deafness  due  to  dis<'aseof  the  internal  ear  vibrations 
eondiieted  throtiirli  tlie  bones  of  llie  sliidl  mal<e  no  andi- 
lory  impression.  Aecording  to  Esgci'.*  even  wlieii  tliere 
is  deafness  to  skull  vibrations,  a  tuninir  fork  may  still  be 
heard  and  [liteli  reeoj;iiized  when  it  is  applied  to  the 
bones  of  the  extremities  (olecranon,  tibial.  As  this 
]Hrxver  fails  when  the  part  is  made  ana'mie  by  Ksmareh's 
bandaiie.  thi-  author  aseribes  the  sensation  not  to  bone 
conduction,  but  to  irritation  of  the  auditory  centres  by 
way  of  the  nerves  of  common  sensation. 

Eimtiichiaii  Tube. — Any  steady  ine(|iiality  of  air  j.iress- 
ure  on  tiie  two  sides  of  the  tympanic  membrane  woidd 
evidently  more  or  less  interfere  with  its  functional  move- 
ment.s.  As  air  is  proliably  continuously  .-disorbed  from 
the  tympanum  and  as  external  barometric  pressure  is 
ever  varyinjr.  the  drum  of  the  ear  lU'cds  some  arranu'e- 
nient  for  the  maintenance  of  an  e(iuililirium  of  air  |)ressure 
on  the  two  sides  of  the  tympanic  membrane.  Such  a 
mechanism  is  foundin  tile  Enxtiirhidii  Tnhe.  a  .somewhat 
trumpet-shaped  canal  which,  bcfjinninj;  in  the  lower, 
anterior  wall  of  the  tympantnn.  riuis  downward,  for- 
ward, LUid  inward,  and  terminates  in  a  slit  in  the  side  of 
the  ujiper  part  of  the  i)liarynx  (Fi.y.  'M)A\.  The  Kusta- 
chian  tube  is  lined,  like  the  walls  of  the  tymjianum,  with 
eilial.ed  epithelium,  tlu'  cilia  workini;-  in  such  a  way  as 
to  convey  into  the  i)harny.\  such  secretions  as  may  be 
poured  into  the  middle  ear,  as  well  as  the  foreign  matter 
that  inaj'  enter  the  canal  from  the  pharynx.  A  con- 
sideration of  the  (u-dinary  mode  of  infection  of  the  middle 
ear  from  the  ])liarnyx  suggests  how  important  a  role 
must  be  borne  by  the  ciliated  ipithelium  in  the  preserva- 
tion of  health. 

The  pbarvngi'al  opening  of  the  Eustachian  tube  is 
jirobably  usually  closed,  Inil  may  be  made  to  open  by 
considerable  increase  of  air  |>ressur<'  within  the  ])liarynx, 
as  may  b(^  produced  by  closing  the  nose  and  mouth  and 
either  forcing  air  into  the  pharynx  by  strong  expiratory 
movement  or  rarefying  it  bj-  suction.  In  the  former  case 
air  pressure  within  the  middle  ear  is  increased,  in  the 
latter  it  is  diminisheil.  When  air  is  thus  made  to  enter 
or  leave  the  tympanum  a  sensation  of  a  sudden  snap 
and  a  dull  crackling  noise  in  the  ear  are  ex]>ericnced. 
The  lower  end  of  the  tube  is  normally  opened  during  the 
act  of  swallowing,  and  it  is  at  this  moment  that  the 
intra-  and  extra-tymiianie  pressures  are  equalized.  The 
well-known  method  of  Pulitzer  for  inflation  of  the  middle 
ear  consists  in  forcing  air  into  one  nostril  during  the  act 
of  swallowing,  while  the  other  nostril  and  tin-  month  are 
closed. 

MiiKclex  of  the  }firhlle  Etn: — Thei'c  are  two  intrinsic 
muscles  of  the  middle  ear  which  sirve  to  adjust  the  ten- 
sion of  its  transmitting  mechanism.  Uougldy  s|ieaking, 
they  are  antagonistic  in  action.  The  iiiis'ir  liiuiiiinii 
muscle  is  lodged  within  a  groove  which  is  just  aliove 
and  about  parallel  with  the  Eustachian  tube  (Fig.  ;i!)4). 
It  terminates  externally  in  a  long  tendon  which  bends 
nearly  at  right  angles  round  the  outeredge  of  the  groove 
and  is  inserted  into  the  handle  of  the  malleus  near  the 
neck.  Contraction  of  the  tensor  tympani  thus  pulls  the 
tympaine  membrane  inward,  renders  it  more  tense,  and 
somewhat  dampens  its  vibrations  (Fig.  4bl).  At  the 
Siinie  time  the  toothed  processes  of  the  incus  and  malleus 
arc  brought  closely  together  so  that  there  can  be  no  loss 
of  motion  in  vibration  <if  the  ossicles,  and  the  stapes  is 
driven  further  into  the  oval  window,  increasing  tension 
within  the  labyrinth.  Opinion  is  somewhat  divided  as 
to  the  conditions  of  functional  activity  of  the  t<'nsor 
tym])ain.  The  normal  tone  of  the  nuiscle  ])robalily  gives 
it  .some  constant  tensorelTeet.  It  is  said  that  the  relaxed 
tympanic  membrane,  partieidarly  after  section  of  the 
tensor  tympani  nuiscle  in  lower- animals,  is  thrown  into 
sympathetic  vibration  with  comparative  ease,  and  is  in 
this  condition  best  adapted  to  respond  to  weak  ai-rial  ini- 


*  Estrer,  St.:  Compt.  rend,  de  la  soc.  d.  biol.,  1898, 815 ;  Jiihresbericlit 
(1.  Physi<il(i(rie,  1899.  S.  !18. 


pulses  and  to  the  jieriodic  waves  of  musical  notes. 
When  the  membrane  is  tense  its  vibrations  arc  more  or 
less  damped  and  it  is  then  best  titled  to  transmit  with 
distinctness  the  irregular  vilirations  of  noises  and  <-on- 
sonantiil  sounds.  It  would  follow  tliat  the  action  of  the 
muscle  facilitates  distinct  a]>]>reciatioii  of  speech  while 
it  diminishes  aeuteness  of  hearing.  According  tollenscn  * 
the  tensor  tympani  muscle  is  rellc'Xly  excited  to  contract 
by  the  initial  w.-ivesof  a  sound,  resulting  in  a  clo.ser  in- 
terlocking of  malleus  and  incus,  thereby  preventing  lo.ss 
of  motion  in  subse(|uent  vibrations.  But  OstermaiH  has 
.given  reason  for  believing  that  the  nuiscle  is  ehielly  a 
protective  meclianism  calii-d  into  ]iliiy  only  or  mainly  by 
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Fi(i.  4(11.— DiaKram  Representinfr  tlie  Mode  cif  Displaeemenl  of  tlie  Os.si- 
elps  under  Die  InMucnee  ef  Mie  ('initnii-tinn  of  ttie  'IVnsor 'I\vni|ninl 
Muscles,  (.\fter  Ti-stuI, )  ti,  Kxl<-ni:il  auditory  i.inal ;  />,  tynip:ini<* 
cavity:  c,  xestitmU'  of  tlie  iuiiereiir;  r/.  foncstni  ovalis;  1,  iiieiii- 
lirana  tympani :  :i,  nianuliriuni  mallei ;  -'.  section  of  tin-  lon^  proc- 
ess of  'the  malleus;  I!,  head  of  tlu'  lualleus ;  4.  in.'^frliou  of  the 
tendon  of  till' tensor  tympani  muscle;  ,^).  vertical  or  loriL'  processor 
the.  incus:  U,  head  of  this  ossicle;  7,  the  stapes.  The  dotted  lines 
Indicate  the  positions  wtuch  the  ossicles  and  tympanic  nieuihrane 
will  assume  wlien  the  tensor  tymparu  inuS'Cle  contra*'ts :  the  arrow- 
shows  the  direction  of  this  iiio\einent. 


very  loudaml  painful  noises.  Itsaction  prevents  oscilla- 
tions of  the  tympanic  membrane  which  would  otherwise 
be  of  so  great  ani|'litude  Jis  to  dama.ire  the  car. 

The  stdiieilin'!  is  ii  small  muscle  embedded  in  the  inner 
wall  of  the  tympanum  near  \\w  fenestra  ovalis.  Its 
tendon,  passing  forward,  is  inserteil  into  tlie  neck  of  the 
stapes.  Contraction  of  the  muscle  would  have  the  elTect 
of  pressing  tlieliinder  jiart  of  the  loot  of  the  sta]ies  either 
a.gainst  llii'  edge  of  the  oval  window  or  larther  into  the 
o])eniiig,  and  of  withdrawing  \\u:  forward  ptirt  fndu  it 
(Fig,  402),  The  muscle  may  therefore  be  considered  to 
diminish  pressure  within  the  labyrinth,  causing  the 
membrane  of  the  round  window-  to  be  diviwn  inward. 
Its  action  in  these  respects  is  the  oitjiosite  of  that  of  tin' 
ti'iisor  lynipiUii.  Itis  said  that  the  stapeilius  iscontrolled 
by  the  facial  anil  the  tensor  tympani  by  tlie  tiftli  nerve. 

A  bundle  of  lilires  jiassing  backward  from  the  iinterior 
part  of  the  tympanum  to  be  inserted  into  tlie  ni;dleus 
just  jiljove  the  root  of  the  jiroccssus  gracilis  has  been 
described  as  the  tdxiitor  Ijiiiipiiiii  iiiii.ti'h.  It  will  receive 
no  further  notice  since  Ilelmlioltz  and  otliers  consider  it 
to  be  merely  a  liganicntotis  support  for  the  malleus. 

The  Iiiti-nifd  Ear  m-  Lnhijiintli. — This  is  the  se:it  of 


*  Hensen:  Hermann's  Hdli.  d.  PhvsloloKie.  I!d.  iii..  isso. 
tUsleniian:  Arch.  f.  Anat,  u,  I'hysiolojric,  l.s!)S,  s.  .,">. 
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the  sensory  orjriin  of  heaviiij;.  It  is  enniposed  of  a  eoni 
plieilted  system  of  niciiibianous  lul)cs  aiul  saes,  the  mint- 
hrniHins  Iti/ii/ri'iit/i.  in  wliieli  teniiiiuiteat  |iurtieular  points 
bundles  of  filaments  of  the  auditory  nerve.     The  mem- 


FIG.  402.— Diatrrain  Sbowinc  How  the  Stapes  is  Displaced  under  the 
Intluence  i>t  tlie  Contraction  of  llje  Stapedius  Muscle,  {.\fter 
Testut.)  A.  Stapes  in  repose ;  B,  stiipes  after  the  stapedius  muscle 
has  contracted.  1,  Base  or  footplate  of  the  stapes;  2,  anterior 
margin  of  ttie  fenestra  ovalis ;  2\  posterior  margin  of  the  same ;  3, 
pyramidal  process,  givini?  e.xit  to  the  tendon  ti)  of  the  stapedius 
niusile;  n.  anterior  portion  of  the  annular  li(;ament:  h,  posterior 
and  shorter  (loi-tion  of  tlie  same  ligament;  xj\  antero-posterior 
diameter  of  the  feni'slia  o\-aIis.  passinir  throueti  the  footplate  of 
the  stripes  in  its  two  p.istiions  — .1.  when  in  repnj^e,  li,  after  the 
contraction  of  the  staiiediiis  niuseie;  //.tile  iiomt  through  which 
the  vertical  line  tliat  represents  the  axis  of  rotation  of  the  stajies 
pa.sses. 

brauous  labyrinth  is  contained  within  a  chamber,  the 
bony  Idhi/ri/i't/i,  hollowed  in  the  jjetrous  bone  (Fijjs.  403- 
400).  The  osseous  tissue  immediately  surrountiinii  the 
labyrinthine  cavity  is  \-ery  dense  and  ■with  caic  may  be 
separated  from  the  bone  of  looser  tcxtui'e  al)out  it.  The 
cavity  of  the  bony  labyrinth  (Figs.  403,  404)  consists  of 


AmpuUaJi 


Fifi.  «B.— The  liony  Shell  of  the  Lahviinth.     (.\fter  Heitzmann.)    f 

a  median  part,  the  resiihiile,  which  is  prolonjjcd  posteri- 
orly in  the  .system  of  semicircular  mmil/i  and  anteriorly 
in  the  cucldea.  The  vestibule  is  a  space  whieli  measures 
in  man  alioiit  one-fifth  of  an  inch  in  diameter,  and  it  is 
perforated  on  its  outer  wall  by  the  oval  openinjr  known 
as  the  fcinKlni  oralis.  The  semieircular  canals  are  thi'ee 
tubes  of  circular  section,  known  respectively  as  the  an- 
tei-ior  or  stiiierior,  the  jmsterior,  tind  the  external  or  hori- 
zontal seniicircular  canal.  Their  ]>lanes  are  about  at 
right  angles  to  one  another,  so  that  they  occujiy  the  three 
possible  dimensions  of  space.  Each  canal  is  dilated  at 
one  extremity  into  a  globular  cavity  which  is  known  as 
the  ampiilla.  The  anterior  and  iiosterior  canals  unite 
near  the  ends  not  provided  with  ampulUe.  and  they  enter 
the  vestibule  as  a  connnon  tube.     Anteriorlv  the  vesti- 


bule is  continticd  as  a  tube  which  is  coiled  upon  itself 
two  and  oiu'  half  times,  turd  which,  from  its  resemblance 
to  the  shell  of  ti  snail,  is  known  as  the  rnrldea.  The 
osseous  cochlea  (Fig.  40.i)  ntay  be  conceived  as  formed 
by  a  bony  tube  coiled  about  a  bony  central  jiillar.  the 
iiiiiiliiiln.'t,  which  is  of  spongy  texture  and  diminishes  in 
diameter  from  the  base  to  the  apex  of  the  cochlea.  From 
the  modiolus  a  bony  shelf,  the  hnninn  spiralis,  stretches 
into  the  cavity  of  the  tube,  incompletely  dividing  it  into 
two  tulndarchambers,  and  winds  round  the  central  pillar 
like  a  spiral  staii'case.  The  separation  of  the  spaces  on 
eithci'  side  c)f  the  lamina  spiralis  is  rendered  complete  by 
membranous  structures  to  be  considered  later.  The 
tubtdar  area  on  that  side  of  the  lamina  spiralis  which 
faces  the  apex  of  the  cochlea  is  in  free  communication 
with  the  vestibule  and  is  known  as  the  scala  restihiili. 
The  part  of  the  canal  which  is  on  the  opposite  side 
of  the  lamina  spiralis,  facing  the  base  of  the  cochlea,  is 
known  as  the  scala  ti/znpaui,  because  it  comes  into  rela- 
tion with  the  tympanum  at  the  fenestra  rotunda  (Figs. 


liatnulv^ 


Fig.    4tH.— The   Bony  Labyrinth,  Open  toward  the  Front.      (After 
Heitzmann.)    J. 

40.5-408).  In  the  upright  position  of  the  head  the  axis 
of  the  modiolus  is  nearly  horizontal,  ]iointing  from  base 
to  apex,  outward  and  slightly  downward  and  forward, 
the  base  of  the  cochlea  being  formed  by  the  inner  surface 
of  the  petrous  bone.  Contained  within  the  cavity  of  the 
bony  labj'rintli,  and  on  the  whole  parallel  with  its  walls, 
is  the  membranous  labyrinth,  in   wliicli  are  found  the 


La-m.  spiral,  ossea  ^<\y!>'^<\  ^,VV  Pit  IrniJiuo  to 

Hiatus  'I''  '  '^ 

fan.  Fa  I  fop 


Fig.  405.— The  Cochlea,  Opened  in  a  Direction  at  Kiffht  Angles  to  the 
Axis  of  the  Pyrarniiliil  I'ortion  of  the  'I'einporal  Bone.  (After 
Heitzmann.)    J 

essential  structures  of  the  organ  of  hearing  (Figs.  40(>- 
408).  The  mcmbi-anous  labyrinth  is  filled  with  a  some- 
what watery,  muein-holding  lluid.  the  endolympli.  while 
a  similar  tbiid,  the  perilymjilt,  tills  the  space  between  the 
membriuioiis  labvriiilh  ;ind  the  bonv  walls  outside  it. 
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The  iiiTilyiii|)halic  space  is  lined  willi  lympliatie  epitlio- 
limii  and  is  in  emiiinunieation.  aloni;-  llie  slieatli  i)f  llie 
auditory  nerve,  wilh  the  snlidural  and  suliaraeliniiid 
lymph  areas  of  the  brain.  Xiuinrons  slieets  and  liars  of 
cdnni'ctive  tissue  reaeji  from  the  wall  of  the  bony  to  that 
of  the  meiidiiauons  labyrinth  and  hel|isupport  the  latter. 


Fk;.  4'Xl.— Ttiiitrrain  IndicatinL'  tlie  I*eri-  ami  Kn(te-IyMij>Iiatir  8|)ii/-t*s 
of  ttip  Inner  Kar.  (After 'I'esim.)  'fliR  eridclvmiitiatic  .spaeesare 
represtMited  in  ^ray,  tlie  i»erilvini)Iiatii-  in  t'lm-k.  1.  t'trienlus;  :i. 
saceuliis;  3.  .seniieirciilar  canats;  I,  enrlili-ar  canal;  .">,  endn- 
lyinplialic  eanat.  witli  il<  two  iiiilia!  ln-anches;  tl,  endolyinpliatic 
(Mil-tie-sac :  7,  canal  of  Hensen  nr  <-ana!is  reuniens;  s.  si-ala  tyiii- 
I)ani;  H.  scala  vestitmli ;  10.  their  iioiia  of  union  at  the  heiieotrerna ; 
11.  aqiaeiinctiisyesiiltiili :  1'*,  a'piiedurtuseociilea*;  i:j.  pcriostenin  ; 
14.  rtura  mater;  l.'>,  stapes  in  the  fcnestni  oviilis ;  Iti,  fenestra 
rotunda  and  .secondary  tympanic  mcnilirane. 

That  ptiiM  of  the  inembi-anous  labyrinth  wliielt  is  eoii- 
tiiined  within  the  bony  vestiliuU'  is  CMtiipo.sed  of  two 
separate  s;ies  which  only  iudii'ectly  eommnnieate  with 
each  other  (Fiirs.  llXi.  4(17).  The  inisterior  sac  is  larjjer 
iind  is  known  as  the  iifrimfiis  or  iitriiic.  From  it  .spring 
the  inembraiiotis  semicircular  <-tinals.  The  smtiUer  an- 
terior sac  is  ctilled  the  f:iirrii/ii.v  or  niicrtil,'.  The 
ciivities  of  the  utricle  iinil  siicetile  arc  itidircctly 
coiitiniiotis  throujrli  two  small  tubes  which  arise 
from  either  sac  and.  tiniting,  form  a  sin.nle  Itibe. 
the  (!iirl)i.i  eiuI'diiiiijiliiitii-iiK.  which  rtitis  inward 
throush  a  canal  in  the  ])etros;il  bcaie  and  ends 
blindly  in  a  dilated,  tlatleneil  extremity,  the  Hur- 
riis  rndiiliiiHiiliittii-iis.  which  is  sn|)ported  between 
the  layers  of  the  (hini  nKitiv  within  the  cranial 
cavity!  The  plane  separatinj;  the  two  vestibtilar 
Siics  is  perpendictiliir  and  opposite  the  fenestrti 
oralis  (Fis.  4(M'>).  The  sacctiltis  communicates  by 
a  narrow  tube,  the  cnixdis  viiniiciiii.  with  tlitit 
division  of  the  membnitious  labyrinth  whi<h  is 
contained  within  the  bony  cochleti  tiiid  known  ;is 
the  rititiiliK  or  ihirff/.-i  1'01'hftiin'x  (Fitx.  'ItHJi. 

The  (nitltti)Vti  niriY  ctpusists  of  at  least  two  di- 
visions having  separate  oriiriiis  and  dilferent  dis- 
tributions. One  of  these  branches  passes  tinally 
to  the  cochlea,  iiiid  the  other  to  the  vestibule  and 
seinicircukir  CiUials.  The  nerve  ai^proaches  the 
hibyrinlh  by  way  of  a  csmal  known  as  the  mriihix 
iiiiilltiiriiin  iiifmiiis-.  anil  on  reachiiiL''  the  anitle 
between  the  base  of  the  cochlea  and  tlte  vestibule, 
(he  cochlear  branch  passes  to  its  destination,  while 
of  the  remainder  of  the  nerve  a  sujierior  division  is  dis- 
tributed to  the  utricle  and  to  the  ampulhe  of  the  an- 
terior and  horizontid  semicircular  canals,  and  the  inferior 
division  supplies  the  saccule  and  ampulla  of  the  pos- 
terior ciinal. 


The  inner  wall  of  both  utricle  and  saccule  is  elevated 
at  a  ])articul:ir  sjiot  into  a  low  eminence,  the  iiinrula 
(irtiKtird.  formed  by  development  of  the  connet'live  tissue 
of  the  membianoiis  Wiill.  In  ji  simihir  way.  the  inner 
wall  of  each  ampulla  of  the  semicircuhir  can;ils  is  de- 
velopeil  in  a  rid.'re  projecting  into  the  cavity  across  its 
long  a.xisand  knownas  the  cristn  arvHticn.  ijoth  timniht' 
and  rrintie  are  covered  by  peeuli;irly  modified  columnar 
epithelial  cells,  called  iiin/ili/ri/  rjiit/iiUum  because  they  re- 
ceive the  terminal  twigs  of  the  auditory  nerves.  The 
auditory  cells  are  siiiil  to  be  of  two  kinds.  (.)nc  variety 
is  cylindrical  in  sh;iiie  and  rciiches  only  part  Wiiy  to  the 
basilar  membrane,  the  hair  ciII.h  ;  the  other,  narrow  and 
elongated,  the  supporting  or  si/kI,  nlaru/in-  alls.  From 
the  free  ends  of  the  former  there  luojeet  lon,ff,  stitT,  luiir- 
like  processes,  the  aiirli/ofi/  /mir.i.  which  are  longer  on 
the  cells  of  the  crista;  than  on  tho.se  of  the  macula'.  The 
auditory  nerve  filaments  supplying  this  jiart  of  the 
labyiinth  pass  through  the  inaeuhv  and  crist;e  and. 
bii-akin;;-  up  into  nodulated  fibrils,  encircle  the  bodies  of 
the  hail'  cells.  Seated  on  the  free  surface  of  the  inai  ulai' 
epillielium  is  a  fibrous  mass  which  is  said  to  be  a  normal 
sirnctute  and  not,  like  a  .somewhat  similar  mass  found 
covering  the  crista-  in  post-mortem  sections,  a  coagulum 
due  to  the  method  of  preparation.  Embeilded  in  thi' 
membrane  over  the  mticula'  of  lioth  sacs  are  small  crys- 
tals. (itnlitliH  or  otiiroiiiii,  composed  chielly  of  carlionatc 
of  linii'.  Otoliths  are  found  at  times  also  in  the  amimll.'e 
and  even  in  the  iierilyinjih  space  of  the  cochlea.  In 
some  fishes  there  are  l;U'ge  masses  of  calcareous  matter, 
otoliths,  attiiehi'd  to  the  walls  of  the  vestibular  sacs. 

2'lir  Mciiihranciiti  Corlilai. — By  far  the  most  complex 
structure  of  the  ear  is  found  in  the  cochlea.  The  mem- 
branous cochlea  (Fi.as.  40H.  4(10),  sometimes  known  as  the 
niimli.i  or  </ net i/nfiir/ilniriiiK,  is  a  tube  of  nearly  triangul.'ir 
cross  section.  The  biise  or  outer  side  of  this  triangle  is 
attacheil  closely  to  the  w;ill  of  the  bony  cochlea;  the 
upper  side,  sii|iposing  the  modiolus  to  be  verticiil  with 
its  ajK'X  above,  is  made  of  a  thin  sheet  of  cells  known  its 
the  tiii'iiiliiinie  nf  I'l/xsin'i- ;  the  lower  side  is  made  up 
partly  of  the  bony  margin  of  the  Iiidiiiih  sji/nilix  and 
liartly  of  a  membrane  radi;illy  striated,  stretched  across 
from  the  eilgeof  the  spiral  lamina  to  the  side  w;dl  of  the 
cochlea;  this  is  called  the  hiinlhir  iinnihrinie.  or  iiniiihrniiii 
hnslhivis  (V\%.  Am). 

The  eoileil  tube  of  the  osseous  cochlea  is  thus  divided 
longititdin.'illy  into  three  jiarallel  tubes;  the  si-tilii  nstihiili 
and  the  tifiilii  ti/niinini  on  either  siile  of  the  lamina  spiralis. 


.\fembranons  Laliyrinth  of  the  Itiirht  side.     i.\ft 
,    snpcrior  sen. icirciUar  canal :    ;»,  posterior 
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e.xteriial  seini<'in;nhir  canal : 
I  itdiituni i)haticu.->\  with  (7  and 
siic,   .-larrus  nulffhimphatirn: 


Tcstnt.)  I,  t  tri- 
ircnlar  canal ;  4. 
saccnliis;  (>.  cndolymiihalic  canal,  iliiiinf^ 
')  its  parent  canats;  s.  its  terminal  cnl-dc- 
il.    cochlear  canal,   with   ('.)')    its   vcsiiimlar 


lil-cle-sjxc  and  '9*)  its  tormina!  cul-de-sac:  10.  canalis  reuniens  of  Hcnsi 


and  (he  ciDinlin  eni-hlcitris  between  them,  whei'e  th<'  s]iiral 
lamina  is  wanting. 

The «'«"'/.•<  oclili'irix  contains  endolymiih  and  is  closed 
at  etich  end.  btit  its  c;ivily  eommiinicali  s  by  way  of  the 
narrow  miiiiUh  roniiciiti  wilh  th;it  of  the  sticeule.     The 
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tubes  or  scnhe  on  eitlii-r  side  of  tlir  nicnihranous  coclilea 
arc  liciilymiili  spaces.  The  upper  lulic.  when  followed 
down  to  the  hase  of  ihe  cochlea,  is  found  to  open  freely 
into  the  cavity  of  the  veslibule;  hence  its  name  oi  scala 


4ns.— Semidiagrammatic  Section   of  a  Coclilear  Whorl. 
Ht^itzmann.) 


(After 


veMihiiU.  The  lower  tube  ends  blindly  at  the  base  of  the 
cochlea,  but,  wliere  this  part  bul;;cs  into  the  tympanum 
as  the  "promontory"  of  its  inner  wall,  it  is  perforated 
by  the  aperture  known  as  the  fenestra  rotunda  whose 
proper  membrane  alone  prevents  the  perilymph  from 
escaping  into  the  middle  ear.  This  tube  is  therefore  called 
the  mdii  t/piipani.  From  its  central  position  the  mem- 
branous cochlear  canal  is  sometimes  known  as  the  saila 
meiliii. 

As  the  spiral  staircase  formed  by  the  osseous  lamina 
spiralis  and  the  membranous  basilar  membrane  winds 
round  the  modiolus  froin  the  base  to  the  ape.x  or  cupola 
of  the  cochlea,  the  radial  width  of  the  basilar  membrane 
increases  while  that  of  the  bony  lamina  decreases.  In 
the  basal  whorl  of  the  cochlea  the  width  of  the 
two  is  about  equal,  but  near  the  cupola  the  lam- 
ina sjiiriilis  is  nearly  wanting.  The  radial  width 
of  the  basilar  membrane  is  said  to  vary  from  .36 
mm.  at  the  top  of  the  cochlea  to  abot'it  .21  nii 
near  the  bottom.  The  scala  vestibuli  and  t 
scala  tympani  have  no  communication  exce 
through  a  small  aperture  un- 
der the  cupola  of  the  cochlea 
known  as  tlic  luUcotreriui ;  this 
is  boiuided  by  the  hook-like 
termination,  the  liiniiutug  (F\g. 
40-H,  of  the  bony  lamina  spira- 
lis, which  forms  the  greater 
part  of  a  ring  completed  by 
the  pointed,  blind  extremity  of 
the  canalis  cochlcaris  fastened 
above  the  hamulus  to  the  cu- 
pola. 

Trdiiniiiinfiion    of    Vi/imt/oiis 
t/imof/h    tile    Ldlijiriiitli. — AVe 

have  seen  above  (p.  (il:!)  that  composite  air  waves  differ 
from  the  single  jiendular  vibrations  of  which  they  are 
made  up  by  their  form.  That  is,  w^liile  in  a  single  pendu- 
lar  vibration  the  motion  of  an  o.scillating  air  particle  is 
similar,  and  its  acceleration  or  retardation  is  uniform  on 
each  side  of  the  ]ioint  of  rest,  in  the  composite  wave  this 
is  not  so.  The  tympanic  membrane  nnist  res]>ond  to  all 
the  variations  in  the  sound  jiulses  entering  tlu'  meatus 
and  transmit  them  with  exactness,  though  With  dimin- 


ished amplitude  and  increased  force,  to  the  foot  of  the 
stapes.  Tile  end  of  the  long  process  of  the  incus  rises 
.somewhat  in  its  inward  excursion,  so  that  the  head  of 
the  stapes  is  slightly  raised  at  each  impulse.  The  motion 
of  the  stapes  in  the  fenestra  ovalis  is,  therefore,  not  so 
nmch  that  of  a  piston  in  a  cylinder  as  a  inbble  about  an 
axis  that  runs  parallel  and  near  to  the  lower  edge  of  the 
footplate.*  As  the  maximum  excursion  of  the  incus- 
stajies  articulation  is  only  about  ^j  mm.,  that  of  the  foot 
of  the  stapes  must  be  still  further  reduced  and  increased 
in  power. 

The  fluid  of  the  labyrinth  being  incompressible,  any 
considerable  inward  movement  of  the  stapes  must  be  at- 
tended liy  provision  for  the  outlet  of  the  displaced  fluiil. 
•Such  a  safety  valve  is  found  in  the  fenestra  rotunda. 
Perilymjih  pressed  away  from  the  oval  window  may  tind 
a  free  vent  bypassing  through  the  scaUi  vestibuli  toward 
the  apex  of  the  cochlea,  through  the  helicotrema,  back- 
ward by  w-ay  of  the  scala  tj'inpani,  at  the  basal  end  of 
which  it  finds  the  fenestra  rotunda,  and  may  cause  its 
covering  membrane  to  bulge  into  the  tympanum.  That 
such  a  transference  of  fluid  in  the  direction  from  the  oval 
to  the  round  window  can  take  place  w-as  demonstrated  by 
Politzer,  who  inserted  a  glass  tube  in  the  fenestra  rotunda 
and  found  that  fluid  in  the  tube  took  a  higher  level  when 
strong  air  pressure  was  brought  to  bear  on  the  outside  of 
the  tymixxnic  membrane.  It  is  hardly  conceivable,  how- 
ever, that  actual  molar  motion  of  perilymph  through  the 
helicotrema  occurs  with  each  oscillation  of  the  foot  of  the 
stapes.  The  effect  upon  the  membrane  of  the  round 
window  of  a  continuous  musical  note,  for  example,  is 
probably  to  give  it  a  fixed  position  midway  between 
that  restilting  from  the  maximum  and  that  resulting 
from  the  minimum  displacement  at  the  oval  window. 
This  action  may  be  illustrated  by  a  device  sometimes 
used  for  the  determination  of  the  mean  arterial  blood 
pressure  of  an  animal;  the  mercury  manometer  is  con- 
stricted at  one  point  to  a  narrow  oritice  w-hieh  blocks  the 
rapid  oscillations  <jf  the  heavy  mercury,  so  that  the  differ- 
ence in  level  of  the  fluid  in  the  two  limbs  of  the  instru- 
ment is  constant  and  represents  the  mean  between  the 
varying  pressures.  That  the  actual  transfer  of  fluid 
from  the  scala  vestibuli  to  the  scala  tympani  is  not  nec- 
essary for  the  irritation  of  the  nervous  mechanism  of 
the  cochlea  is  inilicated  by  audition  through  bone  con- 
duction, in  which  it  .seems  that  molecular  vilirations  may 
arouse  the  sense  of  sound  by  direct  transmission  through 
the  osseous  cochlea.     AVe  may  look  upon  the  action  of 
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Fig.  tilil.— Seinidiagrammatlc  Section 


if  tlie  Ortran  of  Corti.    (.\fter  Itet^ius.  from  Heitzmauu's  "  .\uat- 
oiuie  des  Meriscben.") 


the  stapes  as  that  of  a  hammer  which  aiijilies  sharp  lajis 
to  the  perilymph. 

Asthe  terminalionsof  tlieauditory  nerveare  all  within 
the  closedand  complex  membranous  l.-ibyrinlh,  vibrations 
of  the  perilyin])h.  to  have  sensory  effect,  must  be  taken 
up  by  the  wall  of  that  structure.     The  sensory  epithe- 

•  Henlie,  quoted  b,v  Hensen :  Hermann's  Hdb.  der  Physiologie,  Bd. 

iii.,  'I'll.  2,  S.  :iB. 


022 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


Alldilloil. 
Audltlwu. 


lium  of  tlu'siiccuk'.  utricle,  uiul  scmicin-ulur  canals  would 
socni  to  Ik-  impressed  by  viliratious  ]irociediiii;  (lirectl_v 
froiu  llie  oval  window.  Consideriiif,'-  the  uiinuteuess  of 
tlie  canalis  reuniens,  it  is  not  i)roI)al)le  that  irritation  of 
the  cochlear  nerve  depends  ui)on  viluations  reaehinjr 
them  through  the  endolymph  of  the  saccule,  but  that  it 
is  achieved  Ihroujih  motion  imparted  by  thi'  broad  way 
of  the  scala  veslibuli.  the  diiuiuisbinjj  calibre  of  which 
toward  the  api'X  of  the  coclilea  would  seem  adapted  to 
the  concentration  of  energy  of  vibration  toward  that 
point.  The  indirect  tubular  connuiuiicalion  between  the 
various  chambers  of  the  mcmbranoiis  labyrinth  and  with 
the  cranial  cavity  through  the  itiirtim  ciithdj/inijIiiitknH 
and  its  dilated  extremity  alford  evident  provision  for  the 
e(iiialization  of  pressure:  throu.ghout  the  endolymi)h. 

The  Miiiibraiiims  Corhleit  iniil  the  Orniiii  of  (\irti. — The 
thn-lnx  ciirldeiifis  is  somewhat  triangular  in  cross  section, 
its  tloor  being  composed,  in  the  lower  whorls  of  the  coch- 
lea, of  lhe/"/,v(Vi(/'/H<7H///vo«and  I  he  edge  of  the  lamina  sin- 
ralis  (Fig.  408);  but  the  latter  component  decreases  as  the, 
apex  is  reached,  so  that  lioth  the  relativeand  the  ab.solute 
width  of  the  basilar  membrane  increases  as  the  cupola  is 
approacheil  (p.  iVi'Z).  The  delicate  incnibriinr  of  Riinniift; 
stretched  front  a  line  on  the  lanuna  spiralis  .somewhat 
back  from  its  edge  to  the  wall  of  the  bony  cochlea,  sepa- 
rates the  eanalis  cochlearis  from  the  scala  veslibuli,  as 
the  basilar  membrane  does  from  the  scala  lyiupani. 

From  the  physiological  standpoint  interest  is  chiefly 
centred  in  the  basilar  membrane  and  the  structures  su])- 
jiorted by  it.  'nol/un/'lnr  iiiiinbroiii:  isa sheet  of  complex 
tissue  tightly  stretched  between  the  edge  of  the  lamina 
spiralis  and  the  outer  wall  of  the  coclilea.  The  mem- 
brane is  librillated  and  splits  readily  in  a  radial  direction, 
and  has  been  supposed  to  rejircsent  essentially  a  series  of 
Stiff  elastic  fibres  more  or  less  coherent  in  a  cement  sub- 
stance (Fig.  409).  .Sealed  on  the  inner  part  of  Ihe  basilar 
niembraiie  is  the  peculiar  structure  Unown  as  the  orijuii 
o/rV/e  (Figs.  40H,  409). 

The  ";77«n  f;f  (""r^^  has  as  its  supporting  framework  a 
series  of  modified  cuticular  epithelial  cells  known  as  the 
rmU  of  Ci>rii  (I'i'hi iHiiiv  crt.  and  int..  Fig.  4()!t),  which  arc 
arranged  along  the  inner  edge  of  the  membrane  in  two 
rows,  an  inner  and  an  outer.  The  feet  of  Corti's  rods 
arc  separated  at  some  distance  on  the  basilar  niemliraiie, 
but  flic  rods  are  inclined  toward  each  other  and  ar<! 
united  at  the  top,  leaving  between  them  anil  the  basilar 
iiicinbrane  the  tnnnti  if  Corti.  The  inner  rods  are  more 
numerous  than  the  outer,  so  that  the  latter  arc  fastened 
r-athcr  Ijclween  than  to  the  ends  of  tlie  former.  Leaning 
against  the  inner  or  median  side  of  the  inner  row  of  roils 
is  a  single  row  of  hair  cells  (Fig.  40!)).  much  like  those 
described  a.s  seated  on  the  macuhe  and  crista'  of  the 
labyrinth,  to  which  filaments  of  the  auditory  nerve  are 
applied.  On  the  inner  face  of  these  hair  cells  are  several 
rows  of  columnar  ei>ithelial  cells  suiiportcd  by  a  base  of 
nuclei.  External  to  the  outer  row  of  rods,  and  seiiarated 
fi'oin  it  by  a  space,  are  four  ])arallel  rows  of  liair  cells 
known  as  the  cclh  of  Cnrtl.  The  hair  cells  do  not  rest 
ujion  the  basilar  membrane,  but  are  upheld  by  four  rows 
of  specialized  bodies,  the  ciUx  if  DeHirn,  inserted  between 
and  otitside  them  and  supported  below  by  the  basilar 
membrane.  Outside  these  structures  are  several  rows  of 
columnar  epithelial  eel  Is,  The  rods  of  Corti  are  ]ieeuliarly 
shaped  at  llie  top,  the  upper  extremity  of  each  being  bent 
at  an  angle  so  as  to  project  externally  and  parallel  with 
the  basilar  membrane;  Ibcsciirojeetionsare  tlic  iiliiiliini/iir 
jiirircniicx  of  the  rods.  These  processes  form  the  [joints  of 
attachment,  or  the  beginning,  of  the  retiriihite  niemhrinic 
{iiii'mhriiiiii ntii-iihitii),  a  peculiar  network-like  strueture 
formed  of  cuticular  rings  and  cross  bars  (not  shown  in 
the  figure).  The  reticulate  membrane  stretelu's  across 
the  outer  rows  of  hair  cells,  the  body  of  each  of  which  is 
enclosed  and  is  held  at  the  top  within  a  ring  of  the  net- 
work. The  inner  or  median  face  oi'  each  cell  of  Deilers 
is  modified  into  a  cuticular  thread  which  is  fused  below 
to  the  basilar  membrane  and  above  to  a  ring  of  the  re- 
ticulate menibranc. 

A  sheet  of  radially  fibrillated  (issue  is  attached  to  the 


vestibular  lip  of  the  UihIiiik.  a  promontory  composed  of 
connective  tissue  resting  \\\»m  and  fringing  the  edge  of 
the  hiiniiin  x/ni-idi«.  This  sheet  is  known  as  the  tcrttirial 
iniMiihriiiw.  (memhranii  kr/itn'ii)  and  reaches  out,  over  the 
organ  of  Corti  as  far  as  the  outermost  row  of  hair  cells 
(Fig.  409).  It  is  siiid,  when  in  place,  to  lie  in  actual  c(m- 
tact  with  the  rods  of  Corti  and  the  free  ends  of  (he  hair 
cells,  and  it  has  been  ]iresiimed  to  serve  as  a  damper  for 
the  vibrations  ini]iarle<l  to  Ihe  organ  of  Corti.  Howard 
Ayers*  dilfers,  in  essential  particulars,  in  his  interpreta- 
tion of  some  of  the  structures  of  the  .sensory  organ  of  the 
cochlea  from  the  current  views  which  have  been  ]irescnted 
above.  ThtisAycrs  asserts"that  the  so-called  mcnibrana 
teetoria  is  nothing  more  than  the  matted  mass  of  hairs 
which  sjiring  from  the  tops  of  the  hair  cells  and  form  a 
waving  plume  on  the  crest  of  the  ridge  of  the  organ  of 
Corti." 

He  also  liolds  the  membrann  retiniliitfi.  and  several 
otlu'r  structures  described  by  different  authors,  to  be 
nothing  more  than  artifacts  ])roduced  by  the  methods  of 
preserving  and  mani]>ulating  the  siieeimens. 

Turning  now  to  the  connection  of  the  sensory  organ 
with  the  central  nervous  system,  it  is  found  that  the 
cochlear  division  of  the  auditory  nerve,  together  with 
the  nutrient  l)lood-ves.sels,  penetrates  the  modiolus  at  its 
base  and  runs  up  through  tlie  sjiongy  interior  of  the  l.ony 
|iillar  (Fig.  40S).  As  the  nerve  ascends  through  the 
modiolus  its  fibres  are  .gradually  given  off  to  run  in  a 
radial  direction  between  the  bony  plates  of  the  lamina 
spiralis.  A  collection  of  nerve  cells  forming  the  (jniiiilina 
■yiii-iile  is  interposed  in  the  course  of  the  auditory  fibres 
at  the  base  of  tlie  spiral  lamina.  The  fibrils  produced  by 
siilitling  u|)  of  the  auditory  nerve  fibres  are  generally 
bilicvcd  to  terminate  in  clusters  about  the  bodies  of  the 
hair  cells. 

Fniii'liiiii  of  t/if  Stiison/  Orr/aii  iif  the  ('ochleii,  luid  It» 
Moilt.  of  Aetioii. — There  is  no  doubt  that  the  basilar 
membrane  and  the  organ  of  Corti  arc  devoted  to  translat- 
ing the  vibrations  of  physical  sound  into  physiological 
nerve  stimuli.  More  than  this,  there  is  little  doulit  that 
the  cochlear  sense  organ  is  an  instrument  for  the  analysis 
of  the  composite  air  waves,  liowever  conii)lex  in  tlieir 
genesis,  into  the  simple  pendular  vibrations  of  which 
they  are  made  u]).  It  is  the  aiiliaratus  through  which 
the  perioil,  phase,  amplitude,  and  rate  of  motion  of  air 
particles  are  translated  into  auditory  impulses  which  give 
rise  to  conceiitions  of  harinony  and  discord.  It  is  the 
musical  organof  the  ear.  \Vlicn  we  iiuiuire  into  the  way 
in  which  the  cochlear  instrument  does  its  work,  we  an: 
reduced  to  the  use  of  hypotheses  founded  on  the  action 
of  artificial  instruments.  The  complexity  of  the  organ 
of  Corti  in  the  ear  irresistibly  demands  for  it  an  impor- 
tant function  in  the  acoustic  |n'ocess.  Hut  in  singing 
birds,  that  must  be  siippo.sed  to  have  an  "ear"  for  music, 
the  organ  of  Corti  is  not  developed.  The  radial  fibrilla- 
tion of  the  basilar  membrane  early  suggested  (hat  it  rep- 
resented essentially  a  series  of  wires  stretched  side  by 
side  and  capable,  like  tho.se  of  a  piano,  of  being  thrown 
into  symjiathefie  vibration  by  impulses  reacliing  them 
from  without.  Calculation  shows  that  the  fibres  are 
sufiicieiit  in  number  and  vary  enough  in  length  to  more 
than  account  for  the  known  powers  of  the  car  in  its  dis- 
eriininalion  of  pitch.  The  fibres  of  the  basilar  membrane 
are  cemented  laterally  by  a  substance  ap|)arently  little 
a<laptcd  to  transmit  vibrations.  It  may  be  supposed 
then,  as  Helmholtz  first,  pointed  out,  that  composite 
vibrations  traversing  the  labyrinthine  fluids  are  analyzed 
by  the  fibres  of  the  basilar  membrane,  each  fibre  respond- 
ing most  powerfully  to  its  own  fundamental  ti>ne.  and 
that  thenOjy  selected  grouiis  of  the  li(}s(  <<(  nerve  fibrils 
supplying  the  hair  cells  are  stimulated  each  with  a  par- 
ticular rate  and  intensity  of  irritation  which,  transmitted 
to  Ihe  brain,  there  exciies  sjiecific  sound  sensations:  the 
mind  again  combining  these  simple  sound  seii.salions  into 
cianplex  harmonies  having  little  resemblance  to  their 
comjiosing  elements. 

'  Ayers  :  "  Tlie  Vertebrate  Ear."    Joiirn.  of  .^I(>rpli"l"i:y,  May.  ISiW. 
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Tlip  possibility  of  dvinjr  ;i  satisl'iu-torv  pxplanation  of 
tlif  fmu-tioii  of  till'  orsran  of  Colli  must  be  iiliandom-d  at 
thcoulspt.  Tlio  roils  of  Corti  appanntly  serve  us  a  sup- 
portinu:  lueclianisni  for  tlie  sensory  eiiitheliuin.  It  has 
been  supposed  that  they  serve  to  iiiek  uj.)  and  magnify 
vibrations  of  the  basilar  libres,  and.  through  the  medium 
of  the  retieulate  meinl)raue.  transmit  such  irritations  to 
the  liairs  of  Corti's  cells.  There  is  no  doubt  that  the 
ciliated  "cells  of  Corti  "  are  the  special,  and  pioliably  the 
only,  jieriplieral  sense  organs  of  the  auditory  nerve.  Tlic 
cilia  springing  from  their  free  ends  are  usually  regarded 
as  the  sensory  structures  upon  which  the  vibrations  im- 
mediately act.  If  Avers  is  correct  in  liis  opinion  that 
the  mcmbmmi  tectoria,  instead  of  being  a  damper  for  the 
vibrations  for  the  organ  of  Corti,  is  really  a  mass  of  cilia 
or  hairs  torn  off  from  the  ends  of  the  hair  cells,  great 
strength  would  be  given  to  that  view  according  to  which 
the  hairs  themselves  are  the  .structures  set  into  sympa- 
thetic vibration  by  the  wavesof  the  eudolymph,  not  that 
their  stimulation  depends  upon  movements  indirectly 
transmiltt'd  from  the  basilar  membrane.  In  considering 
this  view,  it  is  signiticaut  that  Ihi!  scala  vcstibuli,  the 
vibrations  of  whose  perilymi^h  it  would  seem  shoidd  be 
more  powerful  than  those  within  the  scala  tympani,  ad- 
joins the  canalis  cochlearis  on  the  side  next  the  free  ends 
of  the  hair  cells  and  away  from  the  basilar  membrane. 
Finally.  Rutherford*  has  proposed  the  theory  that  the 
auditory  nerve  filaments  .simply  transmit  to  the  brain 
without  analysis  vibrations  apjilied  to  them,  much  as  a 
motor  nerve  carries  to  its  muscle  the  impulses  generated 
by  induction  currents.  The  basilar  membrane,  accord- 
ing to  tliis  view,  vibrates  as  a  whole,  and  has  somewhat 
tlie  relation  to  the  nerve  that  a  telephone  plate  has  to  the 
conducting  wire  of  the  instrument. 

Fiinetioii.i  of  tlie  Vrfitihiihir  Sites  and  tjfihe  Semicircuhir 
CiiiiiiU. — Experiments  upon  the  lower  animals  and  the 
results  of  aural  disease  in  luau  have  rendered  it  extremely 
probable  that  the  semicircular  canals  are  peripheral 
organs  for  the  complex  senm  of  eqxiiibriinn,  and  that 
they  give  rise  to  perception  of  the  movements  of  the 
head.  There  is  reason  for  believing  that  the  sensory 
cells  of  the  mecnle  and  iiiride  also  serve  as  equilibrating 
organs,  giving  rise  to  sensations  determined  not  so  much 
by  movements  of  rotation  as  by  those  in  a  straight  line, 
and  to  some  extent  deternnning  the  ])osition  of  the  head 
while  at  rest.  It  is  thought  that  the  utn/it/i.i  resting  ujion 
the  hairs  of  the  sensory  cells,  by  their  weight  and  inertia, 
aid  or  arou.se  the  excitement  of  these  cells  according  to 
the  position  of  flie  head  (see  article  on  E<iniUhrium). 

In  the  ears  of  fishes  the  cochlea  is  wanting,  but  the 
vestibular  .sacs,  and  especially  the  masses  of  otoliths  in 
them,  are  avcU  developed.  But  fishes  respond  to  vibra- 
tions which  may  be  supposed  to  arouse  auditory  sensa- 
tion just  as  well  when  the  labyrinth  is  removed  as  when 
it  is  present,  probably  through  some  cutaneous  sense. f 
Such  considerations  indicate  that  sounds  excite  in  these 
creatures  other  sensations  than  those  of  audition  as  we 
understand  it.  It  is  worth  observing  that  the  vestibular 
branch  of  the  auditory  nerve,  tliat  supplying  the  crista' 
and  maculic,  differs  in  its  characters,  in  its  development, 
and  in  its  central  connections  from  the  cochlear  br.inch  of 
the  same  nerve.  Some  have  suppost^d  that  the  sensory 
cells  of  the  macula;  are  excited  by  the  heterogeneous 
vibi-ations  whicli  v,'e  recognize  as  noises,  while  musical 
sounds  need  the  cochlear  organ  for  their  inteii)retatiou. 

Cimipirn'iui/i.  af  Visind  etnd  Aiiditin-ji  Siiifudinns. — No 
definite  relation  can  be  shown  to  exist  between  visual 
and  auditory  sensations  as  such,  because  they  are  differ- 
ent in  quality.  A  man  born  blind  may  describe  the  blare 
of  a  trumpet  as  having  the  color  scarlet,  liiit  such  a 
statement  is  evidently  only  a  metaphor  cxiiressing  the 
relations  of  the  ])syehi'eal  eifectof  the  trumpet's  note  and 
the  blinil  man's  inference  as  to  the  associations  suggested 
by  the  color.     It  is  an  interesting  fact  that  the  language 

*Rutlierfor(l,  W.:  "A  New  Tlipnrv  of  Hearing,"  .loiini.  .\iiat.  and 
Phys..  .N.\i.,  liii;.  (Qiiotfil  in  IliM'ma'mrs.lalirc.sbi>rirtit  li.  l>livsioloeie, 
lid.  XV.,  s.  ms.  '         ~ 

t  M.  Koster :  "  Te.\t-l!ook  of  Physiology,"  pt.  Iv.,  p.  Hftt,  \'M\. 


of  vLsual  sensation  is  continually  employed  in  illustrating 
peculiarities  of  sound,  as  in  indicating  tlie  qmilitu  as  the 
Cdlof  of  the  note.  In  the  same  way  other  sensory  im- 
pressions are  used  to  illustrate  visual  description,  as 
"warm"  and  "cold"  colors.  The  intimate  association 
of  sound  with  color  in  certain  persons  is  an  interesting 
fact  of  psychology. 

Both  the  auditory  and  the  visual  sensory  cells  are 
brought  into  functional  activity  by  jdiysical  vibrations, 
in  the  one  case  of  ether  and  in  the  other  of  lab_vrinthine 
fluid.  That  continuous  sensation  shall  be  aroused  tlicse 
vibrations  must  be  repeated  at  a  definite  rate.  "We  have 
found  (p.  613)  that  the  lowest  rate  which  is  recognized 
as  sound  represents  a  vibration  rate  of  16  to  24  jjer 
second,  while  the  highest  note  which  is  still  audible  varies 
in  different  indivitluals  from  16,000  to  40,000  i>er  second. 
In  musical  execution  ami  in  the  ordinary  uses  of  life  the 
auditory  range  embraces  about  seven  octaves,  though 
the  extreme  range  of  hearing  may  be  eleven  octaves. 
Visual  impressions,  as  those  from  alternating  black  and 
white  sections  of  a  rotating  disc,  fuse  together  when  the 
different  sensations  succeed  one  another  at  an  interval 
varying  from  one-tenth  to  one-fiftieth  of  a  second,  the 
interval  being  shorter  with  stronger  illumination.  But 
the  ear  is  able  to  distinguish  apart  vibrations  recurring 
as  "beats"  at  the  rate  of  133  per  second.  The  rate  of 
succession  of  air  waves  falling  ujion  the  ear  is  marked  in 
consciousness  as  a  particular  pitch.  When  separate 
luminous  impressions,  as  those  of  a  series  of  electric 
sparks,  succeed  one  another  with  sufficient  rapidity,  the 
effect  is  that  of  a  steady  light;  there  is  nothing  analogous 
to  musical  pitch  produced  by  increasing  the  rate  of 
stimulation.  Ether  waves  must  represent  a  certain  rate 
of  vibration  in  order  to  excite  visual  sensiition.  The 
fastest  viliration  represented  in  the  visible  spectrum  is 
less  than  twice  the  rate  of  the  slowest:  so  that  the  range 
of  vibration  in  the  visual  spectrum  is  included  within  a 
single  octave.  Difference  of  vibration  rate,  or  of  the 
factor  usually  considered  the  inm,  kitgtli,  in  ether,  pro- 
duces that  peculiar  variety  of  visual  scnsjition  knowu  as 
color. 

The  important  visual  phenomenon  of  fatigue  finds  its 
analogue  in  auditory  sensation.  For  if  a  simple  musical 
tone  is  sounded  and  immediately  thereafter  a  composite 
note  of  whieli  that  tone  is  an  upper  partial,  the  note  will 
lie  found  to  dift'er  from  its  normal  quality  because  it  falls 
upon  an  ear  disproportionately  fatigued  for  one  of  its 
component  tones. 

Ji/dgmeiits  <f  Direction  and  Dixtanee.  Ventnloquism. 
— The  direction  and  distance  from  which  .sounds  come  to 
the  ear  are  not  perceived  directly,  but  our  estimate  of 
them  is  a  judgment  based  on  the  loudness  and  quality 
of  the  sound  sensation,  combined  with  a  power  of  reason- 
ing from  past  experience.  Thus,  in  seeking  to  discover 
the  direction  whence  a  sound  comes,  it  is  usual  for  an 
observer  to  turn  the  head  to  the  position  in  which  the 
sound  is  heard  loudest,  and  thus  to  form  an  opinion  as  to 
its  source.  Errors  of  judgment  as  to  direction  are  fre- 
quent, owing  to  the  sound  reflected  from  some  object  aji- 
pearing  louder  than  that  coming  in  a  direct  line  from  its 
source.  It  is  saiil  that  when  there  is  tot«l  deafness  in 
one  ear.  every  sound  seems  to  have  its  origin  on  the  side 
of  tlie  healthy  ear. 

When  the  eyes  are  closed  and  the  head  is  immoved, 
sounds  produced  anywhere  in  the  median  plane  of  tlie 
head  are  very  im|ierfect!y  localized.  There  is  a  tendency 
to  refer  such  sounds  in  a  direction  above  and  in  front,  no 
doubt  becau,se  this  is  the  sjiace  from  which  most  sounds 
noticed  come  to  us. 

The  ((ualily  as  well  as  the  loudness  of  a  sound  varies 
accoiiling  to  the  distance  of  its  source.  Thus,  the  lower 
tones  of  a  composite  note  die  aw  ii.v  earliest  as  a  sound 
recedes,  bringing  the  overtones  into  undue  prominence. 
The  art  of  the  ventriloquist  consists  largely  in  altering 
the  quality  of  the  sounds  he  produces  t<i  imitate  the 
quality  they  would  naturally  have  if  arising  under  the 
conditions  which  he  would  lead  his  hearers  to  believe  to 
be  their  origin.     A  comparatively  feeble  sound  near  at 
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liaiid  may  have  the  same  (luality  as  a  very  loiul  one  licanl 
at  a  liistancc;  tlmsa  fni^;-  cidakiiiir  in  an  adjoining  rcidin 
was  once  niistatccn  liy  tlic  writer  lor  a  largo  dog  harlving 
outside  the  liuilding. 

Aciiteius.1  (if  heariiKj  diiTers  greatly  in  norma!  indi- 
viduals, and  tests  frequently  show  disjiarily  in  the  sensi- 
livenessof  the  two  ears.  The  hearingability  of  eliildreii 
is  said  to  improve  up  to  the  age  of  twelve  years.  There 
is  no  fiinetional  lelatioii  hetween  keeniK'Ss  of  hearing  and 
sensihility  to  pilch." 

Albino  animals  and  also  white  cats  and  dogs  with  lilu<' 
eyes  arc  usually  deaf.  Rawit/.f  has  found  the  cochlear 
sense  organ  degenerated  in  such  cases. 

It  seems  probable  that  congenital  deafness,  at  least,  is 
inlieritablc.  and  that  Graham  licU's  |irediction  as  to  the 
establishment  of  a  race  of  deaf  mules  front  the  inter- 
marriage of  such  unfortunates  may  be  v<'rilied. 

(In  tlie  foregoing  pages  th<'  author  has  made  some  use 
of  his  article  on  Ilearing  in  th<-  ■'American  Text  Book  of 
Physiology.")       .,    '      •"  llnuii  S  mill. 

AUDITORY  CANAL.  ANATOMY  AND  PHYSIOLOGY 

OF. — The  external  auditory  canal,  or  meatus  auditorius 
externus,  extends  from  the  bolloin  of  the  concha  t,)  the 
tympanic  membrane,  and  serves  to  convey  sound  vibra- 
tions to  the  middle  ear. 

It  develops  in  the  embryo  from  the  persistent  portion 
of  the  first  outer  visceral  furrow,  making  its  ap|iearance 
during    the    fourth  week    of   fetal  de- 
velopment. 

The  centre  of  ossilication  shows  it- 
self during  till'  third  month  in  the  lower 
wall  of  the  membranous  canal. 

At  birth  this  bone  deveiopment  has 
assumeil  the  shape  of  an  incomplete 
ring,  Hie  iniiuiliin  tjiinjinnii'iis.  This 
ring  jireseuts  a  slight  groov<'  along 
its  concave  border  for  the  atfachineiit 
of  the  tympanic  membrane,  the  de- 
ficienev'  ujiward  and  backward  form- 
ing the  so-eallid  Rivinian  (issure  or 
notch. 

At  birth  the  auditory  canal  is  a  |iar- 
tially  coUaiised  tidie,  tlie  roof  and  tloor 
being  in  contact  throughout  a  consid- 
erable portion  of  its  cMcnt  and  con- 
taining sniiill  masses  of  broken-down  epitlu'lial  seides 
and  vernix  ca.seosa. 

During  the  tirst  few  years  of  life  we  lind  proportion- 
ately Utile  dilTcrenee  in  the  length  of  the  canal  when 
compared  with  that  of  the  adult.  ~()  mm.  beii.g  about  the 
average  length  at  birth.  The  calibre  of  the  canal  is 
smalU'r  and  mor<'  oval  in  sha|ie.  The  general  direction 
is  straighter,  ]>assiiig  inward  with  a  decided  downward 
inclination,  so  that  when  exMunning  the  niembrana  tym- 
pani  in  tlie  child  the  specubuu  can  be  useil  to  more  ad- 
vantage if  the  external  ear  bi'  iiullcd  <l()wii\v.-ird  and  out- 
ward. 

The  f idly  developed  adult  canal  is  made  up  of  an  inner 
bony  portion  and  an  outer  carlilaginousaTid  membranous 
portion.  The  bone  formation  extends  from  the  amiubis 
tympaincus  out  ward  in  the  membranous  canal,  forming 
the  anterior,  inferior,  and  a  p<irtion  of  the  posterior  bony 
wall  of  the  perfected  <-aMal.  The  roof  is  formed  by  the 
liorizontal  plateof  thesi|uamaand  llw  root  of  the  zygoma  ; 
the  posterior  wall  by  the  aimulus,  siiuama.  and  mastoid 
prominence. 

The  outer  portion  of  the  canal  is  a  <'ont  in  nation  inwanl 
of  the  cartilage  of  the  auricle,  the  cartilaginous  elements 
being  absent  in  the  up])er  and  iiosterior  portion,  this  gap 
being  tille<l  in  by  llbrous  membrane.  The  amount  of 
cartilage  making  uj)  the  canal  is  found  to  lessen  as  it  ex- 
tends inward:  at  its  coininencenicnt  two-thirds  of  the 
circumference  is  compose<l  of  cartilage,  at  its  attachment 

•Spasliore:  StuUie.s  in  "  I*sy<^tioli)irv,"  Bull.  Univ.,  Iowa.  vtil.  ii.. 

law. 

tliawitz:  ZiirilofrischiT  Jaliresliericlit,  189fi,  Arch.  f.  Anat.  u. 
Physiol.,  IWi:. 
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Flo.  410.  —  .\nnulus 
Tyilipan  ieus  of 
the  Left  Side,  Jis 
Seen  from  the  In- 
side of  Uie  Tyui- 
panuni.  (After 
(iruher.)  )i.  An- 
terior, r,  posterior 
aptter  end;  ,'*»7i, 
salens  nialleolaris; 
ct,  erislii  tynipan- 
ira;  .'<^  sulcus 
tympanifus. 


to  the  bon_v  cauiil  it  reiu'csents  less  than  one  third  of  th<- 
lower  front  wall.  The  cartilaginous  portion  is  attached 
to  the  roughened  edge  of  the  tympaiiic  ring — now  de- 
veloped into  the  bony  external  auditory  canal — by  fibrous 
tissue.  The  fibrous  portions  of  tin-  upper  and  back  wall 
become  merged  into  tlie  periosteinn  of  tin'  mastoid  and 
squamous  portions  of  the  bony  caiKil. 

The  length,  size,  and  slia|ie  of  the  canal  varies  accord- 
ing to  age,  race,  and  the  form  of  cranial  development. 
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Fi(i.  411 —Temporal  Bone  of  New-Iioni  Infant.  (After  fimlier.)  S^, 
Upi)er  part  of  squamous  portion  :  .1/,  mastoid  portion  :  Z.  zyt^ornatic 
proee.ss;  T.  tympanic  eavily  :  //n.-s,  Ilssiira  mast^iides  squamosa;  re, 
fonimen  caroticum  :  tf(,  »/t\  tp,  bony  i)ro('esses  representing  the 
beirinnings  of  gn»\vth  outward  on  tiie  part  of  the  annulus  tyui- 
()anieus. 

The  length  of  the  canal  is  stated  vafiously  b\-  different 
authors,  depending  on  the  points  from  which  the  meas- 
urements are  taken:  the  average  length  from  the  bot- 
tom of  the  concha  being  aliout  24  mm..  of  which  1(3  mm. 
ai'C  found  to  be  bone  and  8  mm.  cartilage. 

Von  Troeltsch  has  given  the  most  complete  measure- 
ments of  the  different  walls.  Starting  from  a  plane  drawn 
from  the  posterior  wall  at  right  angles  to  the  axis  of  the 
canal,  he  found  the  following  measui-ements:  Anterior 
wall.  27  mm. — 0  mm.  cartilage,  18  mm.  bone:  inferior 
wall,  20  mm. — fO  mm.  cartilage  and  Kimm.  bone:  pos- 
terior wall.  22  mm. — 7  mm.  cartilage.  1-5  mm.  bone; 
superior  wall,  21  mm. — 7  mm.  cartilage.  14  mm.  bone; 
the  variations  in  the  length  of  the  different  walls  Ijeiug 
due  to  the  oblique  position  of  the  tympanic  membrane 
at  the  inner  end  of  the  canal.  The  shai)e  of  the  canal 
at  the  external  orifice  is  somewhat  oval,  the  long  axis 
iiKlining  slightly  back- 
ward from  tile  vi-rtical. 

Ostnian.  from  a  studv 
of  2.802  skulls,  founil 
that  with  the  dolichoce- 
phalic skull  the  canal 
was  shorter  and  more 
circular,  while  in  the 
brachycephalie  skull  th<' 
canal  was  longer  and 
more  oval.  It  is  a  clini- 
cal fact  that  in  the  negro 
race  the  canal  is  more 
circular  and  straighter, 
making  it  often  unnec- 
essary to  resort  to  the 
speculum  in  order  to 
view  the  tympanic  mem- 
brane. 

The  smallest  diameters  of  the  canal  are  near  the  end  of 
the  carlilaginous  iiortion.  and  in  the  bony  canal  close  to 
the  inner  third.  The  following  diagrams  show  the  shaiie 
and  size  of  the  canti!  ill  different  parts  of  its  course,  as 
found  by  Bczold  from  a  study  of  casts  of  the  cavity. 

The  direelion  of  the  canal  is  sigmoid.  In  its  outer 
third  it  is  inclined  somewhat  forward  tinil  tisceiids  very 
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Fig.  412.— hi,  rartilnirimms  meatus; 
c,  inntT  cxtivimty  of  tht^  cartila'ji- 
iiuus  mciitus ;    ii,  llssui-.t'  Saiitoriui. 


Autlilory  <'iiiiul. 
Aiitlllory  Nt-rvf. 
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slisliilv.  It  tlien  turns  slmiply  backward  ami  is  hori- 
zonlariiear  the  middle  tliird,  where  it  a^aiii  flian.ics  its 
ooui-se.  IliP  iuuer  iiorliou  {■urving  forward  and  decidedly 
downward. 

In  the  eartila^inous  floor  of  the  eaual  are  found  one 
small  and  two  larire  fissures  runninu;  in  a  circular  manner, 
called  tlie  fissures  of  Santorini.     'I'liese  si«ices  are  filled 
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Fig.  413.— Diaerain  Slinwing  the  Form  and  Jleasurements  of  Sections  Across 
tlie  Exteniai  Aiulitorv  Meatus.  (From  Schaefer,  after  Beznld.)  /.,  At 
commenceiTient  of  cartilau'lnous  portion ;  11..  near  end  of  cartilairinous 
portion:  ///.,  near  beginnint;  of  osseous  portion;  IV.,  near  end  of 
osseous  portion.    (The  measurements  are  in  millimetres.) 

in  with  fibrous  tissue  and  allow  the  passage  of  blood- 
vessels: at  the  same  time  they  jiennit  free  motion  of  the 
canal,  thus  favoring  the  straightening  of  the  meatus  dur- 
ing examinations  witli  the  speculum.  These  fissures  are 
sometimes  the  cliannel  thi-ough  which  an  abscess  in  the 
parotid  gland  may  find  its  exit. 

The  canal  is  lined  by  a  continuation  of  the  cutaneous 
covering  of  the  auricle.  In  the  cartilaginous  portion  the 
skin  is  1  to  2  mm.  in  thickness  and  loosely  attached  to 
the  perichondrium.  In  the  bony  canal  it  is  thinner  and 
firmly  united  to  the  periosteiun. 

Kaufman  describes  a  number  of  ridges  or  vascular 
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Fig.  414.— Vertical  Section  of  the  F.xt«'rnal  Aiidit<.)r,v  Canal  and  Tym- 
panic Cavity.    (After  Heitzmann.) 

papilla:'  wliich  occupy  a  cireulai'  iiosition  in  the  skin  of 
the  osseous  ]iortion  of  the  canal,  close  to  the  membrana 
tympani,  and  wliieli.  in  innamnialorv  conditions  of  the 
canal,  may  become  c|uite  large.  Polit/.er  states  that  these 
papilla:'  are  often  the  starling  point  for  polypi.  At  the 
inner  end  tlie  skin  continues  over  tlie  membrana  tympani 
and  forms  its  outer  layer. 

Throughout  the  cartilaginous  part,  and  extending  in  a 
triangular  manner  into  the  upper  and  back  wall  of  the 
osseous  canal,  are  found  numerous  hairs  and  sebaceous 
glands,  and  in  addition,  large  oval,  convoluted  tubular 
glands  reseinl.iliug  in  form  and  structure  the  sweat  gland 
— the  Ghixdtihc  ('ernmiinntw.  These  glands  secrete  the 
cerumen  or  ear  wax.  and  are  found  opening  into  and 
around  the  hair  follicles.  The  hair  development  is  some- 
times abundant.     ''I'he  sebaceous  glands  secrete  a  small 


(luantity  of  oily  material  for  lubrication  of  tlie  skin. 
The  secretion  from  the  ceruminous  glands  when  first  dis- 
charged is  of  a  yellowish  brown  color  and  soft  in  con- 
sistency, but  in  "a  short  time  evaporation  of  the  watery 
eleiiH'iits  causes  the  mass  to  thicken  and  it  becomes  darker. 
Often  it  becomes  inspissated,  and  by  liloeking  the  canal 
gives  rise  to  much  temporary  discomfort.  The  function 
of  the  cerumen  is  probably  to  protect  the  ear  from 
the  entrance  of  insects  and  foreign  particles  that  may 
get  into  the  canal. 

Riihrer  found  a  number  of  organisms  to  exist  in 
plugs  of  ear  wax.  It  is  of  a  pungent,  bitter  taste,  and 
ehemicalh',  in  addition  to  oil  from  the  .sebaceous 
glands,  is  made  up  of  a  dry  material  not  soluble  in 
water,  alcohol,  or  ether,  and  of  potash,  ste;irin,  a 
trace  of  soda  and  lime,  and  0.1  ]5er  cent,  water, 
mixed  with  numbers  of  broken-down  epidermic  ex- 
foliations and  loose  hairs. 

Of  the  very  greatest  importance  to  the  aural  sur- 
geon is  the  surgical  anatomy  and  relationship  of  the 
canal.     These  differ  somewhat  in  the  ear  at  liirth  and 
in  the  adult.     At  liirth  tlie  only  portion  of  the  canal 
found  to  be  bony  is  the  i.utiiulu.'f  tympiinirnr'.     This 
is  attached  to  the  squama  in  front,  below  and  lieliind 
to   the    petro-mastoid   portion.     Along  the  external 
margin  of  this  ring  are  seen  two  small  tubercles  tliat  are 
the   starting   points   for  the   future  bone  development 
forming  the  anterior  and  lower  wall  of  the  canal.     They 
do  not  immediately  unite  as  one  process,  often  leaving  a 
gap  until  after  the  fifth  or  sixth  year. 

The  roof  of  the  canal  is  formed  from  the  squama.  As 
development  takes  place  the  portion  below  the  temporal 
line  assumes  a  horizontal  position  and  presents  two  plates 
of  bone  containing  between  them  honeycombed  spaces. 
The  sujierior  plate  forms  a  part  of  the  floor  of  the  middle 
cranial  fossa  and  has  resting  upon  it  the  dura  mater.  The 
lower  plate,  near  its  inner  extremity,  suddenly  drops 
down  in  such  a  manner  as  to  become  wedge-shaped;  it 
forms  the  outer  wall  of  the  attic  of  the  tympanum,  called 
the  scutum,  and  gives  attacliment  to  the  upper  margin 
of  the  drum  head.  The  cell  spaces  contained  between 
the  plates  of  the  roof  of  the  canal  frequently  conuuuni- 
cate  witli  the  antrum  and  with  the  pneumatic  spaces 
found  as  far  forward  as  the  root  of  the  zygomatic  process. 
Clinically  these  spaces  are  of  importance  since  they  may 
be   the  seat  of  sup-  \\xii^ 

puration  in  coujunc-  "S™ 

lion  with  mastoid 
diseases,  and  must 
not  lie  overlooked  in 
operations  in  wliich 
all  the  cellular  spaces 
are  suspected  of  con- 
taining pus. 

The  anterior  bony 
wall  of  the  meatus  is 
the  thinnest  of  the 
canal.  It  is  slightly 
convex  on  the  meatal 
face.  Its  front  sur- 
face assists  in  tlie 
formation  of  the 
glenoid  cavit}'  in 
which  rest  the  con- 
dyle of  the  lower  jaw 
and  iiart  of  the  paro- 
tid gland.  l$lows  on 
the  lower  jaw  are 
therefore     likely     to 

fracture  the  wall  of  the  canal.  The  floor  is  formed  by 
the  bony  growth  of  the  tympanic  ring.  It  is  thick  and 
compact;  toward  the  meatus  the  surface  is  convex  ex- 
cept close  to  the  membrana  tympani,  where  a  small  con- 
cavity is  found — "the  Sinus  of  ^Meycr" — in  which  for- 
eign "bodies  may  lodge.  The  position  of  this  concavity 
is  such  that  it  is  often  difllcult  to  detect  the  presence  of 
these  foreign  bodies  and  to  remove  them. 
The  posterior  wall  of  the  osseous  meatus  is  of  much 


Fin.  41.5.— Horizontal  Section  of  the  Left 
External  Auditory  Canal.  (After  Heita- 
mauQ.  I 
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sursical  importance.  It  is  formed  by  tlie  union  of  llio 
tympanic  rinjr  witli  tlio squama,  and  later  willi  llieanterior 
plate  of  tlie  developed  niastoi<l,  this  plate  beintr  (lulle 
thin  and  separatinj;-  the  canal  from  the  cell  spaces  con- 
tained in  the  mastoid.  Ofleii  the  groove  for  tlu'  lateral 
sintis  is  in  close  proxinuty  to  this  'wall. 

At  the  juncture  of  the  upper  and  the  posterior  wall  the 
scutum  forms  a  portion  of  the  outer  wall  of  the  mastoid 
antrum.  In  .suppurative  diseases  of  the  tympanic  cavity 
often  carious  tracts  (tisluhe)  are  fotuid  in  this  region  :  they 
lead  into  cither  the  tympanic  attic  or  the  autnun  of  the 
mastoid,  and  call  for  surijical  interferen<-e.  Just  exter- 
nal to  the  upper  posterior  margin  is  often  found  a  small 
bony  spine — the  supra  incalal  spine — which  is  of  value 
as  a  smgieal  landmark  in  the  operation  I'or  opening  the 
mastoid  antrum. 

In  the  full)-  developed  ear  the  drum  head  is  |)laced  in 
an  obli(|iie  position,  tiie  upper  and  back  (lart  forming  an 
obtuse  angle  of  about  ly.-),  while  the  lower  and  anterior 
portion   forms  an  acute  angle  of  about  40', 
with  the  canal  wall. 

The  arterial  supply  to  the  auditory  canal 
is  quite  abundant.  The  jiosterior  auricular, 
a  branch  of  the  external  caroliil,  sends  a 
branch  calh'd  the  auricular.  It  passes  in  at 
the  junction  of  the  cartilaginous  with  the 
bony  canal,  and  supplies  the  hack  wall  of  the 
canal,  anastomosing  with  the'  anterior  auricu- 
lar, a  branch  of  the  temporal,  which  enters 
the  anterior  wall  of  the  canal  behind  the 
condyle  of  the  low<'r  jaw.  The  tymiianic 
branch  of  the  internal  maxillary  enters  the 
tympanic,  cavity  through  the  Glaserian  fis- 
sure, and  sends  a  braixdi  that  sui)plies  the 
skin  of  the  canal  adjacent  to  the  meinbrana 
tympani.  The  veins  lak(^  an  irregular  cotu'se. 
They  enqity  their  blood  either  direelly  (and 
this  is  the  ride)  into  the  external  jugular  or 
indireclly  by  way  of  the  tc'mporal  or  the  in- 
ternal ma.xillary  vein. 

The  nerve  supply  is,  lirsl,  from  the  auric- 
ido-tcmporal  liranch  of  the  infeiior  maxillary 
division  of  the  liflh  nerve.  Tlir<'(^  small 
branches  of  Ibis  :ierv(!  supjily  the  skin  on  the 
anterior  wall  and  in  the  cartilaginous  por- 
tion. Second,  the  auricular  branch  of  the 
pneumogaslric  — '"  Arnold's  nerve  "  — enters 
the  back  wall  of  the  canal  at  its  jun<-!ion 
with  the  mastoid,  and  su])pli<'S  the  larger 
portion  of  the  bony  canal  and  a  part  of  the 
back  wall  of  the  cartilaginous  section.  Irri- 
tation of  this  nerve  by  the  accumulations  of 
wax,  by  foreign  bodies,  or  by  the  sjiecidum 
when  llie  ear  is  being  examined  or  cleansed, 
produces  the  familiar  rellex  ear  cough. 

But  lillle  seems  to  be  known  regarding  the 
lymphatic  vessels  contained  in  tlu^  walls  of 
the  external  canal.  Polilzer  states  that  they  are  prob- 
alily  connected  with  the  lymphatic  glands  overlying  the 
parotid,  by  way  of  the  fissiu-es  of  tSiUitoriiii,  since  it  is  a 
matter  of  clinical  observation  that  swelling  of  the  lateral 
cervical  glands  often  occius  in  inllannnator)-  conditions 
affecling  the  meatus. 

The  skin  lining  the  auditory  canal  maintains  all  the 
histological  characteristics  of  the  skin  in  oilier  )iarts  of 
the  boily,  although  that  part  which  lini's  the  liony  canal 
becomes  very  firndy  lunted  to  the  perio.steiun  and  all<'red 
in  color.  In  its  development  there  is  a  gradual  growth 
outward  of  the  skin,  thus  |)roducing  a  constant  tendency 
for  lh(^  ear  wax  to  move  outward,  this  being  further  facil- 
itated by  the  pressure  of  the  condyle  of  the  jaw.  which 
in  mastication  constantly  pushes  the  parotid  gland  against 
the  anterior  wall  of  the  canal  .and  somewhat  influences  its 
lumen. 

The  sintious  course  of  the  canal  is  such  that  sound 
■waves  ilo  not  strike  the  membrana  tymj)ani  directly,  but 
arc  retlectcd  from  the  walls  of  the  (-anal  and  are  thus 
modified  in  their  intensity.     Polit/-er  states  that  the  two 


most  important  points  where  this  reliection  takes  place 
are  on  the  back  wall  of  the  cartilaginous  canal  and  on 
the  anterior  inferior  poilion  of  the  Imny  canal. 

TIk'  size  of  the  canal  jilays  no  influence  in  the  acute- 
ness  of  hearing,  allhough  Ijurnett  observes  that  large 
straight  canals  are  more  likely  to  be  fotuid  in  lliose  pos- 
sessing a  so-called  ear  for  music.  ./.  Murrisuu  liny. 

AUDITORY    NERVE    AND     ITS     END    ORGANS.— 

('o.\ii'.\i!.\rivK  AN.vToNtv  AM)  I'uYi.oiiKNV. — The  func- 
tions of  audition  and  c(]inlibration  seem  to  be  closely 
associated  throughout  the  animal  kingdom.  The  so- 
called  auditory  organs,  orotocysts,  of  the  invertebrates, 
if  we  may  trust  the  residts  of  most  |-ec<'id  experimental 
studies,  are  in  the  majority  of  cases  concerned  largely,  if 
not  wlujlly.  with  c<|uilibrium,  Ihongh  in  some  cases  (not- 
ably among  insects)  true  auditoiy  organs  undoubtc^dly 
exist.  The  structtirc  of  these  organs  is  usually  similar 
to  that  of  the  orirans  in  the  labvrinth  of  vertebrates. 


Fr(i.  410.-  spctlon  Ihroucti  a  Typioal  I.atei-al-T.tne Drpan  of  MrnUlin  (tlie  Foiirtli  Canal 
or^an  of  tlie  Mamliluilar  IJne  of  Fiir.  41Ti.  r,  Coriuin  :  (.'h,  cnpiila.  c-omposed  of 
liiiii-s  fr'oui  tlie  liair  cells  matted  t<ttreltier  and  more  rir  less  trelatinized ;  IK  lientary 
liono ;  /■;,  epidermis;  II.  hair  cells,  t>r  specillc  sensory  c-ells;  y,  nfi'\e  llbres 
supplying  the  latter;  .S,  supporting'  cells. 


For  the  proper  morphological  comprehension  of  the 
eighth  nerve  and  its  terminal  organs  we  must  look  far 
back  to  the  early  pliylogenetic  stages  of  its  development 
in  the  vertebrates.  The  lishes  potee.ss  a  system  of  cuta- 
neous and  subcutaneous  sense  organs,  the  so-called  lat- 
eral-line organs  (Fig.  41(i) ,  widely  ilistributed  over  the 
head  and  trunk.  Fart  of  these  are  in  canals  (the  lateral- 
line  or  "mucous"  canals),  and  part  are  variously  dislrih- 
uled  over  the  skin,  either  naked  or  sunken  in  separate 
pits  (the  pit  organs  of  ganoids  and  ampulla'  of  elasmo- 
branchs);  but  all  closely  resemble  structurally  the  mae- 
uhe  and  crista'  of  I  he  internal  car,  and  all  are  innervated 
by  nerves  which  arise  wilh  tin;  amlitory  nerve  from  the 
tubereulum  acuslieum.  These  lateral-line  nerves  go  out 
with  the  vagnsand  facial  roots  jind  arc  convenlionally  as- 
.sociated  with  these  nerves.  They  have,  however,  really 
nothing  to  do  with  them,  but  ari' more  logically  as.sociated 
with  the  auditory  nerve  to  comprise  the  "acuslicolater- 
alis"  .system  of  nerves  (</.  CnniialA'erven).  The  periph- 
ci~al  distribution  of  this  component  in  a  typical  Ush  is 
expressed  in  the  accompanying  diagram  (Fig,  417). 
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The  oliiof  fuiu'tioii  of  tlir  acustico-laleral  system  of 
nerves  in  the  lishe.s  is  uiulouUtedly  (■(Hiilil)i;ilicm.  Tliis 
has  been  (lemonstratccl  not  only  for  the  nerves  of  tlie  lat- 


the  body,  such  as  the  bcatini;  of  the  surf  or  the  move- 
ments of  the  fins  of  an  a]ipi-oaeliing  enemj'.  The  sen- 
sory spots  of  tlie  utriculus,  sacculus,  and  lageua  would 


Fig.  417.— The  Acustico-Lateral  System  of  Nerves  with  Their  Periph- 
eral End  Orsans,  as  Seen  from  the  Right  Side,  in  the  Silver  Side, 
M>:ni'JUi.  Ki^rdnslniru-d  from  serial  sections  bv  pro- 
jeitioB  ui>on  till' s;i^ntta|  plane.  X  12.  The  dotted  ont- 
line  represents  tlir  pnsition  of  the  hrain.  (he  lateral-line 
canals  are  stiadMd  witli  crnKs-liatctiinji.  tlu-  auditory 
labyrinth  is  stippled,  and  tin-  neives  aie  drawn  m  black. 
The  organs  of  thr  lati'ial-line  si  stem  are  drawn  as  black 
discs  when  naloil  on  the  siuface  of  the  skin,  and  as 
black  cirrl'-s  wlu-n  lying  in  the  canals.  For  the  relation 
between  the  acustico-lateial  ner\es  and  the  other  sys- 
tems of  nerves  in  this  llsh.  see  the  naire  detailed  plot 
from  which  this  was  drawn  oIT,  in  ttie  JouDwlof  Cotii- 
parativc  jVc ii rodiyy,  vol.  jx.,  plate  xv.,  or  the  ^r- 
cliives  of  Kcuroloan  anil  I'smliniKilh.,  vol.  ii..  plate 
ii.  JVAA,  anterior  nasal  ii|«'rtnri';  XAP.  posteilor 
nasal  apertiu-e;  A' 07,,  olfactory  nerve;  jV  Ol'T,  optic 
nerve;  RAA^  raninlus  acusticns  ainiinlUe  anterioris; 
RAE,  ramiilns  acusticns  aiiiiPiillie  cxtiMiia?;  HAP. 
ramulns  acnsticns  posterinris  ;  /;  jirc,  ramus  bnccalis 
facialis  ;  BL,  raniiiUis  acusticns  lagen;e ;  H  LAT.  ra- 
mus lateralis  vagi ;  /,'  Its,  rjunus  ophthalmicus  super- 
fldalis  facialis;  Ji  .l/.tX  IJX,  raunis  luandlbularLs 
e.xternns  facialis;  11  .S'-4(',  raniulus  aetisticus  saceuU; 
RU,  ramnlns  acusticns  recessus  utriculi ;  3',  tuberculum 
acusticum. 


eral  lines,  lint  fur  lite  ciglilh  nerve  tis  well. 
Comi^ure  especially  the  experimental  woi'k  of 
Lee.  This  author  goes  so  far  as  to  deny  the 
sense  of  hearing  to  the  fishes  altogether,  a  po- 
sition which  is  doubtless  too  exti'enie:  yet  it 
is  clear  that  hearing,  as  We  understand  the 
term,  plays  a  very  suljordinate  role  with  these 
animals.   . 

Fishes,  which  have  to  maintain  their  cqui- 
lilii'ium  in  a  lluid  meilium,  i-equire  a  much 
more  elaborate  nicchanism  for  the  conti'ol  of 
the  spatial  ivlations  of  the  body  than  do  the 
terrestiial  animals,  lint  the  same  organs  which 
are  adapted  to  I'eeeive  stimuli  from  the  pulsa- 
tirjus  of  the  fluid  within  the  semicircular  and 
lateral-line  canids,  due  to  changes  in  the  posi- 
tion of  the  body,  may  also  serve  to  register 
vibrations  of  low  frequency  arising  outside  of 


apjiear  to  have  been  differen- 
tiated from  those  of  the  canals 
to  serve  this  latter  function. 
Now,  as  the  aniiual  phyhuii 
emerged  from  the  silent  depths 
of  the  ocean  into  the  noisy  at- 
mosphere of  the  upper  world, 
viliratioii  rates  of  higher  fi-etiuency  are  to  be  mediated 
and  the  organs  of  the  static  sense  diminish  in  imiior- 
tance,  while  those  of  hearing  in  the  strict  sense  assume 
greater  and  greater  importance.  Accordingly,  the  lat- 
eral-line .s_ystem,  as  a  whole,  disappears  (or  becomes  very 
profoundl_y  modified  with  change  of  function)  in  terres- 
trial animals,  since  tlie  semicircular  canals  are  liere  able 
to  perform  its  functions,  while  the  papilla  lagenai  of  the 


Fin.  41S.— A  Transverse  Section  Across  the  Head  of  a  Rabbit  Embryo  at  the  End  of 
tlie  Elcv<'nth  Day.  The  plane  of  the  right  half  of  the  lli-'ure  is  sliLrhtlv  anif-rior 
to  that  of  the  left  half.  X  :iO.  From  Marshall's  "  Embryology. "  (11.  uoto.-liord  ; 
EB,  mcmhrjiiu^  closing  the  hyomandibnlar  cleft ;  ED.  common  stem  of  the  two 
vertical  semiclirular  canals  ;  '/'.7/,  rudiment  of  the  external  scmiciin-ular  canal ; 
EL^  cochlear  canal;  A7>\  recessus  vestibuli:  E\\  auditory  vesi<ie ;  IfM^ 
hyomandibnlar  poncti ;  77*,  pharyn.x ;  VE^  fourth  ventricle  ;  i'J,  jugular  veins 
TJl/,  auditory  nerve. 
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flslies  uiuicrgoc'S  a  succcssinn  of  nictamorplioses  until  it 
appears  as  the  cochlea  of  the  mammals. 

These  alterations  in  the  relative  importance  of  the  dif- 
ferent members  of  the  acustico-lateral  comple.v  are  natu- 


rally reflected  in  the  central  nervous  system.  We  there- 
fore find  that  the  size  of  the  aeustii-o-latenil  centres 
(tuherculuni  ucuslicum  and  cerebellum)  in  the  tishcs  i.s 
directly  proportional  to  iliat  of  llic  pcriplieral  organs  of 
this  system.  Willi  the  devcloi)ment  of  a  coch- 
lea in  the  inanunals.  an  entirely  new  set  of 
connections  is  eU'ected  in  the  olilongata,  which 
are    by   no    means  so    closely   related   to   the 


Fig.  419.— Diajjrammiitic  Hcpresemation  of  the  Organ  of  Hearing  of  Man.  ( AftiT 
Wieclerslii'iiu.l  (lutir  inr~M.  M.  auriele;  Mac.  meatus  aiiditoriiis  e.\t<'rnii.s  ; 
O,  It.s  wall  ;  Ml.  inenihnina  t.vniiiianl.  Mi'hlli;  air— CI,  CI.  cavum  tyniiKini ; 
fy'.its  wall:  SAii.  sound-ioncliii'tlng  apparatus,  wbii-h  is  drawn  as  a  simple 
rod-like  body  insteuil  of  the  auditory  ossicles;  tlie  placet  corresponds  to  the 
.stapeilial  plale.  whicli  closes  tlie  fenestra  ovttlis;  Th,  Kustacbian  tube ;  T/j',  its 
opening  into  tlu'  pbarvn.x  ;  O",  its  wall,  fniicr  car— The  bony  labyrinlb,  KL, 
KL'.  for  the  most  part  i-ut  away;  .S,  sacculus;  n,  (i,  the  two  vertical  semi- 
circular canals,  of  wbii-b  ()ne  (/»)  is  cut  through :  N.c,  l),i\  saccus  and  ductus 
endohnipliaiicus.  of  which  the  latter  is  divided  at »  into  two  arms;  <>,  cavum 
lierilyiiiptiaticuin  ;  t'r,  canalis  reiiniens;  Co;*,  memhninous  cochlea,  vvliich  pro 
duces  at  *  the  vestibular  ciecuni ;  f'on',  itony  c-ochlea;  .St^  and  >7,  scala  vesti- 
buli  and  scala  tympaui,  wliich  at  ♦  comiiiunicate  with  each  other  at  ttie  cupula 
tenninalis  (CM;  J>  ji,  duitiis  perilymiiliaticiis.  wliidi  arises  from  the  scala 
tympanl  at  d  and  opens  out  at  Li.p',  The  hori;ioutal  semicircular  canal  Is  not 
especially  designated. 


ops  — \ 


Fig.  423.— Transverse  Section  through  the  Head  of  an 
Embryo  of  the  Sea  Bass  of  Thirty-live  Hours.  (.^tUT 
H.  V.Wilson.)  a.n..  Auditory  nerve;  o.s.,  auditory 
saucer;  cii.  entodiTin ;  cp..s.,  epidermic  stratutu  of 
ectoderm:  mc-v.,  mesodenu  ;  nc,  notochord :]>.,  perl- 
blast.  The  large  <ival  mass  of  cells  In  the  centre  of  the 
tlgure  is  the  medulla  oblongata. 

cereliellum  as  tire  the  end  stations  of  the  ves- 
tiliular  rixjt.  These  axi'.  the  veiitnd  and  dorssil 
cochlear  nuclei,  the  latter  of  which  projects 
into  the  floor  of  the  fourth  ventricle,  forming 
the  "tuberculum  acusticum ''  of  human  an- 
atomy. It  will  be  seen,  therefore,  that  this 
structure  is  not  homologous  with  the  protuber- 
since  of  the  olilongata  so  named  in  the  fishes,  as 
the  latter  is  the  terminal  nucleus  of  the  ves- 
tibular and  hiteral-liue  roots.  In  coimection 
■with  the  fact  thiit  the  secondary  fibres  con- 
nected with  the  cochlear  root  terminate  very 
largely  in  the  inferior  member  of  the  corpora 
quadrigemina  (see  below),  it  is  interesting  to 
note  tiiat  this  body  appears  tqion  the  surface 
of  the  brain  in  the  phylogeny  contemporane- 
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FIG.  420.  ■  Fig.  421. 

Figs  420-422 —Surface  Views  of  Embryos  of  the  Sea  Bass  of  Thirtv-three,  Thirty-seven,  and  Forty-live  Hours.  (After  l\.\.  Wilson.)  a.s.. 
Auditory  sac;  /}.,«.(>.,  pre-andlt<^iiT  lateral-line  nidlnient;  c.c,  caualis  spinalis  ;  !.  J. ,  post-auditory  lateral-line  ludiment;  lH..len.<c;  ni.coii., 
(Xmstriction  separating  medulla  from  mid-brain  ;  mcd.,  medulla  olilongata;  H.s.,  nasal  sac  ;  ojj.s.,  optic  sac  ;  ,f./.,  sensory  furrow,  common 
atustlco-latcral  rudiment ;  wm.,  somites ;  4  reii.,  fourth  ventricli.'. 
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ously  with  the  corhlca.  The  (•croliclhiin  has  been  men- 
tioned as  a  secondary  end  station  for  the  aeustieo-lateral 
system  of  nerves.  As  the  orijan  of  eiiuilibration  (and 
of  the  static  senses  iu  general)  for  tlie  body,  tliis  was 


Fig.  424.— The  I.oft  .^uditorv  Vesicle  of  a  Human  Embrvo  of  tlie 
Eighth  Week,  Seen  from  the  Left  Side.  (After  W.  His,  Jr.,  from 
Marshall's"  Embryology.''  X  17.  fJ-4,  Anterior  vertical  semicircular 
canal;  £-4',  ampulla  of  anterior  vertical  semicircular  canal :  ED, 
common  stem  of  the  two  vertical  semicircular  canals:  EH^  hori- 
zontal semicircular  canal :  EH',  ampulla  nf  horizontal  semicircular 
canal;  EL,  cochlea:  EP,  posterior  vei'tical  semicircular  canal, 
EP',  ampulla  of  posterior  vertical  semicircular  canal ;  ER,  recessus 
labSTinthl ;  S,  sacculus ;  VT,  utriculus. 

probably  its  primary  comiectiou.  Bnt  these  static  func- 
tions are  served  by  all  of  the  other  senses  as  well  (except, 
perhajjs,  the  olfactory) ,  so  that  the  terminal  nuclei  of 
the  other  sen.sory  nerves  have  also  effected  secondary 
connections  with  the  cerebellum. 

The  middle  and  external  ear  do  not  appear  in  the  fishes, 
the  vibrations  of  the  surrounding  medium  being  trans- 
ferred to  the  labyrinth  through  Uie  tissues  of  the  head. 
But  air-breathing  vertelii-ates  require  some  intermediarj- 
mechanism  to  intensify  the  more  feeble  aOrial  vibrations. 
Accordingly,  the  middle  ear,  with  its  contained  auditory 
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Fiii.  4Si.— The  Membranous  I.abvrintli  of  the  Riirhi  Inlernal  Ear  of  a  Human 
Embryo  at  the  Fifth  Month,  Si-en  from  the  Meilial  side.  (After  Ketzius,  from 
Barker's  text^book.)  1-.5,  Utriculus;  -',  recessus  utriculi;  :i.  macula  acustica 
utiieuli;  4,  siuus  posterior:  ,5,  sinus  superior;  li,  ampulla  membranacea  superior; 
I,  ampulla  membranacea  lateralis;  s,  ampulla  memhrariacea  po.sterior;  !i,  ductus 
semicircularis  superior :  111.  ductus  senncirculiiris  posterior:  II.  ductus  seiuicircu- 
laris  lateralis:  1-',  widened  mouth  of  cfus  simplex  of  the  lateral  semi.-ircular 
canal  .ipenins.'  into  the  utriculus :  Hi,  sacculus  ;  14,  macula  acustica  sacculi ;  1.5, 
ductus  eudolyiiiphaticus;  Hi,  iliictus  utriculo-saccularis ;  IT,  ductus  reuniens;  1.'*, 
ciec-um  1  estibuhuv  of  ductus  cochlearis :  111,  ductus  cochlearis ;  a),  nervus  facialis ; 
a.-i'  x"""*''''''* :  21,  N,  vestibuli ;  2-2,  N.  saccularis  :  2:!.  X.  ampullaris  inferior ; 
.J4,  N.  cochlea; :  &>.  distribution  of  N,  cochlea;  within  the  lamina  spiralis  ossea. 

ossicles,  is  seen  for  the  first  time  in  the  Amphiljia.  The 
phytogeny  of  the  auditory  ossicles  has  been  the  subject 
of  endless  investigation,  and  there  is  still  no  aafeement 
upon  the  details  of  this  history.  The  internal  etir  in  the 
lower  fishes  clearly  lies  in  the   hyoitl  segment  of  the 
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head.  With  the  gradual  enlargement  of  the  brain  case 
in  the  higher  aniirials,  the  greater  portion  of  the  facial 
skeleton  of  the  fishes  is  absorbed  into  the  cranium.  Ac- 
cording to  the  most  recently  published  research  (Kings- 
ley.  litOO) ,  the  derivation  of  the  auditory  ossicles  isas 
follows:  The  malleus  from  the  articulare  (in  part),  the 
incus  from  the  quadrate,  and  the  stapes  from  the  hyo- 
m;indibulare,  the  first  two  being  derived  from  the  man- 
dibular arch,  the  last  from  the  hyoidean. 

The  Eustachian  tube  is  now  quite  generally  regarded 
as  the  derivative  of  the  spiracular  canal,  a  rudimentary 
gill  cleft  present  in  some  of 
the  lower  fishes  between  the 
hyoid  and  mandibular  arches. 
In  the  mammals  this  tube 
never  quite  reaches  the  sur- 
face of  the  head,  but  is  cut 
off  by  an  epithelial  mem- 
brane composed  merel}'  of  a 
layer  of  ectoderm  and  a  laj'er 
of  entoderm  without  any 
intervening  mesoderm  (EB. 
Fig.  418).  This  membrane 
becomes  the  tymjianic  mciu- 
brane,  the  jiortion  of  the  tube 
within  it  the  Eustachian  tube, 
and  the  pit  leading  from  it  to 
the  surface  the  external  audi- 
tory meatus  (Fig.  419). 

E-MBUvoi.oGY.'^—  That  the 
ear  is  related  to  the  lateral- 
line  organs  of  the  fishes  is 
shown  by  its  embryology,  as 
well  as  b.v  comjjarative  anat- 
omy. In  all  fishes  there  ap- 
pears behind  the  eyes  a  thick- 
ened patch  of  ectoderm  from 
which  both  the  ear  and  the 
lateral-line  canals  of  the  head 
and  tnink  arise.  The  rudi- 
ment of  the  ear  appears  first, 
and  then  the  two  lateral-line 
rudiments  on  either  side  of  it. 
In  cases  in  wliich 
the  ectodermal 
epithelium  at  this 
stage  is  simple, 
the  whole  epithe- 
lium in  the  audi- 
tory portion  of 
this  patch  iuvagi- 
nates  to  foriu  the 
'"auditory  sau- 
cer," and  later  a 
vesicular  s  a  c 
which  sinks  down 
below  t  he  surface. 

But  in  other  cases,  in  which  the  ectoderm 
becomes  earlier  two-layered,  it   is  only  the 
inner,  or    nervous  layer,  which  ]iarticipates 
in  this  invagination,  and  the  auditory  \esicle 
never  communicates  with  the  surface  of  the 
body.     Three  successive  stages  in  the  differ- 
entiation of  the  auditory  sac  and  lateral-line 
rudiments  of  the  sea  bass  are  shown  in  the 
accoiupanying    figures    (Figs.  4'.30— l'.;'J) .      A 
section    through   the   auditory  sac  al  abotit 
this  period  (Fig.  4'33)  shows  the  auditory  sau- 
cer in  process  of  formation  from  lite  nervous 
layer  of  the  ectoderm,  the  outer  layer  not 
parliciptiting.     Sections  taken  cephalad  and 
caudad  of   ihis  point  show  that  the  lateral- 
line  rudiments  of  the  .sea  bass  resemble  this 
very  closely.    Tlioiigh  there  is  cousideralilc  variation  in 
the  mode  of  origin  of  the  lateral  lines  in  dilferenl  fishes, 
they  all  ha\-c  this  in  common:  that  they  arise  from  the 
same  eetoderiual  thickening  as  the  eai".     In  the  fig\ire 
last  cited  it  « ill  be  noticed  that  the  invagiuating  ecto- 
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FIG.  426.— Scheme  of  tbe  Per- 
ipheral Termination  of  the 
Nervus  Vestilmli.  (After 
Retzius.  from  Barker's  text- 
book.) CO,  Centnil  uerrous 
system ;  /z,  siipportino:c**il ; 
hz,  hair  cells;  sn.  neurite 
of  N.  vestibuli :  sz,  cell  body 
of  vestibular  neurone. 
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derm  is  direotly  continuous  ilorsally  with  tliat  of  the 
central  nervous  system,  and  that  tlie  auditory  nerve 
is  growing  out  from  tlie  siune  region,  vi/.,  the  neural 
crest  {I'f.  Crdiiiiil  Xirfeii) . 

The  auditiiry  saucer,  whellier  formed  from  the  whole 
of  the  eetodenn  or  only  from  its  iiuier  layer,  soon  closes 
up  and  willidraus  from  the  skin  to  form  a  vesicular  sac, 
the  auditory  vesicle.  In  the  elasniobranehs  the  vesicle 
retains  its  connection  with  the  outer  surface  to  adult  life 
by  means  of  a  slender  tube,  the  diu-tusendolymphatieus. 
in  this  point  resembling  the  lateral-line  canals,  which 
open  freely  to  the  surface  by  means  of  a  series  of  jiores. 
But  in  all  of  the  higher  animals  tliis  connection  is  lost, 
though  the  tul)e  liersisis  as  u  blind  pouch,  the  recessus 
vestibvUi  (A'/',  of  Fig.  41S1) ,  which  later  in  man  becomes 
tlu'  [lath  of  conununicalion  between  the  saeeulus  and 
the  utriculus.  These  latter  chambers  are  formed  by  the 
folding  of  the  walls  of  the  vesieUt,  and  c()nteni()orane- 
ously  with  this  process  the  semicircular  canals  are  lunched 
off  from  the  dorsal  or  utricidar  portion,  while  the  cochlea 
grows  down  from  the 


branous  labyrinth  are  very  siniide  sensory  epithelia,  in 
structure  almost  identical  with  the  organs  of  the  lateral 
line  ligured  above.  The  supiiorting  cells  constitute  a 
simple  columnar  epithelium.  Among  these  cells  are  the 
shorter  hair  cells,  orsiiecitic  sen.sory  cells,  extending  only 
aliout  half-way  through  the  thickness  of  the  e]iithelium. 
Their  relations  to  the  termini  of  the  nerve  are  shown  in 
the  accompanying  diagram  (Fig.  4",'(j). 

The  organ  of  Corti  of  the  cochlea,  on  the  other  hand, 
is  so  complicated  that  the  details  of  its  minuti"  structure 
are  still  in  large  measure  obscure.  The  general  relations 
of  the  parts  of  the  organ  of  (!orti  are  expressed  b\'  the 
accompanying  diagram  (Fig.  427).  Neglecting  the  acces- 
sory structures  in  the  organ  of  Corti,  concerning  who.se 
structure  and  functions  there  is  considerable  dillVrenee  of 
o|iinion,  the  sensory  epithelium  here,  as  in  the  organs  of 
the  vestiliule,  consists  essentially  of  a  sini])le  colunuiar 
non-sensory  <'])itlielinm  (oiriously  moditied),  and  among 
its  cells  shorter  specific  sensory  cells,  the  hair  cells.  The 
latter  are  related   to  the  tcrniiiial    I'aniifications  of   tha 
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Fk;.  427.— Sertion  tliniii^'ii  tl»>  (iiij 


saccular  portion.  The 
form  of  the  mendjran- 
ous  labyrinth  of  the 
human  embryo  of  the 
eighth  week  is  shown 
by  the  accompanvinsi 
figure  (Fig.  424) .  " 

While  the  auditory 
vesicle  is  still  in  a  (juite 
undilTerentiated  condi- 
tion, its  lining  ei)ithe- 
liuni  develojis  a  patch 
of  .sensory  cells  which 
enlarges  very  irregu- 
larly in  such  a  way  that 
during  the  sidisecjuent 
plications  of  the  walls 
of  the  vesicle  each  of 
the  chambers  thus 
evaginateil  (excejit  tlie 
recessus  vestibuli)  re- 
ceives a  portion  ui  this 
moditied  epithelium. 
These  patches  now  be- 
come  sejiarated  by 
non-sensory  pavement 
epithelium  and  consti- 
tute the  three  crista'  in  the  ampulhe  of  tli<^  senu'cireular 
canals,  the  macula'  of  the  utriculus  and  saeeulus  and  the 
organ  of  Corti  of  the  cochlea. 

The  auditory  vesicle,  which  is  jnimarily  ectodermal, 
at  first  lies  simply  embedded  in  the  surrounding  meso- 
derm (Fig.  418).  A  portion  of  this  mesoderm  is  a<lded  to 
the  vesicle,  and  thus  the  definitive  membranous  labyiinth 
is  formed  from  liolh  of  these  germ  layers.  The  envelo])- 
ing  cartilages — which  become,  when  ossified,  the  bony 
labyrinth  — develop  a  short  distance  removed  from  tlie 
membranous  laliyrinth,  and  the  intervening  mesoderm  is 
dissolved,  leaving  the  perilymphatic  spaces  bet  ween  the 
niembranous  and  the  bony  labyrinth.  The  scala  tym- 
pani  and  the  scala  vestibidi  are  the  contimiationsof  tliese 
spaces  into  the  cocldea.  while  the  scala  meilia  is  the  only 
part  of  the  cocldea  which  is  lined  by  a  derivative  from 
the  original  ectodermal  auditory  vesicle.  Accordingly, 
the  organ  of  Corti  is  developed  in  the  floor  (membraua 
basiliiris)  of  the  scala  media. 

TuF.  AiDiTORY  N1';tivi':  oi-'  M.\x. — The  aceompanyiug 
figure-  from  Retziiis  (Fig.  425),  together  with  Fig. "4 19, 
above,  an<l  the  preceding  accounts  of  development,  will 
rendera  detailed  description  of  the  accessory  auditory  ai>- 
paratus  unnecessary.  It  in'jst  be  remem!)ered  that  there 
are  two  distinct  sensory  m.^chanisms  in  the  eighth  nerve 
and  internal  ear.  mechanisms  which  have  had  a  conunon 
origin  and  whi<h  possil)ly  even  in  man  are  only  incom- 
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nerve  very  nnu-h  as  are  the  hair  cells  of  the  vestibular 
organ.s.  That  is.  according  to  the  majority  of  authori- 
ties, the  cochlear  nerve  ends  free  among  the  hair  cells, 
witlanit  elfeeting  protoplasmic  continuity  with  their 
substance. 

The  division  of  the  auditory  nerve  into  vestibular  and 
cochlear  rand,  while  conveni(^nt  descriptively,  is  not  of 
special  morphological  signiticance,  for,  while  the  vestilm- 
lar  ramus  is  distributed  wholly  to  sensory  organs  of  the 
labyrinth  ])ro|i(r  (suiierior  and  external  am[)ulla'  and 
macula  utrieull).  the  so-called  cocldear  ramus  sup])lies, 
in  addition  to  the  (ochlea,  the  [losterior  amjudla  and  the 
macula  saeculi.  The  two  branches  of  the  cochlear  ramus 
last  named  are  termed  by  Schwalbe  the  ramus  medius, 
a  natural  division,  as  they  belong  more  properly  with 
the  vestibular  ramus  than  with  the  cochlear.  The 
vestibular  and  cochlear  divisions  can  best  be  described 
sej'arately. 

Vc.ilih'ihir  Uininm — The  fibres  of  this  nerve  arise  from 
ganglion  cells  lying  in  the  internal  auditory  meatus,  the 
vestibular  ganglion,  or  ganglion  of  Scarita.  These  cells, 
like  all  of  the  others  connected  with  the  nerves  of  the 
internal  ear  (and  the  lateral-line  nerves  of  fishes  as  well), 
remain  bipolar  throughout  life  in  all  animals.  The 
method  of  the  termination  of  the  periphr-ral  ])roce.sses 
about  the  specific  cells  of  the  sensory  spots  has  alr<'a<ly 
lieeii  illustrated.     The  central  ]iroee.sses  form  the  vestibu- 


pletely  dilTerentiated  from  each  other.  These'  are  the  j  lar  (mesial  or  anterior)  root  of  the  eighth  nerve.  Renters 
labyrinth,  serving  the  static  sens<'.  and  the  cochlea,  the  i  the  bndn  venlrally  and  cephalad  of  the  cochlear  root,  and 
organ  of  heating.     The  macula' and  eristic  of  the  mem-   [  passes  dorsad  between  the  fibres  of  the  restiform  body 
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Fig.  428.— Diagram  Representing  Flat  Reconstruction  of  the  Nuclei  of 
Termination  of  tbe  Ccwhiear  and  Vestibular  Nerves.  (After  Florence 
R.  Saliin.)  The  scale  at  the  left  is  in  the  median  line  ;  the  line  a,  a 
represents  the  lateral  wall  of  the  ventricle  ;  the  line  6, 6  corresponils 
to  the  lateral  outline  of  the  corpus  resiitdnne  ;  the  lines  <(,  to  d,  and 
the  line  c,  e,  e  correspond  to  tlie  sulci  in  the  door  of  the  fourth  ven- 
tricle; C.d.,  nucleus  nervi  ri«iiie;e  <lor- 
salis;  C.i\,  nucleus  nervi  cochh-.v  ven- 
tralis;  Floe,  Hocculns;  K  VII.  knee  of 
the  nervus  facialis ;  L..  medial  portion  of 
nucleus  nervi  vestibnii  lateralis  (Deiters)  ; 
-L,  lateral  portion  of  nucleus  nervi  ves- 
tibuU  lateralis  (Deiters) ;  ,1/,  together 
with  1',  nucleus  nervi  vestibuli  medialis 
(Si-hwalbe) ;  Niic.  XII,  nucleus  nervi 
hypoglossi;  JVmc.  VI.  nucleus  nervi  ab- 
ducentis;  P.f.,  pedunculus  Ilocculi ;  N. 
m.j).  v.,  nucleus  motorius  princeps  nervi 
trigemini;  iV.o.s.,  nucleus  olivaris  su- 
perior; iV.s.  v.,  nucleus  nervi  trigemini 
(sensory) ;  N.c,  root  bundle  of  nervus 
cochlea? ;  N.  I'esf.,  root  bundle  of  nervus 
vestibuli;  R.d.n.i'e.,  radi.x  descendens 
nervi  vestibuli ;  S..  nucleus  nervi  vestibuli 
superior  (Bechterew)  (area  enclosed  in 
the  broad  black  line);  Ti-.s.fi.t.,  trai'tus 
spinalis  nervi  trigemini ;  1",  nucleus ;  i/  = 
antero-lateral  portion  of  nucleus  nervi 
vestibuli  medians:  2,  decussatlo  nervi 
trigemini. 


and  those  of  the  spiual  root  of  the 
fifth  nerve.  :\Iesially  of  the  resti- 
form  body  tlie  fil)i-es  bifurcate,  one 
limb  of  each  fibre  turning  caiidad 
to  form  the  dcsceiidint,'  or  spinal 
root  of  the  vestibular  nerve,  finally 
to  arborize  about  the  cells  of  (he 
spinal  nucleus  associated  with  this 
tract.  The  other  limbs  of  these 
fibres  effect  various  connect  ions  in 
the  region  dorsally  and  cephalad  of 


this  point.  The  primary  connections  of  the  vestibular 
root  have  been  thus  summarized  by  Dr.  Levvellys  F. 
Barker: 

There  are  at  least  four  well-defined  primary  nuclei  of 
tcrniin;ition  in  connection  with  the  vestibularnerve:  (1) 
The  iiticleus  medialis  (Schwalbe):  (2)  the  nucleus  spinalis 
(r:idi\<lcscendens);  (3)  the  nucleus  lateralis  (Deitei's);  anil 
(4)  the  nucleus  superior  (Flechsig,  von  Bechterewj.  In 
ad<lition,  the  nervus  vestibuli  comes  into  direct  conduc- 
tion relation,  {(0  (probably  chiefly  by  means  of  collat- 
erals) with  the  nucleus  nervi  cochleic  ventralis;  (/>)  (by 
means  of  ascending  limbs  of  divided  root  fibi-es  or  col- 
laterals from  these)  with  the  mass  of  nerve  cells  (Ramon 
y  Cajal's  nucleus  cerebello-acusticus)  in  the  lateral  wall 
of  the  ventricle,  dorsad  to  Bechtei-ew's  nucleus:  and  (c) 
Willi  the  nuclei  of  Ihe  roof  of  the  fmirlh  ventricle  (nuclei 
fastigii)  on  both  sides  of  the  middle  line,  and  (d)  ]K)ssibly, 
according  to  Cajal,  by  means  of  a  few  fibres  with  the 
nucleus  dentatus  cerebelli  and  the  cerebellar  cortex. 

The  topographical  relations  of  these  nuclei  to  one  an- 
other and  to  the  surrounding  structures  in  the  oblonirata 
are  shown  in  Hat  projection  upon  the  horizontal  plaiie  in 
the  accomjianying  figure  (Fig.  42.'-;),  after  Jliss  Sabin. 
As  seen  in  transverse  section  the  relations  are  shown  in 
Fig.  429,  from  Obersteiner.  It  should  be  noted  tluit  in 
this  figure  the  letters  A'Z»  stand  in  the  position  of  the 
nucleus  spinalis  and  the  nucleus  of  Flechsig,  as  well  as 
Deiters'  nucleus.  The  secondary  connections  of  the  ves- 
tibular nuclei  are  exceedingly  diver.se  and  none  too  well 
known.  Some  of  them  are  indicated  in  Fig.  429.  Vi'e 
hiive  seen  above  that  a  considerable  number  of  direct 
root  fibres  enter  the  cerebellum,  their  connections  there 
being  largely  problematical.  It  is,  howe\-er,  cerlain  that 
a  large  pro]iortiou  of  the  secondary  fibres,  especially 
those  from  the  more  lateral  group  "of  nuclei,  ])a.ss  into 
the  cerebellum.  Others  reach  a  lateral  vestibular  bundle 
lying  between  the  sjnnal  fifth  tract  and  the  emerging 
fibres  of  the  sixth  nerve,  some  ascending  and  some  de- 
scending in  it.  A  considerable  number  of  secondary 
fibres  from  both  the  medial  and  the  lateral  nuclei  are 
known  to  enter  the  fasciculus  longitudinalis  medialis, 
some  running  cephalad,  some  caudad  in  this  bundle. 
This  is  the  chief  path  for  reflexes  to  the  oculomotor 
nuclei,  and  iirobably  to  the  motor  centres  of  the  spinal 
cord  as  well.  There  are  other  descending  and  ascending 
paths  less  perfectly  known,  some  of  the  "latter  undoubt- 
edly entering  the  fillet. 


Fig.  429.— Schema  of  Iho  Central  .Acoustic  Apparatus.  (After  Obersteiner.)  f7);;.  Cerebellum ; 
Co,  cerebral  cortex  :  (  'i-kI.  corpus  restiforuic  ;  ( 7/-,  corpus  trapezoides ;  Kst.  conductor  sono- 
rus  (lUauiistah):  im(,  latenU  IHl((t:  Xucc,  nucleus  acce,s,sorius  (ventral  cochlear  nucleusi  : 
ND,  Deiters' nucleus;  lYt,  trapezoid  nucleus:  iVtr,  nucli'iis  medialis  (triangular  nucleus); 
jV  VI,  abducens  nucleus ;  Os,  superior  olive :  Oft.  stalk  i^f  llie  superior  olive  :  /';/,  pyramid ; 
Qa,  Qp,  upper  and  lower  corpora  iiuadrigeiiiina  ;  Ha,  raphe  :  HI.  lateral  icochleiir)  a'ciisticus 
root;  «»i,  medial  (vestibular!  acusticus  n«'t ;  .S/rm,  stria"  meduUareji  (stria' acustlcfpi;  TJta, 
dorsal  cochlear  nmleus  (tulierculiiin  acusticum);  ri/m,  tegmentum;  Fa,  spinal  trigeminus 
root;  Vi,  abducens  root ;  17 f,  facialis  root. 
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Cdchlear  Ramus. — The  coll  bodies  from  which  the  fibres 
of  this  nerve  aiise  lie  chietiy  (if  not  wholly)  in  the  spiral 
gun.slion,  or  f;!inglion  of  Corli,  in  the  axis  of  the  bony 
cochlea.  The  peripheral  proecs.ses  of  these  ganfjlion 
cells  (excludinir  the  ramus  niediiis  of  Sehwalbe)  teiini- 
nate  in  the  orjjan  of  Corli.  The  central  processes  consli- 
lute  the  cochlear  (lateral  or  dorsal)  auditor}-  root.  In 
the  cnibryoloffical  development  they  become  medidlated 
somewhat  later  than  those  of  the  vestibular  root,  u  fea- 


CoUicitfiis  superior 


A.  Direet  sysU»in.  (Peripheral  auililiiry 
sensory  neiirone.s,  or  auditory  ueuruues 
of  tlie  I.  oriler.) 


•    CcrUr 


Ciliculus  inferior 


yV  cmhlcae 


Nucleus  tttrvi  cochleae  rcaltatis 


Ccrpus  trapezDideum 


Cc/licii/jis  superior 


Indirect  systems.     CAuditory  neurone.s 
of  II.  order  and  of  liijjliei"  ordei-s.) 


Dccilisalij  brachii 
conjunclivi  . . . 

Lffnnisciis  htfrnlis 


Niiclriis  nervi 
:ecchUaa  dprsntii 


upon  entering  the  oblongata,  into  ascending  and  descend- 
ing limbs.  The  ascending  limbs  genei'ally  enter  the 
ventral  cochlear  nucleus,  while  the  desceiidiiig  limbs 
may  enter  the  dorsal  cochlear  nucleus. 

The  (igures  already  given  illustrate  the  relations  of 
these  terminal  nuclei.  The  accompanying  diagi-ams  from 
Held  (Figs.  .l:i(l,  WW)  will. serve  in  lieu  of  e.\tended  descrip- 
tions of  their  further  connections.  These  are  much  too 
complicated  to  be  given  in  detail  here.  The  reader  is 
^  relVri'ed    to   the   extended    re- 

"  view  in  Barker's  recent  text- 

book, "The  Nervous  System," 
chapter  liv.  In  general  lerm.s, 
the  central  auditory  path  ex- 
tends from  the  ventral  nucleus, 
by  way  of  the  trapezoid  body, 
and  from  the  dorsal  nucleus, 
by  way  of  the  striiu  acusticse 
(both  root  tibres  and  secondary 
fibres  in  each  case),  to  tlie  re- 
gion of  the  superior  olive, 
partly  cro.ssed  and  jiarlly  un- 
crossed. The  path  then"  goes 
by  way  of  the  lateral  tillel  to 
the  inferior  member  of  the  cor- 
pora qiiadrigemiua.  This  ap- 
pears to  be  the  general  centre 
for  the  elaboration  of  the  high- 
er aiiditory  rellexes,  the  reflex 
connections  being  very  numer- 
ous, notably  with  lower  cen- 
tres and  with  the  supeiior 
member  of  the  corjiora  (juad- 
rigemina  (optic  rellex  path). 
Cortical  projection  tibres  also 
pass  trom  this  body  via  the 
braeiiium  quadrigemimun  in- 
ferius  to  the  eorjius  genicida- 
tum  niediale.  The  i)ath  seems 
to  be  interrupted  here  and  the 
fibres  of  tlie  cortical  acoustic 
path  ari.se  at  this  point,  to  ter- 
minate in  the  auditory  sense 
area  of  the  cortex  ;  viz.,  accord- 
ing to  Fleelisig,  "  the  two  trans- 
vers(^  gyri  of  the  temporal  lobe 
(particularly  the  anterior),  and 
that  portion  of  the  gyrus  ten\- 
poralis  superior  immediately 
adjacent." 

C  Jiidwn  Ilcrrick. 


■h'us  temnUei 
laltralii 


Nucleus  Iminisel 
Uitcralis 


'Irmniscus  fatfralis 

■NncUvi  cUvuris 
siiprricr 


Nudfus  ccrpjris  Irapezoidfl 


vV.  cochlear 
Figs.  430  and  m- 


Sohemes  Illustratiiis;  the  Tennination.s  of  the  N'eni  Toohlea'  In  the  Central  Ner- 
VOU.S  System.    (After  Held,  from  liarlier's  te.\t-booli.) 


ture  to  be  correlated  with  the  fact  that  this  nerve  ap- 
pears in  the  phylogeny  at  a  later  period  than  the  vestib- 
ular nerve. 

All  of  the  fibres  of  the  cochlear  nerve  appear  to  enter 
the  ventral  or  the  dorsal  coclilear  nucleus  either  to  ter- 
minate in  them  or  to  pass  through  them.  The  ventral 
nucleus  is  often  spoken  of  as  the  accessory  nucleus,  and 
is  thought  by  Sala  and  Ouufrowies  to  contain  some  of 
the  ganglion  cells  of  the  perijiheral  auditory  neurones. 
The  dorsiil  nucleus  is  the  tidiereuUun  acusticum  of  hu- 


AUGUSTA,  Georgia  (lati- 
tude, 32'  28'  N.;  longitude, 
81°  o4'  W.),  is  located  on  the 
southwestern  bank  of  the  Sa- 
vannah River,  about  i'iV  miles 
from  its  mouth.  In  an  air 
line,  or  "as  the  crow  (lies." 
it  is  about  !)()  miles  from  the 
Atlantic  coast.  Its  elevation 
above  the  sea  level  is  1()7  feet. 
Augusta  ])roi)er  is  bounded  on 
the  north  and  northeast  by  the 
Savannah  liiver,  which  se]ia 
rat<'S  tile  States  of  Ceorgia  and 
South  Carolina  at  this  jioiiit; 
and  on  the  west  and  southwest  by  a  row  of  saiul  hills 
which  rise  to  a  height  of  from  298  feet  to  3.">()  feet  above 
the  level  of  the  city.  Toward  the  east  and  southeast 
(here extends  a  level  plateau  of  farming  land,  so  that  one 
gets  here  a  variety  of  scenery  of  hill  and  vale  and  river. 

According  to  the  last  census  taken  by  the  ^laloney  Di- 
rectory Company,  Augusta,  with  her  immediate  suburbs, 
has  a  population  of  about  (i:i.(ll)0.  The  city  projier  is 
very  level  and  has  wide  streets,  the  beauty  of  which  have 
made   her   famed   throughout   the   counirv.     The  main 


man  anatomy.    The  tibresof  the  cochlejir  nerve  bifurcate,  j  resident  street — Greene  Street — is  175  feet  wide,  and.  for 
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more  than  two  miles,  has  four  rows  of  majestic  elm  and 
oak  trees  which  make  three  avenues  down  the  street. 
Between  the  two  central  rows  of  trees  vehicles  arc  not 
allowed  to  pass,  this  long'  iiath  or  >jreen  bein.U'  reserved 
for  pedestrians.  A  similar  arrangement  e.\ists  on  ujiper 
and  lower  Broad  Street,  which  is  likewise  175  feet  wide: 
but  the  middle  portion  is  asphalted,  and  is  the  chief 
business  street  of  the  city. 

The  other  streets  are  c.xceptionally  wide,  well  fringed 
with  beaut ifid  shade  trees,  and  nearly  all  of  them  are 
paved  by  a  natural  deposit,  called  "cement  gravel,"  that 
is  fotuid  in  this  section  of  the  country.  The  formation 
used  for  paving  ])urposes  con.sists  of  clay,  red  sand,  and 
pebbles  varying  in  size  from  a  split  pea  to  a  pigeon's  egg. 
This  makes  a  material  for  roadway  purposes  that  can 
scarcely  be  excelled. 

In  addition  to  the  river,  which  gives  the  city  com- 
mimication  by  boat  with  the  up-country,  Savannah  and 
the  intervening  country.  Augusta  has  no  less  than  nine 
important  railway  lines,  so  that  it  is  easy  of  access  from 
any  portion  of  the  country;  the  roads  centring  in  Au- 
gusta being  the  Atlantic  Coast  Line.  Central  of  Georgia. 
Charlestonand  AVestern  Carolina,  Georgia,  Port  lioyal, 
Seaboard  Air  Line.  South  Carolina,  Southern,  and  Au- 
gusta Southern  l)rauch  of  the  Southern  Railway. 

Augusta  has  about  eighteen  miles  of  electric  railway, 
the  cars  of  which  run,  upon  convenient  schedules,  in  vari- 
ous directions  throughout  the  city.  It  has  a  well-con- 
ducted sysli'm  of  public  schools,  imder  which  is  included 
the  Tubman  High  School  for  girls.  The  Richmond 
Academy  for  boys  is  an  institution  that  was  endowed  liy 
the  crown  of  England:  it  celebrated  its  centennial  more 
than  a  decade  ago.  A  Jesuit  college  will  be  in  opera- 
tion in  Augusta  within  a  year.  The  Medical  Department 
of  the  L^niversity  of  Georgia,  now  in  the  sixty-eighth  jear 
of  its  honorable  and  useful  career,  is  also  located  here, 
so  that  visitors  sojourning  in  Augusta  for  the  winter 
may  have  amjjle  educational  advantages  for  their  chil- 
dren. In  addition  to  these,  the  city  has  a  public  library. 
a  modern  theatre  building,  and  churches  of  all  the  more 
prominent  denominations. 

The  Planters  and  the  Commercial  are  the  two  hotels 
possessed  by  Augusta  proper  at  this  writing,  but  the 
contract  has  already  been  given  out  for  a  modern,  up- 
to-date  hotel  of  two  lumdred  rooms,  which  is  to  be 
in  operation  by  the  autumn  of  the  present  year,  and  the 
plans  for  another  are  )iretty  well  matured.  There  are 
also  numerous  boarding  houses  where  one  may  obtain 
board  at  moderate  rates. 

Augusta  takes  its  water  supply  from  the  Savannah 
River.  There  is  no  city  located  above  it  on  the  river, 
and  a  row  of  sand  hills  crosses  the  Savannah  at  this 
point.  These  hills  make  .shoals  in  the  river,  and  extend 
up  it  for  a  distance  of  forty  miles,  so  that  .such  im- 
purities as  may  exist  in  the  water  have  ample  oijpor- 
tunity  to  be  eliminated  before  the  city  is  reached.  Except 
for  its  burden  of  red  clay,  t\u'.  water  has  been  proven  by 
the  clinical  experience  of  Augusta's  physicians  and  by 
chemical  analysis  to  be  exceptionally  free  from  impurities. 
To  avoid  all  possible  sources  of  contamination  of  its  sup- 
ply, the  city  lias  just  completed  the  construction  of  a 
new  system  of  water  works,  whereby  its  water  is  taken 
from  the  canal  three  miles  above  the  city.  The  sujijily 
is  forced  iuto  a  reservoir  on  the  hilltop,  three  hundred 
feet  above  the  city,  where  it  is  filtered,  and  there  de- 
livered to  the  city  water  mains.  Wells,  pumps,  and  cess- 
pools have  been  banislii'd  Irora  the  city  by  order  of  the 
Board  of  Health,  until  now  only  a  few  of  |-he  former  and 
none  of  the  latter  remain  within  the  city  limits, 

Augusta  is  honeycombed  by  an  excellent  system  of 
sewers  which  thoroughly  and  "quickly  drain  the  city  of 
.sewage  and  storm  water,  and  it  is  the  writer's  opinion 
that  the  remarkable  healthfulness  of  the  city  is  in  lafge 
measure  due  to  these  and  to  its  pure  water  siip])Iy,  The 
soil  of  Augusta  is  largely  made  up  of  sandy  loam,  under 
which  is  a  layer  of  sand  and  clay:  and  still  deejier  is 
encountered  a  layer  of  granite  many  hundred  feet  in 
thickness.     The  only  artesian  well  iu"  the  city  conducts 


its  water  tlirough  a  stratum  of  granite  that  is  800  feet 
thick. 

The  healthfulness  of  Augusta  is  remarkable.  The 
mortuary  tables  of  the  city  show  a  steady  decrease  in  the 
death  rate  from  1S8U,  when  the  number  of  deaths  per 
1,000  inhabitants  was  23.36,  to  1898,  when  it  was  16  per 
1,000,  The  same  decrease  appears  in  certain  specitic 
cases:  for  example,  the  ratio  of  deaths  to  total  mortality 
from  typhoid  fever  in  1880  was  1  in  41.7,  while  in  1898  it 
was  1  in  133.6.  xVugusta  is  likewise  exceptionally  free 
from  epidemic  diseases.  Yellow  fever  was  epidemic  in 
Augusta  in  1839  and  18.54.  In  both  instances  it  was 
brought  to  the  city,  and  an  epidemic  followed.  Since 
then  sporadic  cases  have  been  brought  to  the  city,  but 
in  no  instance  has  an  epidemic  succeeded :  and  for  more 
than  twenty  years  no  case  has  occurred  in  the  city.  The 
abscnceof  formidable  outbreaks  of  measles,  scarlet  fever, 
di|>litheria,  and  other  epidemic  diseases  is  doubtless  due, 
in  large  measure,  to  the  stringent  .sanitary  regulations  of 
the  Board  of  Health, — but,  in  addition,  to  the  fact  that 
the  city  is  not  densely  built  up,  each  house,  even  in  the 
poorer  districts,  having  its  little  plot  of  land  that  sepa- 
rates it  from  its  neighbor. 

Augusta  has  a  canal  that  takes  its  water  from  the 
Savannah  River,  seven  miles  above  the  city  This  canal 
furnishes  an  enormous  water  power,  making  Augusta 
the  greatest  cotton-manufacturing  centre  in  the  South. 
The  city  owns  the  canal,  and  derives  a  handsome  rev- 
enue from  the  water  rents. 

SUMMERVILLE,  OB  THE  SaND  HiLLS. 

The  foregoing  is  largely  introductory  to  the  portion  of 
Augusta  that  is  known  to  and  concerns  the  medical  pro- 
fession at  large,  inasmuch  as  the  Augusta  which  has  such 
a  well-earned  reputation  as  a  health  resort — the  portion  of 
the  city  that  has  almost  exclusively  attracted  the  atten- 
tion of  physicians — is  Summerville,  a  suburb  of  Augusta. 

In  discussing  the  advantages  and  disadvantages  of  the 
place,  it  is  not  possible  entirely  to  separate  them,  chiefly 
for  the  reason  that  tlie  United  States  signal  service 
bureau  which  furnishes  the  meteorological  data  is  located 
down  in  the  city,  and  not  on  the  hilltop.  It  is  well, 
therefore,  to  bear  in  mind  that  there  is  less  humidity  and 
some  little  difference  in  temperature  in  the  portion  of 
Augusta  to  which  visitors  and  patients  almost  inva- 
riably go.  The  reason  for  this  is  that  the  citv  is  2QS  feet 
lower  and  borders  on  the  river;  and  it  is  no  uncommon 
sight  to  see  a  mist  enveloping  the  city  in  the  earlj'  morn- 
ing while  the  hilltop  is  quite  free  from  it. 

In  like  manner  the  air  in  this  region  is  more  rarefied 
and  purer  than  it  is  in  the  city,  with  its  heavier  atmos- 
phere and  denser  population.  Summerville,  or  the  Sand 
Hills,  on  acccnnit  of  its  healthfulness,  was  for  many  years 
called  "jMount  Salubrity."  It  is  located  on  the  crest  of 
a  row  of  sanil  hills  which  extend  from  Chester,  S.  C. ,  down 
through  Aiken,  S,  C  and  which  cross  the  Savannah 
Riverat  Augusta,  causing  shoals  iu  theriverat  thatpoint, 
thereliy  making  Augusta  the  head  of  navigation  for  the 
Savannah  River.  Summerville  is  an  aristocratic  suburb 
of  Augtista,  and  for  more  than  one  hundred  years  many 
of  the  latter's  wealthiest  citizens  have  hved  in  quiet  ease 
in  this  region.  The  border  of  the  village  touches  that 
of  Augusta,  and  the  two  are  connected  by  an  electric  rail- 
way that  runs,  ujiona  fifteen  minute  schedule,  between  the 
two  |ilaees.  making  Summerville  easy  of  access  from  any 
l)ortion  of  the  city.  It  is  located  at  an  elevation  of  098 
feet  above  the  city,  as  stated,  and  from  the  crest  of  this 
sand  ridge  one  can  sec  many  miles  down  over  the  plateaus 
on  the  Georgia  side  and  far  into  South  Carolina  as  well. 
It  has  a  town  marshal  and  town  council;  a  new  system 
of  water  works,  electric  lights,  and  a  school — the  Sum- 
merville .\cadeniy. 

The  soil,  location,  and  climate  of  this  village  could 
hardly  be  excelled  for  healllifulness.  It  possesses,  in 
my  opinion,  every  advantage  that  Aiken  does,  being  on 
the  same  ridge  of  hills,  only  a  few  feet  lower,  and  has 
one  advantage  that  Aiken  has  not — close  proximity  to  a 
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city  of  (i^.OOO  iiilmljitants.  -with  all  llio  altraetions  for 
cuhivation.  amust'tiiciit,  and  sliopjiiug  that  sucli  a  city  can 
j^ivc.  It  also  has  an  advantage  over  many  of  the  resorts 
farther  south,  inasmuch  as  its  climate,  though  colder,  is 
still  not  too  cold  for  out-of-door  lite,  and  its  air  is  not,  so 
depressing.  Th(^  top  soil  of  the  region  is  almost  entirely 
sand,  and  for  this  reason  the  chief  vegetation  consists  of 
pines,  oaks — many  of  the  scruboak  variety — and  such 
grasses  as  will  grow  on  a  dry.  sandy  soil. 

In  all  seasons  of  the  year  this  region  is  attractive,  for 
the  pines  are  perennially  green,  and  in  the  s])ringtinie 
the  land  Ijhissonis  like  the  rose.  Wild  flowers  grow  in 
profusion,  and  the  odor  of  the  yellow  jasmine  which 
clambers  over  the  scrub  oaks,  the  honeysuckle,  and  the 
wild  shrub,  mingling  with  the  ll^dsamicodor  of  the  [lines, 
makes  the  region  exceedingly  attractive  for  cither  tem- 
porary or  iiermanent  residence. 

The  sindy  nature  of  the  soil  makes  the  hilltop  like  a 
great  liller;  the  raiu  water  ipiickly  passes  down  into  the 
deeper  strata,  and  tli.e  altilude  of  the  place  cau.ses  the; 
water  to  run  ott  rapidly  into  the  lowcr-ljing  i}lateaus. 
Under  the  sand  is  a  soil  Jnade  up  of  red  sand  and  clay, 
and  imder  this  is  a  stratum  of  granite  many  hundred 
feel  in  thickness,  so  that  it  is  impossible  for  w'ater  to  ac- 
cumul;ite  in  the  region.  Within  a  few  hours  after  th<" 
heaviest  rain  it  is  possible  to  go  out  into  the  open  air  and 
walk  for  miles  without  getting  the  fi-i't  wet.  As  an  evi- 
dence of  the  de|)tli  of  this  top  sti-atum  of  .sand,  it  may  be 
mentioned  that  in  the  sinking  of  wells,  which  were  used 
exclusiv<'l\- for  domestic  purposes  before  the  advent  of 
the  new  system  of  water  works,  it  was  found  necessary 
to  go  down  to  a  depth  of  from  HO  to  loO  or  200  feet  be- 
long striking  water.  The  great  depth  of  this  porous  soil 
and  the  altitude  of  the  place  make  ba<l  drainage  almost 
an  impossibility,  and  as  a  matter  of  fa<-t  I  have  never 
detected  a  noisome  odor  th.at  could  be  traced  to  defective 
sewerage  in  any  portion  of  Sunnnerville. 

Located  as  it  is.  on  the  sunmiit  of  a  sand  ridge,  away 
from  the  noise  and  bustle  of  the  city,  with  its  beautiful 
sweep  of  laiulscape,  taking  in  hill  and  valley,  and  the 
sinuous  o\itline  of  the  broad  Savannali  as  it  courses 
toward  the  sea,  with  perfect  drainage,  rarefied  and  in- 
vigorating air.  Sunimerville  is.  as  might  be  expected, 
valued  alike  by  the  resident  of  the  region  and  the  stranger 
wliliin  its  gates. 

Ainong  the  attractions  outside  of  these  natural  advan- 
tages max'  be  mentioned  the  splendid  .system  of  idadways 
that  extend  in  every  direction  throughout  Hichmond 
Countv.  These  roads  are  constructed  l)y  convict  lab<jr. 
and  are  made  of  cement  gravel,  which  iiacks  down  as 
level  as  a  floor.  The  roa<ls  do  not  cut  up  in  wet  weuth<r. 
nor  do  they  ever  get  excessively  dusty  ;  and  I  have  never 
seen  roads  to  excel  them  for  riding,  driving,  bicycling, 
and  walking.  Some  such  paving  was  a  necessity,  because 
our  sand  roads  are  naturally  so  heavy  that  travelling 
over  them  is  botli  unpleasant  and  dilliculf. 

The  Bon  Air  Hotel,  acconunodating  ~M  people,  is 
located  on  the  crest  of  the  hill  overlooking  the  city  and 
the  highlands  in  South  Carolina.  This  hotel  has  been  in 
operation  for  ten  years,  and  it  is  the  univei.sil  verdict  of 
competent  judges  who  have  travelled  throughout  the 
South  that  if  is  the  best  kejit  hotel  this  side  of  .New  York 
City.  So  i)opidar  has  this  hotel  grown  that  it  is  impos- 
sible to  obtain  acconunodal ions  therein  after  February  Isl 
unless  arrangements  are  nuifle  several  weeks  in  advance. 
The  hotel  is  handsomely  furnished  througl'.out,  having 
billiard  and  pool  rooms,  bowling  alleys,  etc.  The  linti 
.\ir  (!olf  Clul)  has  a  fine  cour.se  of  18  holes,  and  is  S.IKIO 
feet  long.  This  furnishes  open-air  exercise  and  amuse- 
ment for  the  guests  of  the  hotel,  and  for  many  of  thi' 
resiih'nts  of  Sunnnerville  and  .\ugusta  ;is  well.  In  Suni- 
merville tiiere  ar<'  several  firstclass  boarding  houses,  and 
a  number  of  |irivate  families  who  take  a  few  boarders 
each  season.  In  these  the  price  of  board  is.  of  course, 
cheaper  and  the  life  (piieter  than  at  the  hotel.  Such  ac- 
commodations suit  Ixilh  those  of  modest  means  and  those 
whose  means  arc  ample  but  whodislike  lintel  life.  There 
are  also  a  number  of   new  and   comfortable  cottages. 


ecpiipped  with  water  from  the  city  works  and  possess- 
ing modern  coiivenieuces,  that  may  be  had  for  a  reason- 
able rental. 

Game  is  plentiful  around  Augusta,  and  even  to  the 
stranger  tourist  the  farmers  are  generous  in  allowing  ac- 
cess to  their  hunting  preserves.  There  is  an  excellent 
livery  service  in  connection  with  the  Hon  Air  Hotel,  and 
the  proximity  of  the  city,  with  its  large  number  of  livery 
stables,  makes  riding  and  driving  over  the  splendid  roads 
a  i)leasural)le  pastime. 

Sunnnerville  has  a  poimlation  of  froiu  2,0011  to  :i.000 
people.  As  an  evidence  of  the  health  fulness  of  this  village, 
it  may  be  mentioned  that  during  the  fouryears  from  IKii-l 
to  \H(')H,  only  fourteen  deaths  occurred.  "Six  of  these 
ranged  from  70  to  102  year.s.  Two  deaths  were  from 
accident,  one  from  jiseudo-croup.  two  from  congestive 
fever  contracted  elsewhei'e  ami  neglected,  one  from 
pneimionia  contracted  elsewhere  and  neglected,  one  from 
congestion  of  the  brain,  one  from  ascites,  one  from  tuber- 
culosis contracted  elsewhere."  Cnforlunately,  no  mortu- 
ary records  of  the  village  of  Sununerville  have  ever  been 
kept,  but  the  death  rate  is  very  low.  During  last  winter 
the  (iovernment  established  Camp  McKenzie  at  Monte 
Sano,  a  portion  of  Sununerville.  There  were  between 
7,000  and  8,000  troojis  encamped  there  during  the  winter 
and  spring  UHinths.  and  il  was  the  general  vci'dict  of  the 
medical  olliei'rs  that  this  was  the  healthiest  camp  in  the 
country.  The  War  Ollice  has  not  imblislied  the  statistics 
of  mortality  and  sickness  at  the  camps  as  yet.  but  when 
il  does.  1  am  satisfied  that  the  figures  will  verify  this. 

The  rinted  States  has  for  many  y<'ars  maintained  an 
arsenal  on  the  summit  of  the  hilltoji,  and  during  the 
years  1S4!)  to  180!)  meteorological  observations  were  taken 
alsunrise,  9  .\.M.,  ;i  p..vr..  and  !)  r.M.  The  observations  ex- 
tending over  this  period  of  twenty  years  are  as  follows: 

Mean  ax'erage  teniperat  uic  for  .lanuary.  4<i. 7  F. ;  Feb- 
ruary, .■)0.7  F. ;  JIarch,  58.8  F. ;  April.  Ci.r  F'. ;  >Iiiv. 
72.2=  F. ;  June,  80.9=  F. :  August.  79.7=  F. :  Seiitc-mber. 
72.8°  F;  October.  (W..")'  F. ;  sununer,  79.9  F. :  autumn. 
(yS.r  F. ;  winter.  47.9    F. 

The  mean  annual  rainfall  for  the  same  jicriod  was: 
spring,  37.17  inches;  summer,  14.14  inches;  autunm,  (i.O.") 
inches;  winter,  .").92  inches.  Mean  numljcr  of  fair  days 
pi-r  year  2;!^;  cloudy  days.  70;  rainy  daj's,  57;  snow 
about  two  days  to  every  three  years. 

Prevailing  winds:  sjiring,  northwest  and  Southeast; 
sununer.  south  and  southwest  ;  autumn,  north,  northwest, 
and  southwest;  winter,  .south,  .southwest,  west,  north- 
west, and  north. 

Unfortunately,  no  record  of  the  lunnidity  of  theatmos- 
plKTc  was  taken,  and  it  <"UUiol  be  obtained  now — Ihe 
liumiility  in  the  annexed  table  being  for  Augusta,  located 
298  feet  below  luid  contiguous  lo  the  river,  lint  con- 
sidering the  ju'oximity  of  Sununerville  to  Aiken  (only  1(> 
miles),  and  the  siniilaiity  of  soil  and  elevalion.  I  do  not 
believe  that  the  humidity  of  the  former  differs  from  that 
of  the  latter  to  any  apjireciable  extent. 

In  a  pam]ih!et  by  Dr.  C.  J.  Ken  worthy,  on  the  "  Climate 
of  Florida."  the  fad  is  noted  that  Augusta.  Oa.,  has  a 
mean  teni]ierature,  for  the  months  of  November,  Decern 
ber.  January,  February,  and  .M.arcli,  of  .51.4  F.  .while  that 
of  Cannes  is  .50.8  F.  Again  the  interesting  fact  is  shown 
that  .\ugusta  has  a  mean  rehifive  humidity  for  these 
months  2.5  degrees  less  than  that  of  Cannes  or  .Mentone, 
and  one-tenth  of  a  deirree  more  than  that  of  .Iack.son- 
ville,  Fla. 

The  accompanying  table  of  the  U.  S.  •weather  bureau 
locate<l  at  Augusta,  covering  a  jieriod  of  twenty-nine 
years,  was  furnisherl  through  the  kindness  of  the  signal 
.service  ofiicer  at  the  point.  Sergeant  Fisher.  I'y  con- 
sulting the  fabli'  it  will  be  seen  that  the  average  number 
of  clear  days  and  partly  clear  days  for  th<>  tweiUy-nine 
years  was:  for  December.  21;  January,  20;  February, 
18;  March,  2^!,  and  April,  21!.  With  such  an  average 
extending  over  so  great  a  number  of  years,  it  is  easy  to 
see  that  one  can  s])end  much  time  in  comfort  out  of  doors 
when  it  would  be  iinpos.sil)le  to  do  so  in  the  more  rigor- 
ous n(/rthern  climates. 
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Climate  of  Acgusta,  Georgia,  Latitude,  32°  28'  N.  ;  Loxgitdde,  81°  54'  W. 


Temptrature : 

Avcmpecir  nuniiiil  furl.'!'  yi'iirs 

Avi'iiigt'  'tiiily  nmiic  forSil  yeare  — 

Mean  of  will  ini-sl  for  :^.t  wjii-s 

Mean  of  i-olilest  for  -11  yeara 

Hi|.'liesl  or  maximum  for  Lll  yeare 

Lowes!  or  nnnimuiu  for  ~*lt  years  .... 

Average  date  of  last  killing,'  frost  for  2 

Avenise  date  of  lli-st  killing  frost  for  S 
Humktilii: 

Average  relative  for  it  years 

Average  absolute  for  5  years 

Prccipitttt itut : 

Aveinge  in  inches  for  29  years 

Wind : 

Prevailing  direetion  for  29  yeai^s  — 

Average  voloeiiv  in  miles  per  bour. . . 
VeatlHi-: 

Average  number  clear  and  fair  days 
for  5  years 

Largest  number  clear  days  for  5  years. 

Smallest  number  clear  days  for  5  years 

Average   number  cloudy  days  for  .'J 
years 

Largest  number  cloudy  days  for  .5  years 

Smallest  number  cloudy  days  for 
years ■ 

Average  number  rainy  days  for  20 
years 

Siiiallest  number  rainy  days  for  5  years 

Lai'gest  number  rainy  days  for  5  years. 


4" 

IK.l" 

56 

39 

80 
6 
9  years. 
9  yealN. 

74 

2.4r.r 

4.35 

W. 
4..5 


211 
19 
18 

11 
1.3 

13 

11 
7 
13 


■■iO 

19.4° 

,W 

38 

84 
3 
March  1 
Novemb 

71 
2.5')0 

4.30 


18 
23 
14 


10 
14 


March. 


56 

21.4° 

63 

.50 

89 

22 
8th. 
er  8th. 

70 
3.414 

4.97 

W. 
7.0 


23 
13 


9 
19 


10 
9 
15 


April. 


66 
3.936 


W. 
6.5 


23 


8 
7 
U 


May. 


73 
21.9° 


100 
41 


66 
5..555 


3.28 


S.E. 
5.8 


25 

28 

22 

6 


3 
13 


19.9' 
83 
74 
103 
46 


70 
7.441 


23 
29 
23 


11 
6 
15 


July. 


81 
19° 

85 
78 
105 
57 


76 
7.980 


5.52 


S.E. 
5.1 


23 
26 
19 

8 
12 

5 

13 
8 
13 


August. 


79 

18.3° 
84 
76 
105 
58 


80 
8.340 


N.E. 
5.0 


23 

28 

18 

.s 
13 


13 
10 
19 


Sept. 


75 

18.5° 
79 
70 
101 
41 


74 
6.563 

3.80 

N,E. 

5.3 

23 
27 
21 

9 
3 


Oct. 


64 

30.8° 

71 

58 

94 

29 


74 
4.37; 


J.42 


N.E. 
6.2 


2.5 
21 


6 
10 


Nov. 


m 

20.7° 

60 

48 

85 

23 


78 
3.539 


3.08 


N.E. 
.5.5 


23 
35 
19 

8 
II 

5 

8 
5 
13 


48 

19.5° 
57 
38 
78 
7 


76 
2.366 

3.36 

W. 
6.0 


21 
24 
19 

10 
13 


9 
6 
11 


The  temperature,  in  the  winter  months,  not  infre- 
quently drops  below  the  freezing  point  and  thin  ice  is 
formed,  l>ut  the  clianges  are  not  usually  abrupt  and  the 
cold  does  not  continue  long.  Only  once,  in  thirty  five 
years'  experience,  have  I  known  the  mercury  to  register 
as  low  as  5°  above  zero.  The  climate  of  Augusta  may 
be  summarized  as  moderately  dry,  mild,  and  equable. 

Dr.  Richards,  in  an  article  in  the  first  edition  of  this 
work,  calls  attention  to  the  fact  that  the  census  for  1880 
shows  the  percentage  of  deaths  from  consumption  to  be, 
for  Georgia,  11. 14  per  10.000  inhaliitauts ;  and  the  eleventh 
census  sliows  a  similarly  small  death  rate  for  this  disease. 
Rheumatic  and  asthmatic  cases  almost  invariably  do  well 
hei'e.  Its  lower  altitude  makes  this  region  superior  to 
Denver  fcu'  cardiac  cases  anil  tuberculous  cases  compli- 
cated by  heart  lesions;  and  it  is  superior  to  Florida  in 
that  the  climate  is  less  debilitating. 

When  I  began  the  practice  of  medicine  here,  I  was 
struck  with  the  comparative  rarity  of  renal  diseases,  and 
a  riper  experience  confirms  my  first  observation.  This 
maybe  explained,  in  my  opinion,  by  the  freestoue  drink- 
ing water,  the  simplicity  of  living,  and  the  equable  tem- 
perature. Be  the  explanation  what  it  may.  it  is  a  fact 
that  renal  diseases  are  comparatively  infrequent,  and 
that  cases  of  this  class  are  benefited  when  brought  here, 
unless  the  disease  has  already  so  far  advanced  that  relief 
is  impossible.  Thomas  I).  Coleman. 

AURICLE,  ANATOMY  AND  PHYSIOLOGY  OF.— The 

aurii'lc  iir  ])iiuiii  loiiiis  witli  the  auilitury  canal  or  meatus 
the  external  ear.  It  is  placed  on  the  side  of  the  head 
about  midway  lietween  the  external  angle  of  the  eye  and 
the  occipital  ]5rotuberance;  the  upper  border  is  about  on 
a  level  with  the  eyebrow ;  the  lower  edge  of  the  lobe  is 
about  on  a  level  with  the  tip  of  the  nose.  Its  vertical 
line  is  parallel  to  the  ramus  of  the  jaw  and  forms  an 
angle  of  aljout  100  or  105  degrees  with  the  liorizontal 
plane  of  the  head.  Those  ears  in  which  tliis  angle  ex- 
ceeds 11'^  degi'ces  are  called  slanting  eai's.  In  height  the 
auricle  measures  fi'om  5.")  to  00  nun.,  and  in  width  fiom 
2.5  to  35  mm.  The  height  of  the  auricle  is  generally 
found  to  be  equal  to  the  length  of  the  nose.  The  ti'u'e 
length  of  the  auricle  varies  in  man  from  23  to  49  mm., 
the  average  being  35.9  mm. ;  in  woman  it  varies  from  24 
to41  mm.,  the  average  being  33.7  mm.  The  true  width  * 
of  the  auricle  varies  in  man  from  33  to  58  mm.,  the  aver- 
age being  44.4  mm.,  while  in  woman  it  varies  from  30  to 

•'  The  terms  "  true  length  "  and  "  true  width  "  are  explained  further  on. 
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61  mm.,  the  average  being  40  mm.  The  anterior  third 
of  the  auricle  is  firmly  attached  to  the  root  of  the  zygoma 
and  to  the  squamous  and  mastoid  surfaces  of  the  tem- 
poral bone  by  means  of  ligamentous.muscular.aud  cutane- 
ous tissues.  The  posterior  two-thirds  is  free  and  is  placed 
so  as  to  form  with  the  lateral  surface  of  the  head  the 
cephalo-auricular  angle  which,  opening  backward,  meas- 
tu'es  on  an  average  from  30  to  40  degrees,  and  may  vary 
between  0  and  90  degrees;  the  angle  decreasing  in  size 
as  it  passes  upward  and  forward. 

The  fraintwork  of  the  auricle  consists  of  convoluted 
folds  of  j-ellow  reticulated  cartilage,  from  1  to  2  mm,  in 
thickness,  and  is  covered  by  its  perichondrium.  It  sup- 
ports the  glandular,  vascular,  muscular,  and  cutaneous 
tissues  of  the  auricle.  The  cartilage  does  not  enter  into 
the  construction  of  the  lobule  and  is  deficient  between 
the  tragus  and  the  spina  helicis. 

The  auricle  may  be  considered  to  be  an  expansion  of 
the  external  auditory  canal,  which  it  surroimds,  and 
especially  so  above  and  behind.  It  is  oval  in  form, with 
the  longest  axis  vertical  and  its  broadest  extremity 
aliove.  It  has  two  surfaces — an  external  and  an  internal 
— and  a  circumferential  border.  The  external  surface 
looks  oblitiuely  outward,  forward,  and  slightly  down- 
ward. It  is  so  folded  upon  itself  that  it  presents  a  num- 
ber of  elevations  and  depressions,  which  give  it  a  most 
irregular  and  characteristic  appearance.  The  outer  sur- 
face is  as  a  whole  concave,  while  the  inner  is  convex, 
and  the  depressions  and  elevations  of  one  surface  corre- 
spond in  a  general  way  to  the  elevations  and  depressions 
of  the  other. 

The  border  of  the  auricle — that  is,  the  upper  third  of 
the  anterior  portion,  all  of  the  superior  portion,  and  the 
upper  two-tliirds  of  the  posterior  portion — is  rolled  in 
upon  Itself  and  forms  the  most  prominent  elevation  or 
crest  on  the  external  surface  of  the  organ.  It  is  called 
the  hdU  (Fig.  432,  1,  2,  3).  It  begins  in  a  thin  root,  the 
criia  helicis  (Fig,  432.  1),  in  the  cavity  of  the  concha,  and 
passes  obliiiuely  upward  and  forward,  and  then  in  a 
semicircle  upward,  backward,  and  downward,  to  termi- 
nate inafreee.xtremitv,  \\\cproa.<<sitsheUciscaiidatus(V\g. 
433,  2),  at  the  svlnis'hiiicololntlaris  (F\g.  432,  1.")).  The 
crista,  helicis  divides  the  concha  into  two  parts — the 
upper  and  smaller,  the  cymba  concha'  (Fig.  432.  19),  and 
the  lower  and  larger,  the  cacitas  conchff  (Fig.  432,  20), 
which  is  coiuinuous  with  the  external  auditory  canal. 
By  the  incurving  of  the  helix  a  groove  is  formed  beneath 
it — the  /(W.v((  of  the  hlix.  This  groove  is  well  marked  in 
its  ascending  portion,  and  gradually  becomes  shallow  as 
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il  passes  backward,  and  downward.  A  small  spine,  the 
npiiM  hclici/i  (Fig.  433,  1),  is  given  ofT  from  the aseendinjr 
portion  of  tlie  lielix.  It  serves  to  give  a  tirmattaeliment 
to  the  altrahcns  a uriculum  muscle.     This  spine,  as  well 

as  the  pmri'x'iiin 
CftUfhttiin  helirift^ 
is  only  to  be  .seen 
when  tlie  earti- 
lage  is  dcinided 
of  its  coverings. 
At,  the  junction 
of  I  lie  horizontal 
portion  of  the 
lieli.v  with  the 
descending  por- 
tion w<!  have  a 
luliercle  known 
as  tlie  J}(fnr/ /li- 
en. Pot  II  f  or  7'ii- 
hn-cU  (Fig,  432, 
'■).  which  poss- 
esses much  nior- 
plKilogical  im- 
|inrtance,  as  will 
lie  shown  below. 
It  corresponds  to 
the  car  tip  of  ani- 
mals. 

A  second  em- 
inence or  crest, 
t  he  a  11  t  i  7i.  e  I  i  .c 
(Fig.  432,  3),  I)c- 
gins,  in  the  tij)- 
peraiiterior  ])or- 
tiori  of  the  fossa 
lielicis,  in  two 
converging 
crests,  the  crura 


Fk;.  432.— Auricle  of  ii  Man.  f  .After  Scliwallip.) 
ah.  Base  of  the  aurieie;  ahc,  triani.'Ic  of  the 
aurii'le;  c.  Darwinian  point  or  tuliiTi'lr;  1, 
cms  lielicis;  2.  2,  ascending  (anterior  upiM-r-) 
portion  of  tlie  lieli.x  :  3,  descending  i iioslciior) 
portion  of  the  lieli.\;  4,  lobule  :  .">.  main  por- 
tion of  the  aritiheli.^  ;  IJ.  cms  inferiiis  aiitlieli- 
cis ;  7, cms  suinTiiis  anthelirts  :  s.antilragiis; 
9,  tragus;  II),  iMherculiiiii  sii!ir!ttrairi<-inM  ;'  11,     .,    _,    ,  ^    ,, 

sulcus  aiiris  anterior  (in<-isuruiniL^i>-heiicina);  Jfircatit^     or    tlie 


12.  incisura  iiiterlrapica ;  13.  tiilierciiliini 
trolobnlare  of  His:  14.  sulcus  auri-;  pMslenor 
(incisura  anthelicis):  1.5.  sulcus  he!  icolulailaris; 
14-rl5,  sulcus  obliquus  of  His;  Iti,  sulcus 
supnilobularis ;  17,  fossa  navicularis  or  .scji- 
phoidea  ;  IK,  fos.sa  tnangnlaris  ;  19,  cyinba 
concha-;  20,  cavitas  conchas  21,  sulcus 
trolobularis. 


criiii  in  feri  u s 
11 II tin  lids  (Fig. 
432,  6),  and  the 
mis  sir pevi V s 
initJii'liri.i  (Fig. 
432.  7).  It  passes 
downwai'd  and 
liaekwanl  in  front  of  th(^  descending  portion  of  the  heli.x. 
The  depression  which  is  formed  between  the  two  crests  is 
known  as  the /".v.\(/  nannilaris  or  f/mMt  urtiplifiirhii  {V\ii, 
432,  IT).  The  de]ire.ssion  between  the  erui-a  furciita  is 
called  the_f</.s'.vf/  iiiltrernrnlis  or  triaiir/nhtrif:  (Fig.  432,  IS). 
The  aiitihelix  is  separated,  by  the  sulcus  auris  posterior 
(incisura  anthelicis.  Fig.  432,  i-i).  froni 
a  roun<led  eminence — the  antilraijiis 
(Fig.  432,  8). — and  in  front  of  tliis  emi- 
nence, and  separated  fi'om  it  by  that 
])ortion  of  tlie  cavit}'  of  the  concha 
which  is  ciilled  the  inrisi/rir  iiiicr- 
trrif/icii,{F\!X.  432,  12),  is  a  lid-like  cov- 
ering to  the  auditory  canal — the  tm- 
i"'.«(  Fig.  432,  9,1.  It  is  .sepanited  from 
the  root  of  the  lielix  by  the  ><ii!ri/s 
anris  (interior  or  ineifsiirn  trncjithcU- 
fiiw.(Yii<:.  432,  11). 

The  most  dependent  part  of  the 
auricle,  which  is  devoid  of  cartilage 
and  is  made  up  jirincipally  of  connec- 
tive and  adipose  tissues,  is  called  the 
IfAtc  itdhiit Its  infrii'filiiris)  (Fig.  432,4). 
On  the  inner  surface  tlieelevations, 
as  tliey  correspond  to  the  depressions 
on  the  outer  surface,  have  received 
similar  names,  and  are  known  conse- 
quently as  the  cmineniia  fosstn  srn- 
phoidiip  rel  tn'mif/iiUiris  (F\g.  433.  7); 
the  /•miiioitia  fossfp  ntiricitlaris  (Fig. 
433. 11);  anti  the tiiiineiitin  nmrliif  ( I'^ig. 
433,8).     From  the   posterior  inferior 


liorderof  the  latter  eminence  arises  a  ciest,  the  puntinijits 
(Fig.  433,  10),  which  passes  obliquely  downward  and  for- 
ward to  the  iiirisiifii  teriiiiiinHs(Fiii.  433.  12);  and  to  this 
crest  is  attached  the  retrahens  aurieulum  muscle. 

In  a  like  manner  the  following  names  have  been  given 
to  the  depressions  (m  the  inner  aspi-cl  of  the  auricle:  the 
fos.<ia  iiiitlii'licis.  (Fig.  433,  .'>);  the  siilfiis  iint/ictiris  triiiis- 


rer.f>is  (Fig.  433,  6);  the  s't/rns 
'■>);   and  the  f.nsitrit 
iintitriiijn  ■  litlieiti<i 
(Fig.  4:S3,  13). 

To  aid  in  holding 
the  cartilaginous 
folds  in  ])lace  and 
in  uniting  the  auri- 
cle to  the  head,  two 
sets  of  I  if/It  till  ntsavf 
jirovidi'd  —  tlie  in- 
trinsic and  tlie  ex- 
trinsic. 

The  ilitriiisic  lir/- 
(imeiits  iiie  four  in 
number:  two  are 
<m  the  inner  sur- 
face of  the  auricle 
and  unite  the  cni- 
inentiaconcliie  w  ilh 
the  eminent ia  tri- 
angularis, and  also 
with  the  cmincntiii 
fossa  navicularis. 
The  other  two  are 
on  the  outer  sur- 
face. One  unites 
the  antitragus  witii 
the  piocessus  cau- 
datus  hclicis  and 
the  antilielix,  and 
so  fills  in  the  sulcus 
auris  iiostcrior. 
The  fourth  extends 
from  the  tragus  to 
the  lielix.  and  gives 
otf  a  f  a  s  e  i  c  u  1  u  s 
which  is  inserted  in  the 


lu  Ill-Is  (Fig.  433, 


Fir,.  43.1.— rartilaginous  Framework  of  the 
Human  .\iuicle  (Inner  Siii-face).  f.After 
Schwallie.)  W.  ippiT  liorderof  the  car- 
tilaginous fumnv  for  the  blood-vessels: 
c</,  antenor  medial  border;  i/c,  iiosterior 
medial  border;  x,  processus  triangularis ; 
li.  angle  of  the  anterior  mai'gin  of  the 
concha;  1,  spina  lielicis;  2.  processus 
lielicis  caudatus;  3,  laleml  biparlile  Saii- 
toriniaii  incisura;  4,  medial  Santorinian 
incisiini;  .5,  fossa  anthelicis;  c.  sulcus 
anlbelicis  transversus  ;  T.  ernineiitia,  fossie 
triangularis;  s,  eniiiientia  concha';  9, 
sulcus  cruris  helicis;  In.  ponliculus;  11. 
eminentia  f<issLV  navicularis;  12.  incisui"a 
terminalis ;  13,  Dssura  aiititrago-lieliciua. 


It   in 


external  auditory  canal, 
great  measure  fills  up  the  incisura  iulertragica. 

The  crtritisic  ligutinuts  are:  the  anterior,  divided  into  a 
siiiieriorand  an  inferior  fasciculus,  which  extend  from  the 
root  of  the  zygoma  to  tlie  tragus  and  to  the  spina  lielicis: 
the  posterior,  which  extends  from  the  nuistoid  process  to 
tlie  jiosterior  surface  of  the  concha;  and,  finally,  a  fasci- 
culus which  extends  into  the  external  auditorv  Ciiual. 


i..:~£ 


3...  ffiijftS 


Fit;.  431. 


Muscles  <'f  the  .\uricle  as  Seen  on  tile 
Kxn-nial  Surface. 


Fig.  435.— Muscles  of  the  Aiii-iile  as 
the  Internal  Sui'face. 


Firs.  4:M  .\xp  43.5.- I,  The  attolens aurieulum  or  musculus  auricularis  superior;  2,  iheaiirahens 
anrlcnluni  or  musculus  aui-iciilarls  anterior;  3,  ;i,  the  ii'tndiens  auricuUiiu,  or  musculus 
auricularis  posterior':  4,  the  lielicis  major;  .5.  the  lielicis  minor;  ii,  the  tragiciis.  with  li'.  its 
a<'cessory  fasciculus:  7.  the  antftragicus;  8.  the  transvei-sus  auiicular:  ;t,  the  oliliijuus  aiiri- 
eute:  ".  spina  helicis;  h.  concha,  with  6' its  posterior  thickening  or  ponliiule:  c.  spina 
caudatus  helicis.    (After  Testut.) 
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The  »(M.«cte«  of  the  auricle  sire  also  divided  into  the  in- 
triusie  and  the  extrinsic  group.  The  tirst  jiroup  con- 
sists of:  I.,  llie  liflias  inajur  (Fig.  434.  4),  wliicli  e.\lend.s 
from  the  si)ina  lielieis  to  the  ascending  portion  of  the 
heU.\  and  the  integument  covering  it;  II.,  tlie  hdiria 
)iiiiu'r  (Fig.  484,  S),  wliieli  extends  from  the  root  of  the 
lieli.x  to  the  ascending  jiortion  of  the  lielix;  III.,  tlie 
irnfliciis,  a  i|nadrilatend  Imndle  of  fibres  attached  to  tlie 
external  surfa<-e  of  the  tragus  by  two  sets  of  fibres — 
one  of  them  running  laterally  and  another  vertically, 
while  a  small  bundle  of  the  latter  extends  to  the  spina 
helicisvFig.  AiU,  0.  0);  IV..  the  <i/i  I  it  ri/</iciiK.  which  passes 
from  the  antitragus  upward  aiul  backward  to  the  anti- 
helix  and  the  licli.x  near  the  spina  caudal  us  helicis  (Fig. 
434,  7);  v..  the  iiri/isvcisi/s  cnnioila',  wliich  extends  ou 
the  inner  surface  of  the  auricle  from  the  lower  portion 
of  the  eminent ia  navicularis  to  the  emineutia  conchaj 
(Fig.  43.").  8);  VI.,  the  ohUqtius  aiin'ci/hi',  which  consists 
of  two  or  three  fasciculi  and  extends  from  theeniincntia 
fossse  triangularis  to  tlie  emineutia  concha'  (Fig.  453,  9). 

In  man  these  muscles  are  merely  rudiuientary.  while 
in  animals  the}'  serve,  first,  to  modify  the  general  form 
of  the  auricle  so  as  to  allow,  at  pleasure,  the  manner 
and  the  amount  of  force  with  which  the  soundwaves  are 
11  fleeted  toward  the  auditory  canal;  second,  to  modify 
the  dimensions  of  the  entrance  to  the  auditory  caual,  so 
as  to  influence  the  amount  of  sound  which  is  to  penetrate 
to  the  niembrana  tympani.  The  muscles  of  the  tragus 
and  the  antitragus  are  the  constrictors,  and  the  muscles 
of  the  helix  are  the  dilators,  of  the  external  auditory 
canal. 

The  second  or  extrinsic  group  of  muscles  of  the  auricle 
are:  I.,  the  utMlc ns /m n'c nl h m ,  or  m iiscul na  fiiirlniliiris su- 
peiivr,  which  arises  from  the  epicranial  aponeurosis,  passes 
downward  aud  with  fibres  converging,  aud  is  inserted 
into  the  cminentia  triangularis  (Figs.  434,  43.5,  1);  II., 
the  attrahensaurieuliim,  or  mtisciil  us  auricula  lis  anterior, 
which  also  arises  from  the  cranial  aponeurosis  above  the 
zygoma,  passes  backward,  and  is  inserted  into  the  spina 
helicis  ;Figs.  434,  435,  2);  HI.,  the  reiralicns  auriailum, 
ovmusculus  auricularis posterior — amuscle  which  is  com- 
posed of  two  or  three  fasciculi  that  arise  from  the  mas- 
toid process,  pass  forward,  and  are  then  inserted  into  the 
ponticulus(Figs.  434,  435,  3).  These  muscles  are  also  for 
the  most  part  rudimentary  in  man,  but,  when  they  are 
capable  of  voluntary  action,  the  first  draws  the  auricle 
upward,  the  second  forward  and  upward,  aud  the  third 


Fig.  436.— Art<'rics  <if  tlie  .Auricle.  1,  Tlie  .supcrlleiiil  temporal:  2, 
inferior  aiileiKir  auricular  biiniclj ;:?.  posterior  auriL-ular.  (After 
Testut.) 

backward.  In  animals  these  muscles  ser\-e  the  important 
function  of  directing  the  auricles  toward  the  source  of 
the  sound. 

The  skin  which  covers  tlie  auricle,  except  for  its 
greater  delicacy  is  of  the  same  general  construction  as 
that  of  the  surrounding  region,  with  which  it  is  continu- 
ous.    Owing  to  a  greater  development  of  its  subcutane- 


ous connective  tissue  on  the  external  surface  of  the 
auricle,  it  is  more  firmly  attached  to  it  than  on  the  inner 
surface.  Except  iu  the  lobe  of  the  car  it  is  destitute  of 
fat ;  on  the  other  hand,  it  is  well  supplied  with  lympliatics, 
especiall}'  so  ou  its  inner  surface.  The  sclmfious  ytinith 
scattered  over  the  surfaces  of  the  auricle  are  found  more 
numerous  iu  the  con- 
cha and  in  the  fossa  * 
triangularis.  Sudorif- 
erous (/lands  are  also 
to  be  found  on  the  sur- 
faces of  the  auricle. 

The  arteries  which 
supply  the  auricle  are 
derived  from  the  su- 
pci-ficial  temporal  (Fig. 
436.  1),  and  the  po's- 
terior  auricular  (Fig. 
436,  3),  both  of  tlicin 
branches  of  the  ex- 
ternal carotid.  From 
the  first  are  derived 
tlie  superior  anterior, 
the  iniddle  anterior, 
aud  the  inferior  anteri- 
or auricular  branches, 
which  supply  the  an- 
terior portion  of  the 
external  surface  of  the 
auricle  (Fig.  436,  2). 
From  the  second  are 
derived  the  posteri- 
or auricular  branches, 
three  or  four  in  num- 
ber, wliich  su])idy  the 
posterior  two  thirds  of 
the  auricle,  both  on  its 
inner  and  on  its  outer 
surface.  These  ar- 
teries are  divided  into 
two  sets  of  brandies, 
one  set  of  which  pa.ss 

superficially  on  the  inner  surface  of  the  auricle  to  its 
border  and  thence  over  it  to  the  outer  surface,  while  the 
other  set  penetrate  through  from  the  inner  surface  to  the 
outer  and  furnish  the  blood  supply  for  the  structures  of 
the  concha,  the  antilielix,  and  the  lobule  (Fig.  432,  4,  5). 
Free  auastomosis  takes  place  between  all  of  these  various 
branches. 

The  surface  of  the  auricle  isahiiost  everywhere  covered 
with  fine  soft  lanugo  hairs,  but  in  the  region  of  theiucatus 
and  of  the  tragus  and  antitragus,  there  are  apt  to  be — 
especially  later  in  life — some  very  still  and  wiry  hairs. 

The  nerres  are  of  two  kinds,  the  sensory  and  the  motor: 
the  latter  being  derived  from  the  facial  and  the  former 
from  the  auricular  temporal  branch  of  the  inferior  maxil- 
lary, and  also  from  the  teraporo-auricular  branch  of  the 
superficial  cervical  plexus. 

The  TRUE  AURICLE  is  to  be  found  only  in  the  mam- 
malia. The  mox'able  fold  of  skin  which  covers  the  open- 
ing to  the  auditory  canal  of  such  animals  as  the  crocodile 
is  b_v  no  means  homologous  with  the  auricle  of  the  mam- 
malia; a  greater  likeness  is  to  be  seen  in  the  movable  flap 
of  skin  to  be  found  in  such  birds  as  the  owl.  On  the  other 
hand,  the  auricle  of  man  is  but  poorly  developed  when 
comjiarcd  with  that  of  most  animals,  e.g.,  the  kangaroo, 
the  nibbit,  the  hare,  the  carnivora.  in  all  of  whicli  the 
auricle  is  very  highly  developed,  while  in  the  long-eared 
bat  of  Britain  the  surfaces  of  both  auricles  are  together 
equal  to  the  entire  surface  of  the  rest  of  the  body  exclu- 
sive of  the  wings. 

To  make  a  comparison  between  the  auricles  of  man 
and  those  of  animals  it  is  necessiiry  to  have  ccrtjiin  fixed 
points  asa  mciiiis  for  such  comparison.  For  this  purpose 
we  take  the  true  tip  of  the  auricle  (Fig.  43T.  c)  for  one 
point,  and  the  extremities  of  the  base  of  the  auricle,  which 
corres]ioiids  to  the  front  line  of  its  insertion,  for  two 
other  points  (Fig.  437,  a.  It).       The  triangle  formed  by 


Fio.  437.— Diasram  of  tlie  Human  Auri- 
cle. Sliowlnjr  Its  Cbief  Dimensions. 
(After  Si-liw;illie.)  (lb.  Base  of  the 
aunele.  true  lnvadth ;  c'^  true  length 
of  the  auriele;  c^  maximum  length; 
gh,  maximum  breadth ;  acb,  triangle 
of  the  auricle.  The  Une  ak,  is  the 
di\iding  line  between  the  region  of 
the  auricular  eminences  iaik/b)  and 
that  of  the  free  fold  (ai/icc). 
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Aiirlclr. 
Auricle. 


joiiiiug  tlu'St'  points  (Fiir.  •!•>*,  ".  i",  '-<)  is  dcsiiriiatcMl  by 
Sohwalbu  as  tlio  auricular  tiiauiilo,  ami  is  the  i'Dundatiou 
for  comparison  lictwccu  tlicanriclcs  of  all  the  mammalia. 
A  straight  line;  drawn  from  the  true  tip  of  the  auricle 
(Fig.  437,  c)  to  the  iucisura  auris  anterior  (.Fig.  437,  (I) 


Fig.  4:5s.— The  Iluman  .\uricle  and  Tliose  of  the  Cynocephalu.s  (a  Si^oies  of  Ape) 
and  the  Ox,  So  Ammt'ed  as  to  show  Tlifir  Relative  .sizes  and  Shapes.  (After 
Scliwallje.)  itrh,  .Vuricle  of  the  huioau  beins;  (drawn  in  detail);  (((■'/>,  that  of 
the  ape  (drawn  simply  in  l)Iael<  outline*;  lu'-h.  that  nf  Hie  o.\  (dmwn  in  dotted 
outline);  (/e,  i/e',  (k-  represeui  the  relative  lens^tiis  (»f  the  three  aiu'ieles. 


strikes  the  basal  line  of  theauricleeloseabove  the  tragus; 
the  distance,  between  tlie.st^  two  ]ioiiits  being  the  true 
leiifftli  of  th('  atiriele,  'while  the  distame  between  the  two 
extremities  of  the  basal  line  of  the  auricle  is  its  true 
breadth.  That  this  is  the  correct  index  for  measure- 
ment is  seen  at  once  when  the,  auricle  of  man  is  eompiired 
with  that  of  the  biilxion  and  of  the  ox,  by  superimpos- 
ing the  outline  drawings  of  the  reduced  auricles  of  these 


Fig.  43!).  — Auricle  of  rercoplthecus 
Cynosunis.  (.After  Scljwalt>e.)  (i, 
True  amieular  tip ;  )j,  hisrhest  iioint 
of  auricle  :  c,  lower  end  of  tlie  fns.sa 
navicularis;  ().  area  lolnilaris;  lie- 
tween  c  and  <)  tln^r-e  is  a  rounded 
eminence  wliicli  sprinu's,  on  one  siiie, 
from  the  cartilai^inons  cauda  helicis 
and  extends  to  the  antitra^'us. 


'IG.  I4n.  —  Left  Auricle  of 
a  Cliiiuitanzi'e.  (  .V  f  t  er 
S4-)iwal))e.  I  In  tlie\icinity 
of  tlie  antitnitrus  aiict  the 
cartilairinous  cauda  tielicis 
the  skin  has  liecn  rcinove'l. 

At  this  point  II aililafre  of 

theanlitrauus,  the  niusculus 
anlitrasrious  ami  the  cauda 
helicis.  can  Ite  seen.  1, 
Tulienie  of  Darwin's  auric- 
ular tip:  «,  cms  ani helicis 
tertiuin  ;  .3,  lobule  ;  4.  cauda 
helicis;  .5,  inusi-ulus  aiui- 
tragieu-S.    (Ueduced  in  size.) 


atiriele.  The  first  line  divides  the  auricle  into  an  up|ier  or 
aiiical  region,  and  a  loweror  basal  reyioii.  The  la  Iter  (Fig. 
437,  a,  i,  /■,  /,  i)  is  designated  by  Sclnvalbe  as  the  region 
of  eminences  or  the  conservative  portion,  and  the  f(;rmcr 
(Fig.  437,  II.  i,  /■,  c,  i')  as  tlnd'ree  auricular  fold,  or  the  vari- 
able ]K)rtion.  In  the  ape  and  especially  in  man 
the  conservative  portion  is  well  maikcd,  while 
in  llie  m;ijorily  of  all  other  mammalia  it  is  drawn 
into  the  runnel-shaped  entrance  of  tlie  external 
auditory  canal. 

It  is  in  theapical  portion  of  the  auricle  of  man 
that  the  greatest  change  occurs.  First,  there  is 
the  marked  invohitioii  ol'  the  free  border  of  the 
ear  in  the  formation  of  the  helix.  In  animals 
only  the  beiriuniiii,'-  of  llie  Jielix  is  involuted  and 
ihe  auricular  tij)  occupies  its  highest  point.  In 
the  higher  order  of  apes  the  incurving-  of  the 
hc'lix  is  coni]ileted  ;is  faras  the  tip  of  tlieaiiricle, 
and  in  thegenus  eercoiiithieus  the  auricular  tip  is 
moved  down  on  the  posterior  auricular  border 
(Fig.  439,  a),  whiU'  in  the  chimpanzee  (Fig.  440) 
we  lind  a  heginiiing  in  volution  of  111  is  border.  Sec- 
ond, the  developiiK'Ht  of  the  cms  sujierius  aiithe- 
licisis  connecled  with  the  progressive  diminntiou 
of  the  human  auricle,  for  if  tlu'  liumaii  aiiiiele 
is  coiniiared  with  that  of  the  lemur,  we  tiiid.  in 
the  latter,  that  of  the  entin^  antihelix  system, 
only  the  cms  ant  helicis  inferiiis  (Fig.  441,  /i)  and 
the  very  lowi'St  ]iart  of  the  antihelix  (Fig.  441,  c) 
are  developed.  This  last  part  is  an  extension  of 
the  anlitragus.  and  these  two  crests  are  entirely 
disconnected.  A  third  important  jioint  for  eoini)arison 
is  the  auricular  lobe,  which  exists  in  man  as  a  loo.se  fleshy 
convex  |)ortion.  jiendant  and  free  from  cartilage.  In  a 
few  apes  the  tiiiiier  border  of  the  auricle  is  convex,  but 
contains  for  tlu^  most  jiart  the  broad  cartilaginous  con- 
tinuation of  the  helix;  only  a  small  spaci^  beneath  the 
iucisura  inlratragiea  being  free  from  cartilage.  Tliis  is 
the  first  indication  of  the  lobe,  which  exists  only  in  man 
and  the  anthropoid  apes. 

VdiiiitidiiK  from  the  normal,  as  regards  the  dimensions, 
the  form,  or  the  inclination  of  the  auricle,  are  .S(unetiines 
observed. 

Variations  as  to  the  dimensions  of  the  auricle  ai'e  to  bo 
I'onsidered  from  the  individual  standpoint  as  well  as  from 
a  racial  standpoint,  and  it  is  necessiiry  to  distinguish  be- 
tween the  harmonious  i)roportion  wliieli  the  width  of 
the  aurichOiears  to  its  length — i.e.,  between  long  cars  and 
broad  ears^as  well  as  between  large  ears  and  small  ears. 
The  proportion  which  the  height  of  tlieaiiricle  bears  to 
its  width  is  the  jiliysiog- 
nomical  auricular  index, 
while  tlie  in'oporlion  be- 
tween the  true  length  of 
the  auricli-  and  the  true 
width  of  the  auricle  is  tlii! 
morphologieal  auricular 
index.  The  first  ma.y  be 
expressed  matheni;itically 


by  the  formula 


widih  >•  HiO 


over  that  of  the  linman  auricle,  in  such  a  manncrthat  the 
basal  line  or  true  breadth  of  the  auricle  of  ;ill  three  will 
be  of  the  s;ime  si/e  ( Fig.  43S).  The  distance  between  the 
two  points  ('■'■'-(/)  is  the  true  length  of  tlii'  auricle  of  the 
ox  and  is  extraordinarily  greater  than  that  of  the  ba- 
boon (c'w/),  which  is  itself  much  larger  than  that  of  the 
human  atiriele  (/•-rf).  However,  this  noticeable  reduc- 
tion in  length  is  not  true  of  some  other  measurements. 
This  can  he  demonstrated  if  the  straight  line  (Fig.  437,  «- 
i-h)  he  drawn  from  the  iijiper  insertion  jioint  of  the 
auricle  to  the  sulcus  auris  posterior,  at  about  a  right 
angle  to  the  line  which  represents  tlie  true  length  of  tlie 


height 

and  the  second  by  the  for- 

,     liase  ■■   1(KI      rni        f'     I. 
nulla  -^ — -; — •     Ihe  fir.st 
IcuKih 

is  a  true  index  for  com- 
parison between  the  auri- 
cles of  dilTerenl  iinlividn- 
;ils  and  races,  but  is  of  no 
use.  as  was  shown  above, 
when  the  auricle  of  man 
is  comjiared  with  that  of 
animals.  It  is  then  neces- 
sary to  emijloy  the  second 
formula. 

Among  races  the  >Iongolians  have  the  smallest  auricles, 
tho.se  of  Euro|M'ans  are  larger,  and  the  negroes  have  the 
liirgest  auricles.  As  we  desci'iid  to  the  ;inthro]ioi(l  apes, 
tile  gorilla,  the  chimpanzee,  and  the  orangoutang,  and  so 


Fic;.  til.— I^ft  Auricle  of  I/>niur 
Macair.  (After  schvvalbe.)  n. 
Apex  of  theaiiri<-le;  /*,  crista  anl- 
he!i<-is  anterior  (-  cms  inferjus 
anthelicis);  c,  criiita  antlielicls 
inferictr. 


C31> 


Aurora  Sprliis:*. 
Aiilo-luloxicniioii. 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


on  to  the  lower  tvpos  of  niaiiiiiialia.  we  liud  the  auricles 
eoutimie  lo  irrow  "iu  size,  that  is,  accoriliii!;  to  the  plivsioj;- 
uomical  index  :  but  when  we  measure  these  same  auricles 
aeeiirilinsr  to  the  morphological  index,  the  reverse  is  found 
to  be  tnie,  /.c,  that  man  "has  the  widest  auricles  in  re- 
lation to  their  length. 

VaiiiitioiiK  in  the  Form  of  the  //tZ/.r.— These  arc  the  fol- 
lowing: the  failure  of  its  posterior  or  e\  en  of  its  superior 


Fig.  443.— TuliiTcle  of  Darwin,  Fig.  443.— Tubercle  of  Dan^-ln, 
Looking  Fora-arrt  ami  Down-  Looking  Backward  and  Up- 
ward, upon  a  .Normally  Invo-  ward  upon  a  Helix  Which  is 
luted  Helix— the  Most  Common  IniperfecUy  Involuled  — 
Xype.  Pointed  Auricle. 

FifiS.  442  AXn  44.3.-1,  Tuhcrcle  of  Darwin  ;  2,  posterior  border  of  heli-T, 
normally  involuted  infi'j.Jli  ri"t  involuted  in  Fig.  44;i;  3,  tragus; 
4, concha;  o,  lobule,     (.\fter  Tetitut.) 

border  to  become  inverted;  the  joining  of  the  root  of  the 
helix  with  the  antihelix ;  the  division  of  the  root  of  the 
helix  into  two  or  more  branches. 

Variations  in  the  Antihelix. — Complete  absence  or 
greatly  diminished  size ;  an  absence  of  its  superior  crus, 
or  a  doubling  back  of  this  crus  and  the  consequent  for- 
mation of  an  extra  fossa. 

Variutions  in.  the  Tragus  and  Antitragus. — Attenuation 
or  absence;  division  of  antitragus  into  two  tubercles. 

V<irititi<ins  ill  the  Lobe. — Very  small  size;  adherence 
of  its  edge  to  the  integument  of  the  face ;  exaggerated 
vertical  development;  division  into  two  parts,  viz.,  an 
anterior  and  a  posterior  segment. 

Tuherele  of  Ditririn. — Of  the  many  morphological 
anomalies,  one  of  the  most  interesting  is  a  projection, 
more  or  less  marked,  which  appears  on  the  free  edge  of 
the  helix  at  the  junction  of  its  superior  with  its  posterior 
border.  It  is  sometimes  found  in  the  form  of  a  simple 
tubercle  or  of  a  triangular  plate.  In  the  great  majority 
of  cases  in  which  the  helix  is  normally  involuted,  the 
Darwinian  tip  points  dfiwnward  and  backward  (Fig.  44'J) ; 
but  when  the  posterior  boi'der  of  the  helix  is  not  involuted 
in  consequence  of  arrested  development  it  poinis  upward 
and  backward  (Fig.  443),  and  the  aui-icle  terminates  in 
a  point  as  in  those  of  animals.  This  last  position  in- 
dicates exactly  its  anatomical  significance,  Imt  however 
it  be  placed  on  a  helix  that  is  involuted  or  upon  one  that 
is  not,  it  is  always  homologous  with  the  ear  tip  of  ani- 
mals. It  is  always  to  be  foiuid  in  the  human  embryo 
befoi'e  the  sixth  month,  at  whicli  time  the  helix  begins  to 
roll  in. 

Variations  in  the  IneUnation  of  the  Auricles. — These 
may  hv.  as  noted  above,  an  abnormal  slanting  auricle  or 
an  auricle  in  which  the  cephalo-auricular  angle  is  over 
50  degrees.  All  these  variations  from  the  normal  are 
of  interest  to  alienists  and  criminologists  as  they  are  to 
be  found  to  a  greater  extent  among  the  degenerate  than 
among  normally  developed  persons. 

Phi/siol<jgicol  Fmirtinn  of  the  Auricle . — Darwin.  Ki'iiiper, 
and  otheis  look  uixm  the  auricle  as  an  appendage  which 
has  become  useless  in  inau.  On  the  other  hand,  there 
are  those  who,  like  (Jrul)er,  believe  that  the  auricle  acts 
as  a  reflector  and  a  conductor  of  sound  waves  toward  the 
auditory  canal.  Weber  believes  it  to  be  of  service  in 
locating  the  source  of  .sound.     Burnett  considers  that  the 


auricle  is  a  resonator:  the  region  of  the  helix  and  its 
fossa  resound  to  the  deeper  partial  tones,  the  antihelix 
and  its  fossa  to  the  intei'raediate  partial  tones,  and  the 
concha  to  the  higher  jiartial  tones,  and  these  tones  ai'c  so 
lileuded  by  the  auricle  as  to  be  received  by  the  auditory 
nerve  as  a  whole  tone. 

Robert  Lewis,  Jr. 

The  information  furnished  in  the  present  article  has  been  drawn 
lartrelv  from  the  fi'llowiiiL'  Miurcs:— 

L.'l'estut:  Trait'- d*.\ii;ii"iiii<- llumaiue.    Paris,  1S97.    Third  edition. 

Karl  von  liardelehen:  Handbuch  der  AnatomiedesMenschen,  Jena, 
1897.    Das  Aeussere  Obr,  von  G.  Sohwalbe. 

AURORA  SPRINGS.— Miller  County,  Missouri. 

Post-Okfici:. — Aui-ora  Springs. 

Acci;ss. — Vi;'i  Jetlerson  City,  Lebanon  and  Southwest- 
ern Railroad — a  branch  of  the  Missouri  Pacitic  system — 
3.5  miles  southeast  from  JeSerson  City.     Hotels. 

This  resort  is  located  ou  a  spur  of  the  Ozark  Moun- 
tains, at  an  elevation  of  about  1,000  feet  above  the  sea 
level.  Tlie  climatic  conditions  here  are  of  a  most  salu- 
brious and  attractive  character  and  the  scenic  beauties 
are  unsurpassed.  It  was  a  visit  to  this  locality  which  led 
Bayard  Taylor  to  remark:  "I  have  travelled  all  over  the 
world  to  tiiJd  in  the  heart  of  ^lissouri  the  most  magnificent 
scenery  the  huiuan  eye  ever  beheld."  The  country  may 
be  described  as  a  succession  of  narrow  ravines,  and  well- 
wooded,  high,  dividing  ridges,  running  in  a  general 
east  and  west  direction,  with  picturesque  streams  of  clear 
water  winding  through  and  cutting  the  ridges  at  right 
angles,  forming  narrow  gorges,  which  have,  coursing 
down  their  sides,  sparkling  rivulets  and  saucy  brooks, 
fed  by  springs  situated  ou  the  hillsides.  The  springs 
are  located  under  a  magnesium  limestone  formation  at 
the  entrance  to  a  charming  park  and  near  the  headwaters 
of  Saline  Creek,  The  surrounding  country  slopes  gradu- 
ally to  the  southeast,  and  is  protected  from  the  winter 
winds  by  the  higher  ground  to  the  north,  while  the  cooler 
breezes  of  the  summer  come  from  the  south  and  west — 
down  the  Csage  valley.  There  ai'C  numerous  springs  iu 
the  neighborhood,  the  principal  ones  being  known  as  the 
"Round,"  the  "Blutl'."  the  "Healing,"  and  the  "Bath" 
spring.  A  sulphur  spring  is  located  about  seven  miles 
farther  down  Saline  Creek.  The  Round  spring  has  been 
analyzed  by  Prof.  Clitford  B.  Richardson,  analytical 
chemist,  Departinent  of  Agriculture,  Washington,  D.  C, 
with  the  following  result: 

One  U.NiTED  States  Gallon  Co.vtai.vs; 
Solids.  Grains. 

Calcium  sulphate 2.42 

Magnesium  chloride f>-!K 

Sodium  chloride  4.01 

Ferrous  carbonate 5.13 

Ferrous  oxide 0.^3 

Lithia 1.43 

Total 20.87 

This  water  is  almost  a  ]nire  chalybeate.  It  has  a  sharp 
tonic  effect  on  the  physical  economy,  bracing  up  the 
digestion,  promoting  the  appetite,  and  inducing  health- 
ful sleep  and  rest.  Its  best  effects  have  been  observed  in 
cases  of  dyspepsia,  rheumatism,  scrofulous  complaints, 
and  renal  diseases,  and  iu  the  debility  resulting  from  ner- 
vous affect  ions  and  uterine  complaints.  Visitors  will  find 
excellent  hotel  accommodations  and  all  facilities  for  hot, 
cold,  and  steam  baths.  James  K.  Crook. 

AUSCULTATION.  See  Chest  Biseeises,  Physical  Diag- 
nosis of. 

AUSTRALIA. — No  exhaustive  description  of  tlicclimate 
of  this  gi'i'Ut  coiUineiUal  island,  extending  from  10'  to 40* 
soutlt  latitude,  will  be  attempted  here,  even  if  the  data 
were  at  hand  for  so  doing.  The  articles  ujion  ifelbourne, 
Xeir  Sonth  Wales,  and  Virforiit  in  the  following  vohimes 
of  this  Handbook  discu.ss  the  climatic  conditions  of 
those  regions.  In  the  i>i'esent  brief  notice  only  those 
portions  of  Australia  which  are  of  interest  to  health  seek- 
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ers,  aud  fspccially  to  those  suffering  from  imlmonaiy 
tuberc\ilosis,  will  be  c-onsiderwi. 

In  the  first  place,  it  must  be  remembered  llial  llic  voy- 
age to  Australia  possesses  considerable  value  as  a  health 
measure;  less  so  now,  it  is  true,  than  in  the  days  when 
one  had  to  depend  entirely  upon  sailing  vessels.  Further- 
more, since  tile  high-altitude  Ireatment  of  consumption 
lia.s  come  into  favor,  the  benefits  of  a  sea  voyage  for  this 
class  of  patients  have  been  somewhat  lost  sight  of.  In 
those  earlier  days  the  voyage  to  Australia  or  to  N(!W 
Zealand,  around  the  Cape  of  Good  Hope,  was  generally 
selected  on  account  of  its  length.  According  to  Weber 
("Climate  and  Sea  Voyages  in  the  Treat meiit  of  Tuber- 
culosis,"  Boston  Midiciil  and  Siirgicnl  Jonniitl.  .June  8, 
189!)),  the  following  characteristics  are  to  be  attributed 
to  sea  voyages:  (1)  Purity  of  air;  (2)  slight  range  of 
temperaluVe;  (3)  abundance  of  light;  (4)  constant  move- 
ment of  the  air;  (.^5)  mental  rest. 

As  this  author,  however,  wisely  remarks;  "If  one  ex- 
amines the  condition?  of  an  ocean  voyage  more  exactly, 
he  liiids  that  theseadvahtages  are  not  always  completely 
presented."  The  ])urity  of  the  air  is  wanting  in  the 
sleeping  cabins  and  salocais;  the  heat  of  the  tropics  is 
oppressive ;  the  treatment  of  a  serious  illness  on  a  sea 
voyage  is  difficult;  and  there  are  the  storms  and  calms. 
"From  what  I  have  observed."  concludes  Dr.  Weber,  "I 
would  give  it  as  my  opinion  that  sea  voyages  can  do 
good  service  in  a  certain  number  of  tuberculous  cases, 
but  that  in  most  such  cases  other  climatic  and  hygienic 
methods  of  treatment  exercise  at  least  just  as  good  an 
inllucnce."  "If.  however,"  ccHitinu<'S  WiOier,  "persons 
of  strong  constitution,  who  like  sea  voyages,  develop 
phthisis  under  the  influence  of  overwork  or  mental 
worry,  long  sea  voyages  are  to  be  preferred  to  all  other 
methods  of  treatment."  This  statement,  as  it  appears  to 
the  writer,  can  scarcely  be  accepted  without  further 
qiialitication.  (For  a  further  consideration  of  this  sub- 
ject the  reader  is  referred  to  "  Ocean  Vovages  in  Phthisis." 
by  Dr.  I'arkes  Weber,  in  Tlif  Pnicdtimur.  June.  1Wt8; 
aiid  to  "Aero-Therapeutics"  bv  C.  Theodore  "Williams, 
1894. ) 

The  climate  of  those  _portions  of  Australia  which  one 
is  likely  to  visit  presents  the  following  geiu'ral  charac- 
teristics: In  sunmier  the  heat  is  apt  to  be  at  times  exces- 
sive, freriuently  exceeding  100°  F.  at  Melbourne,  Sydney, 
and  .\deiaide;'but  the  air  is  .so  dry  that  one  is  not  ren- 
dered particularly  uncomfortable  by  it,  nor  is  it  enervat- 
ing. The  hot  wind  wliich,  '"arising  in  the  great  central 
Australian  desert,  sweeps  across  the  pastoral  plains,  rises 
over  the  range  of  mountains,  and  descends  with  fury 
tipon  the  coast,"  may  raise  the  temperature  to  110'  F. 
These  hot  winds  are  often  followed  by  cold  blasts  from 
the  .\ntarctic  Circle — blasts  which  lower  the  temperature 
thirty  or  forty  degrees  in  as  many  minutes.  That  such 
hot  winds  are  not  very  frerpient  mav  be  iudged  from  the 
fact  that  .Melbourne,  for  instance,  lias  only  fourtci'ii  hot 
wind  daysannually.  There  is  the  usual  amount  of  dust, 
that  inseparable  accompaniment  of  a  hot  and  dry  climate. 
"  111  no  country  in  the  world,"  says  Lindsay,  "  is  the  sky 
.so  seldom  overcast,  or  the  interruptions  to  the  pursuit  of 
business  or  pleasure  so  few."  The  winters  are  mild; 
"snow  and  frost  are  rare  upon  the  lowdands  and  coast 
of  Australia,  and  in  many  places  are  quite  unknown." 
T.indsav  enumerates  three  climatic  regions:  (1)  the 
T.ittiiral;  (3)  the  Highland,  and  (3)  the  region  of  th((  In- 
land Plains. 

The  l.itt'iffd,  where  the  princi]5al  cities  are  located, 
consists  of  a  narrow  strip  of  counIr\',  from  30  to  l.'iO 
miles  in  breadth,  which  lies  between  the  ocean  and  the 
mountains.  Owing  to  the  variability  of  tlu^  climate,  the 
winds  above  mentioned,  the  heat,  and  the  dust,  this 
region— with  the  exception,  perhaps,  of  a  few  sheltered 
spots — is  not  to  be  recommended  to  invalids. 

Tlie  lli'ilihiiid  irip'oii,  eniliracing  the  mountain  range  of 
the  .Vustralian  Alps  and  the  I'.lue  .Mountains,  which  vary 
in  height  from  3.000  to  7.000  feet,  extends  from  CJueens- 
land  lo  South  Australia.  .Many  varieties  of  climate  are 
represented  in  this  region,  but  as  yet  there  are  but  two 
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or  three  resorts  where  jiroper  accommodations  can  be 
obtained.  These  are;  Mount  Macedoii,  in  Victoria, 
where  is  an  excellent  s;iiiitariuin ;  ISra-mar  Woixlend. 
situated  upon  a  ]ilati'au  at  an  elevation  of  ti,.")!!!)  feet,  and 
connected  with  .Melbourne  by  rail,  ■It  miles  distant  ;  and 
Catoomba  and  Mount  Victoria,  in  New^  South  Wales. 
The  latter,  at  an  elevation  of  3.400  feel,  is  77  miles 
from  Sydnev,  and  has  a  mean  annual  temperature  of 
h'A    F. 

The  TifiioH  of  tlie  Inldiid  I'liiiim,  whose  climate  is  char- 
acterized by  heat,  dryness,  and  sunshine,  is  divided  into 
two  districts:  the  Kiverina  in  New  South  Wales,  and 
the  Darling  Downs.  The  Hiverina  is  the  centre  of  the 
sheep  farming  industry.  It  is  boundei.  on  the  west  by 
the  Central  Desert,  on  the  .south  by  the  Murray  Kiver, 
on  the  north  by  Queensland,  and  on  the  east  by  the 
Darling  Downs,  the  second  district  of  this  region.  In 
the  Kiverina  the  summer  heat  is  severe,  the  thermometer 
occasionally  rising  to  110"  F.,  but,  on  account  of  the  ex- 
treme dryness,  it  is  not  much  felt.  "  Hot  windsand  dust 
storms  are  frequent,  but  days  of  still,  cloudless  sunshine 
form  the  rule  in  sununer."  "In  winter  there  is  a  little 
morning  frost,  but  the  midday  is  always  warm.  Autumn 
and  siu'ing  present  an  almost  ideal  perfection  of  climate." 
Ac<'onimodations  are  afforded  in  the  towns,  especially  at 
Deiiiliguin,  and  "almost  every  squatter's  liouse  has,  or 
has  had,  its  invalid  visitant,"  where  the  young  man  with 
incipient  phthisis  works  out  his  cure  by  adopting  a  pas- 
toral life.  There  is  railroad  connection  with  Sydney  and 
Mi'lbourne  from  this  district. 

The  Darling  Downs  have  an  altitude  of  3,000  feet,  and 
are  sonu'what  cooler  and  less  exposed  to  the  hot  winds; 
otherwise  the  climatic  cliaracteristics  are  similar  to  those 
of  the  Hiverina.  Accommodations  can  be  obtained  at 
the  towns  of  Toowomba  and  Warwick ;  the  former  is  102 
miles  west  of  Brisbane.  Droughts  are  not  infrequent  in 
these  inland  plains,  and  Ilaiin  mentions  the  report  of  a 
reliable  person  that  at  a  station  in  Darling  it  had  not 
rained  for  thirty  months.  At  times  much  sutl'eriug  is 
caused  by  the  drought. 

"  I'mpiestionably  the  inland  climate  of  Australia  is 
highly  benelicial  for  early  phthisis,  "says  Williams,  "and 
can  be  strongly  recontmended  to  more  or  less  vigorous 
patients  with  pastoral  tastes,  who  are  prepared  to  spend 
years  in  the  recovery  of  their  health."  It  is  well  to  bear 
in  mind,  if  one  contemidates  a  trip  to  Australia,  that  our 
wiiiler  is  their  suinnier,  .■uid  it  is  strongly  recomniended 
that  the  invalid  should  jilan  to  arrive  there  in  the  winter 
or  early  spring  rather  tli:in  in  summer. 

For  the  geological  formation,  vegetation,  and  scenery 
of  Australia  the  reader  is  referred  to  the  .general  descrip- 
tion of  the  country  in  books  of  travel,  cic.  For  the  in- 
formation given  above  the  writer  is  chieliy  indebted  to 
Lindsay's  "Climatic  Treatment  of  Consuiupl ion."  Lon- 
don. ISST.  anil  AVilliams'  "Aero-Therapeutics."  Ltmdon, 
18!M.  Kihniril  O.  Otis. 

AUTO-INTOXICATION.— To  the  writingsof  Bouchard 

anil  Ills  |nii)ils  is  due  much  of  the  wide  interest  which 
during  the  past  decade  has  been  aroused  in  the  subject  of 
auto-intoxication.  Bouchard's  views,  indeed,  have  not 
all  received  acceptance  from  later  invesligalia-s,  and  in 
inaii.V  phases  the  subject  is  still  only  an  attractive  and 
plausible  hypothesis;  but  with  each  year  new  facts  are 
evolved,  especially  from  the  domains  of  iihysiological 
and  |iathologieal  chemistry,  which  in  one  place  or  an- 
other furnish  the  needed  link  to  the  gradually  forming 
chain  of  evidence. 

Albu  defines  auto-intoxication  as  a  ]ioisoning  of  the 
organism  by  the  products  of  its  own  metabolism,  which 
products  may  be  either  normal  in  character  but  excessive 
in  amount,  or  abnormal  in  character.  Among  the  ab- 
normal products  are  to  be  dislinguished  those  which 
under  normal  conditions  would  promptly  undergo  fur- 
ther cliange,  and  those  which  in  the  healthy  organism 
are  never  found  or  are  present  only  in  minute  (|uantities. 

The  human  body  is.  to  (piote  Bouchard,  both  a  recepta- 
cle and  a  laboratory  of  poisons.     They  are  contained  in  the 
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food,  tiicy  tirt»  formcil  iu  larsio  iiuiuitily  iluriiig  llio  jjroc- 
ess  of  normal  iligestion,  mul  tlicy  c.vist  in  tlie  lluids  iiiul 
tissues  of  llie  boity  ;  uiidyel  the  iiailthy  individual  is  not 
poisoned. 

While  certain  organs  are  oceuijied  in  manufacturing 
poisons,  certain  others  are  busily  engaged  in  arresting 
these  poisons  and  excreting  them,  or  iu  eonvertiug  them 
into  useful  or  harmless  bodies.  Upon  these  "organs  of 
defence."  then,  rests  the  responsibility  of  so  disposing  of 
the  constantly  fonning  jioisons  of  tlie  body  that  the 
latter  is  protected  from  their  deleterious  elTeets.  And 
this  these  defensive  organs  are  capable  of  doing  when 
all  the  bodily  functions  are  acting  normally  and  when 
no  excess  of  no.xious  matter  is  introduced  from  without. 
The  adjustment,  however,  is  so  delicate  that  a  functional 
derangement  of  any  one  of  the  organs  may  suffice  to 
pennit  of  the  accumidation  iu  the  blood  of  enough  toxic 
material  to  give  rise  to  systemic  disturbances  of  an  acute 
or  chronic  naturi' — in  other  words,  to  auto-intoxication. 

These  organs  of  defence  are  of  two  kinds:  1.  Organs 
of  transftirmaticin  or  arrest,  i.e..  liver,  gastrointestinal 
mucous  niend)rane,  spleen,  lymph  nodes,  adrenal  bodies, 
thyroid  ghmd.  etc.  These  organs  possess  the  po'ner  of 
cheeking  dilferent  poisonous  bodies  brought  to  them  by 
the  blood  or  lymph,  and  of  converting  them  into  non- 
toxic and  assimilable  substances,  or  of  tilteriug  out  and 
rejecting  them  entirely,  as  is  the  case  with  the  liver  and 
its  excretory  product  the  bile.  2.  Organs  of  elimination, 
such  as  kidneys.  lungs,  skin,  and  intestines,  whose  duty 
it  is  to  remove  from  the  circulating  fluids  such  toxic  sub- 
stances as  either  escape  the  organs  of  arrest  or  are  formed 
later  in  the  other  tissues,  e.g.,  the  muscles. 

Such,  iu  brief,  are  the  essential  points  of  the  present 
theory  of  auto-intoxication,  and  certainly  they  supply  at 
least  a  most  tempting  hypothesis  for  the  explanation  of 
a  vast  niunber  of  otherwise  inexplicable  conditions.  It 
remains  to  see  what  procjfs  can  be  offered  in  support  of 
the  theory. 

It  is  at  once  evident  from  the  complex  and  unstable 
character  of  many  of  the  poisons  that  to  obtain  such 
direct  proof  as  the  isolation  of  the  toxic  matters  from 
the  blood  or  tissues,  and  the  induction  of  symptoms  of 
poisoning  by  their  injection  into  animals,  must  be  in  many- 
cases  a  task  beset  with  great  difficulties  or  even  impossi- 
ble of  accomplishment. 

It  happens,  therefore,  that  for  many  of  the  individual 
intoxications  only  indirect  proofs  or  inferences  have  been 
supplied.  These  have  been  furnished  in  many  ways: 
l)y  the  study  of  the  |)hysiology  of  the  glandular  organs; 
of  the  toxicity  of  the  excretions,  and  in  particular  of  the 
urine;  of  the  anatomical  changes  and  clinical  pictures  as 
compared  with  those  produced  by  known  poisons:  of 
the  etiology,  and  of  the  results  of  treatment. 

In  studying  the  character  of  the  different  poisons  of 
the  body  a  distinction  slundd  be  made  between  those  re- 
sulting from  intracellular  changes  within  the  organism 
and  those  which  arise  from  the  action  of  saprophytic 
bacteria  inhabiting  the  stomach  and  intestines. 

Among  the  former  are  to  be  classed  the  leucomains, 
"those  basic  suljstances  which  result  from  tissue  metab- 
olism" ( V'aughan). 

Since  the  hydrocyanic  acid  radical  is  a  frequent  con- 
stituent of  leucoma'ins,  it  is  not  surprising  that  some  of 
these  are  known  to  be  intensely  poisonous. 

The  name  "  ptomai'n  "  was  given  by  Selmi  to  certain 
organic  compounds,  basic  iu  character,"  which  are  formed 
by  the  action  of  bacteria  uiion  nitrogenous  matter.  These 
all  contain  nitrogen  as  an  essential  part  of  their  basic 
character  and  have  been  called  putrefactive  alkaloids. 
Not  all  ptomains  are  poisonous;  indeed,  many  of  them 
seem  to  be  quite  inert.  Brieger  restricts  the '  term  pto- 
niain  to  the  non-poisonous  basic  products,  and  to  the 
poisonous  ones  gives  the  name  of  "toxin."  The  name 
"toxalbumin"  he  has  reserved  for  certain  powerful  non- 
basic  poisons  whose  chemical  nattire  is  still  in  doid)t 

These  obscure  nitrogenous  bodi<'S.  however,  comprise 
only  a  very  small  part  of  the  svuu  of  the  chemical  sub- 
stances found  in  the  gastrointestinal  canal  and  in  the 


interior  of  the  body  which  may.  under  the  proper  condi- 
tions and  when  in  sutticient  (juantity,  prove  toxic  to  the 
organism.  Many  of  these  bodies  will  be  referred  to  later 
in  discussing  the  individual  intoxications. 

Cl.^ssific.vtfo.v. — A  comprehensive  and  satisfactory 
classification  of  the  different  auto-intoxications  in  the 
present  state  of  our  knowledge  of  the  subject  is  hardly 
to  be  expected.  Perhaps  the  most  satisfactory  is  that  of 
Albu.  which  is  here  given: 

1.  Aiitii-Tuti/.firatioii  Caused  by  Failure  of  Function  of 
Definite  Orgnnx. — These  are  gland  affections  with  or 
without  anatomical  changes.  Of  the  former  class  that 
of  simple  atrophy  seems  to  be  much  the  most  frequent 
condition.  To  this  category  belong  myxa'dema  and 
cachexia  strumipriva,  pancreatic  diabetes,  acute  yellow 
atrophy  of  the  liver,  and  perhaps  also  Addison's  disease. 
These  are  all  diseases  which  owe  their  existence  to  the 
failure  of  ftinction  of  those  organs  to  which  modern 
physiology  asciibes  the  destruction  of  the  toxic  products 
of  metabolism  which  are  constantly  formed  in  the  organ- 
ism. 

3.  Anto-Into.iicaiionby  General  Anomalies  of  Metabolism 
iritJiout  Eciihnt  Localiziition. — These  are  diseases  in  which 
the  intermediate  products  of  metabolism  and  the  jiroducts 
of  retrograde  metamorphosis  reach  the  general  circiUation. 
To  this  class  belong  diabetes  in  general,  oxaluria,  gout, 
etc. 

3.  Aiito-Tntoxiention  through  Retention  of  the  Physio- 
logical I'roihicts  of  Metabolic  Action  in  the  Different  Or- 
gans.— In  this  group  are  included  the  severe  manifesta- 
tions after  extensive  burns  of  the  skin,  the  C'Oj  poisoning 
in  conditions  of  dyspna'a,  URtmia.  etc. 

4.  Auto-lntoxicatioii   through   Excessiee  Production  of 
Physiological  and  Patlwlogical  Products  of  the  Organism, 
e.g.,  Hydrothionai'mia.  acetonuria,  diaceturia,  cj'Stinuria, . 
diabetic  coma,  coma  carcinomatosum,  etc. 

Between  the  third  and  fourth  groups,  and  perhaps  be- 
longing to  both,  stand  most  of  the  auto-intoxications 
which  arise  from  the  gastro-intestinal  tract  and  which 
follow  the  i.iost  various  acute  and  chronic  digesti^■e  de- 
rangements: Gastric  and  intestinal  vertigo:  asthma 
dyspcpticum;  those  irritative  and  paralytic  manifesta- 
tions of  the  central  nervous  system  which  develop  in  the 
course  of  chronic  constipation;  dilatation  of  the  stomach, 
strangulated  hernia,  etc. ;  various  skin  affections  and 
many  functional  diseases  such  as  tetany,  Thomsen's  dis- 
ease, infantile  eclampsia,  etc. 

In  addition  to  the  list  of  diseases  already  mentioned  it 
seems  quite  possible  that  later  developments  may  sliow 
that  to  the  auto-intoxications  must  be  added  also  many 
anomalies  of  ntitrition  and  blood  dyscrasias  such  as 
chlorosis,  iiernieious  anamiia.  leucaemia,  the  cachexia  of 
cancer,  and  perhaps,  too,  scorbutus,  purpura,  lucmo- 
philia,  etc. 

Auto  Intoxic.*.tions  of  the  Gastro-Intestin,\i. 
Tn.\CT. — The  auto-intoxications  which  apparently  have 
their  origin  iu  the  gastro-intestinal  canal  are  not  only 
the  most  frequent,  btit  include  also  some  of  the  most  im- 
portant and  typical  examples. 

It  is  by  no  means  easy,  in  attempting  to  differentiate 
between  auto-intoxications  and  those  intoxications  not  of 
autogenims  nature,  to  Sijy  in  every  case  just  where  the 
line  shall  be  drawn. 

Those  intoxications  which  develop  as  a  result  of  failure 
of  function  of  the  organs  of  defence,  and  Avhen  no  toxic 
matters  have  been  introduced  from  without,  are  clearly 
auto-intoxications.  On  the  other  hand,  poisoning  result- 
ing from  the  ingestion  of  noxious  mattei-s  genct-ated  in 
tainted  meat,  ice  cream,  etc.,  or  that  resulting  from  the 
accumulation  in  the  body  of  toxins  formed  by  bacteria 
not  normally  found  there,  e.g.,  the  diphtheria  or  tetanus 
bacillus,  are  manifestly  not  auto-intoxications. 

It  is  (lossible  that  certain  diseases  may  be  the  result  of 
intoxications  which  are  of  both  autogenous  and  exogcn 
ous  character.  Bouchard  so  regards  typhoid  fever.  In 
addition  to  the  infection  of  the  body  by  the  pathogenic 
bacterium  and  its  toxins,  he  believes  that  the  intestinal 
ulcerations  may  be  the  cause  of  an  auto-intoxication  cither 
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bv  iiicrcasinjr   normal  fi'miciilalion  or  by  iudviciiig  ab- 
iiliriiial  ft-niRiitativc  processes. 

TIu  PiiiKaiis  f'f  t/ic  <l(Hitri>[iitei<tiniil  CiiKtiL — Most  of 
the  autoiiiloxications  of  the  j;astro-iiitesliiial  traet  are 
caused  not  by  the  ireiienitioii  of  foreign  jioisouoiis  sub- 
stances, but  by  the  lU'Nclopinent  in  e.xecessive  quantities 
of  those  toxic  liodies  winch,  in  small  amount,  are  a  part 
of  the  normal  digestive  i)rocesses.  Amon,g  the  abnormal 
toxic  substances  occasionally  formed  are  to  be  mentioned 
chielly  /i-oxyl)Utyric  acid,  tetra-  and  penta-methylen- 
diamin,  and  the  so-called  alcaptan. 

There  are  chiefly  two  processes  which  lead  to  the  pro- 
duction, in  the  gastm  intestinal  c-uial,  of  injurious  sub- 
stances in  large  quantities — fermentation  and  putrefac- 
tion. 

These  are  both  processes  without  which  the  normal 
course  of  digestion  could  hardly  be  conceived  and  which 
do  not  cease  even  in  prolonged  hunger.  Fermentation 
has  its  seat  chiefly  in  the  stomach  and  involves  chiefly 
the  carbohydrates.  Putrefaction,  on  the  other  hand,  is 
almost  altogetinr  an  intestinal  process  and  alfects  espe- 
cially the  albuminoids. 

These  cutal)iilie  processesarc  produced  by  micro-organ- 
isms u  hieh  are  introduced  wit  h  the  food  or  are  swallowed 
with  the  Siiliva.  Miller  has  found  a  lactic -acidtorming 
bacillus  in  the  saliva  of  the  mouth.  Unfortunately,  up 
to  the  present  time  only  a  few  of  the  bacteria  of  the 
SI  vcral  processes  of  fermentation  and  putrefaction  are 
kniiw  n. 

The  carbohydrates  may  undergo  an.v  one  of  four  dif- 
ferent forms  of  fermentation— the  lactic  aeid.  the  butyric 
acid,  the  acetic  acid,  and  the  yeast  fermentation, — each  of 
whiih  is  produced  by  its  specitic  bacterium.  The  acids 
are  in  part  further  transformed  into  certain  gases,  espe- 
cially hydrogen  and  carlion  dioxide. 

The  products  of  the  putrefaction  of  allmminoids  differ 
greatly  from  those  of  the   fermentation  of  the  carbohy- 
drates".    They  may  be  divided  into  several  groups: 
1.   XII3,  N,C02"  HjS.  niethylmereaptan  and  cy.stiu. 
•.>.  S\distances  from  the  amido-acid  series,  'of  which 
Icucin  is  a  type. 

?,.  Substances  from  the  group  of  aromatic  bodies  which 
are  the  derivatives  of  benzol,  e.;/.,  phenol,  cresol,  indol, 
skatol,  tyrosin,  and  alcaptan. 

Acefon  is  still  another  product  of  the  putrefaction  of 
proteids  which  has  been  found  in  both  gastric  and  intes- 
tinal contents. 

Hydrogen  sidphide  is  believed  not  to  be  a  product  of 
normal  putrefaction  in  the  intestine.  It  is  found,  how- 
ever, under  many  patholngical  conditions  not  only  in  the 
intestines,  but  also  in  the  stomach.  AVliiii  in  large 
quantities  it  may  reach  the  blood  anil  produce  typical 
H.jS  poisoning  such  as  occurs  in  certain  oceui)ations. 
This  lI-jS  iioisoniug.  which  occurs  in  certain  actite  gastro- 
intestinal disturbances,  is  termed  liydrofhioniemia  and  is  a 
good  example  of  a  pure  gastro-int  est  inal  auto- intoxication. 
All  these  above-mentioned  substances,  except  perhaps 
l\S.  are,  in  greater  or  less  quantity,  products  of  normal 
di.gestive  eheinistry. 

There  are  still  to  be  mentioned  those  foreign  poisonous 
■bodies  which  are  formed  from  the  albuminoids  in  certain 
abnormal  putrefactive  proces.ses.  To  these  belong  the 
ptomains,  toxins,  toxalbumins.  etc.  Neither  their  mode 
of  formation  nor  their  grouping  is  well  understood.  It 
is  po.ssible  that  they  may  be  formed  in  minute  quantities 
during  normal  digestinn. 

Doubtless  the  stagnation  and  decompositicm  of  the 
gastrointestinal  contents  favor  their  development;  so 
they  exist  by  preference  in  the  contentsof  dilated  stomachs 
and  in  the  retained  fa>c(^s  of  intestinal  obstruction,  con- 
Bti|iation,  etc. 

Three  varieties  can  be  recognized: 

1.  Alkaloid-like  bodies  of  the  constitution  of  the 
pvridins  or  the  chinolins,  such  as  Bouchard  found  in 
normal  fa'ces. 

2.  Diamins;  in  particidar  tetra-methlyendiannn  (pu- 
trescin)  and  penta-methyleiidiamin  (cadavcrin),  which  are 
found  in  cystiuuria,  severe  diarrhneas,  etc. 


:i.  Toxalbumins;  unknown  poisonous,  nitrogenous 
bodies. 

Aito-Intoxk  ATioNsoK  O.vsTiuc  OiiioiN. — The  results 
of  ab.sorption  of  the  normal  products  of  gastric  digest  inn 
in  excessive  amount,  or  of  the  toxic  ])roductsof  abnormal 
digestive  processes,  may  manifest  themselves  in  symptoms 
of  the  most  varying  kind  and  degree  of  severity.  Brun- 
ton  suggests  that  the  lassitude  and  drowsiness  which  are 
so  apt  to  follow  a  full  meal  may  depend  ui)on  the  absorp- 
tion of  an  excess  of  the  normal  digestive  products,  and  so 
be  a  mild  manifestation  of  autointoxication. 

Most  of  t  lie  severe  constitutional  disturbances  associated 
with  .yastric  disorders  in  eliildliood  are  believed  by  Ileub- 
ner  to  be  due  to  auto-intoxication,  of  the  chronic  intoxi- 
cations of  gastric  origin  those  as.sociated  with  dilatation  of 
tin;  stomach  deserve  especial  mention.  In  this  condition 
there  exists  every  favorable  condition  for  thi'  formation 
of  fermentative  and  putrefactive  products  and  for  their 
absorption.  These  intoxications  accompanying  gastric 
dilatation  are  especially  characterized  by  the  periodicity 
of  the  apiiearance  of  the  symptoms. 

Among  01  her  chronic  auto  intoxications  .should  be  men- 
tioned migraine,  certain  other  periodic  headaches  and 
neuralgias,  and  possibly,  too,  the  gastric  crises  of  tabes 
dorsalis. 

Positive  evidence  that  migraine  shotdd  be  classed  with 
the  auto-intoxications  is  still  quite  lacking,  but  there  can 
be  no  question  that  in  some  cases  at  least  there  exists  a 
very  close  relation  between  the  periodic  manifestations 
and'  gastric  dei'angements. 

Tttiiiiij. — This  disease,  says  Albu,  furnishes  the  most 
brilliant  example  of  a  gastrointestinal  auto-intoxication. 
>Iost  of  the  cases  are  now  known  to  be  associated  with 
some  fornr  of  gastro-intestiual  disturbance,  e.g..  acute 
and  chronic  gastritis,  dyspepsiii,  hypersecretion,  dilata- 
tion of  the  stomach,  intestinal  worms,  etc.  Of  these, 
dilatation  of  the  .stomach  isthe  condition  most  frequently 
found.  Of  tlie  three  theories  offered  to  explain  the  close 
relation  of  tetany  to  stomach  diseases,  that  of  auto-intoxi- 
cation has  now  been  very  generall.v  accepted.  Various 
toxic  substances  have  been  isolated  from  the  dilated 
stomachs  of  such  cases,  but  none  has  yet  been  proven  to 
be  the  cause.  A  study  of  the  urine,  however,  has  given 
better  results.  Allni  obtained  from  the  urine  in  one  case 
a  metallic  salt  of  an  alkaloid-like  body  which  was  con- 
stantly present  dining  the  tetany  attacks  and  never  dur- 
ing the  free  periods. 

Many  of  the  clinical  phenomena  arc  best  explained 
upon  tiie  theory  of  auto-intoxication.  Finally,  in  animals 
an  artiticial  teiany  can  be  produced  b}'  the  injection  of 
chlorofortn  and  ergotin. 

Coprcnna. — It  has  long  been  recognized  that  chronic 
constipation  is  apt  to  be  associated  with  such  symptoms 
as  dizziness,  headache,  lassitude,  insonnna,  hypochon- 
driasis, and  even  migraine,  neural.gia,  etc.  To  explain 
these  effects  two  theories  have  been  olTered:  I.  That  of 
reflex  action  due  to  the  irritant  etTects  of  the  hardened 
fecal  masses  upon  the  nerves  of  the  intestine:  and  2. 
That  of  the  absorption,  from  the  intestine,  of  the  putre- 
factive products  of  the  retained  fa'ces  Of  these,  the  latter 
seems  in  every  resi)eet  the  more  plausible,  atid  has  re- 
ceived indirect  stdislantialion  in  the  discovery  that  in 
obstinate  constipation  there  is  almost  always  an  increased 
transfer  of  the  products  of  ])Utrefaction  from  intestines 
to  urine.  The  nature  of  the  absorbed  products  is  un- 
known. It  seems  jn-nhable  that  they  are  for  the  most 
part  bodies  belonging  to  the  group  of  aromatic  substances 
such  as  phenol,  indol,  skatol,  etc.  For  this  speaks  the 
fact  that  in  constipation  there  is  frequently  an  increase 
in  the  execretion.  by  the  urine,  of  indican  and  also  of  the 
ethereal  sulphates.  lioiu'liard  is  inclined  to  believe  that 
the  jioisons  of  the  fa'ces  arc  alkalniiial  bodies  belonging 
to  the  ptomain  group.  His  view  that  many  of  the  con- 
stitutional symptoms  in  intestinal  obstruction  and  allied 
conditions  were  due  to  the  absorption  of  poisons  from  the 
retained  fluid  fa-ces,  lias  received  support  from  the  ap- 
parently toxic  nature  of  the  nephritis  which  not  infre- 
quently develops  in  the  course  of  tlicse  alfections.     Bou- 
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clinrd  foniul  the  urine  iti  diarrlin'al  coii<iitionsinuch  more 
toxio  than  when  the  fa-ees  were  normal. 

Ecliimjixiit  Jiifiniliim. — That  a  eUise  relation  exists  be- 
tween many  of  the  convulsions  of  iliildhood  and  gastro- 
intestinal disturbanees  cannot  be  denied.  These  disturb- 
ances, to  be  sure,  may  be  of  the  most  varied  nature  and 
in  some  of  the  cases  seem  to  depend  upon  the  presence  of 
intestinal  parasites.  In  the  e.xjilanation  of  these  convul- 
sions is  seen  apiin  the  strun'irle  for  preee<leuce  between 
the  reflex  and  tlieauto-intoxieation  theories,  and  a.irain  the 
latter  seems  more  satisfa<'torily  to  answer  the  require- 
ments. Even  in  those  cases  (le]ieudiuj;  upon  the  pres- 
tMice  of  intestinal  worms  the  symptoms  arc  attributed  by 
several  of  the  most  recent,  writers  to  the  absorption  of 
the  toxic  pniiiucts  formed  by  the  living  or  dead  parasites. 

Much  attention  has  recently  been  given  to  the  associa- 
tion of  acctoiuu'ia  with  many  cases  of  eclampsia  infantum. 
Aceton  is  without  doubt  frequently  found  in  the  urine  in 
these  cases,  and  von  Jakscli  claims  for  it  a  con\'idsive 
elTect,  and  goes  so  far  as  to  describe  a  particular  clinical 
picture  which  he  terms  epilepsia  acetonica.  Baginsky 
also  has  found  aceton  in  the  urine  of  many  ca.ses  of  in- 
fantile convidsions,  but  lie  has  never  found  it  in  the 
vomitus  or  faeces.  Moreover,  acetonuria  is  frequently 
seen  in  febrile  conditions  not  associated  with  convulsions, 
and  he  regards  the  presence  of  aceton  in  the  uriue  as  a 
symptom  rather  than  as  a  cause  of  infantile  eclampsia. 
"  JVcri-fi'/.i  II ltd  Mcntiil  Diniiines. — As  might  be  expected,  a 
great  number  of  functional  nervous  diseases  have  been 
attributed  with  greater  or  less  plausibility  to  auto-intoxi- 
cation. 

In  the  case  of  tetany,  uraemia,  eclampsia,  and  eclampsia 
infantum  there  ore  substantial  grounds  for  such  belief. 
In  luany  cases,  liowever,  there  is,  up  to  the  present  time, 
little  that  can  be  offered  in  support  of  this  theory. 

The  relation  of  i/iilcjisi/  to  auto-intoxication  is  by  no 
means  settled.  GrifHth  has  isolated  in  large  quantities 
from  the  urine  of  epileptics  an  alkaloidal  body  to  which 
he  ascribes  causal  attributes,  but  his  tindiugs  have  hitli- 
erto  not  been  verified. 

There  remain  to  be  mentioned  three  very  rare  nervous 
affections  whicli  may  with  considerable  probability  be 
attributed  to  auto-intoxication. 

1.  A  periodic  paralysis  of  the  extremities,  first  de- 
scribed by  Hartwig,  in  which  there  is  the  periodical  ap- 
pearance c)f  extensive  paralysis  associated  with  sudden 
loss  of  electrical  irritability.  Tncse  symptoms  last  for 
hours  or  days  and  then  disappear.  The  affection  has 
been  seen  to  develop  after  attacks  of  malaria,  after  in- 
fectious diseases,  and  even  after  the  ingestion  of  certain 
foods. 

2.  Myasthenia  Grans  Pseudo-Paralytica  (Jolly). — This 
recently  described  condition  consists  essentially  in  the 
periodic  development  of  extreme  muscular  weakness  of 
the  whole  body.  It  resembles  clinically  the  residts  of 
the  action  of  proto-veratrin  upon  the  muscle  and  nerve 
endings  and  those  of  extreme  muscular  fatigue. 

8.  Myotonia  0>n<ieintn.  or  Tliomsen's  Disense. 

There  is  ground  for  believing  that  certain  psychoses, 
especially  those  of  a  more  acute  nature,  may  be  the  mani- 
festations of  an  autointoxication.  Several  investigators 
have  found  an  increased  toxicity  in  urine  from  cases  of 
melancholia  and  from  other  psychoses.  It  is  still  too 
early,  however,  to  formulate  definite  views  upon  the 
subject. 

Gastric  and  Inteitinal  Vertigo.  Asthma  Dyspepticum. — 
A  close  relationship  lias  for  a  long  time  been  recognized 
between  gastro-intestinal  derangements  and  certain  forms 
of  vertigo  and  asthma  ;  and  while  proofs  an-  still  lacking, 
there  are  many  reasons  for  believing  that  tlicse  conditions 
may  sometimes  depend  upon  the  absorption  from  the 
gastro-intestinal  canal  of  certain  toxic  substances. 

Skin  Diseases. — From  the  importance  of  the  skin  as  an 
organ  of  excretion  it  may  be  fairly  assumed  that  the  dis- 
turbances of  the  skin  in  many  diseases  are  to  be  taken  as 
evidence  of  an  attempt  on  the  part  of  the  skin  to  excrete 
certain  poisons,  e.f/.,  in  iiivTmia,  diabetes,  the  exanthe- 
mata, etc. 


Such  disturbances  may  manifest  themselves  in  the  form 
of  almost  any  known  eruption,  the  erythematous  and 
urticarial  types,  however,  being  those  most  frequently 
seen.  These  skin  affections  seem  especially  frequent 
with  gastro-intestinal  auto-intoxications.  Singer  has 
found  almost  regularly  in  the  skin  diseases  associated 
with  digestive  disturbances,  an  augmentation  of  the  pu- 
trefactive products  as  shown  by  the  increased  amount  of 
ethereal  sulphates  in  the  urine. 

Diseases  of  Musehs. — In  18S9  Wagner  described  under 
the  name  of  imlyinyositis  aenta  an  inflammatory  disease 
of  the  muscles  throughout  the  body,  associated  with 
gastric  and  constitutional  symptoms,  for  which  Senator 
has  suggested,  with  some  plausibility,  an  origin  in  auto- 
intoxication.    There  is  as  yet,  however,  no  proof  of  this. 

Coma  C'nrcinomatosum. — In  cancerous  conditions  of  the 
gastro-intestinal  tract,  and  in  various  cachectic  conditions 
due  to  such  unlike  diseases  as  the  severe  anamiias,  chronic 
nephritis,  miliary  tuberculosis,  and  cirrhosis  of  the  liver, 
there  sometimes  develops  a  peculiar  form  of  coma  which 
is  closely  allied  to  diabetic  coma  and  which  is  known  as 
carcinomatous  or  dyscrasic  coma.  This  has  a  close  clinical 
resemblance  to  the  coma  of  diabetes,  but  differs  some- 
what in  a  few  of  its  symptoms  and  especially  in  its  prog- 
nosis. In  the  urine  of  these  cases  as  well  as  of  those  of 
diabetic  coma  are  found  aceton,  diacetic  acid,  and  /?  oxy- 
butyric  acid.  These  bodies  seem  to  be  products  of  the  de- 
structive metaliolism  of  the  albumins  which  is  brought 
about  by  the  action  of  toxins  present  in  diabetes,  cancer, 
and  the  other  cachexias.  It  seems  prohable  that  both  the 
coma  and  the  acids  found  in  the  urine  are  the  expressions 
of  the  action  of  these  toxins,  rather  than  that  the  coma  is 
the  result  of  the  poisoning  of  the  body  bv  the  acids 
themselves.  The  condition  common  to  all  these  diseases 
is  tliat  of  grave  disturbance  of  nutrition,  which  means 
exces.sive  albumin  destruction.  Klemperer  found  that 
the  blood  serum  of  a  cancerous  patient,  when  injected 
into  a  dog,  caused  a  much  greater  increase  in  the  all.)umin 
conversion  than  did  the  serum  of  a  liealthy  person. 

The  nature  of  this  coma-inducing  poison  is  as  yet  quite 
unknown.  It  is  interesting  that  the  carcinomatous  coma 
has  thus  far  been  observed  only  in  cancers  associated 
with  the  gastro-intestinal  tract. 

Cliloro.sis.  Fernieious  Ananiia.  Leiieivinia. — Among 
the  various  theories  regarding  the  cause  and  origin  of 
chlorosis,  that  one  which  ascribes  it  to  a  chronic  intestinal 
auto-intoxication  or  copra'iuia  has  been  warmly  advo- 
cated by  Sir  Andrew  Clark,  Bouchard,  Duelos,  Noth- 
nagel.  HliUmann,  and.  more  recently,  by  Garrod  and 
Forchheimer.  The  last-named  investigator  concludes 
that  the  origin  of  chlorosis  lies  in  a  disturbance  of  the 
lia?iTiatopoiJtic  function  of  the  intestinal  mucous  mem- 
brane. He  believes  this  membrane  to  be  the  laboratory 
of  ha'moglobin.  since  in  rabbits  he  found  the  blood  in  the 
mesenteric  vein  to  be  much  (eighteen  per  cent.)  richer  in 
haemoglobin  than  that  of  the  mesenteric  artery,  and  in  hu- 
man blood  that  after  each  meal  there  was  a  considerable  in- 
crease in  the  haemoglobin  content.  IMoreover,  he  obtained 
from  the  urine  of  chlorotic  patients  an  alcoholic  precipi- 
tate which  proved  poisonous  to  rabbits.  This  was  evi- 
dently a  nitrogenous  substance,  and  was  regarded  by  him 
as  an  intermediate  body  between  albumin  and  peptime. 

On  the  other  hand,  Rethers  has  failed  to  find  in  the 
urine  of  clilorotics  that  evidence  of  excessive  intestinal 
putrefaction  which  is  based  upon  an  increase  in  the 
etheral  sulphates. 

Although  in  many  clinical  aspects  chlorosis  corresponds 
closely  to  other  known  intoxications,  and  although  there 
are  many  theoretical  grounds  for  accepting  such  a  view, 
there  is  still  lacking  sufficient  evidence  to  justify  the  defi- 
nite acceptance  of  the  theory  of  auto-intoxication. 

The  same  may  be  s;iid  concerning  the  primary  perni- 
ciotis  ana?mias  and  the  leuciiemias.  A  supjiort  for  the 
auto-intoxication  theory  in  these  diseases  is  turnished  by 
the  fact  that  very  marked  changes  from  the  normal 
metabolic  processes  are  found  in  all  forms  of  ])ernicious 
ana?mia  and  leucaemia.  A  number  of  investigators  have 
found  in  these  a  much-increased  excretion  of  nitrogen. 
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and  this  albumin  fli'struction  does  not  occur  in  the  simple 
aaivniiiis.  Aniemia  of  itself  causes  no  increase  of  de- 
structive inetabolisni.  and  wlien  this  occurs  then  some 
otlier  a,;;ents  nuist  be  at  work.  These  ajjenls  can  hardly 
be  conceived  as  other  than  poisons  aelinir  throUi;li  the 
bicjod  U]ion  the  cell  activity  of  the  orpmisni.  Airain.  a 
marked  diminution  of  Idood  alkalinity  is  found  only  in 
the  severe  forms  of  anaemia,  and  never  in  chlorosis  and 
the  simple  anaMuias. 

Kottuitz  regards  Icuca-nua  as  a  chronic  jieptona'mia 
and  olVersan  in,!ieni<jus  theory  based  upon  this  lo  ex])lain 
the  ji'reat  increase  in  leucocytes.  His  views  have  not  yet 
been  substantiated  by  others. 

Ujidriitliu'iiii'iiiiii. — This  condition  is  of  csp<'cial  interest 
because  it  furnished  (he  first  positive  demonstration  of 
gastro  intestinal  aulo-into.xication.  In  !SG4  Belz,  a  (5er- 
man,  in  two  cases  with  peculiar  and  violent  uastro  intes- 
tinal symptoms,  demonstrated  the  presence  of  II~S  in 
both  urine  and  fa'ces,  and  regardeil  it  as  an  evidence  of 
intestinal  putrefactioii.  . 

Tlif'  name  liydrbthionaMida  is  ajiplied  to  the  H..S  poi- 
soniiiLr  which  develops  hi  the  course  of  an  acute  j;astro- 
iiitesiinal  derangement,  and  is  associated  with  syniploms 
similar  to  those  of  H»S  poisoning  in  certain  occupations. 
The  condition  is  a  rare  one. 

Lately  Boas  and  others  have  fotind  n.,S  in  some  quan- 
tity in  dilated  .stomachs,  but  never  in  the  urine. 

It  is  doubtful  if  the  nervovis  and  psychical  disturb- 
ances associated  with  chronic  constipation  an-  to  be  re- 
ferred to  the  to.xic  effects  of  the  H-S  which  is  sometimes 
present. 

Arefriinnifr.  Dta-tiirin. — The  interesting  condition  of 
acetonuria  is  discussed  in  detail  elsewhere  luider  its  own 
title. 

The  jiresence  of  acetiin  in  the  urine  has  been  demon- 
strated in  a  great  number  of  different  conditions  which 
seem  to  have  no  relation  to  each  other,  and  it  has  now  be- 
come evident  that  acetonuria,  in  most  cases  at  least,  is 
rather  to  be  regarded  as  a  symptom  than  as  a  cause  of 
disease.  Even  upon  the  origin  of  aceton  there  is  not  yet 
full  accord.  The  weight  of  opinion,  however,  at  this 
tim<',  attributes  its  formation  to  abnormal  metabolism  of 
the  albuminoids  in  the  gastro-iutestinal  tract. 

The  presence  of  diacctic  acid  in  the  urine  is  usually  of 
more  serious  import  to  the  organism  than  is  that  of  aceton, 
but  here  also  there  is  much  do\ibt  as  to  whether  it  is  to 
be  regarde<l  merely  as  evidence  of  abnormal  metabolism 
or  whether  it  itself  is  the  source  of  an  intoxication.  It 
seems,  in  its  origin,  to  be  closely  related  to  both  aceton 
and  i?-oxybutyric  acid. 

Cijuiiniiria.  Dianiiiii/rin. — Cystinuria  is  a  rare  condi- 
tion, the  interest  in  which  was  greatly  augmented  by  the 
discovery  by  Baumann  and  Udransky  that  in  patients 
wliose  urinc!  contained  cystin  there  were  also  to  be  found 
in  the  urine  bodies  of  definite  chemical  composilion  called 
diaunus.  From  these  coidcl  be  separated  two  substances, 
penta-  and  tetra  methylendiamin,  which  were  identical 
respi-ctively  with  cadaverin  and  putrescin — bodies  Iso- 
lated by  Brieger  from  juitrid  mrat.  These  diamins,  more- 
over, coidd  lie  found  as  well  in  the  fa'cesof  these  patients. 
Here,  tlien,  is  an  illustration  of  the  actual  excretion  by  tiie 
urine  of  toxic  substances  formed  in  the  intestine.  Since, 
as  Brieger  showed,  the  diamins  develo|i  only  in  certain 
detiiiite  putrefactive  processes,  it  follows  that  in  tliose 
sulTeiing  from  cystinuria  certain  speeilie  decomposition 
processes  must  occur  to  give  rise  to  the  diamins. 

Diaudnuria  is  found  oidy  in  connection  with  cystiiuiria. 
but  the  cystin  in  th<'se  cases  has  not  been  found  in  the 
intestines.  Whether  or  not  the  diamins  have  a  toxic  ac- 
tion upon  the  organism  is  not  known.  Cystinurie  pa- 
tients suffer  from  various  symptoms,  and  it  is  possible 
thai  some  of  these  may  be  dependent  ujion  the  formation 
and  absorption  of  the  diamins. 

O.riiliiriii. — There  is  still  some  dotibt  concerning  the 
origin  of  oxalic  acid  in  tlie  body,  but  it  is  probably  an 
intermediate  ])rod\ict  of  carbohydrate  metab<ilism  which, 
under  normal  conditions,  is  jiromptly  further  changed 
into  COa  and  water,  but  which  imder  patliological  con- 


ditions may  be  formed  in  excess  or  may  not  be  properly 
transformed.  Under  these  circumstances  it  will  a]ipear 
in  the  urine.  Cantani  believes  oxala'iiua  to  arise  from 
{•xcessive  starch  or  sugar  decomposition,  and  from  this  a 
distinct  eliiucal  pielnre  to  residl  which  is  characterized 
by  emaciation,  furuncles,  abscesses,  etc.  He  regards 
oxaluria  as  analogous  to  glycosuria  and  as  having  origi- 
nated in  the  same  way.  There  is,  without  doubt,  some 
relation  between  diabetes  and  oxaluria.  for  not  only  are 
they  tre(iuently  associated,  but  glycosuria  and  oxaluria 
liavc^  been  known  to  alternate  in  the  same  individual. 

The  ajipearance  of  small  ((uautities  of  the  oxalates  in 
urinedoesnot  indicateananonialy  (jf  metabcjlisni.  When 
large  amounts  are  present  regularly,  however,  there  must 
be  some  serious  derangement  of  the  processes  of  nutrition, 
and  the  o.xaluria  may  perhaps  then  be  the  expression  of 
a  ilelinite  auto-intoxicatiou. 

'I'lic  J'oimiis  of  /fic  i'rint. — Kormal  urine,  which  for 
a  long  time  was  believed  to  be  not  toxic,  is  now  known 
to  be  distinctly  [loisonous.  and  this  toxicity  is  ascribed  in 
large  part  to  the  salts  of  potassium.  These  salts  alone, 
however,  do  not  make  up  the  entire  toxicity,  since  the 
urine  itself  is  found  to  be  more  poisonous  than  the  urine 
ash,  and  urine  rendered  free  from  potassimn  is  still  toxic. 
This  ludviiown,  organic  "  urotoxin  "  has  been  earnestly 
sought  for.  B(juchard  gave  to  this  search  fresh  impetus 
liy  the  introduction  of  his  method  of  measuring  the  toxic- 
ity of  urine.  This  consisted  in  the  intravenous  injection 
of  urine  into  animals  and  the  determining  of  the  amount 
necessary  to  produce  death.  The  amount  needed  to  kill 
1  kgm.  of  animal  was  made  the  unit  of  toxicity  or  "  uro- 
toxy."  In  this  way  he  could  study  and  compare  the 
different  "  urotoxic  coefficients" — that  is,  the  number  of 
urotoxies  which  1  kgm.  of  man  can  form  in  twenty-four 
hours.  This  coefficient  in  normal  individuals  averaged 
0.464,  and  in  pathological  conditions  varied  between  0.1 
and  2.0. 

Bouchard  found  in  urine  at  least  seven  distinct  poisons, 
including  a  narcotic,  a  sialogenons,  a  convulsive,  and  a 
myotic  one.  He  found  the  urine  toxicity  to  be  independ- 
ent of  its  concentratiim,  and  found  that  in  pathological 
states  the  toxicity  was  usually  but  not  always  increased. 

These  methods  of  Bouchard,  which  have  been  very  ex- 
tensively employed  in  France,  are  far  from  being  wlioHy 
satisfactory,  and  the  reliability  of  his  restilts  and  conclu- 
.sions  have  been  ([uestioned,  especially  in  Germany,  where 
much  more  exact  methods  liavc  been  em]iloyed. 

Recently  much  attention  has  lieen  paid  to  the  nrrinnic 
poi.sons  of  the  urine,  and  a  number  of  alkaloiil  like  bodies 
liave  been  isolated  whose  source  Bouchard  believes  to  lie 
in  the  putrefactive  products  of  the  intestines.  It  seems 
jjrolialjle  tliat  these  toxins  are  to  be  regarded  not  as  the 
products  of  specific  diseases,  but  rather  as  the  cleavage 
I)roducts  of  albumin  which  ap]iear  in  the  urine  when  for 
any  reason  there  is  an  excess  of  nitrogen  excretion.  It 
seems  doubtful  if  the  organic  disease  poisons  tliemselves 
often  appear  in  the  urine.  Tlieir  com]iosition  is  so  com- 
plex and  unstable  and  they  take  such  an  active  part  in 
metabolism  that  Ihey  are  likely  t<i  be  broken  up  before 
reaching  the  kidneys. 

It  nuist  be  admitted  that  U]1  to  the  lircsent  time  the 
poisonsof  the  urine  have  furnished  little  positive  proof  in 
sujiport  of  the  Ihi'ory  of  auto  intoxication. 

The  subject  of  ura'inia  will  be  dealt  with  under  its  own 
title. 

Auto-Intoxkations  oi'-  lIi;i'ATi('  OiiioiN. — In  spite  of 
the  many  advances  that  physiology  has  made  in  the  elu- 
cidation of  the  many  functions  of  the  liver,  not  all  these 
are  yet  clearly  understood. 

As  to  the  derangemetits  (d' the  biliary  fuiKtion,  wemust 
distinginsli  sharply  betueen  a  cessation  of  bile  formation 
(aehiplia).  and  the  olistruetiou  and  the  retention  in  the 
liver  of  the  already  formed  bile  (liypi-rcholia). 

The  elTcets  of  the  latter  <-onditioti  upon  th<' organism 
are  well  understood,  and  depeiul — 

1.  Upon  the  failure  of  action  of  the  bile  as  a  digestive 
secretion,  and 

2.  U])on  the  reabsorption  of  tiie  bile  into  tlie  blood 
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thvougli  till'  lymph  vessels  of  the  liver.  Cdulnuy  to  the 
view  of  Houehaid.  it  is  uow  ireiicnilly  believed  that  the 
bile  pigments  are  comparatively  harmless  aud  tliat  the 
bile  siiiis  are  the  more  actively  toxic  agents. 

The  ijroiip  of  severe  nervous  symjitoms  seen  in  grave 
disease  of  the  liver  anil  known  as  cholainia  depend,  in 
all  probabilily.  however,  not  upon  a  poisoning  by  bile 
sjdts  from  hypercholia.  but  rather  upon  the  serious  meta- 
bolic changes  caused  by  cessation  of  the  bile-forming 
fuiietioii.  and  probably  at  the  same  time  cessation  of  the 
other  functions. 

That  part  of  the  urea  formation  of  the  body  which 
takes  place  in  the  liver  (the  so-called  "  Schroeder's  por- 
tion ")  is  formed  from  ammonium  carbamide,  wliicli  is 
a  destructive  prodni-t  of  the  alliumins  and  the  aniido 
acids.  In  severe  disease  of  the  liver  this  "  Schroeder's 
portion "  of  urea  is  usually  lacking,  and  the  unused 
ammonium  carbamide  is  in  part  changed  to  ammonium 
carbonate. 

Tlu^  inlroduction  of  ammonium  carbamide  into  the 
blood  of  an  animal  produces  symptoms  very  closely  cor- 
responding to  those  which  follow  total  extirpation  of  the 
liver. 

The  liver  seems  to  prevent  the  entrance  into  the  systemic 
blood  of  these  toxic  substances  which  are  intermediate 
steps  between  albumin  and  urea,  i.e.,  Icucin,  glycocoll, 
the  amido  acids,  and  especially  ammoniinn  carbamide. 

Insufficiency  of  the  li\'er  function,  then,  always  favors 
the  development  of  auto-intoxications  from  the  gastro- 
mtestinal  tract. 

Acute  YeH'iw  Atrophy.  Cholfpinia. — The  ultimate  cause 
of  acute  j'cllow  ati-o]ihy,  except  in  cases  of  phosphorus 
poisoning,  is  still  entirely  unknown.  Whatever  it  may 
be,  there  can  be  litth-  doubt  that  the  symptoms  depend 
upon  the  failure  of  the  liver  to  exercise  its  functions  in 
converting  or  rejecting  the  many  toxic  products  of  diges- 
tion carried  to  it  by  the  jiortal  vein.  We  therefore  have 
a  typical  example  of  auto-intoxication  occasioned  by  the 
failure  of  function  in  a  particular,  and  in  this  case  a  most 
vital,  organ  of  defeuci-.  As  a  result  of  the  failure  of 
liver  functions,  the  l)lood  is  flooded  with  substances 
which  normally  are  not  found  there.  Among  these, 
leuciu  and  ty  rosin  arc  the  best  known.  It  is  probably 
no  single  substance,  but  the  sum  of  all  the  foreign  sub- 
stances circulating  in  the  blood,  which  gives  to  the  disease 
its  clinical  picture. 

The  appearance  in  the  urine  of  leucin,  tyrosin,  and 
other  foreign  bodies,  and  the  great  diminution  in  the  ex- 
cretion of  urea,  are  exactly  what  might  be  expected  from 
ces.5ation  of  liver  activity.  The  irritotion  of  the  kidneys 
by  these  foreign  bodies  may  well  render  their  excretion 
less  complete,  and  so  complicate  still  further  the  situation. 
Moreover,  since  urea  is  an  active  diuretic,  its  great  decrease 
may  have  the  effect  of  still  further  impairing  renal  ac- 
tivity. 

Diabetes. — Not  the  least  important  function  of  the  liver 
is  to  arrest  the  sugar  carried  to  it  and  to  convert  this  into 
glycogen.  The  liver  is  not  a  perfect  filter,  however,  and 
even  under  normal  conditions  a  small  ([uantity  of  sugar 
gets  past  the  barriers  and  so  reaches  the  blood.  WJien 
sugar  is  formed  in  the  intestine  in  amounts  greater  than 
normal,  more  of  it  is  sijit  to  escape  the  liver  filter,  and 
when  this  sugar  in  the  blood  reaches  a  certain  anunmt  it 
makes  its  appearance  in  the  urine  and  thus  is  produced 
an  "alimentarj'"  glycosuria.  Sug.-ir  in  the  blood  ]ios 
sesses  marked  toxic  properties,  and  seems  especially  to  be 
a  "protoplasm  poison,"  leading  in  all  severe  forms  of 
diabetes  to  vastly  increased  tissue  destruction,  to  excessive 
albuminous  metabolism,  and  to  high  lutrogen  excretion. 
Whatever  its  cause,  therefore,  diabetes  is' still  a  typical 
example  of  an  auto-intoxication. 

Since  destruction  or  extirpation  of  the  pancreas  is  so 
regularly  associated  with  .severe  diabetes,  it  is  evident 
that  the  pancreas  must  have  for  one  of  its  functions  the 
regulation  of  normal  metabolism  much  as  has  the  thy- 
roid gland. 

With  the  failure  of  this  sugar-controlling  function  of 
the  pancreas  the  liver  is  (luite  unable  to  arrest  all  of  the 


excess  sugar  carried  to  it,  and  the  filter  becomes  alto- 
gether inadequate.  The  nature  of  this  regulating  func- 
tion is  entirely  unknown.  It  may  possibly  depend  upon 
a  ferment. 

Aitdimm's  Diseiini'. — The  modern  theory,  which  regards 
Addison's  disease  as  an  autointoxication  caused  by  failure 
of  the  specific  function  of  the  adrenals,  while  .still  lack- 
ing in  direct  proofs,  has  yet  some  interesting  facts  to  sup- 
port it  and  is  gaining  general  acceptance.  This  view 
holds  that  the  adrenafs  exercise  some  control  upon  the 
processes  of  metabolism  whereby  the  action  of  certain 
toxic  substances  is  neutralized  or  the  bodies  are  converted 
into  harmless  ones.  Just  as  the  thyroid  seems  to  have  a 
regulating  elTect  upon  the  mucin  formation  of  the  body 
and  the  pancreas  upon  siigar  formation,  so  the  adrenals 
have  a  specific  inttuence  upon  the  conversion  of  one  of 
the  most  widely  distributed  nitrogenous,  organic  sub- 
stances in  the  body,  namely  neurin. 

AuTo-lNTOxic.vTtONs OF  TnvRoiD  Origin. — The  recog- 
nition of  the  relation  between  myxedema  and  cretinism 
and  the  atrophy  or  destruction  of  the  thyroid  gland:  the 
discovery  that  total  extirpation  of  the  thyroid  was  regu- 
larly followed  by  those  cretinoid  manifestations  known 
as  cachexia  stnunipriva,  and  the  residts  of  the  treatment 
of  myxedematous  conditions  by  th3-roid  extract,  liave 
served  to  throw  much  light  upon  the  hitherto  little  im- 
derstood  functions  of  this  ductless  gland.  It  can  now 
scarcely  be  doubted  that  the  thyroid  exerts  some  form  of 
controlling  action  upon  the  products  of  digestion  whereby 
complete  assimilation  is  brought  about.  It  completes  the 
conversion  of  the  absorbed  foods  and  destroys  certain 
unfinished  toxic  products  of  metal)olism,  in  particular 
the  mucin.  The  exact  method  of  its  action  is  not  clear. 
It  may  be  that  by  its  cell  activity  the  thyroid  transforms 
into  harmless  bodies  certain  toxic  ones  brought  to  it  b_v 
tlie  blood,  or  that  it  generates  a  partictdar  product  which 
upon  entering  the  circulation  neutralizes  the  effects  of 
certain  poisons.  It  is  possible  that  it  may  combine  both 
of  these  functions.  In  any  case,  cretinism,  myxoedema, 
and  cachexia  strumipriva  must  bo  regarded  as  auto-, 
intoxications  due  to  failure  of  function  of  a  particular 
organ  of  defence. 

In  e.ri'phtlialinic  goitre  we  have  a  clinical  picture  which 
in  many  respects  is  the  direct  antithesis  of  that  of  myx- 
fedema ;  furthermore,  as  Greenfield  has  suggested,  the  his- 
tological appearances  are  those  of  an  organ  in  active 
evolution;  finally,  the  poisonous  symptoms  produced  liy 
too  large  doses  of  thyroid  extract  bear  a  striking  similar- 
ity to  those  of  exoiihthalmic  goitre. 

These  facts  have  naturally  led  many  to  the  belief  that 
Graves'  disease  is  the  result  of  a  morbid  activity  of  the 
thyroid  gland  :  and  although  there  are  some  contradictory 
facts  still  to  be  explained,  this  theory  is  the  one  now  very 
generally  accepted.  Regarding  the  nature  of  the  auto- 
intoxication, two  views  are  held:  one,  that  b.y  some 
anomaly  of  fvniction  au  abnormal  ami  toxic  secretion  is 
formed:  the  otlK>r,  that  the  symptoms  depend  upon  the 
production  of  the  normal  secretion  i»  e-rcenitire  nmorint. 
The  latter  view  seems  at  present  to  be  the  more  plausible 
one. 

It  must  be  added  that  another  hypothesis  which  has 
recently  gained  some  adherents  attributes  the  condition 
to  an  auto-intoxication  of  gastrointestinal  origin.  One 
experimental  fact  seems  to  offer  support  to  this  view, 
lliirthle  has  found  tliat  by  inducing  jaundice  through 
ligature  of  the  gall  duct  in  animals,  a  change  in  the  ac- 
tivity of  the  thyroid  was  regularly  jiroduced  whereby  an 
exces.sive  development  of  colloid  resulted. 

The  At;TO-lNToxic.\TioNs  of  Prf.onancy. — The  hy- 
pothesis which  sees  in  many  of  the  (iisorders  of  pregnancy 
the  manifestations  of  a  poisoning  of  the  organism  by  the 
products  of  its  own  metabolic  proces.ses  has  much  that 
is  attractive  and  pl.-iusiblc  in  it,  and  in  the  case  of  certain 
affections,  es])ecially  in  Ili.at  of  eclampsia,  can  summon 
to  its  support  a  considcral)le  number  of  very  significant 
facts. 

It  has  been  clearly  shown  that  during  normal  preg- 
nancy an  increased  amount  of  work  is   put   upon   the 
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various  orgaus  of  the  body,  and  especially  upon  those 
concerned  in  the  processes  of  nietuliolisiii  anil  eliniiiia 
tion. 

The  increased  demand  upon  llie  orfrans  can  un<ler  per- 
fectly normal  condiiions  lie  met  satisfactorily,  and  ue  see 
women  fro  throuirh  their  period  of  :;eslalion  with  scarcely 
a  sinjile  departure  from  the  state  of  perfect  health.  These 
increased  demands,  however,  arc  prone  to  bring  to  light 
any  inherent  weakness  in  an  organ  which  in  the  non- 
pregnant  state  may  perhaps  be  cajjahle  of  perforndng  its 
functions  ino.st  .satisfactorily. 

Among  the  organs  of  defence  which  are  likely  in  preg- 
nancy to  manifest  evidences  of  insutticiency.  the  liver  and 
kidneys  stand  alone  in  point  of  importance.  The  liver 
in  particular  seems  especially  liable  to  fail  in  the  per- 
formance of  some  of  its  manifold  functions. 

In  the  symptoms  which,  with  greater  or  less  reason, 
have  been  as(  rilied  to  auto-into.\ications,  are  included 
the  ob.stinate  vomiting,  salivation,  insoiimia,  peripheral 
neuritis,  the  p.sychoses  of  pregnancy,  bron/ing  of  the 
skin,  pruritu.s,  jaundice,  eclam])sia,  and  acute  yellow 
atrophy.  In  conneclioii  with  ,sidivation  it  is  interest iiig 
to  recall  that  one  of  the  pcjisoiis  found  by  Bouchard  in 
normal  urine  was  a  powerful  sialogogue. 

Kiiiniipsiii  drariddrinii. — The  mine  of  eclamptic  pa- 
tients has  been  found  to  be  much  less  toxic  than  that  of 
other  pregnant  women,  whili^  the  blood  serum,  on  the 
other  hand,  is  distinctly  more  poisonous  than  that  in 
normal  pregnancy.  There  can  bc^  no  doubt,  therefore, 
that  in  the  blood  of  eclamptic  patients  there  is  an  ac- 
cumulation of  ]ioisonous  substunces.  These  in  all  prob 
ability  are  not  the  end  prod  net  S(jf  destructive  metabolism, 
but  rather  the  intermediate  juoduets  which  liave  gained 
the  circulatiim  because  of  failun-  on  the  part  of  some 
organ  to  convert  them  into  useful,  or  at  least  harmless, 
bodies.  In  other  words,  eelami)sia  presents  every  evi- 
dence of  being  a  severe  auto-intoxication. 

While  certain  cases  of  eclampsia  may  be  identical  in 
nature  with  ura'mia,  there  is  much  evidence  to  show  that 
in  many,  and  perhajis  in  most  cases,  the  two  conditions 
are  i|uite  distinct. 

Within  tlie  |)ast  few  years  many  investigators  have 
called  attention  to  the  association  of  seVere  hejiatic  lesions 
with  the  manifestations  of  eclampsia,  and  it  cannot  be 
doubted  that  some  at  least  of  the  severe  anomalies  of 
metabolism  found  in  this  condition  are  due  to  dcran.ge- 
ment  of  the  liver  functions.  In  .som<"  cases  the  liver  has 
shown  post  mortem  the  typical  appearances  of  acute  yel 
low  atrophy;  in  others  those  of  hemorrhagic  hepatitis;  in 
others  si  ill,  many  iK'crotic  areas  have  been  fouiiil.  Sihmorl 
reports  a  series  of  seventeen  cases,  in  every  one  of  which 
serious  changes  in  the  liver  parenchyma  were  found  (lost 
mortem.  These  consisted  usually  in  necrotic  areas  of 
hemorrhagic  oranamiic  character.  .Macroscopically  the 
livers  iiresentcd  somewhat  the  appearance  of  acute  yel- 
low atrophy. 

Slumpf  sug,gests  thai  the  liver  disturbances  are  of 
secondary  nature,  and  that  the  origin  of  the  poisfin  may 
lie  in  the  fetal  orgaiusm.  Under  the  intbatice  id'  this 
unknown  poison  there  is,  he  believes,  an  interference 
with  the  formation  of  urea.  Asaresidt  of  this,  abnormal 
products  of  metabolism  reach  the  blood  and  furnish  a 
source  of  irrilati m  to  the  kidneys,  which,  in  turn,  become 
insiillicieiU  and  fail  properly  to  eliminate  these  noxious 
bodies.  The  resulting  abnormal  condition  of  the  blood 
acts  also  as  a  jioison  to  the  liver  cells,  and  the  failure  of 
function  of  these  |ireei]jitates  I  he  eclamptic  attack  through 
action  upon  the  central  nervous  system. 

Lnriii  A.  Conner. 

In  an  article  sucli  as  Vne.  present  one  it  is  lm[)raoticatiIi^  to  give 
slH^'Kle  references  for  all  the  niaiiy  assertions  made  therein.  While 
DUineruus  sourccsof  Information  have  twen  utilized,  most  of  the  state- 
ments contained  are  hased  upon  those  found  in  the  followinp  pub- 
lications : 

Bonchanl :  I>ectures  on  .'\ulo-lnto.xiratlon  in  Di.sea.se.    Kncllsh  edi- 
tion. ISilt.     F.  S.  Davis  Co.,  Phllaildi.hla. 
Altiu:     I'eher   die    Autointoxicationen    des  Inlestlnaltraclu.s,   189.5. 

Hirschwald.  Berlin. 
Vauulian  and  Xovv  :  Plomafns  and  Leucomalns.    Third  edition.  1896. 
Lea  Bros.  &  Co.,  I'hlladelphia. 


(j.  BouITe  de   Saint- Blaise :    T.es  auto-lnloxications  de  la  grossesse, 

ISM.     Bailliereet  Kits,  Paris. 
Itirki-I :  Die  I'aihogeiie  tier  ClHjhemie.  UMJU.    Bergmann.  Wie.sl)aden. 

of  tlii'sc.  the  work  of  Alhu  has  proved  especially  valuahle.  and  to  it 
those  readers  who  lii-sire  more  detailed  information  are  leferred. 

AUTOMATIC  ACTIONS.— Hy  the  term  automatic  ac- 
tions, as  applied  lo  living  bodies,  we  mean  those  move- 
ments which  go  on  without  any  outside  stimulus,  the 
causes  being  in  the  body  itself.  For  the  sake  of  under- 
standing thein  more  clearly  it  is  ncces.sary  to  divide  them 
into  certain  cla.sses,  which,  so  far  as  the  higher  animals 
are  concerned,  are  as  follows: 

1.  TlllO  AlTI).M.\TIC  AcTIO.NS  OK  VlCOKTATIVE  LiKE  — 
rnilcr  this  head  we  have:  (</)  those  of  the  rcsijii'atory 
neuro-mechaiusm  ;  Oi)  those  of  the  cardiac  neiiro-inechan 
ism;  ('•)  those  of  the  vasomotor  ni'uro-mechanism  ;  (</) 
the  rhythndcid  rnpvements  of  the  .stomach,  inteslines, 
spleen,  and  bladder. 

The  automatic  actions  in  these  classes  may  be  tnoditied 
by  voluntary  or  other  extrinsic  influences,  but  they  are. 
nevertheless,  essentially  independent  of  them.  Thus  the 
respiratory  movements  may  be  modified  by  volitional  im- 
pulses, l)ut  they  in  the  main  goon  rhythmically  and  inde- 
pendently. Tlie  mechanism  of  tills  process  of  automatism 
is  well  illustrated  in  the  cardiac  movements.  The  [lulsa- 
tions  of  the  heart  dejiend  upon  the  stimuli  rhythmically 
sent  out  by  the  intrinsic  ganglia.  The  cells  which  origi- 
nate these  stimuli  receive  no  excitation  themselves  except 
that  ftiriHshed  by  the  aliment  from  the  blood.  This  ali- 
ment is  constantly  building  up  these  motor  cells  into  a 
more  and  more  unstable  condition.  When  the  instability 
teaches  a  certain  limit,  the  cell  decomposes  or  exjilodcs 
with  a  discharge  of  its  force,  after  which  it  inunediately 
begins  to  build  up  into  instability  again;  and  so  the  proc- 
ess goes  on.  This  explanation  applies  to  all  the  rhj'th- 
inical  automatic  movements  of  vegetative  life.  The 
movements  are  performed  by  unstriped  muscles,  or  the 
muscles  of  internal  relation. 

",'.  Till-;  .\rTO-\i.\Tic  Actions  of  Voluntary  Life. — A 
second  and  much  more  .striking  class  of  automatic  activi- 
ties includes  tliose  involving  voluntary  muscles  and  the 
nnnil.  They  a|)i)ear  in  various  forms  and  in  varying 
complexity  according  to  the  part  of  the  nervous  system 
which  they  involve.     They  may  be  divided  as  follows: 

(d)  Tlie.  Motor  Antoinatisins. — The  harmonious  move- 
ments of  the  eyes,  the  muscular  adjustments  called  forth 
in  the  use  of  the  voice,  and  of  the  jaws,  mouth,  and 
throat  in  suckling,  are  illustrations  of  motor  automatism. 
The  movements  of  the  body  and  limbs  in  stantliug.  sit 
ting,  walking,  and  in  the  various  acqinred  dexterities, 
such  as  those  of  dancers,  |)Iayers,  jugglers,  acrobats,  and 
skilled  artisiins,  all  are  done  automatically.  Being,  in 
man,  acquired  by  i)raetice,  they  may  be  s])oken  oi  as 
secondai'y  automatic  actions.  They  have  for  their  an- 
atomical sid)stratum  certain  arrangements  of  nerve  fibres 
and  cells  in  the  cerebellum,  basal  ganglia,  and  sjiinal 
cord.  The  conscious  ndiid,  thougli  taking  no  active 
share,  first  fathered  them,  and  stands  in  ready  connec- 
tion with  them.  It  starts  or  stops  the  machinery,  just 
as  by  totu'hing  the  pendulum  we  start  or  stop  a  clock 
that  has  been  wound.  Physiology  teaches  also  that  all 
voluntary  acts  tend  by  repetition  (o  become  automatic. 
For  vohnitary  movements,  by  repetition,  are  more  and 
more  easily  and  quickly  i)erformed,  until  at  last  they  no 
longer  possess  the  elements,  such  as  duration  and  inten- 
sity, necessary  to  arouse  consciousness,  and  they  are  then 
done  automatically. 

{'')  P.ijirliicdl  Automat  ism . — There  is  another  class  of 
automatic  activities  closely  related  with  the  foregoing. 
Here  volition  and  normal  consciousness  have  no  share  at 
all,  and  the  whole  psychical  life,  so  far  as  it  appears  at 
all,  is  automatic.  The  mind  becomes  a.  real  machine, 
working  in  certain  established  grooves,  tuimodiliid  by 
any  volition  or  by  any  external  or  internal  stimulus  ex- 
ce|>t  such  as  gives  it  the  stait ;  just  as  the  boy  trims  the 
sails  and  fastens  the  rudderof  Ins  toy  boat,  then  la\inches 
it  to  sail  as  its  mechanism  directs. 

This  psychical  automatism  is  represented  in  lower  ani- 
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Diiils  liy  many  of  Ihcir  instinctive  acts.  In  following  its 
iiislini'ts  the  animal  obeys  no  conscious  juirposc,  bnt  is 
impcllcii  by  nnfclt  slinuili  from  witliin.  these  stimnli 
lieinj:  furnislicil  by  llie  pecnliar  anatomical  aiTangemeiits 
and  mitritive  needs  of  its  nervous  system,  inherited  from 
its  ancestors.  Instinct  covers  in  the  lower  animals,  how- 
ever, both  the  acquired  aptitudes  and  the  psychical  au- 
tomatisms in  man. 

'I'liis  psvchical  or  cerebral  automatism  is  perfectly  illus- 
tr.Ued  in  the  conditions  known  as  trance  and  somnambn- 
lism.  Here  consciousness,  while  not  exactly  abolished, 
is  in  an  aberrant  state  (.see  Ct/ihiciotisiwss,  Disorders  of), 
the  will  is  suspended,  but  thought  and  feeling  continue, 
and  the  body  responds  in  systcmatiz<'d  and  apparently 
intelligent  acts. 

There  are  two  distinctions  which  in  a  medical  study  of 
psychical  automatism  must  be  made:  First,  unconscious 
cerebration  is  a  different  thing  from  the  psychical  autom- 
atism which  we  are  descriliing.  The  term  vtnconscious 
cerebration  should  be  limited  to  that  very  large  share  of 
our  menial  life  which  runs  on  beneath  consciousness. 
Few  jiersons,  in  carrying  on  a  train  of  thought,  bring 
every  link  in  the  logical  chain  into  consciousness.  We 
pass  with  a  stej)  from  the  first  term  to  the  last,  the  inter- 
mediate process  being  subconscious.  In  the  association 
of  ideas,  one  mental  picture  is  often  followed  by  another 
apparently  remote,  the  missing  links  not  rising  into  con- 
scious view.  Unconscious  cerebration,  therefore,  refers 
simply  to  the  subconscious  part  of  our  ordinary  thougiits 
and  feelings,  and  is  one  of  the  moiles  in  which  the  mind 
naturall}'  acts.  Second,  cerebral  automatism,  as  luider- 
stood  by  some  writers,  such  as  Carpenter  and  Luys,  is 
made  to  include  cerebral  retle-\  acts,  i.e..  all  the  mental 
acts  which  arise  involuntarily  in  response  to  a  stimulus. 
Thus  we  are  told  that  the  ready  response  of  emotion  at  a 
dramatic  climax,  the  instiiut  formation  of  judgment 
where  certain  simple  and  common  conditions  are  present, 
are  all  examples  of  cerebral  automatism.  From  this  same 
point  of  view,  the  common  sense  of  mankind  is  but  the 
automaticall)'  formed  judgment  upon  the  various  affairs 
of  life,  which  rises  alike  in  the  great  mass  of  men.  There 
Is  propriety  in  this  view,  and  lines  of  distinction  must  be 
somewhat  arliitrarily  drawn.  Nevertheless,  the  acts  re- 
ferred to  are  much  more  tyjiically  reflex  than  automatic 
acts,  as,  for  example,  when  a  novel  situation  excites  at 
once  spontaneously  a  burst  of  laughter.  And  it  is  better 
to  limit  the  term  cerebral  automatism  to  those  conditions 
of  the  mind  in  which  spontaneity  is  abolished  for  a  time 
and  the  psychical  mechanism  acts  entirely  apart  from 
any  conscious  stimulus. 

Cerebral  automatism,  as  thus  limited,  is  pathological 
and  has  a  medical  importance.  It  is  a  condition  tlisit  is 
brought  about  bv  a  number  of  causes,  and  makes  a  some- 
what different  cliidcal  jiietiue  accordingly.  Cerebral  au- 
tomatic states  may  be  classified  as  follows:  The  epileptic, 
the  somnambulic,  the  hypnotic,  the  automatism  of  inebri- 
ety, of  insanity,  of  narcotic  intoxication,  of  syphilis,  of 
injuries  to  the  head,  and  of  overwork  or  cerebral  ex- 
haustion. 

Epileptic  Cerebral  Autom.vtism. — The  automatic 
mental  state  which  occurs  in  epilepsy  accompanies  much 
more  frequently  petit  mul  than  h/nit  mal.  It  generally 
follows  the  attack,  but  sometimes  precedes  it,  and  still 
more  rarely  takes  its  place,  in  which  latter  case  the  terms 
psychical  epilejisy  (Hughlings  Jackson),  masked  eiiile|>sy 
(Esquirol),  ejiilepsia  larvata  (Morel)  have  been  applied. 
It  is  a  transitory  p.sychical  disturbance,  and  only  one  of 
several  forms  which  occur  at  this  period  (.see  Epilepm/). 
Cases  of  epileptic  automatism  are  luimerous.  In  the 
simpler  forms,  the  patient  simiily  proceeils  to  do  some 
ordinary  but  inapposite  act.  Often  he  begins  suddenly 
to  undress,  or  tries  to  go  upstairs,  and  wiirdimb  upon  a 
chair,  or  table,  or  shelf.  Very  fre<iuently  he  puts  some 
object  near  at  hand  in  his  pocket.  Much  luore  compli- 
cated acts  may  be  done.  A  patient  of  Le  Grand  du 
Sanle's,  after  an  attack,  found  that  he  had  taken  passage 
in  a  steamer  for  Bombay.  Gowers  tells  of  a  carman  who, 
after  an  attack,  drove  for  an  hour  through  the  crowded 


streets  without  accident.  Trousseau  relates  the  case  of 
an  architect  who.  when  seized  with  an  attack,  would  run 
(juickl}'  from  plank  to  plank  without  falling;  and 
Gowers,  again,  had  a  young  lady  patient  who,  during 
the  epileptic  automatism,  would  play  the  most  difficult 
music.  In  some  cases  the  emotional  faculties  are  more 
involved,  and  attacks  of  transitory  mania,  or  furious  im- 
pulse, occur. 

Artifici.m,  Cerebral  Auto.matism,  Hypnotism, 
Trance. — In  the  condition  known  as  hypnotism,  trance, 
mesmerism,  "electro-biology,"  the  phenomena  of  cere- 
bral automatism  are  verj'  perfectly  shown,  and  an 
understanding  of  it  gives  the  key  to  all  the  cerebral 
automatic  states.  When  the  hypnotic  condition  is  pro- 
duced artificially  in  a  man  he  is  instructed  first  to  fix 
his  attention  upon  some  particular  object,  such  as  a 
bit  of  giass,  which  is  held  slightly  above  the  level  of 
vision,  so  as  to  put  the  ocular  muscles  upon  a  certain 
strain.  After  a  few  minutes,  in  sensitive  subjects,  the 
nervous  force  seems  to  lose  its  equilibrium  and  to  con- 
centrate itself  in  one  particular  direction.  Little  force 
is  left  to  supply  the  rest  of  the  conscious  functions 
of  the  brain,  and  the  whole  mental  life  of  the  subject  is 
narrowed  into  one  field.  The  mind  is  but  a  point.  The 
eiiuililiiium  of  nervous  force  being  once  overturned,  it 
continues  unstable,  and  can  be  turned  in  one  direction  or 
another,  according  to  the  suggestion  of  the  manipulator. 
Thus  the  hj'pnotic  thinks  that  he  sees  a  beatific  vision, 
and  every  capacity  of  his  mental  being  is  expended  on 
the  feelings  that  such  a  vision  excites.  Or  he  is  told  that 
he  is  a  murderer,  and  must  die,  and  he  is  overpowered 
with  fear  and  remorse.  Or  his  mind  is  directed  to  the 
idea  that  one  side  of  his  body  is  insensible;  he  then  feels 
no  pain  on  that  side.  In  any  case,  his  mental  energies 
are  all  so  absorbed  by  some  single  dominant  feeling,  that 
ordinary  sensory  impulses  coming  up  to  the  brain  impinge 
fruitlessly  upon  consciousness,  and  awaken  no  .sensations. 
The  hypnotic  is  to  all  intents  and  purposes  anaesthetic, 
lilind  and  deaf  to  everything  except  an  expected  sugges- 
tion from  the  operator,  which  is  the  onl\'  link  that  holds 
him  at  the  tiiue  to  the  external  world.  Under  the  domi- 
nation of  some  particular  idea  or  feeling,  his  mind  may 
automatically  cause  him  to  perform  many  complex  and 
appareiitl_y  intelligent  acts.  The  concentration  of  ner- 
vous force  upon  some  particular  function,  such  as  that  of 
sight,  hearing,  or  touch,  exalts  these  senses,  so  that  vision 
is  clearer,  hearing  more  acute,  and  the  touch  more  sensi- 
tive (see  lli/piiotism,  •yjmmimbiilism).  Such  is,  in  brief, 
the  physiology  of  hypnotic  automatism. 

Although  the  hypnotic  condition  is  usually  produced 
artificially,  certain  persons  of  a  highly  sensitive,  nervous 
temperament  are  subject  to  spontaneous  attacks,  just  as 
other  persons  suffer  from  the  similar  condition  of  som- 
nambulism. Indeed,  spcmtaneous  hypnotic  attacks  are  a 
kind  of  day  somnambulism.  Individuals  thus  suffering 
are  generally  of  a  hysterical  temperament,  with  deficient 
will  power,  and  their  hypnotic  attacks  may  accompany, 
or  be  complicated  with,  atUteks  of  catalepsy,  ecstasy,  or 
hysterical  seizures  of  various  kinds.  Thert'  are  persons 
who  have  a  congenital  tendency  to  fall  spontaneously 
into  hypnotic  states.  Such  was  the  case  with  a  patient 
of  Le  Grand  du  Saule's,  who,  whenever  he  got  into  a 
state  of  excitement  or  expectancy,  would  fall  off  into  a 
hypnotic  sleep.  Some  of  the  rejiortcd  cases  of  morbid 
S(mmoleuce  belong  to  this  class  (see  S/(eji.  Disorders  of). 
In  other  instances  the  tendency  to  spontaneous  trance 
states  is  acquired,  as  in  a  case  reported  by  Finkelnburg: 
a  young  woman,  having  l)eeu  once  mesmerized  by  a  pro- 
fessional, ever  after  was  subject  to  spontaneous  attacks 
of  trance. 

The  condition  of  trance,  or  one  closely  allied  to  it,  is 
induced  voluntarily  by  the  so-called  trance  speakers.  It 
may  also  be  brought  on  by  some  periodically  occurring 
affection,  as  was  shown  in  a  case  related  by  Dr.  B.  F. 
Berkley  t  We.stt  m  Joiiriiol  of  Meilieiiie  and  Siirffert/.  N.  S., 
vi..  p.  "204).  A  married  woman,  aged  thirty-nine,  for 
j-ears  suffered  from  trigeminal  neur.ilgia,  which  finally 
ended  in  a  severe  form  of  tic  ilouloureux  occurring  every 
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two  weeks.  After  eiicli  attack  .slie  fell  into  a  state  of 
"soniuiUHHieiiee  "  lastiiiv;  for  an  hour  or  two.  Duriiij; 
this  time  she  would  jireaeh  on  religious  topies  with  some 
amount  of  eloijuenee.  She  was  a  modern  ilhislralion  of 
the  similar  stales  into  which  the  priests  of  the  Delphie 
oraele  went  when  utlerina:  tlieir  prophecies. 

lI_V])notie  states  are  jienerally  hrou,i;ht  to  an  end  by  the 
passes  of  the  manijiulator.  If  the  patient  is  left  alone 
the  hyimolic  slate  continues  for  .some  hours,  passing 
finallj-  into  true  sleep,  trom  which  hi'  awakens  spontane- 
ously. In  some  ])er.sons  who  are  suhjecl  or  have  been 
subjected  to  periodical  attacks  of  hyimotism.  the  mind 
recalls  in  one  attack  what  occurred  in  the  previous  one. 
After  such  a  person  comes  out  from  an  attack  he  has  no 
recollection,  as  a  rule,  of  what  was  done  in  it.  There 
are  considerable  variations  iu  the  decree  or  intensity  of 
the  hypnotic  state.  In  the  slighter  degrees  it  resendiles 
cdiisideralily  that  of  profound  reverie  or  abstraelion. 
Tlu'rc  is  a  distinction,  however,  between  the  absorbed 
reverie  of  the  student  and  the  absorbed  contemplation 
of  the  hypnotic.  .  Iii  the  former  case  the  mind  is  con- 
strucling  and  liuilding  under  a  certain  kind  of  voluntary 
direction:  in  the  latter  the  mind  is  going  automatically 
over  old  ground. 

Tu.viMATic  Cekebral  Autom.\tis.m. — Viry  rarely  in- 
juries of  the  head  produce  such  a  pathological  change  in 
the  brain  as  to  make  the  person  injured  the  subject  of 
perioilical  attacks  of  cerebral  automatism.  In  these  cases 
the  mental  condition  is  the  siime  as  if  the  patient  walked 
in  his  sleep  or  had  been  artificially  hypnotized. 

One  of  the  most  typical  cases  of  this  kind  is  that  related 
by  Mesnet,  of  the  French  soldier  who,  after  suffering  from 
a  severe  injury  of  the  head,  used  to  pass  into  automatic 
states  lasting  for  days.  He  would  then  unconsciously  go 
through  all  the  routine  actions  to  which  he  had  been  ac- 
customed, such  as  dressing,  taking  a  walk,  smoking, 
etc. 

The  Cekebhal  Automatis.m  of  Inebriety. — Dr.  T. 
D.  Crothers  lias  related  some  remarkable  cases  in  which 
the  elfect  of  the  long-continued  abuse  of  alcohol  has 
been  to  induce  periodic  attacks  of  cerebral  automatism. 
The  patients  fall  into  a  state  very  much  resembling  tliat 
of  hypnotism.  In  this  condition  they  may  go  through 
the  ordinary  routine  of  life  in  so  perfect  a  manner  that  no 
one  would  reeogni/.e  the  peculiar  aI)erration  of  the  mind. 
After  a  jieriod  of  hours,  or  even  of  a  day  or  mme,  normal 
consciousness  returns  and  they  remember  nothing  of  what 
they  have  been  doing.  One  of  the  most  remarkable  illus- 
trations of  this  kind  was  that  of  a  railway  conductor 
who,  after  passing  into  the  automatic  state,  would  take 
charge  of  his  ear,  run  the  train,  collect  tickets,  make 
change,  and  do  all  the  otli<T  duties  of  his  position. 
Finally,  after  returning  Ikjiuc  and  awaking,  he  could 
ri'inember  mithing  of  what  he  had  done. 

liricdcr  and  less  typical  attacks  (jf  cerebral  autoinalism 
occur  undoubtedly  iu  very  many  cases  of  chronic  in- 
ebriety. 

Svpiiii.iTic  CEiiEBKAL  AuTo.MATisM. — Cerebral  sy])h- 
ilis  sometimes  ])roducesstjites of  automati<'  menUd  action, 
though  these  are  not  of  a  very  tyiiical  kind.  The  syphi- 
liiic  jioison  causes  a  kind  of  somnolent  or  stuporous  con- 
dition, in  which  the  patient  appears  incapable  of  volun- 
tary intelligent  acts.  When  roused  and  set  upon  ordinary 
tasks  or  routine  duties,  he  goes  through  thi-m  automati- 
cally and  almost  uncon.sciously. 

The  Ai  ToMATis>t  op  Bhain  ExiiAfsrioN  and  Buaix 
Disease. — Luys  ("The  Functions  of  the  Brain,"  p,  lH;i) 
rc'lates  the  history  of  a  young  man  who  lia<l  been  for  sev- 
eral days  engaged  in  making  calculations  of  comiiound 
interest,  which  had  caused  a  great  tension  of  his  mind. 
One  evening,  after  diiuicr,  he  was  about  to  go  to  sleep 
when,  as  lie  says:  "  Without  the  slightest  encouragement 
on  my  part,  in  a  state  between  sU'cjiing  and  waking,  I 
began,  without  the  smallest  volition  on  my  jiart,  to  calcu- 
late and  go  over  again  exactly  the  same  problemsas  when 
in  my  oftice.  The  cerebral  machine  hail  been  set  in  mo- 
tion too  violently  to  be  stopped,  and  this  involuntary 
work  went  on  in  sjiitc  of  nie,  and  in  sjiite  of  all  the  means 


I  endeavored  to  employ  to  cause  its  cessation,  that  is  to 
say,  for  from  about  threei|Uarters  of  an  hour  to  an  hour 
and  a  quarter."  3Iany  iiersons,  after  an  evening  of  ex- 
hausting study,  on  retiring  to  bed  have  experiences 
somewhat  similar  to  the  above.  Healthy  persons  also 
discover  a  little  of  this  cerebral  inertia  in  tlieir  disinclina- 
tion, or  even  ab.solute  inability,  voluut^u'il}'  to  leave  a 
task  in  which  they  are  absorbed. 

Dr.  O.  C.  Gibbs  {I'tiiuKi/lninia  and  Tndeperuknt  MeiUcol 
.7(111  null.  ii..  p.  12,  18,")!))  relates  the  history  of  a  large, 
nui.seuhir  man,  aged  fifty-five,  who  showiii.  in  a  pirma- 
nentand  exaggerated  form,  this  kind  of  automatic  condi- 
tion, Tlie  person  in  question  had  been  a  hard  drinker 
and  smoker,  but  had  sulTered  from  no  disease.  His 
family  at  last  noticed,  however,  that  his  mind  was  some- 
what alTected.  His  memory  failed,  and  he  would  tell  the 
most  absurd  stories.  Gradually  his  intelligence  dimin- 
ished and  his  will  became  impaired.  AVhen  he  began  to 
do  a  certain  thing  he  had  no  power  to  stop  himself.  If 
he  went  to  the  barn  to  throw  down  hay  he  would  never 
sto|),  unless  interfered  with,  until  he  had  pitched  off  the 
Avhole  mow.  If  sent  out  to  bring  in  an  armful  of  wood 
he  would  never  stop  until  the  pile  was  all  in.  or  the  room 
was  full.  When  he  once  commenced  to  eat,  it  seemed  as 
if  he  could  never  cease.  As  his  mind  became  more 
affected  lie  gradually  lost  the  power  of  balancing  himself, 
and  showeii  a  constant  tendency  to  go  backward  when 
standing,  and  to  tip  over  Iwckward  wlu-n  sitting.  He 
slept  nuich.  His  strength  gradually  failed,  and  lie  died 
with  no  marked  symptums.  The  diagnosis  of  cerebral 
softening  was  probafily  correct,  although  no  post-mortem 
examination  was  made. 

The  Cehebral  Automatism  ok  Insanity. — The  con- 
dition of  cerebral  automatism  has  lieen  descrilied  as  a 
form  of  insanity.  But.  on  the  other  hand,  there  are 
forms  of  in.sanity  in  which  cerebral  automatism  appears 
as  ]iartof  the  iihenomenaof  the  disease.  Thus,  maniacal 
stales,  especially  those  of  epilejisy,  and  the  ini|iulsive 
acts  in  the  various  states  of  defective  mental  inhibition, 
may  be  looked  upon  as  automatic. 

Perhaps  the  automatic  cerebral  life  in  the  insane  is  best 
.shown  in  acute  dementia,  in  which  disease  only  the  low-- 
est  of  the  mental  functions  remain,  and  the  sufferer  is 
guided  only  by  the  impulses  and  stimuli  of  his  vegeta- 
tive system. 

In  secondary  dementia,  and  in  idiocy  and  other  states 
of  mental  enfeeblement.  the  mental  activities,  so  much 
as  remain,  are  more  or  less  automatic. 

MEDico-LEtiAL  Relations  of  Cerebral  Automa- 
tism.— In  conclusion,  I  have  only  space  to  call  attention 
to  the  very  evident  medico-legal  importance  of  a  knowl- 
edge of  cerebral  automatic  states.  This  applies  es]ie- 
cially  to  the  more  frer|uently  occurring  forms,  such  as 
tho.se  of  artificial,  epileptic  and  jiossibly  inebriate,  au- 
tomatism. There  is  no  doubt  that  a  cerebral  automatic 
is  irresponsible,  morally,  for  his  acts,  and  except  in  in- 
ebriate automatism,  the  courts  would  sustain  the  nu'dieal 
view.  Unfortunately,  it  is  as  yet  practically  almost  im- 
possible to  demonstrate  by  objective  tests  that  an  accused 
]ierson  was  really  in  an  automatic  state. 

Cliiirlisi  L.  Ditna. 

AUTOPSIES.— (Synonyms:  Post-:Mortem  E.xamina- 
tion ;  neciii|isy;  Latin.  Antopnid  cadiirericii,  sertin,  nh- 
ductio  ;  French,  necmpsie.  aiitiijinie  rridiirer/i/iie  ;  (Jerman, 
FMchenschmi ,  Section,  Ohdnctio.)  An  examination  of  the 
body  after  death,  to  investigate  the  condition  of  the 
various  parts  of  the  body,  to  note  anj'  changes  in  the 
organs,  and  to  detennine  as  far  as  possible  the  cause  of 
any  such  changes. 

Oeneual  CoxsinERATtoNs. — An  article  intended,  as 
this  is,  to  aid  the  general  iiraelilioner  in  making  a  post- 
mortem examination  would  fall  short  of  the  mark  were 
it  to  give  simply  the  various  cuts  to  be  made  in  order  to 
expo.se  and  permit  of  the  examination  of  the  dill'erent 
organs.  While  it  would  be  out  of  the  question,  in  a 
handbook,  to  detail  all  the  possible  alterations  in  the 
visciTa,  and  the  method  of  their  recognition,  yet   there 
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are  si'vonil  points,  apart  from  the  ciiiestion  of  the  cuts  to 
be  niiulf.  winch  deserve  atleiitioii. 

The  sooner  after  death  an  autopsy  Is  made,  the  better, 
as  piilrefactivechaniies modify  tlie  appearancesof  patlio- 
lojlical  as  well  as  of  normal  orjrans. 

In  ca.se  an  autopsy  is  to  be  held,  the  undertaker  should 

be  requested  to  post  pone  the  injection  of  any  embalming 

fluid  imtil  the  e.vaminiition  has  been  made,  as 

y*         the    preservative  fluids   modify  considerably 

■ "%        tlie  a]ipearanees,  owinj;  to  the  coagulation  of 

1'       albnmi'U  and  the  alteration  of  color  produced 

thereby.      If  for  any  reason  the  autojjsy  is 

to  be  made  late,  it  is  desirable,  where  this  is 

possible,  to  have  the  body  kept  on  ice. 

What  shall  the  physician  take  to  the  house, 
and  what  may  he  rely  on  finding  there?  He 
should  take  instriuneuts, 
twine,  a  sponge,  and  a  rub- 
ber sheet  a  yard  square. 
The  fewer  instruments  he 
can  get  along  with  the  bet- 
ter; there  is  less  to  carry; 
fewer  to  soil,  and  less  lia- 
l)ility  of  leaving  any  be- 
hind. 

One  needs  a  stout  kuife 
from  seven  to  nine  inches 
in  length,  of  which  half 
belongs  to  the  handle,  half 
to  tlie  blade.  The  blade 
should  be  from  three-quar- 
ters of  an  inch  to  an  inch 
and  a  quarter  in  width, 
varvins  according  to  the 
lengthlFig.  444)." 

Also  a  sharivpointed  seal- 
pel  and  a  medium-sized 
pair  of  scissors.  A  pair  of 
small,  probe-pointed  scis- 
sors, as  represented  in  Fig. 
445,  is  very  useful,  though  not  absolutely  necessary. 

One  needs  also  a  pair  of  forceps  (Fig.  44(5)  and  a  large 
needle  (a  sail  needle  that  can  be  bought  at  a  hardware 
store  for  a  few  cents  will  answer  the  purpose). 

Two  other  instruments,  not  absolutely  essential,  though 
very  convenient,  are  the  eostotome  "(Fig.  447).  a  stout 
pair  of  shears  for  cutting  the  ribs 
when  calcified,  and  the  enterotome 
(Fig.  448),  a  pair  of  long-handled 
scissors  having  one  blade  termi- 
nating in  a  rounded, 
hooked  end,  used  in 
opening  the  intestines. 
This  outfit  will  serve 
for  any  autopsy  in 
wilich  the  brain  and 
cord  are  not  to  be  re- 
moved. 

To  open  the  head,  a 
saw  (Fig.  440).  a  chisel 
I  Fig.  4.")l)),  and  a  ham- 
mer having  the  handle 
terminating  in  a  hook 
(Fig.  4.")1 )  are  neces- 
sary. 

To  remove  the  spin- 
al cord,  a  cliisel  known 
as  a  raehitome  (Fig. 
4.52)  is  very  useful, 
though  the  ordinary 
straight  chisel  will  an- 
swer the  p>irpose. 
One  of  the  first  req- 
uisites in  an  autopsj'  made  in  a  private  house  is  cleanli- 
ness, and  in  no  way  is  this  so  much  aided  as  by  having 
u  good  sponge;  a  medium-sized,  soft,  lanib's-wool 
sponge  is  the  best.  The  physician  should  ni'ver  relv 
on  finding  this  article  at  the  house,  but  should  take  one 
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with  him.     After  the  autopsy  it  can  be  washed  with 
soap  and  water,  and  is  then  ready  for  use  at  the  ne.xt 
autojisy.     The   better  the   quality   of    the  sponge   the 
longer  it  will  last  and  the  better 
work  it  will  do. 

At  the  liouse  there  can  be  ob- 
tained the  following  articles: 
half  a  dozen  newspapers,  sev- 
eral pieces  of  old  cotton  cloth, 
a  slop  pail,  and,  if  there  be  no 
running  water,  a  pitcher  of 
water. 

The  physician  cannot  be  too 
careful  to  avoid  wounding  the 
feelings  of  the  famil}-  in  the 
house  where  the  autopsy  is 
made.  A  room  left  in  a  state 
of  confusion,  or  the  soiling  of 
carpet,  chairs,  or  utensils  with 
drops  of  blood,  not  only  gives 
oilence  to  the  friends,  Init  often 
prevents  the  careless  physician 
getting  permission  for  autopsies 
in  the  future,  as  the  family  are 
very  likely  to  give  their  neigh- 
bors an  account  of  Dr.  A. 's 
slovenliness. 

In  making  an  autopsy  in  a 
private  house,  it  is  often  "neces- 
sary to  alter  the  position  of 
table,  chairs,  or  the  like.  Before 
any  change  is  made,  it  should 
be  the  duty  of  the  physician  to 
take  mental  note  of  the  arrange- 
ment of  articles  in  the  room,"iu 
order  that,  when  the  autopsy  is  finished,  everything  may 
be  restored  to  its  former  place. 

All  articles  required  in  making  the  examination  sliould 
be  obtained  before  the  aulopsy  is  begun. 

The  body  will  be  found  either  upon  a  bed.  with  or 
without  a  board  under  it.  or  upon  an  undertaker's  frame 
set  on  horses,  or  in  an  ice  bo.x.     In  any  of  these  positions 
the  examination  can  be  made  without  mov- 
f   *  ing  the  body,  unless  the  head  is  to  be  opened, 

which  cannot  be  done  with  the  body  in  an 
ice  bo.x  except  the  head  be  raised  and  sup- 
ported above  the  level  of  the  box. 

The  clothing  covering  the  trunk  should 
be  torn  down  the  middle  line, 
in  front,  and  drawn  to  either 
side.  Newspapers  should  then 
be  tucked  in  at  the  sides  of  the 
body,  beneath  tjie  head  and  over 
ilie  jiubes,  so  as  to  cover  the 
clothing,  but  to  leave  exposed 
the  whole  anterior  surface  of 
the  trunk  from  the  chin  to  the 
■pubes.  Sh<iuld  any  fluid  be 
spilled  later,  it  will  fall  upon 
the  paper  and  not  soil  the  cloth- 
ing. 

The  rubber  sheet  should  be 
sjiread  out  on  the  tloor  near 
where  the  operator  stands:  the 
slop  pail  is  to  be  placed  upon 
it ;  the  .sponge  should  be  moist- 
ened and  be  laid  near  the  hand, 
ready  for  instant  use ;  the  iustni- 
ments  are  to  be  jilaced  upon  a 
ni'xvsi)a|ier  s|iread  out  upon  the 
thighs  of  the  corpse.  All  appli- 
.•uices  are  to  be  made  ready  be- 
fore any  cutting  is  done.  Once  a  beginning 
is  made,  the  performer's  hands  become  so 
bloody  that  nothing  can  be  touched  later 
williout  soiling. 
The  physician  sliould  examine  his  hands 
Fig.  449.       carefully  with  reference  to  the  presence  of 
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cuts  or  abrasions  of  auy  sort.  If  there  be  any.  they 
should  lie  cov(rreiI  with  eontraetile  eollodioii.  Do  not 
use  tie.\ible  collodion;  it  is  likely  to  peel  otT  durinjr  the 
autopsy.  While  iierfonning  the  auto]i.sy  the  operator 
should  be  careful  to  avoid  seratebinfr,  cutting,  or  prick- 
ing his  hands.  If  there  is  a  susjiieion  in  his  iniud  of  a 
wound  received,  it  is  best  to  wash  and  exanune  the  jdace 
at  once.  The  man  who  performs 
an  autO])sy  may  well  apply  to  him- 
self Spen.ser's  line,  "Of  hurt  unwist 
most  dauuger  doth  redound.''  Any 
wound  should  be  thoroughly  wash- 
ed, squeezed,  disinfected,  and  cov- 
ered with  collodion.  The  writer's 
experience  leads  him  to  believe  that 
specialists  in  pathological  analomy, 
having  their  hands,  as  they  do.  al- 
most daily  in  contact  with  dead 
bodies,  are  far  less  liable  to  infec- 
tion from  scratches  or  cuts  than  are 
'  those  who  only  occasionally  make 
an  autopsy.  Hence  the  greater  im- 
portance of  care  in  this  respect  on 
the  part  of  the  general  practitioner. 
Every  autopsy  should  be  tlior- 
ough.  and  should  be  made  accord- 
ing to  some  detiuite  method.  The 
physician  ought  always  to  bear  in 
mind  the  fact  that  an  autopsy  once 
made  is  made  for  all  time.  Tlu're 
is  no  going  back,  as  there  is  to  the 
bedside,  for  further  examination  in 
regaril  to  obscure  points.  What- 
ever is  to  be  observed  must  be  ob- 
served before  the  physician  leaves 
the  house.  Further,  when  organs 
or  parts  are  separated  in  tlie  dis- 
.  section  their  relations  are  lost. 
Hence  the  imjiortance  of  noting 
certain  points  Iiefore  organs  have 
T)een  removed  or  their  relation  to  other  parts  lost.  A 
proper  order  in  the  various  steps  in  an  autopsy  is  of  the 
first  consequence. 

That  method  is  obviously  the  best  by  means  of  which 
the  most  will  be  discovereil  and  the  least  fiverlooked. 
Nothing  but  jiractical  experience  can  determine  such  a 
method,  and  the  one  given  here  is  that  which  has  been 
found  by  repeated  trials  to  give  the  best  results.  It  is 
^sseutiall}' the  method  taught  by  Virehowand  his  pujiils. 
JIethod  of  M.vkixk  a  Post-Mokte.m  Examination. — 
An  autopsy  consists  of  two  parts — the  external  examina- 
tion or  inspection,  and  the  internal  examination.  In  a 
medico-legal  autopsy  the  inspection  is  of  the  first  impor- 
tance. In  the  ordinary  autojisy  inspection  sliould  consist 
in  noting  the  size,  development,  and  nutrition  (jf  the 
body.  Under  the  head  of  nutritiim  the  amcnuit  of  sub- 
cutaneous adipose  tissue  and  the  si/e  of  the  muscles 
should  be  observed,  the  former  by  pinching  up  a  fold  of 
the  skin.  The  presence  or  alisence  of  ri,i;or  nuirtis.  the 
■degree  of  lividily  of  the  dependent  ])orti()ns,  should  be 
noted.  Among  the  common  abnormalities  are  variations 
in  the  color  of  the  skin,  o'dema  of  subcutaneous  connec- 
tive tissue,  localized  or  dill'use.  and  localized  lesions  of 
many  kinds.  A  greenish  discoloration  of  the  abdomen. 
if  present,  should  always  be  noted,  as  it  indicates  that 
putrefactive  changes  liave  begun,  and  this  fact  may 
modify  the  interpretation  of  ap]iearances  observed  in  llic 
internal  organs. 

hdiviiitl  Examinatiun. — In  tlie  majority  of  autopsies 
performed  by  the  general  practitioner  the  examination  is 
limiteii  to  the  thorax  and  alidomcn.  In  case  the  head  is 
to  !)(■  o]iened  it  should  be  done  before  the  thorax,  other- 
wise much  of  the  blood  in  the  veins  will  have  esea|>ed 
through  the  divided  superior  cava,  and  a  correct  deter 
mination  of  the  amount  of  blood  originallj'  in  the  brain 
cannot  be  made.  The  spinal  cord  is  best  removed  after 
the  brain,  but  before  the  Ihoraeic  and  abdominal  cavities 
are  opened,  especially  in  a  private  house,  because  of  the 


soiling  which  is  sure  to  take  place  from  escape  of  blood 
from  the  laller  cavities,  if  they  have  been  lirst  examined, 
whi-n  the  body  is  turned  on  its  face. 

The  best  order  of  procedure,  then,  is  brain,  spinal 
coril,  thoracic  and  abdominal  organs.  Inasmuch  as  only 
the  thorax  and  abdomen  are  examined  in  the  majority 
of  cases,  the  method  of  doing  these  will  be  given  first, 
then  llie  method  of  examination  of  the  brain,  and  finally 
that  of  the  spinal  cord. 

The  cliaraelcr  of  the  incisions  in  an  autopsy  is  the  op 
|)osit('  of  I  hat  of  the  incision  in  an  ordinary  ilissecl  ion.  In 
a  dissection  one'  uses  the  point  of  a  scalpel  held  like  a 
pen,  the  fingers  and  wrist  alone  being  moved.  The  jioint 
of  the  knife  describes  the  arc  of  a  circle,  thus  making  a 
series  of  irregular  nicks.  Although  such  cuts  are  well 
adapted  to  the  isolation  of  parts  in  an  anatomical  di.ssec- 
tion.  yet  they  are  the  worst  jio.ssible  for  removing  or- 
gans and  displaying  the  interiors,  re(|uiring  nuich  time 
and  leaving  an  irregular,  hacked  .surface.  The  cuts  to 
be  made  in  an  autop.sy  are  long,  sweeping  ones,  using 
the  whole  cutting  edge  of  a  large  knife  held  firml_y  in 
the  fist  in  a  line  with  the  forearm:  the  wrist  should  be 
kept  immovable,  the  elbow  and  shoulder  joints  alone 
being  moved.  In  this  way  one  may  rapidly  make  large 
incisions  having  smooth  surfaces  and  a  straight  bottom. 

One  other  point  is  worthy  of  mention.  All  parts 
should  be  put  upon  the  stretch  when  they  are  incised; 
but  put  them  upon  the  stretch  tir.st.  then  cut.  Never 
try  to  seize  and  cut  at  the  same  time,  as  one  is  in  this 
way  liable  to  cut  one's  self. 

To  examine  the  thorax  and  al)domen,  take  the  large 
knife  already  described  (Fig.  4-44).  grasp  it  firmly  in  the 
fist,  make  an  incision  in  the  middle  line  anteriorly,  be- 
ginning at  the  sternal  notch  and  ending  at  the  pubes. 
The  knife  sliould  be  held  parallel  to  the  body,  so  that  its 
whole  cut  ting  edge  is  brought  into  use.  Over  the  sternum 
the  incision  should  be  carried  to  the  bone;  over  the  ab- 
domen, to  a  depth  varying  with  the  thickness  of  the  ab- 
dominal wall,  going  nearly  but  not  quite  through  it. 

It  is  best  to  cairy  the  long  primary  incision  to  the  left 
of  the  umbilicus,  .so  as  to  avoid  the  round  ligament. 
Next,  by  means  of  several  short  cuts 
carry  the  incision  through  the  abdominal 
wall  at  the  tip  of  the  sternum,  making 
it  long  eniiugh  to  admit  two  fingers. 
Insert  the  fore  and  middle  fingers  of  the 
left  hand  into  this  incision,  and  make 
stnmg  upward  and  outward  traction  on 
the  right  half  of  the  abdominal  tlap. 
This  serves  the  double  purpose  of  diaw- 
ing  away  the  flap  from  the  inteslines. 
thereby  lessening  the  risk  of  cutting 
them,  and  it  puts  the  abdominal  wall 
upon  the  stretch,  ])ermitting  of  its  easier 
incision.  Now  complete  the  cut  through 
the  alidominal  wall  to  the  pubes. 

Next  divide  the  pyramidales  muscles 
at  their  attachment  to  the  pubes;  this 
allows  of  a  greater  lateral  withdrawal  of 
the  flaps,  and  gives  lietter  opportunity 
for  the  examination  and  removal  of  tlie 
abdominal  organs.  In  .some  countries  it 
is  customary  to  make  transverse  coiniler 
incisions  in  the  abdominal  wall  from  the 
umbilicus  outward.  This  is  a  bad  prac- 
tice. It  is  unneeessaiy  so  far  as  room  is 
concerned,  and  there  is  the  disadvantage 
of  increased  mutilation,  more  sewing, 
and  greater  liability  of  leakage. 

While  the  long  iirimary  incision  is 
lieing   made  the   ojii'iator   should    have  Fic  t'li. 

the   sponge  ready   to  absorb  any    fluid 
that  may  escape.     If  there  lie  much  fluid  in  theabdomina! 
cavity,  it  should  be  removed  at  this  stage. 

The  next  .step  in  tlu-  autopsy  is  to  determine  the  posi- 
tion of  the  arch  of  the  diaphragm.  To  do  this",  insert 
the  right  hand,  palm  upward,  beneath  the  ribs;  pass  it 
along  the  inner  surface  of  the  ribs  until  the  highest  point 
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of  the  (iiiiplimjrm  is  rcaclicd.  iviiu'iulKTinsi  to  !;-o,  on  tho 
right  side,  to  the  outside  of  tlic  falciform  ligainciit  of  tlu' 
liviT.  Put  tlu'  foivtiiiiicr  of  llic  left  liuiid  upon  the  ex- 
ternal surface  of  thetliorux  corrcspoiuling  to  the  jiosition 
of  the  lingers  inside.  Withdraw  llie  rigiit  liand  and.  be- 
ginning at  1  lie  clavicle,  count  ilownward  ribs  and  inter- 
spaces until  thetingerof  the  lell  hand,  previously  placed 
on  the  outside,  is  reached.  This  gives  the  position  of  tlie 
arch.  Its  usual  position  is  tlie  fourth  rib  on  the  right, 
and  the  fourth  interspace  or  lifth  rib  on  the  left.  It  is 
lowered  wlien  the  lung  is  soliililied.  and  ^vhcn  there  is 
fluid  or  gas  in  the  pleural  cavity.  The  fluid  or  gas  may 
he  so  abundant  as  to  bulge  the  diaphragm  downward. 
(To  determine  presence  of  gas  in  pleural  cavity,  see 
later.) 

The  next  step  is  the  removal  of  skin  and  muscle  from 
the  anterior  surface  of  the  thorax,  so  as  to  lay  bare  the 
sternum,  cartilages,  and  bony  rib.s  for  a  distance  of  two 
to  three  inches  outside  the  articular  line. 

The  abdoniiiial  tlap  is  seized  in  its  upper  part  by  the 
left  hand.  an(i  turned  forcibly  outward:  by  doing  this 
the  reel  us  abdominis  at  its  point  of  origin,  the  lower 
margin  of  the  ribs,  and  the  attachment  of  tlie  diaphragm 
are  exposed.  The  heel  of  the  blade  of  the  large  knife  is 
now  placed  upon  the  origin  of  the  rectus,  and  by  means 
of  a  single  swec]iing  stroke,  carried  just  above  the  lower 
border  of  the  ribs,  the  rectus  and  the  diaphragmatic  at- 
tachments are  severed.  Then  seize  tlie  fla|i  a  little  higher 
lip,  turn  it  forcibly  outward  so  as  to  put  the  muscles  on 
the  stretch,  and  divide  tlie  parts  which  have  been  made 
tense.  Continue  tlie  cuts  in  like  manner  until  the  ribs 
on  the  right  side  are  expo.sed,  removing  all  the  muscle 
with  the  flap  so  as  to  leave  the  ribs  clean.  Repeat  the 
process  on  the  left  side.  Then  expose  the  sterno-clavicu- 
lar  articulation  by  dividing  subcutaneously  the  tissues 
that  cover  it. 

Before  removing  the  sternum  a  general  inspection  of 
the  abdominal  cavity  shiuild  be  made,  to  note  whether 
there  be  an  increase  In  the  amount  of  the  serous  fluid 
normality  present,  or  abnormal  contents.  The  reason  for 
making  the  cursory  examination  at  this  stage  of  the  au- 
topsy is  that  if  there  lie  fluid  in  either  of  the  pleural 
cavities,  some  of  it  will  be  likely  to  escape  into  the  peri- 
toneal canity  on  ix'iuoval  of  the  sternum;  hence  it  would 
be  impossilile  to  determine  later  whether  fluid  found  in 
the  abdominal  cavity  was  there  originally  or  had  come 
from  the  pleural  cavity. 

If  pneumothorax  is  suspected,  the  presence  of  gas  in 
the  pleural  cavity  should  be  determined  at  this  stage  of 
the  autopsy.  It  is  best  done  bj'  making  a  double" fold 
of  the  skin  flap  over  the  anterior  jiortion  of  the  thorax  on 
the  suspected  side.  Water  is  poured  into  the  space  be- 
tween the  folds,  making  a  little  pool.  The  sharp-pointed 
scalpel  is  now  driven  through  the  muscle  of  an  inter- 
costal space,  where  the  water  lies,  and  the  effect  noticed. 
If  there  be  gas  in  the  ])leural  cavit3^  it  will  escape  by 
bubbling  through  the  liquid;  otherwise  the  water  will 
disappear  through  the  opening.  One  must  not  mistake 
the  collection  of  gas  from  putrefactive  changes  in  the 
pleural  cavity  for  gas  which  has  collected  diiring  life. 
If  present  from  putrefaction,  it  will  be  double-sided,  and 
there  will  be  other  evidence  of  imtrefactive  changes  in 
the  tissues. 

The  sternum  is  now  to  be  removed.  This  is  done  by 
opening  the  sternoclavicular  articulation,  and  dividing 
the  cartilages  of  the  ribs  about  one-eighth  of  an  inch 
from  their  junction  with  the  bony  ribs.  The  knife  to  be 
used  is  the  small  pointed  scalpel  already  described.  The 
guide  to  the  position  of  the  sterno-clav'icular  articulation 
is  the  tendon  of  the  sternal  attachment  of  the  steruo- 
cleido-mastoid  muscle.  In.sert  the  knife  aliove  the  clav- 
icle about  one  inch  outside  this  tendon;  then  by  an  up- 
and-down  motion  divide  the  soft  parts  till  the  tendon  is 
reached;  turn  the  knife  so  as  to  enter  the  joint;  then 
follow  the  joint  in  a  semicircle,  with  the  same  up-and- 
down  fnotion  of  the  knife,  not  trying  to  guide  it,  so  far 
as  its  vertical  direction  is  concerned,  for  the  plane  of  the 
joint  is  a  constantly  varying  one ;  hence  the  importance 


of  holding  the  knife  loosely  in  the  fingers  and  letting  it 
take  ils  own  course.  Do  not  remove  the  knife  after  the 
joint  has  been  opened,  but  continue  the  incision  out- 
ward along  the  under  border  of  the  clavicle  for  an  inch 
(mtside  the  joint,  then  turn  the  knife  at  right  angles  to 
its  former  position  and  cut  the  first  rib.  In  opening  the 
sterno-clavicular  joint,  care  should  be  taken  not  to  carry 
the  point  of  the  knife  below  the  inner  part  of  the  joint, 
as  the  innominate  veins  lie  beneath  and  are  liable  to  be 
cut. 

The  costal  cartilages  are  to  be  cut  in  the  place  indicated 
above  by  a  quick,  forcible  stroke  with  the  scalpel,  the 
heel  of  the  knife  striking  ujion  the  next  rili  below  as  the 
blade  incises  the  rib.  In  this  way  the  blade  is  prevented 
from  going  too  deeply,  and  thereby  injuring  the  lung. 
All  the  cartilages  having  been  divided,  the  sternum  is  to 
be  depressed  below  the  level  of  the  bony  ribs  and  the  in- 
tercostal muscles  cut,  the  knife  being  held  parallel  to  the 
ribs  to  avoid  cutting  the  lung.  Remove  the  sternum  by 
lifting  its  lower  end  up,  cutting  the  attachments  of  the 
diaphragm  to  it.  and  also  the  tissues  of  the  anterior  me- 
diastinum, keeping  as  close  as  pos.sible  to  the  posterior 
surface  of  the  sternum  so  as  to  avoid  opening  the  peri- 
cai-dium.  When  the  under  surface  of  the  sterno-clavicu- 
lar joint  is  reached  some  difticulty  will  be  experienced  in 
removing  the  sternum,  owing  to  the  resistance  offered  by 
the  firm  ligaments  of  the  joint,  but  by  proving  the  sternum 
outward  these  ligaments  are  put  upon  the  stretch,  and 
can  then  be  readily  cut  with  the  point  of  the  knife. 

The  sternum  having  been  removed,  a  general  view  of 
the  anterior  mediastinum  should  be  taken,  especially  with 
reference  to  the  presence  of  serous  fluid  or  pus  in  its 
meshes. 

Although  the  heart  is  the  first  organ  of  the  thorax  to 
be  examined,  yet  the  pericardium  should  not  be  opened 
until  acursory  view  of  the  pleural  cavities  has  been  taken 
with  reference  to  the  presence  of  fluid ;  for  here,  as  in  the 
peritoneal  cavity,  fluid  present  may  have  come  from  the 
pericardium,  if  that  be  first  opened. 

Open  the  pericardium  by  seizing  the  anterior  portion 
of  the  parietal  layer  with  the  forceps  and.  lifting  it  up 
(if  there  be  adhesion  of  the  pericardial  surfaces,  as  a  re- 
sult of  earlier  inflammatory  processes,  it  will  be  made 
apparent  by  the  inability  to  raise  the  anterior  portion  of 
pericardium'),  nick  it  with  the  scissors;  cut  upward  as 
far  as  the  reflection  of  the  pericardium  upon  the  aorta; 
then  cut  downward  to  the  right  and  also  toward  the 
apex.  The  incision  will  have  the  form  of  an  inverted  Y. 
Lift  up  the  heart  and  note  the  contents  of  the  pericardiuiu 
and  its  character  (serum,  fibrin,  pus,  blood).  Also  note 
the  appearance  of  both  pericardial  surfaces.  Examine 
the  heart  with  reference  to  its  size,  shape,  and  the  con- 
traction of  its  walls.  Then  open  the  four  cavities  of  the 
hviU't  in  situ,  to  detennine  the  character  and  amount  of 
their  contents.  The  method  is  as  follows:  Let  the  heart 
rest  upon  the  palm  of  the  k'ft  hand,  with  the  thumb 
upon  the  upper  surface ;  turn  the  heart  toward  the  left ; 
this  will  make  prominent  the  right  auricle,  and  will 
bring  into  view  the  superior  and  inferior  cavii;  where  they 
join  the  auricle.  Make  an  incision  into  the  auricle  at 
right  angles  to  the  cavte.  Next  turn  the  heart  back  to 
its  former  position;  lift  the  thumb  from  the  anterior  sur- 
face and  incise  the  right  ventricle  by  a  cut  parallel  and 
close  to  its  right  boixler,  remcmliering  not  to  carry  the 
cut  to  the  apex,  as  this  is  formed  liy  the  left  ventricle 
only.  Open  the  left  ventricle  by  an  incision  along  the 
left  border  a  little  to  the  right  of  and  parallel  to  the 
coronary  vessels.  To  open  the  left  auricle,  put  the  fore- 
finger in  the  cut  in  the  left  ventricle  and  the  thumb  into 
the  cut  in  the  right  ventricle,  then  lift  up  the  heart  and 
carry  it  toward  the  right  of  the  body;  in  this  way  the 
left  auricle,  with  the  two  left  pulmonary  veins  entering 
it.  will  be  seen.  Open  the  auricle  by  a  cresceutic  cut, 
beginning  in  th(>  upjicr  vein,  thence  into  the  auricle,  and 
outward  into  the  lower  vein.  Introduce  one  or  more 
fingers  into  the  incisions  and  note  the  amount  of  the  con- 
tents and  their  character.  The  left  ventricle  isconlracti'd 
and  empty,  unless  the  individual  has  died  from  paralysis 
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of  tliis  part  of  the  heart,  whcu  it  will  be  foumi  distended 
with  bliicid. 

The  rinht  vcntrifh'  iiiul  both  uuricles  are  usually  dis- 
tended with  blood,  which  may  be  liuid,  as  in  <ieath  from 
siillocation,  or  more  or  less  eo,-ii;iUated.  In  every  ease  of 
sudilen  death  it  is  desirable  toojx'n  the  pulmonary  artery 
in  sit'i.  in  order  to  determine  thi!  pre.sence  or  absence  of 
emboli. 

Now  remove  the  heart  from  the  body  by  lifliuir  it  ver- 
tically upward,  euttinjj  aero.ss  in  succession  the  inferior 
cava,  suiierior  cava,  |nilmonary  veins,  aorta,  and  pidnio- 
nary  artery. 

After  removal  of  the  heart  from  the  body  it  is  to  be 
further  cvamined  with  reference  to  its  valves,  cavities, 
nuiscular  subslauce.  and  blood-vessels.  Kemoveall  clots 
from  the  pulmoiiary  artery  and  aorta,  hohl  the  heart  ver- 
tically liy  seizing  in  turn  the  walls  of  each  of  these  ves- 
sels, and  allow  water  to  run  into  them  from  above.  Note 
whether  each  of  the.se  vessels  "holds"  the  water,  or 
whether  it  escajies — if  the  former,  the  valves  are  suffi- 
cient; if  not,  they  are  insutticient.  and  an  idea  of  the 
degree  of  insullicieney  may  be  obtained  by  noting  the 
rapidity  with  which  the  water  escapes. 

The  ventricles  are  now  to  be  further  o)iened — the  right 
by  a  cut  beginning  at  the  lower  end  of  the  incision  al- 
ready made  and  carried  upward  to  and  through  the  pul- 
monary artery ;  the  left  l)y  continviiug  the  incision  al- 
ready made  directly  upward  into  the  aorta,  between  the 
left  auricular  appendage  on  the  right  and  the  pulmonary 
artery  on  the  left. 

Opportunity  is  now  afforded  for  an  examination  of  the 
cusi)s  of  the  aortic  and  indmonic  valves.  Having  com- 
pleted this,  insert  as  many  tingers  as  possible  into  the 
mitral  and  tricuspid  oritices.  Nonnall}'  the  mitral  admits 
three,  the  tricuspid  four.  Ne.xt  examine  the  segment.?  of 
these  valves  and  their  chordjc  tendineae. 

NoK'  the  size  and  shape  of  the  cavities  of  the  ventricli-s. 
Conlinui^  the  incisions  already  made  in  the  auricles  into 
the  auricular  appendages  as  far  as  the  tips,  noting  the 
size  of  llie  auricles  and  whether  thromln  are  present  in 
the  apjiendages.  Next  examine  the  nuiscular  wall  of 
the  heart  and  the  papillary  muscles  with  reference  to 
thickness,  color,  and  consistency.  Follow  out  the  coro- 
nary arteries  as  far  as  possible,  with  the  probe-pointed 
scissors,  with  reference  to  nan-owing  of  lumen  from  end- 
arteritis or  to  presence  of  emboli  or  thrombi.  This 
completes  the  examination  of  the  heart. 

The  lungs  and  pleuni'  next  deserve  attention. 

In  the  previous  cursory  examination  of  the  pleiiral 
cavities  with  reference  to  the  jircsence  of  fluid,  the  pres- 
ence; or  absence  of  adhesions  of  the  ])leural  surfaces,  over 
a  larger  or  smaller  area,  was  also  probably  noticed.  If 
there  be  any  adhesions  they  should  now  be  torn.  If  the 
two  surfaces  are  so  adherent  that  they  cannot  be  sepa- 
rated except  at  the  risk  of  injuring  the  lung,  the  costal 
pleura  sliovdd  l)e  removed  with  tlie  parietal  iileura  and 
liuig,  by  first  cutting  the  pleura  along  the  under  surface 
of  the  rilis  near  tin;  anterior  border,  then  in.serling  the 
fingi'r  nails,  and  then  the  fingers,  and  tearing  it  away 
from  the  costal  wall. 

The  left  lung  is  now  removed  by  lifting  it  out  of  the 
pleural  cavity  and  supporting  it  wilh  the  left  hand  in 
such  a  waj-  that  the  primary  lironchus  comes  in  the  fork 
between  the  middle  and  ring  lingers.  The  bronchus 
should  now  be  cut  across,  and  the  small  amount  of  con- 
nective tissue  of  the  |)osterior  mediastinum  which  sup- 
ports the  lung  liehind  shinild  be  divid<'d  with  the  knife, 
keeping  close  to  the  lung  to  avoid  injuring  the  oesopha- 
gus, which  li<'S  beneath. 

Remove  the  right  lung  in  the  same  way.  Note  the 
volume  of  the  lungs,  the  density,  whether  crejiitaut  or 
whether  in  part  or  wholly  solidilied.  Also  note  whether 
or  not  there  are  false  membranes  upon  the  iileurae.  The 
incision  into  the  lung  is  to  be  made  by  resting  the  organ 
on  its  base,  then  making  a  sweeping  cut  from  ajiex  to 
base  in  the  direction  of  the  bronchus,  begimiing  on  the 
couv<'\  surface  and  carrying  it  sulliciently  deei)  to  open 
the  bronchus.     This  gives  two  large  surfaces  forexamina- 


tion.  The  bronchi  are  now  to  be  opened  with  the  scissors, 
to  the  smallest  tubes  in  which  the  blade  of  the  .sci.ssors 
will  go.  If  there  be  any  evidence  of  embolism  in  the 
lung  the  branches  of  the  pulmonary  artery  should  also 
be  followed  out. 

Next  exandne  the  lironchial  lym])h  glands. 

This  completes  the  examination  of  the  thoracic  cavity 
for  the  present,  and  attention  should  be  turned  to  the 
abdominal  cavity.  The  method  to  be  given  for  its  ex- 
annnalion  is  the  one  to  be  followed  out  in  case  there  is 
no  evidence  of  there  having  been  an  acute  peritonitis. 
The  variation  in  the  method  in  this  circumstance  will  be 
described  later. 

The  spleen  is  to  be  removed  first.  It  should  be  seized 
in  the  left  hand  and  drawn  outward  and  npward  from  its 
position,  then  lifted  Ujiward  abuve  the  lower  margin  of 
the  ribs.  In  this  way  the  gastro-s])lenic  omentum  is  put 
upon  the  stretch  and  can  be  readily  divided,  together 
with  the  splenic  vessels  at  the  hilus.  The  organ  is  now 
free.  Its  size,  shajie,  color,  and  density,  together  with 
the  appearance  of  the  capsule,  should  be  noted.  An  in- 
cision is  then  to  be  made  into  it  parallel  to  its  flat  surface. 
The  follicles,  trabecuUe.  and  imlp  are  the  individual 
parts  in  the  cut  surface  that  demand  attention. 

The  intestines  are  now  to  be  removed.  Lift  uji  the 
omentum,  examine  it,  th(;n  cut  away  its  attachments  to 
the  transverse  colon.  Next  separate  the  transverse  colon 
from  the  stomach  by  dividing  the  two  folds  of  lesser 
omentum  which  unite  them.  Then  draw  the  small  in- 
testines over  to  the  right;  by  so  doing  the  descending 
colon  will  be  exposed.  It  should  be  seized,  lifted  up- 
ward, and  its  meso-colon  divided  close  to  the  intestine. 
The  sigmoid  flexure  is  to  bo  freed  next,  and  the  reetmn 
cut  across  a  little  below  the  brim  fif  the  pelvis.  The 
folds  of  small  intestine  are  now  carried  over  to  the  left 
half  of  the  abdominal  cavity  so  as  to  uncover  the  ascend- 
ing colon.  The  dissection  to  remove  this  should  be  be- 
gun at  the  hejiatic  flexure,  freeing  it  from  the  surround- 
ing parts,  using  special  care  not  to  injure  the  duodenum, 
wliieh  lies  in  contact  with  the  ascending  colon  in  its  up- 
per posterior  portion.  Continue  the  di.ssection  imtil  the 
c;ecum  is  reached,  which  can  be  removed  with  the  vi  rmi- 
fonn  ap])endix  by  first  cutting  the  jieritoneum  that  binds 
it  down  laterally,  and  later  the  loose  connective  tissiie 
that  holds  it  down  posteriorly.  The  large  intestine  is 
now  free. 

The  small  intestine  is  to  be  freed  from  its  mesentery  by 
cutting  the  latter  close  to  its  attachment  to  the  intestine. 
This  is  best  accomplished  by  making  traction  on  the  in- 
testine, thereby  n-ndering  the  mesentery  tense,  which  can 
then  be  readily  and  rapidity  <iivi(led  by  a  .series  of  lidiUe- 
bow-motiou  cuts  made  with  the  large  knife.  The  sepa- 
ration of  the  intestine  from  the  mesentery  shotdd  be  con- 
tiuvied  until  the  point  is  reached  where  the  jejunum 
pa.sses  behind  the  peritoneum. 

At  this  stage  in  the  autopsy  the  duodenum  is  to  be 
opened  in  m'lii  by  an  incision  made  with  the  scissors 
along  the  outer  convex  border.  This  i.,  done  that  the 
conunou  bile  duct  and  its  orifice  may  be  examined — a 
point  of  the  first  importance,  in  cases  of  jaundice,  for  di- 
termining  the  cause.  The  orifice  of  tlie  duct  forms  a 
papilla  situated  on  the  pancreatic  side  of  the  duodenum 
about  the  middle  of  the  descending  portion  and  direetl_v 
opposite  the  incision  already  made.  The  bile  duct,  in 
th(!  latter  i)art  of  its  course,  lies  beneath  the  nnicosa  of 
the  duodenum.  This  itorlion  of  the  duct  should  be 
jiressed  upon  by  the  finger,  anil  the  latter  moved  toward 
the  orifici',  which  is  to  be  watehed  with  reference  lo  the 
exptdsion  from  it  of  bile  or  a  (dug  of  mucus.  Pressure 
may  now  be  applied  to  the  gall  bladder,  and  the  appear- 
ance or  non-appearance  of  bile  at  the  orifice  be  noted. 
If  no  bile  flows,  the  comnjon  duct  should  be  opened  wilh 
th(;  fine,  jirobe  pointed  scissors  and  the  cause  of  the  ob- 
struction sought.  It  tnay  be  a  plug  of  mucus  form<'d  as 
the  result  of  an  intlanmiatory  ]irocess  extending  to  tin; 
duct  in  a  case  of  gastro  iluoilenal  <'atarrh.  or  it  may  be  a 
biliary  calculus. 

The  stomach,  connected  with  the  intestine,  together 
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with  the  pancreas  and  mesentery,  must  now  be  removed. 
To  do  tliis.  the  left  lobe  of  the  liver  should  be  lifted  up; 
the  diiiphragui  cut  through  its  middle  as  far  down  as  the 
u'sophagus;  the  (esophagus  divided  transversely  about 
two  inches  above  the  stomach;  the  cut  end  compressed 
l)el ween  the  thumb  and  forcliuger  of  the  left  hand;  the 
stomach  lifted  and  dissected  away  from  the  underlying 
tissues:  the  jiaucrcas  and  mesentery  dissected  from  the 
Hortu  and  inferior  cava,  and  the  gastro-hepatie  and  duo- 
deno  hepatic  omenta  divided.  The  whole  gastro-intesti- 
nal  tmct.  together  with  pancreas  and  mesentery,  is  now 
freed  and  can  be  ri^moved  from  the  body. 

.Vllhough  the  examination  of  the  intestines  is  u.sual!y 
po.stponcd  until  the  last,  to  avoid  soiling  other  parts  with 
its  contents,  yet  the  m<'lh(id  will  be  given  here.  The 
g.asiro  intestinal  tract  slujuld  be  opened  its  entire  length, 
cither  with  an  ordinary  pair  of  scissors  or  with  an  iustru- 
mciil  which  renders  the  o))eration  far  easier,  the  entero- 
tonie  (Fig.  41S),  the  hooked  blade  being  introduced  into 
the  inside.  The  stomach  is  to  beopenedalong  the  greater 
curvature,  the  reason  being  that  the  common  lesions — 
vdcers — are  usually  situated  on  the  lesser  curvature.  The 
small  intestine  shouUi  be  opened  along  the  me.senteric 
attachment,  for  the  reason  thatPeyer's  patches,  the  usual 
seat  of  typhoid  and  tuberculous  processes,  are  situated  on 
the  opposite  side.  The  large  intestine  is  to  be  opened 
along  one  of  the  three  ta>ni<e,  or  bands,  the  object  being 
to  avoid  getting  the  point  of  the  scissors  caught  in  the 
pouches  l.ying  between  the  bands. 

JIueh  time  can  be  saved  by  using  the  scissors,  not  in 
the  ordinary  way  by  opening  and  closing  the  blades,  but 
by  keeping  the  blailes  inunovable  and  carrying  the  scis- 
sors forward  with  the  right  hand,  at  the  same  time  draw- 
ing the  intestine  backward  with  the  left  hand. 

The  amount  and  character  of  the  contents  of  the  vari- 
ous portions  of  the  gastro-intestinal  tract  should  be  noted: 
the  mucosa  is  to  be  freed  of  its  adherent  material  either 
by  water,  when  this  can  be  obtained,  or  else  by  tlie 
fingers,  and  the  mucosa  of  the  entire  tract  is  then  to  be 
carefully  examined  for  evidences  of  inflammatory  proc- 
esses— ulcers,  perforations,  or  other  lesions. 

The  stomach  and  intestines  having  been  removed  from 
the  abdominal  cavity,  a  view  can  be  obtained  of  the  kid- 
neys, ureters,  and  bladder  in  situ — a  point  of  value,  as 
the  relation  of  one  to  the  others  is  often  needed  in  ex- 
plaining the  a.ssociation  of  lesions.  It  is  the  custom  of 
the  German  iiathological  anatondsts  to  remove  the  kid- 
neys before  tlie  intestine,  hence  at  a  stage  in  the  autopsy 
when  it  is  imjiossible  to  get  a  view  of  the  urinary  tract 
in  its  continuity.  It  seems  to  the  writer  that  notidna;  is 
gained  by  removing  the  kidneys  before  the  intestine,  but 
that  much  may  be  lost;  for  if  one  finds,  as  the  kidneys 
lie  /«  Kttu,  that  they  present  changes,  it  may  be  very 
advantageous  to  remove  them  with  the  renal  artery  and 
aorta,  on  the  one  hand,  as  in  cases  of  atrophy,  especially 
when  dependent  upon  a  chronic  interstitial  nephritis,  or, 
on  the  other  hand,  with  the  ureters  and  bladder  and  per- 
haps the  penis,  if  there  be  hydronephrosis  or  pyelo- 
nephritis. 

A  general  inspection  of  the  urinary  tract  having  been 
made  as  the  parts  lie  in  situ,  one  should  then  o|icn  the 
bladder  by  an  incision  from  one  to  tw^o  inches  in  length 
along  its  upper  wall.  The  amount  and  character  of  'the 
contents,  and  especially  the  appearance  of  the  mucous 
membrane,  .should  be  noted  ;  for  if  there  be  evidence  of  an 
inflammatory  process  it  will  be  desirable  to  remove  the 
kidneys,  ureters,  and  bladder  in  a  single  mass,  owing  to 
the  fact  that  inflammatory  processes  iii  the  nnicosa  of  the 
bladder  may  extend  upward  through  the  uri>ters  and  in- 
volve the  pelves  of  the  kidneys  and  the  kidnevs  them- 
selves. 

If  there  be  no  evidence  of  q  cystitis,  no  further  ex- 
amination of  the  bladder  is  now  to  be  made,  but  atten- 
tion is  to  be  directed  to  the  kidneys.  Inasnuich  as  these 
organs  lie  behind  iiw  jieritoneum,  it  is  necessary  to  cut 
this  in  order  to  get  at  them.  The  incision  should  be 
made  just  to  the  outside  of  the  kidney  along  its  convex 
border.     The  fingers  of  the  right  hand  should  now  be  in- 


troduced into  the  cut  and  the  kidney  "shelled  out "  of  its 
perinephritie  fat,  lifted  upward,  the  blood-vessels  at  the 
hilus  cut  transverselj'  and  traction  made  upon  the  kid- 
ney, which  will  strip  up  the  ureter  as  far  as  the  brim  of 
the  pelvis,  where  it  may  be  divided.  The  suprarenal 
cajisules  may  cither  be  removed  with  the  kidney  or  may 
lie  left  in  situ  until  a  later  stage  of  the  examination.  On 
the  right  side  it  is  less  easy  to  remove  the  suprarenal 
capsule  with  the  kidney  than  on  the  left,  owing  to  its 
closer  adhesion  to  the  under  surface  of  the  liver. 

The  examination  of  the  kidney  consists  in  noting  its 
size,  shape,  color,  and  density';  and  in  the  removal  of  the 
capsule,  observing  whether  it  comes  oil  easily  or  w'ith  diffi- 
culty, also  whether  portions  of  renal  substance  adhere  to 
it.  An  incision  in  the  kidney  is  made  by  holding  the  organ 
between  the  thumb  and  fingers  of  the  left  hand,  withthe 
hilus  resting  upon  the  palm,  and  cutting  along  the  whole 
convex  border  through  the  kidney  to  and  into  its  pelvis. 
In  the  examination  of  the  cut  surface  the  ratio  of  cortex 
to  pyramids,  as  to  thickness,  should  first  be  noted,  and 
then  the  cortex  studied  with  reference  to  the  appearance 
presented  by  the  glomeruli  and  the  regions  of  convoluted 
and  straight  tubules.  The  degree  of  injection  of  the 
vessels  of  the  cortex  and  pyramids,  as  determined  by  the 
color,  is  to  be  observed ;  then  the  mucous  membrane  of 
the  pelves  is  to  be  examined;  finally,  the  ureters  are  to  be 
opened.  If  there  be  evidence  of  atrophy  involving  one 
or  both  kidneys,  the  corresponding  renal  artery  shoidd  be 
opened  to  the  aorta  to  determine  whether  the  lumen  is  nar- 
rowed from  chronic  endarteritis. 

The  next  step  in  the  autopsy  is  the  removal  of  the 
pelvic  organs,  either  with  or  without  the  external  genitals. 
In  the  female,  the  external  genitals  should  be  removed 
with  the  internal  genitals  in  cases  of  death  following 
puerperal  fever  or  abortion ;  in  the  male,  when  there  is  a 
suspicion  of  stricture  or  wound  of  the  urethra,  or  of  a 
periurethral  abscess. 

In  case  it  is  not  necessary  to  remove  the  external  geni- 
tals the  metlKid  of  procedure  for  removal  of  the  pelvic 
organs  is  as  follows;  Sweep  the  knife  around  the  true 
jielvis,  keeping  as  close  to  the  bony  wall  as  possible ;  in 
this  way  the  loose  connective  tissues  will  be  severed. 
Seize  the  bladder  by  its  upper  portion  and  draw  it  back- 
ward, away  from  the  pubes;  cut  its  att^icliments  to  the 
pubes,  and  then,  while  still  making  strong  backward 
traction,  cut  the  vagina  and  rectiun  transversely  as  far 
forward  as  possible.  In  this  way  the  vagina  as  far  as 
the  hymen  may  be  obtained.  The  same  procedure,  so 
far  as  the  drawing  back  of  the  bladder  and  cutting  its 
attachmentsare  concerned,  is  to  be  carried  out  in  the  male, 
the  prostate  and  rectum  being  then  divided  transversely 
as  far  forwartl  as  possible. 

The  removal  of  the  external  genitals  connected  with 
the  internal  ludvic  organs  is  accomjilished  in  the  follow- 
ing way:  The  pelvic  organs  are  freed  from  their  sur- 
r<iundings  as  already  described  ;  then  incisions  are  made 
on  the  outside,  beginning  at  the  lower  end  of  the  primary 
incision,  which  had  been  carried  to  the  pubi's.  and  car- 
ried to  the  outside  of  the  labia  niajora  on  both  sides  in 
the  form  of  an  ellipse,  the  two  cuts  meeting  again  in  the 
median  line  behind  the  anus  at  the  tip  of  the  coccyx. 

The  vulva  is  now  dissected  away  from  the  pubes  until 
the  bony  pubic  arch  is  reached.  The  knife  is  then  to  be 
inserted  beneath  the  pubic  arch  with  the  blade  close  to 
the  bone,  and  then  pushed  into  the  cavity  of  the  pelvis 
.so  that  its  point  can  be  seen.  With  the  knife  held  hori- 
zontjdly.  it  is  swept  around  in  the  two  curved  incisions 
described  above  until  the  coccyx  is  reached.  This  will 
free  the  attachments  to  the  jiuliic  arch  anteriorly  and 
laterally,  and  to  the  coccyx  and  lower  part  of  the  sacrum 
posteriorly. 

The  external  genitals  are  now  to  be  drawn  under  the 
pubic  arch  into  the  cavity  of  the  pelvis.  This  puts  the 
attachments  to  the  sacrum  on  the  stretch,  and  gives  a 
better  view  of  the  jiarts  that  still  rc<iuire  to  be  divided 
in  order  wholly  to  free  the  organs  in  question. 

In  the  male  the  penis  may  be  removed  with  the  internal 
organs  by  drawing  the  dartos  toward  the  glands;  cutting 
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with  the  scissors  the  small  aninnnt  of  connective  tissue 
that  holds  tlic  skin  to  the  body  of  the  penis;  tlien  divid- 
ins  the  pt-nii;  liy  a  transverse  cut  just  licliind  tlie  corona, 
unless  it  is  Uioujrlit  desirable  to  remove  the  irlans  also,  in 
wliieli  ease  the  dartos  slicmld  be  cut  eireidarly  wliere  it 
is  reflected  upon  the  slans,  i.e..  in  the  corona.  The  at- 
tachments of  the  penis  to  the  jjiibic  arch  are  divided  by 
transti.xion.  as  in  the  female;  the  orijan  is  drawn  under 
tlie  arch  into  the  cavity  of  the  pelvis,  and  the  adhesions 
to  snrroundiDjr  parts  divided. 

If  there  be  anything  abnormal  about  the  jierineum.  it 
is  (h'siralile  to  remove  with  the  ])enis  anil  ])elvie  oriians 
an  elliptical  or  lozeiisie-sliiiped  portion  of  skin,  its  anterior 
apex  beins  just  behind  the  scrotum,  liaviiij;  its  pcislerior 
ape.x  at  the  coccyx.  This  will  include  perineum  and 
anus.  The  removal  is  accomplished  by  transtixinj!:  \\  ilh 
the  knife  held  in  a  horizontal  position,  the  point  bcins; 
carried  well  into  the  pelvic  cavity. 

The  further  examination  of  the  mule  pei\ic  organs 
consists  in  prolonging  the  incision,  made  in  the  bladdi-r 
vihik'  ill  situ,  to  tliC'  urethra  through  the  jirostale  with 
the  scissors.  If  the  penis  has  been  removed,  the  incision 
slinuld  lie  continued  along  the  dorsum  to  the  meatus. 
Tlie  interior  of  the  bladder  and  urethra  can  now  be  ex- 
amined. Transverse  incisions  are  to  be  made  in  the  pros- 
tate. The  vesicular  seminales  and  the  prostatic  and  vesi- 
cal venous  plexuses  shoidd  next  receive  attention.  The 
plexuses  are  of  importance,  as  likely  to  be  the  seat  of 
thrombi. 

The  rectum  is  now  to  be  opened  along  its  posterior 
wall,  and  the  mucous  surface  examined. 

In  the  female  the  bladder  and  urethra  are  first  to  be 
opened  and  examined.  The  vagina  is  then  to  be  exposed 
along  its  whole  length  by  an  incision  along  its  left  lateral 
wall.  In  this  way  one  avoids  injuring  the  bladder. 
When  the  cervix  is  reached,  the  incision  should  be  carried 
at  right  angles  to  its  first  direction,  and  the  anterior  wall 
of  the  vagina  be  cut  transversely  as  far  as  the  middle  line 
of  the  uterus.  The  sci-ssors  are  then  introduced  through 
the  OS  into  the  cervical  canal,  and  the  uterus  opened  liy 
cutting  in  the  middle  line  anteriorly  as  far  as  the  fundus. 
Counter  incisions,  beginnijig  at  about  the  middle  of  the 
body,  are  now  to  be  made  in  the  direction  of  the  oritice 
of  each  Fallopian  tube. 

If  the  tubes  are  enlarged  they  should  be  opened  with 
the  probe-pointed  scissors.  In  the  normal  tube  the  canal 
is  so  small  that  it  is  almost  impossible  to  follow  it  out, 
and  it  is  furthermore  unnecessary. 

The  ovaries  are  to  be  opened  by  an  incision  beginning 
on  the  free,  convex  borderand  contimicd  tn  the  liilus,  i.e.. 
to  the  broad  ligament.  The  vaginal  and  titerine  plexuses 
are  then  to  be  examined. 

If  death  has  oceun'ed  in  the  puerperal  stale  or  after 
an  abortion,  the  external  genitals  and  vagina  shouhl  be 
examined  carefully  with  reference  to  lacersitions,  and 
munerous  incisions  be  made  in  the  vaginal  wall,  extend- 
ing into  the  pcriv.-iginal  connective  tissue,  to  determine 
whether  a  purulent  lymphangitis  is  in-esent. 

In  the  puerperal  uterus  the  inner  surface  is  to  be  ex- 
amined for  evidence  of  an  endoinelritis.  The  uterine 
sinuses,  the  pampiniform  plexuses,  and  the  ovarian  veins 
are  to  be  examined  for  thrnmbi  undergoing  sejitic  soften- 
ing. The  tubi'S  arc  to  be  opened  to  discover  evidence  of 
a  purulent  intlammatinn  of  their  mucosa  (saljiingitis  iiur- 
tilenta).  Numerous  incisions  are  to  be  made  in  the  wall 
of  the  uterus  for  evidence  of  suppurative  lymphangitis. 

The  exaiuination  of  the  testicles  can  be  readily  made, 
willhiut  injuring  the  serotinn,  by  |iushing  them  upward 
through  the  canal,  so  that  they  will  apjjcar  at  the  rings 
on  either  side.  The  peritoneum  and  then  the  tunica 
vaginalis  are  to  be  divided,  and  the  testicle  can  be  re 
moved  by  severing  the  cord.  It  should  be  opened  by  an 
incision  parallel  to  its  lung  diameter,  beginning  on  the 
side  opposite  the  epididymis. 

The  liver  is  removed  by  cutting  the  ligaments.  In  noting 
the  dimcnsiiins  of  this  orgiin  one  shoidd  take  cognizance 
of  the  relations  of  the  right  to  the  left  lobe  as  regards 
size.     The  shape,  color,  density,  and  any  points  relating 


to  the  capsule  are  to  be  observed.  The  incision  for  ex- 
amining the  interior  should  be  made  transver.sely.  begin- 
ning at  the  left  border  an<l  ending  at  the  right  border. 
The  ajipeaianecs  of  the  single  lobules  are  now  to  be 
.studied  ;  the  relative  propditionsof  central  and  periiihci-al 
parts  and  the  color  of  each  being  the  important  points  to 
be  observed. 

The  gall  bladder  is  to  be  opened  by  an  incision  parallel 
to  the  long  diameter. 

The  order  in  the  examination  of  the  organs  of  ilie  ab- 
dominal cavity  is  to  be  varied  in  case  of  acute  peritimitis. 
In  making  an  autopsy  one  shmild  not  rest  siitislied  in  find 
ing  evidence  of  acute  peritonitis,  but  should  always 
search  for  the  cause.  <_)f  the  causes,  the  most  common 
are  exten.sion  of  an  intlammation  from  the  |ielvic  organs, 
this  especially  in  the  female;  jierf  oration  of  the  vermiform 
appendix  from  appendicitis;  and  ]ierforatiiin  of  the  gas- 
trointestinal  tract  at  .some  part.  In  case  of  acute  jieri- 
tonitis,  no  organ  should  be  removed  until  the  jjyul.ii/ilc 
source  has  been  made  out.  This  is  done  by  lifting  and 
separating  the  folds  of  intestine,  and  observing  in  which 
part  of  liie  peritoneal  cavity  the  intlainmatnry  process  is 
farthest  advanced.  Then  the  parts  may  be  dissecled 
away  from  this  organ,  whichever  it  may  be,  and  the  at- 
tempt made  to  find  the  perforation  or  other  lesion  whic'h 
is  ])rimar_y.  The  questionable  organ  may  then  be  re- 
moved and  further  examined. 

To  proceed  with  the  method  ordinarily  carried  out. 
After  the  removal  of  the  liver  there  remain  in  tlie  cavity 
of  the  chest  and  abdomen  the  trachea  and  its  bifurcation, 
the  greater  part  of  the  o'sophagus,  the  aorta,  and  the 
infeiior  cava.  The  aorta  is  to  be  o]iened  in  iilii.  with 
the  scissors,  along  the  anterior  wall  fi-om  the  arch  to  the 
tiifurcation,  and  then  the  iliac  arteries  are  to  be  opened  to 
the  groin.  The  inferior  cava  and  the  iliac  veins  are  also 
to  be  opened.  These  vessels  are  opeiK'd  in  xitn  that  no 
injury  may  be  done  to  thrombi  if  they  be  present  within. 

The  aorta  and  as  luuch  of  the  trachea  and  n'soiihagus 
as  possible  are  now  to  be  removed  by  cutting  tlie  two 
latter  as  high  up  in  the  neck  as  they  can  be  reached,  and 
di.sseeting  them  and  the  aorta  from  the  vertebral  column, 
the  aorta  being  attached  to  the  vertebral  column  by  a 
small  amount  of  connective  tissue. 

Th('  trachea  is  to  be  opened  along  its  posterior  wall 
(the  cartilaginous  rings  being  interrupted  at  this  part); 
the  tt'sophagus  along  the  anterior  wall. 

The  larynx  and  tongue  may  be  removed  with  the 
lungs,  or  sim]ily  with  the  trachea.  The  knife  is  liassed 
ujiward  mider  the  skin  of  the  neck  and  the  attachments 
of  the  trachea  and  larynx  to  the  anterior,  lateral,  and 
posterior  parts  severed  by  sweeping  cuts  starting  in  the 
median  line  and  carried  to  the  side  and  then  to  the  back. 
Th(^  attachments fif  themusclesof  thi'tongue  tothe  lower 
jaw  are  divided,  the  knife  being  carried  up  from  below 
preferably  to  being  inlroduceil  tliroiigh  the  mouth.  The 
soft  palate  is  separated  from  the  hanl  jialate.  and  the 
pillais  of  the  fauces  ate  cut  laterally  .so  as  to  include  the 
tonsils.  The  tongia^  is  now  seized  with  the  lingers  of 
the  left  hand  passed  upward  through  the  neck  and  drawn 
downward,,  and  the  nuisclcs  and  connective  tissue  hold- 
ing the  jiharynx  to  the  vertebral  column  are  divided. 

In  this  way  the  soft  palate,  tonsils,  wall  of  pharynx, 
larynx,  and  upper  i)art  of  (esophagus  may  be  removed 
together,  and  a  good  opportunity  afforded  for  their  ex- 
amination— a  point  of  value  in  iliphtlieritic  processes  and 
the  like. 

The  lar_vnx  should  always  be  opened  anteriorly. 

The  cavity  of  the  trunk  is  now  empty  and  a  good  op- 
portunity is  alforded  for  the  examination  of  tlie  bodies 
of  the  vertebra',  if  there  be  anything  in  the  case  which 
renders  such  an  examination  desirable. 

I'nless  the  brain  or  cord  is  to  be  removed,  the  cxamin;i 
tion  is  now  completed.  Before  returning  the  organs  to 
the  body  cavity  it  should  be  sponged  dry.  and  the  jiclvis 
packed  with  ineces  of  old  cotton  cloth  to  ])rcvent  leakage 
through  the  amis.  After  the  organs  have  been  jiut  back 
the  sternuiu  is  to  be  re]ilaced  and  held  by  two  stitches  on 
either  side,  taken  through  the  intercostal  muscles. 
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The  tiaps  are  next  brought  into  apposition  preparatory 
to  sewing  thorn  together.  To  do  thi.s  take  a  pieee  of 
stout  t  wine  one  anil  a  hal  f  times  th(^  k'nglli  of  the  incision ; 
after  threjuling  it.  take  a  stitch  at  the  extremity  of  tlie 
long  incision  ami  tie  a  hard  knot  in  the  end  of  the  string. 
For  sewing,  the  glover's  stitch  is  to  l)e  used,  i.e..  from  in- 
side out.  Tlie  stitches  slioidd  be  aliout  three-quarters  of 
an  inch  apart  and  tliree-eighths  of  an  inch  from  the  edge 
of  the  tla]).  taking  tip  only  the  skin  and  subcutaneous 
tissue,  but  not  the  fat  tisstie.  AVlien  tlie  seam  is  finished 
a  double  knot  is  made  in  the  string  and  the  end  drawn 
under  the  skin. 

Certain  tinul  details -will  be  considered  after  the  method 
of  removal  of  tlic  lirain  and  cord  has  been  explained. 

Mithfid  of  llcinordl  and  Kraminution  of  the  Brain. — 
Note  the  ratio  of  tlie  head  to  the  body,  and  of  thecraniiun 
to  the  face. 

■Make  an  incision  In  the  scalp,  beginning  half  an  inch 
behind  the  right  ear,  near  its  lower  border,  and  extend- 
ing o\er  the  iuiddle  of  the  vertex  to  the  corresponding 
point  bcliind  the  left  ear.  In  -women  the  hair  should  first 
be  roughly  parted,  along  the  line  T\-here  the  incision  is  to 
be  made,  with  tlie  hanclJe  of  the  scalpel.  After  the  in- 
cision luis  been  started  by  cutting  ^vith  the  edge  of  the 
kinfe  downward,  it  is  best  to  rcver.se  the  blade  so  that  its 
back  comes  against  the  bone  and  to  cut  ujnvard.  The 
incision  is  to  be  carried  to  the  bone  except  In  the  tem- 
poral region,  where  it  should  be  carried  only  to  the  apo- 
neurosis covering  tiie  te;nporal  nuiscle. 

The  anterior  flap  is  first  to  be  freed  from  the  temporal 
muscle  on  eitlicr  side,  leaving  the  muscle  attached  to  the 
bone,  as  it  is  tlirough  tliis  that  the  stitches  will  be  taken 
later  that  are  to  hold  the  calvaria  in  place.  The  flap  is 
now  to  be  seized  Ijy  the  left  hand  and  strong  forward 
traction  made,  while  a  series  of  sweeping  cuts  through 
the  pericranial  comiective  tissue  are  made  with  the  scal- 
pel held  in  the  right  hand.  This  dissection  should  be 
continued  until  the  frontal  eminences  come  into  view. 
The  posterior  flap  of  the  scalp  is  now  to  be  dissected 
from  the  lionc  as  far  back  as  tlie  occipital  protulicrance. 
"Wliilc  tlie  scalp  is  being  removed  the  condition  of  tlie 
loo.se  pericranial  tissues  should  be  noticed  with  reference 
to  evidence  of  oedema,  liemorrhage,  or  pm'ulent  inflam- 
mation. The  skull  is  now  Ijare  over  the  vertex,  and  note 
should  lie  made  of  any  abnormalities  of  its  surface. 

The  next  step  is  the  ri'inoval  of  the  calvaria.  This  is 
sometimes  dime  by  .sawing  through  the  skull  in  a  circle; 
Init  this  is  bad  practice,  in  tliat  (lie  calvaria  cannot  be 
later  held  firmlv  in  place  wluni  it  is  sewn  up — it  will 
wolibli.-.  The  liest  way  is  to  saw  along  three  lines  to  be 
niark"d  in  the  periosteum,  as  a  gtiide,  with  the  scalpel. 
The  first  or  anteriorcnt  begins  above  and  beliind  the  ear, 
and  is  carried  directly  over  the  vertex  to  a  corresponding 
point  on  the  other  .side,  the  line  passing  ^ust  behind  the 
edge  of  the  hair  above  the  forehead.  The  other  two  in- 
cisions in  the  bone  are  to  begin,  one  at  each  end  of  the 
cut  just  described,  and  be  carried  backward  to  the  median 
line  behind,  the  two  lines  meeting  at  an  angle  of  about 
one  hundred  and  sixty  degrees,  well  in  front  of  the  oc- 
cipital protuberance.  Each  of  these  two  lines  just  de- 
scrilied  should  meet  the  anterior  line  at  an  obtuse  angle 
in  the  temporal  region. 

If  the  hair  be  long  it  should  be  wrapped  up  in  a  towel, 
.so  as  to  form  a  ball,  and  the  whole  mass  placed  beneath 
the  nape  of  the  neck.  This  is  to  prevent  the  sawdust 
getting  into  it. 

The  calvaria  is  now  to  be  sawn  along  the  lines  already 
marked,  the  liead  being  steadied  by  placing  the  left  lianil 
upon  the  calvaria;  a  towel  placed  between  the  hand  and 
the  bone  prevents  slipping. 

The  incision  in  the  bone  should  be  carried  through  the 
outer  table  and  diploP,  and  nearly  through  the  inner 
table.  One  can  readily  determine  when  "the  saw  has 
reached  the  dii.iloi!  by  tiie  red  color  of  the  sawdust  and 
the  softer  feel  conveyed  to  the  hand  thixaigh  tlie  saw 
blade.  What  remains  unsawn  can  be  readily  crackixl 
with  the  cliisel  and  hannner,  placing  the  chisel'  in  the  in- 
cision and  striking  W'itli  the  hammer  a  iiuick,  sharp  blow 


known  as  a  recoil  blow ;  this  obviates  the  danger  of  driv- 
ing the  chisel  into  the  brain. 

If  there  be  a  suspicion  of  fracture  of  the  skull,  the  in- 
cision with  the  saw  should  be  carried  through  the  bone 
and  no  cracking  whatever  done  with  the  chisel  and  ham- 
mer. 

The  calvaria  being  now  loosened,  the  wedge-shaped 
end  of  the  hammer  head  is  to  be  introduced  in  the  mid- 
dle of  the  anterior  cut  and  pressed  downward  with  the 
left  hand,  while  the  handle  is  rotated  in  the  horizontal 
plane  with  the  right  hand.  In  this  wa}'  a  powerful 
leverage  is  obtained,  and  the  calvaria  can  be  forced  back- 
ward sufficiently  to  introduce  the  hook  on  the  end  of  the 
hammer  handle  into  the  cut  in  the  bone.  By  pulling 
backward  on  the  hammer  the  calvaria  may  be  separated 
from  the  dura  and  so  removed. 

Generally  the  adhesion  between  the  calvaria  and  dura 
is  not  a  firm  one,  but  occasionallj^  in  adults  the  separa- 
tion requires  the  aid  of  the  end  of  the  enterotome.  intro- 
duced between  the  dura  and  the  bone  and  the  two  pried 
apart.  Occasionally  in  old  people,  and  alwaj'S  in  j-oimg 
children,  the  adhesion  is  so  firm  that  the  dura  has  to  be 
removed  with  the  bone.  This  is  accomplished  by  incis- 
ing the  dura  along  the  incision  in  the  bone  and  then  cut- 
ting the  attachment  of  the  falx  to  the  crista  galli  in  the 
supeiior  longitudinal  fissure,  when  the  calvaria  may  be 
drawn  backward  and  the  fal.K  cut  posteriorly. 

After  the  removal  of  the  calvaria,  its  thickness,  the  re- 
lation of  diploS  to  tables,  and  the  appearance  of  the  inner 
surface  should  be  noticed. 

The  examination  of  the  dura  is  now  in  order.  First 
observe  whether  the  alternation  of  fissures  and  convolu- 
tions, as  darker  and  lighter  areas  lying  beneath,  can  be 
determined  through  it.  If  so,  the  dura  has  the  normal 
degree  of  translucency,  and  is  of  the  normal  thickness. 
If  this  alternation  of  dark  and  light  cannot  be  made  out 
the  dura  is  thicker  than  normal.  Next  open  the  superior 
longitudinal  sinus  and  note  its  contents,  whether  fluid 
or  coagulated  blood  or  a  thromlnis.  With  scissors  and 
forceps  cut  through  the  dura  along  the  line  of  incision  in 
the  bone;  then  reflect  it  toward  the  median  line  so  as  to 
expose  its  inner  surface.  The  jiresence  of  hemorrhagic 
or  pigmented  false  membranes  or  patches  is  the  impor- 
tant pathological  condition  to  be  looked  for  here. 

The  knife  is  now  to  be  introduced  into  the  superior 
longitudinal  fissure,  the  dura  drawn  backward,  and  the 
attachment  of  the  falx  to  the  crista  galli  severed.  The 
dura  can  now  be  drawn  backward  as  fai  as  the  posterior 
incision  in  the  skull;  it  should  not  be  cut  otT.  but  shotdd 
be  allowed  to  huTTJ  down.  The  veins  of  the  pia,  where 
they  enter  the  superior  longitudinal  sinus,  offer  slight 
resistance  to  the  removal  of  the  dura.  They  may  be 
divided  with  the  knife  or  scissors  or  else  torn. 

The  greater  portion  of  the  con\exities  of  the  brain  is 
now  in  view.  One  should  note,  iu  connection  with  the 
pia,  the  degree  of  fulness  of  its  blood-vessels;  whether 
it  is  translucent  or  opaque;  whether  abnormally  dry; 
whether  its  meshes  contain  clear  serous  fluid,  and.  if  so, 
the  amount;  also  whether  there  be  fibrin  or  pus  in  its 
meshes.  One  sliould  then  note  whether  the  brain  fills  the 
cavity  of  the  skull ;  also  the  relation  of  the  convolutions 
to  the  sulci  as  to  proportionate  size. 

The  brain  is  now  to  be  removed  from  the  skull.  In- 
sert the  two  forefingers  between  the  dura  and  the  frontal 
lobes  on  either  side  of  the  median  fissure  and  hook  them 
around  these  lobes;  draw  backward  on  the  Virain  until 
the  o])lic  nerves  can  be  seen  ;  then  making  slight  traction 
backward  on  the  brain  by  two  fingers  of  the  left  hand 
hooked  around  its  tiji.  cut  across  tlie  cranial  nerves  and 
carotid  arteries  close  to  their  foramina  until  the  tentorium 
is  reached;  cut  the  latter  close  to  its  attachment  to  the 
]ietrous  portion  of  the  temporal  bone.  Next  divide  the 
cranial  nerves  given  otT  from  the  medulla  oblongata. 
Then  carry  the  knife  as  far  down  in  the  vertebral  canal 
iis  possible,  and  cut  the  cord  by  an  inverted  V  shaped 
cut,  starting  in  the  meilian  line,  and  cutting  first  to  the 
right,  then  to  the  left.  The  vertebral  arteriesare  divided 
by  the  same  stroke. 
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TLie  brain  i?;  now  readily  removed  by  Iiookins;  the  fin- 
gers of  the  rijilil  hand  under  t!ie  (■erel)elluin,  su])porting 
tlie  hraiu  from  beliin<l  with  the  left  hand,  anil  then  lift 
ing  it  ont  by  the  same  turn  employed  in  deliveriug  the 
aftereoming  liead  in  a  breeeh  ]iresentatiou. 

'I'he  further  examination  of  the  brain  is  to  be  postponed 
until  lh<-  basal  portion  of  the  cranial  eavity  iias  been 
looked  at.  The  lateral  sinnsesare  to  l)e  opened  and  their 
contents  noted.  If  there  be  a  suspicion  of  a  fracture  tlie 
whole  of  the  dura  is  to  bestrippedoff.it  being  usually 
impossible  to  discover  a  fracture  of  the  base  while  the 
dura  is  (/(  m'tii. 

The  posterior  jiart  of  tlu^  eye  may  be  exposed  and  re- 
moved by  chipping  away  with  the  chis<'l  the  tiiiu  orliital 
[date  which  forms  the  roof  of  the  orbit  and  the  greater 
jiart  of  the  floor  of  the  anterior  fossa. 

Tlie  middle  ear  can  be  exposed  by  chipping  otf  its  roof, 
which  lies  in  the  middle  of  the  petrous  iiortion  of  the 
temporal  bone.  If  the  iiuur  ear  is  to  lie  examined,  the 
whole  petrous  bone  must  be  Siiwn  out  by  a  V-shaped  in- 
cision in  the  squamous  portion  of  the  temporal,  the  apex 
of  the  V  extending  below  the  external  meatus. 

The  mastoid  cells  can  be  opened  either  from  the  inside 
of  the  skull  or  from  the  outside. 

An  excellent  view  of  the  nares  can  be  obtained  by 
removing  those  portions  of  the  ethmoid  and  splienoid 
lying  in  the  middle  line,  from  the  cribriform  plate  of 
the  ethmoid  in  front  to  the  posterior  clinoid  processes 
behind. 

By  removing  the  basilar  process  of  the  sphenoid  and 
the  sphenoidal  process  of  the  basilar,  the  so-called  clivus 
Bluinbachii,  an  excellent  view  of  the  pharynx  and  larj-nx 
can  be  obtained. 

The  examination  of  the  brain  is  now  to  be  resumed. 
If  it  is  desired  to  weigh  it,  this  should  be  done  before  it 
is  incised.  Tlie  brain  is  placed  upon  the  convexities,  the 
base  uppemiost.  The  pia  of  the  base  is  to  be  examined 
especially  for  evidence  of  inflammation  or  tuberculosis. 
The  blood-vessels  should  tlien  receive  careful  attention 
— first  the  circle  of  Willis,  then  the  vertebials  and  basilar, 
then  theanteriorcerebrals.  The fis.sure of  Sylvius  is  now 
to  be  opened  by  cutting  the  pia  that  forms  a  bridge  across 
the  fissure  from  the  frontal  to  the  temporal  lobes,  and  the 
branches  of  the  middle  cerebrals  followed  ont  as  far  as 
the  island  of  Reil.  These  are  the  most  important  of  the 
cerebral  vessels,  owing  to  the  liability  of  lodgment  of 
emboli  in  them  and  because  they  supply  the  larger  and 
most  important  part  of  the  brain.  Evidences  of  endar- 
teritis shoidd  be  looked  for,  and  the  vessels  opened  with 
the  probe-pointed  scissors.  Emboli  or  thrombi,  if  pres- 
ent, can  now  be  readily  discovered. 

Thisexamination  completed,  the  brain  shoidd  bei)laced 
upon  its  base  and  the  incisions  made  to  open  the  lateral 
ventricles.  This  is  a  curved  incision  following  the  direc- 
tion of  the  V(;ntricle,  the  convexity  being  inward,  the  an- 
terior end  about  the  middle  of  the  frontal  lobe,  the  posterior 
end  near  the  middle  of  tlie  occipital  lolic,  tlu' middle  of 
thccurve  abouta  quarter  of  aninch  from  the  longitudinal 
fissure.  Thehemisphere  should  be  supported  by  jiLicing 
the  lingersof  the  left  hand  under  the  base  and  the  thumb 
of  the  sjinie  hand  in  the  longitudinal  fissure,  lifting  the 
hemisphere  upward.  This  serves  to  separate  the  roof 
from  the  lloor  of  the  veiitriele. 

The  anti'rior  portion  of  the  cut  should  be  deep,  made 
with  the  knife  liclil  at  an  angle  of  forly-live  degrees, 
point  downward  (to  reach  the  anterior  horn).  The  mid- 
dle portion  of  the  cut  should  be  less  deep,  made  with  the 
knife  held  horizontally  (so  as  not  to  injure  the  floor  of 
the  ventricle).  The  posterior  cut  should  be  deep,  made 
with  the  knife  held  at  an  angle  of  fortytiv(?  degrees, 
handle  downward  (to  reach  the  posterior  horn). 

One  lateral  ventricle  having  been  opi'iied.  the  brain  is 
to  be  turned  half  around  and  the  other  lateral  ventricli' 
opened  ill  the  SiUiie  way.  The  knife  is  now  introduced 
in  the  fonuiien  of  .Munro.  and  an  incision  is  made  verti- 
cally upward  through  the  anterior  pillars  of  the  fornix 
and  the  corpus  eallosum.  The  posterior  portions  of  the 
fornix  and  corpus  eallosum  arc  now  drawn  backward  as 
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far  as  [lo.ssible.  By  so  doing  the  velum  iuterpositum 
and  choroid  plexuses  are  brought  into  view.  These  arc 
also  to  be  drawn  backward,  thus  cxjiosiug  the  third 
ventricle.  The  right  posterior  pillar  of  the  fornix  and 
the  adjoining  brain  substance  are  now  {-ut  transversely 
and  carried  over  to  the  left.  This  procedure  exposes 
the  cor])ora  quadrigemina.  The  fourlh  ventricle  is  no«.v 
to  be  opened  by  an  incision  made  through  the  middle 
line  of  the  cerebellum,  from  above  downward,  at  the 
same  time  dividing  the  corpora  (|uadrigemina  and  valve 
of  Vieussens  by  extending  the  median  cut  to  the  aque- 
duct of  Sylvius. 

The  whole  ventricular  tract  is  now  exposed  to  view. 
Note  should  be  taken  of  the  size  of  the  ventricles,  the 
character  and  amount  of  their  contents,  and  the  condition 
of  the  epeudyma. 

The  hemispheres  are  next  examined.  In  doing  this  it 
is  essential  to  expose  as  large  an  area  of  white  and  gray 
matter  as  possible,  but  without  disturbing  the  relations 
of  the  parts.  The  lirst  incision  is  a  curved  one  just  to 
the  outside  of  the  basal  ganglia  and  following  the  line  of 
their  outer  borders.  It  should  extend  near  to  the  pia 
below.  A  series  of  cuts  are  now  to  be  made,  each  suc- 
ceeding cut  being  made  in  the  middle  of  the  preceding 
cut  and  extending  to.  or  nearly  to,  the  pia.  In  this  way 
the  hemisphere  is  rolled  out,  unfolded  as  it  were,  and  a 
large  surface  or  series  of  surfaces  is  exposed  to  view. 
The  pia  is  to  be  left  uninjured,  serving  as  a  binding  to 
retain  the  parts  in  their  normal  relation;  so  that. "if  a 
lesion  be  discovered  in  the  white  or  gray  matter,  the 
parts  may  be  replaced  and  the  situation  localized  as  to 
convolution. 

The  basal  ganglia  (corpora  striata  and  thalami  optici) 
are  now  to  be  examined  by  means  of  a  series  of  transverse 
incisions,  the  cuts  being  about  one-twelfth  of  an  inch 
apart.  These  are  most  readily  made  liy  supporting  the 
ganglia  by  one  hand  jilaced  underneath,  while  with  the 
knife  in  the  other  hand  the  cuts  are  made  and  the  slices 
turned  to  one  side  so  as  to  expose  the  cut  surface.  The 
necessity  of  the  numerous  incisions  in  the  basal  ganglia 
is  owing  to  the  fact  that  lesions  sufficient  to  lead  to  a  fatal 
result  are  often  small,  and  might  go  unobserved  were 
the  incisions  made  far  apart. 

The  cerebellum  is  now  to  be  examined  by  a  primary 
incision  beginning  in  the  middle  of  the  cut  made  in  it  in 
opening  the  fourth  ventricle  and  extending  through  the 
greatest  breadth  of  the  organ.  This  divides  it  into  two 
c(|ual  portions,  exposing  a  large  surface  of  gray  and 
white  matter  and  the  arbor  vita'.  A  series  of  radiating, 
fan-shaped  incisions  should  then  be  made  in  each  of  these 
lateral  portions,  the  cuts  extending  to  the  pia. 

The  pons  is  now  to  be  lifted  by  the  left  hand  placed 
beneath  it  and  a  series  of  transverse  incisions  is  to  be 
made,  beginning  anteriorly  in  the  corpora  quadrigemina 
and  crura  cerebri  and  extending  tlirough  pons  and  me- 
<lulla  to  the  spinal  cord.  As  in  the  basal  ganglia,  so 
here,  the  slices  should  be  as  thin  as  possible,  that  <-ven  a 
minute  lesion  may  not  escape  observation. 

The  remaining  step  in  the  examination  of  the  brain  is 
to  strip  the  pia  from  the  convolutions  of  the  organ,  es- 
pecially on  the  convexities,  and  note  whether  it  is  readily 
removed  or  whether  it  comes  away  with  ditiieulty  and 
removes  jiortioiis  of  brain  substance  with  it,  leaving  a 
worm-eaten  a])pi-arance  of  the  cortex  beneath.  Such  an 
adhesion  indicates  a  meningoencephalitis,  common  in 
dementia  paralytica. 

The  examination  of  the  brain  being  now  completed, 
the  cavity  of  the  cranium  should  be  sjionged  dry  and 
tilled  with  a  sand  bag,  made  by  taking  a  piece  of  cotton 
cloth  eighleen  inches  square  and  putting  on  it  as  much 
house  sand  as  corresponds,  in  the  judgment  of  the  opera- 
tor, to  the  capacity  of  the  craniuni ;  then  gathering  the 
corners  into  a  mass  and  tying  them  together  with  a 
string.  A  sand  bag  serves  the  double  purpose  of  giving 
weight  to  the  head  and  suiiporling  the  calvaria.  The 
calvaria  is  to  be  replaced  and  held  there  by  stitches 
taken  through  the  teinponil  muscle  on  either  side,  care 
being  taken  to  draw  the  twine  tight  to  prevent  slipping 

657 


illlOpiilOB. 
AutopKiCD. 


REFEUENCE  ILVXUBUUK  OF  THE  MEDICAL  SCIENCES. 


of  the  calvaria.  Tho  two  Haps  of  the  scalp  aro  now 
drawn  logclluTaud  sewn,  afliT  the  nu'Uiod  dcsciiliL'd  in 
foinicctio'n  with  the  body.  Tho  scam  requires  a  piece  of 
twine  twice  the  Icnslh  of  the  incision. 

Examination  of  the  Spinal  Coril.— To  remove  the  cord 
the  body  shouldbe  placed  face  downward,  with  a  block 
under  the  tliorax.  Au  incision  is  made  along  the  ridge 
formed  by  the  spin(nis  processes  of  the  vertebr;e  from 
tlie  occiput  to  the  sjicrum.  Th(!  skin  together  with  the 
nuiscles  tilling  the  vertebral  grooves  shoidd  be  dissected 
from  the  arclies,  leaving  llie  lamina-  bare.  The  lamina- 
are  now  sawn  nearly  through  in  a  line  with  the  roots  of 
the  transverse  proccs.?.  By  means  of  the  straight  chisel, 
or.  better,  with  the  rachito'me  (Fig.  4.53)  and  the  lianraier 
the  arches  are  freed  and  then  pried  off.  Tlie  arches  of 
the  upper  cervical  vertebue  arc  best  divided  with  the 
costotonie  (Fig.  4-17). 

The  membranes  and  cord  are  now  divided  transversely 
at  tlie  lower  end;  the  dura  is  seized  with  the  forceps  and 
tlu'  curd  lifted  n]>ward.  and  the  spinal  nerves  are  divided 
with  tlie  .scalpel  close  to  the  foramina.  When  the  atlas 
is  reached  the  cord  is  held  only  by  the  dura,  where  it  is 
rellecled  on  the  margin  of  the  foramen  magnum  to  be- 
come the  periosteum  of  the  inner  surface  of  the  skull. 
Tliis  is  divided  by  a  circular  incision  a  little  below  the 
foramen  magnum.     The  cord  is  now  free. 

The  dura  of  tlie  cord  is  now  incised  anteriorly  and  pos- 
teriorly tln-oughout  its  entire  length,  and  its  inner  sur- 
face, as  well  as  the  jjia  of  the  cord,  examined. 

The  cord  is  examined  by  a  series  of  transverse  incisions 
half  an  inch  apart,  the  pia  on  the  anterior  surface  being 
left  intact  to  serve  as  a  binding  to  hold  the  parts  together. 
The  incision  in  the  back  is  to  be  sewn  up  in  the  same 
way  as  the  one  in  front. 

Cultures  of  bacteria  from  the  blood  are  best  made  from 
the  right  ventricle  of  the  heart.  The  surfaci-  of  the  right 
ventricle  is  sterilized  by  a  ease  knife  heated  in  a  Bunscu 
lainp,  laying  it  flat  on  the  surface  of  the  heart.  An  in- 
cision is  made  through  the  wall  with  anotlier  knife  steri- 
lized in  the  same  way.  and  the  platinum  wire  introduced 
through  tlie  cut  and  the  culture  made. 

Cultures  from  any  of  the  solid  organs  may  be  made  in 
the  same  way. 

The  examination  of  the  whole  body  being  now  com- 
pleted, tlie  soiled  newspapers  are  to  be  removed  and 
burned  in  the  furnace  or  kitchen  tire.  The  ojierator 
.should  himself  attend  to  the  cmijtying  of  the  slop  pail, 
which  will  contain  bloody  fluid  and  more  or  less  intestinal 
contents;  and  shoukl  also  see  that  all  titensils  are  thor- 
oughly cleaned,  that  all  spots  of  blood  are  removed  from 
the  body,  and  tliat  the  body  is  restored  to  the  position  it 
was  in  before  tlie  autopsy  was  begun. 

A  word  as  to  the  report  of  the  autopsy.  A  proper  re- 
port should  consist  of  two  parts.  The  first,  to  consist  of 
a  description  of  what  is  seen,  should  be  purely  objective, 
and  should  contain  no  expression  of  opinion.  The  second 
part  is  to  contain  the  anatomical  diagnosis;  in  other 
words,  the  inferences  drawn  from  the  appearances  pre- 
sented by  the  organs. 

If  the  report  consists  (as  unfortunately  it  so  often  docs) 
simply  of  the  inferences  of  tlie  operator,  without  a  de- 
scription of  the  appearances  upon  which  those  inferences 
are  based,  it  is  of  little  value  to  any  one  else,  and  of  no 
value  as  evidence. 

Let  the  physician,  then,  in  his  report,  describe  to  the 
best  of  his  ability  what  he  sees,  and  if  he  is  iu  doubt  as 
to  what  the  meaning  of  the  appearances  is,  any  specialist 
tiiking  his  report  can  give  him  much  more  assistance 
than  if  the  inferences  only  are  stated. 

ir.   W.  Grtnnrit. 

AUTOPSIES,  .MEDICO-LEGAL    RELATIONS    OF.— 

Genehal  Co.NMnEu.vrioN.— Wlien  death  is  due  to  other 
than  natural  causes,  the  data  upon  which  such  a  conclu- 
sion is  based  may  become  the  subject  of  legal  imjuiry. 
This  article  concerns  itself  with  such  data"  as  may  be 
furnished  by  the  performance  of  an  autopsy.  The 
lesions  found,  the  method  of  their  observation,"  and  the 


deductions  to  be  drawn  therefrom  are  the  subjects  for 
dis<'Ussion.* 

"Natural  cause  of  death,  "is  rather  difficult  to  define 
tersely.  The  imjiortance  of  its  full  compreheusiou  is 
apparent,  not  only  to  avoid  error  in  reaching  such  a  con- 
clusion, but  also  from  the  fact  that  an  effort  to  show  the 
evidence,  including  data  from  the  autopsy  compatible 
Willi  natural  causes,  is  frequently  made  by  the  defence. 
"Senile  elianges  or  disease  unas.sociated  with  poisoning 
or  traumatism,  "  although  it  might  answer  in  the  major- 
ity of  cases,  is  nevertheless  faulty,  as  the  following  con- 
siderations show.  The  acute  infectious  diseases  accepted 
as  natural  causes  are  all  associated  with  poisoning  from 
the  toxins  produced  by  the  bacteria.  Even  the  acute 
infectious  diseases  may  come  under  the  category  of  un- 
natural causes  if  the  bacteria  are  accidentally  or  deliber- 
ately inoculated. 

Accidental  inocidatiou  of  bacillus  mallei  (glanders) 
has  caused  a  number  of  deaths  in  bacteriological  labora- 
tories, and  the  deplorable  cases  of  death  from  accidental 
inoculation  of  the  bacillus  of  bubouic  plague  in  a  labora- 
tory in  Vienna  furnish  additional  examples  of  acute  in- 
fectious diseases  in  which  the  cause  of  death  can  by 
no  means  be  considered  natural.  The  deliberate  inges- 
tion or  injection  of  a  pure  culture  of  pathogenic  bacteria 
with  suicidal  or  homicidal  intent  miglit  occur.  The  in- 
gestion of  a  pure  culture  of  typhoid  bacilli  with  suicidal 
intent,  followed  by  typhoid  fever  and  recovery,  has  come 
to  notice.  Again,  the  pathological  changes  foUow-ing 
the  long-continued  ingestion  i>f  alcoliol  in  excessive 
amount  are  looked  ujiou  as  natural  causes,  although  they 
are  certainly  the  jiroduets  of  poisoning.  Erysipelas  and 
tetanus  are  invariably  produced  through  some  solution 
of  continuity  in  the  skin  or  mucous  membrane,  in  some 
cases  so  slight  that  no  notice  may  have  been  taken  of  it, 
nor  can  it  iu  some  cases  be  demonstrated  at  autopsy. 

If  we  adopt  the  above.w  it h  these  restrictions,  asaVork- 
ing  definition,  it  becomes  necessary  in  examining  lesions 
to  differentiate  between  those  produced  by  disease  and 
tho.se  produced  by  poisoning  or  traumatism.  Nor  is  this 
an  easy  matter,  as  might  at  first  ajipear.  A  lesion  apiiar- 
ently  traumatic  may  be  due  to  disease.  Lesions  appar- 
ently due  to  disease  alone  may  prove  to  be  dependent 
upon  trauma  primarily,  as  when  infection  follows  a 
wound.  Again,  a  diseased  condition  (as  cerebral  arterio 
sclerosis,  or  pachymeningitis  ha-morrhagiea)  may  be  au 
important  contributing  cause  (vertigo)  of  an  accident  in 
which  traumatism  is  su.stained,  causing  death;  or  the 
diseased  condition  may  directly  jiredispose  to  a  residt 
(fatal  licmorrhage)  out  of  proportion  to  the  compara- 
tively slight  traumatism.  Finally,  traumatism  and  dis- 
ease not  dependent  in  causation  upon  one  another  may 
both  contribute  more  or  less  equally  iu  causing  death. 
The  lesions  of  disease  may  so  closelj'  resemble  the  effects 
of  poison  (iu  the  toxicological  sense)  that  their  differen- 
tiation by  gross  examination  is  almost  impossible,  chem- 
ical and  bacteriological  examinations  being  necessary  to 
clear  up  the  case.  The  occurrence  of  this  similarity  is 
not  strange,  when  we  remember  that  many  of  the  lesions 
of  infectious  diseases  are  due  to  poison,  namely,  the  bac- 
terial toxins. 

TECUNKiUE. — The  method  of  observation  includes  the 
technique  emiiloyed  in  the  performance  of  the  autopsy. 
Not  only  the  data  and  the  deductions  drawn  therefrom, 
but  the  way  in  which  these  data  were  acquired  may  he 
subjected  to  searching  investigation  iu  court.  By  favdty 
methods  incorrect  data  may  be  obtained.  Direct  mis- 
takes in  observation  are  not  here  referred  to.  but  unin- 
tentional and  unobserved  artifacts,  and  their  diagnosis 
as  lesions.  It  is  absolutely  necessary  to  be  fully  cogni- 
zant of  all  methods  and  manipulations  by  wliich  sueli 
artifacts  may  be  produced,  not  only  to  avoid  them,  but 
also  to  be  able  to  testify  to  that  effect.  In  considering 
the  technique  of  medico-legal  autopsies  only  these  points 
will  be  dwelt  upon. 

*  For  signs  of  death.  rip:or  ninrris.  putrefaction,  etc.,  siilijeots  em* 
brared  in  an  external  examiniuion  of  the  cadaver,  see  Cadaver, 
Letial  Statux  of. 
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AntopMcH. 
AutopsloH, 


Head. — 111  reinovius  llif  I'lilvuria  the  bone  sliould  be 
sawed  tlirouirli  coiiipletely.  The  \ve<in;e.  or  chisel  and 
iiiallel,  had  better  not  be  used.  Although  the  physieiaii 
may  lie  eerlaiii  that  a  I'raeliire  was  jirodiieed  durhi!;  life 
and  iiol  post  inorlem  by  use  of  ehisei  ami  iiiallel.  yet  if 
their  use;  is  admitted  a  reasonable  doubt  may  be  east 
upon  his  leslimony.  The  brain  should  be  removed  with 
special  care,  raisins  the  frontal  lobes  sulTiciently  to  cut 
nerves  and^vessels  close  to  the  foramina  of  e.\it  and.  rais- 
inir  tlie  temporal  lobes,  to  sever  tliorouiihly  tiie  anterior 
and  lateral  attachments  of  tlic  tentorium,  lirst  on  one 
then  on  the  other  side,  and  divide  the  remaininsx  nerves 
and  vessels  below,  in  doini;  which  the  brain  should  not 
be  raised  from  the  base  of  the  sUull  more  than  neces- 
Siiry.  After  division  of  the  tentorium  the  brain  should 
be  suiiported.  as  th<'  final  division  of  nerves,  ves- 
sels, aiui  spinal  cord  proceeds,  lest  by  its  own  wci.irht 
drajri^iiifr  upon  these  structures,  it  causes  artiticial  lacer- 
ations. The  brain  should  be  perfectly  free  before  its 
removal  is  attempted,,  and  should  be  allowed  lo  .slide 
backward,  the  convex  surface  restiii<r  in  the  palm  of 
the  hand. 

Siiiiinl  Citrd. — To  avoid  artifac'ts  a  comidete  division 
of  the  lamina'  on  either  side,  1  cm.  from  the  spinous 
])rocess,  should  be  made  with  a  strai.irht  saw  curved  on 
th(!  end,  the  serrations  cxtendinf^  a  short  distance  upon 
the  curve.  Chisel  and  mallet  had  better  be  avoided. 
Test  the  complete  division  by  pressing  each  spinous  proc- 
ess from  side  to  side.  If  free,  the  lamina'  and  spinous 
jiroccsses  can  reailily  be  removed  together  from  below 
uinvard,  by  gras]iing  the  lowest  and  using  the  knife 
alone.  After  the  attachment  of  the  dura  spinalis  to  the 
foramen  ovale  within  Wic.  skull  has  been  severed,  the 
spinal  cord  should  be  removed  together  with  itsdural 
sheath,  the  siiiiial  nerves  being  cut  close  to  the  interver- 
teliral  foramina  on  cither  side  from  below  upward.  The 
dura  shoidd  be  opened  in  the  median  line  anteriorly  and 
posteriorly  after  the  removal. 

}[iiiiih  and  Xer'/i. — The  examination  of  the  fauces  and 
aditus  laryngis  is  of  importance,  more  especially  in  in- 
fants, great  care  being  required  to  prevent  occurrence  of 
artifacts.  The  tongue,  anterior  and  posterior  pillars  of 
fauces,  tonsils,  soft  palate,  pharynx,  ce.sophagus,  larynx, 
and  trachea  may  be  removed  together.  The  incision  is 
extended  to  the  chin,  or,  after  the  thorax  has  been  opened, 
they  may  be  removed,  without  extending  the  incision 
over  two  inches  above  the  cpisternal  notch,  by  separat- 
ing the  skin  from  the  clavicle  and  working  up  from  the 
tliorax,  separating  the  unincised  skin  from  larynx,  hyoid 
bone,  and  niu.seles  of  the  tloor  of  mouth.  Retraction  of 
the  skin  by  hooks  or  a  finger  of  an  assistant  on  cither 
side  in  an  ujiward  direction  gives  ample  room  if  the 
sternum  and  costal  cartilages  have  been  removed;  and  tlie 
space  may  be  still  further  increased  by  partial  incision  of 
the  slerno-cleido-masti  lid  muscle  near  fir  at  its  insertion  to 
the  clavicle.  With  a  sliarii-pointed knife  the  floor  of  tlui 
mouthis  punctured  inthe median  lineeiosetotheinfcrior 
maxilla,  and  the  muscles  and  mucosa  cut  through  along 
the  body  of  tlu'  bone  to  the  angle  on  both  sides.  The 
tongue  is  drawn  down  through  the  incision,  and  with 
the  knife  passed  over  the  dorsum  of  the  tongue,  an  in- 
cision is  made  through  tlu^  soft  palate  close  to  tlie  bone 
from  the  median  line  outward,  then,  anteriorly  to  the  an- 
terior iiillarof  the  fauces,  downward  into  incision  through 
tlu^  floor  of  the  mouth  on  both  sidis.  Tlu'  loose  areolar 
tissue  on  either  side  of  th<'  trachea  and  larynx,  fesophagus 
and  pharynx,  and  posterior  to  the  latter,  is  separated 
well  up  to  tlie  occipital  bone,  where  the  attachment  of 
the  pharynx  is  cut  across.  The  styloid  muscles  are  cut 
and  the  organs  drawn  gently  downward,  care  being  taken 
lo  observe  wdiethcr  there  are  any  points  at  w'hich  attach- 
ments still  require  to  be  divided.  It  is  possible  for  the 
sfomai'h  contents  to  reach  the  larynx  or  the  aditus  laryn- 
gis jiost  mortem,  either  in  moving  the  cadaver  aliout 
or  during  the  performance  of  the  autopsy.  During  tluf 
removal  of  tli<'  stomach  its  contents  may  be  forced  into 
the  lesophagus  and  pharynx  and  larynx.  To  guard 
against  this  a  ligature  should  be  applied  to   the   car- 


diac end  of  the  ffsophagus  before  dissecting  out  the 
slomaeh. 

Tliorax. — In  ea.scs  of  hemorrhage,  great  care  should  be 
exercised  .so  that  its  origin  may  be  accurately  determined, 
and  its  cause,  wli<-lhcr  traumatic  or  due  to  disease  or  pos- 
sibly to  both  conditions,  determined.  The  ex.'iinination 
of  the  organs  in  nitii  should  be  made.  To  deterniiue  the 
presencf^  of  pulmonary  thrombosis  the  pulmonary  artery 
should  b(' opened  with  organs  iiinitu.  If  the  examina- 
tion is  unsatisfactory,  the  organs  of  the  thorax  may  be 
taken  out  together  with  those  of  the  neck  and  mouth  if 
necessjxry.  Pleural  adhesions  having  been  separated,  or 
if  loo  d(^nse  (rather  than  risk  an  artificial  laceration  of 
the  lung),  the  costal  ]ileura  having  been  stripped  off,  the 
altachments  of  the  diaphragm  (lit  away  from  the  ribs, 
audits  ]iillars  severed,  an  incision  is  made  througli  the 
Iiariefal  pleura  along  tlie  vertebral  column  external  and 
posterior  to  the  aorta  on  the  left  side,  the  lung  being 
brought  forward  for  that  purpose,  and  the  left  subclavian 
vessels,  common  carotid,  and  jugular  are  cut.  On  the 
riijlit  side  the  incision  is  made  external  and  posterior  to 
tlie  vena  cava  superior,  right  auricle,  vena  cava  inferior, 
and  the  innominate  artery  and  vein  are  cut  across.  The 
u'sophagus  near  the  cardia  is  ligaled  and  cut  above  the 
ligature.  The  aoria,  inferior  vena  cava,  and  sus|iensory 
ligaments  of  the  liver  are  then  .severed.  By  this  tech- 
nique injuries  may  be  clearly  demonstrated  which  by  the 
usual  teclini(|ue  might  cscaix'  observation,  or,  if  observed, 
their  origin  or  relations  might  be  doubtful. 

Ahdonu'ii. — The  abdomen  should  invariably  be  opened 
before  the  thorax,  thc^  skin  and  niu.seles  of  the  latter  lie- 
ing  dissected  off  to  give  more  room  for  ins]iection.  The 
height  of  the  vault  of  the  diaphragm  in  the  mammillary 
line  on  either  side  should  be  determined.  The  organs 
should  be  examined  as  far  as  jjossible  in  xitu  and  the 
(■(intents  of  the  peritoneal  cavity,  if  any,  its  character, 
amount,  and  distribution  noted.  In  cases  of  injury 
special  care  is  to  be  taken  in  the  renio\al  of  organs,  the 
incisions  necessary  being  deliberately  and  cleanly  made 
and  laceration  of  tissue  avoided.  In  cases  of  bullet  and 
stab  wounds  their  site  should  be  aceuratel,y  delermined 
and  their  measurement.s  carefully  made  so  that  the  direc- 
tion of  the  course  of  the  bullet  or  knife  may  be  deter- 
mined. The  abdominal  organs  may  be  removed  together 
with  the  llioraeio  organs  and  dia|)liragni,  in  order  to  de- 
termine more  accurately  the  relations  of  certain  trauma- 
tisms. The  fesophagus,  aorta,  vena  cava,  and  ligaments 
of  the  liveraro  not  divided.  An  incision  ismade  tlirough 
the  parietal  periloneuin  on  the  right  side  external  to  the 
right  kidney  and  ascending  colon,  on  the  left  side  ex- 
ternal to  the  left  kidney,  descending  colon,  and  sigmoid 
flexure.  The  lo(j.se  connective  tissue  between  the  organs 
and  the  posterior  abdominal  wall  is  readily  separated  liy 
blunt  dissection,  the  lumbar  branches  of  the  aorta  and 
the  common  iliac  vessels  rciiuiring  the  knife. 

Peli-in. — The  pelvic  organs  may  also  be  removed  to- 
gether. th(^  connection  of  ureters  with  bladder  and  (he 
sigmoid  with  rectum  remaining  intact.  The  female 
genital  organs,  after  examination  in  .slin.  should  be  re- 
moved together.  A  circular  incision  is  made  through 
the  peritoneum  around  the  margin  of  the  true  pelvis,  the 
loose  areolar  tissue  stripped  up  with  the  fingers  down  to 
the  levator  ani  et  vagitue,  and  antcriorl)'  well  down  be- 
hind the  .symphysis  ]iubis.  With  a  few  sections  of  the 
knife  the  ostium  vagin,-e  together  with  the  urethnx.  the 
bladder,  vagina,  uterus  and  apiiendages.  and  rectum  arc 
removed.  After  examination  of  the  rectum,  bladder, 
urethra,  and  the  appendages,  csjiccially  the  ovaries  for 
a  corpus  hiteiim  of  pregnancy,  the  vagina  is  laid  ojicn 
with  knife  or  scissors.  The  cavity  of  the  uterus  should 
not  be  opened  by  thrusting  tln^  blade  of  the  scissors  or 
knife  into  it.  A  clean  incision  should  be  made  in  the 
median  line  posteriorly  until  the  cavity  is  reached  so  iis 
to  avoid  all  chances  for  the  occurrence  of  artificial  lacera- 
tion or  puncture. 

Cases  of  suspected  poisoning  require  special  considei-a- 
tion.  The  presence  of  the  chemist  at  the  autopsy  and 
his  direct  reception  of  the  organs  for  examination  from 
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the  patholnjrist  simplify  matters  cousidenibly.  If  this 
plaiu-aiiiiol  lie  foUowi'd,  it  devolves  upcm  the  patholofjist 
to  remove  such  orj;aiis  and  tluids  in  wliieli  the  suspeeted 
poison  may  be  detected,  in  svuli  a  manner  as  to  avoid 
eonlaminaiiou,  and  to  jilaee  tliem  in  jiossession  of  the 
eheniist  willi  the  least  iiossilile  delay  and  by  as  direct 
means  as  circumstances  will  allow.  It  should  be  remem- 
bered that  every  step  from  tlie  performance  of  the  au- 
topsy to  the  reception  of  the  material  for  examination  by 
the  clieniist  may  be  made  the  subject  of  a  searching  ex- 
amination in  court,  namely,  how  the  organs  were  re- 
moved, what  inslrumiiits  were  used  and  what  condition 
Iliey  were  in,  what  ri'ceptaeles  tlie  materiul  was  jilaeed 
in  for  tran-'portalion,  bow  these  receptacles  were  treated 
before  and  after  the  material  was  placed  in  them,  whether 
any  preservative  fluid  was  u.sed,  were  they  properly 
sealed,  and  what  means  were  emplo.yed  in  trans]3orting 
them  to  the  chemist.  These  points  may  appear  trivial, 
yet  too  much  attention  cannot  be  paid  to  tlie  minutest 
detail.  Carelessness  in  this  regard  may  nullify  tlie  entire 
W(irk  of  the  chemist  and  cause  a  break  in  an  otherwise 
intact  chain  of  evidence.  On  the  other  hand,  such  care- 
lessness may  be  tlie  means  of  unknowingly  convicting 
an  innocent  defendant.  Glass  jars  that  have  been  used 
for  no  other  purpose,  carefully  cleaned  with  soap  and 
water,  rinsed  with  water,  then  with  alcohol,  closed  prefer- 
ably with  a  ground  glass  stopper  or  clean,  well-titting 
cork,  should  be  used.  Stomach  or  intestinal  contents, 
nrini',  and  blood  should  be  ]ilacid  in  separate  jars.  When 
tlie  determination  of  the  amount  of  poison  in  individual 
viscera  is  of  importance  they  .should  be  placed  in  scjiarate 
jars.  The  condition  of  preservation  or  decay  of  the  ma- 
terial should  be  noted.  If  the  material  cannot  be  placed 
in  the  hands  of  the  chemist  directly,  a  sufficient  amount 
of  strong  alcohol  should  be  added  to  cover  the  organs  in 
the  jars,  in  order  to  check  decomposition  and  prevent 
breakage  l.iy  the  gases  of  dccom]iosition.  If  this  is  done 
a  portion  of  the  same  alcohol  tliat  was  used  in  the  jars 
should  be  .sent  to  the  chemist  also.  Finally  all  jars  should 
be  separately  tied  with  tape,  properly  ,sealed  and  labelled. 
By  this  means,  although  the  material  may  have  neces- 
sarily passed  through  several  hands,  provided  it  reaches 
the  chemist  with  intact  seal,  the  chain  of  evidence,  so  far 
as  the  e.vamination  of  the  organs,  fluids,  etc.,  is  concerned, 
remains  unbroken, 

C.vsEs  OF  Poisoning. — The  evidence  already  at  hand 
before  the  jierformanee  of  an  autop.sy  may  point  to  a 
given  poison  as  the  cause  of  death,  cither  from  the  clinical 
history  of  the  case,  or  from  the  discovery  of  the  emjity 
poison  bottle  or  package,  or  of  some  of  "the  poison  sus- 
pected tfi  liave  been  given  to  or  taken  by  the  deceased. 
Tliis  evidence,  although  a  valuable  guide,  cannot  be  en- 
tirely relied  upon  and  should  not  bias  the  judgment  of 
the  patliologist.  Cases  occur  in  wliicli  an  entirely  different 
poison  is  found  to  have  been  the  cause  of  death,  and 
.some  in  which  the  presumjitive  evidence  appeared  very 
stron.g  have  proved  to  be  <leatlis  from  natural  causes,  or 
the  alterations  found  have  turned  out  to  be  merely  post- 
mortem changes.  Cases  occur  in  which  there  is  iio  sus- 
picion whatever,  and  yi't  poisoning  is  proved  b_y  autopsy 
and  chemical  examination.  Such  are  not  merely  eases 
of  sudden  death  without  any  clinical  history,  but  often 
I'liougli  cases  that  have  been  ill  for  sonic  time  and 
treated  for  disease  by  a  idiysician,  competent  enough 
coiniiaratively,  who  may  have  tiled  a  death  certificate 
giving  the  disease  diagnosed  by  him  as  the  cause  of  death. 
In  fact,  it  is  well  known  tliat  the  results  of  some  poisons 
may  so  closely  resemble  disease  clinically  and  even  path- 
ologically tliat  mistakes  can  easily  be  made.  The  only 
safe  way  to  avoid  error  is  for  the  clinician  to  insist  upon 
an  autopsy  before  signing  tlie  death  certificate,  and  for 
the  pathologist  to  employ  chemical  and  bacteriological 
aid-  In  the  performance  of  autopsies,  whether  poisoning 
is  suspected  or  the  cause  of  death  is  unknown  or  donbt" 
ful.  acomjilete  examination  of  the  body  shinild  be  made: 
and  the  jjatliologist  should  be  ever  mindful  of  those  con- 
ditions, aUhough  often  resembling  the  results  of  diseases 
such  as  cholera.  (!;.   entcry,  nephritis,  malignant  jaundice, 
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or  acute  yellow  atrophy  of  the  liver,  which  may  never- 
theless be  the  results  of  poisons  such  as  arsenic,  mercury, 
potassium  chlorate,  or  phosphorus. 

Some  poisons  produce  no  characteristic  changes  in  the 
tissues  of  the  bod)-,  so  far  as  gross  or  even  microscopical 
examination  is  concerned  ;  their  presence  cannot  be  posi- 
tively alhrmeil  until  chemical  examination  is  made.  The 
pathologist  may,  however,  be  able  to  state  that  no  patho- 
logical condition  of  the  organs  due  to  disease  or  trauma- 
tism, and  sufficient  to  cause  deatii,  lias  been  found. 
When  the  organs  are  found  in  a  normal  condition  it  may 
be  easy  enough  to  reach  this  conclusion.  When,  how^- 
ever,  ]iatliological  changes  are  present,  it  is  often  very 
difficult  to  estimate  their  importance  in  the  causation  of 
death.  Although  our  knowledge  of  the  morphology  of 
disease,  and  of  the  bacteriology  of  many  of  the  infectious 
diseases,  is  extensive,  that  of  its  chemistry  is  not  nearly 
so  well  advanced.  Pathological  conditions  are  found 
which  in  the  absence  of  any  suspicious  circumstances  are 
assumed  to  be  thecau,seof  death:  yet  we  meet  with  cases 
in  which  these  conditions  arc  present  and  may  even  be 
very  pronounced,  but  nevertheless  deatli  is  the  result  of 
violence  or  of  some  other  intercurrent  disease.  "When  the 
circumstances  of  a  death  are  suspicious,  a  chemical  ex- 
amination is  usually  called  for.  There  are  cases,  how- 
ever, of  sudden  death  in  which  no  suspicions  are  enter- 
tained at  the  time,  but  in  which,  though  a  careful  au- 
topsy is  performed,  a  conscientious  pathologist  cannot 
satisfy  himself  of  the  cause  of  death,  even  with  the  aid 
of  niicrosco]iical  and  bacteriological  examinations.  In 
such  cases  a  chemical  examination  alone  can  affirm  or  ex- 
clude poisoning. 

(Jtlier  poisons  do  produce  effects  more  or  less  charac- 
teristic by  their  direct  local  action,  by  their  absorption, 
and  by  their  excretion.  The  task  in  the  performance  of 
the  autopsy  is  to  determine  whether  the  changes  found 
may  have  lieen  produced  by  a  poison,  and  if  possible  by 
what  poison.  Of  cour.se,  the  positive  proof  in  every 
case  must  be  furnished  by  chemical  examination.  Tlie 
work  of  the  pathologist,  liowever,  is  of  importance,  on 
the  one  baud  to  obviate  useless  chemical  examinations, 
on  the  other  to  insist  upon  a  chemical  examination  when 
necessary,  and  to  select  such  organs  and  fluids  of  im- 
portance for  examination.  On  this  account  it  is  impor- 
tant to  know  what  changes  are  characteristic  of  poison- 
ing, anil  what  are  characteristic  of  special  jioisons. 

Certain  jihysical  characteristics  of  poisons  may  lead  to 
the  susiiieion  of  their  presence.  A  green  color  may  in- 
dicate the  presence  of  aceto-ar.senite  of  copjier;  yellow, 
potassium  chromate  or  iodine:  blue,  sulphate  of  copper; 
or  certain  dyes,  as  such  used  in  corrosive  sublimate 
tablets,  or  in  the  heads  of  matches,  may  furnish  an  in- 
dication. The  odor  characteristic  of  piiosphorus.  or  of 
bitter  almonds,  of  alcohol,  of  chloroform,  of  laudanum, 
or  of  carbolic  acid  may  furnish  an  indication.  The 
granular  or  crystalline  appearance  of  the  substance,  its 
insolubility,  may  furnish  a  clew-.  The  chemical  reaction, 
whether  acid  or  alkaline,  is  important,  and  the  contents 
of  stomach  and  intestine  should  always  be  tested  in  this 
regard. 

In  the  greatest  number  of  jioisouing  cases,  the  poison 
is  introducedby  way  of  the  mouth;  unusually,  by  rectal, 
vaginal,  intrauterine,  or  hypodermatic  injection".  Some 
poisons  produce  no  effect  upon  the  mucous  membrane: 
others  are  irritants  and  cause  effects  varying  in  intensity 
from  congestion  and  ecchymoscs  to  comiilete  corrosion 
with  i)roduetion  of  eschars.  Those  poisons  which  pro- 
duce the  corrosive  effect  U)ion  the  mucosa  may  act  either 
by  coa,gulating  its  albuminous  constituents — as  happens 
in  the  ea.se  of  the  mineral  acids,  oxalic  acid  and  carbolic 
acid,  and  mercuric  chloride — or  by  dissolving  them  and 
causing  a  swelling  and  softening  of  the  mucosa — as  is 
true  of  sodium,  jiotassinm,  and  ammonium  hydrate  and 
potassium  cyanide.  ConcenI rated  sulphuric"  acid  dis- 
solves coagulated  albumen :  if  dropped  on  a  mucous  mem- 
brane a  spot  is  formed  that  is  trans]iarent  in  the  centre 
and  white  at  the  periphery  where  the  acid  has  been  di- 
luted by  the  fluid  of  the  tissue  and  the  albumen  preeipi- 
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tatcd.  When  the  caustic  alkalies  Iiavc  acted  upon  a 
mucous  nieiiibraue,  if  ncutiali/.ed  or  if  the  reaction  is 
chaiifred  liy  aildilion  of  ai'id.  the  alhunien  is  iireeijiitated 
and  a  j;rayisli  eschar  appeals. 

These  effects  may  be  further  chaiiL'ed  in  appearance 
by  the  action  of  the  poison  upon  the  blood  with  wiiicli  it 
comes  in  contact.  If  the  poison  separales  ha'inatin  from 
lul'mojrlobin  and  dissolves  it.  the  eschar  or  the  tissue  may 
be  discolored  brown  or  brownish  black  by  imbibition,  as 
with  sulphuric  acid,  liydrochloric  acid,  o.xalic  acid,  and 
the  eaiislic  alkalies.  {'arl)olicacid  and  corrosive  sublimat e 
coairu  late  blood  but  do  not  cause  a  separation  of  ha-malin. 
Kach,  however,  produces  a  chanirc  of  color  in  tlie  coagu- 
lum.  iiam<-ly,  cartxilic  acid  a  briirht  lu'ick  red,  and  sub- 
limate a  grayish  violet. 

The  eflVcts  may  vary  accordinjr  to  the  amount  of  the 
poison,  its  concent  rat  ion,  the  duration  of  ilsa(-tion,  and  the 
condition  of  fidness  or  emiitiness  of  the  stomach  and  in- 
testines. The  lips  and  skin  of  the  face  and  neck  may 
show  eorrosiveaction  of  llie  poison.  The  mucous  margin 
may  present  graVish-white  or  brownish  eschars.  Crcs- 
eentic  streaks  on  cither  side  of  the  njiper  lip,  e.\tcndiiig 
ujnvard  from  the  corners  of  the  mouth,  may  be  present 
when  the  iioisonous  fluid  has  been  ind)ilicd  from  a  tumbler; 
there  may  be  streaks  from  cither  corner  of  the  mouth  ])ass- 
in>r  downward  over  the  cheek  or  chin,  and  down  the 
neck,  when  the  poison  has  been  spilleil  while  drinkinjr. 
Corrosion  of  the  lips  and  skin  may  be  absent  w  hen  the 
jHiison  has  been  swallowed  fiom  a  bottle.  The  mucosa  of 
the  mouth  may  show  swelling  and  eschars,  but  from 
short  duration  of  contact  these  may  not  be  well  marked. 
The  muci>sa  of  the  O'sophagus  may  show  little  action 
from  the  short  duration  of  contact  and  the  relatively 
slight  amount  of  ])oi.son  that  remains  in  contact. 

The  stomach  usually  shows  tlie  .greatest  amount  of 
change.  This  may  alfcct  its  entire  surface,  or  be  contincd 
more  esjiccially  to  the  region  of  the  fundus,  greater  cm-- 
vatiire,  and  posterior  surface.  Exceptionally,  the  corro- 
.siv(^  action  tnay  be  contincd  to  the  smaller  curvature  and 
anterior  surface,  the  most  ]u'obablee\planati(m  being  the 
ingestion  of  poison  upon  a  full  .stomach,  which  shortly 
thereafter  has  emptied  its  contents  into  the  (lu(jdetunn, 
in  which  case  the  duodenum  and  jejutiutn  show  the  ef- 
fects more  markedly.  The  summits  of  the  folds  in  the 
mucosa  show  more  decided  effect  on  account  of  greater 
exposure,  the  sulci  lieing  in  part  ])rotected  by  contact  of 
opposite  surfaei'S.  Thus  llieescliars  in  the  stomach  form 
longitudinal  streaks  se|iarated  sometimes  by  intervening 
mucosa  notcscharotic  or  less  markedly  so.  The  corrosive 
action  varies  in  depth  and  may  extend  through  the  peri- 
toneum, involving  adjacent  orirans  such  as  the  spleen, 
colon,  pancreas,  and  liv<'r,  willKuit  jierfoiation  of  the 
stomach;  or  the  stomach  may  liav(^  been  perforated  by 
the  action  of  the  poison,  an<l  its  contents  have  es<-aped 
into  the  peritoneal  cavity  lu'oilucing  characteristic  changes 
wherever  the  ])oison  has  come  in  contact.  Autodigestion 
of  the  stomach  with  i)erforatioii  may  occur  without  the 
presence  of  corrosive  jioisons. 

In  the  duodenum  and  jejunum  the  crests  and  superior 
surfaces  of  the  valvulie  are  especially  exposed  and  show 
the  greatest  amount  of  corrosive  action,  usually  more  in- 
tense nearer  the  pylorus  and  bceomiiig  less  severe  further 
down.  Exceptionally,  the  duodenum  as  well  as  the  stom- 
ach may  cscaije.  and  a  coil  of  jejumnn  furtheralong  show 
severe  corrosion.  The  ileum  rarely  shows  the  cU'ect  of 
direct  local  action,  and  the  same  may  be  .siiid  of  the  colon, 
except  in  those  easi'S  in  which  the  i)oison  has  been  intro- 
duced directly  into  the  rectum.  Tlie  caput  coli  and  first 
portion  of  the  ascendin.ir  colon  may  occasionally  show  the 
cfTect  of  local  action,  probably  from  the  longi^r  dm'ation 
of  contact  of  poisons  that  have  passed  with  greater  rapid- 
ity through  the  small  intestine.  The  colon  and  lower 
jiart  of  the  ileum  may  show  the  effects  of  poison  liy 
excretion.  This  is  a  characteristic  effect  in  bichloride 
of  mercury  poisoning,  especially  if  a  jieriod  of  a  week  or 
two  has  elapsed  after  its  ingestion. 

The  effects  upon  the  tissues  from  the  absnrjition  of 
poisons  is  shown  in  the  degenerative  changes,  parenchy- 


matous or  fatty,  in  the  functional  epithelial  cells  of  the 
organs,  as  the  stomach  and  liver;  in  the  muscle  fibre  of 
the  heart  anil  sometimes  of  the  voluntary  muscles;  and 
in  the  epithelium  of  the  kidney,  mon-  especially  of  the 
cortex,  when  excretion  of  the  jioison  has  taken  ]ilacc. 

VdrhuUc  Acid  Puisoitin;/. — Eschars  on  tlie  lips  may  be 
white,  grayish,  or,  when  drviug  hasiKcurred.  dark  brown. 
The  eschars  on  the  cutaneous  surfaces,  if  any,  are  usually 
brown,  dry,  and  leathery.  The  muci  saof  the  tongue  anil 
mouth  may  be  white  or  grayish  while,  or  show  no 
change.  I'liaryiix  and  (esojdiagus  usually  show  grayish- 
white  eschars.  There  is  .ueneially  more  or  less  (edema  of 
the  aryepiglottie  folds  about  theadilus  laiyngis  anil  the 
loose  submucous  tissue  over  the  arytenoids  and  anterior 
wall  of  the  pharynx. 

The  eschars  in  the  .stomach  are  usually  longitudinal, 
involving  the  crests  of  the  folds,  and  of  a  white  or  .gray- 
ish color,  while  the  intervening  muco.sa.  where  not  escha- 
rotie.  will  |)reseiit  a  light  red  tint  due  to  the  action  of 
carbolic  acid  on  the  blood.  Tlu^  i-iitire  wall  has  a  dense 
leathery  feel,  and  the  stomach  may  be  markedly  con- 
tracted. The  action  of  carbolic  acid  may  extend  to  the 
peritoneal  coat  and  even  to  the  spleen  and  liver,  thi'  color 
usually  being  [link,  or  light  red,  ui>on  a  giiiyisli  while 
base. 

The  distrilnitioii  of  eft'eets  varies  according  to  the  con- 
eeiitration  and  amount  of  the  carbolic  acid,  and  theciindi 
tion  of  the  stomach,  whether  empty  or  full  w  hen  the  acid 
was  taken.  The  escharotic  action  may  extend  to  a  vari 
able  distaiicedown  the  .small  intestine,  the  valvula'of  the 
duodenum  and  iejiinum  perhajis  showing  grayish-white 
eschars,  while,  further  along,  the  mucosa  may  present  a 
pink  discoloration  and  marked  swelling  and  softening. 
The  other  organs  show-  but  little  chan.ire.  in  the  great  ma 
jority  of  cases,  since  death  occurs  within  a  few  minutes. 
Passive  hypeiu'inia  is  usually  present.  When  cases  have 
survived  the  ingestion  of  a  smaller  amoiinl  for  .some 
hours,  tlie  eliaracleristic  phenol  urine  is  found,  with 
marked  iiarcncliymatous  degeneration  of  the  kidni'vs. 

Siiiphiiric  Ackl  Poimiiiinn. — The  eschars  on  the  lijis 
and  skin  are  usually  brown,  leathery,  and  dry.  The 
tnucous  membrane  of  the  mouth  and  n'S0pha,gus  presents 
grayish-white  eschars.  The  stomach  wall  is  thick  and 
dense,  the  mucous  membrane  ciwroded,  the  eschars  brown 
or  black  from  the  iinliibition  of  dissolved  ha  matin. 
Wherever  the  blood  has  been  acted  ujion.  whether  ex- 
travasatcd  or  in  the  vessels,  the  coa.iruliiin  is  black,  dry. 
and  brittle.  Either  from  the  action  of  the  acid  or  from 
casting  off  of  necrotic  jiortions  of  mucous  nicmbrane  the 
.surface  may  present  an  irregular  nodular  appearance. 
The  fundus  of  the  stomach  may  be  perforated  either  dur- 
ing life  or  post  mortem,  and  wherever  the  acid  comes  in 
contact  with  tissue  a  cloudy  apiiearaiice  is  presented, 
due  to'coagulation  of  albuiniii.  The  iiiiico.sa  of  the  small 
intestine  may  ji resent  a  variegated  appearance  of  grayish 
white  cschais.  where  the  acid  has  caused  a  coagulation 
of  the  albumin  of  the  tissue,  with  intervening  dark  brown 
or  black  jireas,  where  ccchymoses  have  occurred  or  where 
a  ])rcvious  eschar  has  exfoliated  laying  bare  the  sub- 
muco.sa  stained  with  luematin.  The  kidneys  show  paren- 
chymatoiisdegeneratioii  or  nephritis.  In  iirolonged  cases 
the  necrotic  mucosa  of  the  stomach  and  iiilestine  may  be 
thrown  off.  showing  a  hemorrhagic,  iidiinalous  siib- 
mucosa.  with  more  or  less  imbibition  of  haniatin. 

Ilililrorhliiric  Acid  Piilmniiiifi.  —  Hydrochloric  acid 
produces  no  corrosive  action  on  the  skin.  The  eschars 
are  grayish-white  when  simple  coagulation  of  albumin  has 
taken  place,  and  dark  brown  or  black  when  ecchyinoses 
have  occurred  or  when  imbibition  of  dissolved  laematiii 
has  taken  place.  The  effect  is  very  much  like  that  of 
sul|iliuric  acid,  excciu  that  the  drying  of  the  eschais  and 
of  the  blood  clot  is  less  pronoiinced.  owing  to  the  hict 
that  hydrochloric  acid  has  not  so  .sti-on.g  an  allinity  for 
water. 

Kitric  Acid  Poimniiir;. — The  eschars  present  a  yellowish 
stain,  due  to  the  formation  of  .\antho|)rotcic  acid;  other- 
wise they  are  not  markedly  different  from  those  de- 
scribed above,  excejit  as  regards  the  fact  that  nitric  acid 
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does  not  si'ininilo  and  dissolve  luiMimliu.  The  browu  or 
black  discoloration  of  the  eselmi's  pveseut  witli  both  sul- 
phuric and  hvdrochlorie  acids  does  not  occur. 

Coiitviilrntal  Acitic  Acitl. — A  case  of  jioisouinj;  from 
this  acid  is  on  record:  dcatli  was  due  to  pneiinionia,  and 
a  irrjivish-white  corrosion  of  the  nmcoiis  )nenibrane  of  the 
month  and  rcspimlory  ]>assages  was  oliserved,  A  spoiiire 
Silt  mated  with  concentrated  acetic  acid  was  held  at  the 
month  and  nose. 

Oxalic  Acid  (Hill  0.v<ilute  of  Potiifsiiitn. — In  concentration 
they  produce  white  or  grayish  corrosion  of  the  mucous 
meinbnine  of  the  pharyn.x  and  (csoiiliagus.  The  mucosa 
of  tlu-  slonia<-h  is  s\\  ollcn,  injected,  and  e.-icharotic.  with 
imbibition  of  luematin;  it  is  easily  removed  by  washing. 
The  escharotic  action,  however,  is  never  as  great  as  with 
sulphuric  acid.  Wliile  opacities  (o.xalatc  of  lime)  arc 
foiuiil  in  the  blood  of  the  corroded  portions,  also  in  the 
uriniferous  tubules.  Perforation  of  the  stomach  may  oc- 
cur, with  the  resulting  elTect  of  a  local  peritonitis,  due 
to  the  escape  of  the  conter.ts  of  the  organ  into  the  peri- 
toneal cavity.  These  perforations,  however,  are  in  most 
instances  a  i)ost-morlcin  oecurreuce.  "Wherever  the  poi- 
son acts  upon  the  blood,  black  clots  occur  in  which  ox- 
alate of  lime  crystals  may  be  found. 

Ciiuxtic  /'otiin/i,  )^>(!ii.  and  Aiamonia. — The  nuicosa  of 
the  mouth  may  be  swollen  and  red,  the  epithelium  part- 
ly exfoliated, "partly  still  adherent  in  whitish  shreds. 
The  (esophagus  may  have  lost  its  epithelium,  and  may  be 
swollen  and  hypera'niic.  its  lower  portion  lieing  brownish 
and  soft.  Themncosa  of  the  stomach  is  thrown  into  thick 
folds,  markedl\' swollen  and  eccli.ymotic,  with  superficial 
los.ses  of  substance:  it  is  dark  brown,  from  imbibition  of 
liacmatin.  The  submucous  tissue  is  markedly'  (edematous. 
Croupous  gastritis  may  follow  the  action  of  the  caustic. 
Croupous  bronchitis  and  circuinscril)ed  areas  of  broncho- 
pneumonia may  result  from  aspiration  of  the  caustic  soda 
or  potash  and  may  be  the  innnediatc  cause  of  death.  In 
other  cases  the  cicatricial  tissue  following  the  exfoliation 
of  tlie  sloughs  may  finally,  if  not  relieved  surgically,  cause 
death  by  stricture  of  the  O'sophagus. 

Carbon  Monoxide  Poisoning. — The  appearance  of  the  ca- 
daver, in  poisoning  by  carbon  monoxide,  is  very  charac- 
teristic, more  especially  in  the  cases  of  poisoning  from  il- 
luminating gas.  The  post-mortem  spots  are  of  a  pink 
hue,  and  give  the  cadaver  an  almost  life-like  appearance. 
The  blood  is  fluid  and  cheri-y  red  in  color.  The  mucous 
and  serous  membranes  are  of  a  rosy  tint,  and  the  organs 
(especially  those  containing  much  blood)  present  a  cherry 
red  appearance.  This  is  especially  well  marked  where 
the  blood  is  seen  upon  a  white  background,  as  in  the 
brain.  The  color  shoidd  be  determined  at  once  as  soon 
as  the  blood  or  organs  are  exposed  to  the  air.  as  after 
a  longer  ex]iosure  blood  that  does  not  contain  carbon 
monoxide  h.emoglobin  may  become  light  red  in  color, 
the  reduced  h;emoglobin  changing  to  oxylwemoglobin, 
the  oxygen  being  absorbed  frfim  Uie  atmosphere"  The 
appearance  of  the  blood  in  some  cases  of  carbon  mon- 
oxide poisoning,  although  carlxin  monoxide  ha-mogloliin 
is  present,  may  invsent  a  dark  color  from  excess  of  re- 
duced hemoglobin,  from  carbon  dioxide  absorption. 
This  occurs  more  commonly  in  poisoning  fi-om  coal  gas. 
and  from  inhalation  of  smoke  at  conflagi-iitions.  The'ap- 
pearance  of  tlie  lilood  may  also  vary  when  several  hours 
have  intervened  between"  the  cessation  of  inhalation  of 
carbon  monoxide  and  death.  Since  vonnting  is  a  symp- 
tom of  carbon  monoxide  poisoning,  cases  may  die,  in  an 
atmosphere  of  carlion  monoxide,  from  aspi rat i()n  of  vomit, 
the  formation  of  carbon  monoxide  Inemoglobin  being  as 
yet  insufticient  in  amount  to  cause  death.  " 

Carbon  monoxide  luemoglobin  is  readily  demonstrated 
by  the  spectroscope,  producing  two  absorption  bands 
near  D  and  E  like  oxyha-moghibin.  liut  not  reduced  like 
the  latter  by  addition  of  ammonium  sulpliide.  In  doubt- 
fid  cases,  therefore,  a  specimen  of  the  blood  should  be 
saved  for  this  examination.  It  has  been  found  that  car- 
bon monoxide  luvmoglolnn  can  be  demonstrated  in  the 
blood  of  extrava.sati(jns  and  in  muscle  when  its  de- 
monstration  fails   in   the   blood  taken    from  the   heart. 


Where  cases  have  died  in  an  atmosphere  of  carbon  mon- 
oxide, or  shortly  after  being  remo\ed  therefrom,  the 
blood  resists  decomiiosition  for  a  considerable  time,  and 
the  spectroscojiie  examination  may  be  of  value  even 
after  the  lapse  of  two  or  three  months.  Such  blood  also 
keeps  its  bright  red  color.  A  note  on  the  color  and  con- 
dition of  preservation  of  blood  that  is  taken  for  exami- 
nation is  of  imp(n'tance.  since  with  decomposition  (es- 
pecially if  ammonia  is  jjrcsent  in  abundance)  ha'inatin  is 
formed.  Such  blood  is  of  dark  color  and  becomes  cloudy 
when  luixcd  with  water.  The  absorption  bands  are  not 
clear,  or  there  is  only  a  shading  in  the  green.  On  addition 
of  ammonium  sulphide  two  bands  appear — i.e.,  the  spec- 
trum of  reduced  h;eniatin. 

The  differential  diagnosis  between  illuminating-gas 
and  coal-gas  poisonin,!;  may  not  be  easy  to  make.  Cases 
of  poisoning  by  illuminating  gas  present  the  most  charac- 
teristic ajiiiearances  post  mortem  and  on  spectroscopic 
analysis:  those  of  poisoning  by  coal  gas,  froiu  the  larger 
percentage  of  carbon  dioxide,  present  less  characteristic 
appearances,  and  the  spectroscope  may  show  the  bands 
at  D  and  E,  after  tiie  addition  of  ammonium  sulphide, 
together  with  a  more  or  less  deep  intervening  band  be- 
tween them.  In  cases  of  death  in  conflagrations  the  ef- 
fect of  inhalation  of  smoke,  as  shown  by  the  presence  of 
black,  sooty  deposits  upon  the  respiratory  mucosa,  is 
quite  characteristic. 

Besides  spectroscopic  analysis  there  are  a  number  of 
chemical  tests,  very  easy  of  application  at  the  autopsy 
table,  which  prove  of  aid  in  doubtful  cases.  The  addi 
tion  of  a  drop  or  two  of  a  ten-per-cent.  sodium  hydrate 
solution  changes  the  color  of  other  blood  to  a  dirty 
brown  or  brownish  green:  carbon  monoxide  blood  re- 
mains bright  red.  Solution  of  a  copper  salt  changes  the 
color  of  other  blood  to  chocolate  brown ;  carbon  mon- 
oxide blood  remains  red.  Tannin,  ferrocyanide  of  potas- 
siiun.  and  acetate  of  lead  form  a  brown  precipitate  with 
other  blooil.  a  red  one  with  carlion  monoxide  blood. 

These  tests,  and  also  the  spectroscopic  test,  may  pro- 
duce recognizable  results  in  some  cases  in  which  death 
has  occurred  even  sixty  hours  after  exposure  to  carbon 
monoxide;  in  other  cases,  however,  the  reaction  can 
barely  be  made  out  even  when  the  interval  amounts  to 
only  two  hours. 

A  certain  nundier  of  lesions  which  sometimes  occur 
subse(iuently  to  carbon  monoxide  poisoning  may  aid  in 
reaching  a  diagnosis  where  from  the  length  of  time  be- 
tween cessation  of  exposure  and  death  the  above  tests 
fail.  Croupous  inflammation  of  the  fauces  has  been 
noted  where  death  followed  seventeen  hours  after  coal- 
gas  iidialation.  In  some  cases  there  are  vaso-motor  and 
trophic  disturbances  of  the  skin  which  predispose  to  ne- 
crosis from  pressure.  A  case  with  dermatitis  bullosa  on 
both  hands  has  been  reported,  death  taking  place  five 
days  after  exposure  to  coal  gas.  In  another  case  death 
occurred  at  the  end  of  eight  days.  Symmetrical  soften- 
ing of  the  anterior  part  of  the  inner  capsule  and  adjoin- 
ing jiortion  of  the  head  of  the  caiuiate  nucleus,  also  of 
the  inner  part  of  the  lenticular  nucleus,  has  occurred  in  a 
number  of  cases  in  which  a  day  or  more  has  intervened. 
Its  occurrence  has  been  explained  by  Kolisko  on  the 
gromid  of  the  peculiar  ccuirse  of  the  arterial  branch  (the 
long  anterior  iierforating  branch  of  the  anterior  cere- 
bral) which  supplies  the  part,  its  course  being  in  the  re- 
verse direction  to  that  of  the  artery  from  which  it  springs, 
so  that  with  the  decrease  of  pressure,  which  is  the  result 
of  carbon  monoxide  poisoning,  a  diminutiou  in  the  flow 
of  blood  or  even  stasis  may  occur. 

lli/drori/anic  arid. — This  acid,  alone,  jiroduces  merely 
injection  and  eechymoses  of  the  mucosjt  of  the  stomach, 
wliich  may  in  part  be  explained  by  the  condition  of  as 
phyxia.  death  o(c\irring  rajiidly  therefrom.  Besides  the 
odor  of  bitter  almonds  there  is  nothing  characteristic. 

Cyanide  of  Potassium. — The  mucosa  of  the  stomach 
over  its  entire  surface  or  at  the  fundus,  or  especially 
upon  the  crests  of  the  folds,  is  deep  red  in  color,  swollen 
and  softened,  and  iiresents  sometimes  almost  a  translucent 
appeai-ance:  a  thick  mucus,  which  is  tinged  a  light  red 
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or  lirownish  rod  from  bldod.  covers  the  surfiKtv  The 
stomach  conlciils  arc  usually  blood  tiiiircd  and  stringy. 
The  reaction  is  strongly  alkaline.  The  iniicosa  is  siiajiy 
or  slippery  to  the  touch.  The  characteristic  odor  of  bitter 
almonds  is  present  in  the  stomach,  and  also  in  other  or- 
gans, as  the  brain  and  lungs.  The  odor  of  ammonia  may 
bi'  distinguislieil  eitlier  from  its  presence  in  the  cyanide, 
or  through  the  elTects  of  decomposition  in  the  slomach. 
The  redness  and  swelling  of  the  mucous  membrane  are 
due  to  injection  and  ecehymoscs,  the  lirimary  elTect  of  ir- 
litalion,  and  to  Ihe  secondary  action  of  solution  of  the  al- 
buminous conslituenis  of  the  tissue  and  imbibition  of 
the  suin'rtieial  layers  wilh  luematin  due  to  Ihe  strong  al 
Ualinc  action.  The  secondary  effect,  therefore,  may  be 
absent  or  poorly  marked  when  the  dose  is  small  or  when 
its  elfecls  liave  beencotmteracted  b.y  the  acid  cnntenls  of 
Ihe  stomach.  In  sucli  cases,  unless  a  characteristic  odor 
is  present,  the  diagnosis  can  be  made  oidy  by  chemical 
e.\iunination. 

The  s;mie  cITccts  ijiay  be  apparent  in  the  mucosa  of 
the  duodenum,  pharynx,  oesophagus,  larynx,  tiachea 
and  bronchi,  especially  if,  during  vomiting,  .some  of  the 
jiotassium  cyanide  has  been  aspirated.  In  some  cases  the 
crests  of  the  folds  in  the  mucous  membrane  of  the  stom- 
ach may  present  a  grayish-white  appearance. 

The  lilood  usually  presents  the  condition  found  in  as- 
phy.xia,  /.*.,  <larkand  fluid.  The  spectrum  is  identical  with 
that  of  o.xyhainiiglobinand  is  reduced  by  anunonium  .sul- 
phide. Occasionally  it  is  light  red.  This  <'oliir  may  lie 
due,  according  lo  Ilofl'mann,  to  thehyperalkalinity  of  the 
blood,  which  is  easily  and  quickly  imiduced  by  the  am- 
monia contained  iit  cyanide  of  ]iotassium,  more  especially 
in  old  samidcs.  Traces  of  ammonia  cause  the  aii]iearance 
of  a  light  red  color  in  blood  solution,  and  clarify  tur- 
bid solutions.  (Others  ascribe  the  light  red  color  to  the 
formation  of  a  comiiound  of  cyanogen  with  methaino- 
globin  or  ha'matin.  If  to  a  dilute  solution  of  normal 
blood  ferricyainde  of  potassium  be  added,  there  is  an 
immediate  change  in  color  from  red  to  brown,  and  in  the 
spectro.scope  a  metha-moglobin  band  appears  liefween  C 
and  D.  A  trace  of  hydroeyanie  acid  or  of  cyanide  of 
potassium  will  change  the  solution  to  a  red  color,  and  in 
Ihe  spe<'troscope  there  will  appear  in  the  green  a  broad 
band  which,  after  the  addition  of  ammonium  sulphide, 
<-hangcs  to  two  bands. 

yitriilii ),zi>l  PoiKoiiiii;/. — The  mucosa  of  the  stomach 
and  small  intestine  is  injected  and  c<-chymotic.  The 
odor  of  bitter  almonds  in  the  stomach,  lirain.and  huigs 
is  even  more  marked  and  iiersistent  than  in  hydrocyanic 
acid  poisoning.  The  blood  and  mviscle  are  brownish  in 
color.  From  the  presence  of  brownish  mctha'moglobiu 
in  the  urinilVrous  tubules,  especially  in  the  pyramids,  a 
resemblance  to  chlorate  of  potassium  poisoning  is  pro- 
ilueed. 

Arxeiilr. — .\rsenious  acid  usually  does  not  produce 
corrosive  elfecls  upon  the  mucosa.  These  elTects,  al- 
though they  have  been  observed  in  several  cases,  areevi- 
dently  of  rare  occurrence.  This  poison,  however,  does 
]iroduce  an  intense  gastroenteritis.  There  is  nothing 
characteristic  about  the  external  appearance  of  the 
cadaver,  or  about  the  condition  of  the  mouth,  pharynx, 
or  (esophagus.  The  mucosa  of  the  stomach  is  intensely 
congested  throughout  or  in  liatchcs;  it  is  (edematous, 
swollen,  and  sometimes  eechymotic.  It  is  covered  with 
blood-tinged  mucus,  and  seatten.'d  over  its  surface  may 
)i(^  found  granidcs  or  crystals  of  ar.senious  acid.  These 
are  sometimes  large  enough  to  be  felt  or  even  to  be  seen. 
The  .small  intestine  is  tilled  with  thin  lluid.  almost  watery, 
with  tlocculi — the  characteristic  rice  water  contents.  The 
niucosji  is  congested,  markedly  swollen,  (edematous,  and 
tlaecid.  In  the  lower  ])ortion  of  the  small  intestine  and  in 
the  large  intestine,  the  nuicosa  may  be  jiale.  There  is 
marked  jiareiu'liymatous  or  fatty  degeneration  of  the 
glandsof  the  stomach  and  intestine,  of  the  epithelial  cells 
of  the  kidney  and  liver,  and  of  the  heart  muscle.  In 
some  ca.ses  the  stomach  may  present  few  or  no  changes, 
but  the  changes  in  the  intestine  are  far  more  coristant. 

The  appearance  of  yellowish  streaks  occasionally  seen 


on  the  stomach  mucosa  are  due  to  the  formation  of  yellow 
sulphide  of  ar.senic. 

The  colon  may  lie  covered  with  thick  mueuscontaining 
desipiamated  epithelial  cells  and  many  lympliocytes. 
There  may  be  a  croupous  colitis.  The  mesenteric  lymph 
nodes  may  be  swollen,  'i'here  may  be  ecehymoscs  in  the 
pericardium  and  jileura.  but  especially  under  the  endo- 
cardium. The  blood  is  usually  |ioorly  coagulated,  and 
in  the  peripheral  vessels  may  be  thick  and  tarry,  due  to 
loss  of  water.  In  somecases  there  isslight  jaundice,  and 
ecehymoscs  may  ajipcar  in  the  faucial  mucous  membrane 
and  in  the  cellular  tissue  of  the  neck,  but  not  in  the 
muscle.  When  ecchymoses  appear  in  the  pleura  and 
mediastinum,  and  fatty  degeneiation  of  the  heart,  liver, 
and  kidney  is  present,  the  case  ma}'  resemble  phosphorus 
pois(ming.  The  hemorrhagic  spots  in  the  mucosa  of  the 
stomach  may  liecoine  eroded  by  the  gastric  contents,  and 
tills  doubtless  explains  why  a  corrosive  action  is  ascribed 
lo  arsenic,  which  it  most  iirobably  does  not  ])ossess. 

Arsenic  is  more  raiiidly  eliminated  than  other  metallic 
poisons,  and  it  is  conceivable  that  death  may  occur  from 
arsenic  jioisoning  and  yet  (ptite  small  amounts  of  arsenic 
be  found.  It  is  therefore  of  importance  to  preserve  for 
examination  in  suspected  cases  not  only  the  stomach  and 
intestineand  their  contentsseparately,  "but  also  the  heart, 
kidney,  liver,  bone,  and  muscle,  since  in  some  cases  ar- 
senic has  lieen  demonstrated  in  these  organs,  more  espe- 
cially in  the  liver  and  bone,  when  its  demonstration  has 
failed  in  the  stomach  and  intestine  or  in  their  contents, 
by  reason  of  its  having  been  already  eliminaled.  Much 
of  Ihe  arsenic  that  has  been  taken  internally  may  have 
been  gotten  rid  of  by  vomiting  and  diarrlKca.  eonunon 
with  arsenic  jioisoning.  In  cases  in  which  examination  is 
made  after  burial  it  is  important  not  only  to  take  |iortions 
of  eveiy  organ  and  tis.sue  of  the  body,  inasnuieh  as  it  is 
well  known  that  arsenic  may  diffu.se  itself  through  the 
ti.ssues  post  mortem,  but  also  to  take  sam|i|es  of  the  ob- 
jects surrounding  the  cadaver.  incliKling  wood  of  tlie  cas- 
ket and  suridunding  earth.  In  addition  to  tliis  it  is  al.so 
of  importance  to  take  another  sample  of  earth  from  an- 
other jiart  of  the  cemetery.  All  organs  should  be  care- 
fully weighed  at  the  time  of  the  autojisy.  and  if  possible 
the  entire  organ  should  be  given  to  the  chemist.  If  this 
cannot  be  done,  provided  the  weights  of  the  organs  are 
known,  a  basis  for  calculation  of  the  amount  of  arsenic 
is  furnished.  It  is  both  affirmed  and  denied  that  the  ca- 
daver after  arsenic  jioisoning  resists  decomposition  for  a 
considerable  length  of  time.  JIummiticatiou  has  been 
described  as  a  diaracteristic  appearance.  This  may,  how- 
ever, lie  due  to  other  conditions,  such  as  buiial  in  sandy 
soil,  et  cetera. 

Aci'tii-Arxi'iiiti'iif  Ciipprr.  Pun's  Green. — Theajipearanee 
of  this  substance,  its  characteristic  color,  its  insolubility, 
and  the  fact  that  it  appears  in  the  stomach  in  pasty 
massc'S,  loo.scly  adherent  to  the  mucosa,  which  is  swollen, 
n^dematous,  congested,  and  eechymotic  beneatli  the  at- 
tached mass,  renders  the  diagnosis  of  this  form  of  |ioison- 
ing  (juite  easy.  The  small  intestine  .shows  the  same  ap- 
pearance as  in  poisoning  by  arsenious  acid.  The  Paris 
green  may  be  covered  by  a  brownish  magma,  the  reduced 
iron  given  as  an  antidote. 

PhiispliiiriiK. — Ued  phos]iliorus  is  not  poisonous;  the 
yellow  variety  is  intensely  so.  Acute  cases  (death  in 
from  four  to  eight  hours)  may  show  but  few  pathological 
changes.  The  contents  of  the  stomach  and  intestines 
may  smell  of  phosiihorus  and  may  shine  in  the  dark  on 
being  shaken:  jiieces  of  matches  may  be  found.  The 
gastric  mucosa,  heart  muscle,  and  epithelial  cells  of  liver 
and  kidney  may  show  cloudy  swelling.  The  subacute 
cases  (death  after  from  three  to  seven  days)  commonly 
show  characteristic  changes.  The  stomach  is  not  cor- 
roded, ecchymoses  and  hemorrhagic  ero.sions  are  com- 
mon; the  gland  cells,  especially  the  adelomorphous  cells, 
are  in  marked  fatly  degeneiation,  so  that  the  ducts  arc 
marked  by  yellowish  points  (gastradenitis  phos|iliorica). 
The  contents  may  be  dark  brown  from  (he  presence 
of  blood.  I'hospliorus  may  no  longer  iie  demonstrated 
chemicallv  in  the  stomach  and  its  contents,  in  the  .sub- 
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iii'Ute  cases.  The  lower  part  of  the  small  intestine  and 
the  eolon  are  more  likely  to  eoiitain  phosphorus.  .laiin- 
liice  is  regularly  present  imd  markeil.  Eeehy  nioses,  which 
are  a  ciiaraeteristic  lesion  in  poisoning  by  pliospho 
rus.'are  alnindanlly  pn'sent  in  the  gastric  and  intestinal 
mucosa,  in  all  the  serous  nienibranes.  especially  tin-  pleura 
and  the  periciiriiiuiu.  in  tlie  adventitiu  of  the  aorta  and 
its  branches,  in  tlie  conjunctiva,  in  tlie  sulieutaneotis  are- 
olar tissue,  in  the  iuterninseular  tissue,  and  in  the  medias- 
tinum. Hemorrhages  may  occur  from  the  stomach  and 
intestine,  and  from  the  uterus,  in  some  cases  causing 
death.  The  blood  is  lluid  in  acute  cases,  poorly  coagu- 
lated in  subacute  cases.  The  red  cells  arc  disintegrated, 
the  white  cells  may  be  fatty.  Fatty  degeneration  of  the 
liver,  kidney,  muscle  of  the  heart,  and  arteries  is  very 
well  marked  The  or.gans  are  bile-stained  and  the  fecal 
masses  in  the  lower  part  of  the  small  intestine  and  colon 
are  grayish.  The  jaundice,  excessive  fatty  dcgenera- 
tion.and  hemorrhagic  changes  are  so  well  marked  that 
the  dia.irnosis  usually  presents  no  difticidty. 

.Veute  yellow  atrophy  of  the  liver,  and  septicEemia 
with  jatuidice.  ecchymoses.  and  fatty  degeneration  of 
the  viscera,  may  closely  resemlile  pliosphorus  poisonin.g; 
this  being  sjiecially  true  of  the  former.  In  acute  yellow 
atrophy,  although  a  primary  enlargement  of  the  liver 
mav  taki'  place,  the  characteristic  conditions  are:  marked 
diininntion  in  size  and  consistency,  the  occurrence  of 
redciish  softened  areas  where  the  epithelial  cells  are  dis- 
integrated into  a  granidar detritus,  and  the  appearance  of 
round-celled  infiltration  of  the  connective  tissue.  JIany 
bacteria  liavc  also  been  observed  in  this  form  of  poison - 
hig.  The  liver  in  phosphorus  poisoning  is  usually  large, 
and  althou.gli  of  doughy  eonsi.stency,  it  is  still  tinner  than 
in  acute  yellow  atrophy.  Pimctate  hemorrhages  may  be 
present,  "but  the  reddish  areas  dcscriljed  above  are  absent. 
In  septicaemia  with  jaundice  and  ecchymoses,  the  fatty 
degeneration  is  usually  not  so  far  advanced  as  in  phos- 
phorus poisoning.  The  resemblance  may.  however,  be 
so  close  as  to  render  a  decision,  sim]dy  from  tlie  gross  ap- 
pearances, impossible,  in  whicli  case  the  demonstration 
of  phosphorus  by  chemical  examination,  or  tlie  demon- 
stration of  bacteria  by  bacteriological  examination,  will 
clear  up  the  diagnosis. 

BicJiloiide  of  Mereiiry  Poimnhuj. — In  the  acute  cases,  in 
which  death  occurs  in  collajise  after  a  few  hours,  the 
corrosive  effect  upon  the  mucosa  of  the  mouth,  jiliarynx, 
oesophagus,  and  especially  the  stomach,  is  apparent  in  the 
presence  of  grayish-white  eschars.  From  the  action  of 
mercury  upon  tlie  blood  the  eschar  may  show  a  .grayish- 
violet  tinge.  In  cases  that  have  survived  a  few  days 
the  eschar  may  in  jiart  have  been  cast  off,  presenting 
ulcers  with  undermined  edges,  the  submucous  tissue  be 
ing  congested  and  ecchyniotic.  Where  the  action  has 
not  been  sufficiently  strong  to  cause  corrosion,  the  mucosa 
may  be  congested  and  ecchyniotic.  The  upper  portion 
of  the  small  intestine  may  also  show  the  .same  erfects, 
which  gradually  become  less  marked  as  we  advance  down- 
ward from  the  stomach  in  the  course  of  our  exaniinatiim. 
In  subacute  cases,  these  portions  of  the  alimentary  tract 
ma.v  show  no  chan.ges  or  merely  those  of  a  diphtheritic 
inflammation.  In  the  lower  portion  of  the  ileum  and  in 
the  large  intestine,  the  characteristic  changes  are  found. 
consistin.g  of  an  inflammation  of  an  acute  exudative  type 
with  necrosis  and  the  formation  of  a  menilirane.  afiecting 
more  especially  the  crests  of  the  folds  and  the  areas  in 
and  about  the  lymiihadenoid  tissue.  The  submncosa  is 
considerably  disteniled  with  serum  and  intiltrated  with 
jnis  cells.  The  gross  appearances  closely  resemble  those 
of  dysentery.  This  effect  is  not  due  to  the  local  action  of 
sublimate;  it  seems  to  be  due  to  the  excretion  of  the  poi- 
son, especially  by  the  large  intestine,  since  it  is  equally 
well  marked  in  cases  of  mercury  poisoning  by  imuiction, 
by  subcutaneous  injection,  and  by  intrauterine  injection. 
The  kidneys  are  enlarged,  soft,'  and  (edematous.  The 
cortex  is  markedly  swollen,  and  of  a  light  yellow  or  gray 
ish  color.  The  pyramids  are  dark  and  congested.  These 
chan.ges  are  due  to  ])areneliymatous  or  fatty  degeneration 
of  the  epithelium  of  the  uri'uiferous  tubules,  especially  in 


the  cortex,  and  to  an  acute  exudative  inflammation.  A 
marked  proliferation  and  desquamation  of  epithelium 
may  occur.  The  stroma  of  the  kidney  is  intiltrated  with 
serum. 

l'<itassium  Chlorate. — The  oxyhaemoglobin  is  reduced 
to  metha'moglobin.  and  in  addition  the  red  blood  cells 
are  disintegrated.  The  blood  presents  the  appearance 
of  thick  chocolate  or  coffee  grounds.  The  post-mortem 
spots  are  grayish  or  grayish  violet.  Jaundice  may  be 
present.  The  spleen  may  be  enlarged.  The  kidneys 
present  a  characteristic  appeal ance.  An  acute  exudative 
nephritis  of  hemorrhagic  type  is  invariably  present.  It 
is  characterized  by  especially  well  marked  changes  about 
the  glomeruli,  the  uriuifeious  tubules  being  tilled  with 
brown  blood  clots  which  give  the  appearance  of  brownish 
striations  more  marked  in  the  pyramids. 

Oj)iii)ii  and  Morp/iiiie. — If  opium  has  been  taken  in 
substance  or  in  tincture,  the  characteristic  odor  may  be 
present,  and  if  in  the  form  of  tr.  opii  crocata.  a  charac- 
teristic yellow  color  may  be  distinguishable.  If  a  decoc- 
tion of  Iioppy  heads  iias  been  taken,  particles  of  the 
plant  may  be  discovered  and  iilentitied  by  the  microscope. 
As  far  as  the  appearances  post  mortem  are  concerned, 
there  is  nothing  characteristic  upon  which  the  diagnosis 
can  be  made  positively.  Passive  hyperemia  of  the  brain 
and  lungs  may  be  found.  The  blood  in  acute  cases  is  usu- 
ally fluid,  in  others  it  is  clotted.  The  appearance  of  the 
jiupils  is  of  minor  importance,  since  the  marked  contrac- 
tion may  not  be  preserved  post  mortem. 

Strychnine. — Early,  intense,  and  persistent  rigor  mortis 
has  been  noted,  but  this  occurs  in  other  conditions.  The 
blood  is  dark  and  fluid  (asphyxia);  passive  hyperjemia  of 
the  brain  and  lungsand  ecchyniotic  spots  may  be  present. 

Atropine  and  its  group,  digitalis,  veratrine,  aconite, 
aloes,  colocynth,  jalap,  scammony,  savin,  croton  oil, 
colchicum,  hellebore,  elaterium.  may  all  produce  the 
effects  of  gastro-intestinal  irritation,  depending  ujion  the 
amount  of  the  drug — namely,  hyperauiia.  ecchymoses, 
intense  catarrhal  or  sometimes  croupous  inflammation,  or 
even  necrosis. 

Ptoniaiii  Poisoning. — The  appearance  post  mortem  is 
not  characteristic ;  a  more  or  less  intense  gastroenteritis 
may  be  the  only  lesion  found.  In  addition,  parenchy- 
matous degeneration  of  the  liver,  kidney,  and  heart 
muscle,  .general  passive  hypenemia,  ecchymoses,  and 
dark  fluid  lilood  may  be  present. 

Mii.snn-ini'  Poi/aininf/  (toadstools). — Cases  have  been 
described  with  jaundice,  ecchymoses  in  the  cutis,  acute 
fatty  degeneration  of  the  liver,  kidney,  and  heart  muscle. 
The  remains  of  toadstools  in  the  gastro-intestinal  tract 
and  their  botanical  determination  may  lead  to  the  diag- 
nosis. 

Chloroform. — Death  from  narciisis  may  leave  no  char- 
acteristic signs  except  those  of  asjihyxia.  The  odor  of 
chloroform  may  be  present  or  absent  in  the  lungs,  stomach, 
and  brain.  In  sonic  cases,  the  jiresence  of  chloroform 
may  be  ilemonstrated  in  the  blood  or  in  the  brain  by 
chemical  examination.  If  swallowed,  the  odor  of  chloro- 
form may  be  aiipareut  in  the  stomach  contents,  and  the 
mucosa  of  the  stomach  may  present  a  soft  grayish  slough 
where  the  chloroform  has  come  in  contact.  In  one  case 
in  which  death  from  jmeunionia  occurred  five  days 
after  swallowing  chloroform,  extensive  ulceration  of  the 
stomach  and  jejunum  was  fcnuid;  and  similar  lesions 
were  observed  in  another  case  in  which  death  occurred 
after  twenty-seven  hours.  The  blood  is  fluid  or  poorly 
clotted  according  to  the  rapidity  or  slowness  with  which 
death  has  set  in.  Decomposition  after  chloroform  poi- 
soning takes  place  nijiidly,  and  there  will  be  .gas  bubbles 
in  the  blood — a  certain  indication,  as  was  formerly  be 
lieved.  of  chloroform  poisoning.  In  cases  dying  some 
time  after  chloroform  narcosis.  ]xirencliymatous  degenera- 
tion of  the  heart,  liver,  and  kiclney  has  been  found. 

Chloral  hi/drate  may  .simply  jiroduce  a  marked  hyper 
.•vmia  of  the  lungs,  brain,  and  spinal  cord.  It  is  important 
to  take  a  specimen  of  the  urine  for  chemical  examination. 

Ether. — Poi.soning  from  ether  narcosis  may  simply 
show  the  signs  of  asphyxia,  viz.,  fluid  and  dark  colored 
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blood  and  tlic  oocasioniU  presence  of  eccliymoses.  In 
recent  cases  the  odor  of  ether  may  lie  dete<'led  in  the 
lungs,  stomach,  and  brain.  I'oisonini;  from  ingestion  of 
ether  produces  the  elVects  of  intense  gastro-intestinal 
irritation. 

It  is  of  interest,  and  also  of  medico  legal  importance, 
to  examine  the  lymijjiadenoid  tissii<>  tlirougliout  the 
body — namely,  the  naso  pliaryii.\,  tmisils,  dorsum  of  the 
tongue  posteriorly,  solitary  follicles  of  the  slomaeh  and 
small  and  large  intestine,  I'eyer's  pla(|Ues  of  the  small 
intestine,  the  mesenteric  and  retroperildneal  lymph  nodes, 
the  Maljiighian  bodies  of  the  spleen,  and  the  thymus 
gland.  A  hyperplasia  of  these  structures — termi'd  status 
lymphaticus — jji'cdisiioses  to  tlie  occurrence  of  sudden 
death  from  causes  that  otherwise  appear  insullicienl. 
In  a  nund)er  of  cases  of  death  following  chloroform 
and  ether  narcosis  this  eon<lition  has  been  found.  In 
some  of  these  cases  very  small  amounts  iif  ether  and 
chloroform  had  been  given  and  had  been  verv  carefvilly 
adminislered. 

Alcohiil. — CouQBUt^'ated  alcohol  coagulates  albumin  and 
extracts  water,  and  ma}'  therefore  produce  a  direct  corro- 
sive action  upon  tlie  gastrointestinal  mucosa.  Numer- 
ous eases  of  sudden  death  following  ingestion  of  large 
amounts  have  occurred  in  adidts,  and  comparatively 
small  amounts  have  sulliced  to  cause  death  in  ehililren. 
Post  miirtcT-i  there  will  be  found  the  signs  of  asi)byxia. 
with  alcoh.:lic  odor  from  stomach  contents,  lungs,  and 
brain,  and  with  intense  gastro  enteritis.  It  is  stated  that 
in  chroiuc  alcoholics  intolerance  of  alcohol  increases  with 
tlie  advancement  of  the  chronic  pathological  changes 
due  to  its  long-continued  use,  so  that  comparatively  small 
amounts  may  finally  cause  death. 

Gla.ss,  if  finely  |)idverized,  is  not  poisonous,  as  is  com- 
monly believed  by  the  laity.  If,  however,  the  particles 
arc  larger,  an  intense  irritant  effect  on  tlu^  nuicosii  of  the 
stomach  and  intestines  may  lie  mechanically  produced, 
and  cases  of  death  from  this  cause  are  on  record. 

Trichinosiis. — As  deaths  occasionally  occur  from  an 
invasion  of  trichina  spiralis,  due  to  the  ingestion  of 
"measly"  pin'k,  the  vender  of  such  meat  or  sausage 
might  be  held  rc'sponsible.  In  such  u  case  the  contents 
of  the  stomach  and  uiiper  ]iorliou  of  the  intestinal  tract 
should  be  examined  fur  free  trichina',  and  the  muscular 
tissue,  especially  of  the  diaphragm,  chest,  and  neck,  for 
encapsulated  trichina'.  At  the  s;ime  time  due  considera- 
tion must  be  given  to  the  liistciry  of  the  case,  and  to  such 
other  points  as  may  throw  light  upon  the  source  of  the 
infection. 

Anthnix. — Intestinal  anthrax  has  occurred  in  a  number 
of  cases  in  which  an  invasion  of  the  baiillus  has  been  di- 
rectly traced  to  infected  meat.  In  some  cases  the  meat  had 
been  thoroughly  cooked.  This  is  not  surprising  in  view 
of  the  resistance  of  anthrax  sjiores  to  liigh  femiteratures. 

>IouT.\L  iN.irniES. — The  medico-legal  (piestions  that 
arise  are  the  following; 

1.  Differentiation  between  post mortem  changes  and 
the  effects  of  injury. 

3.  Differentiation  between  injuries  inflicted  Iiefore 
death  and  post-mortem  injuiies. 

3.  Tlie  determination  of  the  immediate  cause  of  death, 
whether  directly  due  to  the  injury,  anil,  in  file  lire.sence 
of  more  tlian  one  injury,  the  determination  of  wliieh  one 
immediately  caused  death,  or  whether  more  than  one  in- 
jury was  necessarily  fatal. 

4.  The  determination,  if  ])ossible.  of  the  character  of 
the  injury,  and  of  the  means  and  method  of  its  infliction ; 
also  whether  the  means  and  UK'tbod  alleged,  and  the  cir- 
cumstances reported  as  having  attended  the  act.  are  com- 
patible with  the  characlrrof  the  injury. 

5.  Whether  the  conditions  fniind  are  compatible  or  not 
with  suicide,  and,  in  the  case  of  more  than  one  fatal  in- 
jury, whether  or  not  the  injuries  might  have  been  self- 
inflicted. 

(5.  The  detenninatiou  of  the  cause  of  death  where  dis- 
ease follows  injury,  and  also  the  determination  of  the 
question  whether  the  disease  is  the  direct  result  of  the  in 
jury  or  not.     When  an  injury  occurs  in  a  subject  already 


diseased,  it  is  important  to  learn  whether  or  not  the  dis- 
eased condition  might  have  prcilisposed  ;o  the  occurrence 
of  the  a<-cidcrit  in  which  injury  was  sustained,  or  whether 
the  outcome  of  the  injury  was  influenced  for  the  worse 
by  reason  of  such  pre  existing  disease. 

1.  After  death  the  blood  remaining  fluid  in  the  veins 
and  capillaries  naturally  flows  to  the'  mi>st  dclieiident 
portion  of  the  cadaver,  collecting  especially  whcri'  the 
skin  is  not  subjeclid  to  ]iressure.  With  the  oi'i-urri'iii-e 
of  dci-om])osition  the  red  blood  cells  disintegrate,  and  the 
scrum  tinged  with  blood  coloring  matter  may  transude 
through  tlie  vessel  wall  and  infllfrafe  the  surrounding 
loose  areolar  tissue.  Therefore  the  early  ixisl-mortcm 
spots  may  be  entirely  obliterated  liy  pressure.  When, 
iiowcver,  ])ost  mortem  transudation  has  occurred  thes])ots 
are  permanent.  When  decoin|iosition  is  julvaiiced  the 
cutis,  subcutaneous  tissue,  fascia,  and  even  the  muscle 
may  be  markedly  iiirill rated  and  succulent.  Under  these 
conditions  ordinaiy  (lost mortem  changes,  unless  their 
character  and  the  fact  of  decomposition  having  taken 
place  are  noted,  may  be  mistaken  for  contusions,  ecchy- 
nioses,  or  ha'tnatomata.  Indeed,  it  is  found  that  after 
death,  even  w  illiout  the  presence  of  injuries,  when  the 
veins  and  capillaries  are  distended  with  blood  from  the 
parts  being  in  a  dependent  position,  minute  lacerations 
may  occur  and  thus  give  rise  to  the  formation  of  eechy- 
nioses.  Such  lane  been  found,  for  instance,  in  the  con- 
junctiva on  one  side  when  the  head  has  been  lying  on  that 
side,  and  in  the  skin  of  the  lower  extremities  when  death 
has  occurred  by  hanging,  the  cadaver  having  been  sus- 
jiended  for  some  days.  Where,  however,  such  effusion  of 
lildod  does  occur  its  extent  is  not  usually  ecjual  to  that 
following  actual  ccaitnsion  or  that  due  ti>  the  formation  of 
a  ha-mafoma  (luring  life.  When  a  contusion  occurs  or  a 
hematoma  develops  during  life  the  eftu.sed  blood  usually 
clots;  if,  however,  dc^composition  is  far  advanced,  the 
clot  may  be  partially  disintegrated  and  ,some  difficulty 
may  be  experienced  in  determining  the  exact  condition 
of  tilings.  If  we  take  into  consideraticai  all  the  above 
points,  and  the  fact  that  it  is  just  this  formation  of  clot 
that  hinders  the  further  transudation  into  the  tissues,  a 
conclusion  can  generally  be  reached. 

"2.  Besides  obvious  mutilations  of  the  cadaver,  embrac- 
ing wounds,  fractures,  and  lacerations  of  tissue,  post- 
niortein  injuries  may  be  unknowingly  jiroduced  during 
the  ])erformance  of  an  autopsy.  A  wound  sustained 
during  life,  however,  will  present  certain  easily  dis- 
tinguishable characters.  There  will  be  some  inflamma- 
tory reaction  about  the  wound,  or  granulation  tissue 
will  be  present,  or  the  edges  of  the  wnund  will  have  be- 
come adherent.  The  effusion  of  bluod  in  the  tissues 
about  the  wound,  especially  the  clotting  of  blood  in 
these  tissues,  forms  additional  evidence.  Evidence  of 
hemorrhage  internally  or  externally  is  in  favor  of  injuries 
sustained  during  life.  It  is  possible,  however,  for  blood 
to  flow  from  a  wound  made  after  death  if  tlii^  wound  has 
been  made  in  a  dependent  portion  of  the  body,  if  a  large 
vein  has  been  opened,  or  if  decomposition  is  sonu'wliat 
advanced.  Gaping  of  the  wound  w  here  tlii'  subcutane- 
ous areolar  tissue  is  loose  favors  the  idea  that  the  injury 
was  sustained  during  life.  Where,  however,  flic  skin  is 
thick  and  the  subcutaneous  tissue  denser  anil  more  adher- 
ent, gaping  may  not  occur.  Gaping  of  the  wound  orever- 
sion  of  its  edges  tiiay  occur  w  hen  subcutaneous  fat  is  pres- 
ent in  considerable  amount,  and  when  decomposition  has 
taken  place.  The  sign,  therefore,  is  not  an  absolutely  re 
liable  one  for  or  against,  but  may  be  of  value  if  these 
restrictions  are  taken  into  account.  Fractures  may  occur 
post  mortem  and  may  be  unknowingly  produced,  during 
the  autopsy,  csiiecially  in  senile  cases  of  osteoporosis,  by 
overextension  of  the  cervical  vertebra'.  The  ab.sence  of 
hemorrhage  and  of  inflammatory  reaction  reailil.v  excludes 
the  possibility  of  a  fracture  having  occurred  during  life. 
By  the  same  manipulation  transverse  laceration  of  the 
sterno-eleido-niastoid  muscles  may  be  ijroduced.  In  de- 
ciding the  (luestion  of  iiost-morfem  occurrence  or  of  in- 
fliction during  life  the  same  restrictions  hold  as  were  dis- 
cussed above. 
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Injuries  may  occur  just  bofon'  dciitli  in  cases  of  sudden 
death  from  disease  or  in  eases  of  poisoniii"-,  as  the  result 
of  a  fall.  These  may  evidently  be  of  slight  importance. 
Incases  of  eerebml" hemorrliajri'  of  this  ty]ie  it  may  be 
of  considerable  importance  to  determine  whether  or  not 
such  hcmorrhaiiesare  of  this  charactcrand  have  lollowed 
some  primary  lesion. 

:l  An  injury  may  be  sutlieient  of  itself— if  it  slumld 
scricmsly  damage  or  deslroy  scmie  vital  organ — to  cause 
death.  "There  are  cases,  however,  in  which  the  decision 
that  a  given  injury  must  necessjirily  have  been  fatal  is 
very  hard  to  reueh".  This  is  due  to'the  fact  that  in  rare 
cases  the  patient  will  recover  from  injuries  which  are 
commonly  looked  upon  as  neces.sarily  fatal.  Then  again. 
even  if  he  docs  not  recover,  he  may  live  for  days  or 
weeks  after  tlie  inlliclion  of  the  injury. 

Secondary  nu'chanieal  etl'cets  following  the  injury  may 
be  the  inuiicdiate  cause  of  death.  Among  these  may  be 
mentioned  comincssion  of  the  brain  by  blood  clot,  inter- 
ference with  heart  action  by  hemoirhage  into  the  jieri- 
cardial  sac.  pneumothorax  from  a  penetrating  wound  of 
the  chest  wall  or  also  of  the  lung  itself,  and  laceration  of 
the  lung  by  a  fnictured  rib. 

Hcniorrhage.  e-\ternal  or  internal  into  one  or  auotlier 
body  cavily,  may  be  the  iunnediate  cause  of  death.  If  it 
is  internal,  the  actual  amount  of  blood  lost  to  the  circula- 
tion may  be  directly  measured;  if  it  is  external,  and  the 
evidence  of  the  autopsy  alone  is  at  hand,  we  must  depend 
for  our  diagnosis  u]ion  the  ana-mia  of  the  organs.  If 
death  is  due  to  hemorrhage,  all  the  (U'gans  are  pale  and 
almost  bloodless:  the  heart  and  vessels  contain  much  less 
blood  than  normally  and  arc  contracted.  Tliisaiiplies,  of 
course,  to  cases  in  which  death  immediately  follows  the 
loss  of  blood.  If  some  time  has  intervened  between  the 
occurrence  of  the  liemorrhage  and  death,  there  will  be 
an  antemic  condition,  an  hyilra'mia;  but  the  organs  will 
not  be  found  in  the  bloodless,  dry  condition  characteristic 
of  those  cases  in  which  death  follows  immediately  after 
hemorrhage. 

The  immediate  cause  of  death  may  be  .shock.  There 
is  no  positive  evidence  jiost  mortem  upon  which  such  a 
diagnosis  could  be  based  indeiiendently  of  the  history  of 
the  case.  JIultiplieity  of  injuries,  extent  of  injury,  evi- 
<lence  of  compression  or  contusion  of  the  abdomen  as 
afforded  by  marked  dilatation  of  the  abdominal  veins, 
might  all  favor  such  a  conclusion.  The  clinical  lustury, 
especially  the  time  intervening  between  injuiy  and  d<'at'h. 
taken  in  connection  with  the  above  ditta.  is  jn-ciliably 
better  evidence.  In  this  connection  it  should  be  renicni- 
bered  that  there  are  undoubted  cases  of  death  from  shock 
alone  without  the  intliction  of  injury.  In  many,  of 
course,  a  neurotic  predisposition  may  be  presumed,  or  the 
existence  of  heart  lesions  or  disease  of  the  cerebral  vessels 
ma_v  explain  the  cause  of  death,  the  shock  in  such  cases 
producing  a  nervous  or  vascvdar  effect  determining  the 
occurrence  of  syncope  and  death. 

In  the  jireseiu'e  of  mine  than  one  injury,  the  effects  of 
each  shoidd  lie  carefully  weighed  and  its  importance  in 
the  causation  of  death  determined.  Each  injury  should 
be  separately  considered  and  the  probable  residt,  if  such 
injury  alone  were  ]n-csent,  determincil.  This  is  a  matter 
of  consideralile  importance,  as  the  injuries  may  have  been 
inflicted  by  different  individuals,  or  by  thesame  indi- 
vidual under  different  circumstances;"  as,  for  instance, 
when  a  first  shot  is  fired  in  self-defence  and  a  second 
when  the  assailant  has  turned  in  Might.  The  question 
might  arise  whether  one  of  the  wounds  might  have  been 
self-inflicted,  the  other  having  been  admittedly  inflicted 
by  the  defen<lant  on  trial.  Such  might  ]iossibly  be  the 
case  in  a  struggle,  both  the  participants  being  armed,  or 
wliere  an  otlicer  in  pursuit  of  a  fugitive,  Vcvolver  iu 
hand,  is  afterward  found  dead  with  two  bullet  wounds. 
Even  though  there  may  be  evidence  of  his  weapon  hav- 
ing been  recently  discharged,  this  of  co\irse  would  not  be 
conclusive  of  one  winmd  having  been  self-inflicted. 

■i.  An  accurate  description  (if  all  iujuries.  their  char 
acter,  location,  tissues  involved,  measurements,  direction. 
and  external  appearance,  including  that  of  surrovmding 


parts,  not  only  of  the  body  li\it  also  of  the  clothing  if 
possilile,  should  be  made  in  every  ca.se.  This  is  of  the 
greatest  imiiortance,  and  may  be  the  only  admissible  evi- 
dence upon  which  a  case  can  be  decided  by  the  jury. 

A  contusion  according  to  its  severity  indicates  more  or 
less  forcible  c<intact  with  some  flat  or  blunt  firm  sub- 
slanci — /.('..  citlicra  blow  or  a  fall.  Which  is  the  case  in 
a  given  instance  may  be  imjiossible  to  decide  frimi  the 
contusion  alone.  Its  .size  may  afford  some  help ;  its  loca- 
tion may  be  of  more  importance.  Such  situations  com- 
patilile  with  a  fall  will  readily  suggest  themselves,  yet 
many  of  these  contusions  maj'  not  be  distinguishable 
from  those  which  are  the  result  of  a  blow.  If.  however, 
the  area  of  contusion  is  smaller  than  thi'area  which  might 
readily  have  come  in  contact  with  given  siirrounding  ob- 
jects, the  conclusion  would  be  in  favor  of  a  blow. 

Abrasions  favor  the  conclusion  of  a  glancing  fall  or 
blow. 

A  hannatoma  may  occupy  the  site  of  contact  in  a  blow 
or  fall,  or  may  be  secondary  to  a  fracture  the  result  of 
such  blow  or  fall,  and  may  occtipy  a  position  near  or  at 
a  distance  fi-om  the  immediate  site  of  contact. 

Wiiunilsare  described  as  incised,  contused,  lacerated, 
and  punct  ured.  These  adjectives  readily  suggest  a  cut  or 
a  thru.st  with  a  sharp,  blunt,  ragged,  or  pointed  instru- 
ment ;  or  a  fall  upon  such  sharp,  blunt,  ragged,  or  pointed 
object.  It  should  be  rememljered.  however,  that  the  ap- 
pearance of  an  incised  wound  may  be  simulated  when 
such  wound  occurs  over  projecting  bony  ridges,  as  the 
supraorbital  ridge,  nose,  margin  of  jaw,  tibia,  et  cetera, 
although  really  produced  by  blunt  objects  either  from  a 
blow  or  from  a  fall.  Even  a  bullet  womid  may  occasion- 
ally resemble  an  incised  or  punctured  woimd  from  the 
splitting  of  the  skin  over  a  bony  sui-face. 

BtiUct  Wtiiindn. — The  accurate  description  of  their 
special  characteristics  is  of  the  greatest  importance,  not 
only  in  proving  the  presence  of  a  bullet  wound  when  the 
b\illet  cannot  be  found,  but  also  in  furnishing  data  from 
which  valuable  conclusions  may  be  drawn.  The  points 
for  examination  and  description  are  as  follows; 

(")  The  skin  and  siu'numding  jiarfs  externally. 

(1)  The  soUitinn  of  continuity  in  the  skin. 

{'2)  The  immediate  surrounding  narrow  zone  of  con- 
tusion, abrasion,  and  lead  staining.  Both  of  these  arc 
effects  produced  by  the  bullet. 

(8)  The  stain  or  smudge  which  can  readily  be  wiped 
off  (U'  washeil  off,  the  effect  of  the  smoke. 

(4)  The  embedded  jiowder  particles,  some  of  which  from 
their  very  suiierficial  location  can  be  washed  off,  while 
others  more  deeply  situated  remain — the  effect  of  incom- 
plete combustion  of  the  powder. 

(.1)  Burning  of  the  surrounding  skin  and  singeing  of 
the  hair,  the  effect  of  the  ffame. 

(())  The  zone  of  contusion  about  the  wound  larger  than 
that  produced  by  the  bullet — the  effect  of  concussion  of 
the  ex])losive  gases. 

(Ii)  Immediately  beneath  the  wound  in  the  skin  the 
following  effects  may  be  noted: 

(1)  Contusion  and  laceration  of  tissue  by  the  explosive 
gases. 

(',')  Staining  by  smoke  and  by  particles  of  powder  un- 
changeil  or  incompletely  burned. 

(3)  15urning  or  charring  by  the  flame,  ignited  powder, 
or  wad. 

(c)  The  track  of  the  bullet  and  the  tissue  surrounding 
it  may  lu-csent  the  above  effects  of  laceration  from  the 
explosive  gases,  charring  from  the  flame,  and  blackening 
from  embedded  ]iarticlcs  of  powder;  and  in  soft  parts 
these  effects  may  be  even  more  marked  than  directly  be- 
neath the  skin  on  account  of  the  centrifugal  distiibution 
of  these  etTects.  In  bullet  woiuids  of  the  brain  still  other 
effects  may  be  produced:  some  of  them  being  due  to  the 
fact  that  smaller  nr  larger  fragments  of  bone  are  carried 
in  like  ju'cjectiles.  ami  others  re.sidting  from  the  fragmen- 
tation of  tile  indlet.  the  result  either  of  the  composition  of 
the  nu'tal  or  of  the  manner  in  which  the  bullet  has  struck 
the  bone. 

If  we  take  these  facts  into  account,  it  can  rcadilv  be  un* 
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(IcTstood  how  these  effects  vary  iucorcliii!;  to  tlie  size, 
calibre,  k'lijrtli.  sliapc.  consistciicc,  and  structure  of  tlic 
Imllct;  the  kind,  condition,  and  aniouul  of  the  powder 
charge;  the  character  of  tlie  weapon,  wlictlicra  ritle.  jrnn, 
pistol,  or  revolver;  and  the  ranire  from  which  the  shot 
was  tired.  Inlerveningclothiniiand  hair,  dcpendinu^  upon 
its  amount,  texture,  and  arranncuunt.  may  intluence  cer- 
tain of  these  appearances,  causing  their  absence  in  the 
wound  or  u]ion  the  skin  when  otherwise  they  would  cer- 
tainly have  l)ecn  ])resenl. 

From  experiments  performed  ujion  the  cadaver  with 
(lifTcrent  weapons  of  dillercnt  calilire.  at  ranges  varying 
from  contact  onward,  and  upon  diircrcnt  jiarts,  residls 
have  been  produced  which  with  certain  minor  limitations 
form  a  basis  iijion  which,  when  the  cfTecIs  ])roduced  in  a 
wound  are  known  an<l  the  cireunistances  set  forth  a1)ove 
are  tak<Mi  iutoaccoinU,  the  range  at  wliich  the  sliol  w:is 
tired  can  lie  determined  with  consiileralile  aeenraey.  l! 
is  not  meant  that  the  distance  can  always  be  delerniincd 
within  an  inch;  nor  is  such  determination  always  calk'd 
for.  "NVe  can  tletcrmine.  however,  that  certain  effeels 
could  not  have  been  produced  beyond  a  certain  range,  or 
within  a  certain  range,  and  thereliy  we  shall  !)<■  al)le  to 
exclude  suicidi'  or  to  admit  its  i)ossil)ility.  ThcelT'ects 
produced  in  the  wound  may  then  be  tiie  only  evidence 
upon  which  a  decision  can  be  reached,  or  may  prove 
strong  corroborative  evidence,  or  may  be  the  only  means 
of  preventing  an  unjust  conviction. 

The  wound  in  tlie  skin  may  be  round,  its  edges  rougli- 
cncd  by  contusion;  or.  by  reason  of  small  lacerations  of 
its  margin,  it  may  present  the  apiiearance  of  a  rosette. 
Again,  it  may  be  quite  large  and  may  have  a  triangular 
or  ovoid  shape;  or  it  may  be  slit  like  and  resemble  an  in- 
cised wound,  the  bvillet  having  caused  a  splitting  of  the 
skin.  Such  a  wound  may  heal  by  jirimary  union  and 
obscure  the  charaeterof  the  injury.  It  is  jiroduced  mnvc 
fre(iuently  witli  revolvers  of  smaller  calibre  and  by 
]iointed  l)ullets.  Aberrations  from  the  circular  or  roimd 
form  of  wound  may  be  produced  Ijy  the  bullet  striking 
the  skin  surface  at  a  more  a<-ufe  angle.  Larger  lacera- 
tions leading  from  the  wound  may  in  sonie  cases  be  cx- 
])lainetl  liy  the  elTeet  of  the  explosive  gases  beneath  the 
skin.  (For  furllu'r  details  in  regaid  to  the  diil'erenl 
characteristics  of  bullet  wounds  the  reader  is  referred  to 
the  article  on  Omiali'd  liijiin'iH  in  a  later  volume.) 

The  limit  of  the  range  beyond  which  grains  of  ]iowder 
cannot  become  embeihled  in  the  skin  adjacent  1o  the 
wound  varies,  according  to  the  calibre  of  the  weajion 
tised  and  the  amoimt  of  the  eliarge  of  powder,  from 
about  one  foot  with  a  small  revolver  to  three  feet  and 
more  with  those  of  large  calibre,  six  feet  with  the  old- 
style  army  pistol,  anda  still  greater  distance  with  a  shot- 
gun. Embed<led  powder  grains  arc  found  within  tliesi' 
ranges  for  w<'a]ions  cited.  They  arc  few  in  number  and 
scattered  with  the  higlii-r  range,  and  mon;  coiicemrat<'d 
and  abundant  as  contact  is  approached,  on  account  of 
their  centrifugal  distribution.  With  contact  they  are 
u.sually  absent  in  the  skin  but  present  in  larger  amount 
in  the  tissues  beneath,  the  depth  dejiending  upon  the 
calibre  of  the  weapon  and  llie  amount  of  powiler  in  the 
charge.  With  a  ivvolver  of  medium  calibre  the  de]iosil 
of  powder  grains  in  the  wound  diminishes  with  increase 
of  range  to  mere  staining  of  the  bnlk't  track,  so  that  be 
voikI  one  inch  the  etl'ect  of  powder  grains  in  the  wound 
ceases  to  be  observed.  When  the  muzzle  is  not  held  in 
immediate  contact  the  powder  grains  appear  in  the  skin 
about  the  wound,  and  the  aiipearancc  varies  with  I  be 
distance  as  stated  above. 

At  contact  the  elVeet  of  the  explosive  gases  and  the 
staining  and  charring  of  the  subeutatieoiis  wound  are  most 
marked,  varying  according  to  calibre  and  i)owder  charge. 
Laceration  of  tissue  thus  jiroduced  is  almost  constant 
with  0,:>2  to  0.44  calibre,  but  is  exceptional  with  0.22. 

Burning  of  the  hair  is  more  extensive  than  burning  of 
the  skin,  and  varies  according  to  the  calibre  and  the 
range.  With  an  0  22  calibre  it  varies  from  contact  to 
three  inches;  with  an  0.44  calibre,  from  contact  to  fifteen 
inches.     At  contact  there  may  be  no  singeing  of  the  hair 


at  all.  or  if  ])re.sent  it  is  conlined  to  a  few  hairs  immedi 
alely  al)out  the  wound.  With  a  revolver  of  medium 
calibre,  at  one-(piarter  of  an  inch,  singeing  is  invariabl}' 
[iresent  but  may  be  limited  to  an  area  of  one  inch  or  less. 
At  a  range  of  from  three  to  live  inches  singeing  is  no 
longer  constant. 

Huriung  of  the  skin  varies  in  the  .sjimc  way  and  within 
narrower  limits.  At  contact,  with  a  revolver  of  medium 
calibre,  there  may  be  charring  of  the  edge  of  the  wmnid, 
but  the  greatest  ellect  is  i)rodiieed  on  the  underlying 
tissues.  At  a  distance  of  from  one-cpiarler  of  an  inch  to 
three  inches  charring  is  usual  but  not  constant ;  at  greater 
ranges  it  is  absent.  With  larger  weapons  it  may  occur 
at  greater  ranges. 

To  recapitulate,  th<'  efTects  will  disappear  in  the  fol- 
low ing  order,  as  the  range  is  increased  from  contact  to 
the  maximum  limit : 

(1)  KllVcl  of  explosive  gases. 

(2)  Etl'ect  of  smoke  stain  or  snuidgc  w  liieli  can  be  wiped 
or  wa.shed  otT. 

(8)  Etlect  of  the  tlame  in  burning  of  the  skin. 

(4)  Singeing  of  the  hair. 

(•"))  End)edded  ])owder  grains. 

Protection  of  tlie  part  liy  clothing  or  hair  will  explain 
the  absence  of  some  cU'eets,  namely,  smoke  stain,  em- 
bedded jiowder  grains  in  the  skin,  or  burning  of  the  skin 
at  slioit  range.  In  such  cases  we  may  have  the  valuable 
sign  of  singeing  of  the  hair  to  guide  us. 

The  track  of  the  bullet,  besides  presenting  effects  already 
noted,  may  be  of  im]iortanee  in  establishing  the  direction 
from  which  a  shot  was  fired  or  the  jiosition  of  the  body 
wIk'U  the  shot  was  fired.  Can'  should  be  taken  in  reach- 
ing conclusions,  since  it  is  well  known  that  the  course  of 
a  bullet  may  be  detlected  especially  by  bone,  and  that  a 
bullet  may  wander  not  only  after  being  in  the  body  a 
consi<lerabl(^  time,  but  also  in  fresh  cases.  The  track  is 
of  importance  also  as  a  guide  to  the  location  of  a  bullet. 
TIk!  track  may  contain  the  wad,  and  in  an  interesting 
case  in  literature  sm  lia  wad  .served  to  convict.  A  game- 
keeper was  found  dead  in  the  forest ;  the  wad  was  not 
burned  and  proved  to  be  part  of  a  calendar  in  posses.sion 
of  a  notorious  ])oacher. 

Although  the  l)iillet  maybe  markedly  deformed  or  flat- 
tened, the  rim  at  its  base  is  usually  sufficiently  intact  to 
determine  its  calibre  Certain  markings  upon  the  bullet 
may  prove  valuable  evidence  of  its  having  been  tired  from 
a  given  weapon.  Moreover,  its  jjresentation  to  the  jury 
is  the  best  evidence  that  the  wound  was  really  produced 
by  a  bullet. 

jMultiiile  wounds  may  be  caused  by  the  same  bullet 
passing  through  the  upiier  extremity  and  thorax,  or  lower 
extremity  and  abdomen,  or  Ihrougli  mamma  and  thorax  ; 
three  or  more  wounds  being  jiresent  in  the  skin.  It  is 
necessary  lo  distinguish  wounds  of  entranee  from  wounds 
of  exit.  As  far  as  the  soft  i>arts  are  concerned,  this  lias 
been  discussed  above.  In  the  calvaria  the  fracture  pro- 
duced is  an  excellent  criterion.  The  table  njion  which 
the  bullet  impinges  first  is  fiactured  to  a  less  extent. 
Thus,  in  wounds  of  entrance  the  outer  table  presents  the 
smaller  fipening.  the  inner  the  larger  opening;  the  frac- 
ture shelves  inward.  In  wounds  of  exit  the  inner  table 
presents  the  smaller  opening;  the  fracture  shelves  out- 
ward. 

The  (>|iening  ma<le  by  the  Inillet  in  jiassing  through 
bone  is  usually  larger  than  the  ealibic  of  the  bullet,  and 
in  the  case  of  bullet  wounds  of  the  brain  the  canal  of  the 
liullet  may  also  be  eonsideralily  lar.ger.  this  effect  being 
ibut  in  iiart  to  the  flattening  of  Hie  bullet  against  the 
bone,  and  in  part  to  the  carrying  in  of  fmgments  of  bone 

Where  detleetion  has  o(eurre<l  and  where,  as  in  the 
abdominal  cavity,  the  bullet  may  liaversi' a  considerable 
distance  without  causing  lesions,  the  track  or  canal  of 
the  Indict  may  not  lead  directly  to  the  bullet  itself.  In 
one  case  the  wound  of  entranee  was  located  in  the  right 
hypochondriac  region  and  with  it  was  associated  a  wound 
of  the  transverse  <-olon  and  its  mesentery  The  diri'ction 
of  the  track,  up  to  this  point,  was  backward,  inward, 
and  slightlv  downward,  yet   the  bullet  was  found  em- 
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bedded  beneath  the  ilio-psoiis  muscle  on  tlie  left  side  of 
tlic  tifth  lunibav  veitclnii.  In  another  case  the  wound 
of  entnince  was  located  on  the  anterior  and  inner  aspect 
of  the  left  tliijrh.  with  pirt'oration  into  the  jieritoneal 
cavity  below  Pouparl's  li.nanicnt.  The  huUcl.  however. 
was  found  in  the  stoniaeii,  and  there  was  a  wound  in  its 
posterior  wall  near  the  greater  curvature,  with  a  second 
wound  in  the  transvc^r.se  nie.sdcolon.  In  bullet  woiuids 
of  the  bniin  theainonnt  of  ilellection  may  be  considerable. 
SO  that  the  canal  may  liass  thronifh  the  suj)erfieial  liart 
of  the  corte.x.  from  one  side  of  the  calvaria  to  the  other. 
The  angle  of  detiection  may  be  very  acute.  Thus  in  one 
case  the  wound  of  entrance  was  located  over  the  left 
parietal  boss,  while  the  tnici;  passed  downward  and 
across  the  median  line  through  the  brain  to  the  right 
side  of  the  frontal  bone,  causing  comminution  at  the 
j\uiction  of  the  orbital  i)late  and  jierpendicular  portion. 
A  second  canal  was  found  in  the  right  hemisphere  lead- 
ing to  the  bullet ;  the  latter  being  very  nuich  flattened 
beneath  the  right  i)arietiil  boss,  which  was  excessively 
connninuted. 

The  discharge  of  a  weapon  at  contact,  provided  the 
powder  charge  is  sullicicntly  large,  even  though  there  is 
no  biUlet  and  const-quently  no  bullet  wound  through  the 
skin,  may  cause  death,  A  cjise  is  reiiorted  of  laceration 
of  the  heart  through  such  a  discharge  at  contact  against 
the  pni'cordial  region.  The  skin  presented  tlie  usual  ap- 
pearances with  the  exception  of  a  bullet  wound,  i.e.. 
smoke  stain,  burn,  and  embedded  powder  grains  were 
visible. 

Cases  have  occiu'red  in  which  the  mouth  was  tilled  with 
powder,  which  was  then  ignited. 

The  extent  of  connninution  of  bone  varies  with  the 
character  of  the  bullet,  its  soft  or  hard  cousistenc_v.  its 
structure,  its  calibre,  powder  charge,  and  range;  in  ad- 
dition the  thickness  of  bone  must  be  taken  into  account. 

5.  The  decision  whether  a  bullet  wound  was  self-in- 
flicted may  be  ditlicult  to  reach  when  the  Avoinid  presents 
the  appearance  of  a  shot  at  contact,  or  williin  a  lange  at 
which  self  infliction  is  possible.  Such  wounds  may  of 
course  have  been  inflicted  by  another  individual.  The 
wound  in  suicide,  although  usually  inflicted  at  or  nearly 
at  contact,  need  not  of  course  have  been  so  inflicted. 
From  the  situation  of  the  wound  of  entrance,  and  the 
direction  of  the  track,  valuable  conclusions  may  be  drawn ; 
but  the  possibility  of  suicide  should  not  be  excluiled  ex- 
cept after  the  most  careful  consideration,  since  iii'culiar 
methods  of  handling  the  pistol  may  have  been  employed, 
such  as  steadying  the  barrel  with  one  hand  against"  the 
part  and  pulling^he  trigger  with  the  other.  From  the 
reflection  of  smoke  and  powder  grains  the  hand  may  be- 
come stained.  Careful  examination  of  both  handsWith 
this  end  in  view  sliould  be  made,  and  from  the  above  it 
can  easily  be  understood  how  the  stain  may  appear,  not 
only  n])on  the  hand  usi-d  to  discharge  the  wiajion,  but 
where  the  barrel  lias  been  steadied  with  the  other  hand 
this  may  be  staine<l.  and  yet  the  stain  l)e  absent  upon  the 
hand  that  has  pulled  the' trigger.  This  will  explain,  for 
instance,  the  presence  of  a  litdlet  wound  on  the  right  side 
of  the  head,  and  a  powder  stain  on  the  left  hand.  The 
palm  and  flexor  aspect  of  the  thund)  should  be  examined 
for  scratches  (U'  contusions  that  might  have  been  pro- 
duced by  the  recoil  of  the  revolver."  All  attending  cir- 
cumstances should  be  noted.  Of  course,  the  revolver 
still  grasped  in  the  hand  of  the  deceased  doe^  not  neces- 
sarily prove  suicide,  as  it  is  conceivable  that  before  rigor 
mortis  has  set.  in  such  a  condition  may  be  directly  pro- 
duced post  mortem. 

The  (juestion  of  multiple  self-inflicted  wounds  comes 
U|)  for  decision  in  cases  in  which  one  or  more  were  neces- 
sarily fatal,  and  it  may  be  important  to  deeiiie  whether 
one  was  inunediately  fatal.  The  ])resuniption  may  arise 
that  the  second  wound  could  not  have  been  inflicted  af I er 
the  infliction  of  the  first,  Dovilile  bullet  wounds  in  the 
heart  have  been  self-inflicted.  Whether  a  bullet  woiuid 
of  the  brain  necessarilv  prevents  a  further  voluntary 
action,  is  often  hard  to  decide.  Of  course,  if  a  vital 
centre  has  been  lacerated  death  must  have  occurred  im- 


mediately thereafter.  Still  it  is  quite  possible  that  lac- 
eration of  the  brain,  and  sometimes  quite  considerable 
laceration,  may  occur  in  uncommon  cases  without  being 
inunediately  fatal. 

Mullet  wounds  and  other  injuries  may  occur  in  cases  of 
suiciile,  all  having  been  self-inflicted.  In  addition,  numer- 
ous cases  have  been  reported  of  poisoning  and  traumatism 
in  the  same  individual. 

a.  The  estimation  of  the  relative  importance  of  disease 
and  injury  and  o(  their  dependence  upon  each  other  is 
best  considered  regionally.  Certain  considerations  apply 
in  all  cases.  Thus,  for  exami)le,  it  must  be  remembered 
that  a  wound  infection — such  as  septictemia,  pyaemia, 
erysi])elas.  and  tetanus — may  follow  an  injury."  Local 
tuberculcnis  iwocesses  may  be  secondary  to  traumatism. 
Pneumonia  may  follow  an  injury  and  may  prove  fatal, 
AVhen  injuries  occur  in  a  subject  of  chronic  disease,  the 
injury  and  the  disease  should  be  separately  considered, 
anil  the  attempt  should  be  made  to  determine  the  part 
])layed  by  each  in  tlie  caus<vtion  of  death.  Post  mortem, 
the  differentiation  between  the  results  of  disease  and 
those  of  traumatism  should  be  made,  and  in  this  con- 
nection the  subject  of  hemorrhage  is  important,  as  it  may 
be  the  residt  of  either.  jMistakes  may  be  made  in  tle 
termining  the  origin  of  hemorrhage. 

He.vd, — C'liicii-^swii  fif  the  Brain. — E.xtemal  signs  of 
violence  may  be  present,  but  cases  may  occur  of  even 
fatal  concus.sion  with  little  or  no  evidence  of  external 
violence.  The  brain  is  usually  congested,  and  sometimes 
shows  multijile  and  very  flne  contu,sious  over  the  entire 
surface.  The  floor  of  the  fourth  ventricle  is  a  spot  where 
important  evidence  may  be  found  in  these  cases,  and  it 
should  be  examined  from  above,  the  brain  having  been 
laid  on  its  base  with  the  cerebellum  toward  the  observer. 
After  section  of  tlie  cerebral  heniis|)here  on  either  side,  a 
median  incision  is  made  through  the  cerebellum  until  the 
ventricle  is  reached.  Then  the  incision  is  to  be  extended 
anteriorly  to  the  corpora  (luadrigemina  and  posteriorly 
to  the  divergence  of  the  restiform  bodies.  Finally,  the 
.separation  of  the  two  halves  of  the  cerebellum  will  bring 
into  view  the  floor  of  the  fourth  ventricle.  In  fatal  con- 
cussion ecchymotic  spots  varying  in  number  and  extent 
are  usually  found  here.  Care  should  be  taken  not  to 
confuse  the  prominent  veins  usually  found  on  either  side 
of  the  anterior  part  of  the  floor  of  the  fourth  ventricle, 
with  ecchymoses. 

Contusion  of  the  brain  is  practically  a  minute  surface 
laceration  of  the  cortex.  It  is  niarke(l  by  red  spots  that 
remain  after  pressure  on  the  pia  and  which  on  section 
prove  to  be  a  thin  surface  hemorrhage  beneath  the  pia  in 
the  brain  substance. 

Laceration  of  the  brain  is  always  accompanied  by 
hemorrhage  and  may  be  due  to  violence  or  to  the  effusion 
of  blood  from  spontaneous  ruiiture  of  a  diseased  vessel. 
Ill  the  latter  case  the  tyiucal  location  of  the  hemorrhage 
is  in  the  lenticular  nucleus,  the  blood  having  come  from 
aru|iture  of  one  or  another  of  the  anterior  perforating 
arti'ries.  most  commonly  the  lenticulo-striate.  The 
hemorrhage  and  laceration  may  vary  in  extent;  they 
may  involve  the  inner  caiisule.  the  head  of  the  CJiudate 
nucleus  or  the  optic  thalamu.s,  and  sometimes  they  ex- 
tend into  the  ventricle;  or  the  extension  may  take  "place 
in  an  outward  direction  through  the  outer  capsule,  the 
clanstniiu.  and  the  cortex  of  tlie  island  of  Keil.  Violence, 
however,  may  cause  just  such  a  hemorrhage,  although 
in  such  a  case  other  lesions  are  likely  to  be  present  in 
addition.  As  a  general  rule,  multiplicity  of  hemorrhages 
and  lacerations  points  to  violence.  A  siiontaneous 
liemorrbage  may  occur  in  the  usual  site  described  above, 
and  when  llie  violence  is  due  to  a  fall  ujion  the  back  of 
tile  head  follow  ing  loss  of  consciousness  multiple  liemor 
rliages  willi  laceration  of  brain  tissue  niav  occur  in  tlie 
brain  substance  and  in  the  cortex.  In  laeeration  of  the 
brain  due  to  violence,  the  lesions  are  usually  most  marked 
in  the  cortex,  on  the  surface  and  they  become  less  exten- 
sive in  the  deeper  portion  of  the  brain  tissue.  Such  lacera- 
tion may  be  due  to  a  comminuted  depressed  fracture  of 
the  skull,  the  actual  tearing  being  caused  by  fragments  of 
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bone ;  far  more  commonly,  however,  the  seat  of  laceration 
i^  directly  opposite  the  point  of  iiijplicaliou  of  violence 
a.s  inrlicatcd  by  a  lacerated  scalji  wonnd.  contusion  or 
lueniatoMia  iif  llie  scalp.  The  brain  isap]iarently  ca|)able 
(if  enduring  considerable  compression  without  the  occur- 
rence of  la<'erati<in.  Where,  however,  the  brain  ti.ssue  is 
called  upon  to  till  out  an  increased  space,  i.i:.  where  dis- 
tention occurs,  laci'iation  result.s.  AVlieu  violence  is  ex- 
erted upon  one  point  of  the  calvaria.  the  convexity  of  the 
bone  is  suddeidy  reduced,  while  at  a  jxiint  directly  oppo- 
site the  convexity  is  increased  by  compensation.  At  the 
point  of  application,  therefore,  the  brain  ii;a_v  be  com- 
pressed without  laceration,  whileat  theo]iposite  point  tli<' 
brain  is  distended  and  laceration  results.  With  a  blow 
iir  fall  upon  the  side  of  the  head,  with  a  lia'niatDnia  in 
the  temporal  or  ]iarietal  region,  the  surface  of  thecandate 
nucleus  and  ojjtic  thalamus  on  the  ,saine  side  is  sometimes 
the  scMt  of  laceration,  without  laceration  of  the  tcmiioral 
or  i)arietal  eorte.x  on  that  side.  Here,  again,  the  corte.x 
has  been  comjiressed  and  an  o])posite  brain  surface,  though 
an  internal  one,  .  ha's  become  lacerated  !)y  distention. 
Laceration  of  the  cortex,  altbotigh  connnouly  occurring 
with  fracture  of  the  skirll.  either  at  some  point  in  the 
skull  cap  or  at  its  base,  may  also  occur  witliout  fracture, 
the  bone  having  bei'U  sutliciently  <'l.-istic  to  acconunndate 
itself,  without  breaking,  to  the  sudden  change  in  shape 
due  to  the  violence.  With  laceration  of  the  biain  a  blood 
clot,  more  or  less  extensive,  may  form  between  dura  and 
jiia.  When  the  laceration  does  not  involve  the  ]iia  mater, 
blood  may  be  infiltrated  in  the  meshes  of  the  ])ia  arach- 
noid and  ma\'  infiltrate  tlu^  sulci  beneath  the  ]>ia  mater. 

Iiijiirii-fi  to  the  Ccrclind  Vesxtln. — Isolated  laceration  of 
one  or  another  cerebral  vessel  may  be  due  to  violence 
litbi-r  with  or  without  fra<-ture  of  the  skidl.  The  vessel 
may  or  may  not  have  ])reviously  been  the  seat  of  fatty  de- 
generation or  of  aneurism.  In  such  a  case  the  blood  is  usu- 
ally poured  out  beneath  the  pia  mater,  more  cfumnoidv  at 
thebaseof  the  brain;  it  may  infiltrate  both  tissuresof  Syl- 
vius, and  passing  beneath  the  velum  interpositum,  through 
tlie  large  transverse  fissure,  may  break  through  the  single 
layer  of  cpitheliiun  constituting  the  eprndyma  and  gain 
access  to  tlie  ventricU'S.  An  accurate  examination  of  all 
the  cerebral  vessels  is  a  matter  of  consiilerable  importance. 
In  the  case  of  an  aneurism,  spontaneous  rupture  is  (juiti^ 
possible:  but  when  the  vessels  are  the  seat  of  fatty  de- 
generation and  atheroma,  spontiineous  rupture  is  infre- 
quent, if  we  except  the  lentieulo-striate  and  anterior  per- 
forating branches.  Atheroma  will,  however,  account  for 
conditions — namely,  vertigo  and  sudden  lossof  conscious- 
ness— which  in  themselves  may  be  responsible  for  the  oc- 
currence of  traumatism. 

Trail ntiitir  Mi  ntiiriitin. — Acute  purulent  or  iirolifcrative 
nK'ningitis  may  occur  from  traumatism,  and  may  be  the 
immediate  cause  of  death.  Where  a  wound,  with  or 
without  fracture  of  the  .skull,  has  ojiened  the  way  for  in- 
fection, or  where  fracture  of  tli(!  baseof  the  skull  has  per- 
mitted infection  tiu'ough  nasal,  buccal,  or  iwral  orifices, 
the  comiectionof  a  ]nindent  meningitis  with  the  trauma- 
tism, although  indirect,  is  ([uilc  evident.  Such  a  liuru- 
lent  meningitis  may  not  follow  the  traumatisjn  directly, 
as  infection  may  take  place  later  and  is  possible  as  long 
as  the  wound  or  fracture  is  not  comiiletely  healed. 

Where,  however,  a  purulent  or  an  acute  proliferative 
meningitis  is  found  without  an  apparent  avenue  of  in- 
fection, but  following  a  traumatism  (as  contusion  of 
some  part  of  the  head  with  concussion  of  the  brain),  the 
connection  between  the  meningitis  and  the  traumatism  is 
more  dithcult  to  establish.  All  other causesof  meningitis 
would  have  to  be  excluded  In  addition,  the  clinical  his- 
lory  of  onset  of  meningitis  within  at  leasta  few  days  from 
reception  of  the  traumatism,  would  be  tnost  important 
evidence.  The  stage  of  the  inliammatory  process  as 
found  at  the  autopsy  is  of  great  importance  Although 
it  might  not  be  possible!  to  determine  absolutely  the 
duration  of  the  disease,  still  it  might  lie  iiscertained  that 
the  duration  was  or  was  not  longer  than  a  given  time, 
namely,  the  date  of  the  occurrence  of  the  traumatism  in 
evidence. 


The  important  bearing  of  an  inflammatory  process,  with 
invasion  of  iiyogenic  bacteria  in  some  other  i)ortion  of 
tlie  body  adjacent  or  remote,  shotdd  not  be  forg(jtten  as  a 
possible  source  of  infection. 

The  occurrence  of  acute  exudative  intl.-inuuations  of 
serous  membranes  in  subjects  of  chronic  interstitial  or 
diffuse  neiibritis  without  traumatism,  would  render  the 
acce])tance  of  these  diseases  as  predisposing  conditions 
of  meningitis  from  Iraumatism  quite  |ilausible. 

Hemorrhagic  meningitis  is  not  necessarily  traumatic. 
It  may  occur  as  a  complication  (jf  typhoid  fev<'r  and 
other  infectious  diseases. 

Acute  ])acliymc-nin,gitis  may  be  secondary  to  fracture 
of  the  skidl.  from  iid'eetion,  or  toan  infected  .scalp  w(mnd 
or  erysi])elas.  The  inlhimmation  may  affect  the  <'xternal 
layer  of  the  dura  (usually  in  the  form  of  a  ]iuruleut 
jiachymeniii.uitis)  or  the  internal  layer  (in  the  form  of  a 
fibrinous  pachymeningitis),  or  both  layers  may  be  in- 
flamed. 

I'aeliymeniugif  is  interna  ha'morrhagica  may  give  rise  to 
a  beinorrha.ire  with  formation  of  clot  between  theduraand 
I  be  ])ia.  When  one  or  more  layers  of  tissue  residt  from  at- 
tacks of  this  form  of  inflanunation — layers  which  may  be 
stripped  off  from  the  dura — the  diagnosis  is  readily  made 
from  a  simjile  macrosco])ie  examination.  An  excessive 
hemorrh.-i.ire  may,  however,  occur  at  an  early  stage  when 
the  membrane  is  as  yet  very  thin,  and  when  microscopic 
examination  ma3'  be  necessary  to  substantiate  the  diag- 
nosis. Pachymeningitis  interna  lia-morrhagica  must  be 
suspected  whenever  a  blood  clot  is  found  between  the  jjia 
and  the  dura,  especially  over  the  convexity  on  one  side, 
in  the  absence  of  laceration  of  the  brain.  Such  a  clot 
might,  however,  result  from  laceration  of  the  veins  in 
the  jiia  as  they  jiass  over  to  the  dura,  to  gain  access  to 
the  longitudinal  sinns.  Pachymeningitis  may  at  any 
time  cause  a  spontaneous  hemorrhage  with  compression 
of  the  lirain  and  death.  It  is  conceivable  that  violence, 
not  necessarily  excessive,  may  at  any  time  determine  such 
a  hemorrhage;  it  .should  be  remembered,  however,  that 
Vertigo  and  loss  of  con.scifiusness  (C(jmmon  .sym])foms  of 
this  atfection)  may  be  responsible  for  the  occurrence  of 
trauma,  which  in  its  turn  may  determine  the  hemor- 
rhage. 

Miiiinr/fiil  ArtciirK. — Laceration  is  due  to  traumatism, 
and  occurs  most  commonly  with  fracture  of  the  skull 
(Ciilvaria  or  base),  the  site  of  laceration  corresi)onding  to 
the  point  where  the  line  of  fracture  crosses  the  course  of 
the  artery.  Laceration  may  occur  without  fracture.  The 
middle  meningeal  or  one  of  its  branches  is  most  exposed 
to  laceration  from  its  course  and  its  position  in  a  deep 
groove,  or  even  a  canal,  of  bone.  The  effusion  oi  blootl 
occurs  between  dura  and  bone,  unless  the  dura  is  com- 
pletely lacerated  by  a  coinminuft'd  depressed  fracture. 
('omi)ression  of  the  brain  b}'  the  resulting  clot  is  usually 
suthcieut.  if  unrelieved,  to  cause  death.  However,  when 
the  effusion  of  blood  is  not  too  excessive  the  compression 
may  not  be  sufficient  to  cause  death.  A  clot  three  inches 
in  diameter  anil  fhree-fourths  of  an  inch  in  thickness 
com])ressing  the  right  frontal  lobe  and  due  to  laceration 
of  a  branch  of  the  anterior  meningeal  artery,  with  stellate 
fracture  of  the  right  orbital  jilafe  was  found  in  a  case  in 
which  death  was  due  to  pneumothorax  from  iii'rforatiou 
of  a  tuberculous  focus,  i'liere  was  no  history  of  <-ereliral 
symptoms.  The  orirani/afion  of  the  peripheral  part  of 
tiie  clot  showed  that  it  nuisf  have  been  present  for  sev- 
eral weeks. 

As  regards  fracture  of  the  skull,  calvaria  or  base,  as 
a  cause  for  death,  it  should  be  remembered  that  the  frac- 
ture in  itself,  exc'ept  in  so  far  as  it  may  open  the  way  for 
iid'eetion.  is  of  minor  importance.  The  lesions  of  the 
vessels  and  conse(|U<'nt  hemorrhage,  the  accompanying 
concussion,  contusion,  laceration,  and  comiu'cssion  of  the 
brain,  are  the  important  factors.  The  fracture  is  of  im- 
]iorfance.  and  its  descriiUion  should  always  be  accurati'ly 
made,  as  it  may  indicate  not  only  the  degree  of  violence 
sustained,  but  in  addition  may  serve  to  indicate  the  char- 
acter of  the  weapon  employed  or  the  manner  in  which 
the  injur}'  was  sustained. 
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iV>i-._Thc  injuries  profhicwl  by  strangvilation  and 
lianging  are  considered  under  Anp/11/.f/ii.  Contusion  of 
the  "larynx  may  aiusc  sudden  death  by  shock,  liy  retlcx 
paralysis  of  respiration,  or  by  spasm  of  the  j;loltis.  Knie- 
tares"  of  the  liiryinr<'al  or  iraelieal  eartilajies.  from  the 
ledenia  of  the  submucous  areolar  tissue  aeeompaiiyini; 
thoni,  may  cause  occlusion  of  the  respiratoiy  passage  and 
asphyxia."  Laceration  of  the  mucosa accompanyiiii;  such 
fractures  or  occurring  alone  may  be  followed  by  cellular 
emphysema  and  l)y  asphyxia.  A  case  in  point  has  been 
observed  in  wliieli  a  laceration  of  the  nnicosa  between 
the  larvnx  and  the  trachea,  followed  by  cellular  emiihy- 
sema  of  the  neck,  glottis,  upper  half  of  the  thoracic  wall, 
and  mediastinum,  although  tracheotomy  had  l)een  per- 
formed, caused  death  from  asphyxia,  the  laceration  in 
this  case  was  produced  by  sudden  over-extension  of  the 
neck,  in  a  fall  upon  the  chin. 

Incised  wounds  of  the  neck,  as  in  cases  of  suicide,  may 
cause  death  from  hemorrhage;  more  conunonly,  however, 
the  hirger  vessels  are  not  cut,  hut  the  incision  passes  be- 
tween thehyoid  bone  and  the  hirynx,  through  the  larynx 
or  tnu-hea,  into  the  respiratory  passage.  Deatli  in  such 
cases  may  be  due  to  a  complicating  bronclio-pneumonia 
from  aspiration  of  the  discharges  from  the  wound. 

Direct  contusion  of  the  posterior  part  of  flic  neck  may 
be  acconi])anied  by  contusion  of  the  medulla  and  spinal 
cord  without  fracture  of  the  cervical  vertebric. 

Fractuie  and  dislocation  of  the  cervical  vertebrsB  are 
more  often  due  to  a  fall  or  blow  upon  the  verte.x  of  the 
cranium  than  to  direct  violence  upon  the  neck. 

A  wound  of  the  Jugular  veins  inunediately  above  the 
thorax  may  be  followed  by  entrance  of  air  into  the  right 
heart  and  pulmonary  circulation,  causing  sudden  death. 

Thi/riii'. — Simple  fracture  of  the  ribs  is  not  usually  in 
itself  a  cause  of  death.  If.  however,  an  intercostal  artery 
has  been  lacerated,  or  the  lung  or  the  heart  iiuncfured, 
death  may  follow  hemorrhage  or  pneumotiiorax. 

Compoiuid  fracture  nm'  be  followed  by  cellular  em 
physenia.  and,  if  perforation  of  the  pleural  sac  has  oc- 
curred, by  pneumothorax. 

Contusion  and  laceration  of  the  lung  ma\^  accompany 
fractureil  ribs,  or  there  may  be  few  or  no  signs  of  vio- 
lence in  the  thoracic  wall.  This  is  particularly  apt  to  be 
the  case  in  children.  These  lesions  may  jiroduce  ecehy 
moses.  parenchymatous  hemorrhages,  interstitial  eniph)-- 
sema,  or  pneumothorax. 

Pneumothorax  may  result  from  the  perforation  of  a 
tuberculous  focus  into  the  pleural  sac. 

Wounds  of  the  lung  may  cause  death  by  hemorrlia.ge, 
pneumothorax,  cellular  emphysema,  or  by  complicating 
pneumonia. 

Pneumonia  may  be  secondary  to  cerebral  injuries,  and 
to  other  injuries  besides  those  of  the  respiratory  tract 
mentioned.  Infection  of  wounds  may  explain  a  secondary 
]ineumonia  in  .some  cases;  in  others  a  condition  of  pas- 
sive hyper;eniia.  followed  by  "hypostatic  "  pneumonia, 
ma}'  be  due  to  the  confinement  and  enfeebled  condition 
following  such  injuries,  or  to  the  advanced  age  of  the 
individual 

Rui)ture  of  the  heart  may  be  spontaneous  and  due  to 
fatty  degeneration  or  necrosis  of  a  iiortion  of  its  wall 
from  occlusion  of  the  afferent  branch  of  the  coronary 
artery.  Such  rupture  usually  occurs  in  the  anterior  wall 
of  the  left  ventricle.  Contusion  and  laceration  of  the  heart 
may  occur  from  direct  contusion,  or  from  compression  of 
the  thorax.  In  the  latter  case,  laceration  is  far  more  likely 
to  occur  in  the  wall  of  the  right  auricle.  Laceration  of 
the  posterior  wall  of  the  left  ventricle,  where  it  comes  in 
relation  with  the  tendon  of  the  diaphragm,  was  found  in 
case  of  fall  from  a  height:  the  accompanying  lesions,  in 
this  case,  being  contusions,  fractured  ribs,  "and  lacerations 
of  both  lungs. 

Stab  and  bullet  wounds  of  the  heart  caiise  death  tlirou  gh 
the  compression  exerted  upon  the  heart  by  the  effused 
blood  in  the  pericardial  sac.  This  serves  to  exjilain  the 
fact  that  death  in  such  cases  is  not  neees.sarily  instan- 
taneous. A  few  cases  of  i-ecovery  from  such  wounds  are 
on  record.     Depending  upon  thecharactcr  of  the  wovmd 


and  the  rapidity  or  slowness  of  the  resulting  hemorrhage, 

a  shorter  or  longer  period  may  intervene  between  recep- 
tion of  the  injury  and  death.  Voluntary  action  may  occur 
after  a  wound  of  the  heart  has  been  received.  Thus  the 
wounded  person  may  run  a  short  distance,  or  may  close 
the  clasp  knife  with  which  the  wound  had  been  iutlicted. 
Multiple  bullet  wounds  of  the  heart  have  been  self-in- 
Hicted.  usually  with  weapons  of  small  calibre.  Multiple 
self-intlicteil  stab  wounds  of  the  heart  and  other  organs 
are  on  record. 

Fatty  embolism  of  the  pidmonary  artery  may  follow 
fractuies  of  cancellous  bone,  especially  if  considerable 
comminution  occurs.  Embolism  of  the  pulmonary  ar- 
tei'ies  may  also  occur  as  a  result  of  a  primary  peripheral 
thrombo-phlebilis  due  to  injury. 

Aneurisms  in  this  region  ma_v  rupture  .spontaneously, 
or  rujiturc  may  follow  an  injury  of  comparatively  minor 
violence. 

Ahiloinen. — Shock  with  comparatively  slight  evidences 
of  injury  due  to  contusion  of  the  abdomen  or  of  the  solar 
plexus,  may  occur.  Contusion,  compres.sion,  and  lacera- 
tion of  organs  without  apparent  injury-  of  the  abdominal 
wall,  are  not  infrequent.  Laceration  of  an  artery  may 
occur  alone  from  traumatism,  and  without  previous  dis- 
ease. In  other  cases  the  artery  may  be  the  seat  of  some 
disease  like  aneurism  or  tubercidosis,  and  a  spontaneous 
Iniematoma  or  hemorrhage  may  occur,  or  such  hemorrhage 
may  be  the  result  of  an  injury  otherwise  of  insufficient 
violence  to  cause  rupture.  Si'ptic  peritonitis  may  follow 
perforation  of  a  hollow  viscus  due  to  disease,  or  perfora 
tion  may  have  been  immediately  brought  about  b_v  injury. 
Hemorrhagic  peritonitis,  hemorrhagic  pancreatitis,  \vith 
or  without  fat  necrosis,  may  be  mistaken  for  the  results 
of  injury.  Hematoma  of  the  suprarenal  capsule  due  to 
excessive  passive  hyper;cmia.  with  or  without  rupture 
into  the  peritoneal  cavity,  is  another  condition  that  ma}- 
be  mistaken  for  the  result  of  violence. 

Pihis. — Spontaneous  rupture  of  the  bladder  without 
disea.se  may  occur  in  sidjjects  of  hysteria.  A  case  with 
fatal  hemorrhage,  in  which  traumatism  was  absolutely 
excluded,  has  come  to  notice.  Scpticamiia  may  follow 
intiltration  of  urine  due  to  laceration  by  careless  catheter- 
ization. Injury  to  the  female  genitalia,  not  only  in  cases 
of  ci'iminal  abortion  but  also  in  non-pregnant  ca.ses,  may 
be  produced  by  direct  violence,  or  during  coitus.  Such 
injuries  are  commonly  lacerations  of  various  extent, 
either  simply  involving  the  hymen  or  ostium  vagina*,  or 
extending  upward  into  the  vagina,  or  involving  the 
fornix  and  perforating  into  the  peritoneal  cavity.  In 
such  cases  death  may  be  due  to  hemorrhage,  or  to  septi- 
c-emia,  or  to  septic  peritonitis.  Ruptiu'c  of  the  pregnant 
uterus  may  be  the  residt  of  a  fall  or  blow;  on  the  other 
hand  it  may  occur  spontaneously.  In  the  latter  case,  how- 
ever, rupture  occurs  after  labor  pains — that  is,  contrac- 
tions of  the  uterus— have  set  in,  and  usually  after  a  more 
or  less  prolonged  dur-ation  of  labor  due  to  obstruction  to 
delivery. 

Abortion. — The  cjuestions  for  investigation  are:  Has 
abortion  occui-red?  If  so.  has  it  lieen  induceil?  Is  it  re- 
sponsible for  the  death  of  the  individual? 

Abortion  ma}'  be  defined  as  the  termination  of  gesta- 
tion before  the  viability  of  the  fo?tus,  this  term  being  ac- 
cepted as  about  thirt}'  weeks  or  seven  calendar  mouths. 
The  conditions  post  mortem  upon  which  the  diagnosis  of 
gestation  that  has  been  terminated  may  be  based,  may 
readily  be  remembered  by  recapitulating  the  changes 
produced  in  the  uterus  and  ovary  by  gestation.  If  in 
addition  some  portion  of  tlie  jiroducts  of  conception  is 
still  retained  in  utero.  its  demonstration  affords  positive 
proof.  Nex'ertheless.  if  no  such  portion  be  found,  the 
chan.ges  produceil  in  the  uterus  and  ovary  are  sufficiently 
characteristic,  jirovided  too  long  a  time  has  not  elapsed, 
to  warrant  a  positive  diagnosis. 

If  a  portion  of  the  foHvis,  or  its  membranes,  more 
especially  chorionic  or  placental  villi,  be  demonstrated, 
this  alone  is  proof  of  gestation,  but  is  not  in  itself  proof 
of  criminal  abortion.  The  signs,  so  far  as  the  uterus  and 
ovary  are  concerned,  may  individually,  at  least  in  part,  be 
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produced  by  other  conditions.  These  signs  are,  in  tlie  first 
place,  enlargement  of  the  uterus,  especially  its  body,  and 
enlargement  of  its  cavity;  seconil,  hypcrtrojihy  of  the 
uterine  wall,  a  softer  consistency,  and  enlaigcment  of  its 
veins  with  fonnalion  of  sinuses,  especially  al  the  ]ilacenlal 
site;  third,  thickeningof  the  endometrium  with  tlie  char- 
acteristic change  in  its  morphology — namely,  the  produc- 
tion of  the  true  decidua  of  pregnancy,  anil  over  the  an- 
terior or  posterior  wall  al  the  fundus,  where  the  chorionic 
villi  become  attaclu'd  to  the  decidua  serolina,  the  forma- 
tion of  the  jilaeeuta.  Even  though  all  the  choiioiiic  |)or- 
tiou  of  the  placenta  luis  been  sejiarated,  a  raw  surface  is 
left,  dill'ering  from  the  otherwi.se  smootli  lining,  which 
can  readily  be  recognized,  even  from  the  gross  appear 
ances,  as  the  placental  site. 

The  size  of  the  uterus  will  vary,  in  the  first  place,  ac- 
cording to  the  jieriod  of  gestation  that  has  been  rcachi'd, 
and,  in  the  second  place,  accoriliug  to  the  time  elapsed 
between  the  cessation  of  gestation  or  abortion  and  d<-alli. 
Tlu'  consistency  of  the  uterus  will  vary  according  to  the 
period  of  gestation,' the  presence  or  absence  of  metritis, 
and  the  advanceinent  of  post-mortem  changes.  The  de- 
cidua will  vary  according  to  the  time  at  which  gestation 
was  interfered  with,  according  to  the  tini('  which  lias 
elapsed  between  then  and  death,  and  also  according  to 
the  degree  of  inflammatory  reaction  that  may  have  taken 
place. 

The  ovary  that  has  supplied  the  ovule  which  lias  been 
fructified  presents  a  ciiange  in  its  Graatian  follicle  that 
is  quite  characteristic,  especially  in  the  earlier  periods  of 
gestation,  namely,  the  true  corpus  luteum.  At  tlii'  end 
of  the  third  week,  thispie.sentsacyst  of2cm.  in  diameter, 
with  a  wall  :i  mm.  in  thickness  and  of  a  characteristic 
yellow-  color,  usually  distended  at  this  period.  Shortly 
thereafter  this  wall  shows  a  slight  convolution,  while  the 
cavity  is  often  filled  with  a  clear,  slightly  viscid  liuid, 
sometimes  blood-tinged,  or  entirely  bloody.  From  this 
period  onward  the  change  consists  in  a  graihial  shrinkage 
of  the  entire  cyst  with  nmre  marked  convolution  of  its 
yellow  wall,  and  with  absorption  of  its  lliiid  <-ciiitents. 
coincident  with  a  growth  of  connective  tissue  which  oc- 
cupies the  place  of  the  fluid.  The  corpus  luteum  per- 
sists throughout  the  entire  period  of  gestation,  and  does 
not  diminish  markedly  in  size  until  the  end  of  four  or 
five  month.s.  Although  in  structure  the  corpus  luteum 
of  pregnancy  (hies  not  differ  from  the  normal  cor|)Us 
luteum  of  menstruation,  yet  from  its  larger  size,  and  its 
persislenee  in  size  up  to  the  fourth  or  fifth  month,  to 
getlier  with  the  thickness  of  its  yellow  border,  it  forms 
a  valualile  additional  sign  of  gestation,  especially  during 
the  period  when  criminal  aliortion  is  more  commonly 
committed.  The  corpus  luteum  of  men.struation  under 
certain  diseased  conditions — as,  for  instance,  when  there 
are  fibroid  tumors  of  the  uterus,  or  cystic  oophorites — 
may  reach  1  cm.  or  even  more  in  diameter.  It  is  then 
filled  with  clotted  blood,  has  a  yellow  margin,  is  some- 
times convoluted,  and  measures  1  or 'J  mm.  in  Ihiekness; 
yet  its  appearance,  when  one  has  lieeome  familiar  with 
the  true  corpus  luteum  of  jjivgnaiicy,  is  (piite  different. 
Moreover,  a  number  of  such  corpora  lutea  are  usually 
foimd.  The  absence  of  diseased  conditions  in  whicli  they 
occur  would  be  additional  evidence  in  doubtful  cases. 

To  recapitulate,  the  only  positive  evidences  that  a 
fcetus  in  utero  has  existed  are  these:  The  jiresencc  of 
chorionic  villi,  which  from  their  adhesion  to  (he  placental 
site  may  be  readily  enough  found,  and  the  demonstration 
of  a  true  decidua  <if  pregnancy,  liolli  of  which  structures 
must  have  their  true  cliaraeler  verilied  by  microscopical 
examination.  To  these  two.  perhajis,  should  be  added  a 
third,  viz.,  the  demonstration  of  a  true  corpus  luteum  in 
one  or  the  other  ovary.  All  the  other  signs  are  not  in 
themselves  jiositive,  but  taken  togetlier  they  may  form 
sufficient  evidence  of  recent  gestation. 

Sif/ns  of  Almrlinn.  h(iriit(i  hccn  lii'hiecd. — Induction  of 
abortion  may  under  certain  <  ireumslances  and  after  con- 
sultation be  iierfeclly  justifiable.  When  there  is  no  law- 
ful reason  for  the  termination  of  gestation,  induction  of 
abortion  is  criiniuul.     What  signs  may  we  rely  upon,  in 


the  post-mortem  examination,  to  conclude  that  abortion 
has  lieen  criminally  induced?  In  the  first  place,  the  ex- 
amination of  the  forni.K  of  the  vagina  and  cervical  canal, 
especially  at  and  just  below  the  internal  os,  for  puncturei 
and  lacerations,  may  furnish  stiong  evidence  of  such 
interference.  A  large  number  of  eases  of  criminal  abor- 
tion are  produced  by  mechanical  means,  employed  liy 
persons  lacking  anatomical  knowledge  and  surgical  skill. 
A  stylet,  .sound,  catheter,  or  syringe  is  introduced,  or  the 
cervix  is  clumsily  dilated  with  some  instrument,  all  these 
jirocedurcs  leaving  a  mark  by  reason  of  their  unskilful 
em]iloymeiit.  Examination  of  the  fundus,  the  anierior 
wall  or  the  po.sterior  wall  of  the  uterus  may  show  a  par- 
tial or  complete  puiiclure  or  laci'ralion.  The  etfeet  of 
certain  corro.sive  fluids  may  be  (juite  noticeable  upon  the 
endometrium,  for  these  fluids — such  as  carbolic  acid  or 
bichloridit  of  mercury  solutions — are  sometimes  used  as 
intrauterine  injections  for  the  production  of  abortion. 

TIk^  effects  of  the  mechanical  means  mentioned  above 
are.  to  cause  the  uterus  completely  to  empty  itself;  and. 
provided  the  woman  escape  infection  or  withstand  it, 
death  may  not  result.  In  many  cases,  however,  the  abor- 
tion remains  incomiilete  and  hemorrhage  from  the  par- 
tially separated  placenta,  or  from  Iheactual  lesions,  lacer- 
ations, or  perforations  produced,  may  prove  fatal.  Or 
infection  may  lake  place,  and  death  may  result  from  a 
seiilic  enilometritis,  metritis,  ])arametritis,  and  peritonitis. 

liesides  mechanical  means  for  the  induction  of  abortion, 
there  are  numerous  drugs  and  nostrums  which  are  taken 
internally  for  this  purpose.  The  danger  in  their  use  is 
twofold:  in  the  first  place  they  may  cause  direct  poison 
ing,  since  many  of  them  in  increased  doses  are  inten.se 
gastrointestinal  irritaiils;  in  the  second  place,  the  effect 
is  usually  ])artial,  flu;  fietus  being  killed  but  not  expelled, 
or  its  memliranesand  the  jilacentaare  either  incompletely 
expelled,  or  they  remain  in  the  uterus  and  sub.sequently 
lead  to  death  from  hemorrhage  or  from  .se|itic  infection. 

.Vsi'iivxiA. — Asphyia  may  be  due  to  mechanical  causes 
preventing  the  <'ntrance  of  oxygen  into  the  lungs,  or 
intcifering  wilh  the  movements  of  respiration;  or  it  may 
be  <lue  to  the  presence  of  irrespirable  gases  or  to  causes 
acting  u])ou  the  respiratory  centre  in  the  medulla.  The 
following  list  includes  many  of  the  different  ways  in 
which  asphyxia  may  be  produced  in  a  mechanical  man- 
ner: Occlusion  of  the  mouth  and  nose,  larynx,  trachea, 
and  bronchi,  either  by  foreign  bodies  or  by  intrinsic 
tumors;  occlusion  of  these  same  channels  by  pressure  ex  - 
cried  from  the  outside — as  by  an  aneurism,  a  new  growth, 
or  an  enlarged  thyroid  gland,  or  by  an  accumulation  of 
fluid  or  air  in  the  lileural  sac;  compression  of  the  chest 
wall,  direct  compression  of  the  trachea,  or  more  commonly 
the  compression  of  the  hyoid  bone,  base  of  the  tongue, 
and  epiglottis,  over  the  adilus  larvngis,  as  in  strangula- 
tion; aspiration  of  stomach  contents  in  vomiting;  entrance 
of  pus  from  a  luliereulous  lymjili  node  which  in  breaking 
down  has  |ierforated  the  trachea  or  bronchus;  submersion 
as  in  drowning,  or  conditions  in  which  the  mouth  and 
nose  aloni^  become  submerged  below  the  level  of  the 
fluid,  as  in  some  cases  of  death  of  the  new  Ixirn,  or  of  in- 
toxicated or  unconscious  persons. 

For  information  in  regard  to  the  various  forms  of  poi- 
soning liy  carbonic  acid  gas,  .see  the  article  entitled  Car- 
hoii .   Ifljfli'ith'H  tf/iff  (Jjl'df'ft  of. 

Asphyxia  may  be  caused  by  inhalation  of  irresiiirable 
gases  such  as  chlorine,  bidminc,  iodine,  nitrous  acid,  sul- 
phurous acid,  and  sulplnirelcd  hydrogen.  In  these  ca.ses 
death  is  usually  caused  inuuedialely  by  the  shutting  off 
of  o.xj-gen.  There  have  been  cases  in  which  death  has 
occurred,  some  time  after  such  exposure,  from  broncho 
pneumonia.  In  regard  to  sulphureted  hydrogen,  it  has 
been  thought  that  it  forms  a  compound  with  ha'moglobin. 
If  the  gas  is  passed  through  blood  the  latter  becomes 
dirty  greenish  in  color  and  shows  a  s|)ectrnm  somewhat 
like  that  of  oxylia'uioglobin,  but  with  an  absorption  band 
in  the  red.  The  blood,  in  cases  of  death  !iy  asphyxia  from 
suliihureted  hydrogen,  does  nol  show  this  siicclrum. 
In  animals  killed  by  exposure  to  suliihureted  hydrogen 
much  less  gas  is  required  (one-tenth  to  one-half  per  cent.) 
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tlmn  is  needeil  to  cause  the  appearance  of  the  sulpliiir- 
ete<l  hvdrd.acn  speetruni  iu  their  blond. 

Tlie  ivspinitory  cenlrc  in  the  lucdiilla  may  he  the  seat 
of  various  pathological  alterations:  there  may  be  some 
sross  injury,  or  a  hcmorrliase  may  have  taken  iilacc, 
either  of  tniuuialie  origin  or  the  result  of  disease;  or  the 
medulla  may  be  compressed  by  a  new  growth,  or  it  may 
be  directly  "alfected  by  the  action  of  drtijis  capable  of 
causing  a  jiaralysis  of  resiiirati<iii. 

Wlien  respiration  has  been  suddenly  inlerrired  with  by 
any  of  the  foregoing  causes.  ccchynioli<'  spots,  varying  in 
size  from  I  mm.  to  1  cm.  in  diameter,  are  usually  found 
in  the  visceral  and  parietal  i)leura.  the  mediastinal  pleura, 
the  viscend  iiericardium.  sometimes  the  parietal  pericar- 
dium, tlw  endocardium,  tlii'  meninges,  and  more  rarely  the 
])eritoneum.  This  sign  is  a  valuable  one.  although  not  in 
it.self  absolutely  diagnostic  ol  asphyxia.  ]n  cases  of  slow 
asphy.xialion  no  ecchymoses  may  be  found. 

Again,  ecehymo.ses  may  be  found  in  these  sites  in  con- 
ditions oiIkt  than  as|iby\ia,  namely,  in  .sejitieamiia.  jiur- 
pura  lia'moirliagieii,  iii  pliritls.  Iiemorrliagie  pleuritis.  peri- 
carditis and  peritonitis,  in  many  iid'ectious  diseases,  and 
in  poisoning  by  phosphorus,  arsenic,  and  other  poisons. 
■\Vhen.  however,  these  conditions  can  be  excluded  the 
presence  of  ecchymosi'S  indicates  asjihy.xia;  their  absence 
does  not  exclude  asphyxia,  if  other  conditions  are  present 
upon  w  hicli  the  diagnosis  can  be  based.  In  some  cases 
of  sudden  occlusion  of  the  larynx  by  a  foreign  body,  as  a 
piece  of  meat,  or  by  a  laryngeal  tumor,  death  occurs  very 
suddenly,  apparently  by  retlex  paralysis  of  respiration. 
The  same  condition  is  sometimes  met  with  in  infants 
with  very  large  thymus  glands,  yet  in  tliese  ca.ses,  in  spite 
of  the  sudden  cessation  of  respiration,  ecchymoses  may 
be  entirely  absent. 

When  death  is  due  to  occlusifm  by  a  foreign  body,  by 
aspiration  of  vomit,  or  by  the  other  conditions  described 
above,  these  will  be  apparent  at  the  autopsy  and  in  most 
cases  the  ecchymotic  spots  will  be  present  also.  The 
blood  is  usually  flind,  very  dark,  from  reduced  haemo- 
globin, and  distends  the  right  auricle  and  ventricle,  pul- 
monary artery  and  vena  cava.  The  li])S  and  the  skin  of 
the  face  and  neck  may  be  cyanotic. 

Iu  deaths  from  smothering  or  overlying,  the  ecchymoses 
are  almost  invarial)ly  found.  The  "lungs  and  the  bron- 
chial mucosa  are  usuidly  inten.scly  congested;  there  may 
be  vesicular  emphy.sema.  more  especially  of  the  anterior 
edges  and  external  margins  at  the  base  of  the  lung;  in 
some  jilaces  an  actual  rupture  of  vesicles  takes  ]dace.  with 
suffusion  of  air  beneath  the  pleura,  probably  from  spas- 
modic expiratory  efforts.  The  brain  is  intensely  con- 
gested, the  face  is  usually  markedly  cyanotic,  tl'ie  lips 
almost  black.  The  internal  organs  are  engorged  with 
dark  Hind  blood  ;  the  pulmonary  artery,  right  auricle  and 
ventricle  are  distended  Avith  dark  blood,  mostly  tluid. 
rarely  and  then  poorly  clotted. 

When  death  is  due  to  strangulation  by  garroting  or 
to  compression  by  the  hands,  scratch  marks  are  tisiudly 
found  over  tlie  neck  and  sometimes  upon  tlie  chin  and 
cheeks.  The  hyoid  bone  and  base  of  the  tongue  with  the 
epiglottis  may  be  found  pressed  over  and  occhiding  the 
aditus  laryngis.  There  is  usually  contu.siou  of  miW'les 
and  fascia  and  effusion  of  blood  into  the  loose  areolar  tis- 
sue. There  may  be  fracttu-e  of  tlie  liyoid  bone,  of  the 
thyroid  cartilage,  or  of  tracheal  rings. 

In  asphyxiadue  to  strangidation  by  hanging,  the  mark 
of  the  cord  or  band  is  usually  foimd  about  tlKMieck  form- 
ing a  single  or  double  furrow  whose  depth  is  pale,  and 
wl>.o5e  margins  are  deeply  congested,  and  under  which 
in  the  connective  tissue  and  muscle  the  elfects  of  con- 
tusion, laceration,  and  luMnorrhage  are  found.  Lacera- 
tionof  the  intimaof  the  arteries  atthe  siteof  compression 
may  occur.  The  couise  of  this  furrow  may  vary,  and 
according  to  the  position  of  the  knot  or  loop  of  the"  noose 
a  <'ouvergence  belwnd  one  or  the  other  car,  vmder  the 
angle  of  the  jaw  on  either  side,  under  the  chin,  or  under 
the  occiput  may  be  apparent.  The  trachea  may  be  com- 
pressed and  some  of  its  rings  broken,  the  thyroid  cartilage 
or  the  hyoid  bone  may  be  fractured,  or  most  commonly 
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the  hyoid  bone  with  the  base  of  the  tongue  and  the  epi- 
glottis is  pressed  backward,  occluding  the  opening  of  the 
larynx. 

The  tongue  may  be  pressed  forward  and  clenched  be- 
tween the  leeth.  Cyanosis  of  tlie  head  and  neck  above 
the  furrow  may  be  present.  Fluidity  and  dark  color  of 
the  blootl.  ecchymoses.  and  general  passive  liypera'mia, 
especially  of  the  lungs  and  brain,  may  all  be  present. 

It  is  possible  that  death  may  be  caused  by  compression 
of  the  vagi,  with  sudden  paralysis  of  respiration  and  lieart 
action,  in  which  case  cyanosis,  excessive  hypertcmia,  and 
ecchymoses  may  be  absent  or  poorly  marked. 

In  some  cases  of  hanging,  with  tlie  loop  or  knot  placed 
behind  the  ear,  and  with  sudden  tension  of  the  bod_v 
weight  upon  the  noose,  fracture  or  dislocation  of  the 
atlas  upon  the  axis,  with  crushing  of  the  medulla  by  the 
odontoid  ]irocess,  occurs,  and  death  is  instantaneous. "  The 
signs  mentioned  above  might  then  be  absent. 

In  asphyxia  bj'  submersion,  as  in  drowning,  or  where 
mouth  and  nose  are  alone  submerged,  the  lungs  are  in- 
cri'ased  in  size  and  weight,  and  congested,  the  bronchi  are 
tilled  witli  a  frothy  fluid,  and  on  section  a  considerable 
amount  of  fluid  escapes.  The  condition  is  quite  different 
from  an  ordinary  a?dema,  even  though  very  excessive.  It 
is  not  possilile  to  diagnose  submersion  with  certainty, 
from  chemical  examination  of  the  fluid  in  the  lung,  as  one 
might  at  first  think.  If  specific  substances  are  contained 
in  the  fluid,  for  instance  such  as  portions  of  x'egetable 
matter,  liijuor  amnii  and  its  contents,  such  a  diagnosis 
might  be  positively  made  by  microseopieal  examination. 
In  addition  to  the  water  in  the  lungs,  which  is  very  prob- 
ably aspirated  in  the  last  moments  of  life,  there  is  usually 
in  "the  stomach  a  considerable  amount  of  IJuid  that  has 
been  swallowed.  The  question  may  arise  as  to  whether 
or  not  in  a  given  case  in  whicli  a  body  has  been  removed 
from  the  water,  death  was  due  to  drowning.  If  the  above 
signs  are  present  the  cause  of  death  would  be  asphyxia 
by  submersion,  since  if  life  is  extinct  water  cannot  gain 
access  to  the  lungs  or  stomach.  On  the  other  liand,  if 
these  signs  are  absent  it  might  not  be  safe  to  reason  tliat 
life  was  extinct  before  the  body  entered  the  water,  since 
it  is  conceivable  that  in  an  unconscious  condition  there 
might  be  no  struggle,  no  dyspnoea,  and  consequent!}'  no 
swidlowiug  or  aspiration  of  water. 

IxF.\NTiciDE. — The  following  points  should  be  deter- 
mined : 

1.  The  viability  of  thefo'tus;  that  is.  whether  it  can 
be  assumed  that  the  faMus  was  capable  of  sustaining  life. 

2.  Was  the  child  born  alive,  or  in  a  state  of  suspended 
animation  V 

3.  The  immediate  cause  of  death. 

The  accepted  period  of  utero-gestation,  upon  the  ter- 
mination of  which  the  fo'tus  is  viable  and  capable  of  sus- 
taining life  under  favorable  conditions,  is  reckoned  as 
thirty  weeks.  Some  cases  have  been  reported  in  which 
the  infant  was  born  alive  at  twenty  weeks,  and  some 
even  at  twenty-five  weeks  have  been  capable  of  sus- 
taining life  for  a  longer  or  shorter  time.  At  thirty 
weeks  the  fo'tus  is  40  cm.  in  length.  Its  weight  varies 
from  L.'iOO  to  2,000  gm.  The  skin  is  covered  with  fine 
hair,  the  tiuger  nails  reach  the  tips  of  the  fingers,  tlie 
pupillary  membrane  is  either  absent  or  only  a  vestige  re- 
mains, the  testicles  have  descended  or  at  least  are  in  tlie 
canal,  the  centre  of  ossification  in  the  os  caleis  is  .">  mm. 
in  diameter,  that  in  the  astragalus  half  that  size.  There 
are  no  centres  of  ossification  in  the  epiphyses  at  the  knee. 

The  iiresence  of  air  in  pulmonary  vesicles,  provided 
decomposition  or  direct  mechanical  inflation  can  be  ex 
eluded,  is  plain  evidence  that  the  child  has  breathed,  al 
though  it  is  not  necessarily  evidence  that  complete  birtli 
alive  has  occurred.     Inspiratory  movements  and  aspiration 
of  air  may  even  occur  in  utero  during  obstetrical  manipu 
lations  or  operations,  and  it  is  conceivable  that  after  birth 
of  the  head  inspiration  may  occur  and  through  delay  as- 
phyxia may  take  place.     Again,  it  is  well  known  tiial  a 
child  may  be  born  in  a  condition  of  apno-a,  and  even  after 
it  has  remained  for  hours  in  a  condition  almost  resem- 
bling death,  with  an  occasional  heart  beat,  it  may  finally 
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be  rcsuscitatpfl  by  artiticial  respiration.  In  such  cases, 
allliDUirh  tlic  child  is  burn  alive,  it  may  never  have 
breallied,  and  CDnseqiiently  the  hmgs  will  be  found  in 
a  condition  of  fetal  atelectasis.  In  some  of  these  cases 
the  presence  of  air  in  the  stomach  or  intestine,  provided 
decomposition  can  be  ('xcluded,  may  be  the  oidy  sijjn  of 
this  condition.  In  other  cases  ai'ration  of  the  lunits  of 
the  fa'tus  may  be  interfered  witli  by  the  ])nsenee  of  some 
pathological  condition  of  the  lun.^s.  namely  heiiatization. 
due  to  desquamation  and  fatty  dc.ncneialion  of  res])ira- 
lory  epilhclium  (forniinu'  whitish  areas),  by  the  presence 
of  an  interstitial  imi-umonia.  or  by  com|n'ession  of  the 
lungs  by  the  alidominal  organs  (cither  from  jKirlial  ab- 
sence of  the  dia])hragiu  or  from  a  large  cystic  kidney). 
Again.  Iiy  tlie  aspiration  of  li(|Uor  amnii  or  blood,  or  by 
the  membranes  being  nnruptured,  or.  though  ruptured, 
bv  a  portion  thereof  occluding  mouth  and  iio.se.  the  lungs 
nia.v  fail  to  become  aOrated  although  Ihe  child  was  born 
alive. 

The  dilTerenlial  diagnosis  between  atelectasis  and  ai-ra- 
tionof  the  lung  from  inspiration  is  practically  and  reailily 
made  even  from  a  gro.ss  examination,  provided  decom 
position  is  not  excessive;  in  fact,  it  can  be  made  even 
lliough  <leconiposition  be  considerably  advanced.  The 
atelectatic  lung  is  smaller,  and  tluMcfore  the  vauU,  of  Ihe 
diaphragm  is  higher  (at  the  third  rib  or  intercostal  space). 
When  inspiralit>n  has  oeeurrcd  the  lung  is  increased  in 
volume,  and  the  vault  of  the  diaphragm  is  found  at  the 
level  of  the  sixth  rib.  Ateleclatic  lung  is  (h-irscr  and 
darker  in  color,  its  edges  arc  shariier,  it  does  not  cre]ii- 
late,  and  it  cuts  like  liver.  dilTering  from  hepali/.alioii 
due  to  inflammation  iu  the  absence  of  a  granular  sin- 
face  on  section,  and  in  Ihe  iihsence  of  pleurilis.  The 
consistence  of  aerated  lung  is  .softer,  it  creintates  on 
pressure,  is  light  red  in  color,  and  presents  on  the  sur- 
face and  on  seclion  a  characlerislic  niolllcd  appearand' 
due  to  the  oecurrence  of  aOraled  vesicles  between  areas 
of  blood-vessels.  Magnilied  iiy  an  ordinary  hand  lens 
the  aOration  is  seen  to  be  distributed  throughout  all  the 
vesicles  in  the  area.  In  this  it  dill'ers  from  the  appear- 
ance presented  l)y  vesicles  which  ari^  tilled  with  gas  due 
to  decomposition,  for  this  gas  is  never  distributed  in 
such  a  regular  manner.  Aerated  lung  ma.y  become  dark 
from  congestion,  and  often  enough  post  mortem  the  pos 
terior  portions  are  founil  congested  and  dark,  while  Ihe 
anterior  or  upper  portions  are  quite  light.  Such  hypo- 
static eon.L''est  ion  is  not  at  all  a  marked  feature  in  ate- 
lectatic lungs  when  respiration  has  not  taki-n  place. 
Mori'over,  in  the  ai'rated  lung,  on  scraping  the  section 
frothy  blood  is  found  :  while  in  the  atelectatic  lung,  from 
which  air  is  absent,  blood  if  ju'eseiit  in  aiiv  amount  is 
fluid. 

The  specilic  gravity  of  the  lung  tissue  itself  beiu.g 
lather  low,  when  any  air  is  present  in  its  meshes  it 
readily  Moats.  This  is  called  th<'  hydrostatic  lest,  and  is 
(piite  reliable  under  certain  liniitalioiis.  It  must  be  re- 
inembered  that  if  a  lung  or  portion  of  a  lung  floats,  it 
simply  means  that  it  contains  air  or  gas,  which  may  be 
the  air  of  inspiralion  or  Ihe  gas  of  decomposition. 
Therefore,  if  decomposition  can  lie  excluded  and  the 
lung  floats,  it  is  a  positive  evidence  of  ai'Tation.  Even 
thougli  dccoini>osition  be  present,  it  may  still  be  possible 
lo  determine  tile  fact  lliat  ihe  lung  isai-iated  :  for  I  he  gas 
is  never  as  liiiely  distribuled  llirougliout  the  air  vesicles 
as  is  the  air  in  an  aCraled  lun.g,  but  occurs  in  larger  bub- 
l)les  throughoul  the  ti.ssue.  If  after  the.se  are  pricked 
.and  the  piece  of  lung  is  squeezed,  il  still  lloals.  it  isliighly 
lirobable  that  the  lung  is  ai'rated.  since  it  is  dillicnlt  en- 
tirely to  squeeze  out  all  the  air  from  aC-raled  lung  tissue. 
Another  point  in  re.<;ard  lo  dc-<-oini)osi4ion  depends  u))on 
the  fact  that  this  prot-ess  devclojis  earlier  in  Ihe  liver  and 
spleen  than  in  Ihe  lung.  If  portions  of  spleen  or  liver 
float,  and  the  lung  doi'S  not.  it  is  positive  evidence  of 
atelectasis. 

All  the  other  tests  are  noi  as  reliable  as  the  examina- 
tion of  the  lung  and  Ihe  demonstration,  under  the  re- 
strictions given  aliove.  that  air  is  or  is  not  jircsent  in  Ihe 
stomach  and  intestines.     In  uncommon  cases  a  child  may 
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breathe  for  a  mimlier  of  hours,  or  even  days,  and  then 
die  with  atelectasis,  usuallv  partial  and  oiilv  rarelv  com- 
ph-te. 

Il  may  bi'  necessary  to  determine,  if  possible,  Ihe  length 
of  lime  that  the  child  lived.  The  appearance  of  the  um- 
bilical cord  with  atlached  placenta,  or  of  only  a  |)ortion 
of  Ihe  Cord,  in  a  moist  and  while  conilition.  is  a  very 
relialile  sign  of  a  recently  born  infant.  'I'lie  same  may 
be  said  of  Ihe  presence,  in  abundance,  of  llie  vi-rnix  case- 
osa.  If.  however,  the  umbilical  cord  is  dry  and  mum- 
mified, this  does  not  necessarily  mean  thai  llu'  child  has 
lived  a  number  of  days,  since  tlie  same  drying  may  occur 
post  mortem.  A  better  criterion  is  found  in  tlie  reirogrcs- 
sive  changes  of  atrophy  in  the  umtiilieal  arleries,  and 
later  in  the  umbilical  vein.  The  apjiearancc  of  the  um- 
bilicus, if  Ihe  cord  has  come  away,  may  not  be  a  leliablo 
criterion,  inasmuch  as  il  may  have  lieen  torn  out  in  Ihe 
fresh  state,  or  may  have  dried  olf,  or  have  been  lorn  off 
jiost  mortem.  If.  liow<'ver.  some  granulation  tissue  is 
present,  this  nii.ght  be  of  hel]i  in  apin-o.\iniately  deter- 
mining the  age — for  the  cord  usually  seliarates  after  the 
lapse  of  from  four  to  seven  days.  The  so-called  fetal 
vessels,  besides  the  umbilical  arleries, — namely,  the  um- 
bilical vein,  the  ductus  arterio-venosus,  and  the  foramen 
ovak — may  remain  patent  for  a  week  or  two,  so  that  this 
does  not  help  us  iu  absolulely  dclerniining  Ihe  age  within 
the  first  week.  The  presence  of  food  in  the  stomach  is 
of  course  a  valuable  sign  that  the  child  has  lived.  The 
caput  suceedaneiim  is  a  reliable  si.gn  of  a  recently  born 
cliild,  and  should  not  lie  mistaken  tor  an  ordinaiy  hicma- 
toiiia. 

In  delermining  the  immediate  eausi- of  death  special 
lare  is  lu'ce.sssir.y  to  avoid  mistaking  normal  fissures  and 
divisions  of  the  cranial  bones  for  fractures,  and  also  not 
to  misinterpret  the  peculiar  rachitic  growth  of  bone  both 
in  the  skull  and  in  the  long  bones  for  fractures.  Incases 
of  passive  hypera-mia  with  patent  ductus  arterio-venosus, 
a  ha'inatonia  may  form  iu  the  medulla  of  the  suprarenal 
.gland  and  may  even  rupture  into  the  peritoneal  cavity, 
thus  simulating  a  traumatism.  In  cases  of  mehena  neo- 
natorum an  effusion  of  blood  may  occur  in  the  stomach 
or  in  the  intestine,  or  in  the  loose  areolar  tissue  about 
the  kidney  and  behind  Ihe  peritoneum. 

Special  care  should  be  used  to  avoid  the  production  of 
artifacts  in  the  removal  of  the  tongue,  fauces,  soft  palate, 
pharynx,  larynx,  etc.,  together,  as  already  described,  and 
a  careful  search  should  be  made  for  evidences  of  injury 
or  lod.gment  of  foreign  iiarticlcs,  or  lacerations  wiiieli 
may  have  been  |iroduced  by  the  finger  having  been  passed 
into  the  pharynx  to  cut  olf  respiration.  What  has  l)cen 
.said  about  other  causes  of  death,  both  traumatism  and 
poisons,  ajiplies  of  course  to  infants  iis  well, 

Dk.vtii  fi!om  Ei.KCTiiic  Shock. — The  medico-legal  im- 
portance of  death  from  lightning  stroke  is  slight.  Post- 
mortem appearances  may  be  ncgalive  or  the  cadaver  may 
jircsent  peculiar  arlioresccnt  markings  of  the  skin,  prob- 
abl.v  due  to  vasomotor  paralysis  and  siib.se(|iienl  decom- 
position. Internally,  lacerations  of  various  organs  have 
been  described  and  even  fractures,  but  the  conditions  are 
not  constant. 

Dmtli  from  currents  of  In'ffh  (lertro-»ifitire  force  {fifteen 
liiiridreil  to  tiro  tho'iKfind  ro/tx). — The  skin  and  subcutane- 
ous tissues  may  be  burned  even  down  lo  tlie  bone,  in 
])arts  that  have  come  in  conlacl  with  the  wire  or  other 
charged  ob.ieel,  or,  as  has  sometimes  been  observed,  the 
cadaver  may  show  no  external  signs  whatever.  The 
post-morlem  conditions  are  not  sulliciently  characteristic, 
unless  such  burns  are  present,  to  base  a  diagnosis  of  death 
from  electric  current  upon  them.  They  arc  practically 
the  signs  that  are  seen  in  other  conditions  producing 
asphyxia.  Tlie  blood  is  lluid.  the  right  side  of  the  heart 
being  tillcil  and  dilated.  The  left  ventricle  may  be  coii- 
tracled.  There  may  b<'  ecchymoses  in  the  cndoeaidium. 
in  Ihe  pericardium,  in  tin-  pleura,  and  rarely  in  the  ]ieri- 
loneum.  There  niav  be  minute  hemorrhages  in  the  floor 
of  the  fouiili  venlricle.     The  blood  is  dark  in  color. 

1)k.\tii  KiioM  BiHNs  .VXD  ScAT.Ds. — Deaths  in  con- 
tlagrationsare.  more  eoinnionly  than  is  generally  believed, 
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due  U)  asphyxia  from  iiilmlalioii  ol  smoUc,  or  Id  actual 
burns  of  the  ri'spiratoiv  passajjcs  and  acute  (wicma  of 
the  jrloltis  from  the  inhalation  of  hot  air  or  flame.  Post- 
morloni  appearances  in  such  conditions  are  discussed 
under  Asji/ii/-ii<i.  When  deatli  oceur.s  from  actual  burns, 
— as  may  happen,  for  example,  as  a  rcsidt  of  a  confla- 
jrration,— it  will  be  found  that  the  extent  of  cutaneous 
surface  burned  is  a  more  serious  factor  than  the  mere 
depth  of  the  burn.  Althouii'h  cases  have  recovered  in 
which  a  greater  area  has  lieen  involved,  if  one-third  of 
the  surface  of  the  ciitis  is  l)urned  the  individual  u.sually 
dies.  The  cause  of  death  in  these  cases  may  be  shock, 
or  it  may  be  due.  judgina;  from  post-mortem  appear- 
ances, to"  the  action  of  some  poisonous  substance  either 
absorbeil  from  the  wound  surface  (namely,  some  pto- 
maine like  product),  or  from  the  invasion  of  bacteria, 
or  from  an  anto  intoxication  due  to  suspension  of  func- 
tiiai  of  the  skin  involved.  The  heart  muscle  and  the 
epithelial  cells  of  the  liver  and  kidney  present  the  ap- 
pearances of  iiarenchymatous  degeneration,  or,  if  death 
occurs  somewhat  later,  of  fatty  degeneration.  It  has 
been  imported  that  round  idcer  of  the  duodenum  is  a  fre- 
quent accompaniment  of  extensive  burns.  It  is  supposed 
to  be  due  to  ecchymosis  of  the  mucous  membmne  and 
subsequent  erosion.  In  many  cases  of  fatal  burns,  how- 
ever, such  idcers  are  not  foimd. 

The  exteroal  appearances  of  the  burns  vary  with  the 
degree.  A  burn  that  during  life  lias  merely  produced 
erythema  may,  by  reason  of  the  ijost mortem  distribution 
of  the  blood,  escape  attention  after  death.  If  the  burn  is 
intense  the  spot  may  remain,  and  forms  good  evidence  of 
tlieburn  having  been  produced  during  life.  Even  though 
redness  may  have  ^'anished,  t  he  epidermis  may  show  some 
change.  In  burns  of  the  second  degree  vesicles  are  pro 
duced,  serum  exuding  in  the  lower  layers  of  the  cjjider- 
mis.  and  lifting  up  the  hoi'uy  layer.  These  vesicles  may  be 
small  or  large,  and  after  death  they  may  remain  unbroken, 
and  may  be  surrounded  by  an  area  of  liypera;niia.  or  the 
latter  appearance  may  be  absent.  If  the  vesicle  has  been 
liroken.  and  if  tliis  has  i-ecently  occurred,  the  denuded 
<'orium  underneath  is  moist  and  light  in  color,  and  the 
shrivelled  epiilermis  may  still  be  jiartly  attached.  If. 
however,  the  i)art  has  been  exposed  to  air  for  a  longer 
time  the  denuded  coriuni  becomes  dry,  hard,  yellowish 
or  yellowish  brown,  or  dark  Iirown  in  color,  and  like 
leather  or  ijarehment  in  consistence.  In  burns  of  the 
third  degree  involving  the  coriumdowu  to  tiie  sulicutane- 
ous  tissue,  if  recently  produced  by  scalding,  the  tissue 
maybe  white  or  grayish  white,  as  if  ci.>oked,  from  coagu- 
lation necrosis,  or,  if  produced  by  a  burn,  may  present  the 
appearance  of  having  lieen  roasted.  The  Vesicle  filled 
with  serum  is  a  fairly  good  indication  of  a  burn  having 
occurred  during  life.  Although  some  have  claimed  to 
have  been  able  to  produce  such  vesicles  post  mortem,  in 
most  of  the  experiments  performed  on  the  cadaver  such 
vesicles  contain  gas  liut  not  serum.  When  burns  of  the 
third  degree  have  occurred  during  life,  the  blood  in  the 
vessels  is  imnu'diately  coagulated.'  If  a  burn  is  produced 
jiost  mortem,  unless  jiossibly  in  a  dejiendent  jiortion  of 
the  cadaver,  the  coagulated  "blood  will  be  found  only  in 
the  veins  and  capillaries,  and  not  in  the  arteries  as  well. 
Histological  examination  of  such  tissue  may.  under  these 
circumstances,  prove  of  value.  It  is  said  that  the  net- 
work presented  post  mortem  by  leathery,  dried-out  burns, 
is  due  to  the  coagulation  of  blood  in  "the  vessels,  and  if 
the  burn  has  been  produced  during  life  such  a  network  is 
very  mueli  finer  than  if  the  burn  is  produced  after  death. 

Where  complete  charring  of  the  skin  has  been  pro 
duced  in  conflagrations  spontaneous  rupture  may  occur, 
its  usual  site  being  the  flexor  aspects  of  joints  "and  the 
lierineum.  Such  spontaneous  lacerations  have  been  mis- 
taken for  wounds.  They  jiresent,  however,  no  reaction, 
no  hemorrhage,  and  through  the  adipose  tissue  from  one 
surface  of  the  laceration  to  the  other,  vessels  and  nerves 
may  pass.  With  the  charring  of  the  skin,  rupture  not 
having  as  yet  occurred,  a  contracture  and  shrivelling  of 
tlie  tissue  beneath  may  take  ])lace.  The  charred  skin 
protects   the  underlying   parts  from   further   charring. 


On  this  account  complete  incineration  at  conflagrations 

does  not  usually  occur.  Besides  a  bur.sting  of  the  scalp, 
fracture  of  the  bone  or  the  formation  of  holes  in  the  bone 
with  exfoliation  of  burned  bone  after  charring,  or  in 
addition  a  diastasis  of  the  sutures  or  an  actual  fracture 
of  the  skull,  produced  by  the  vapor  from  the  tis.sues 
within  the  cranium  being  subjected  to  a  high  degree 
of  heat,  may  occur.  Such  conditions  may  be  mistaken 
for  the  results  of  inflicted  violence.  If  injury  has  been 
sustained  during  life  hemorrhage  occurs,  or  the  tissues 
may  become  infiltrated  with  blood  as  already  discussed. 
If  evidence  of  such  reaction  is  found  the  injury  must 
have  occurred  dui'ing  life.  Another  valuable  criterion 
is  the  examination  for  carbon  monoxide  hsemoglobiu 
in  the  blood  that  has  not  been  exposed  externally.  The 
demonstration  of  carbon  monoxide  in  the  blood  in  inter- 
nal parts  that  could  not  have  come  in  contact  with  car- 
bon monoxide  after  death  clearly  proves  that  carbon 
monoxide  was  inhaled.  This  test  may  be  of  value  in  de- 
termining whether  life  was  extinct  or  not  when  the  indi- 
vidual was  exposed  to  the  smoke. 

The  question  may  arise  as  to  tlie  time  which  must 
have  elapsed  before  the  effects  found  in  charring  of  the 
body  could  have  been  jiroduced.  It  has  been  found  that 
an  hour's  exposure  to  flame  will  cause  a  complete  char- 
ring of  the  soft  tissues,  and  a  further  hour's  exposure  to 
the  heat  of  glowing  embers  will  cause  calcining  of  the 
bones  of  a  newly  born  child.  At  conflagrations  the  re- 
sult is  probably  produced  after  a  much  longer  exposure. 
The  exact  time  might  be  very  diflicult  to  detennine. 

The  identification  of  charred  bodies  or  portions  thereof 
may  present  great  difllculties.  The  marked  shrinkage  of 
the  tissues  (with  the  exception  of  bone),  due  to  prolonged 
exposure  to  heat,  should  be  remembered.  A  case  is  re- 
ported in  which  a  iiart  found  consisted  of  a  pelvis,  clearly 
that  of  a  male  adult,  which  was  embedded  in  a  mass 
about  the  size  of  a  man's  head.  In  it  were  also  found  the 
heart,  liver,  coils  of  intestine,  and  the  external  genitalia 
which  were  very  small.  The  organs  jiresented  an  ap])ear- 
ance  that  would  have  led  one  to  estimate  tlie  age  of  the 
subject  as  between  four  and  six  years.  The  bones,  al- 
though completely  charred,  ma}-  still  ,sufficiently  sustain 
tlieirformto  be  a  valuable  guide  in  determining  probable 
age,  or,  at  least,  height  of  the  subject,  and  the  i:)elvis  may 
aid  in  determining  the  sex  after  puberty. 

De.\th  FitoM  Exposure  to  Cold. — Appearances  due 
to  frost  bite  maj'  or  may  not  be  present.  Light  red  spots 
of  post-mortem  decomposition  are  supposed  to  be  char- 
acteristic by  some  and  are  denied  by  others.  The  lieart 
and  central  veins  have  been  described  as  abnonnally  filled 
with  blood,  this  being  sujiposed  to  be  due  to  contnrcture 
of  the  peripheral  part  of  the  vascular  system.  The  diag- 
nosis must  be  made  by  exclusion,  and"  from  the  circum- 
stances of  the  case. 

DE-\Tn  FROM  Staev.vtiox. — The  proof  of  this  may  be 
of  medico-legal  importance,  more  esijecially  in  cases  of 
children  who  have  been  subjected  to  cruel  and  inhuman 
treatment.  The  blofid  is  markedly  an;i>mic  and  clotted, 
and  may  be  ijuite  thick  in  cases  in  which  the  subject  has 
in  addititm  been  dejjrix'ed  of  water.  The  heart  may  be 
small,  soft,  and  flaliby.  The  liver,  spleen,  and  kidneys 
may  be  smaller  than  is  natural,  from  atrophj'.  Stomach 
and  small  intestine  may  lie  empty,  and  there  is  a  marked 
diminution  of  sulicutaneous  fat  and  also  of  internal  fat, 
namely,  in  the  omentum,  mesentery,  perinejiliritic  tissue, 
and  subperieardial  tissue.  Fat,  however,  is  never  entirely 
absent.  The  external  ajipearance  of  the  cadaver  presents 
the  characteristic  appearance  of  marked  emaciation. 

Otto  J/.  Sc/iiiltse. 

AVA.     See  Kara. 

AVENS. — I'nder  this  name  are  known  various  species 

of  the  genus  Ormii  L.  (Fam.  R'mirca).  of  which  there  are 
some  thirty  or  forty,  distributed  through  both  tenqierate 
zones,  especially  the  northern.  By  Avens  is  geuorally  un- 
derstood the  rhizome  and  root  of  Q.  iii'hdinnii  L.,  while 
that  of   O.  rimile  L.  is  known  as  Purple  Avens,  in  al- 
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lusion  to  the  piirplf  flowers  of  tho  plant.  G.  Virf/iniantim 
I.  and  snnic  iitlicis  an'  known  us  Wliitc  Avcns.  None 
of  tlic'iM  is  niucli  ii.scd  ut  piuseiil.  but  tlicy  wtTc  fonucrly 
liirircly  einploviil.  both  in  domestic  and  iu  ])i'ofessii)nal 
practice,  as  astringents  and  tonics.  They  contain  volatile 
oils.  aiMaroi<ls,  and  mnch  tannin.  The  oil  quickly  disap- 
pears from  them  in  and  after  drying.  The  combination 
of  tannin  and  volatile  oil  (when  fresh  or  recently  dried) 
irives  them  a  much  belter  control  of  summer  diarrha'as 
than  do  drugs  which  are  aslriugent  merely,  and  tliis  is 
their  projii-r  field  of  usefulness.  They  are  given  in  doses 
of  1  to  4  gm.  (  :  :t  to  II.  "        JI.  J/.  Jtunhii. 

AVON  SULPHUR  SPRINGS— Livhig.ston  County, 
New  York. 

FosT(  )i''T'"irio.  — Avon.     Hotel. 

Acci'jss. — Branches  of  the  Erie  system  extend  in  four 
directions  from  Avon,  forming  direct  commuidealion  with 
New  York,  3(')7  miles  distant.  Rochester  1!^  miles,  and 
P.ulTalo,  l>(l  miles.  The  village  has  a  surpassingly  beauti- 
ful location,  nestled  as  it  is  iu  the  charming  and  pictiir- 
cscjue  valley  of  the  Genesee.  The  springs  are  ou  a  some- 
what lower  level,  about  tliree-nuarters  of  a  nnle  from  the 
village.  The  surrounding  country  is  delightfully  inler- 
Kjiersed  with  fine  drives,  charming  lakes,  streams,  cle. 
The  use  of  the  Avon  Springs  for  medicinal  purpo,ses  dates 
from  1792.  Those  found  to  possess  the  greatest  efRcacy 
are  known  as  the  •'I'lijier"  and  the  "Lower"  spring. 
The  ''Congress"  and  the  "Magnesia"  springs  are  al.so 
usi'd  to  .some  extent,  the  latter  being  the  favorite  for 
drinking.  The  following  analyses  show  the  chemical  in- 
greilieuts  in  one  United  States  gallon  of  three  of  the 
si)ring.s: 


SoliOs. 

tipper  Spring, 

J.  Hadley, 

analyst. 

Grains. 

Lower  Spri  up. 
J.  U.  Chilton, 

analyst. 

Gi'ains. 

Congress 
Hall  Sprinfr. 
H.  M.  Baker, 

analyst. 

Grains. 

Calcium  rjirlmnate 

Sodium  sulpliate 

K.OO 

lii.(K) 
84.(10 
lO.(K) 
18.40 

2ft.:« 
V.i.n 
.57,44 
49.61 

Ml 
Trace. 

9.2.-> 
21.02 
2T.iil 

Mntriu'sium  .sulphate 

SiKliilin  '-hl'Tide 

I'.I.OT 
29.11 

Sodiuru  sulphide !. 

Calcium  sulphide 1 

99..'-» 

Y.K.m          1         158..i2 

2U5,«1 

Gases. 

Cubic  inches. 

Cubic  inches. 

Cubic  inches. 

Sulphureted  hydrogen 

<'arl.M>ni<.-  arid 

Oxygen  

12.00 
5,«1 

10.02 
3.92 
0..5« 
,5,42 

27.i8 
22.04 
0.97 
3..SS 

Total 

IT.iiii 

I9,!tt 

04..53 

These  waters  are  of  thesaline-calcic',  stdpho-earbonated 
variety.  The  chemical  constituents  of  the  magnesia 
spring  arc  believed  to  be  (piite  similar  to  those  of  the 
lower  spring,  with,  however,  a  greater  jiroportion  of  sul- 
jihate  of  magnesia.  In  coiise(picnce  of  the  considerable 
]inip(U'tioii  of  this  ingredient  the  two  latter  springs  have 
valuable  laxative  and  ])urgative  projierties.  They  thus 
become  useful  in  disoi'ders  of  the  gastro-intcstinal  trad 
accompanied  by  tor|)or  of  the  liver  an<l  constipation. 
The  water  also  produces  an  increased  activity  of  the 
functions  of  the  skin,  and  free  diajihoresis  often  ensues. 
The  water  also  possesses  antacid  properties  and  has  ben 
biund  of  special  benefit  in  cases  of  dyspe]i,sia  attended  by 
tiatulrnce.  heart-burn,  and  gastric  catarrh,  I5oth  iuler- 
ually  and  in  the  form  of  baths,  thesi'  waters  have  becai 
found  beneticial  in  cases  of  obstinate  rheumatism,  dis- 
eases of  the  urinary  tract,  and  in  various  skin  disorders. 
Facilities  for  all  kinds  of  hot,  cold  and  electric  baths  are 
supplied.  James  K.  CrvuU. 

AXILLA.    See  SJionlder. 
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AXOCOPAN.— Munici|ialit\'  of    Axocopan,    State 
Purl. la.  .\lc\ic.i. 

'I'he.se  spiings  aic  located  in  a  romantic  legion  sur- 
rounded by  beauliful  and  picturesque  scenery,  about  5 
km,  cast  of  the  city  of  AlleXi'O.  To  the  east  of  the  loca- 
tion of  the  springs  is  the  famous  hill  of  San  Migut^l, 
noted  for  its  religious  as.sociations.  The  view  to  the 
west  is  cut  off  by  a  succession  of  hills  of  volcanic  origin, 
while  on  the  norlh  loom  up  the  magnificent  volcanoes  of 
Po))ocalapetl  and  Ixtaccihuatl.  To  the  norlhcasi  is  the 
volcano  of  .Malinl/in,  whil(\  the  blucMlome  of  the  Iropical 
sky  surnioimis  (he  whole.  Lu.xuriant  vegetation  em- 
bracing many  vari<'ties  of  trees  and  llowers  surroiuids  the 
location  of  the  springs.  The  waters  of  Ihese  springs  re- 
semble tho.se  of  Vichy  in  France.  They  are  natiually 
cold,  perfectly  transparent,  and  have  a,sna|)p_v  and  jiiquaut 
sparkle  from  the  presence  of  carbonic  acid  gas  iu  great 
abundance.  According  to  an  analysis  by  Carrasco,  the 
waters  contain  the  bicarbouates  of  soiliimi.  calciinn, 
magui'sium,  liotassium.  and  ii-on.  suljiliate  of  sodium, 
chloride  of  sodium,  silicate  of  alumina,  silicic  acid,  and  a 
small  percentage  of  organic  matter.  These  waters  arc 
said  to  be  exceedingly  agreeable  to  the  palate.  They 
staiul  transportation  well  and  will  no  doubt  eventually 
tiud  their  way  into  the  markets.  The  location  of  the 
siu'ings  offers  an  unusual  combination  of  atti'actions  for 
the  establishment  of  a  popular  health  resort.  Bathing 
in  the  open  air  may  here  l>e  indulged  in  throughout  the 
year.  The  waters  are  said  to  be  useful  in  diabetes, 
lithiasis,  gastric  disorders,  and  especially  in  diseases  of 
the  skin.  JV.  J.  Puncc  ile  Lion. 

AYAPANA.     See  TJiorovrihirort. 

AYERS     AMHERST     MINERAL      SPRINGS. —  Eiie 

County,  N<'W  York. 

PostOfp'ice. — Williamsville.     llcjtel. 

Access. — The  Bull'alo  and  Williamsville  trolley  line  is 
a  mile  and  a  half  distant.  The  springs  are  four  miles, 
two  miles,  and  four  miles  respectively  from  the  follow- 
ing lailroad  stations:  the  "West  Shore,  the  Lehigh  Val- 
ley, and  the  New  Y'ork  Central  (branch).  The  springs 
(two  in  nmnber)  are  owned  by  Jlr.  A.  D.  Ayer.  an<l 
are  located  in  tlie  town  of  Amherst,  two  miles  north 
east  of  Williamsville  and  six  miles  from  Bull'alo.  The 
|ulneipal  sjn'ing  (artesian)  was  bored  about  ten  years  ago. 
According  to  a  partial  qualitative  analysis  by  llerbert  M. 
Hill,  Pli.D.,  Profe.ssor  of  Chemistiy  and  Toxicology  at 
the  University  of  Bufl'alo,  it  contains  the  following  in- 
gredients: Calcium  sulphate,  irou  bicarbonate,  calcium 
bicarbonate,  magnesium  sulphate,  sodiiuu  diloride. 

It  is  not  possible  to  classify  the  water  from  this  analysis, 
but  it  wo\ild  appear  to  be  a  calcic  chalybeate,  with  sulli- 
<-ient  Ep.som  salts  to  give  it  laxative  pro|)erties.  A  com- 
plete quantitative  analysis  is  desinible. 

The  water  is  highly  recommended  for  chronic  constipa- 
tion, ,sick  headache,  dyspep.siaand  gastric  catanli,  hemor- 
rhoids, ami  other  eonditi(ms  du(^  to  a  disordeird  slate  of 
the  gastro  intestinal  tract.  The  building  of  a  .sanitarium 
!it  the  sprini;s  is  under  contemplation. 

./.  a:  Cmok. 

AZEDARACH.— /V/(7c  -//■  Clilim  (or  of  Tndiii).  China- 
hii-nj  Tin.  The  bark  of  the  root  of  Mrlia  A::tilararli  L. 
(fam.  Miiiacan).  This  is  a  !iiU',  mediiun-sized,  orna- 
mental ti-ee  from  India,  but  long  cultivated  iu  all  the 
warmer  parts  of  the  world.  It  has  delicate,  twice  pin 
nated  leaves,  fragrant  clusters  of  lilac  colored  llowers, 
and  yellow  globose  fruils  of  the  ,size  of  small  grajies. 
Azedanieh  has  been  occasionally  used  for  oue  oranotlu-r 
])uri)OSc  in  various  countries  where  it  grows,  and.  in 
deference  to  a  slight  re]mtation  in  the  S(uithi-rn  States 
was  some  time  ago  admilled  to  the  Pharmacop(eia.  It  is 
now,  however,  excepting  as  an  extemporary  country 
medicine,  nearly  obsolete.  The  bark  of  the  root  is  thus 
described:  "In  curved  jiieces  or  quills,  varying  in  size 
and  thickness;  (uiter  ,surface  red  brown,  with  iriegular, 
blackish,  lonirittidiual  riilges;    iuner  surface  whitish  or 
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brownish:  lonsriHulinally  striate:  frnoture  more  or  less 
tibroiis:  11)1011  ininsversi' seel idii  liingenlially  striate,  ^yitll 
Vellowisli  liast  lilires:  almost  inodorous,  sweetish,  at'ter- 
wanl  liitlerand  nauseous." 

It  contains  a  whitish-yellow  resin,  which  is  cUtimeil  to 
be  the  active  ininciple. 

A/.edaraeh  disturbs  the  digestive  tract,  causing,  in 
large  doses,  vomiting  and  diarrhcv^a.  It  is  a  fatal  nar- 
cotic poison  in  still  larger  ones.  l>ut  its  qualities  are  uot 
■well  known.  It  is  usually  given,  however,  for  intesti- 
nal worms,  in  decoction,  or  "in  syrup  of  the  fresh  root. 
Dose,  4  to  8  gm.  (  3  i.  ad  3  i.i). 

Hiids  become  stu])e(ied  by  eating  the  berries,  and  fatal 
cases  of  poisoning  by  the  see<ls  have  occurred  in  India. 

Ai.i.iKL)  Pi,.\NTs.  —  M(Ua  Iiididt  Brandis.  Margn-vi. 
another  Indian  \t\aul  of  the  genus,  has  a  bitter  bark  and 
wood.     It  is  used  as  a  tonic.  W.  P.  BoUeit. 

AZORES.— The  A/ores  or  Western  Islands  lie  about 
2.(10(1  miles  from  Boston,  1,400  miles  from  the  Lizard 
Point,  in  England,  and  800  from  the  coast  of  Portugal, 
of  which  they  are  a  possession.  The  islands  are  nine  in 
niimber  and  are  divided  into  three  distinct  groups,  about 
one  hundred  miles  ai)art:  Santa  Maria  and  San  jMiguel 
forming  the  southeastern  portion,  Flores  and  Corvo  the 
northwestern,  and  the  remaining  live  the  central  divi- 
sion. The  total  area  of  the  islands  is  about  1.0(10  .sijuare 
miles,  and  the  population  is  estimated  at  300,000.  San 
Miguel  is  the  largest  island,  being  40  miles  long  and  10 
broad.  Fayal  and  San  Miguel  arc  the  two  islands  which 
are  generally  visited  and  with  which  there  is  the  Ijest 
communication.  One  can  reach  tliem  by  steamers  from 
New  York  and  Portugal,  and  possibly  bv  sailing  vessels 
from  Boston.  The  whole  system  of  islands  is  of  volcanic 
origin,  and  their  outlines  in  consequence  are  rugged  and 
picturesque.  The  coast  line  is  ]irecipitous,  and  the  cen- 
tral portion  of  each  island  rises  in  mountain  peaks,  which 
vary  in  height  from  1,889  feet  (San  Miguel)  to  7,613  feet 
(island  of  Pico).  There  are  no  natural  harbfirs.  and  \'es- 
sels  lie  in  the  open  roadstead  oil  the  principal  ports.  A 
breakwater  has  been  under  construction  for  a  long  time 
at  San  Miguel,  but  it  is  not  j-et  completed. 

The  vegettiticm  is  rich  and  luxiu'iant,  and  both  tropical 
and  subtropical  fruits — the  tig,  orange,  banana,  loquot, 
pineapple,  prickly  pear,  guava,  pomegranate,  and  lemon 
— grow  in  the  open  air.  Flowers  bloom  in  nearly  infinite 
variety,  and  the  gardens  of  San  Miguel  and  Fayal  con- 
tain an  almost  endless  diversity  of  tree,  flower,  and  fruit. 
There  are  no  fewer  than  forty  plants  pecidiar  to  the 
islands.  Besides  these  there  are  about  four  Inuidred 
species  which  are  found  in  Europe,  and  three  hundred 
and  forty  which  are  not  found  in  Europe,  but  are  common 
to  Madeira,  the  Cauarv  Islands,  and  the  Azores  (Roun- 
dell). 

The  climate  is  a  mild  and  moist  marine  one,  and  very 
equable  at  ail  seasons  of  the  .rear.  The  mean  annual  tem- 
perature is  62'  F.  The  e.xtremes  are  stated  to  be  86'  and 
4.5°  F.  The  range  between  winter  and  sunuuer  is  from 
10°  to  15°.  The  night  temperature  is  generallv  not  more 
than  four  degrees  cooler  than  the  dav"  The  summer  is 
enervating  at  70°  F.,  and  one  is  drenched  with  perspira- 
tion on  the  slightest  exertion.  The  mean  temperature  for 
winter  is  58°,  for  spring  61°,  for  summer  68°,  and  for 
autumn  63°  F.  The  three  coldest  months  are  usuallv 
January,  February,  and  ^larch.  In  winter  it  sometimes 
feels  chilly  and  damp,  and  one  seldom  leaves  homo  with- 
out an  umlirella.  The  humidity  is  so  great  that  wall- 
paper will  not  adhere,  and  the' veneerinu'  of  furniture 
strips  off.  The  mean  annual  relative  humiditv  is  70  per 
cent,  and  for  winter  it  is  77  per  cent.  The  mean  animal 
rainfall  is  38.5  inches.  The  wind  blows  with  great  force 
at  times  and  tliere  are  frequent  storms.  "  The  prevailing 
direction  of  the  wind  in  winter  is  from  the  .south,  soutli- 
west,  and  northwest,  and  in  summei-  from  the  northeast, 
east,  and  north"  (Solly,  ".Medical  C'limatoloiiv,"  18!)7). 

Ponta  Delgada.  in  San  Miguel,  is  tlie  larycst  citv  of 
the  i.slands.  It  has  a  popidation  of  25,000 'inhabitants. 
There  is  a  good  theatre,  a  public  library,  numbers  of  tine 


gardens,  ancient  churclies  and  government  buildings, 
|uiblic  markets,  etc.  There  are  comfortable  accommo- 
dations here  as  well  as  at  Horta,  the  prin<-ipal  town  of 
Fayal,  and  the  food  is  generally  good.  Twenty-seven 
miies  from  Ponta  Delgada  by  carriage  road,  through 
beautiful  and  wild  scenery,  is  the  Valle  das  Furnas, 
where  are  hot  sulphur  springs  of  a  temperature  of  from 
56°  to  212°  F.  All  contain  sulphur,  iron,  alum,  and 
silica  in  varying  proportions.  Besides  the  |udilic  bath 
houses,  built  by  the  Government  and  free  to  all,  there  are 
also  private  baths.  The  bath  tubs  are  cut  out  of  solid 
limestone  or  lava  rock,  and  have  taps  for  hot  and  cold 
water,  the  hot  coming  from  the  sulphur  spring,  and  the 
cold  from  the  water  impregnated  with  iron.  The  bath- 
ing season  begius  in  June  and  last.?  for  six  months,  dur- 
ing which  time  a  large  number  of  people  frequent  Las 
Furnas,  The  general  custom  is  to  hire  lodgings  and  to 
take  meals  at  the  hotels.  The  various  diseases  for  ■t\hich 
these  springs  are  beneficial  are  chronic  rheumatism, 
which  is  almost  invariably  benefited:  paraly.sis,  S3'philis, 
skin  diseases  (especially  eczema),  dj-spepsia,  and  internal 
troubles. 

Las  Furnas  itself  is  situated  in  the  valley  of  the  Furnas, 
which  is  the  bottom  of  a  vast  crater  of  an  extinct  volca- 
no. In  this  valley  are  the  various  boiling  springs,  with 
masses  of  white  vapor  hanging  over  them,  A  roaring 
noise  is  heard,  as  the  hot  gases  issue  from  the  earth. 
The  Calihira  Gnimle  svipplies  the  sulphur  water  to  the 
baths,  and  is  enclosed  hx  a  wall  some  six  feet  in  height. 
The  water  in  this  tank-like  enclosure  boils  in  a  most  furi- 
ous niannerand  with  agreat  noise.  It  furnishes  nineteen 
gallons  per  minute  (Roundell).  The  ground  about  is  cov- 
ered with  patches  of  white  sulphur  and  alum,  streaked 
with  orange  and  red.  In  another  part  of  the  vallcv  is  the 
liiu-n.  do  Inferrm.  or  "Mouth  of  Hell."  a  dark  pit  of  un- 
known depth  filled  with  boiling  mud,  constantly  thrown 
t;p  with  a  great  smoke  and  noise.  This  mud  is  collected 
by  the  people  and  used  as  an  external  application  in  .skin 
diseases.  All  the  geysers  or  springs  are  said  to  boil  most 
furiously  when  the  wind  is  east. 

So  far  as  the  climate  in  general  of  these  Islands  is  con- 
cerned it  is  applicable  to  such  cases  as  require  a  mild, 
equable,  moist  climate.  It  is  therefore  suitable  for  pa- 
tients who  are  sulfering  from  neurasthenia,  from  Bright's 
disease,  from  nervous  affections,  from  hay  fever,  etc., 
and  for  those  who  are  con^•alescing  from  the  grippe  and 
from  other  acute  diseases.  "There  is  comparatively  lit- 
tle sickness  on  any  of  the  islands — very  rarely  any  regu- 
lar fevers  or  epidemics  of  any  kind  prevail "  ( Junkiu). 
The  water  supply  is  from  springs,  wells,  and  cisterns,  and 
is  generally  good. 

iProm  a  personal  visit  to  Fayal  and  Pico,  the  writer  can 
testify  to  the  charm  and  fascination  of  these  strange  isl- 
ands with  their  ancient  and  primitive  customs,  beautiful 
scenery,  and  ilelighfful  and  ever- varied  walks,  drives,  and 
excursions.  One  can  hardly  conceive  of  a  more  entranc- 
ing place  for  the  lover  of  nature,  or  one  more  restful  and 
refreshing  for  the  weary  and  overworked.  The  only 
drawliack  is  the  long  journey  there,  which  is  almost  pro- 
hibitory to  a  sufferer  from  sea-sickness. 

For  a  very  interesting  and  extended  account  of  these 
islands  the  reader  is  referred  to  Jlrs.  Chailes  Roundell's 
"A  Visit  to  the  Azores."  and  also  to  the  two  papers  by 
Canfield  and  Junkin  fin  "  The  Azores  as  a  Health  Resort. " 

Edtrard  0.  Otix. 

AZULE  SPRINGS.— Santa  Clara  ('ounty.  California. 
Location.  12  miles  west  of  San  Jose.  These  springs  are 
not  in  Use  as  a  resort,  but  the  waters  are  bottled  and 
shipped  in  large  quantities  to  all  parts  of  California  and 
e\'en  more  distant  points.  An  analysis  by  a  chemist 
^\■hose  name  we  have  been  unable  to  secure  resOlted  as 
follows; 

One  United  States  Gallon  Coxtaixs: 

Solids.  Grains. 

Sodium  chloride 86.7,? 

Sodium  earltonate .53,19 

Potassium  cliloi-ide 10.90 
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Bu(-t€'i-ia. 


Solids.  Grains. 

Pota.s.*ium  carboniite    2.S.") 

Slii^fiU'.sium  car-lKHKite 7*\16 

Ma^iit'stum  chlonde 17.42 

Calcliiin  oarlKinaU; lO.O.'j 

Silica 3.-M 

Organic  matter 0.18 

Total ■JlilM 

Free  carbonic  acid  giis,  l.'Xi.TT  cubic  inches ;  t<!mperatiire.  59.0°  V. 

Tliis  is  a  jioodcxuiiipleof  tliealkulinc-saliiic-carbomilcd 
class  of  waters.  'I'lie  analysis  sliows  Cdiisidcrablc  resem- 
blance to  that  of  the  Nassau  Sellzer  Spriiiys  in  Germany. 
The  water  iiosses.ses  antariil,  ajierieMt,  (liiii-etic.  and  lonie 
properties.  ./.  A',  (.'mok. 

bacter:a.  pathogenic,  and  other  patho- 
genic MICRO-ORGANISMS. 

TUE  ScniZOSIYCETES  OK   B.VCTERTA. 

These  arc  the  smallest  and  at  the  same  time  the  most 
interesting  of  all. known  living  organisms.  Wiiile  most 
liacteria  are  haniile.ss — some  of  them,  indeed,  Ijeiug  of 
the  greatest  use  in  the  f<-ononiy  of  iialun'.  by  priMlucing 
the  decomposition  of  dead  animal  and  vegetable  matter, 
without  which  life  on  the  earth  ivould  be  impossible — 
others  ai'e  the  cause  of  various  infectious  diseases  in 
man  and  animals.  Bacteria  are  very  widely  distribulcd 
in  nature,  and  are  present  in  the  air,  watei',  soil,  and  also 
in  the  food  and  bodies  of  animals. 

HiSTOKK  AI,   RiCVIKW  <JF   TlIK   DEVELOPMENT   OF   I?.\( 

TEHioi-ooY. — Although  most  of  the  important  disco\  er- 
ics of  bacteria  in  their  relatioti  to  disease  aiit  of  cumpai'a- 
lively  recent  date,  from  the  earliest  days  of  medicine,  and 
long  before  tliese  micro-organisms  were  known  to  exist, 
minute  living  germs  w<'re  thought  to  be  concerned  in  the 
production  of  many  diseases.  Kefoi'e  entering,  tlierefore, 
into  a  detailed  considci'ation  of  pathogenic  bacteria,  it 
may  be  interesting  and  instructive  to  review  briefly  the 
more  important  slejis  which  lead  up  to  the  development 
of  liacteriology  as  a  science. 

The  tirst  auihenlic  obseivations  of  living  micro-organ- 
isms of  which  there  is  any  record  are  tho.se  of  Athanasius 
Kircher,  a  Jesuit  priest,  in  1071.  The  compound  mici-o- 
.scope  dates  from  l.")i»0,  but  this  observer  was  the  tirst  to 
lind  in  putrid  meat,  milk,  vinegar,  cheese,  etc.,  minute 
living  organisms  or  "worms."  invisible,  to  the  naked  eye, 
which  he  concluded  must  be  the  cause  of  puti'efaction. 
Kirchei',  liowever,  did  not  describe  the  foini  or  character 
of  these  "little  worms,"  and  with  the  micioscojjes  in 
use  in  his  day  he  |)r<ibably  did  not  see  bacteria,  as  we 
now  understand  them.  Nevertheless,  his  observations 
seemed  to  substantiate  the  view  that  infective  diseases 
might  be  caused  by  substances  which,  introduced  into 
the  body,  give  rise  at  first  to  no  symptoms  but  increase 
till  they  bring  about  disease;  the  opinion  held  at  that 
time  by  many  physicians  being  that  if  putrefaction  is 
produced  by  living  organisms  outside  the  body,  when 
these  organisms  are  foimd  in  the  blood,  etc.,  they  nuist 
necessarily  cause  jiut refaction  there  also. 

Not  long  after  this,  in  Hi?."),  Anthony  van  Leeuwenhock, 
a  citizen  of  Delft,  Holland,  a  linen  draper  by  trade,  who 
practised  the  art  of  grinding  and  polisiiing  lenses,  con- 
structed a  mici-oscope  with  which  he  was  able  to  ob- 
serve in  rain  water,  in  jniti-id  infusions,  in  human  saliva. 
in  intestinal  evacuations  of  man  and  .-inimals.  and  in 
the  scrapings  between  the  teeth,  numbers  of  living  "ani- 
malcula. "  as  he  called  them,  varying  in  form  and  size 
and  in  tlie  character  of  their  motion.  Of  these  he 
gave  descriptions  and  drawings  which  are  remarkable 
for  their  accuracy,  considering  the  imjierfcct  optical  in- 
struments at  his  command,  and  there  is  little  doubt  that 
he  really  sjiw  some  of  the  larger  species  of  bacteria, 
probably  siiiiilla.  Leeuwenhock  made  no  attempt  to 
assign  any  importance  to  the.sc  organisms  regarding  any 
role  they  might  play  in  relation  to  disease,  his  woiu  be- 
ing conspicuous  for  its  puicly  objective  and  unspecula- 
tive  nature.  Hut  his  contemporaries  and  those  who  im- 
mediately succeeded  him  seized  uijou  the  idea  of  these 


animalcules  causing  a  great  number  of  diseases,  even  in 
cases  in  which  they  were  not  found,  reasoning  from  anal- 
ogy that  they  must  be  present,  until  thei-e  arose  a  veritable 
craze  of  I  he  germ  theory  of  disea.se  or  c'lnliKjinin  ai<iiiiii- 
turn.  Then  later  followed  a  reaction,  and  the  idea  for  a 
time  was  ridiculed  out  of  i-xistence.  And  .so  through- 
out the  history  of  medicine  tliis  theoi-y  contimied  to  l)e 
often  asserted  and  as  often  again  denied,  on  sjieculative 
grounds,  until  well  into  the  pi'esent  century,  when  tlie 
question  was  finally  settled  by  actual  observation  and 
experiment. 

Among  those  who  at  this  early  datetthe  end  of  the  six- 
teenth and  beginning  of  the  seventeenth  cenliiry )  held  to 
the  (hictrine  of  coiitiKiiiuii  iiiiiiitiiliiin  wei'c  [.ange  and 
Hauptmanu.  who  sliortly  after  L<'euuenhock's  invesliiia- 
tions  advanced  the  opinion  that  puer|)eral  fever,  measies, 
smallpox,  typliiis,  pleurisy,  epilepsy,  gout,  and  many 
other  diseases  were  (lue  to  animal  contagion.  And  in  1701 
Andry  and  Linneassumed  th(;samcoiigin  forsypliilis,  ;uid 
Lancisi  ( I  TbS)  for  malaria.  Antonius  I'leneiz,  a  physician 
of  Vienna,  who  publislied  his  deductions  in  XHVi,  main- 
taini-d  that  not  only  were  all  infectious  diseases  due  to 
micio  organisms.  I)ut  that  the  infective  maleiial  could  be 
nothing  else  than  living  animals  or  plants.  (Jn  these 
gi-ounds  he  en<leavored  to  explain  the  variations  in  the 
incidiation  period  of  diilerent  diseases.  He  insisted  also 
that  special  germs  were  concei'ned  in  the  production  of 
each  infectious  disease.  Plenciz  believed,  moreover,  that 
these  niicio-oi'gainsms  were  capable  of  multiplication  in 
the  body,  and  suggested  the  possibility  of  their  being  con- 
veyed  from  place  to  place  through  Iheidr.  etc.  Besides 
these  deductions  liealso  made  original  investigations  into 
the  pi<icessesof  putiefaetion  and  fermenlation.  and  having 
found  animalcules  in  all  dceomiiosing  material,  he  became 
.so  thoroughly  convineed  of  their  causative  relation  to 
these  ])rocesses  that  he  formulated  the  law  that  decom- 
position of  animal  and  vegetable  matter  lakes  place  only 
b\'  means  of  and  througli  the  incicase  of  living  oi'ganisnis. 

Still  ajl  this  was  entiiely  a  matter  of  speculation  only, 
unpidved  by  direct  exiieriineiit ;  Init  the  theoiy  advanced 
was  so  ]ilausible  and  the  argiunents  used  in  its  support 
were  so  logical  and  con\  ineing,  that  in  spile  of  great  op 
position  and  ridicule  it  continued  to  gain  ground,  and  in 
many  instances  the  conclusions  reached  by  these  early 
philosojdiers  have  since  been  shown  to  be  corieet. 

Jleanwhile  the  question  which  most  attracted  the  in- 
terest of  all  investigators  into  tlie  cause  (>f  infectious  dis- 
eases was:  What  is  the  source  of  the  micro urgauisms 
wdiich  an!  supposed  to  produce  these  processes?  Are 
they  the  result  of  vegetative  changes  in  tlii^  substances  in 
whi<'h  they  are  found — the  the(n'y  i){  rji m  niti'i)  (K/iiiitini, 
or  spontaneous  generation;  or  are  they  reproduced  from 
similar  pre-existing  organisms — the  vitalistic  theory? 
This  question  is  intimately  connected  with  the  investiga- 
tions into  the  origin  and  nature  of  fenncntation  and  pu- 
1  ri-faction.  for  it  was  in  tliese  experiments  that  the  theory 
of  sponlanef)Us  generation  was  overthrown  and  tiie  germ 
theory  established. 

Of  those  who  most  vigorously  advocated  the  idea  of 
r/eiiertitio  (Pi/irirocit  was  Needham.  who.  in  174il.  attempted 
to  prove  experimentally  the  truth  of  his  opinions.  He 
placed  a  grain  of  barley  in  a  watch  glass  containing  water, 
covcM'ed  it  carefully,  and  allowed  it  to  germinate  On 
later  examination  he  fcmnd  living  micro-organisms  present 
which  he  maintained  were  the  elfect,  not  the  cause,  of  the 
decomposition  and  due  to  vegelativeehanges  in  the  grain 
itself.  Again,  he  boiled  meat  infusions  and  kept  them  in 
lightly  cork(ul  flasks;  in  these  also  living  organisms  de- 
veloped. As  all  life  must  have  been  destroyed  by  the 
boiling,  and  the  clo.sed  flasks  shut  out  apparently  eveiy- 
thing  from  without,  Needham  concluded  that  the  organ 
isms  present  could  have  been  produced  only  from  the 
dead  material  by  s])ontaneous  generation. 

This  conclusion  .seemed  indeed  irrefutable  at  the  time, 
but  Bonnet,  in  I7li'j,  suggested  that  possibly  there  were 
certain  germs  which  were  able  to  resist  the  boiling  tem- 
perature, or  that  the  flasks  were  not  ,so  tightly  closed  that 
no  germs  could  enter.     Then  in  1709  Lazarus  aiul  Spal 
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laii/.aiii  showed  experimentally  tlie  falseness  of  Needliam's 
results.  l)y  denionstratinj;  tlint  if  piitreseil)le  infusions  of 
prsanie  niatter  were  plaeed  in  liennetirally  .sealcil  tUisks 
and  boiled  for  an  lioiir  the  infusions  remained  sterile; 
neither  were  liviuj;  or5!:anisnis  found  in  the  liquids,  nor 
did  thev  deeoniiiiise.  \t  was  objeeted  to  tlie.se  experi- 
ments that  the  hish  temperature  to  which  tlie  liquids 
were  subjeeted  so  altered  them  that  spontaneous  genera- 
tion could  not  occur.  Siiallauzani  then  simply  cracked 
one  of  the  tlasks  ii  little  and  allowed  air  to  enter,  when 
oriranisnisand  decomiiosition  again  appeared  in  the  boiled 
solutions.  Again  it  was  objected  that  in  excluding  the 
oxyiren  of  the  air  by  hermetically  .sealing  the  tlasks  the 
es.seiitial  condition  for  the  develo])ment  of  putrefaction. 
which  required  the  free  admission  of  this  gas,  was  inter- 
fered with.  This  objec'tion  was  met  by  Schultze  in  1836. 
who  showed  that  the  air  could  have  access  to  sterilized 
infusions  without  causing  putrefaction,  if  it  were  first 
freed  from  germs  by  ]>assing  it  through  strong  sulphuric 
acid.  Schwann  etfeeted  the  same  thing  in  1(^37  by  pass- 
ing the  airthrough  red-hot  tubes;  and  llelmholtz  in  1843 
repeated  and  eoulirmed  these  experiments  with  calcined 
air.  Again  the  ]ioint  was  raised  that  the  heating  of  tlie 
air  had  p<'rhaps  brought  about  some  chemical  change 
which  jirevented  the  production  of  putrefaction. 
Schroeder  and  von  Dusch  then  showed,  i:i  18.54,  that  if 
tlie  air  was  filtered  through  cotton  wool,  by  simply  jjlac- 
ing  stoppers  of  tliis  material  in  tlie  mouths  of  the  flasks 
before  boiling— a  device  which  has  since  proved  of  in- 
estimable value  in  bacteriological  work — the  contained 
liquid  was  incapable  of  producing  putrefaction.  Similar 
results  were  obtained  by  llotfmann  in  IStiO.  and  by 
Chevreul  and  I^isteur  in  1861,  without  a  cotton  filter,  by 
drawing  out  the  neck  of  the  flask  and  bending  it  down- 
ward, the  mouth  being  left  open.  Here  the  force  of 
gravity  prevents  the  suspended  bacteria  in  the  air  from 
ascending,  and  there  is  no  current  to  carry  them  upward 
into  the  liquid.  Tyndall  later  (1870)  showed  by  his  in- 
vestigations upon  the  floating  sulistances  in  the  air  that 
in  a  closed  chamber  in  which  the  air  is  not  disturbed  by 
currents,  all  suspended  particles  settle  to  the  liottom,  the 
superincumbent  air  being  optically  pure.  He  demon- 
strated beyond  ail  doulit  that  the  presence  of  living 
organisms  in  decomposing  fluids  was  always  to  be  ex- 
plained either  by  the  pre-existenceof  similar  living  forms 
in  the  fluid  or  upon  the  walls  of  the  vessels  containing  it, 
or  by  the  liquid  being  exposed  to  air  which  was  con- 
taminated bj'  organisms. 

But  still  another  matter  required  explanation.  A  cer- 
tain percentage  of  the  experiments  with  infusions,  which 
had  been  Ijoiled  for  a  considerable  time  and  carefully 
protected  fi'om  subseciuent  contamination,  would  now 
and  then  fail  despite  every  precaution.  Bonnet  in  1762 
had  suggested  the  explanation  of  this,  on  the  assumption 
that  some  organisms  were  perhajis  capable  of  wilbsland- 
iiig  the  boiling  temperature,  and  still  grow  when  the  in- 
fusion cooled.  Then  Pasteur  found  that  he  could  steril- 
ize milk  only  at  a  temperature  of  110°  C,  and  later  (186.5) 
showed  that  the  organisms  whieb  resist  boiling  tempera- 
ture are  reproductive  bodies,  now  known  as  spitres.  But 
it  was  not  until  1876  that  the  nature  of  spores  was  care- 
fully studied  and  explaiui'd  by  Cohn,  and  afterward  con- 
firmed by  Koch.  These  in\estigators  jiroved  that  cer- 
tain rod  shaped  bacteria  possess  the  ])ower  of  passing 
into  a  resting  or  spore  stage  under  peculiar  conditions  of 
growth,  and  that  when  in  this  stage  they  are  much  less 
susceptible  to  the  injurious  action  of  higher  temperatures 
and  other  deleterious  influences  than  when  in  their  normal 
vegetative  condition. 

With  this  discovery  the  ciuestion  of  spontaneotis  .gen- 
eration was  finally  settled  in  the  negative  and  the  germ 
theory  established.  If  living  micro-organisms,  soine  of 
them  capable  of  jiroduciug  the  more  resistant  sjiores.  were 
present  in  tlie  air,  soil,  water,  etc.,  it  was  easy  enough  to 
understand  how  irregularities  occurred  in  previous  ex- 
periments; nor  could  there  longer  beany  doubt  that  bac- 
teria were  the  cause,  not  the  effect,  of  fermentation  and 
putrefaction,  and  possibly  also  of  disease. 


But,  in  tlic  mean  time,  little  or  nothing  had  been  ac- 
complished in  the  systematic  classification  of  bacteria, 
although  their  forms  were  zealously  studied  microscopi- 
cally as  matters  of  curiosity.  The  first  attempt  at  classi- 
fication was  made  by  Miiller,  of  (Vipeiihagen,  in  1786, 
who  divided  micro-organisms  into  two  main  divisions — 
monas  and  nbrio.  But  he,  like  all  the  earlier  naturalists, 
owing  to  lack  of  sufficiently  powerful  microscopes  and 
inadequate  knowledge  of  the  biology  of  bacteria,  fell 
into  grave  errors  of  classification.  Thus  various  motile 
organisms,  which  are  now  recognized  to  be  of  vegetable 
origin,  were  ccmimonly  included  among  the  infusorians 
or  unicellular  animal  organisms.  Even  Ehrenberg,  in 
1838,  and  Dujardiu,  in  1841,  though  their  work  shows 
considerable  progress  in  this  direction,  failed  to  arrive  at 
a  satisfactory  classification  of  bacteria;  these  authors 
dividing  bacteria  into  four  orders — bncterhnn.  ribrio, 
spirillum,  and  spirochaete — and  including  them  with  the 
infusorians.  Perty.  in  18.5'3,  was  the  first  apparently  to 
draw  attention  to  the  vegetable  origin  of  bacteria;  and 
Robin,  in  18.53,  then  stiggested  their  relationship  to  the 
alg.T.  But  it  remained  for  Cohn  in  18.54,  and  Naegeli  in 
1857.  to  bring  anything  like  system  into  the  confusion 
which  bad  previously  existed  regarding  the  classification 
of  bacteria.  It  was  Kaegeli  who  established  their  re- 
semblance to  the  fungi,  in  that  they  were  chlorophyll- 
free  plants,  and  gave  them  the  name  of  sdiizomycetes  or 
fission  fungi  to  indicate  their  mode  of  reproduction:  and 
Cohn  confirmed  and  emphasized  this  relation  of  bacterial 
species  to  the  vegetable  kingdom,  and  first  employed  the 
term  buctcria  for  the  entire  class  of  these  micro-organisms, 
studying  their  various  groups  more  carefully. 

At  the  same  time,  the  physiological  properties  of  bac- 
teria were  studied,  with  as  much,  if  not  more,  success 
than  their  morphology  and  classification.  Stimulated 
by  the  discovery  of  the  niicrobic  origin  of  the  processes 
of  fermentation  and  putrefaction. — the  specific  cause  of 
one  form  of  whicli,  alcoholic  fermentation,  was  found  by 
Latour  and  Schwann,  in  1837,  to  be  the  yeast  plant  {sac- 
chnrniiiiiast  ccrecisia) — the  study  of  the  causal  relation  of 
microorganisms  to  disease  was  again  taken  up  with  re- 
newed vigor.  So  far  the  bacterial  source  of  infectious 
diseases  was  founded  only  on  hypothesis,  and  although 
belief  in  this  theory  was  much  strengthened  by  the  fore- 
going experiments,  it  had  :iot  yet  been  proved.  It  was 
not  long,  however,  before  the  necessary  proof  was  forth- 
coming at  least  for  one  disease,  for  in  the  same  year  as 
Schwann's  discovery  of  the  yeast  plant.  Bassi  discovered 
that  a  fatal  infectious  malady  of  silkworms  was  due  to 
a  parasitic  micro-organism ;  and  later  a  similar  origin  was 
found  for  various  infectious  diseases  in  grains,  potatoes, 
etc.  Just  about  tliis  time,  too  (1840),  Henle  published 
his  "Pathological  Investigations,"  in  which  he  descriVied 
the  relation  of  bacteria  to  disease  with  remarkable  clear- 
ness and  precision,  the  weight  of  the  opinion  of  this 
.great  authorit.v  contributin.g  much  to  arouse  interest  in 
the  doctrine  of  infection.  Although  Henle  failed  to  find 
organisms  in  the  tissues  in  various  infectious  diseases, 
this  did  not  lead  him  to  change  his  opinion,  for  he  con- 
tended rightl}'  that  there  were  no  means  at  that  time  of 
distinguishing  between  tissue  cells  and  bacteria.  Nor 
did  he  consider  the  presence  of  micro-organisms  alone 
sutfieient  proof  of  their  etiological  relation,  but  postulated 
the  conditions  later  confirmed  to  the  letter  bv  Koch, 
which  must  be  fulfilled  to  demonstrate  that  a  disease  is 
due  to  a  specific  micro-organism.  These  conditions  were 
constant  pi'esence  in  the  disease,  isolation,  and  evidence 
of  the  infectious  nature  of  the  isolated  germ  by  inocula- 
tion. Similar  conclusions  were  also  reached  b.y  Mitchell, 
independently,  reasoning  b.v  deduction. 

\vxx  soon  after  this  it  was  shown  experimentall.v  that 
microorganisms  were  the  cause  of  various  skin  disea.ses 
in  man.  as  favus  and  ringworm.  About  this  lime  also, 
Pollender  (184!t)  obs<'rve(l  certain  rod  shaped  bacteria  iu 
the  blood  of  animalsdying  from  anthrax  or  splenic  fever, 
and  he  was  follow(>d  by  Oavaine  (1850);  but  these  ob- 
servers attached  no  special  significance  to  their  di.seovery 
until  Pasteur  made  jniblic  his  researches  in  regard  to 
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fcrmentolion  and  the  role  played  by  liaeteria  in  tlie 
economy  of  nature.  Then  Davaine  resumed  his  studies, 
and  in  i8()3  establislied  liy  inoeulalion  experimeiUs  the 
bacterial  origin  of  anthra.\. — wliieh  was  later  confirmed 
by  Fasteur,  Koeli.  and  otliers. 

Scliwann  liad  ah'cady  sliown  the  eonneelion  lielween 
certain  oriranismsandalcohcilie  ferinee.lalion,  but  Faslcur, 
in  1S.")7.  deserves  the  credit  of  tinally  eslalilishini;  tlir  fad 
tliat  the  various  kinds  of  fermentation, — lactic  acid. 
l)utyric  acid,  acetic  acid  fermentation,  etc.  — are  all  caused 
by  micro-organisms,  which  not  only  diUVrin  pliysioloirical 
action,  but  arc  eliaractcrized  In-  mor|)holoi;ieal  and  bio- 
logical peculiarities.  In  this  connection  Fasteur  also 
made  the  di.scovery  of  certain  hacteria  wliicli  were  in- 
capable of  growth  in  free  o.wgen,  assigning  to  them  the 
name  of  (inniyDhit  to  dislinguish  tlieni  from  the  iiiroben. 
or  those  requiring  the  presence  of  free  oxygen.  Others, 
again,  he  found  were  capable  of  growth,  eilher  with  or 
without  free  oxygen,  and  these  he  called  fdniltnliri'. 
anai-riihes.  Pasteur's  investigations  denionslrated  the 
fact  tlial  since  bacteria  are  the  cause  of  fermentation 
and  jiutrefaction,  they  are  neeessary  for  the  life  of  plants 
and  animals,  for  witliout  tlieir  agency  the  liigher  plants, 
incapable  of  feeding  upon  the  complex  substances  of 
dead  animals  and  plants,  woidd  die  if  these  substances 
did  not  undergo  decomiiosition  into  their  elements 
through  the  instrumentality  of  bacteria;  and  thus  the 
earth  would  be  uniidiabital)le. 

The  next  important  discoveries  related  to  the  cause  of 
infection  in  wound.s.  Leinaire,  followinir  up  the  experi- 
ments of  Fasteur,  had  observed  that  when  carbolic  acid 
was  added  to  pulrescible  substances  fermentation  was 
prevented,  and  he  came  to  the  conclusion  that  the  car- 
bolic acid  destroyed  the  germs  which  produced  fermen- 
tation. The  processes  of  fermentation  and  sujipuration 
he  believed  to  be  analogous.  If  the  addition  of  carbolic 
acid  solution  inhibited  fermentation,  why  should  it  not 
beapplicable  to  the  ])revention  of  suppuration  in  wounds? 

Ujion  these  suggestions  Lister  now  (180:j!-T0l  insliiutid 
his  famousantiseptic  treatment  of  woiuids,  wlii<li  has  led 
to  such  brilliant  results  in  modern  ojierative  suri^cry. 
The  publicaliim  of  Lister's  work  exerted  a  jiowerfnl  in- 
fluence u  lion  the  general  recogniti<in  of  the  germ  theory 
of  infectious  diseases,  and  had  much  to  do  in  lessening 
the  numlxT  of  its  ojjponents.  Tiien  Rindlleisch,  in  bSOti. 
and  AVahlcycr  and  von  Recklinghausen,  in  ISTI,  drew 
attention  to  the  constant  occurrence  of  microorganisms 
in  pyainie  processes  ntsnlting  from  wound  infection. — 
oliservations  which  have  since  been  amjily  corroborated 
by  others  for  all  suppurative  jirocesses  under  whatever 
condition  produced. 

From  this  time  on  followed,  in  comparatively  rapid 
succession,  the  discoveries  of  a  number  of  micro  organisms 
as  the  cause  of  various  infectious  diseases.  In  I8T3,  Ober- 
meier  announced  having  found  in  the  blood  of  patients 
snlTering  from  rela|)sing  fever  a  miiuite  spii-al,  motile  or- 
ganism— the  Kpirnrhiiite  OJurimiivi — which  is  now  recog- 
nized as  the  sjiecilic  iid'ective  aijent  in  this  disease.  In 
1878,  Koch  published  his  ini]iiirlanl  work  on  traumatic 
diseases.  In  187!),  Hansen  r<'port<'d  \\\v  discovery  of 
ba<illi  in  the  cells  of  leprous  tubercles,  which,  from  sub- 
sequent investigations,  are  believed  to  be  the  cause  of 
leprosy.  Neisser,  in  the  same  year  (1870),  discovered  the 
"gonococcus"  in  gonorrlaeal  pus.  In  IWO,  Eberth  and 
Koch,  independently,  observed  the  typhoid  bacillus, 
which  GatTky,  in  1.s,S4,  ])roved  to  be  the  cause  of  ty|ilioid 
fever.  In  the  same  year  Fasteur  ])ublished  his  discovery 
of  Ihebacillusof  fowl  cholciaand  his  investigations u])on 
protective  inoculation  against  this  disease  and  anthrax. 
Sternberg  and  Fasteur.  also  in  the  same  year,  independ- 
ently observed  a  pathogenic  microorganism  in  human 
Siiliva.  which  w-as  subsequently  (188,"))  proved  by  Fraenkel 
and  others  to  lie  the  organisms  most  commonly  associated 
with  acute  lol)ar  pneumonia  and  now  recognized  as  the 
usual  cavise  of  that  disease — \\w  diiihioimiii  pnevinfiniii-. 
In  1881.  Koch  made  his  fundamental  researches  upon 
pathogenic  bacteria,  which  form  the  basis  of  our  modern 
Ijacleriology.     He  introduced  solid  culture  media  and  llie 


"plate  luelhod  "  for  obtaining  pure  cultures,  and  showed 
how-  dilfereiit  orgaidsms  could  be  isolated,  cultivated 
artificially,  and  bj-  inoculation  of  pure  cultures  into  sus- 
ceptible aiumals  niacU-.  in  many  ca.ses,  to  reproduce  the 
speeilie  disease  of  which  they  were  the  cause — thus 
carrying  out  Henle's  suggestions.  It  was  also  in  the 
course  of  this  work  that  the  Abbe  system  of  substage 
eondcnsingapi)aralus  on  the  microscope,  and  tlicEhriicli- 
Weig(!rt  method  of  staining  bacteria  for  microscopical 
preparations  were  first  generally  used.  In  1883,  Koch 
published  the  discovery  of  the  tubercle  liacillus.  The 
same  year  Fasteur  made  his  investigations  upon  hog 
erysipelas;  in  this  year  also  his  communication  upon 
rabies  appeared.  In  l.w-2  also  Loeliler  and  Si  liiitz  dis- 
covered the  bacillus  of  glanders.  In  1S84  Koch  dis- 
covered the  si)irillum  of  .-Vsiatie  elKjlera  or  "comma 
bacillus."  This  year,  too,  Kh'lis  and  Loetiler  fliscovered' 
the  diphtheria  bacillus.  Rosenbach  also,  by  the  apjilica- 
tion  of  Koch's  methods,  fixed  definitely  the  characters; 
of  the  various  pus-producing  organisms.  And  the  same 
year  Nieolaier  discovered  the  tetanus  bacillus  which  Carl 
and  Rattone  afterward  showed  to  be  the  true  cause  of 
the  disease,  and  Kitasato  obtained  in  |)ure  culture.  In 
18!)-.J.  FfeifTer  discovered  the  bacillus  of  influenza;  and 
linally,  in  1894,  Kitasato  discovered  the  bacillus  of  bu- 
bonic jilague. 

This  closes  our  brief  historical  sketch  of  the  develop- 
ment of  bacteriology,  including  all  the  more  important 
facts  which  are  of  sjiecial  interest  to  ])hysieians.  But  no 
review  of  the  progress  which  has  been  made  in  this 
branch  of  .science  would  be  complete  without  reference 
to  the  recent  discoveiiesof  antitoxins  in  the  treatment  of 
diphtheriaand  tetanus,  the  protective  inoculations  against 
rabies,  cholera,  the  plague,  etc.,  and  the  peculiar  reac- 
tiims  of  the  blood  serum  of  persons  ill  with  infectious 
diseases.  These  discoveries,  in  which  the  names  of  Fas 
teur,  Koch.  Behring,  Kitasato,  Roux,  FfeilTer,  Gruber, 
and  Widal  are  the  most  jirominent,  not  oidy  mark  an 
e|)och  in  the  history  of  bacteriology  in  relation  to  medi- 
cine, but  they  have  served  to  estalilish  beyond  all  doubt 
the  mieriibic  origin  of  many  disi'as(>s.  the  cause  of  which 
was  until  then  in  dispute.  Attention  has.  mureover.  been 
directed  of  late  to  the  smaller  group  of  animal  parasites, 
the  ]>rotozoa — to  which  class  belong  the  Plasmodium 
malaria'  and  the  anaeba  coli,  the  cause  of  malaria  and 
epidemic  dysentery,  respectively — which  may  jjrove  to 
be  the  soiu-ee  of  infection  in  many  aiTections  the  origin 
of  which  is  still  unknown,  as  the  exanthemata.  And 
quite  recently  interest  has  t)een  awakened  in  the  possible 
pathogenic  properties  of  certain  of  the  fungi,  among 
which  it  is  suggested  may  b(.'  found  the  causes  of  other 
unexjilainable  diseases,  as  cancer  and  rabies.  Several 
bacteria  also  not  mentioned  in  this  list  have  created  con 
siderable  discu.ssion  of  late,  as  the  "  bacillus  icteroides" 
in  yellow  fever,  and  a  small  bacillus  found  in  whooping- 
cough;  but  these  organisms  have  not  yet  been  iiosilively 
shown  to  be  the  specific  cause  of  the  diseases  with  which 
they  are  found  assoeiateil.  and  hence  have  been  onntted. 

Geneh.m.  ('iiAH.\<Ti;i!isrics  ok  B.M'rKHiA.  —  ('l,is.iijicii- 
tkin  (lull  J)cfniiti(iii.  —  I'ndi'r  the  general  term  "nncro- 
organism  "  may  be  included  all  the  minute  lower  forms 
of  life  which  are  of  biological  or  hygienic  interest,  and 
which  are  the  cause  of  fermentation,  putrefaction,  and 
disease.  They  are  both  of  the  vegetable  and  the  animal 
kingdom  ;  among  the  latter  of  these  are  the  priiloxac.  and 
among  the  former  {lu'fuiir/i  and  hai-tiria.  Bacteii.-i  an- 
classe(l  among  jilants  from  the  fact  that  they  are  aide  to 
derive  their  ni)urishment  both  from  organic  and  inorganic 
materials.  They  are  of  the  class  of  ci-iiptdndiiiiiiifs  pltinft. 
that  is,  phints  which,  having  no  seeds  or  flowers,  are  rc- 
]u-oduced  by  means  of  spores,  such  as  the  fungi,  lichens, 
and  algav  Of  these  they  are  most  nearly  allied  to  the 
alga',  but  dill'er  fiorn  them  in  tliat  they  arc  without  r/i/,i 
riiji/i)//l,  till'  gri'en  coloring  matter  by  means  of  which  the 
higher  ]ilants.  uiidi-r  the  inlluenee  of  sunlight.  deeom|)os(! 
carbon  dioxide,  ammonia,  and  sulphuretted  hydrogen  into 
theirelemi'idary  constituents.  In  man_v  respects  liaeteria 
resemble  the  niycetes  or  fungi,  which  are  also  without 
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chlorophyll;  but  they  differ  from  these  again  in  their 
mode  of  reproduction,  Wmti  reproduced  by  division  or 
simple  fission.  Hence  bacteria  Imvc  been  called  xr/iizo- 
iiii/ftlin  or  tis.sion  funni.  A  few  varieties  of  unicellular 
oi'itiinisms  have  also  been  I'oiuiil  resenililing  liacteria  in 
alfpoiuts,  except  thai  they  possess  cldmopliyll  or  sonic 
pisment  substance  similar  to  it.  Other  organisms,  again, 
ha""ve  been  observed  which,  though  they  are  without 
chlorophyll,  are  able  to  buikl  up  organic  compounds 
synthetically  and  even  in  the  absence  of  light.  Some 
bacteria,  moreover,  especially  the  motile  forms,  arc  closely 
allied  to  <-ert.'iin  micro-organisms  belonging  to  the  ani- 
mal kingilom.  It  is  therefore  dillieult  to  classify  or  de- 
line  bacteria  seicniilieally.  under  (nir  existing  knowledge 
of  them.  E.\cluding  the  ntiero  organisms,  however, 
which  contain  chlorophyll,  bacteria  may  be  dctined  ac- 
curately enough  for  all  practical  purposes  as  c.rtivtiie!// 
7»iitute'  li!!i?ig  rct/ctcilile  organi.iim.  irithmit  cliloropliyll. 
w/iich  are  reproduced  by  dirinion.  conrn'sfinff  of  siiii/h' 
spherical,  rnd-ahnpcd.  or  cDrkscrew-like.  ccllx  or  acigregatiou 
of  such  cellK,  biliricn  irliose  protoplasm,  <ind  nucleus  it  has 
not  been  possible  to  differentiate  irtlh  certainty. 

Bacteria,  then,  belong  to  the  family  of  mycetes  or  fungi, 
of  which  tliere  are  four  groujis: 

1.  Ihjphomycetcs,  or  mould funfji. 

2.  Blastomi/cetes,  or  yeast  fungi. 

3.  Streptot/irices. 

4.  l<chi:o!:iyeetes  or  bacteria. 

But  besides  this  classification  of  bacteria  it  becomes 
necessary  to  divide  them  into  saprophytes  or  refuse-eaters, 
and  para.'<ites.  Saprophj'tic  micro  organisms  are  such  as 
commonly  exist  independently  of  a  living  host,  obtaining 
their  supply  of  nutriment  from  soluble  food  stuffs  in 
dead  organic  matter.  Parasitic  micro-organisms,  on  the 
contrary,  lix'e  on  or  in  some  other  living  organism,  from 
wliich  they  derive  their  nourishment  for  the  whole  or  a 
part  of  their  existence.  Those  micro-organisms  which 
depend  entirely  upon  a  living  host  for  their  existence  are 
known  as  strict  or  ohliyatory  parasitts ;  those  which  can 
lead  a  saprophj'tic  existence,  but  also  thrive  within  the 
body  of  a  living  animal,  are  called  facultatice  parasites. 
The  saprophytes  strictly  so  called,  which  represent  the 
larger  number  of  micro-organisms,  are  not  only  harmless 
but  perform  the  useful  function  of  the  destruction  of 
dead  organic  matter  through  fermentation  and  putrefac- 
tion. The  parasites,  on  the  other  hand,  though  son:e  of 
them  may  multiply  in  the  secretions  or  on  the  surface  of 
the  body  without  injury  to  the  animal  upon  which  they 
exist,  are  usually  harmful  inv.aders.  giving  rise,  through 
the  lesions  brought  about  in  the  body  by  their  growth 
and  products,  to  vai'ious  acute  and  chronic  infectious 
diseases. 

Numerous  attempts  have  been  made  by  various  au- 
thors to  classify  bacteria  systematically,  but  usually  with 
the  proviso  that  the  system  was  onl}'  a  tem]3orar"y  one. 
As  a  rule,  the  genera  are  based  upon  morphological  char- 
acters and  the  species  upon  biochemical,  pliysiological. 
or  pathogenic  properties.  While  the  form,  sizer  and 
method  of  division  are  the  most  permanent  characteristics 
of  micro-organisms,  and  so  are  naturally  utilized  for 
classifications,  nevertheless  on  this  basis  of  arrangement 
there  are  decided  difficulties.  Thus  while  the  form  and 
size  of  bacteria  are  fairly  constant  under  the  same  condi- 
tions, they  are  in  many  quite  different  under  diverse  con- 
ditions. Another  serious  drawback  is  that  these  morpho- 
logical characteristics  give  no  indication  whatever  of  the 
relation  of  bacteria  to  disease,  etc. — the  very  character- 
istics for  which  as  physicians  we  study  them.  Other 
properties  of  bacteria  which  are  fairly  constant  under 
uniform  conditions  are  those  of  spore  formation,  motility, 
reaction  to  staining  agents,  relation  to  temperature,  to 
oxygen  or  other  food  liiaterials,  and  finally  their  relation 
to  disease,  fermentation,  and  pigmentation  (pathogenic, 
zymogenic,  and  chromogenic  bacteria). 

Taking  any  one  of  these  properties  of  bacteria  as  a 
basis,  we  can  classify  them ;  but  even  here  there  will  be 
groups  which  under  certain  conditions  would  be  placed 
'n  one  class  and  under  other  conditions  in  another.     Thus 


the  power  to  produce  spores  may  be  totally  lost  or  held 
in  abeyance  for  a  time.  The  relation  to  oxygen  may  be 
gradually  altered,  so  that  an  anaerobic  species  grows  in 
ihe  presence  of  oxygen.  Parasitic  bacteria  may  be  so 
cultivated  as  to  become  saprophytic  varieties,  and  those 
which  have  no  power  to  grow  in  the  living  body  given 
pathogenic  properties.  The  possibility  of  making  any 
thoroughly  satisfactory  classification  is  rendered  still 
more  difficult  by  the  fact  that  many  necessarily  imjicr- 
feet  attempts  have  already  bet'U  made,  so  that  tliere  is  a 
great  deal  of  confusion,  which  is  steadily  increased  as 
new  varieties  are  found  or  old  ones  re-investigated  anil 
classified  differently  in  the  various  systems.  We  shall, 
therefore,  simply  use  the  commonl}-  accepted  nomencla- 
ture, without  any  attempt  at  classification,  except  to 
consider  together  as  far  as  practicable  certain  groups  of 
bacteria  whose  members  are  closely  allied  to  one  another 
in  some  one  or  more  important  features. 

Morpiiology. — There  are  three  basic  forms  of  the  indi- 
vidual bacterial  cells:  the  spheie,  the  rod.  and  the  seg- 
ment of  a  sfiiral.  Although  under  different  conditions 
the  form  of  any  one  species  may  vary  considerably,  yet 
these  three  main  divisions  under  similar  conditions  are 
permanent;  and  so  far  as  we  luiow,  it  is  never  possible 
by  any  means  to  bring  about  dianges  in  the  organisms 
that  will  result  in  the  conversion  of  the  morphology  of 
the  members  of  one  group  into  that  of  another. — that  is. 
cocci  always,  under  suitable  conditions,  produce  cocci, 
bacilli  lu-oduee  bacilli,  and  spirilla  produce  spirilla. 

The  form  of  the  bacterial  cells  at  their  stage  of  com- 
plete development  must  be  distinguished  from  that  which 
they  possess  just  after  or  before  they  have  divided.  As 
the  spherical  cell  develops  preparatory  to  its  division 
into  two  cells,  it  becomes  elongated  and  appears  as  a 
short  oval  rod  at  the  moment  of  its  division;  on  the  con- 
trary-, the  transverse  diameter  of  each  of  its  two  halves 
is  gi'cafer  than  their  long  diameter.  A  short  roil  becomes 
in  the  same  way,  at  the  moment  of  its  division,  two  cells, 
the  long  diameter  of  each  of  which  may  be  even  a  trifle 
less  than  its  short  diameter,  and  thus  they  appear  on 
superficial  examination  as  spheres. 

As  bacteria  multiply  the  cells  produced  from  the  parent 
cell  have  a  greater  or  less  tendency  to  remain  attached. 
In  some  varieties  this  tendency  is  extremely  marked,  in 
others  it  is  slight.  This  union  may  appear  simply  as  an 
aggregation  of  separate  bacteria  or  so  close  that  the  group 
presents  the  appearance  of  a  single  cell.  According  to  the 
method  of  the  cell  division  anil  the  tenacity  with  which 
the  cells  bold  together  we  get  different  groupings  of 
bacteria,  which  aid  us  in  their  identification  and  differen- 
tiation. Thus  whether  the  bacterial  cell  divides  in  one, 
two,  or  three  planes,  we  get  forms  built  in  one,  two,  or 
three  dimensions.  If  we  group  bacteria  according  to 
the  characteristic  forms  of  the  cells,  and  then  subdivide 
according  to  the  manner  of  their  division  in  reproduction 
and  the  tenacity  with  \\  liicli  the  newly  developed  cells 
cling  to  one  another,  we  shall  have  the  following  varieties ; 

1.  Coccus  or  Micrococcus. — Spherical  or  subspherical 
forms. 

(a)  Single  coccus,  grouped  irregularly. 

{h)  Diplococcus,  forming  pairs. 

((■)  Streptococcus,  forming  chains,  often  showing  paired 
cocci. 

(d)  Tetracoccus,  forming  fours  by  division  through  two 
planes  of  space. 

(e)  Sarcina,  forming  packets  of  eight  by  division 
through  three  planes  of  space. 

if)  Sta/dii/lococcus,  forming  irregularly  shaped,  grape- 
like buni'hes  by  division  apparently  in  any  axis. 

3.  Bacillus. — Oblong  or  cylindrical  forms,  having  one 
dimension  greater  than  any  other,  more  or  less  straight, 
and  never  forming  spirals,  dividing  only  in  one  plane  per- 
pendicular to  its  long  axis. 

(a)  Single  bacillus. 

(li)  Diplobacillus  and  .^trcptobacillus,  forming  twos  or 
longer  chains,  the  bacilli  attached  end  to  end. 

((•)  Filaments  or  thread-like  growths,  in  wdiich  divi.sion 
into  bacilli  of  the  normal  length  are  not  apparenl,  or 
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occur  irregularly  and  transverselj'  to  the  long  axis  of  the 
growth. 

3.  iS/>ifilliim. — Cylindrical  and  curved  forms,  constitui 
ing  conii)l<'te  spirals  or  portions  of  spirals.  Spirilla,  like 
bacilli.  (ii\ideonly  in  one  direct  ion.  A  single  cell,  a  pair, 
or  the  union  of  two  or  more  elements  may  thus  ])resent 
the  appearance  of  a  short  segment  of  a  s)>iral  or  a  comma- 
shaped  form,  an  S  shaped  form,  or  a  complete  si)iial  or 
corkscrew  like  form. 

The  \i-rmliitfl(:i-iiiiii  has  also  been  used  by  some  authors 
ii)V  bacilli  or  rod-shaped  or.gani.sms;  while  to  .s/;/;7i7i'f  the 
terms  vitirio  and  npirnchaete  have  sometimes  been  applied. 
But  as  there  is  no  uniformity  among  bacteriologists  as 
to  the  exact  meaning  of  these  terms,  weshall  employ  only 
the  terms  bacillus  and  npirilium  to  denote  these  diiferent 
groups. 

Structure  of  Pdctirinl  Cillx. — A  bacterial  cell  consists 
of  protoplasm  enveloped  in  a  cell  ineml>nin(^  the  cells  as 
a  rule  being  homogeneous  and  without  visible  inicleus. 
The  cell  is  generally  colorless,  though  in  some  sjjccies  it 
contains  elilorophyll  or  other  similar  coloring  matter. 
The  protoplasm  may  at  times  also  contain  minute 
granules  of  sulphur  and 'occasionally  refractive  oily  par- 
ticles orcolorle.ss  spaces  in  stained  specimens,  which  have 
lieen  mistaken  for  spores,  but  are  sujipo.sed  to  be  due  to 
the  shrinkage  of  the  protoplasm  witli  i)artial  dis.sdlulion 
of  the  eell  wall  caused  by  alistraetion  of  water,  known 
us  jjlitsiiinli/sis.  In  many  siieeies of  bacteria,  as  in  the  diph- 
theria b.icillus,  there  is  observed  in  the  interior  of  the  cells, 
on  suitable  staining,  a  peculiar  granular  ap|)earance,  to 
wln'ch  has  been  given  the  names  nutuclironKitic  bodie" 
or  .iponif/ciioiis  graiiiilex.  The  cell  membrane  is  some- 
times colored,  and  sometimes  surrouniled  by  a  gelatinous 
envelope  or  capsule,  which  can  be  occasionally  brought 
out  by  staining.  Thi'  demonstration  of  this  capsule  may 
be  of  assistance  in  dilTerent  iating  between  cerlain  bacteria, 
as,  for  example,  some  forms  of  the  streptococcus  and 
])neumococcus.  A  peculiarity  of  the  capsvile  bacteria  is 
that,  exce])t  very  rarely,  they  exhibit  this  envelope  only 
when  grown  in  the  animal  body  or  in  special  cultui'e 
media,  such  as  li(iuid  blood  serum,  Vironchial  mucus,  etc. 
The  outer  surface  of  bacteria  when  occurring  in  the  form 
of  spheres  and  short  rods  is  almost  always  smooth  and 
devoid  of  appendages:  but  the  larger  rods  and  spirals  are 
usually  provided  with  tine  hair-like  cilia  <i\\ftii;/(llti,  wliieh 
are  their  organs  of  motility.  These  llagella,  either  singly 
or  in  numbers,  are  sometimes  distributed  over  the  entire 
bod}'  of  the  cell,  or  they  may  form  a  tuft  at  luie  end  of 
the  rod,  or  only  one  polar  Hagellum  is  found.  The  polar 
tlagella  appear  in  the  cells  shortly  before  division.  They 
are  believed  to  be  formed  of  protojilasmic  material,  which 
penetrates  the  cell  membrane,  and  ]iroliably  to  have  the 
property  of  protrusion  and  retraction;  but  their  nature 
is  imperfectlv  understood.  So  far  as  we  know,  the 
flagella  are  the  only  means  of  locomotion  of  bacteria. 
They  are  not  readily  stained,  special  mordants  being  re- 
quired for  this  pur|)ose.  Bacteria  may  lose  their  power 
of  producing  tlagella  for  several  generations,  whether 
permanently  or  not  is  not  known. 

Viyctiifiri'.  Rcproili/diu/i. — The  process  of  vegetative 
reproduction  of  bacteria,  which  is  to  be  distinguished 
from  spore  formation,  takes  place  by  division,  and  may 
go  on,  under  favorable  conditions,  indefinitely.  "When 
(levelojiment  is  in  progress  a  single  cell  will  be  seen  to 
elongate  in  one  direction.  Over  the  centre  of  tlic  long 
axis  thus  formed  there  appears  a  slight  indentation  in  the 
outer  envelope  of  the  cell;  this  indentation  increases 
until  there  exist  two  distinct  cells.  As  a  rule,  the  cells 
separate  soon  after  division,  but  occasionally  they  remain 
together  for  a  time,  fornn'ng  jiairs  and  chains,  or  under 
certain  conditions  of  nutrition  long  threads  or  rdaments, 
whieh  break  up  into  fragments,  liowever.  when  placed 
under  other  conditions.  Although  elongation  in  one 
direction  and  transverse  division  is  tlie  rule  for  most 
bacteria,  there  are  certain  groups  (as  the  sarcina,  for  ex- 
ample) which  divide  more  or  less  regularly  in  three  di- 
rections. Division  in  two  directions  results,  as  already 
mentioned,  in  the  formation  of  tetrads;    while  division 


irregularly  in  all  directions  produces  grape-like  clusters. 
Bacilli  and  spirilla,  as  far  as  we  know,  never  divide  longi- 
tudinally. 

Spore  FuriiKition . — This  is  the  lu-oce.ss  by  which  bacteria 
are  enabled  to  enter  a  stage  in  which  they  resist  deleteri- 
ous intluences  to  a  much  higher  de.grce'than  is  |)ossiblc 
for  them  in  the  growing  or  vegetative  condition.  It  is 
not  a  process  of  multiiilication  of  bacteria,  but  only  one 
of  ic|iidduetion  for  the  preservation  of  the  species  tinder 
conditions  uufavoiable  to  their  growth,  and  occurs  when 
the  organism  has  nearly  exhausted  its  sujiply  of  nutri- 
tion or  poi.soned  it  with  productsof  its  growth,  etc.  The 
fungi,  on  the  other  hand,  form  spores  tuider  the  most 
favorable  conditions,  even  re(|inring  an  abundant  sujiply 
of  nutrition  for  their  production,  the  life  history  of  tli'e 
fungi,  indeed,  being  incomplete  without  the  idrmation 
spores.  But  in  bacteria  the  iirocess  is  comparatively 
rare,  and  all  the  conditions  which  tend  to  bring  it  about 
are  not  yet  known. 

Two  kinds  of  spores  have  been  described  in  bacteria: 

1.  /'Jiidosjiiircs,  which  are  strongly  refraetile  and  glisten- 
ing in  appearance,  oval  or  round  in  shape,  and  developed 
within  the  interior  of  the  cell.  They  are  characterized 
by  tli(!  |)ower  of  resisting  to  a  considerable  extent  the  in- 
jurious influences  of  heat,  desiccation,  and  chemical  dis- 
infectant.s,  which  would  kill  vegetative  cells.  2.  Art/im- 
spurrfi  or  Jointed  spores,  developed,  not  within  the  eell, 
but  asaspi'out  like  ]n'ojection  fromoneof  itsextri'inities. 
These  jointed  bodiesare  lielieved  by  Hueppe  to  have  al.so 
more  ov  less  greater  power  of  resistance  to  desiccation, 
etc.,  than  the  ordinary  cells,  though  less  than  eudospores; 
but  they  have  bei'ii  but  little  studied,  and  their  existence 
in  liacteria  is  still  an  open  question.  In  describing  the 
biological  characters,  therefore,  of  the  various  species, 
whenever  their  propeity  of  spore  formation  is  mentioned 
it  will  I)e  understood  that  endogenous  spores  are  meant. 

The  production  of  eudospores  in  the  dill'er<'nt  bactei'ial 
species,  though  not  identical,  is  very  similar.  Spores 
represent  a  state  of  suspended  activity,  and  motile  organ- 
isms always  come  to  a  state  of  rest  or  immobility  pre- 
vious to  spore  formation.  The  following  dcserijuion  of 
the  method  of  spore  formation  in  the  anthrax  bacillus 
may  serve  as  an  illustration  of  the  jiroccss:  Under  suit- 
able conditions  of  temperature,  moisture,  etc..  the  cell  is 
elongated  and  at  first  the  protoplasm  is  clear  and  homo- 
geneous, but  after  a  time  it  becomes  turbid  and  finely 
.granvdar.  These  tine  granules  are  then  replaced  by  a 
smaller  number  of  coar.ser  granules,  which  arc  finally 
amalgamated  into  a  spherical  or  ovoid  refraetile  body. 
This  is  the  spore.  As  soon  as  the  process  is  completed 
there  appears  between  two  spores  a  delicate  |iartition 
wall.  For  a  time  the  spores  are  retained  in  a  linear 
position  by  the  cell  membrane  of  the  rod.  but  this  later 
is  dissolved  or  disintegratecl  ami  the  spores  are  set  free. 

The  following  tyjjes  have  been  observed :  (a)  Sjiores 
lying  in  the  interior  of  a  short,  undist ended  cell :  (h)  spores 
lying  in  the  interior  of  a  short,  undislended  cell,  forming 
one  of  the  elementsof  a  longfllameut:  ('■)  the  siiores  lying 
at  the  extremity  of  an  tmdistended  cell  iiuich  enlarged  at 
that  end — the  so-called  "head  spores":  anil  (d)  the  spores 
lying  in  the  interior  of  a  nuich  enlarged  cell  in  its  central 
portion,  giving  it  a  spindle  shape. 

The  ycniiiiiiiliiiii  uf  Kpuns  takes  ))lace  as  follows:  By 
the  absorption  of  water  the  s])ores  become  swollen  and 
paler  in  color,  losing  their  shining,  refraetile  appearance. 
I-ater  a  little  protid)eranee  is  seen  to  project  from  one 
side  or  at  the  extremity  of  the  spore:  this  raiiidly  grows 
out  to  form  a  new  rod,  which  consists  of  soft  ])rotoplasm 
enclosed  in  a  membrane  formed  of  the -inner  layer  ol  the 
cellular  envelope,  or  cuthinpiinnn.  The  outer  envelope,  or 
cjoxponnii,  is  tlien  east  ofl'.  and  may  often  be  seen  in  the 
vicinity  of  the  newly  formed  rod.  In  some  species  the 
vegetative  cell  emerges  from  one  end  of  the  oval  spore, 
and  in  other  species  the  exosporum  is  ruptured  and  tlio 
bacillus  emerges  from  the  side. 

InTdbitioii.  Fornix.  —  In  old  culturesof  bacteria  in  which 
deleterious  substances  have  been  produced  or  the  supjdy 
of  nutriment   has  been  exhausted,  there  are  fiecpieutly 
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found  irreaular  or  (iistorterl  forms,  which  are  thought 
to  lie  tliie  U)  abiiornial  ilevelopiiient  of  the  bacterial  cells 
muler  uiit'avonible  coiulitious.  These  are  geucrall}' 
spoken  of  as  hiwliitioii  or  dcf/cncrated  forms,  thou.irh 
sometimes  the  terms  pleiiiH»rp/ii.iin  and  polymoypJiitiiii  are 
applied  to  tliem.  Placed  under  suitable  conditions  these 
Irrejrular  or  deformed  cells  again  jiroduce  normally 
shaiied  organisms. 

('luiiiifiil  Ciiiii/Misitioi). — Qualitatively  considered  bac- 
terial cells  consist  of  carbon,  hydrogen,  oxygen,  and 
nitrogen,  for  the  most  part  in  the  form  of  water,  salts, 
fat.s,  iind  albuminous  substances.  There  are  also  present, 
in  smaller  (piantities,  extractive  substances  soluble  in  al- 
cohol. tJbicose  has  not  been  found  in  any  bacteria,  but 
many  sjiecies  contain  starcliy  sulistances  which  give  a 
reaction  with  iodine.  Celhilose  has  also  been  detected  in 
ci'rtain  siiceies,  as  tlie  bacillus  subtiiis,  some  of  the  colon 
group,  and  the  tubercle  bacillus.  The  neuclein  bases, 
.xanthin,  guanin,  and  adenin,  moreover,  have  been  found 
in  consideralile  amounts.  There  is  also  a  group  of  bac- 
teria, the  (>i>/!;/iitmi.  which  contain  sulphur,  and  another 
group,  the  <'lit(liilhri.i\  has  tlie  power  of  separating 
ferric  oxide  from  water  containing  iron,  as  in  iron  and 
sulphur  sjirings.  I5ut  very  little  is  known  about  the 
chemical  eoniposition  of  bacteria  (piantitatively,  only 
few  species  having  been  completely  analyzed;  but  the 
percentage  composition  would  appear  to  depend  largely 
upon  the  character  and  constituents  of  the  culture  media 
in  which  thej'  are  grown. 

Conilitions  of  Groirtli. — Although  there  are  some  patho- 
genic bacteria  which  grow  only  in  the  bodies  of  living 
animals  and  |ilants,  and  are  therefore  ajiparently  strict 
parasites,  yet  the  majority  of  pathogenic  micro  organi.sms 
can  be  cultivated  more  or  less  readily  in  artificial  culture 
media,  and  are  thus  facultative  parasites.  The  saj.iro- 
lihytic  bacteria,  as  a  rule,  are  easily  cultivated  artificiallv, 
though  some  of  these,  as  certain  organisms  met  with  "in 
the  .saliva  and  in  water,  are  very  difficult  or  impossible  to 
cultivate. 

The  essential  condition  for  the  cultivation  of  all  bac- 
teria is  water;  salts  are  also  indispensable,  and  organic 
matter  for  the  supply  of  carbon  and  nitrogen.  Most  of 
the  important  bacteria  and  all  the  pathogenic  species 
thrive  best  in  media  containing  albumin  and  of  a  neutral 
or  slightly  alkaline  reaction.  "  The  demands  of  bacteria, 
however,  with  i-egard  to  nutrition  are  various.  Some 
water  bacteria,  for  instance,  recjuire  so  little  organic  food 
that  they  will  grow  in  water  that  has  been  twice  dis- 
tilled, and  in  wliieh  no  nutritive  material  can  be  chemi- 
cally demonstrated.  But  the  pathogenic  Ivacteria  are 
.seldom  so  easily  satisfied,  though  there^are  several  spe<'ies 
which  will  develop  in  comi/aratively  .simple  culture 
media  and  without  albumin. 

Considering  more  in  detail  the  source  of  the  important 
chemical  ingredients  of  liactei-ia,  we  find  that  their  nitro- 
gen is  most  readily  obtained  from  dilfusibk-  albuminous 
material  and  less  easily  from  auuuonium  eompoiuids. 
Their  carbon  they  derive  from  carbohvdrates.  alluimin, 
peptone,  sugars,  glycerin,  fats,  and  other  ori^anic  sub 
stances.  Some  bactei'ia  grow  best  in  s|iecial  culture 
media,  such  as  bouillon,  gelatin,  agar,  blood  serum, 
potato,  milk.  etc.  The  majority  of  bacteria  absolutely 
require  the  i)i-esenee  of  free  oxygen  for  their  growth,  al 
though  a  considerable  number  fail  to  develop  at  all  un 
less  o.xygen  be  excluded.  Between  these  two  groups  of 
aerobic  and  auat-robic  bacteria,  we  have  those  which  srrow 
either  with  or  without  oxygen.  Some  of  the  strictly 
anaerobic  species  reipiire  for  their  full  development  the 
presence  of  fennentible  substances,  such  as  sonars,  from 
which  they  obtain  theiroxygen.  In  so  far  as  the  amount 
of  oxygen  ])resent  acts  unfavorably  U]ion  bacteria,  there 
will  be  more  or  less  restriclion  in  certain  of  their  life 
priM'csses,  such  as  ]Mgnient  and  loxin  production,  spore 
I'onnation,  etc.  Some  af'robic  bacteria,  however,  can  be 
accustomed  to  grow  without  oxvgen,  wliile  certain  of 
the  anaerobes  can  be  gradually  made  to  develo]!  in  its 
presence.  Among  other  fcjod  s'tulfs  required  by  bacteria 
are  sulphur  and  phosphorus;  calcium  or  magnesium  and 


sodium  or  potassium  are  also  usually  needed.     Very  few 
species  require  iron. 

With  regard  to  the  more  complex  culture  media, 
whether  naturally  existing,  such  as  blood  serum,  ascitic 
fluid,  etc..  or  artificially  made,  as  bouillon,  glycerin,  and 
agar,  beyond  the  necessary  amount  of  soliil)ic  nutrition 
|u-esi'iit.  the  ])oints  of  greatest  importance  are  tlii>  relative 
proportion  of  each  form  of  food  and  its  total  concentra- 
tion. Very  wide  ditferences,  however,  may  exist  in  the 
composition  of  the  culture  media  with  Init  slight  effect 
ujjoa  the  development  of  bacteria,  the  growth  usually 
ceasing  on  account  of  the  accunudation  of  deletcriinis 
substances  in  the  media  rather  than  from  exhaustion  of 
the  fooil  supply. 

The  reaction  of  culture  media  is  of  great  ini])ortance. 
Most  bacteria  grow  best  in  neutral  or  slightlv  alkaline 
media,  very  few  requiring  an  acid  medium,  anil  none  of 
the  parasitic  species.  An  amount  of  acid  or  alkali  in- 
sufficient to  prevent  the  development  of  liacteria  may 
yet  suffice  to  rob  them  of  some  of  their  most  imjiortan't 
functions,  as  the  production  of  toxins. 

The  influence  of  one  species  of  bacteria  upon  the 
growth  of  another,  either  when  cultivated  together  or 
following  one  another,  is  very  noticeable.  Tlit'develop- 
ment  of  one  species  of  liacteria  in  a  medium  causes  that 
substance  usually  to  become  less  suitable  fru'  the  growth 
of  other  bacteria.  This  is  due  partly  to  the  imjioverish- 
ment  of  the  medium,  but  also  to  the  [iroduction  of  chem- 
ical substances  or  enzymes  which  are  antagonistic  not 
only  to  the  growth  of  the  bacteria  producing  them,  but 
to  many  other  species;  very  rarely  are  the  changes  pro- 
duceil  by  one  species  of  bacteria  in  the  media  favorable 
to  some  other  sjiecies. 

A  suitable  temperature  is  also  essential  for  the  growth 
of  bacteria.  The  most  favorable  or  optimum  temperature 
varies  for  different  species,  but  for  any  bacteria  a  range 
of  al)out  'i.'t"  C.  above  or  below  the  optimum  covers  the 
limits  of  their  most  vigorous  growth.  Few-  bacteria  grow 
well  under  10°  C.  or  over  40°  C. ;  3°  C.  is  about  the  low- 
est temperature  at  which  any  bacterial  species  has  b(>en 
known  to  grow,  and  70'  C.  is  the  highest.  In  many 
cases  the  temperature  of  the  natural  medium  in  which 
the  bacteria  have  been  depo.sited  is  the  controlling  factor 
in  deciding  the  temperature  at  which  they  will  Or  will 
not  grow  under  artificial  conditions.  Thus  nearly  ail 
parasitic  bacteria  require  a  temperature  near  that  of  the 
body  (36"-38°  C. )  for  their  devclo))ment,  while  manv 
saprophytic  bacteria  can  grow  only  at  nmcli  lower  teni- 
perature.  Bacteria  when  expo.sed  to  lower  tempera- 
ture than  sulfices  for  their  growth,  while  having  their 
activity  inhibited,  are  not  otherwise  injured:  but  ex- 
posiu'e  to  a  higher  temperature  than  that  which  permits 
growth  destroys  the  life  of  bacteria. 

VnAL  PiiKNoMEx.v  OP  B-kCTERiA. — Matilitj/. — Many 
bacteria  when  examined  in  the  lianging  drop  are  seen  to 
cxliibit  active  movements  This  motility  is  i>roduced 
by  the  fine  hair  like /(ir.^cW/ attached  to  all  "motile  species. 
The  movements  are  various — creeping,  rotary,  undula- 
tory,  etc..  at  one  time  being  .slow  an<l  sluggish  and  at 
another  so  rapid  that  no  detailed  observation  is  possible. 
The  spontaneous  movements  of  bacteria  arc  to  be  dis 
tinguished  from  the  so  called  Broirnini)  or  molecular 
movements,  which  is  a  dancing,  trembling,  stationary 
motion  possessed  by  all  finely  divided  organic  particles. 
Not  all  sjiecies  of  bacteria,  however,  which  have  fiagella 
exhibit  spontaneous  motility  invariably;  in  certain  cul- 
ture media  and  at  too  low  or  too  high  ti'mperaturcs,  and 
when  there  is  an  insufiicient  or  excessive  sup|ily  of 
oxygen,  motility  may  be  absent  The  property  of  mo- 
tilily.  therefore,  evidently  depends  upon  other  factors 
than  fiagella.  Some  chemical  substances  apparently 
exert  a  peculiar  attraction  for  bacteria,  known  asposiiue 
cliciimtd.riK.  while  others  repel  them,  »i'r/tr/iiv  chfinotaxiii  ; 
not  all  varieties,  however,  are  alTecled  alike,  for  the  .s;ime 
substances  may  exert  on  some  bacteria  an  al  traction  and 
on  others  a  repulsicui.  Oxygen,  for  example,  attracts 
aerobic  and  reiiels  anaerobic  species,  aiul  tor  each  ditTer- 
ent  species  there  is  a  definite  amount  of  oxvgen  which 
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most  .stron.irly  attracts  or  I'pppls.  Pos.sibly  these  eliemo- 
laxic  properties,  wliieli  are  as  yet  but  lillle  iiinlerslood, 
may,  under  eerlaiii  eouditions,  have  somethiiij;  to  do  with 
the  molility  of  bacteria,  iiidepeiulently  of  their  orgaus  of 
locomotion,  the  tiajrella. 

I'nidni'tioii  iif  Li'iht. — Some  bacteria  have  the  property 
of  emit  tins  'i.ijlit;  tliese  are  quite  widely  dislribiited  in 
nature,  particularly  in  .sea  water,  salt  tish,  etc.  'J"he 
emission  of  liirhl  or  phosphorescence  is  a  property  of  the 
livinir  protoplasm  of  b.-icleria,  and  is  not  usually  due  to 
the  oxidation  of  any  pholoirenic  sulistance  produced  by 
them.  Anythinn'  which  is  injurious  to  the  life  of  the 
oriranism  affects  this  property,  as  too  cold  or  too  hiirh  a 
temperature,  chloroform,  etc.  Hut  while  llic  organism 
is  unable  to  emit  light  except  during  life,  it  can  live,  as 
in  an  atmosphere  of  CO-..,  without  exerting  this  pro])erly. 
The  power  of  phosphorescence  is  .soon  lost,  unless  the 
organism  is  constanlly  trans]ihinled  to  fresh  media,  the 
presence  of  o.xygcn,  carbon,  ami  nitrogen  being  usually 
reipiired  lo  pres<'rve,lhe  property. 

TIk  riiiie  Kfi'cclK: — Most  bactei'ia  possess  the  power  of 
producing  heal,  although  this  does  not  ordinarily  attract 
attention  becaus<'  of  the  slight  amount  of  heal  produced 
in  cultures.  Careful  tests,  however,  have  shown  that 
heat  is  produced.  The  increase  of  temperature  in  organic 
substances  when  stored  in  a  moist  con<lition.  as  toliacco. 
hay,  manure,  etc..  is  partly,  at  least,  due  to  the  action  of 
bacteria.  The  high  temperature  thus  exhibil<Ml  may  be 
caused,  as  Kabinowitscli  suggests,  to  the  so-called  (her 
mophilic  bacteria. 

(Jhemiral  Effecta. — The  processes  which  substances  un- 
dergo in  being  decomposed  depend,  first,  on  the  chemical 
composition  of  thestibstanccs  involved  and  thecondilioiis 
under  which  they  exist,  and,  secondly,  on  the  action  of 
bacteria  present.  Bacteria  are  able  to  construct  their  body 
substance  out  of  various  kinds  of  nutritive  materials  and 
also  to  produce  fermi'iilative  proihiclsand  poisons,  and 
they  can  do  these  things  cither  analytically  or  .synlheli- 
cally  with  almost  <'ipial  facility.  In  the  chenucal  build- 
ing up  of  their  cell  subslauce  we  may  di.stinguisli  several 
gronjisof  phenomena:  polymerization,  a  sort  of  doidiling 
up  of  a  simple  comjiound  :  synthesis,  a  union  of  dilferent 
kinds  of  simple  substances  into  one  or  more  complex 
compounds;  formation  of  anhydrides,  l)y  whi<h  new 
substancesarise  from  a  compound  through  lossof  water; 
and  reduclion  or  loss  of  oxygen,  which  is  brought  about 
especiaUy  by  Ihc  enlranceof  hydrogen  into  the  molecule. 
The  breaking  down  of  organic  bodies  (d'  complicated 
molecular  structui'c  into  simpler  combinations  takes 
place,  on  the  other  hand,  through  the  loosening  of  the 
bands  of  polymeri/.ation,  by  liydralion  or  entrance  ()f 
water  into  the  molecule,  or  In'  oxiilation. 

The  chemical  elTects  of  bacteria  are  greatly  inlluenced 
by  the  jiresence  or  absence  of  free  oxygen.  The  ai'cess 
of  pure  atmospheric  oxygen  makes  the  life  piocess  of 
most  bacteri;!  more  easy,  but  it  is  not  indis[)ensable  when 
available  std)stances  av('  present  which  can  be  bidkcn  up 
with  sutticient  ease.  Life  processes  carried  on  without 
oxygen  do  not  effect  any  profound  molecular  changes 
in  ihe  organic  material  whiidi  is  decomposed;  Init  in  ordei' 
that  Ihe  livingorganism  may  obtain  the  recpiisiteamount 
of  energy  from  this  mode  of  life,  a  proportionately  large 
<piantity  of  material  must  be  decomposed.  Therein  lies 
the  power  of  a  small  amount  of  ferment  lo  produce  much 
alcohol  or  lactic  acid,  and  of  parasites  which  have  in- 
vaded the  living  body  to  generate  intensely  poisonous 
substances  out  of  the  body  proteids.  In  the  presence  of 
oxygen  the  decomposition  proilucts  formed  l)v  the  action 
of  anaerobic  bacteria  are  further  decomposed  and  oxidized 
by  the  aerobes,  being  thus  rendered  inert,  as  a  rule,  and 
conse(|ueully  harmless.  Some  bacteria  have  adapted 
themselves  to  the  use  of  oxygen  compounds,  from  which 
they  are  able  to  obtain  their  oxygen;  and  others — thi' 
obligatory  or  strict  anaerobes — are  able  to  live  oidy  in 
the  presence  of  oxygen.  The  facts  of  unai'robiosis  are  of 
great  importance  to  techiucal  biology  and  pathology. 
Under  strictly  anai!robic  conditions,  secondary  oxidation 
of  the   |iroducts  of  decc)mposition   being  impossible,  the 


latter  accumulate  without  the  formation  of  by-products. 
Thus  parasitic  l)acleria  are  otten  found  to  produce  far 
more  poi,son  in  the  absence  than  in  the  presence  of  air. 

FeriiunUitioii  :  tin  Product  inn  of  OrfiKiihcd  and  L'lior 
(imiizatl  Fermentx. — The  chemical  elTects  of  bacteria  are 
largely  dependent  upon  the  composition  of  the  culture 
media.  Thus  many  species  which  in  albinninous  media 
produce  no  visible  clianires,  when  sugar  is  added  give  rise 
to  fermentation  with  the  formation  of  gas.  The  term 
fermentation  is  dilVerenlly  ap]died  liy  dilTerent  aidhors. 
Some  call  every  kind  of  decom[iosilion  due  to  bacteri;i  a 
fermentation;  others  linnt  the  term  to  th<'  process  when 
accompanied  by  the  visible  production  of  gas;  while 
others  again  take  fermentation  to  mean  only  the  decom- 
position of  carbohydrates,  with  or  witliout  gas  produc- 
tion. Fermentation  may  be  properly  defined  as  a  cliemical 
decomposition  of  an  organic  compound,  induced  by  liv  ing 
organismsor  substaiic<'s contained  within  thi'in  (organized 
ferments),  or  by  chemical  substances  thrown  oil'  from  the 
bacteria  (unori.''anized  ferments).  In  the  tirst  the  action 
is  du('  to  the  growth  of  the  organisms  producing  the  fer- 
ments, as  iu  file  formation  of  acetic  acid  from  alcohol  by 
the  action  of  the  vinegar  ]ilant.  and  in  the  second  the 
enzyme  causes  a  structural  change  without  losing  its 
identity,  as  in  digestion.  These  ferments  or  enzymes, 
even  when  present  in  the  most  minute  qviaulities,  have 
the  power  of  splitting  up  or  decompo.sing  com]ilex  or- 
ganic compounds  into  simjiler,  more  easily  soluble  or 
dilVusilile  molecules.  Ferments,  like  all>uminoids,  are 
not  dialyzable,  The_v  withstand  dry  heat,  but  are  de 
stroyed  in  watery  solution  by  a  temperature  of  over  70 
C.  They  are  injured  by  acids,  es])ecially  mineral  acids, 
but  are  resi.stant  to  alkalies.  All  fermentation  has  for 
its  object  the  accpiisition  by  the  organism  of  a  store  of 
energy.  This  stin'ing  up  of  energy  is  acquired  in  either 
of  tlie  ways  above  mi-ntioned.  The  conunonest  e\ani]de 
of  feriuentation  by  deconi|iosition  is  that  of  sugar  into 
alcohol  and  carlionic  acid.  Exactly  op|)osite  to  this,  and 
far  less  common,  is  fermentation  by  oxidation,  as  in  the 
pi-oduclion  of  acetic  acid  from  akohol.  Proteolytic  or 
pe])lonizing  ferments,  which  are  similar  to  pepsin  and 
trypsin,  in  that  they  decompose  insoluble  albuminoids 
into  .soluble  or  digestible  substances,  are  very  widely  dis 
tributed.  The  li(|Uefactionof  gelatin,  produced  by  manv 
species  of  bact<'ria,  is  due  to  the  presence  of  these  pep- 
tonizing ferments.  Diastatic  ferments,  which  convert 
starch  into  sugar,  like  ptyalin,  are  also  produced  by  bac 
teria.  Otiicr  bacterial  ferments  are  the  invert ive  fer- 
ments, or  those  which  convert  cane  sugar  into  grape 
sugar;  and  the  reiwiet  ferments  having  the  power  of  eo- 
ag\dating  milk. 

The  process  of  fermentation  also  gives  rise  tojiroducts 
that  are  destructive  to  the  ferments;  hence  frnuentatii-n 
ceases  whi'ii  the  nutriment  is  exhausted.  Dilt'eicnt  kinds 
of  fermentation  are  called  by  dilferent  names  according 
to  the  products  they  yield.  Thus,  acetic  acid  fermenta 
tion,  alcoholic  or  vinous  fermentation,  lactic  acid  fer 
mentation,  butyric  acid  fermentation,  etc  ,  are  producc'd 
by  dilTerent  si)ecies  of  bacteria. 

I'litrcfdrtioii. — By  putrefaction  in  the  common  acceiita- 
tion  of  th(^  term  is  understood  the  deconqiosition  of  <ini- 
mal  or  vegetal)le  matt<T,  accompained  by  the  generation 
of  fetid  oilors.  ,Scien1ili<ally  considerecl  it  is  a  kinil  of 
fcnucntatiim  or  the  decomiiosition  of  complex  organic 
compounds,  albununous  substances  and  the  like,  into 
simpler  combinations,  produced  by  microorganisms 
called  ptitrefactive  ferments.  Typical  iiulrefaclion  oc- 
curs only  when  oxygen  is  absi'ut  or  scanty.  As  putre 
factive  products  we  have  peptoiu',  ammonia,  and  the 
amines — leucin,  tyrosin,  and  other  amido-sul)stances; 
oxyfatty  acids,  indol,  skatol,  phenol;  and  linally  sul- 
l)huretted  hydrogen,  merc.-i[)tan,  carbon  dioxide,  iiydro- 
geii,  and  possibly  marsh  gas. 

I'i(piirnt  Pfodnction. — Various  bacteria  form  cbariicter- 
istic  pigments  as  products  of  their  growth.  Some  of 
these  have  been  isolated  and  have  been  found  to  possess 
many  of  the  proiierties  of  the  aniline  dyes.  Tlie_v  have 
no  known  importance  in  comiectiou  with  disease,  but  are 
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of  interest  iiiul  value  in  identifyinsr  certain  species  of 
l)acleriii.  The  principal  pigments  produced  by  cliromo- 
genie  bacteria  which  have  been  chemically  studied  are: 
red.  yellow,  violet,  blue,  and  green  piynients.  All  con- 
ditions which  are  unfavorable  to  the  jrrowlh  of  the  bac- 
teria decrease  their  power  of  i)iguient  production,  as  cul- 
tivation in  unsuitable  media  or  too  low  or  too  high  a 
temperature,  etc. 

AlhiiUiie  Pri/diiets  and  the  I)ecompo.iiiion  of  Urcn. — 
Aerobic  bacteria  sometimes  produce  alkaline  products 
from  albuminous  sul>stanees  in  culture  media  free  from 
sugar.  Most  species  ])roduce  acids  in  the  presence  of 
sugar,  neutral  or  slightly  alkaline  cultures  thus  often 
becoming  acid  at  lirst,  owing  to  the  small  ([uaiitity  of 
sugar  contained  in  the  meat  used  for  making  nutrient 
i\iedia;  andlaler  wlien  the  sugar  is  exhausted  they  be- 
come alkaline  again.  'I'he  substances  producing  the  al- 
lialinity  of  cidtures  are  eiiiefly  anuuouia,  the  amines,  and 
tlie  ammonium  salts.  The  conversion  of  urea  into  car- 
bonate of  anuuonia  is  due  to  the  action  of  bacteria.  Sev- 
eral organisms  also  have  been  isolated  which  separate 
animoiu"a  from  urea. 

I'IniiiiiiiiK  mid  Toxinn. — Brieger  has  recognized  a  num- 
ber of  e(nnp]e-\  alkaloids,  closely  resembling  those  found 
in  ordinary  jdants,  which  are  the  products  of  bacterial 
growth  ;  and  tliese  alkaloids  he  bas  named  ])toinalns (from 
^-uun.  a  cadaver),  because  obtained  from  putrefying  or 
dead  bodies.  Neucke,  and  later  Brieger,  Vaughan.  and 
others,  have  succeeded  in  ]ireparing  organic  bases  of 
definite  chemical  composition  out  of  putrefying  fluids, 
— meat.  fish,  old  cheese,  milk,  etc.,  as  well  as  from  pure 
cultures  of  bacteria.  Some  of  tliese  were  found  to  exert 
a  poisonous  effect,  and  for  a  long  time  w-ere  looked  ujion 
as  the  specific  bacterial  poison,  while  others  were  harm- 
less. The  poisons  are  particularly  interesting,  as  rhey 
may  be  present  in  the  putrefying  cadaver,  and  hence 
must  be  taken  into  consideration  in  medico-legal  ques- 
tions. They  may  also  be  formed  in  the  living  body, 
and  if  not  rendered  innocuous  by  oxidation  may  come  to 
act  therein  as  self-poisous  or  leueovuihis.  Recent  inves- 
tigations have  shown  that  these  are  not  the  substances  to 
which  are  due  the  sjieeific  toxic  effects  of  bacteria,  which 
are  designated  to.rins  and  have  quite  diiTerent  character- 
istics. 

The  best-known  ptomains  are :  ColUdin  from  ]nitrefying 
meat  or  gelatin,  cadai-ciin  from  decomposing  dead  bodies; 
iieurin  and  miiscarin.  The  first  two  of  these  contain  no 
oxygen,  and  are  non-poisonous,  while  the  last  two  pto- 
mains contain  oxj-gen  and  have  a  poisonous  action  the  op- 
posite of  atropine.  Tyroto.ricii}i,  a  jitomain  decomposing 
milk,  and  found  b_y  Vaughan  in  poisonous  clieese,  is  ap- 
parently derived  from  butyric  acid.  Pj/ocyanin,  whicli 
produces  tlie  color  of  blue  and  green  pus,  isa  ptomain  pig- 
ment. Similar  bodies  may  also  be  found  in  the  intestinal 
contents  as  products  of  bacterial  decomposition.  Some  of 
them  are  poisonous  and  can  be  absorbed  into  the  liody, 
where  tliey  play  tlie  jiart  of  self -poisons  or  leucomaius; 
and  it  has  been  thought  that  tlie  symptoms  designated 
as  coma  and  tetany  may  be  ascribed  to  the  absorption  of 
substances  of  tliis  nature.  The  name  ptomain  was  for- 
merly, and  is  still  by  some  authors,  ajiplied  to  all  bacterial 
jioisons.  as  in  cases  of  so-called  food  poisoning  due  to  de- 
composing meat,  sausage,  cheese,  or  milk.  But  instead 
of  ptomains,  which  are  now  commonly  understood  to  in- 
clude only  the  crystalline  products  of'liacterial  growths, 
these  effects  may  be  caused  by  the  poisonous  proteids  or 
toxins,  which  are  always  formed  in  the  beginning  of 
putrefactive  processes.  "Some  of  the  ptomai'iis  obtained 
by  chemists  are  not  due  to  putrefactive  changes  at  all. 
but  to  the  chemical  methods  employed  in  separating  them, 

l'i>.rin»  or  tu.rnlhi/muifi  may  be  divided  into  two  groups: 
(1)  Hiicli'i-iid  pyutfidK  (Bnchner).  which  are  poisonous 
substances  of  allniminoid  nature  developed  liy  bacteria, 
not  affected  by  beat  and  capable  of  producing"  tVvcr  atul 
inflammation,  and  which  are  obtained  by  boiling  for  sev- 
eral hours  potato  cultures  of  the  organisms  and  treating 
witli  a  one-half-per-cent.  solution  of  potassium  hvdrate. 
From  the  clear  filtrate  thus  obtained  the  proteids  are  pre- 


cipitated b3'  dilute  acid,  and  the  precipitate  washed  and 
dried.  The  best-known  bacterial  proteid  is  Kocli's  uld 
liihereuUn  ;  mullein  is  a  similar  substance.  (2)  Toxal- 
binnum  (Brieger  and  Fraenkel),  which  are  amorphous 
poisons  having  an  intense  and  often  specific  action — that 
is,  an  action  identical  with  that  produced  by  infection  with 
I  lie  living  organism — and  obtainable  tiirough  precipita- 
tion from  bouillon  cultures  b_v  agents  separating  albumin, 
as  alcohol  or  ammonium  sulphate.  For  this  reason  these 
substances  were  called  "  toxalbumins,"  and  were  regarded 
as  analogous  to  the  toxalbumins  of  vegetable  origin,  like 
riciii  from  the  castor-oil  lieaii  and  abrin  from  the  jequirity 
bean.  But  the  ma.iority  of  investigators  consider  them 
to  be  unstable  albuminous  substances  derived  from  the 
bacterial  cells;  and  some  have  assumed  that  they  were 
.similar  to  the  snake  venoms  or  enzymes,  inasmuch  as  like 
these  latter  bodies  they  are  very  sensitive  to  the  actiim  of 
heat,  light,  and  chemical  agents.  For  some  time,  how- 
ever, there  bas  been  considerable  doubt  as  to  whether  the 
so-called  toxalbumins  were  only  obtainable  liy  precipita- 
tion from  albumiu,  and  wjiether  they  had  anything  to  do 
with  albumin  at  all.  Recently  Brieger  and  Cohu  have 
succeeded  in  obtaining  what  they  consider  to  be  an  al- 
most pure  toxin  from  the  crude  poison  of  the  tetanus 
bacillus,  by  means  of  precipitation  with  lead  acetate 
and  ammonia,  which  does  not  respond  to  any  of  the  ordi- 
nary tests  for  albumin  and  is  apparently  not  an  albumi- 
nous substance.  In  the  .same  way  the  cholera  and  diph- 
theria toxins  have  been  obtained  and  are  now  recognized 
as  tieing  non-albuminous.  It  is  thus  becoming  customary 
to  call  all  proteid  bacterial  products  tiuins.  irrespective 
of  their  composition,  and  to  ignore  the  existence  of  the 
above-described  crystallizablo  poi.sous  of  simple  constitu- 
tion. 

With  regard  to  the  other  ju'operties  of  these  toxins, 
taking  tetanus  toxin  as  an  example,  it  may  be  said  that 
in  aqueous  solution  it  is  not  coagulated  by  heat,  but  is 
deprived  in  time  of  its  poisonous  ciualities.  The  addi- 
tion, and  continued  passage  througli  it,  of  C'Oj  or  H-;S 
distinctly  reduces  its  toxicity.  When  exposed  to  light 
and  air,  either  in  a  dry  state  or  in  solution,  the  toxin  de- 
teriorates rather  raiiidl.y.  It  withstands  a  temperature 
of  70'  C.  for  some  time  without  being  wholly  destroyed; 
higher  temperatures  quickly  decompose  it.  AVheu  "pro- 
tected from  exposure  to  light  and  air  it  is  slowly  con- 
verted into  an  inactive  substance ;  it  is  best  preserved 
under  absolute  alcohol,  pure  ether,  and  the  like.  The 
toxicity  of  the  purest  tetanus  toxin  now  obtiiinable  is 
almost  incredible  and  is  perhaps  the  most  powerful 
poison  known;  0.0000.5  mgni.  of  it  kills  a  mouse  of  15 
gin.  weight ;  hence  a  man  of  150  pounds  weight,  if  he 
were  equally  susceptible,  would  be  killed  with  0.23 
nigni.  In  order  to  appreciate  the  activity  of  this  toxin, 
we  have  only  to  consider  that  it  requires  a  dose  of  from 
30  to  100  nigm.  of  strychnine  to  kill  a  man  under  ordinary 
circumstances. 

Siiljihiircltfd  ITjidriigcn. — This  is  a  very  common  bac- 
terial ]iroduct.  It  may  be  formed:  (1)  From  albuminous 
substances;  (2)  from  powdered  sulphur;  (3)  from  thio- 
sulphates  and  sulphites.  The  presence  of  sugar  in  the 
culture  media  does  not  effect  the  production  of  H-jS,  but 
saltpetre  reduces  it.  with  the  formation  of  nitrites. 

Rednrtinn  Processes. — All  bacteria  possess  the  property 
of  converting  sulphur  into  H^S  in  the  presence  of  nascent 
hydrogen.  The  following  reduction  processes  brought 
about  by  bacteria  also  depend  in  part  upon  the  action  of 
nascent  hydrogen:  The  reduction  of  lilue  litmus  pig- 
ments, methylene  blue  and  indigo  to  colorless  substances; 
the  reduction  of  nitrates  to  nitrites  and  ammonia,  and 
even  to  free  nitrogen.  The  so-called  "cholera -red  reac- 
tion "  depends  upon  the  reduction  of  nitrates  to  nitrites 
by  the  cholera  spirillum  together  with  the  production  of 
inilol.  When  chemically  jiure  nitric  or  sulphuric  acid  is 
added  to  nulrirni  peptone  cultures  of  the  cholera  spiril- 
lum a  ro.sc-rcd  or  violet  color  is  produced.  The  mineral 
acid  s|)lits  u]>  the  nitrites  present,  setting  free  nitrous 
acid  which,  with  the  indol,  gives  the  red  reaction.  Al- 
though called  "cholera  red,"  this  nitroso-indol  reaction  is 
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not  confinptl  to  tlu"  tlioleia  spirilluin.  but  max'  bo  applii'd 
to  many  other  bacteria.  Out  of  sixty  sjieeies  e.xamined 
by  Leiiinann,  twenty-three  gavi'  the  indol  reaction;  but 
the  test  isof  pnictical  vahie  in  ditTerentiating  the  cholera 
spirilhini  from  several  other  similar  species  for  which  it 
may  be  mistaken. 

Denitrificiitidii. — This  process  is  brought  about  by  a 
number  of  bacteria  which  seiiarale  nitrojren  from  the 
nitrates  and  nilriles.  'I'lie  practical  siguilicance  of  these 
organisms,  the  denilrifying  bacli'ria,  is  that  by  iheir  ac- 
tion large  rjuantities  of  nitrates  in  the  soil  and  in  manure, 
which  arc  neeessar}-  for  ijlant  food.  ina\'  thus  l)e(-ome 
lost  through  conversion  into  free  nitrogen. 

Aniiiniiliitioii  (if  yitrorjeii. — Although  so  faras  weknow 
none  of  the  higher  plants  have  (he  jxiwer  <if  assindlatiug 
nitrogen  from  the  atmosphere,  this  |)roperty  is  ])osses.sed 
by  at  least  one  species  of  bacteria,  the  bufiHiis  rddicirnlii 
of  Beycrinek.  This  organism  is  found  in  the  root  nociulcs 
of  various  leguminous  jilanls  (jieas,  clover,  lupitie,  etc.). 
and  can  be  isolated  from  these.  DilTcrent  varieties  of 
this  bacillus  exist  in  tlilferent  kinds  of  legumes,  each 
legiuue  apparently  having  a  special  variety  adapted  to 
its  needs.  There  are  also  certain  neutral  varielies,  how- 
ever, existing  free  in  thi^  soil.  By  the  aid  of  these  root 
bacteria.  legumino\is  plants  are  enabled  to  assimilate 
nitrogen  from  the  atmosiihere,  thus  eiu'iching  sandy  soils 
which  are  naturally  poor  in  nitrogen,  so  that  they  yield 
good  harvests. 

KnniKilion  of  Acldi  from  Carhohr/dratrs. — JIauy  bac- 
teria form  free  acids  in  cidture  media  containing  carl)o- 
hydrates  (sugar).  Acid  formation  occurs  sometimes  with 
and  sometimes  without  the  production  of  gas.  Excessive 
formation  of  acid  may  cause  the  deiUh  of  the  bacteria 
from  the  increased  acidity  of  the  media  in  which  tliey 
are  cultivated.  All  anaerobic  and  facultative  anaerobic 
sjiecies  form  acids  from  sugar:  the  strictly  ai'robic  siieeies 
do  not,  or  they  do  it  so  .slowly  that  the  acid  is  hidden  by 
the  almo.st  simidtaneous  production  of  alkali  (Theobolil 
Smith).  If  after  the  sugar  is  used  up  not  enough  acid 
has  been  formed  to  kill  the  bacteria,  the  medium  becomes 
again  neutralized  anil  finally  alkalin<'.  Among  the  acids 
prodnced  the  most  im])ortant  is  lactic  acid,  also  traces 
of  formic,  acetic,  proprionic,  and  Iintyric  acids,  and  not 
infrequently  ethyl  alcohol  and  aldehyde. 

diiK  Fiirmatirin. — The  only  gas  produced  by  bacteria 
in  visible  qtiantity  in  ctdture  media  free  from  .sugar  is 
nitrogen.  In  the  presence  of  sugar,  so  long  as  lactic  or 
acetic  acid  is  jiroduced,  there  may  be  no  gas  i)ro(luction; 
but  frequently  gas  may  be  abundaiuly  formed,  espe- 
cially by  anaiM'obic  bacteria  or  in  the  ab.sence  of  air. 
About  one-third  of  the  acid  |)roducing  species  also  de- 
V(dop  gas,  consisting  cliietly  (jf  carlmn  dioxiileaiid  hy- 
drogen. Bacteria  which  decompose  cellulose  also  pro- 
duce marsh  gas. 

Arid  I'nid  iiflion  fmm  Aleolid. — It  has  long  been  known 
that  the  conversion  of  ethj'l  alcohol  into  acetic  acid  is  due 
(o  the  action  of  bacteria.  The  conversion  of  (be  higher 
alcohols — glycerin,  mannit.  etc. — into  acids  is  also  caused 
by  bacterial  action,  as  is  also  the  conversion  of  the  fatty 
acids  and  their  salts  into  other  acids,  as  for  instance  the 
salts  (if  lactic,  malic,  tartaric,  and  citric  acids  into  butyric, 
proiu-ionic,  valerianic,  acetic  acids,  etc. 

Eki-'i:cts  ok  OiTsiHt-;  iM-i.tiixncs  rrox  B.vcTF.ni.v. — 
Electrkity. — Very  little  is  known  about  the  intiuence  of 
electricity  on  bacteria:  but  the  observations  heretofore 
made  on  this  subject  would  seem  to  indicate  that  there 
is  no  direct  action  of  the  galvanic  current  on  microorgan- 
isms,  though  the  cfTect  of  heat  and  electrolysis  may  pro- 
duce changes  in  the  culture  which  finally  sterilize  it. 

Slight  (UiHiitinii  of  cultures  of  bacteria  seems  to  act 
favorably  on  their  develoinnent.  but  protracted  and  vio- 
lent shaking  destroys  the  vitality  of  bacteria  by  causing 
a  molecidar  disintegration  of  their  cells. 

Pressure  exerts  comparatively  little  influence  on  bac- 
teria. A  culture  of  the  bacillus  ])yocyaneus  subjected 
to  a  pressure  of  fifty  at niosidieres  under  CO...  still  grew 
at  the  end  of  four  hours,  but  the  power  of  pigment  jiro- 
duction  was  lost.     After  six  hours'  exposure  to  this  press- 


ure a  few  colonies  still  developed,  but  after  twenty-four 
hoin's  no  growth  occurre<l. 

IA<jht. — A  large  mimber.  perha]is  the  majority,  (jf  bac- 
teriaare  inhibited  in  growth  by  the  action  of  diiftiseday 
light,  still  more  by  that  of  <lirect  sunlight.  Dieudomie 
found  that  the  bacillus  prodigiosiis  exposed  to  the  action 
of  direct  suidight  during  the  months  of  March,  .lulv.  and 
August  wer<'  killed  in  an  hour  and  a  half;  fluriiig  the 
month  of  Novemlier.  in  two  and  a  half  hours.  Ditr\ise 
dayli.ght  in  Jlarcb  and  July  inhibited  develo|inient  after 
three  and  a  half  hours' exposure:  in  Novemberafter  four 
and  a  half  hours,  and  vitality  was  conq)l<'lely  destroyed 
in  from  live  to  six  hours.  Exposure  to  the  action  of  the 
electric  arc  light  inhibited  develoinnent  in  five  hours  and 
destroyed  vitality  in  eight  hours;  incandescent  light  hi- 
hiliited  growth  in  from  seven  to  eight  hours  and  killed 
in  eleven  hours.  Similar  results  b;ive  been  ohiaiiicd 
with  other  bacteria,  as  the  liacillus  coli  communis, 
bacillus  typhosus,  and  bacillus  anihracis.  The  tubercle 
bacillus  was  found  by  Koch  to  be  killed  by  the  action  of 
direct  sunlight  in  from  five  miiuites  to  several  hours,  de- 
pending uiiou  the  thickness  of  the  layer  expo.sed  and  the 
season  of  the  year.  Diffuse  daylight  had  the  same  effect 
in  from  five  to  seven  days.  It  has  been  shown  that  it  is 
only  the  ultra  violet,  violet,  and  blue  rays  of  the  solar 
spectrum  which  possess  bactericidal  action;  the  green 
ra_vs  very  much  less,  and  the  red  and  yellow  rays  not  at 
all.  The  action  of  light  isapparently  aided  in  most  cases 
by  the  admission  of  air;  but  anaproliic  bacteria,  like  the 
tetanus  bacillus,  and  facultative  anai^robic  species,  as  tli<' 
colon  bacillus,  are  able  to  withstand  the  action  of  sun- 
light cjuite  as  well  in  the  absence  as  in  the  presence  of 
oxygen.  The  mechanism  of  the  action  of  light  has  l)een 
partially  exphiined,  at  least,  by  the  demonstration  of  the 
formation  of  hydrogen  peroxide  in  cultures  exposed  to 
light  for  a  .short  time. 

Iiiflmnce  iif  One  iSperies  of  Bacterid  iijvin  Aii'ither. — If 
we  examine  water,  milk,  or  the  contents  of  the  intestinal 
canal  of  either  sick  or  healthy  persons,  we  invariabi}' 
find  several  species  of  bacteria  occurring  together.  This 
association  ma}'  at  first  seem  to  be  purely  accidental; 
but  on  further  investigation  it  will  be  foiuid  that  there 
are  among  bacteria  synergists  and  antagonists,  or  at  least 
certain  species  Avhich  apparently  assist  or  oppose  one  an- 
other mutuallj'  or  one-sidedly.  This  action  is  sometimes 
spoken  of  as  sijijtfjii/.s-iri  and  enantohiusin  (Neiicke).  Thus 
it  has  been  found  that  many  sjieeies  of  bacteria  will  not 
grow  at  all  or  only  scantily  in  cultures  when  in  close 
proximity  to  other  sjiecies,  the  action  being  mnluid  or 
one-sided.  The  practical  a]i])lication  of  this  fact  is,  in 
making  plates  for  the  isolation  of  ])ure  cultures  or  for 
the  I'ounting  of  colonies,  to  have  the  jilates  as  thin  as 
possible.  Bacteria  may  also  oppose  one  another  an- 
tagonistically in  the  animal  liody.  Emmerich  hasshown 
that  animals  infected  with  anthrax  may  often  be  cured 
by  a  secondary  infection  with  the  sticptococcus.  The 
symbiotic  or  co-operative  action  of  bacteria  is  of 
still  greater  importance.  Some  bacteria  thrivi- better  in 
as.sociation  with  other  species  than  alone.  Certain  an- 
aCroliic  species,  for  instance,  as  the  tetanus  bacillus, 
grow  even  in  the  ])resenee  of  air,  if  associate(l  with 
ai^robic  species.  Again,  certain  chemical  cITects  of  bac- 
teria, as  (ienitrilication  of  nitrates,  can  be  produced  only 
when  two  species  are  associated  together.  In  like  man- 
ner it  has  been  observed  that  some  s(iil  bacteria,  (hough 
non-])alhogeiiic  in  jnire  culture,  when  inoculated  into 
aninrals  in  combination  with  other  species  may  ]iroilnc<' 
disease.  Finally,  slightly  jiathogenic  species  g.-iiii  in 
virulence  when  cidtivaled  with  common  sai)ro|)hytic 
bacteria,  as  the  atleiuiated  tetanus  bacillus  with  the 
proteus  vulgaris. 

Ijick  (f  Food  iiiid  Denieratioii. — ^lost  bacteria,  luid 
especially  the  pathogenic  .species,  which  reijuire  much 
orgiuiic  nutriment  for  their  development,  when  placed 
in  distilled  water  soon  die;  and  even  in  sterilized  water 
they  live  from  eight  to  ten  days  only  and  raivly  mult  iply. 
Desiccation  alTects  bacteria  in  various  ways.  In  dry 
culture   media   development    soon   ceases,    although    in 
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nieiliii  dried  gradually  at  the  same  tempemtiiic  bacteria 
may  retain  their  vitalUy  often  l"or  several  niontlis  and  in 
the'  aliseuee  of  spores."  Also  nnder  natural  conditions, 
when  these  are  favorable,  many  non-sporebearinir  bac- 
teria live  a  Ions  lime  when  exposed  to  desiccation. 
Spore-bearinj;  species,  however,  are  much  more  resistant 
to  desiccation  as  also  to  other  injurious  outside  inlluences 
such  as  heat,  liihi.  clicmieals,  etc. 

Bihiin'or  tmnird  (lii///iit  mid  Otiur  Odxes. — As  already 
noted  it  is  customary  to  divide  bacteria  into  three  classes 
according-  to  their  behavior  toward  o.\ygcn:  aerobic,  an- 
al'roliic.  and  facultative  aerobic  and  anaerobic  species. 

AeriiMc  bitftcrin  grow  only  in  the  presence  of  oxygen; 
the  slightest  restriction  of  air  inhibits  their  development, 
spore  formation  especially  reciuiring  the  free  admission 
of  air. 

Anaerobic  hnchria  grow  and  form  spores  only  in  the 
total  exclusion  of  oxygen.  Among  this  class  of  organ- 
isms are  many  soil  bacteria,  such  as  the  bacillus  of  malig- 
nant (vdeina,  the  tetanus  bacillus,  and  the  bacillus  of 
symptomatic  anthrax.  Exposed  to  the  action  of  oxygen, 
tile  vegetative  forms  of  tliese  bacteria  are  readily  de- 
stroyed; their  spores,  however,  are  very  resistant.  An- 
aOr()bic  bacteria  being  deprived  of  the  oxygen  of  the  air, 
are  dependent  for  tlieir  nutriment  upon  decomposable 
substances  such  as  glucose.  Hence  for  their  cultivation 
they  re(iuire,  as  a  rule,  media  containing  from  one  to  two 
per" cent,  of  glucose  or  some  other  equivalent. 

Facultatire  Aerobic  and  Anaerobic  Bacteria. — The 
greater  number  of  aerobic  bacteria,  including  most  of 
the  pathogenic  species,  are  capable  of  withstanding, 
without  being  seriously  affected,  a  consiilerable  restric- 
tion of  oxygen,  and  many  grow  equall_v  well  in  the  par- 
tial exclusion  of  this  gas.  Life  in  the  animal  body,  for 
instance,  necessitates  an  existence  Avith  a  diminished 
supply  of  oxygen.  Pigment  production  usually  ceases 
with  the  exclusion  of  oxygen.  Iiut  toxins  are  more 
abundantly  formed.  The  presence  of  living  or  dead 
aerobic  species  may  facilitate  the  aerobic  growth  of  an- 
aerobic species.  Jloreover.  certain  species  which  in  their 
isolation  at  first  show  more  or  less  anaerobic  develop- 
ment, have  been  observed  after  a  time  to  become  aerobes, 
growing  only  on  the  surface  of  media.  The  simple  fact, 
therefore,  of  an  organism  showing  aerobic  or  anaerobic 
growth  is  not  sufficient  to  make  of  it  a  distinct  species. 

Although  all  facultative  as  well  as  obligatory  anaerobes 
grow  luxuriantly  iu  nitrogen  or  hydrogen  gas,  the  same 
is  not  true  of  carbon  dioxide  gas.  JIany  species  do  not 
grow  at  all  Vmt  are  inhibited  or  killed  by  CO.^.  while 
others  exhibit  only  a  scantj-  growth,  and  very  few  are 
not  affected.  Sulphuretted  hydrogen  in  large  quantity 
is  a  strong  bacterial  poison,  and  in  small  amount  even  it 
destro}'s  some  species. 

Effect  of  Temperature. — Every  bacterial  species  makes 
certain  demands  on  temperature  for  its  growth.  Vege- 
tative life  is  possible  within  the  limits  of  0'  and  70"  C. ; 
but  there  are  some  species  of  bacteria  which  grow  at  the 
lower  and  others  at  the  upjH-r  limits  of  this  range.  The 
maximum  and  minimum  temperatures  for  each  species  lie 
about  30°  C.  apart.  Bacteria  have  thus  been  classitied. 
according  to  the  temperature  at  which  they  develop,  into : 
(1)  Psfichrophilic  bacteria.  Minimum  growth  at  0'  C, 
optimum  at  1.5  '  to  20"  C.,  maximum  at  about  3()  C.  To 
this  class  belong  the  water  liacteria  having  the  power 
of  emitting  light.  (2)  M.vip/iilic  liaclcriii^  Jlinimum 
growth  at  10'  to  1.")°  C,  o]itimum  at  37'  C,  maxinuun 
at  about  45°  C.  These  include  all  the  pathogenic  sjiccies, 
the  conditions  for  their  growth  in  the  animal  body  re- 
quiring acclimatization  to  the  body  temperature.  (3) 
Thernniphilic  bacteria.  Miidmuiu  growth  at  40°  to  49° 
C.  optimum  at  50°  to  55°  C.,  maximum  at  00°  to  70°  C. 
This  class  includes  many  soil  bacteria  and  almost  exclu- 
sively sjiore-bearing  species.  They  are  found  widely 
distributed  in  fa>ces. 

By  carefully  elevating  or  reducing  the  temjierature  it 
is  possible  to  extend  the  limits  wiUiin  which  ditferent 
species  of  bacteria  will  grow.  Thus  the  anthrax  bacillus 
has  been  made  gradually  to  accommodate  itstdf  to  a  tem- 


perature of  43"  v..  and  pigeons,  which  are  comparatively 
inunune  to  anthrax  infection,  on  account  of  their  high 
body  temperature,  when  inocidated  with  this  moditieti 
organism  succumb  to  the  disease.  In  the  same  way  the 
anthrax  bacillus  has  been  acclimated  to  a  temperature  of 
12°  C.  .so  that  it  killed  frogs  kept  at  this  temjieratvire 
(Dieudonne).  A  very  virulent  diphtheria  bacillus  has 
been  so  cultivated  that  it  grew  at  43°  C.  and  produced 
strong  toxin  (Park). 

Bacterial  growth,  though  retarded  by  temperatures 
just  below  the  minimum  of  the  species,  is  not  otherwise 
injured.  Cultures  of  bacteria  which  readily  die  (as  the 
streptococcus)  are  often  preserved  in  laboratories  by 
keeping  them  in  the  refrigerator  at  4°  to  0  C.  Tempera- 
tures even  far  below  0°  C.  are  only  slowly  injurious  to 
bacteria,  ditferent  species  being  aifected  with  varying 
rapidity.  Ordinarily,  low'  temperatures,  though  arresting 
the  growth,  do  not  destroy  the  vitality  of  bacteria.  Micro- 
organisms have  been  exposed  for  hours  in  a  freezing  mix- 
ture at  18"  C.  and  have  been  kept  in  an  open  tube  in  liquid 
air  at  175°  C.  for  two  hours,  and  _yet  have  been  found  to 
grow  when  placed  again  under  favorable  conditions. 

Temperatures  from  5'  to  10°  0.  over  the  optimum, 
however,  affect  bacteria  injuriously  in  several  ways. 
The  effects  produced  are  the  production  of  varieties  of 
diminished  activity  of  growth,  weakening  of  virulence, 
and  decrease  of  the  property  of  causing  fermentation, 
and  finally  gradual  loss  of  poAver  of  spore  formation. 
One  or  other  of  these  effects  may  ]iredomiuate  under 
varying  conditions. 

If  the  maximum  temperature  is  exceeded  the  organism 
soon  dies;  the  thermal  death  jioint  for  psychrophilie 
species  being  about  37°  ('..  for  mesophilic  about  45'  to 
55°  C,  and  for  thermophilic  about  75'  C.  There  are 
no  non-spore-bearing  bacteria  which,  when  moist,  are 
able  to  ivithstand  a  temjierature  of  100°  C.  even  for  a 
few  minutes.  According  to  Sternberg,  ten  minutes'  ex- 
posure to  moist  heat  will  kill  the  cholera  spirillum  at  52' 
C,  the  streptococcus  at  54'  C.,  the  typhoid  bacillus  at 
56°  C,  the  diphtheria  bacillus  and  gouococcus  at  (iO°  C, 
and  the  staphylococcus  at  02  C.,  the  last  mentioned  be- 
ing the  most  resistant  of  pathogenic  organisms  without 
spores.  When  bacteria  in  a  desiccated  condition  are 
exposed  to  the  action  of  heated  air  the  temperature  re- 
quired for  their  destruction  is  much  above  that  needed 
when  they  are  moist  or  exposed  to  the  action  of  hot 
water  or  steam.  A  large  number  of  bacteria  are  able  to 
resist  dry  heat  at  a  temperature  of  over  100°  C.  for  an 
hour.  A  temperature  of  120'  to  130°  C.  maintained  for 
an  hour  and  a  h;df  is  required  to  destroy  all  bacteria,  in 
the  absence  of  spores,  if  hot  air  is  used. 

Spores  are  far  more  resistant  to  all  injurious  influences 
than  vegetative  forms,  and  can  withstand  also  a  greater 
degree  of  both  moist  and  dry  heat.  Many  spores  are 
able  to  resist  a  temperature  of  130°  C.  dry  heat,  the 
spores  of  the  anthrax  and  the  hay  bacilli  requiring,  for 
instance,  an  exposure  of  three  hours  to  a  temperature  of 
140°  C.  to  insure  their  destruction.  Moist  heat  at  a  tem- 
perature of  100°  C!. ,  either  Itoiling  water  or  streaming 
steam,  destroys  the  spores  of  all  known  ]>athogenic  bac- 
teria within  ten  minutes:  the  spores  of  some  non-patho- 
genic species  resist  this  temperature,  however,  for  liours. 
While  steam  under  pressure  is  more  effective  than  stream- 
ing steam  in  pr-actical  disinfection.it  is  scarcely  necessary 
to  give  it  the  prefcretu'e.  inasmuch  as  all  known  patho- 
genic bacteria  and  their  spores  are  ((uickly  destroyed  by 
the  tein|ierature  of  boiling  water.  "  .Suijerheated "'  steam 
has  about  the  same  germicidal  jiower  as  hot.  dry  air  at 
the  same  temperature,  and  is  less  etfective,  of  course, 
thiin  moist  steam. 

Tj/ndalization  ;  Practioneil  Sterilimtion. — Certain  nutri- 
ent media,  such  as  blood  serum  and  the  transudates  of 
the  body  (ascitic  and  hydrocele  fluids,  etc.).  and  some 
fluid  fooil  stuft's,  require  at  times  to  be  sterilized  and  yet 
caiuiot  be  subjected  to  temperatures  high  enough  to  kill 
spores  withotif  sulfering  injiu'v.  The  property  of  spores, 
when  placed  under  suitable  conditions,  to  germinate  into 
vegetative  forms,  is  here  taken  advantage  of  l)y  heating 
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the  fluids  to  55'  or  78°  C.  for  one  liour  on  six  consecu- 
tive days.  By  this  infiuis,  upon  wuli  exjiosurp.  all  the 
bacteria,  which  have  grown  in  the  interval,  are  killed  in 
the  vegetative  form.  E.\iierieiiee  has  shown  that,  with 
few  exceptions,  this  method  of  fractional  sterilization 
will  completely  sterilize  all  fluids  thus  treated. 

Pastiiirizittioii. — It  is  oft<'ii  unilesirahle,  however,  to 
expose  milk  and  other  food  st nil's  to  sucli  a  high  tem- 
perature, because  of  the  deleterious  elfccts  jirodueed,  and 
yet  a  iiartial  sterilization  is  re<|uired.  According  to  the 
method  of  I'asteiir,  however,  milk,  etc..  may  be  heated 
for)thirty  minutes  to  70  C,  which  will  kill  all  vegetativ<' 
l)acteria  present,  allowing  only  the  spores  to  remain  alive. 
But  even  this  partial  sterilization  greatly  retards  the  proc- 
ess of  fermentation  nr  putrefaction. 

FJif'd't  of  ('III inirdl  Ai/i iitn. — Many  chemical  substances 
when  brought  in  contact  with  bacteria  >mite  with  their 
cell  substance,  forming  new  compounds  and  usually  de- 
stroying the  life  of  the  organisms.  Bacteria  are  nnich 
more  easily  killed  by  chemicals  when  in  the  vegetati\'e 
than  in  the  spore- s(ag-e,  and  their  life  functions  are  in- 
iiibited  by  substances  less  injurious  than  tho.se  required 
to  destroy  their  vitality.  But  botli  in  the  vegetative 
and  spor<'  forms  they  dilfer  considerably  in  their  resist- 
ance to  chenu'cal  agi'uls.  The  ri-ason  tor  this  is  but  im- 
perfectly undcistciod,  but  it  pi'obably  de|)ends  ujjon  the 
com]>osition  of  their  cell  substance,  and  is  due  to  a  true 
chemical  combination  taking  place.  Chemicals  are  more 
destructive  to  bacteria  at  a  liigh  than  at  a  low  tempera- 
ture, and  they  act  more  quickly  when  the  bacteria  are 
suspended  loosely  in  fluids  than  when  in  masses.  In 
estimating  the  extent  of  the  action  of  chemical  agents 
upim  bacteria  we  usually  distingiush  the  following  de- 
grees : 

1.  Altiniiiitiiin. — The  growth  is  not  permanently  in- 
terfered with,  but  the  ]>alhogenic  and  zymogenic  func- 
tions of  the  organism  are  diminished. 

2.  Aiiepxix  itr  Jiiliihitiun. — The  organisms  are  not  able 
to  multiply,  l)Ut  they  are  not  destroyed. 

3.  Antixe/ixix,  ur  himnijihfi'  Steriliziitiuii. — The  vegeta- 
tive development  of  Ww  organism  is  destroyed,  but  not 
the  siiores. 

4.  Disiiifirtiiiit,  fir  Ctiniplili'  Stuiliziitiiiii. — Vegetative 
forms  and  spores  ar(i  destroyed. 

Many  substances  which  are  strong  disinfectants  be- 
come altered  under  the  conditions  in  which  tlicy  are 
used,  so  that  they  lose  a  part,  if  not  all.  of  their  germicidal 
properties.  Thus  (luicklime  and  milk  of  lime  are  disin- 
fecting agents  oidy  so  long  as  suflieicnt  calcium  liy 
droxide  is  present.  If  this  is  ehange<l  by  the  carbon 
dioxide  of  the  air  into  carbonate  of  lime  it  becomes  inert. 
Bicliloride  of  nKTcurv  and  otlier  cbeniieals  form  com- 
])(nmds  with  many  organic  and  inorg.-inic  substances, 
which,  though  still  germicidal,  are  much  less  so  than  the 
original  substances. 

Disinfect .-\NTs. — Among  the  more  eonnnonly  used  dis- 
infectants may  be  mentioned: 

1.  Mini  rid  Disiiifirliiiilx.  —  r>irliliiriih'iif  nil  ri'iiri/.  This 
substance  in  the  jiroporliou  of  1  to  l,(loi),()0()  in  nulii<'nt 
gelatin  or  bouillon,  prevents  the  develoi)ment  of  parasitic 
bacteria.  In  th<-  jiroportion  of  1  to  50(1,(10(1  in  water  it 
will  kill  many  species  in  a  few  minutes,  but  in  bouillon 
twenty-four  hours  may  be  needed.  AVith  organic  sub 
stances  its  power  is  lessened,  so  that  1  part  in  1,000  may 
l)e  re(|uir<'d.  Spores  are  killed  in  1  to  1.000  watery  solu- 
tion within  one  iiour.  Corrosive  sublimate  is  therefore 
less  elTeetiveas  a  germicide  in  alkaline  solutions  contain- 
ing much  albumin  than  in  ai|Ucous  solutions.  In  such 
fluids,  besides  loss  in  olher  ways,  albuminate  of  mercury 
is  formed,  which  is  at  lirst  insoluble,  so  that  a  part  of 
the  mercuric  salt  is  really  inert.  In  alkaline  solutions, 
such  as  blood,  blood  serum,  pus.  tis.sue  fluids,  etc..  the 
soluble  comiiounds  of  mercury  are  converted  into  oxid<s 
or  hydroxides.  The  soluble  compounds  can  therefon' 
remain  in  solution  oidy  when  th<M-e  are  present  sullieient 
(|uantilies  of  certain  Ijodies  (tlic>  alkaline  chlorides  and 
iodides,  sodium  and  ammonium  chlorides)  which  render 
solutions  po.ssible.     The  addition  of  a  suitable  quantity 


of  common  .salt  to  the  corrosive  sublimate  thus  prevents 
the  precipitation  of  the  mercury.  Comimiinds  of  mer- 
cury which,  like  the  cyanides,  are  not  preei|iitated  with 
alkalies,  because  they  form  double  salts,  rccjuire  no  ad- 
dition of  salt.  For  ordinary  use.  solutions  of  1  to  5(M) 
and  I  to  1,000  of  bichloride  of  mercury  will  sulliee  to  kill 
the  vegetative  forms  of  bacteria  within  tifteen  minutes; 
when  much  organic  matter  is  present  the  stronger  solu- 
tion should  be  used. 

liiiiiiKliih  iif  iiiirciiri/  is  very  similar  in  its  elTects  to  the 
bichloride,  and  is  even  more  powerful. 

yUnite  <if  nilri r  in  solution  has  about  one-fourlh  the 
gernucidal  value  of  bichloride  of  mercury,  but  nearly 
the  same  antiseptic  value. 

Siil/i/mtr  fif  mji/irr  h;i^  about  five  per  cent,  the  value 
of  mercuric  chloride. 

Sii/ji/iiilt:  of  i run  is  a  very  feeble  disinfectant. 

Cinixtii-  six/a  in  a  thirty-jjcr-cent.  solution  kills  anthrax 
spores  in  about  ten  minutes;  in  four-per-ceut.  solution  in 
about  forty-five  minutes. 

Siiiliiim  rurhiiiiiitc  even  in  concentrated  solution  kills 
spores  with  difliculty.  but  at  85'  C.  it  kills  spores  in  from 
eight  to  ten  minutes;  a  live-per-cent.  solution  kills  the 
vegetative  forms  of  ba<-teria  in  a  shoi-t  time  Oi<linary 
soap  suds  have  a  slight  bactei'icidal  as  wcU  as  marked 
cleansing  effect.  The  bicarbonate  of  soda  has  almost  no 
destructive  action  on  bacteiia. 

Ciilriuin  Jii/i/rii.vidc  is  a  powerfid  disinfectant ;  the  car- 
bonate has  little  or  no  germicidal  action.  A  one-per- 
cent, solution  of  calcium  hydroxide  in  water  kills  bac- 
teria in  vegetative  form  within  a  few  hours;  a  three-per- 
cent, solution  kills  typhoid  l)aci!li  in  one  hour;  a  twenty- 
l>er cent.  soluti(jn  added  to  equal  jnirts  of  fa'ces  and 
thoroughly  mixed  conqdetcly  sterilizes  them  in  one  hour. 

Mini  rill  iii-iilx.  bulk  for  bulk,  are  more  germicidal  than 
vegetable  acids.  But  any  acid  which  equals  40  c.c.  of 
normal  hydrochloric  acid  will  jirevent  the  growth  of  all 
species  of  bacteria  and  will  kill  many.  Twice  this 
amount  d<'stroys  most  bacteria  in  a  shoi't  time.  A  1  to 
•50U  solution  of  sulphuric  acid  kills  typhoid  bacilli  within 
an  hour.  Ilydi-oeldoric,  <'ilric,  tartaric,  malic,  formic, 
and  salicylic  acids  are, similar  to  acetic  acid  in  germicidal 
properties.  Boric  acid  ilestroys  the  less  resistant  bac- 
teria in  two-pcr-cent.  solution  and  inliibits  th<'  growth 
of  others. 

II.  Orf/iinir  Dixuijirtiintx.  —  .{Ini/nd  in  ten-percent, 
solution  inhibits  the  growth  of  bacteria;  absolute  alcohol 
kills  bai'teria  in  the  vegetative  form  in  from  several  to 
twenty  four  hours. 

Clihiriifiinii.  even  when  chemically  pure,  does  not  de- 
stroy s|ior<'S,  but  a  oni'-))er-cent.  solution  will  kill  bac 
teria  in  vegetative  form. 

Iiii/iifirin  has  but  little-  destructive  aiiion  on  bacteria, 
and  upon  most  species  has  no  appreciable  effect  at  all. 
When  nuxed  with  pus  from  w-ounds,  etc..  iodoform  is 
reduced  to  soluble  iodine  compounds,  which  partly  act 
destructiveh"  upon  the  bacteria  and  partly  unite  with 
the  ])oisons  produced  by  them. 

Ciirhnlir  Ill-Ill  in  aqueous  solutions  1  to  1.000  inhibits 
the  growth  of  bacteria;  in  the  ])roportion  of  1  to  4(J0  it 
kills  the  less  resistant  organisms,  and  in  1  to  100  solution 
destroys  all  vegetative  forms.  A  five-])er-cent.  .solution 
kills  the  less  resistant  spores  in  a  few  hours  and  the  more 
resistant  in  from  one  day  to  four  weeks;  a  slight  increase 
of  tem|ierature  aids  the  destructiveaction.  A  three-per- 
cent, solution  kills  strejitococci.  staphylococci,  anthrax 
liacilli.  etc..  within  one  nu'nnle.  Carbolic  a<id  loses 
much  of  its  value  wIkmi  in  solution  with  alcohol  or  ether, 
but  the  addition  of  0.5-per-cent.  hydrochloric  ai'id  aids 
its  activity.  Carbolicaeid  isso  i)ermatient  and  compara- 
tively so  little  influenced  by  the  jircsencc  of  allnunin, 
that  it  is  one  of  the  best  a.gents  for  general  use  in  prac- 
tical disinfection. 

Crmnl  is  the  chief  ingredient  of  so-called  "crude  car- 
bolic acid."  It  is  almost  insoluble  in  water  and  has 
then'fore  little^  germicidal  value.  ^Mixed  with  ctiual 
jiarts  of  sulphuric  acid  to  render  it  soluble  it  is  a  power- 
ful disinfectant,  but  it  is  then  strongly  corrosive. 
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CiYoliii  is  an  nlknline  emulsion  of  tlie  ciesols  and  other 
proilucts  contiiined  in  mule  embolic  acid  with  soap,  and 
is  as  iiowerfuUy  disinfectant  as  pure  carbolic  acid;  it  is 
used  in  live-percent,  emulsions. 

Li/.tol  is  similar  to  crcoliu  and  has  about  the  same 
germicidal  value. 

'J'riorsiil  isa  reluied  mixture  of  the  three  cresols  (meta-, 
pani-,  and  orthocresol);  it  is  soluble  in  water  to  the  ex- 
tent of  2.5  per  cent.,  and  is  about  three  times  as  strong 
as  carbolic  acid. 

The  aiiili/icdi/is,  maiiv  of  them.  ])ossess  marked  germi- 
cidal properties.  Methyl  violet  and  malachite  green  de- 
stroy the  typhoid  l)a<-illus  in  bo\nllon  eulturi-s  in  1  to  200 
solution  hi  two  hours,  and  the  pyogenic  cocci  in  less 
time.  Even  in  1  to  100,000  solutiou  they  are  said  to  in- 
hibit bacterial  growth. 

The  ofni  iiUiil  oils  are  also  strongly  disinfectant.  Oil 
of  cinnamon,  cloves,  thyme,  sandalwood,  etc.,  destroy 
most  bacteria  in  from  one  to  twelve  hours.  Thymol 
and  eucalyptol  have  about  one  fourth  the  strength  of 
carbolic  acid.  Oil  of  peppermint  in  1  to  100  solution  in- 
hibits bacterial  growth.  Oil  of  turpentine  in  1  to  200 
solution  does  the  same.  Camiihor  has  very  little  anti- 
septic action.     (8ee  also  article  on  JJ/xiiifertants.) 

III.  Gfiseoiis  Didiifeeliuits. — Fonitnldcliyde  is  a  gaseous 
compoimd  of  strongly  disinfectant  properties  and  pos- 
sessed of  an  extremely  irritating  odor.  At  a  tempera- 
ture of  68'  F.  the  gas  is  polymerized,  that  is  to  sa^',  a 
second  body  is  formed  composed  of  a  union  of  two  mole- 
culesof  CH.iO.  This  is  known  as  "  paraformaldehyde," 
and  is  a  white  soapy  substance,  soluble  in  tioiling  water 
and  alcohol:  it  exists  in  the  solution  of  commerce  ordi- 
narily called  '■  formalin,"  which  is  a  clear  watery  liquid 
containing  from  33  to  -10  per  cent,  of  the  gas  and  10  to 
20  percent,  of  methyl  alcoliol.  its  chief  impurity.  When 
this  is  concentrated,  about  40  ))er  cent,  paraformaldehyde 
results.  Dried  over  sulphuric  acid  a  third  bodj' — "tri- 
oxymethylene  " — is  ijroduced,  consisting  of  three  mole- 
cules of  CHiO,  and  is  a  white  sub.stance  almost  insoluble 
in  water  or  alcohol,  and  giving  off  a  strong  odor  of 
formaldehyde.  The  solid  jiolyniers  of  formaldehyde 
when  heated  are  again  reduced  to  the  gaseous  condition; 
ignited  they  finally  take  fire  and  burn  with  a  blue  flame, 
leaving  but  little  ash. 

Formaldehyde  has  an  active  affinity  for  many  organic 
substances  and  forms  with  some  of  them  dc-tinite  clicm- 
ical  combinations.  It  combines  readily  with  ammonia 
to  produce  a  com]iound  called  ammoniaeal  aldeliyde 
which  possesses  neither  odornor  the  antiseiitie  properties 
of  formaldehyde.  This  action  has  been  made  use  of  in 
neutralizing  the  odor  of  formaldehyde  when  it  is  desired 
to  dispel  if  rapidly  after  di.sinfection  of  habitations. 
Formaldehyde  also  forms  combinations  with  certain 
aniline  colors,  viz.,  fuchsin  and  safronin,  modifying  their 
shades.  The  most  delicate  fabrics  of  silk,  wool,  cotton,  fur, 
leather,  etc.,  however,  are  unaffected  in  texture  or  color 
by  formaldehyde.  Iron  and  steel  are  attacked  after  long 
exposure  to  "the  gas  or  its  solution;  but  copper,  brass, 
nickel,  zinc,  silver,  and  gold  work  are  not  at  all  acted 
upon.  Formaldehyde  unites  with  nitrogenous  products 
of  decay,  fermentation,  and  putrefaction,  forming  true 
chemical  compounds,  which  are  odorless  and  sterile.  It 
is  thus  a  complete  deodorizer.  Formaldehyde  has  a 
peculiar  action  uiion  albumin,  which  it  transforms  into 
ail  insoluble  and  indecompo.sable  substance.  It  is  to 
this  property  of  combining  chemically  with  albuminous 
sub.stauces  forming  the  "protoplasm  of  bacteria  that 
formaldehyde  owes  its  germicidal  powers.  It  is  also  an 
excellent  jireservative  of  organic  products  for  the  same 
reason;  and  use  has  been  made  of  if  to  ]ires(>rve  meat, 
milk,  and  other  food  products.  But  according  to  Trillat 
and  others  it  renders  the.se  substances  indiirestible  and 
unfit  for  food.  It  has  l)ecn  successfullv  employed,  how- 
ever, as  a  preservative  of  botanical,  paljiological,  and  his- 
tological specimens. 

The  vapors  of  formaldehyde  are  extremely  irritating  to 
the  mucous  membrane  of  the  eyes,  nose,"  and  moufh. 
causing  profuse  lachrymatiou,  coryza,  and  secretion  of 


saliva.  Aronsou  has  stated  that  rabbits  and  guinea-pigs, 
allowed  to  remain  for  twelve  to  twenty-four  boursin 
rooms  which  were  being  disinfected  witii  formaldehyde 
gas,  were  unaffected  by  the  fumes.  But  other  expeii- 
menters  have  found  that  animals,  such  as  dogs,  cats, 
etc.,  accidentally  exposed  for  some  time  to  the  action  of 
the  gas,  suffered  severely,  and  some  have  died  from  its 
effects.  It  would  seem,  therefore,  that  although  formal- 
dehyde is  comparatively  non-toxic  to  the  higher  forms 
of  animal  life,  nevertheless  a  certain  degrpc  of  caution 
should  be  observed  in  its  use.  Roaches,  flies,  t)edbugs, 
and  other  insects  are,  as  a  rule,  not  killed  by  formalde- 
hyde gas  in  the  process  of  disinfecting  a  room. 

The  results  of  numerous  experiments  in  practical  dis- 
infection with  this  agent  have  shown  that  two  and  one- 
half  per  cent,  by  volume  of  the  aqueous  solution  of 
formaldehj'de,  or  one  per  cent,  by  volume  of  the  gas,  are 
sufficient  to  destroy  the  vegetative  forms  of  pathogenic 
bacteria  in  a  few  minutes,  when  freely  exposed  to  its  in- 
fiuence  and  in  a  moist  condition.  The  germicidal  power 
of  the  gas  depends  not  only  upon  its  concentration,  but 
also  upon  the  temperature  and  the  condition  of  the  object 
to  be  sterilized.  As  with  other  gases,  it  has  been  found 
that  the  action  is  much  more  rapid  and  complete  at 
higher  temperatures  (3.5'  to  45°  C),  and  when  the  test 
objects  are  moist  and  freely  exposed,  than  at  lower  tem- 
peratures and  when  the  objects  arc  dry  and  in  mass;  the 
gas  possesses  when  dry  lift  le  or  no  penetrative  power. 
Still  it  has  lieen  repeatedly  demonstrated  that  it  is  pos- 
silile  to  disinfect  the  surface  of  rooms,  and  articles  con- 
tained in  them,  tinder  the  conditions  of  temperature  and 
moisture  ordinarily  found,  liy  an  exposure  of  a  few  hours 
to  a  saturated  atmosphere  of  the  gas. 

Sulphur  dioxide  gas  has  been  extensively  used  for  the 
disinfection  of  hospitals,  ships,  apartments,  etc.  Its  ac- 
tion depends  upon  the  formation  of  sulphurous  acid  in 
the  presence  of  moisture.  In  its  pure  state  SOj  does 
not  destroy  spores,  and  even  on  vegetative  forms  its 
germicidal  effect  is  uncertain.  An  exposure,  however, 
for  eight  hours  to  an  atmosijhere  containing  at  least  four 
volumes  per  cent,  of  this  gas  in  the  presence  of  moisture 
will  destroy  most,  if  not  all,  the  common  non-spore-bear- 
ing pathogenic  bacteria.  It  is  not  so  ]irompt  or  power- 
ful in  its  action  as  formaldehyde  gas,  which  in  many  re- 
spects is  a  preferable  disinfectant,  especially  in  cases 
where  the  sulphurous  acid  formed  from  the  sulphur 
dioxide  may  have  an  injurious  effect  upon  the  articles 
to  be  disinfected. 

Piiv.iidf  of  hydrogen  is  an  energetic  disinfectant,  and 
in  two-per-cent.  solution  (about  forty  percent,  of  the  or- 
dinary commercial  article)  will  kill  the  spores  of  anthrax 
in  from  two  to  three  hours.  A  twenty-per-cent.  solution 
of  good  commercial  peroxide  of  hydrogen  will  quickly 
destroy  the  pyogenic  cocci  and  other  non-spore-bearing 
bacteria.  On  account  of  its  rajjidity  of  action  and  non- 
poisonous  character  it  is  a  useful  and  safe  disinfectant, 
but  it  combines  with  organic  matter  and  liecomes  inert, 
being  apt  to  deteriorate  if  not  properly  kept. 

Chlorine  is  a  powerful  gaseous  germicide,  owing  its 
activity  to  its  affinity  for  hydrogen  and  conseciuent  re- 
lease of  nascent  oxygen,  when  it  comes  in  contact  with 
micro-organisms  in  a  moist  condition.  Like  formalde- 
hyde gas  and  sulphur  dioxide  it  is  much  more  active  in 
presence  of  moisture  than  in  a  dry  condition.  Dried 
anthrax  spores  exjiosed  for  an  hour  in  an  afmosiihere 
containing  44.7  per  cent,  of  dry  chlorine  were  not  de- 
stroyed; whereas  when  the  spores  were  previously  moist- 
ened and  exposed  in  a  moist  atmos]ihere  f(n-  the  same 
time,  four  per  cent,  was  effective,  and  when  the  time  was 
extended  to  three  hours,  one  per  cent,  destroyed  their 
vitality.  The  anthrax  bacillus,  in  the  absence  of  spor&s, 
was  killed  by  an  exposure  in  a  moist  atmosphere  contain- 
ing 1  ]iart  to  2. .">()()  for  twenty-four  hours.  In  watery 
solution  0.2  per  cent,  kills  spores  within  five  minutes, 
and  the  vegetative  forms  almost  immediatel_y. 

Chloride  of  liinr  owes  its  efficacy  to  the  chlorine  it 
contains  in  the  form  of  hypochlorites.  A  solution  of  one 
half  to  one  per  cent,  of  fri'sh  chloride  of  lime  in  water  will 
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kill  most  bacteria  in  from  one  to  five  minutes:  a  fivc- 
per-cent.  solution  usually  destroys  spores  in  an  hour. 

nroiiiine  and  iodine  arv  oi  about  the  same  gerniieidal 
value  as  chlorine,  in  the  moist  condition:  but,  like  chlo- 
rine, they  are  not  applicable  lor  ireneral  use  in  house 
disinfection  on  accoiuit  of  their  poisonims  and  destructive 
properties.  They  are  useful  for  the  disinfection  of 
sewers,  and  other  similar  jilaccs.  Trichloride  of  iodine 
in  (»..').per-cent.  solution  destroys  the  vegetative  forms  of 
bacteria  in  libinU  five  minutes. 

(The  reliilinii  nf  harteria  In  diseoKc — infection,  suscej)!- 
ibility,  resistance,  imnuinity.  recovery,  etc. — will  be 
con.sidered  elsewhere;  as  will  also  the  subject  of  hueti.rio- 
logical  technique.) 

Speci.^l  B.\CTEia.\. 

Under  this  heading  will  be  described  the  cliief  charac- 
teristics of  the  mine  important  bacterial  species  patho- 
genic for  man  and  other  animals.  There  are  many  bacteria 
which  have  beenfoUnd  in  certain  diseases,  but  their  causal 
relation  to  the  disease  has  not  yet  been  proven,  and  they 
have  also  been  found  in  other  affections.  These  wv  can- 
not treat  of  here.  Xor  will  space  allow  us  to  consider 
the  non-pathogenic  species,  or  those  which  do  not  alfcct 
man.  but  are  pathogenic  for  the  lower  animals  only. 

The  TfBEKCi.i-;  B.\cii,i.rs  (Kocli'x  Bin-iUnn  Tuhercn- 
kmx). — The  infectious  nature  of  tulierculosis  was  first 
demonstrated  by  Villemin  in  1865.  when  liy  inoculation 
with  tuberculous  material  he  conununicated  the  di.sease 
to  healthy  susceptible  animals.  In  18(^2  Koch  discovered 
the  bacillus  tuberculosis,  which  is  now  known  to  be  the 
specific  cause  of  the  disease. 

Mirroseopical  Apj/c'i riniees.— The  tubercle  bacillus  oc- 
curs in  s])utum  and  in  cultures  as  .slender  rods  from  1.5 
to  4  "  h'ug  and  aliout  0.4  //  broad,  often  slightly  curved. 
The  bacilli  usually  occiu-  singly,  but  in  cultures  some- 
times form  chains  of  four  to  si.x  elen;ents;  occasionally 
peculiar,  club-like  forms  and  branches  liave  been  met 
with,  from  which  they  have  been  supposed  to  be  al- 
lied to  the  actiuomvces  group  of  funsi  or  streptothiices 
(see  I'late  X..  Fig.  1). 

Miitiliti/.  — Non  -motile. 

Sji'ire  Forwiiti'iii. — The  clear  spaces  or  vacuoles  which 
are  present  in  stained  pn  parutions,  and  which  have  been 
described  b,v  some  authorities  as  spores,  are  probably  due 
to  degenerative  i)rocesses,  as  they  do  not  sliow  the  form 
of  spores  nor  isauvthiiig  known  as  to  their  power  of 
resistance  or  germination. 

Stainiri;/  Uetidioit . — The  tubercle  liacilli  stain  with 
dilficuUy,  but  on('(^  stained  they  retain  the  dye  with 
great  tenacity.  At  present  the  nu-thods  most  commoidy 
employed  for  staitiing  tubercle  bncilli,  though  there  are 
many  iiiodifications  of  th<'se.  are  the  Zielil-Ni'clscn  with 
carbol  fuchsin,  and  the  Koch-Ehrlich  with  aniline  water 
and  gentian  violet.  For  sjiecial  methods  of  preparing 
and  staining  cover-glass  sjiecimens  and  sections,  see 
Miem-Ore/anixms :   Teehnolnm/. 

The  peculiar  staining  reaction  found  in  tb<'  case  of  the 
bacillus  tuberctdosis  is  not  contined  to  that  organism 
alone,  as  other  similar  organisms,  when  treated  in  like 
manner,  react  in  the  same  wa,v.  Thus  it  has  to  be  dilTer- 
enliated  from  [hvsmei/iini  /ntri/lux.  located  in  the  smegma, 
often  seen  beneath  the  prepuce  and  upon  the  vulva,  both 
normally  and  in  disease:  /.imtr/rirten'ii  h'/eiUi's  of  xi//ihiHi<. 
found  principally  in  the  jirimary  lesions  as.sociated  with 
that  disease:  the  hnriUnii  of  leproKji  ;  and  neiil-rex/s/in;/  or 
griisx  hitcteriit  found  in  btitter.  Hueppe differentiates  the 
first  three  organisms  and  the  tubercle  bacillus  as  follows: 

1.  Treat  the  preparation,  stained  with  carbol  fuchsin. 
with  sulphuric  acid,  and  the  syphilis  bacillus,  if  ju'eseut. 
is  at  once  decolori/ed. 

'i.  If  not  immediately  decolorized,  treat  with  alcohol, 
and  if  it  is  the  smegma  bacillus  it  will  lo.se  color. 

3.   If  it  is  still  not  decolori/ed.  it   is  either  the  leprosy 

or  the  tubercle  bacillus.     According  to  Baumgarten,  the 

leprosy  bacillus  is  stained  by  an  exposure  of  six  or  seven 

minutes  to  a  cold  saturated,  watery  solution  of  fuchsin, 
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and  retains  the  stain  when  subsequently  treated  with 
acid  alcohol  (lutric  acid  1  part,  to  alcohol  10  parts). 
When  treated  for  the  sam(!  length  of  time,  the  bacillus 
tuberculosis  does  not  ordinarily  becoiue  stained. 

ISioloijiciil  Chdriirtei-s. — AOrobic:  does  not  grow  in  the 
absence  of  oxygen.  (;ri>wth  takes  ])lace  between  29° 
and  42  C. ;  o|)timum  temperature  at  37  C.  Under  all 
circumstances  the  growth  is  slow.  On  the  ordinary  a.irar 
and  gelatin  culture  media  development  is  very  scanty ; 
for  the  cultivation  of  tubercle  bacilli  practically  the  only 
media  employed  are  coagulatc-d  blood  sennn  anil  four  to 
six  percent,  glycerin  a.ijar  antl  glycerin  bouillon. 

It  is  very  (iiflicidt  to  obtain  a  inire  eiiltiirt  of  tubercle 
bacilli,  because  they  grow  so  slowly  and  require  for  their 
develojjment  an  incubator  temperature,  anil  because 
owing  to  the  slow  growth,  the  other  bacteria  present  in 
tuberculous  material,  as  sputum,  grow  more  rapidly  and 
take  possession  of  the  culture  niedium  before  the  tubercle 
bacillus  has  had  time  to  form  colonies.  It  is  therefore 
best,  imless  human  tissues  can  be  obtained  free  from 
other  infection,  first  to  inocidate  some  guinea-pigs  (which 
are  very  susceptible)  both  subcutaneously  and  intra- 
peritoneall.v,with  the  sputum,  and  then  to  obtain  cultures 
from  the  animal  as  soon  as  the  tuberctdous  infection  has 
fully  developed.  The  animals  thus  inoculated  usually 
die  at  the  end  of  three  to  four  weeks  or  more.  It  is 
better,  however,  to  kill  a  guinea  jiig  which  by  its  en- 
lar.ged  .glands  shows  evidence  of  tuberculosis,  and  to  re- 
move, with  the  .greatest  antiseptic  precautions,  one  or 
more  nodules  from  the  lungs,  spleen,  or  lymphatic  glands, 
and  iuoculate  with  this  the  solid  culture  medium  (lilooil 
serum)  by  rubbin.g  it  directly  over  the  surface:  or  a  part 
of  it  \\\\\y  first  b<'  crushed  lietween  two  sterilized  glass 
slides  and  then  transferred  to  the  serum  and  gently 
rubbed  over  its  surface. 

(Irmrth  on  Conipiliiteil  IUoimI  Serum. — On  this  medium, 
which  is  generally  emi)loyed  to  obtain  the  first  culture, 
the  growth  becomes  visible  after  ten  to  fourteen  days  at 
37"  C,  and  at  the  end  of  three  to  four  weeks  a  distinct, 
characteristic  development  has  occurred.  Siuall,  gray- 
ish-white, dry,  crumbly  scales  first  appear  on  the  sur- 
face; then  as  development  progresses  there  is  foriued  an 
irregular,  membranous-looking  layer.  On  removing  a 
small  portiou  of  this  and  placing  it  on  a  cover  glass 
without  rubbing,  staining,  and  examining  under  the 
nncroscope,  the  bacilli  will  be  seen  to  present  a  charac- 
teristic appearance  and  to  be  arranged  in  parallel  row  s 
of  variously  curved  fi.gures. 

(iniiNIi  on  Gh/cerin  Ai/m: — Owing  to  the  greater  facil- 
ity of  preparing  and  sterilizing  glycerin  agar,  and  the 
mcn-e  rapid  and  abundant  development  of  the  bacilli, 
which  have  become  acctistomed  to  growth  outside  the 
body,  this  mediiuu  is  now  usually  emiiloyed  in  prefer- 
iTice  to  blood  serum  for  ]ireserving cultures.  At  the  end 
of  fourteen  to  twenty-one  days  the  develoinuent  is  more 
luxuriant  than  upon  blood  serum  after  several  weeks. 
When  numerous  bacilli  have  be<'n  distributed  over  the 
surface  of  the  medium,  a  rather  uniform,  thick,  white 
layer,  which  later  becomes  yellowish  in  color,  is  de- 
\eloped;  when  the  bacilli  are  few  in  luimber.  separate 
colonies  are  developed  with  more  or  less  irregular  out  lines. 

(Iro)rlli  on  (Ki/rerin  lloiiill'tn. — On  bouillon  containing 
about  live  per  cent,  of  glycerin  the  tubercle  bacillus  also 
grows  readil}'  if  a  fresh  thin  film  of  growth  from  the 
glycen'ii  a,gar  is  Hoated  on  the  surface.  This  medium  is 
used  for  the  prodiu'tion  of  ■"tuberculin."  The  small 
piece  of  pellicle  removed  from  the  previous  culture  con- 
tinues to  enlarge  while  it  lloats  on  the  surface  of  the 
liquid,  and  in  the  cour.se  of  from  three  to  six  weeks  covers 
it  completely  as  a  single  tilm,  which  on  a.iritation  breaks 
up  and  settles  to  the  bott<iin  of  the  fiask,  where  it  ceases 
to  develoii  fuither.  The  li(|uid  remains  clear,  contain- 
ing in  solution  the  products  formed  by  the  growth  of  the 
bacillus. 

Vitdlilii. — Tubercle  bacilli  in  pure  cultures  are  very 
susceptible  to  the  action  of  direct  siudight.  IxMug  de- 
stroyed in  from  a  few  nnnutes  to  some  hours,  according 
to  tiie  thickness  of  the  growth.     Exposed  to  diffuse  day- 
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light  tlicy  arc  Idlled  in  ii  woek.  Though  they  do  not 
foriu  spoVos,  as  far  as  known,  the  bacilli  have  a  some- 
^vhat  greater  resisting  power  to  heat  and  desiccation  tlian 
many  other  pathogenic  bacteria,  freipu'ntly  retaining 
their  virulence  in  a  dried  condition  at  tlie  ordinary  tem- 
peratures for  niontlis.  Portions  of  llie  lung  from  n 
tuberculous  cow.  dried  and  pulveri/.ed.  [iroduced  tulier- 
culosis  in  guinea  pigs  at  llie  end  of  one  liuudred  and  two 
days.  Dried  inherculous  sputum  may  retain  its  virulence 
for  two  or  three  months  or  more.  An  instance  is  reported 
by  Ducor  of  a  liealthy  family  having  become  infected 
Willi  tuberculosis  from  living  in  a  room  which  had  been 
occupied  by  a  consum|)live  patient  two  years  before. 
and  on  e.xannning  the  sputum-stained  wallpaper  not 
only  were  tubercle  bacilli  found  in  it.  but  when  inocu- 
lated into  guinea-pigs  they  died  of  the  disease.  E.xpos- 
ure  to  100  ('.  diT  lieat  does  not  kill  the  bacilli  in  twelve 
hours:  but  moist,  licat  at  CO"  C.  destroys  them  in  fifteen 
miiuitcs.  CoUl  lias  little  or  no  effect  upon  them.  The 
resisting  power  of  llii.s  bacillus  against  chemical  disin- 
fectants is  considerable,  especially  in  sputum,  where 
the  organisms  arc  protecti'd  bj- mucus  from  penetration 
by  the  germicidal  agent.  Tlie_v  are  not  alwa.vs  destroyed 
by  the  gastric  juice  in  tlie  stcjmacli.  as  lias  been  shown 
by  successful  experiments  in  feeding  to  su.sceptible  ani- 
mals. They  are  killed  in  sputum  in  about  six  hours  by 
an  equal  amount  of  a  three-per-cent.  solution  of  carbolic 
acid,  and  in  about  one  hour  by  a  five-percent,  solution. 
Bichloride  of  meicury  is  unsuitable  for  the  disinfection 
of  sputum  unless  used  in  very  strong  solution  (1  to  500). 
Picliling  and  smoking  are  said  not  to  destroy  the  viru- 
lence of  tuberculous  meat. 

Oc/;>irrcncc. — Tlie  tubercle  bacillus  is  a  strict  parasite, 
— that  is  to  say,  it  does  not  grow  under  natural  condi- 
tions outside  of  tlie  bodies  of  man  and  animals.  It  has 
frequently  been  found,  however,  in  the  dust  of  hospitals, 
dwellings,  railways,  street  cars,  etc.,  in  places  wlierc 
consumptives  have  expectorated.  Very  rarely  has  it 
been  found  in  the  air.  Tlie  milk  of  tulierculous  cows, 
even  when  the  udder  is  not  alTected,  very  often  contains 
tubercle  bacilli;  they  are  also  found  in  butter. 

Post-mortem  examinations  of  many  individuals  who 
have  died  from  some  other  cause  than  tuberculosis  have  re- 
vealed the  presence  of  healed  tuberculous  foci.  It  has  been 
estimated  that  sixty -six  per  cent,  of  all  mankind  have 
some  evidence  of  tuberculosis,  old  tuberculous  lesions, 
of  primary  or  secondary  origin.  Tuliercle  bacilli  are  said 
to  have  been  found  also  in  the  secretions  of  the  nose  ami 
tliroat  of  healthy  persons,  nurses  and  doctors,  who  have 
lieen  in  constant  association  witii  tuliercuhnis  jiatients. 

The  tubercle  bacillus  is  the  essential  cause  of  all  forms 
of  tuberculosis:  the  various  all'ections  of  the  lungs  and 
other  organs,  lupus,  scrofula,  and  inflammation  of  the 
bones  and  joints.  The  following  diseases  have  also  been 
traced  to  tuberculous  infection:  so-called  "inoculation 
lupus."  tuberculosis  verrucosa  cutis,  and  scrofuloderma; 
choroidal  tulieiculosis,  idiii|iatliic  pleuri.sy,  etc.  Indeed, 
all  organs  and  portions  of  the  luidy  may  "become  alfected 
with  tliis  disease. 

Many  cases  of  tuberculosis  an-  ju-oduced  by  the  tubercle 
bacillus  alone,  but  very  frequently  streptococci  and  other 
pyogenic  cocci  play  an  important  part  in  the  ju-oduc- 
tion  of  fever  and  the  destruction  of  tissue,  as  in  phthisis, 
by  suppurative  processes. 

Tuberculosis  is  very  common  among  cattle,  chiefly  in 
cows  and  rarely  in  calves.  According  to  Kleijp,  from 
abattoir  ius|)ections  in  Germany,  uji  to  thirty-tive  per 
<-ent.  of  cattle,  eighty  per  cent,  of  cows,  and  three  per 
<-ent.  of  calves,  are  commonly  found  tuberculous.  The 
disease  is  also  quite  frequent  in  young  pigs;  less  so  in 
sheep,  goats,  horses,  dogs,  and  cat's.  Rabbits  and  guinea- 
pigs  are  also  not  uncommonly  spontaneouslv  affected  with 
tuberculosis,  when  kejit  in  "cages  together  with  infected 
animals.  Monkeys  in  confinement  almost  invariably  die 
from  tuberculosis.  Wild  animals  are  comparatively  free 
from  the  disease;  and  so  are  birds,  except  canaries  and 
parrots. 

I'athogenma. — As  seen  from  tlie  above  manv  animals 


besides  man  are  naturally  susceptible  to  tuberculosis. 
Among  test  animals  guinea-pigs  are  the  most  susceptible, 
and  on  this  account  they  are  commonly  used  for  the  de- 
tection of  tuliercle  liacilli  in  suspected  material  by  inocu- 
l;ition.  When  inoculated  with  the  minutest  quantity  of 
living  tubercle  bacilli  they  usually  succumb  to  the  "dis- 
(•;isc.  Infection  is  most  rapidly  prodiurd  by  intraperi 
toneal  injection,  death  following  a  large  dose  in  from  ten 
to  twenty  days.  On  autopsy  the  omentum  is  found  to 
be  constricted  in  sausage-like  masses  and  converted  into 
hard  knotscontainiug  many  bacilli.  There  isoften  no  fluid 
in  the  peritoneal  cavity,  but  generally  in  both  pleural  sacs. 
The  spleen  is  enlarged,  and  the  various  organs  contain 
tub(u-cle  bacilli.  After  smaller  doses  death  may  be  pro- 
loiiLTcd  from  tour  to  eight  weeks,  when  the  iieritoneum 
and  interior  organs  are  found  to  be  filled  with  tubercles. 
On  sulicutaneous  injection  into  the  abdominal  wall  there 
is  thickening  of  tlie  tissues  about  the  point  of  inocula- 
tion, which  breaking  down  in  a  week  leave  a  sluggish 
ulcer  covered  with  cheesy  matter.  The  neighboring 
lymph  glands  are  swollen,  and  after  two  or  three  weeks 
they  may  attain  the  size  of  hazelnuts.  Soon  anirregular 
fever  is  set  up.  and  the  animal  becomes  emaciated,  usu- 
ally dying  within  four  to  eight  weeks.  If  the  injected 
material  contain  only  a  few  bacilli,  the  wound  at  the 
point  of  inoculation  may  heal  and  death  be  jiostponed 
for  a  long  time.  The  lymphatics  undergo  cheesy  degen- 
eration, fhc  spleen  is  much  enlarged,  and  thronghou"t.  its 
substance,  whicli  is  dark  red  in  color,  are  masses  of 
nodules.  The  liver  is  also  enormously  swollen,  streaked 
brown  and  yellow,  and  the  lungs  are  filled  with  grayish 
tubercles;  but  the  kidneys,  as  a  rule,  contain  no  tuber- 
cles. Tubercle  bacilli  are  always  found  in  the  diseased 
tissues,  but  the  more  chronic  the  process  the  fewer  are 
the  bacilli  present. 

Rabbits  are  also  quite  susceptible  to  tuberculosis  by 
inoculation,  but  much  less  so  thanguiuea-pig.s.  In  these 
animals  death  almost  always  follows  injection  of  tuber- 
culous material  into  the  anterior  chamber  of  the  eye; 
producing  local  lesions,  softening  of  the  neighbonng 
lynqih  glands,  lesions  of  the  lungs,  general  miliarv 
tuberculosis,  and  death  in  several  weeks  or  months. 
Subcutaneous  inoculations  arc  xery  much  less  elfcctive; 
but  intravenous  and  intraperitoneal  inoculations  usually 
cause  general  tuberculosis  and  death  in  a  few  xveeks. 
Field  mice  and  cats  are  also  readily  infected  by  artificial 
inoculation;  rats,  xvliite  mice,  and  dogs  only  when  X'ery 
large  doses  are  given.  Canaries  and  parrots  are  su.s- 
ceptible:  fowls  and  pigeons  only  slightly  so:  and  other 
birds  and  colil-Iilooded  animals  are  apparently  immune. 

Besides  the  artificial  modesof  infection  already  alluded 
to,  tuberculosis  may  be  produced  in  animals  susceptible 
to  the  disease  by /<w///;,f/tliem  with  tuberculous  material. 
This  has  been  repeatedly  done  with  milk,  siuitum.  etc., 
containing  tubercle  bacilli.  Here  evidence  of  infection 
is  usually  shown  in  the  mesenteric  glands  before  the  in- 
testinal walls  are  alTeeted;  indeed,  there  niav  be  no  local 
lesions  in  the  intestines  at  all.  I'luler  such  conditions, 
infection  is  proliably  caused  Iiy  absorption  of  the  poisons 
through  .serous  or  mucous  membranes. 

The  experimental  production  of  tuberculosis  by  in- 
liidfition  of  bacilli  has  been  demonstrated  by  Koch  in 
guinea-pigs,  rabbits,  mice,  etc.  In  these  cases  the  bacilli 
were  usually  administered  in  the  form  of  fine  spray;  the 
inlialation  of  dry  tuberculous  dust  has  seldom  proved  c.x- 
l)eri  men  tally  successful. 

The  tubercle  bacillus  acts  upon  the  tissues  by  means 
of  the  poisons  which  it  produces  as  the  result  of  its 
growth.  Soon  after  entrance  into  the  tissues  of  cither 
living  or  dead  bacilli,  the  cells  stirrounding  them  begin 
to  show  signs  of  irritation.  The  connective-tissue  cells 
become  swollen  and  undergo  mitotic  divi.sion.  the  result- 
ant cells  being  distinguished  by  their  large  size  and  ])alo 
nuclei.  A  small  focus  of  iiroliferaled  epithelioid  cells  is 
thus  formed  about  (be  liacilli.  ami  according  to  the  in- 
tensity of  the  intlammation  these  t-ells  .arc  surrounded 
by  a  larger  <ir  smaller  number  of  the  lyni])hoid  cells. 
When  living  bacilli  arc  present  and  nuiltiply,  the  lesions 
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pron-ress.  Ilie  central  cells  (U'seiierate  and  die.  and  a 
cheesy  mass  results,  wliicli  later  may  lead  to  the  forma- 
tion of  cavities.  Dead  bacilli,  on  tlie  oilier  hand,  .nive 
off  sullicient  poison  to  cause  less  marked  chanifes  only, 
and  never  produce  cavities.  Of  the  .irross  patiioloj;ieal 
lesions  produced  in  man  hy  the  luliercle  bacilli  Ihe  most 
characleri.stic  are  small  nodules,  the  so  called  miliary 
tubercles.  These  when  young,  and  liefore  tliey  have 
undergone  degeneration,  are  gray  and  translur 'iit.  in 
color,  somewhat  smaller  than  a  millet  seed  in  size,  and 
hard  in  consistence.  Hut  miliary  tid)ercles  are  not  the 
sole  tuberculous  products.  The  tubercle  bacilli  may 
cause  the  dilluse  grow  th  of  tissue  identical  m  structure 
with  that  of  miliary  tubercles — that  is.  composed  of  a 
)>asement  substance  eontainiu.ir  epithelioid,  giant,  and 
l_vmplioid  cells.  This  dilluse  tubercle  tissue  also  luider 
goes  cheesy  degeneration. 

When  caseation  is  rapidly  spreading,  as  in  acute 
tuberculosis,  the  liacilli  are  usually  abundant,  being 
scattered  in  irregular.groups  through  the  tissues.  Occa- 
sionally they  are  found  in  the  leucocytes,  and  in  the 
giant  and  epithelioid  e<;lls.  The  more  chronic  the  lesions 
the  fewer  Ihey  are  in  number. 

Mullet  i,f  Jiifii-tiijii. — The  chief  modes  of  infection  by 
the  tubercle  bacillus  are  through  the  respiratory  trai-t  or 
the  intestines,  more  rarely  through  wounds  of  the  sUin. 
and  still  more  rarely  through  the  sexual  or.irans.  I'ul 
nionary  tuberculosis,  as  a  primary  iid'ection,  and  not  oc- 
curring in  young  chihiren,  may  be  considered  to  be  caused 
chiefly  by  the  din'Ct  transmission  of  tubercle  bacilli 
through  kissing,  sciileil  hands,  hundkerchicfs,  etc..  or  by 
the  inhalation  of  tuberculous  dust.  Intestinal  and  niesen 
teric  tuberculosis,  which  is  rare  among  adults  and  com 
mon  with  children,  is  probably  diU!  not  only  to  swallow- 
ing the  bacilli  received  in  theabove-menlioned  ways,  but 
also  to  the  ingestion  of  tulierculous  milk.  i.upus  is 
probably  always  produced  by  lh(^  inoculation  of  tuliercle 
bacilli  on  the  skin  or  iiuicous  mendiranes,  the  original 
seat  of  the  disease  JK'ing  often  on  a  wounded  surface. 
LocaliziMl  skin  lulierculosis  is  sometimes  produced  l)y 
accidi'iital  inoculation  at  autopsies.  The  transmission 
of  infection  through  Ihe  ,sexual  or<rans  of  the  male  or 
female,  lliou.gh  po.ssible,  is  extremely  rare.  There 
seems  to  be  some  evidence  of  the  comnuinieation  of  tu- 
lierculous infection  from  the  mother  to  \\w  f<e(us  in  ani- 
ni;ds;  and  two  eases  ar<;  recorded  of  jirobable  placental 
tuberculosis  in  thehuman  ftetus.  But  we  iiavi'  no  reason 
lo  suppose  that  infection  of  the  ovum  of  heallby  molbcrs 
from  the  paternal  side  ever  does  occur,  c\en  when  the 
father  liaslidjerculosisof  the  scrotum  orseiiiinal  vesicles. 
The  tuere  fact  that  statistics  show  a  greater  freipu'ncy  of 
tuberculous  diseases  in  children  during  Ihe  tirsi  than  in 
the  following  years  of  life  does  not  strengthen  the  hy- 
pothesis of  infection  in  iit(Vo ;  for  nursing  babies  wotdd 
naturall.v  lie  more  exposed  to  infect  ion  through  tlie 
mother's  milk  and  Ihrough  personal  conlact  than  olliers; 
and,  besides,  the  more  lender  the  life  of  iIk'  iufanl  the 
more  susceplilile  il  would  be  ordinarily  lo  indirecl  infec 
tion  from  a  tidierculous  mollier. 

By  far  the  commonest  mode  of  infection,  therefore,  is 
undoubtedl.v  by  means  of  tuberculous  sputum,  which, 
bein.sr  coughed  up  by  consumptives  and  carelessly  ex- 
pectorated, dries  and  distributes  numerous  virulent  bacilli 
in  the  dust.  As  long  as  Ihe  sputum  remains  moist  iheiv 
is  no  dangerof  dust  infection,  but  only  of  direct  conlact. 
A  great  number  of  Ihe  expectorated  and  dried  bacilli 
very  jirobably  die.  especially  wlu'ti  exposed  to  the  action 
of  direct  sunlight;  but  when  we  consider  the  enormous 
masses  which  are  expectorated. •■■  il  is  evid<'nt  that  a  sulli- 
cient (piantity  remains  alive  to  produce  infection  in  the 
immediate  vicinity  of  consuniplives  unless  preeaiilions 
are  taken  to  prevent  it.  There  is  comparatively  little 
dangerof  infection  in  Ihe  streets  or  at  a  distance  from 
consumptive  patients,  becauseeven  if  prr'sent  inthe<lusl. 
the  tubercle  bacilli  have  liecomi'  so  diluted  that  they  are 

•  Nutjill  has  estimated  tliat  fnmi  one  and  one-liatf  to  tlireo  liHlioii 
virulent  tiil)eR-Ie  tiacitli  may  lie  expectorated  by  a  single  tulierculous 
individual  in  twenty-four  lioure. 


not  much  to  be  feared.  It  may,  therefore,  lie  said  that 
the  [irobability  of  infection  from  tuberculosis  in  genend 
is  not  so  gre.-it  after  all,  but  at  the  same  lime  it  is  all  the 
moielo  bedreaded  and  guarded  against  in  Ihe  immediate 
neighborhood  of  consumptives.  Those  who  ari^  most 
liable  to  infection  from  this  source  are  the  families, 
nurses,  fellow-workmen,  fellow-prisoners,  etc.,  of  per- 
sons suffering  from  the  disease.  In  this  connection,  also, 
attention  may  be  drawn  to  the  fad  that  rooms  which 
have  been  recently  occu|)ied  by  consumptives  are  not  in- 
frequently the  means  of  producin.ir  infection  (as  has  been 
clinic-ally  and  exiierimeulally  proved)  from  the  deposi- 
li<in  of  tuberculous  dust  on  furniture,  walls,  lloor.s,  etc. 
Flug.i:e  has  lately  pointed  out  tliat  in  coughing,  .sneez- 
ing, and  even  in  s|ieakin.ir.  very  fine  jiarticles  of  secretion, 
containing  tubercle  bacilli,  may  be  thrown  out  and  car- 
ried by  air  currents  many  feel  from  the  patient  and  le- 
niain  susiiended  in  the  air  for  a  consideralile  time.  For 
this  reason  consumptives  should  be  careful  to  liolil  their 
hands  or  a  liandkercliief  before  their  mouths,  or  at  least 
avoid  as  much  as  |)ossible  contaminating  other  jiersous 
with  whom  they  come  in  (  onlact. 

Phthisical  sputum,  however,  cannot  be  held  responsible 
for  the  occurrence  of  all  human  tubercuhisis.  Jlilk  also 
.serves  as  a  frequent  conveyer  of  infection,  wdielher  it  be 
the  milk  of  nursing  mothers  sulTcrin.g  from  consiuiqilion 
or  the  milk  of  tuberculous  cows.  The  transmission  of 
tidjercle  bacilli  in  the  milk  of  tuberculous  cows  has  been 
abundantly  proved  by  feeding  and  inoculation  experi- 
menis  on  animals.  Formerly  it  was  thought  that  in 
order  to  produce  infection  by  milk  there  must  be  local 
tuberculous  infection  of  the  udder;  but  it  is  now  known 
that  tubercle  bacilli  may  be  found  in  milk  when  an  in- 
ternal orirau  is  infected,  and  when  no  disease  of  the 
udder,  so  far  as  careful  insjieetion  goes,  seems  to  exist. 
The  milk  of  all  cons,  therefore,  which  have  any  tuber- 
culous infection  whatever,  nuist  be  considered  as  ]iossibly 
containing  tulierele  bacilli.  With  regard  to  the  tlesli  (if 
tuberculous  cattle,  the  same  i-onditions  hold  good  as  in 
the  infection  by  milk,  onl.v  the  danger  is  considerablj' 
less  from  Ihe  fact  that  meat  is  usually  cooked,  and  al.so 
because  Ihe  muscular  tissues  are  scklom  attacked.  In 
view  of  the  .great  mortality  from  lulierculous  diseases 
among  mankind,  the  legislative  control  and  inspection  of 
cattle  and  milk  would  seem  to  be  an  absolute  necessity. 
Asa  ijractieal  and  siuqile  method  of  preventing  infection, 
esp<'ciall.y  among  children,  the  slerilization  (liy  heal)  of 
Ihe  milk  used  as  food  must  commend  itself  load.  At 
the  same  lime,  it  should  be  stated,  however,  that  there  is 
very  little  actual  proof  that  human  tuberculosis  has  come 
from  milk  or  food  infected  with  bovine  tuberculosis,  nor 
do  we  know  )iosilively  whether  the  bacilli  of  bovine 
tuberculosis  are  c(ptally  as  virulent  for  man  as  for  ani 
nials.  But  from  the  fact  that  human  tuberculosis  pro- 
duces bovine  tuberculosis,  tlieie  is  stron.g  presumptive 
evidence  of  the  reverse  also  being  true. 

Iniliridniil  t>ii.sfi j//ihi/iti/.  —  .\nolher  most  im|iortant 
factor  in  the  iiroduction  of  tuberculosis,  as  of  :dl  infec- 
tious diseases,  is  individual  susceptiliility.  That  this 
susceiitibility  or  "predisposition."  improperly  .so  called, 
may  be  either  inherited  or  accpnred  is  now  an  accepted 
fact  in  medicine.  There  is  uodoubt  that  .areat differences 
exist  in  diftereiit  persons  in  their  sii.seeplibility  lo  tuber- 
culosis, as  there  are  also  dilferences  in  the  intensity  of 
the  tuberculous  process  in  the  lung.  The  fact  that  indi- 
viduals contracting  luberculo.sis  from  the  same  .source 
are  attacked  with  dilfi'i-cnt  severity,  and  that  there  is.  as 
a  rule,  no  great  variation  in  degrees  of  virulence  in  the 
tubercle  bacilli  of  dillerenl  origin,  shows  that  this  de- 
Iiends  upon  something  else  than  a  variation  in  virulence 
of  the  infection.  The  results  of  post-mortem  examitiii- 
tions  also  demonstrate  tli.-it  many  cases  of  jiulmonary 
tuberculosis  evidently  occur  without  showing  any  visible 
signs  of  disease,  and  IkmI  spontaneously.  Tlie  po.ssibiiity 
of  favorably  inlluencin.g.  in  an  existing  tuberculosis,  the 
course  of  the  disease  by  treatment  proves,  loo,  that  under 
natural  conditions  there  is  a  varying  susceptibility. 
Clinical  exp<'rienee  teaches  likewise,   that  the  children 
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born  of  tuberculous  parents,  inul  persons  living  in  poor 
liysienic  conditions  and  depressing  surroundings,  as  in 
prisons,  asylums,  and  convents,  and  those  sutTering  from 
exhausting  diseases,  more  especially  broueliial  alleetions, 
diabetes,  typhoid  fever,  etc..  are  more  susceptible  to 
lubercidosis  than  others  not  so  situated  or  affected. 
Animal  experiments,  moreover,  have  shown  that  not 
onlv  are  there  dilVcrences  of  suseciitibility  in  various 
species,  but  also  an  individual  susceptibility  in  the  same 
species.  The  doctrine  of  individual  susceptibility,  there- 
fore, is  apparently  founded  on  fact,  although  the  reasons 
fo'  it  arc  only  partially  understood. 

Imnuniizaihn ;  JO«-/i'.s  TiibiiriiUii.—Ka  in  other  in- 
fectious diseases,  many  attempts  have  been  made  to  pro- 
duce an  artiticial  inunimity  again.st  tuberculosis,  but  so 
far  the  results  have  been"  unsatisfactory.  Among  the 
numerous  agents  that  have  been  tried  to  protect  animals 
a.saiust  the  action  of  the  tubercle  bacillus,  the  most  im- 
portant is  Koch's  tuberculin.  Tuberculin  contains  all 
tlie  products  of  the  growth  of  the  tubercle  bacillus  in 
nutrient  bouillon  and  certain  substances  extracted  from 
the  bodies  of  tlic  bacilli  Ibemsclves;  also  the  albuminoid 
and  other  materials  originally  contained  in  the  bouillon 
which  are  vmalTectcii  by  "the  growth  of  the  bacilli.  There 
are  two  pre]iarations  known  respectively  as  the  "old" 
and  the  "new  "  tuberculin  or  "tulierculin  T.  R.  " 

Old  tuberculin  is  prepaied  as  follows:  The  tubercle 
bacillus  is  cultivated  in  peptone-glyccrin-bouillou.  At 
the  end  of  from  three  to  six  weeks,  according  to  the 
rapidity  with  which  the  culture  grows,  an  abundant  de- 
velopment takes  place  with  the  formation  of  a  thick,  dry, 
white  crumpled  layer,  which  finally  covers  the  entire 
surface  of  the  bouillon.  (It  was  originally  inoculated  on 
the  surface.)  After  development  ceases,  this  layer  breaks 
up  and  sinks  to  the  bottom  of  the  tlask.  Fully  "developed 
cultures,  having  been  tested  for  purity  by  microscopical 
examination,  are  evaporated  by  boiling  to  one-tenth  of 
their  original  bulk.  The  li(iuid  is  then  filtered,  and  the 
crude  tuberculin  thus  obtained  contains  forty  to  fifty  per 
cent,  of  glycerin  (the  broth  medium  contained  four  to 
five  per  cent.),  and  keeps  well,  retaining  its  activity  in- 
definitely. This  substance  when  injected  into  tubercu- 
lous individuals  affects  the  tuberculous  process  in  a  pe- 
culiar way.  Very  small  doses  produce  a  moderate  increase 
of  inflammation  with  sli.aht  elevation  of  temperature  in 
tuberculous  ])ersons,  while  healthy  individuals  have 
neither  fever  nor  marked  local  symptoms.  Thefollowing 
is  the  method  of  treatment  employed.  After  each  injec- 
tion, which  should  be  large  enough  to  cause  a  slight  but 
not  a  great  rise  of  temperature,  a  noticeable  change  in 
the  tuberculous  process  results.  The  amount  of  tuber- 
culin injection  is  constantly  increased,  so  as  to  coutinue 
the  moderate  reactions.  After  several  months  all  i-ea<-- 
tious  cease,  the  patients  having  become  temporarily  im- 
mune to  the  toxin,  but  not  to  the  growth  of  the  bacillus. 
Further  injections  are  now  useless,  \intil  this  inununity 
has  passed.  Inasmuch  as  the  bacilli  themselves  have  ntit 
been  directly  affected  by  the  treatment,  when  this  is  inter- 
rupted the  tuberculous  process  is  apt  to  progress  (Koch). 

Although  Koch  and  some  of  his  followers  have  a])- 
parently,  from  their  reports,  obtained  satisfactory  i-esnlts 
in  the  treatment  ami  inununi/.ation  of  man  and  animals 
with  old  tuberculin,  the  majority  of  investigators,  after 
a  short  period  of  enthusiasm,  have  abandoned  its  use  as 
very  rarely  fieneficial,  if  not  often  injurious.  Kocli  has. 
therefore,  attempted  to  improve  his  method  and  has 
recommended  a  new  preparation  under  the  name  of 
•' Tiilierciilin  7' A'.,"  or  i„>r  titbnrnlht.  The  substances 
produced  in  the  body  by  the  old  tulierculin  neutralized 
the  tnbercidous  toxiiis,  according  to  Koch,  but  were  not 
bactericidal.  This  he  considered  due  to  the  nature  of 
the  envelope  of  the  tid)er(lr  liacillus.  which  rendered  it 
difficult  to  obtain  the  substance  of  the  bacilli  in  soluble 
form  witho\it  so  altering  it  by  heat  or  chemicals  that  it 
was  useless  for  inuuunizing  purposes.  Immunity,  he 
thought,  was  not  produced  in  man  for  similar  reasons, 
the  bacilli  never  giving  out  svillicieut  toxin,  perhaps,  to 
bring  about  tiie  ])ro(luction  of  ouative  substances.      He 


therefore  decided  to  grind  \\\>  the  dried  bacilli  and  soak 
them  in  water,  and  thus  obtain,  if  possible,  without  the 
aid  of  heat,  a  soluble  extract  of  the  cell  substance  of  the 
bacilli,  which  he  hoped  would  be  inmiunizing.  Buchner, 
In'crushing  under  a  great  pressure  tubercle  bacilli  mixed 
with  .said  and  thus  squeezing  out  their  protoplasm,  has 
obtained  a  similar  substance,  which  he  calls  "tuberculo- 
plasmin,"  The  new  tuberculin  is  thus  a  watery  extract 
of  the  soluble  portions  of  the  unaltered  tubercle  bacilli. 
Owing  to  the  method  of  preparation,  it  is  evident  that 
contamination  is  difficult  to  avoid,  freedom  from  intact 
bacilli  is  uncertain,  and  the  .strength  of  the  solution  is 
variable.  Twenty  per  cent,  of  glycerin  is  added  to  pre- 
.serve  the  preparatiou.  After  three  years'  trial  the  results 
obtained  with  the  new  tuberculin  have  not  proved  better 
than  those  with  the  older  preparation.  The  only  form 
of  tuberculosis  which  seems  to  be  decidedly  benetited  by 
either  the  old  or  the  new  tuberculin  is  lupus.  Relapses, 
howevei'.  are  conunou. 

The  chief  use  to  which  tuberculin  has  been  put  is  as 
an  aid  to  the  diagnosis  of  obscure  cases  of  tuberculosis  in 
cattle  and  man.  and  for  this  purpose  it  has  proved  to  be 
of  inestimable  value.  Cows  are  generally  injected  sub- 
cutaneously  with  0  3  to  0..5  c.c.  (diluted  with  water  to  30 
or  50  c.c.)  of  tuberculin  and  watched  to  see  whether 
there  is  a  rise  of  temperature  of  1.5"  to  3'  C.  in  twelve 
to  fifteen  hours.  Occasionally  the  reaction  does  not  occur 
when  the  animals  are  in  an  advanced  stage  of  the  disease, 
but  in  such  cases  the  test  is  not  needed.  The  reaction 
never  takes  place,  or  one  very  much  less  marked  occurs, 
in  healthy  animals,  though  small  centres  of  infection  are 
often  dillieult  to  locate  later  on  autopsy.  Latent  tuber- 
culosis is  rarely  if  ever  stimulated  to  renewed  activity. 
It  is  important  to  note  that  an  animal  frequently  retpiires 
an  interval  of  a  month  to  give  a  second  positive  reaction, 
if  it  has  reacted  typicall.v  on  the  first  trial.  In  man  it  is, 
of  coiirse,  nuich  more  difficult  to  form  any  opinion  as  to 
the  reliability  of  the  tuberculin  test,  from  the  fact  that  it 
cannot  be  ct)ntrolled  by  post-mortem  examinations:  at 
any  rate  this  test  in  man  is  at  present  not  used  extensively 
for  diagnostic  purposes. 

Maragliano  and  others  claim  to  have  obtained  with  au 
antitubercidous  serum,  prepared  chiefly  from  horses,  cu- 
couraging  results;  and  Behring  hopes  soon  to  be  able  to 
make  au  antitoxic  serum  which  will  be  curative  and  pro- 
tective. But  whether  senuu  therapy  is  destined  to  solve 
the  problem  of  the  treatment  of  tulierculosis  remains  for 
the  future  to  decide.  Judging,  however,  from  the  pro- 
gressive nature  of  the  disease,  there  is  not  much  ground 
io  hope  for  the  abundant  development  of  curative  sub- 
stances in  the  blood  of  animals. 

Meanwhile  all  energies  should  he  directed  to  the  pre- 
vention of  tulierculosis,  not  only  by  the  enforcement  of 
liro|ier  .sanitary  regulations  as  regards  the  care  of  sputum, 
milk.  meat,  disinfection,  etc..  but  also  by  continued  ex- 
perimental work  and  by  the  establishment  of  consump- 
tive hosiiitals:  and  by  efforts  to  improve  the  charac- 
ter of  the  food,  dwellings,  and  condition  of  the  people 
in  general  we  .should  endeavor  to  build  up  the  indiviilual 
resistance  to  the  disease.  It  may  be  years  yet  before  the 
luiblic  are  .suflicienlly  educated  to  co-operate  in  adopting 
tile  necessiiry  hygienic  measures  to  stamp  out  tubercu- 
losis entirely :  b\it  from  the  results  which  have  already 
been  obtained  in  reducing  the  mortality  from  this  greatest 
scourge  of  the  hinuan  rai-e,  we  have  reason  to  hope  that 
in  time  it  may  be  completely  eradicated. 

The  Lei'I!osy  B.\cii.lis(/j(«-///(m  Lfprre). — This  organ- 
ism, fliscovcrcd  by  Hansen  in  187!),  is  found  chiefly  in 
the  interior  of  the  peculiar  round  and  oval  cells  met  with 
in  leprous  tubercles.  The  bacilli  have  also  been  observed 
in  the  lymphatic  glands,  liver,  spleen,  and  testicles,  and  in 
the  thickened  iiortions  of  nerves  involved  in  the  ana'S- 
thetio  forms  of  the  disease.  According  to  some  authori- 
ties they  occiu'  likewise  in  the  blood.  The  bacilli  lie  iu 
the  leprous  cells  in  great  niunbers,  and  also  iu  the  lymph 
spaces  outside  of  these  cells.  They  arc  not  found  in  the 
cpi<lerma1  layers  of  the  skin,  but,  according  to  Babes, 
they  may  penetrate  the  hair  follicles. 
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ificroseopieal  Appenridicen. — The  bacillu.s  Icpne  resem- 
bles the  tubercle  biuillus  in  form,  but  issomewlial  shorter 
aud  not  so  fce(|Uently  curved.  The  rods  have  pointed 
ends:  and  in  stained  ])reparations.unstiiined  spaces,  similar 
to  those  observed  in  the  tubercle  bacillus,  are  seen.  (See 
Plate  X.,  Fig.  2.) 

Milt  Hit !/. — Xou-niotile. 

Stdininrj  liiiirtiiiiis. — The  leprosy  bacillus  cannot  be 
positively  diU'ereutiateil  from  the  tubercle  ba<illus  by 
staininj;  reactions,  it  stains  readily  with  tlieaniline  colors 
and  also  by  (!ram's  method.  Although  ditlcring  from  the 
tubercle  bacillusin  the  ease  with  which  it  takes  up  the  or- 
dinary aniline  dyes,  it  behaves  like  the  former  in  the  man- 
ner in  which  it  retains  its  color  when  subseiiucntly  treated 
with  strongsolutionsof  tli<' mineral  acidsand  alcohol.  In- 
asuuich  as  Icjirosy  and  tubercul<isis  iioi  iMfieciUenlly  occur 
together  in  the  sjune  person  (according  to  Hansen  and 
Looft  tuberculosis  being  the  cause  of  death  in  forty  per 
cent,  of  the  cases  of  leprosy),  in  making  a  din'ereutial 
diagnosis,  all  the  various  jioints  must  be  considered.  Ins- 
tological  and  i)atholog-ical.  and  animal  inoctdatious  made, 
iu  addition  to  microsco|neal  examination. 

Itidli'iiical  Chariirtcrs. — Attempts  to  cultivate  the 
bacillus  lepnehave  freipiently  been  made,  but  so  far  with 
only  (piestionable  results,  as  none  of  the  cultures  obtain( d 
has  produced  a  sinular  disease  when  inoculated  into 
animals.  The  etiological  relation  of  this  bacillus  to 
leprosy  is  based,  therefore,  chielly  upon  its  constant 
prcsi'iico  iu  the  leprous  tissues.  It  has  been  .shown  by 
Spronk,  however,  that  the  blood  serum  of  many  lepers 
even  iu  weak  dilution  gives  the  agglutinating  reaction 
with  cultures  of  the  bacillus  lepra', — a  fact  which  goes 
to  prove  that  the  orgarusm  cultivated  is  the  true  cause 
of  the  disease  with  w  Inch  it  is  associated. 

I'litlmyeninh. — Som<!  investigators  claim  to  have  liad 
positive  results  in  inocidation  experiments  on  animals 
with  portions  of  leprous  tubercles,  excised  for  the  pur- 
pose; but  none  has  succeeded  in  producing  the  typical 
lesions  of  the  disease  as  seen  in  man.  Arning  inoculated 
a  condemned  crinunal  in  the  Sandwich  Islands  with  fresh 
lejjrons  tuberch'S,  his  death  occurring  from  leprosy  live 
years  later;  but  there  is  no  corelusive  evidence  of  tlie 
transiTUSsibility  of  the  disease  in  this  way,  as  the  man. 
according  to  Swift,  had  othero])portunities  for  becoming 
iufet'ted. 

It  is  generally  assumed  that  infection  takes  place 
through  the  mucous  membranes  and  through  slight  skin 
wounds.  There  is  siiid  to  be  no  infection  by  way  of 
the  <ligestive  tract.  With  regard  to  the  question  of 
direct  iidieritance  from  the  mother  to  the  uidjorn  babe, 
then!  is  considerable  dilference  of  opinion.  Som<'  cases 
of  intrauterine  infection  have  lieen  reported,  but  tliey 
are  at  least  ver_v  rare.  I,e]irosy  bacilli  are  frecjucnlly 
present  in  the  spermatic  lluid  aud  in  the  nulk,  but  they 
have  never  been  found  iu  the  ovaries.  Jlost  commonly 
they  are  met  with  in  purulent  nasal  .secretions  (oiu-  hun- 
dred and  twenty-eight  out  of  one  hundred  and  fifty  three 
eases  examined  by  Sticker),  and  in  the  mucous  membranes 
of  the  mouth,  throat,  etc. ;  but  they  have  idso  been  found 
in  various  other  organs  of  the  body,  iu  the  nerves,  and  in 
the  blood.  The  widesjircad  opinion,  which  was  held  be 
fore  the  discovery  of  the  h'prosy  bacillus,  that  the  di.sease 
was  as.sociated  in  some  way  with  the  eating  of  certain 
kinds  of  food,  as  salt  tish,  has  now  been  generally  aban- 
doned. The  negative  results  obtained  from  in(}cnlation 
experiments,  together  with  the  fact  that  infection  is  not 
readily  transmitted  to  persons  ex])osed  to  the  disea.se. 
have  lieen  explained  by  the  assutni)tion  that  the  bac-jlli 
contained  in  the  le))rous  tissue  are  mostly  dead  and  non- 
virulent;  but  it  is  much  more  jirobable  that  a  special 
.susceptiliility  to  the  disease,  inlierited  or  acquired,  is 
requisite  for  its  production. 

The  great 'similarity  in  many  resi)ects  of  leprosy  to 
tuberculosis  has  recently  been  still  more  emphasized  by 
the  observations  of  Habes  and  Kalindero,  who  state  that 
leprosy  reads,  both  locally  and  generally,  to  an  injection 
of  tuberculin  in  the  same  manner  as  tuberculosis. 

The  S.mk(i.m.v  IJ.vcii.i.vs  (liiwiUns  Smegmatix).- — Found 


by  Tavel  and  Matterstock  in  the  smegma  pra-putii,  be- 
tween the  .scrotum  aud  Ihighand  between  the  labia';  also 
in  the  cerumen  and  occasionally  'in  the  skin.  The  bacilli 
lie  in  clusters  cither  in  or  between  the  epithelial  cells,  the 
rods  being  very  similar,  in  size  and  form,  to  those  ol  the 
tubercle  bacilli.  They  stain  with  dilliculty.  and  resist 
deeolorization  with  acid  when  stained  by  the  methods  for 
staining  the  tubercle  bacillus,  but  are  decolorized  when 
treated  for  one  minute  with  ab.solute  alcohol.  This 
bacillus  is  most  likely  to  be  mistaken  for  the  tubercle 
bacillus  in  the  examination  of  urine. 

ErsTOAitTEN's  U.vciLi.is  OF  SvpiiiLis. — This  organism, 
which  very  closely  resembles  the  tubeicle  bacillus  and 
the  smegma  bacillus,  was  found  by  Eustgarten  (lss4)  in 
the  secretions  of  .sy]ihilitic  ulcers  and  believed  by  him  to 
be  the  specific  cause  of  syjibilis.  DoutreleponI  about 
the  same  time  also  observccl  a  similar  organism  and  came 
to  a  like  conclusion. 

liUstgarten's  bacillus,  though  morphologically  sitiiilar 
to  the  bacilli  above  mentioned,  ditl'ers  from  them  in 
staining  reaction.s.  It  stains  with  equal  dilliculty  as  the 
tubercle  bacillus,  but  is  much  less  resistant  to  the  action 
of  acids;  it  is  also  more  resistant,  as  a  rule,  to  the  de- 
colorizing action  of  alcohol  than  is  the  smegma  bacillus. 

Xumei'ous  alleiupts  have  been  made  to  cnltixate  this 
bacillus  artificially  but  without  success.  The  inoculation 
of  animals  witli  syi)hilitie  ti.ssues  and  secretions  has  also 
given  only  negative  results,  though  in  man,  as  is  well 
known,  infection  by  inoculation  frequently  takes  ]ilace, 
the  tertiary  lesions  onlj'  Vicing  non-infections. 

Eiislgarten's  bacillus  has  been  found  in  various  syphi- 
litic ti.ssues,  in  begimung  sclerosis,  in  the  pajmles.  in  con- 
dylomata and  giimmata,  and  not  only  in  the  vicinity  of  the 
genitals,  but  also  iu  tint  mouth,  tliidat,  heart,  and  brain. 
Xo  .satisfactory  e.xperimental  evidence  has  lieen  given, 
however,  of  its  cau.sative  relation  to  syphilis,  and  though 
tlie  failure  to  find  other  micro-organisms,  and  the  occur- 
rence of  these  characteristic  bacilli  in  various  parts  of  the 
body,  would  seem  to  point  to  their  etiological  impor- 
tance, on  th(>  other  hand,  the  long  immunity  in  this  dis- 
ease {.so  dilTereiit  from  that  in  any  known  bacterial  alfec- 
lionl  castsdoubt  not  only  upon  the  .status  of  Euslgarten's 
bacillus,  but  also  upon  the  bacterial  nature  of  the  micro- 
organisnis  jn'oducing  it. 

J'aiimgarten,  who  has  searched  in  vain  for  Eiistgarten's 
liacilliis  iu  tmcomplicated  visceral  syphilomata,  suggests 
that  the  liacilli  found  iu  such  lesions  were,  perhaps,  tu- 
bercle bacilli,  and  represented  a  mi.xed  infection.  Other 
micro  organisms  have  also  been  described  and  claimed 
to  be  the  cause  of  syphilis,  but  none  of  these  discoveries 
has  been  corroborated. 

Kecenlly  (lnil!()  Van  Xiessen  has  isolated  from  the  blood 
and  condylomata  of  sy|ihilitics  an  organism  which  jire- 
sents  someof  the  characteristicsof  the  diphtheria  bacillus. 
This  bacillus  shows  distinct  club-like  and  branching 
forms  and  stains  with  the  ordinary  aniline  dyes,  and  by 
(iram's  methfid.  but  not  with  carbol  fuchsin.  It  grows 
slowly  on  all  culture  media,  developing  w  liitish  to  yellow- 
ish colonies;  and  is  said  to  be  pathogenic  for  monkcysand 
pigs.  Van  Xiessen  lays  jiartieiilar  stress  u]ioii  theagalu- 
linating  reaction  of  liis  bacillus  with  tlie  serum  of  syjilii- 
litie  patients. 

From  this  it  a|)pears  that  none  of  the  organisms  .so  far 
discovered  has  been  conclusively  proven  to  be  the  true 
cause  of  syphilis;  and  the  position  of  Eustgarten's  and 
Van  Xiesscn's  bacilli  are  at  iiresent  too  doubtful  to  make 
their  detection  of  any  diagnostic  value. 

TiiF.  1nfi.ii;nz.v  B.vni.i.is  (AV/r/W'/.v  Tnfliienzn). — Dis- 
covered by  PfeitVer  and  isolateil  in  pure  cultures  (1891-92) 
from  the  jMirulent  bronchial  .secretions  of  patients  suffer- 
ing  from  e]iidcmic  influenza.  Pfeiffer's  discovery  has 
been  fully  confirmed  by  others,  the  results  of  whose  rc- 
searclK's  give  us  reason  to  believe  tliat  this  lia<-illus  is  the; 
chief  etiological  factor  in  the  production  of  influenza  or 
"  la  grippe." 

Mii-rimr,ijili-iil  Appiiiriimvu. — Extremely  small,  moder- 
ately thick  biK'illi.  about  two  or  three  times  as  long  as 
broad,  with  rounded  ends,  occurring  singly  or  in  pairs, 
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hut  threads  or  clmins  of  tliree  or  four  elements  are  oc- 
cnsioimllv  met  with  in  cultvires:  often  found  in  the  in- 
terior of  "cells.     (8ee  Piute  X..  Fig.  3.) 

Motililii.  — Nou  -mo  ti  le. 

fijuire  ForiiKiiioi). — Does  not  form  sjiores. 

St<xlniiiri  ReaetioDit. — The  intluenzu  bacillus  stains  with 
dilTieulty' with  the  ordinary  aniline  colors;  best  with 
dilute  Zi<'hrs  solution  of  earbol  fuchsin  or  Loeffler's 
methylene  blue  solution,  with  heal.  When  faintly 
stained  the  two  ends  of  the  bacilli  are  somewhat  more 
deeply  stained  than  the  ndddle  portion.  It  does  not  nsu- 
ally  stain  with  Gram's  solution,  though  some  investiga- 
tors report  such  staining  reaction. 

liinlmiind  Cliaroclem. — Strictly  aerobic;  no  growth 
occurs  below  36°  C.  or  above  43'  C,  or  in  the  entire 
absence  of  oxygen  :  optinnnn  temperature,  37°  C.  Grows 
on  the  surface  of  .solid  nutrient  media  containing  hemo- 
globin or  jms  cells,  as  blood  oiiar  ox  blood  xervm.  At  the 
end  of  eighteen  to  twenty-four  hours  on  such  culture 
media  in  the  ineid)ator  very  small,  drop-like  colonies  are 
developed,  which  under  a  low  magnitieation  appear  as 
shining,  transparent,  homogeneous  masses;  older  cultures 
are  sometimes  colored  yellowish  brown  in  the  centre.  A 
characteristic  feafiu-e  of  the  growth  of  the  influenza 
liaeillus  is  that  the  colonies  tend  to  remain  separate,  al- 
though when  thickly  sown  in  a  tilm  of  moist  blood  upon 
luitrient  agar  they  may  occasionally  become  confluent. 
S])read  out  in  a  thin  layer  upon  the  surface  of  blood 
bouillon  the  growth  develops  as  delicate  white  flakes. 
According  to  (Jrassberger  a  mi.xture  of  nutrient  agar  and 
detibriuated  blood,  which  has  been  kept  for  one  hour  at 
nO°  to  00'  C,  makes  an  especially  good  soil  for  their 
growth. 

Vitaliti/. — The  influenza  bacillus  is  very  sensitive  to 
desiccation;  a  pure  culture  diluted  with  water  and  dried 
is  destroyed  with  certainty  within  twenty-four  hours. 
In  dried  sputinn  vitality  is  retained  for  from  twelve  to 
twenty-four  hours,  according  to  the  degree  of  drying. 
It  does  not  grow,  but  soon  dies  in  water.  The  thermal 
death  point  is  60°  C.  with  five  minutes'  exposure.  In 
bouillon  eult\n'es  at  20°  C.  the  bacilli  remain  alive  for 
from  a  few  days  to  two  or  three  weeks. 

PntliogriK-fis. — The  bacillus  of  influenza,  so  far  as  is 
known,  produces  the  disea.se  by  artifleial  infection  only 
in  monkeys  and  rabliits.  Frinn  niunerous  ex|ieriments 
made  in  guinea-pigs,  rats,  mice,  and  pigeons  these  ani- 
mals seem  to  be  imnume  to  iuflueuzsi.  When  a  small 
quantity  of  a  Iwenty-fom-hoiu'-old  cidtine  on  blood- 
agar  is  injected  intravenoiisly  into  I'abbits,  Pfeiffer  found 
that  a  characteristic  pathogenic  efl'ect  was  produced. 
'Within  one  and  one-half  to  two  hours  after  the  infection, 
the  animals  became  very  feeble,  and  sutfered  from  dysp- 
noea, the  temperature  rising  to  41°  C.  or  more.  At  the 
end  of  five  or  six  days  they  were  aide  to  sit  U])  and  move 
about  again,  and  later  they  recovered.  Larger  doses 
caused  death.  When  cultures  were  rubbed  into  the 
nasal  mucous  membranes  of  monkeys,  these  animals 
.showed  a  febrile  condition,  lasting  for  a  few  days,  but 
in  no  instiince  has  Pfeiffer  observed  a  multi|ilieation  of 
the  bacilli  introduced,  the  results  being  due  to  toxic  pr<id- 
ucts.  Recently  Cantani  has  shown  that  it  is  possible 
to  produce  an  infection  of  influenza  in  rabbits  when  in- 
oculated with  small  doses  (.3.5  to  ..5  c.c.)  of  living  bacilh, 
provided  the  point  of  least  resistance  is  chosen,  \'iz..  the 
brain,  the  toxic  products  of  tlie  influenza  bacillus  acting 
most  |ioAverfidly  upon  the  central  nervous  sj'stem.  The 
cell  Ijodies  of  the  bacilli  seem  to  possess  con.siderable 
pyogenic  action. 

It  is  possible  that  an  imnmiiity  against  the  influenza 
poison  lasting  for  a  short  period  may'lie  established  after 
anattaek.  At  least  in  thre(^experim"entsmade  liy  Pfeiffer 
on  monkeys,  these  animals,  after  recovering  from  an  in- 
oculation, seemed  to  be  less  susceptible  to  a  second  in- 
jection. 

The  influenza  bacillus  has  not  been  found  outside  of 
the  body.  In  patients  suffering  from  influenza  thebaeilH 
are  chiefly  met  with  in  the  nasal  and  bronchial  secretions, 
more  especially  in  the  characteristic  light  yellowish  to 


green  purulent  sputum.  The  older  the  process  the  fewer 
bacilli  will  be  found,  and  the  more  frequently  will  they 
be  seen  lying  within  the  pus  cells.  At  this  time  they 
stain  less  readily  and  present  more  irregular  and  swollen 
forms.  Ver_y  often,  perhaps  almost  iu\'ariabl_y,  the  proc- 
ess invades  portions  of  the  lung  tissue.  In  severe  eases 
a  kind  of  lolndar  ])neunionia  results,  and  is  accompanied 
by  .symptoms  almost  identical  with  broncho-pneumonia. 
In  fatal  cases  the  bacilli  have  been  found  to  have  pene- 
triited  not  only  into  the  peribronchial  tissue,  but  even  to 
the  surface  of  the  pleura.  The  pleurisy  which  follows 
influenza,  however,  is  usually  a  secondary  infection, 
due  to  the  streptococcus  or  pneumococcus.  Ordinarily 
the  disease  runs  an  acute  or  subacute  course,  and  not 
infrequently  it  is  associated  with  a  mixed  infection  of 
the  pnenmoceoecus  or  streptococcus.  But  sometimes 
a  chronic  condition  may  be  produced  deiiending  upon 
the  influenza  bacillus:  the  bacilli  remaining  latent  for  a 
while  and  then  becoming  active  again,  with  a  resulting 
exacerbation  of  the  disease.  Phthisical  patients  are  par- 
ticularly susceptible  to  attacks  of  influenza.  It  would 
appear,  therefore,  that  given  jirojier  climatic  conditions, 
we  have  at  all  times  the  seeds  of  influenza  present  in 
sufficient  luimbers  to  start  an  epidemic. 

The  discovery  of  this  bacillus  enables  us  to  explain 
many  things  iire\'iously  unaccountable  in  the  cause  of 
epidemic  influenza.  We  now  know  from  the  fact  that 
the  bacillus  cannot  exist  for  any  considerable  length  of 
time  in  water  or  in  dust,  that  the  disease  is  not  transmis- 
sible to  great  distances  through  these  means.  We  also 
know  that  the  infective  material  is  contained  chiefl.y  In 
the  catarrhal  secretions.  The  occurrence  of  sporadic 
cases,  or  the  sudden  eruption  of  an  epidemic  in  a  locality 
from  which  the  disease  has  been  long  absent,  and  where 
there  has  l)een  no  new  importation  of  infection,  inav  pos- 
sibly be  explained  by  the  supposition,  as  already  noted, 
that  the  influenza  bacilli  remain  latent  in  the  air  passages 
of  certain  individuals  for  months  at  a  time,  and  then  be- 
coivie  active  under  conditions  favorable  for  their  growth, 
when  the  infection  may  be  communicated  to  others  in 
close  contact  with  them.  The  bacteriological  diagnosis 
of  influenza  is  of  considerafile  importance  for  the  identi- 
fication of  clinically  doubtful  cases,  which  from  the 
.symptoms  may  be  mistaken  for  other  diseases,  such  as 
bronchitis,  pneumonia,  or  tuberculosis. 

In  actite  uncomplicated  cases  the  probable  diagnosis 
can  be  frequently  made  by  microscopical  examination  of 
stained  preparations  of  the  sputum,  there  being  present 
enormous  numbers  of  the  small  bacilli.  In  chronic  cases 
or  those  of  mixed  infection  the  ctilture method  must  usu- 
ally be  employed  if  we  wish  to  arrive  at  positive  results. 
The  bacillus  of  influenza  is  so  well  characterized  by  its 
morphological,  staining,  and  ctdtural  peculiarities  that  it 
may  be  distinguished  from  all  other  bacteria  by  an  expert 
bacteriologist  with  sufficient  certainty  for  diagnostic  \i\x\-- 
poses.  The  only  bacillus  which  at  all  closely  resembles  it 
is  \\w  punido-iiifne iixd  hiicilbts  found  by  Pfeiffer  in  three 
cases  of  broncho-pneumonia ;  and  this  is  distinguished 
from  the  genvune  influenza  bacillus  by  its  larger  size 
and  tendency  to  grow  out.  in  cultures  on  blood  agar, 
into  long  threads. 

The  Dipiitiii:ki.\.  B.^cillfs  (Bacillus  DiphtJieria ; 
Khbs-Loeftlcr  /lurillijs). — This  bacilhis  was  first  observed 
by  Klebs  (1S83)  in  diphtheritic  false  mendirane.  It  was 
isolated  in  pure  cuitures  and  its  jiathogenic  iiro]ierties 
demonstrated  liy  Loetfler  in  1884.  In  18.'ST-.S8  further 
studies  by  Loetller,  Roux.  and  Yersin  added  to  the  proof 
of  the  dependence  of  diphtheria ujion  this  bacillus.  The 
results  of  these  investigations  ha\'e  since  been  confirmed 
by  a  great  number  of  combined  clinical  and  bat'terio- 
logical  observations  both  in  animals  and  man.  All  the 
conditions  have  been  fulfilled  for  diphtheria  which  are 
neces,S)try  to  the  most  vigorous  proof  of  the  can.sjitive 
relation  of  a  given  micro-organism  to  an  infect  ions  disease, 
viz..  the  constant  lu'esence  of  the  organism  in  the  lesions 
of  the  disease,  the  isolation  of  it  in  pure  ctdlure.  the 
failure  to  produce  the  disease  by  any  other  bacteria,  and 
the  additional  demonstration  of  the  immunizing  value  of 
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Ilic  specific  antitoxic  substaiuvs  (i('vcl(i]iccl  in  animals 
subjected  ti)  injections  (if  (liplitliciia  toxin.  In  \ic\v  of 
lliese  facts  we  are  just iticd  in  eoncluilin?;  lliat  ail  cases  of 
true  or  pi'iniaiy  diplitlicria  are  (iiic  to  tlie  Klelis-I.oetller 
bacillus. 

Micrnnropirdl  Appiiiraiicex.- — .Somewhat  slender  rods  of 
variable  size.  1  to  0  ft  long  and  0..?  to  1  /;  broad,  either 
straight  or  slightly  curved,  with  rounded  ends,  occurring 
singly  or  in  pairs.  Irregular  forms  are  very  common, 
and  indeed  are  characteristic  of  this  bacillus.  In  the 
same  culture  and  in  unfavorable  media  great  dilTi'rcnces 
in  form  and  dimensions  occur;  one  or  both  cuds  may 
appear  swollen,  or  the  central  portion  may  be  thicker 
than  the  extremities,  or  the  rod  may  consist  of  irregular 
spherical  or  ovoid  segments.  The  rods  sometimes  lie  in 
clusters  alongside  of  one  another  in  a  characteristic  man- 
ner, like  a  bundle  of  fagots.  Threads  with  swollen  ends 
and  liranching  forms  sometimes  occtu'.  but  these  arc  com- 
paratively rare.     (See  Plate  X..  Fig.  4.) 

Miitilitii. — Non-motile. 

Spori;  F(jrmfitif>n.—A\^Hi:n\.  but  cultures  ri'tain  their 
vitality  for  months. 

Stdiiiiriff  liKirfioDK. — Stain  ii'adily  uilii  the  ordinaiy 
aniline  dyes  and  retain  fairly  well  their  color  after  stain- 
ing by  Gram's  method.  AVIk'U  IjoelUcr'salkaline  solution 
of  nii'thylene  blue  is  ajiplied  cold  for  five  minutes  or 
warm  for  one  minute,  the  bacilli  from  blood-serutn  cul- 
tures especially,  ami  from  other  media  less  constantly, 
stain  in  an  irregular  and  extremely  characteristic  way. 
C'arbol  fuchsin  and  getuian  violet  stain  the  bacilli  too 
intensely,  obscuring  the  structure  of  the  organistns. 

Xeisser  has  recently  described  a  double  stain  which 
brings  out  the  metachromatic  bo<lies  of  the  diphtheria 
bacillus,  and  which  \\f  claims  may  be  used  as  a  method 
of  differential  diagnosis  between  the  virulent  and  non- 
virulent  diphtheria  bacilli  without  the  delay  of  inoculat- 
ing animals.  The  cover-sliji  smear  of  diphtheria  bacilli  is 
placed  for  two  or  three  seconds  in  a  solution  compo.sed 
of  alcohol  (i)G  per  cent.)  20  jiarts,  metliylene  blue  1  pait, 
acetic  acid  (glacial)  HO  parts,  and  distilled  water  0.50  jiarls. 
and  tlicn.  after  washing,  in  a  second  solution  (for  from 
three  to  five  seconds)  composed  of  Bismarck  brown  1  part, 
and  boilingdistillcd  water ."lOOiiiirts.  I5y  this  method  the 
bacilli  are  ustially  stained  brown  and  at  one  or  liotli  eiiils 
a  blue  graiuile  is  seen :  while  the  non  virulent  bacilli  or- 
dinarily arc  not  so  stained.  15ut  sometimes  the  jiscudo- 
diphthcria  bacilli  show  the  Siime  dark  bodies,  and  occa- 
sionally the  virulent  l)acilli  fail  to  take  the  Neisser  stain. 
XeithcV  this  nor  any  other  stain,  there  fore,  can  be  depended 
upon  to  give  positive  infonnation  as  to  tlie  virulence  of 
the  bacilli,  the  only  certain  way  of  ol)taining  a  dilTerential 
diagnosis  between  the  pseudo-  and  true  diplitheria  bacilli 
being  by  animal  inoctilations  with  control  injections  of 
antit'oxiii.     (See  Plate  X.  Fig.  5.) 

Bitiliir/inil  C'/iiiri'ctt  i-s. — Aprobie  and  facultative  ;ui- 
aSrobic:  grows  best  in  the  presence  of  oxygen,  but  also 
less  readily  without  it.  Development  is  good  and  abun- 
dant only  "at  37'  C. ,  the  extremes  being  20 '  and  4 1 "  ( '.  It 
grows  on  all  the  ordinary  culture  media,  glycerin  agar 
being  a  favorable  mcdiimi,  though  blood  senun  and 
ascitic  fluid  arc  still  better.  r.ocHler's  blood  seium  mix- 
ture (see  Mirm-Oi'yiiiii.tJii.i :  I'lfhti'iliHiii)  is  niucli  used  anil 
is  the  best  culture  medium  for  diagnostic  jiurposes  in  ex- 
amining cultures  from  the  throats  of  persons  suspected 
of  having  diphtheria.  The  growth  in  gelatin  at  22  to 
24°  C".  is  not  chanict eristic,  and  is  so  scanty  that  it  is  sel- 
dom employed  for  the  culti\ation  of  the  diphtheria  ba- 
cillus.    The  gelatin  is  not  liciuelied. 

Qroirth  (III  IVjiihI  Scriiiii. — On  Loetllei's  blood  sennit 
mixture  at  theend  of  eight  to  twelve  hours  small  colonies 
develop  which  ajipearas  ]iearl  gray,  orniore  rarely  yellow- 
ish gray,  slightly  elevated  points.  The  borders  are  usu- 
ally uneven.  After  forty-eight  hours  the  colonies  when 
scp.-iratcd  may  so  increase  in  size  that  they  are  one-eighth 
of  an  inch  in  diameter;  these  lying  close  together  become 
contluent  atid  fu.se  into  one  mass,  if  the  .serum  be  moist. 
During  the  lirst  twelve  hours  the  colonies  of  the  diph- 
theria liacilli  iire  about  eciual  in  size  to  those  of  other 


palliogetiic  bacteriii  which  are  often  present  in  the  throat ; 
but  after  this  time  the  diphtheria  colonies  become  larger 
than  those  of  the  strept<icocci  .-ind  smaller  than  those  of 
the  staphylococci.     The  blood  serum  is  not  liiptclied. 

Grinrih  im  Af/ar. — On  otic-]ier-cent.  slightly  alkaline, 
nutfient  or  glycerin  agar  the  growth  of  the  di|)htheria  ba- 
cillus is  less  certain  and  htxuriant  than  uiion  blood  serum, 
but  the  aiipcarancc  of  the  colonics  when  examined  undcra 
low-power  lens  is  often  more  characteristic;  the  gi'owlh. 
however,  is  variable,  and  wlx'ti  obtained  fresh  from 
liseudo-membranes  the  colonies  develop  slowly  oi-  fail  to 
develop  at  all.  On  or/iir  ji/ntis  the  <leep  colonies  are  usu- 
ally round  or  oval  and  as  a  rule  iire.sent  no  extensions, 
but  the  surface  colonies  commonly  from  one  and  some- 
times from  both  sides  sju'cad  out  an  a|iron-like  extension 
whi<'li  exceeds  in  area  the  r<'St  of  the  colony.  These  sur- 
face colonies  are  more  or  less  coarsely  granular  in  struct  un^ 
and  usually  havi;  a  daik  (■entre,  Some  are  almost  trans- 
lucent, others  ar<'  thick  and  luxuriant  with  irregular 
borders  shading  olT  into  a  delicate  lace-like  fringe,  though 
sometimes  the  margins  are  more  even  and  the  colonies 
are  nearly  circular.  With  a  high-power  lens  the  edges 
.show  s])routing  bacilli,  the  colonies  being  gray  or  grayish 
white  by  rcHccted  light  and  pure  gray  with  olive  tint  by 
transmitted  light.  A  mixture  composed  of  two  [)arts  of 
a  one  and  one-half  per  cent,  nutrient  agar  and  one  Jiart 
of  sterile  ascitic  fluid  makes  a  medium  u])0n  which  the 
liacillus  grows  nnnh  more  luxuriantly  but  not  so  char- 
aetcristieally.  X'utrient  plain  or  glycerin  agar,  with  or 
without  the  addition  of  ascitic  fluid,  is  the  medium  em- 
])loyed  for  the  isolation  of  the  diphtheria  bacillus  by 
plate  methods  from  the  original  serum  tidie.  The  agar 
should  be  freshly  melted  and  ]ioured  into  the  Petri  dish 
ffir  this  purpo.se.  and  after  it  has  hardened  ntreiik  ciltiiyes 
from  the  colonies  on  blood  serum  are  made  upon  this, 
the  plates  being  left  in  the  incubator  at  37  C.  for  twelve 
hours. 

(Iniir)h  (III  (ti'IiiHh. — The  growth  on  gelatin  is  much 
slower  and  more  scanty  than  that  on  blood  serum  or  agar, 
on  account  of  the  lowi'i'  temperature  at  which  it  is  used. 
Gelatin  is  not  licinetied. 

(iroirth  ill  lidiiiUiiii. — In  slightly  alkaline  or  neutral 
bouillon  the  diphtheria  bacillus  grows  in  fine  grains, 
which  are  dc)iosilcd  along  the  sides  and  on  the  bottom  of 
the  lulu-,  leiiving  the  broth  nearly  clear.  .Sometimes  the 
botnllon  may  appear  dilfusely  clouded  to  the  naked  eye, 
but  when  examined  microscopically  in  the  hanging  drop 
the  clumpy  arrang<'ment  is  readily  oliserved.  Frequent- 
ly a  whitish  film  forms  over  part  of  the  surface,  but  in 
shaking  this  breaks  iij)  and  slowly  sinl\S  to  the  l)ottom. 
Thislilm  is  more  apt  to  develop  in  cidtures  which  li;iv(( 
been  long  cultivated  in  bouillon.  The  reaction  of  the 
bouillon  is  subject  to  changes — the  diphtheria  bacillus  in 
its  growth  causes  a  fermiaitation  of  the  meat  sugars  with 
the  jjioduction  of  acid:  bi'iiec  the  bouillon  becomes  at 
first  acid  and  stdiscipieiuly  alkaline,  when  the  fermentable 
sugars  have  been  decomposed,  this  latter  change  being 
favored  by  the  adtnission  of  air. 

Groirtli  ill  Milk. — The  diplitheria  bacillus  grows  readily 
in  milk,  beginning  to  dcveloj)  at  a  coULparalively  low- 
temperature  (20°  C.V  Thus  milk  having  become  iiaicu 
lali'il  with  the  bacillus  fiom  a  case  of  diphtheria  Uiay 
under  certain  circumstances  be  the  means  of  conveying 
infection  to  previously  healthy  persons.  The  growth 
takes  place  tjctter  in  raw  than  in  boiled  milk.  The  milk 
is  not  coagulated,  remaining  tinchanged  in  a]ipearance. 
but  the  cultures  may  retain  their  vitality  for  a  long  time. 

On  iKiliit'i  which  is  rendered  alkaline  a  delicate  coating 
develops. 

Vitdlif'i. — Virulent  diphtheria  bacilli  may  persist  in 
the  throats  of  convidescents  from  diiihtheria.  after  tln^ 
disapjiearance  of  the  false  membrane,  for  weeks  and 
mouths  even.  In  304  of  (Uri  consecutive  eases  of  diph- 
theria examined  by  Park  and  Rcebe  (he  bacilli  were  found 
to  be  no  longer  jiresent  within  three  days  after  the  dis 
iippearancc  of  the  false  membrane:  in  17{i  eases  they  per 
sisted  for  seven  days,  in  64  cases  for  twelve  days,  in  3(> 
cases  for  lifteen  d.-ivs,  in  12  eases  for  three  weeks,  in  4 
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cases  for  tour  weeks,  in  3  cases  for  nine  weeks,  and 
ri'i'ontly  a  case  lias  been  noted  in  wln'cli  the  virulent 
bacilli  were  ))resent  for  six  months.  The  iiraetical  ini- 
portanee  of  this  fact  is  the  evident  neeessily  lor  the  isola- 
tion of  convalescents  from  diphlheria,  whellier  sJKiwiiiir 
clinical  s\-mi>toms  or  not,  until  all  the  Klebs  Loeliler  ba- 
cilli have  disiipjieared  from  the  throat. 

In  cultures  kepi  in  a  cool,  dark  ])lace.  the  bacilli  retain 
their  vitality  for  from  six  months  to  a  year  or  more.  lu 
the  incubator  they  are  n'euerally  killed'  by  desiccation  in 
from  one  to  three" months;  but  even  here,  when  the  air  is 
excluded,  thev  remain  alive  in  bouillon  for  a  loni;  time. 
They  also  retain  their  vitality  for  a  considerable  time  in 
water  and  artieh'S  of  I'lnid.  cte. 

The  diplitheria  bacillns  possesses  a  considerable  re- 
sistance to  desiccation.  Pure  cultures  in  saturated  silk 
threads  at  room  temjierature  remain  alive  under  favorable 
conditions  for  months.  In  dried  diphtheritic  exudate, 
even  when  iiulveri/.cd,  they  retain  their  virulence  for  a 
long  time.  They  are  soon  killed  by  moist  heat  at  60°  C. 
Cold  has  comparatively  little  influence  niion  them,  and 
even  when  dried  they  retain  their  virulence  in  winter  for 
several  months.  Suspended  in  wafer  and  exposed  to  the 
actimi  of  direct  sunlight  the  bacilli  die  in  a  few  hours, 
but  in  agar  and  bouillon  cultures  they  remain  alive  for 
six  hours. 

Chemiajl  Effectis. — The  dijihtheria  bacilli  produce  gas 
and  acids  from  carbohydrafes,  as  from  glucose  present 
in  ordinary  nutrient  bouillon.  They  al.so  produce  sul- 
phuretted hydrogen  and  indol.  In  old  ciUtures  some 
nitritesare  jiresent,  which  with  the  indol  give  thenitro.so- 
indol  reaction  on  the  addition  of  pure  suljihurie  acid. 
Pigment  production  is  rare,  though  occasionally  yellow 
to  reddish  species  have  been  met  with.  Old  bouillon 
cultures  of  the  diphtheria  bacillus  tillered  fhroiigh  poree 
lain  produce  the  same  symptoms  as  inoculafiiais  with 
the  bacilli  themselves.  Particularly  active  toxins  are 
obtained,  according  to  von  Dnngei'u.  by  the  addition  of 
ascitic  fluid  to  the  bouillon.  Sugar  is  to  be  avoided. 
Bouillon  cultures  as  long  as  they  are  acid  contain  no 
toxins.  A  two-per-cent.  ]jeptone  nutrient  bouillon,  hav- 
ing an  alkalinity  equal  to  a))ont  8  c.c.  of  normal  soda 
solution  per  litre  above  the  neutral  point  to  litmus,  is  a 
suitable  medium  for  the  development  of  toxin.  Free 
access  of  air  favors  its  production.  The  greatest  ac- 
cumulation (if  toxin  in  bouillun  is  after  a  growth  of  from 
five  to  ten  da_ys  in  the  incubator  at  35°  to  37°  C. 

These  poisous  of  diphtheria  have  been  partiall.y  isolated. 
They  are  jirecipitated  in  jmrt  by  alcohol,  calcium  pht)s- 
phate,  calcium  chloride,  and  magnesium  sulphate.  The 
toxin  has  not  yet  been  successfully  analyzed,  so  that  its 
chemical  nature  is  unknown.  It  has  many  of  the  prop- 
erties of  proteid  substances,  but  it  is  formed  not  only  in 
albuminous  culture  media  lint  also  in  those  free  froni  al 
bnmin.  It  is  not  a  stable  body,  being  totally  destroyed  by 
boiling  for  five  minutes,  and  losing  niuety-ti ve  per  cent,  of 
its  strength  when  exposed  to  a  temiieraturc  of  7.")-  C.  for 
some  time.  Temperatures  under  ()0°  C.  alter  it  only  very 
gradualh'.  It  is  .slowly  decomposed  when  exposed  to 
light  and  air,  but  kept"  in  a  cold,  dark  place  it  may  be 
]ireserved  almost  indefinitely.  According  to  Kossel 
diphtheria  toxin  is  formed  in  t'lie  cell  bodies'of  the  bacilli 
and  thence  secreted.  Ehrlicb,  wlio  has  recently  investi- 
gated the  subiect  of  toxins,  subdivides  them,  according 
to  their  degrees  of  toxicity,  intu  protuxoids,  syntoxoids, 
and  epitoxoids. 

P(itli(i;ich< nix. — The  diphtheria  bacillus  is  pathogenic 
for  guinea-pigs,  rabbits,  chickens,  pigeons,  small  birds, 
and  cats;  also  in  a  lesser  degree  for  dogs,  goals,  cattle, 
and  horses,  but  scarcely  at  all  fur  rats  ;ui(rnuce.  True 
diphtheria,  however,  as  observed  in  man.  is  extremely  rare 
among  these  animals,  the  so-called  diiditheritic  iiillam- 
mations  in  them  being  due,  as  a  rule,  to  other  bacteria 
than  the  Klebs-Loettle'r  bacillus. 

The  virulence  of  pure  cultures  of  the  di]ihtheria  bacillus 
from  (lilferent  sources,  as  measured  by  their  toxin  jiro- 
ducfion,  varies  enormously.  In  general,  severe  cases  of 
diphtheria  yield   strongly   vindent  cultures,   and  mild 


cases  slightly  virulent  ones;  but  there  are  exceptions  to 
this  rule.  One  of  the  most  virulent  cultures  so  far  known 
— culture  No.  8.  whieh  is  used  not  only  by  the  New  York 
Health  Department  Laboratory,  but  by  manj-  other 
laboratories  in  the  United  States  and  Europe,  for  the 
proiluction  of  toxin — was  obtiiiued  from  an  exti'emely 
mild  case  of  diphtheria.  Kxperimental  and  accidental 
attenuation  of  the  diphtheria  bacilli  has  often  been  ob- 
served. Roux  and  Yersin  maintain  that  there  is  a  uni- 
form and  gradual  decrease  in  virulence  of  the  bacilli 
found  in  the  throats  of  convalescents  from  diphtheria, 
but  this  has  not  lieen  confirmed  by  others,  highly  virulent 
bacilli  having  been  repeatedly  found  in  the  throats  of 
those  recovering  from  the  disease  long  after  the  disap- 
pearance of  all  clinical  symptoms.  The  same  marked 
variation  occurs  in  the  amoimt  of  toxin  produced  by  dif- 
ferent bacilli  iu  their  growth  in  media  outside  of  the 
bod_y.  There  are  also  bacilli  which  produce  no  specific 
toxin  whatever  and  yet  appear  to  have  all  the  other 
characteristics  of  virulent  bacilli.  Moreover,  some  diph- 
theria bacilli  retain  their  vindence,  when  grown  in 
artificial  media,  much  longer  than  others.  The  passage 
of  the  bacilli  through  the  bodies  of  susceptible  animals 
does  not  increase  their  virulence  to  any  appreciable  ex- 
tent, this  being  probably  due  to  the  fact  that  they  nnd- 
tijily  but  little  in  the  tissues. 

The  best  guide  fur  the  virulence  of  a  diphtheria  bacillus 
is  the  toxicity  of  the  filtrate  of  a  culture  of  definite  age, 
as  shown  by  inoculation  into  guinea-pigs;  for  this  pur- 
l)Ose  an  alkaline  broth  culture  of  forty-eight  hours' 
growth  is  used.  The  amount  injected  should  not  be 
more  than  one-fifth  per  cent,  of  the  body  weight  of  the 
animal  inoculated,  unless  controls  with  antitoxin  are 
made.  In  the  large  majority  of  cases,  when  the  bacilli 
are  virulent,  this  amount  causes  death  within  seventy- 
two  hours.  For  an  absolute  test  of  specific  virulence 
antitoxin  must  be  used.  A  guinea-pig  is  injected  sub- 
cufaneously  with  anfifoxin,  aud  then  this  and  a  control 
animal  are  injected  with  double  the  fatal  dose  of  a  broth 
culture  of  the  bacilli  to  be  tested.  If  the  animal  which 
received  the  antitoxin  lives,  while  the  control  animal  dies, 
it  was  surely  a  virulent  diphtheria  bacillns  which  killed 
by  means  of  the  toxin  produced. 

About  twenty-four  hours  after  the  subcutaneous  in- 
oculation of  a  virulent  culture  of  the  diphtheria  bacillus 
the  animal  becomes  languid,  has  no  appetite,  its  hair  is 
rumpled,  its  nose  cold  and  blue,  and  its  respiration 
rough;  the  point  of  injection  is  infiltrated,  sometimes 
also  the  surrounding  tissues.  Certain  symptoms,  liow- 
evcr,  exclusive  of  loss  of  weight,  may  be  wanting.  On 
autopsy  there  will  be  found  at  the  seat  of  inoculation  a 
grayish  deposit  surrounded  by  an  area  of  congestion ;  the 
subcutaneous  tissues  for  some  distance  around  are  a?de- 
matous;  the  adjacent  lymphatics  are  swollen,  and  the 
serous  cavities,  especially  the  pleural  and  the  pericardial, 
frequently  contain  an  excess  of  fiuid,  usually  clear,  but 
at  times  turbid  ;  the  lungs  are  generally  congested.  In 
the  organs  are  found  numerous  smaller  or  larger  masses 
of  necrotic  cells,  which  are  permeated  with  leucocytes. 
The  heart  and  voluntary  muscular  fibres  usually  show 
degenerative  changes.  Occasionally  there  is  fatty  de- 
generation of  the  liver  and  kidneys.  From  the  area  sur- 
roimding  the  point  of  inoculation  virulent  bacilli  may  be 
obtained,  but  in  the  organs  they  are  ouly  occasionally 
found,  unless  an  enormous  number  of  bacilli  have  been 
injected.  Paralyses,  commencing  gencrallj"  in  the  pos- 
terior extremities  and  gradually  extending  to  other  por- 
tions of  the  body  and  causing  death  by  cardiac  paralysis 
or  paralysis  of  the  respiratory  organs,  is  also  jiroduccd 
in  many  cases  in  which  the  inocidated  animals  do  not 
succumb  to  a  too  rapid  intoxication.  In  rare  instances 
the  muscles  of  the  neck  or  of  the  larynx  are  first  para- 
lyzed and  thus  characteristic  symptoms  are  produced. 

Rabbits  are  much  less  susceptible  to  sulicutaneous  in- 
oculation than  guinea-pigs;  white  n\ice  and  rats  are  al- 
most immune.  On  the  other  hand,  cats,  dogs.  cows,  and 
horses  are  susceptible,  as  are  also  young  pigeons  and 
chickens,  and  small  birds. 
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EXPLANATION    OF    PLATE    X. 

Fig.  1. — Bacillus  Tuberculosis  in  Sputum,  x  1,000.  Photomicrograph  from  Sternberg's  "Bac- 
teriology "  by  permission. 

Fig.  3. — Bacillus  of  Leprosy,  Section  of  Skin  Nodule.  X  1,000.  Photomicrograph  from  Boivhill's 
"  Bacteriology  "  by  permission. 

Fig.  3. — Bacillus  of  Influenza  in  Bronchial  Mucus.  X  1.000.  Photomicrograph  from  Sternberg's 
"  Bacteriology  "  bj'  permission. 

Fig.  4. — Bacillus  of  Dijihtheria  (Klebs-LoefBer).  Blood-serum  culture  stained  with  LoeflJer's  solu- 
tion of  methylene  blue.  X  1,000.  Photomicrograph  from  Sternberg's  "  Bacteriology  "  by  per- 
mission. 

Fig.  5. — Bacillus  of  Diphtheria.  Stained  with  Neisser's  solution,  showing  bodies  of  bacilli  in  smear 
faint  brown;  jioints,  dark  blue.  X  1,000.  Photomicrograph  from  Park's  " Bacteriology  "  by 
permission. 

Fig.  6. — Pseudo-Diphtheria  Bacillus,  Small  T3'pe.  X  1,000.  Photomicrograph  from  Park's  "Bac- 
teriology "  b_v  jiermissiim. 

Fig.  7. — Bacillus  of  Typhoid  Fever,  from  Agar  Culture.  X  1.000.  Photomicrograph  from  Stem- 
berg's  "Bacteriology"  by  permission. 

Fig.  8. — Bacillus  of  Typhoid  Fever  with  Flagella.  Agar  culture.  X  1,000.  Photomicrograph 
from  Bowhill's  "Bacteriology  "  by  perinission. 
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Itai'tcria. 


Diplitlicritic  false  incniliranc,  aiialojioiis  to  liuniaii 
(liplitlicria,  may  lie  itrinluccd  in  animals  by  rnlibing  in 
(liplillu-iia  bacilli  on  llic  sliirlitly  abratii'il  .snilaci'  of 
mucous  membranes  of  the  trachea  and  conjunctiva  of 
rabbits,  of  the  throats  of  monkeys,  and  of  the  i)liaryii.\ 
and  larynx  of  ])i};cons  and  cliickens.  The  process  re- 
mains local.  Accordins;  to  Loetller.  the  best  results  are 
obtained  liy  inoculation  of  the  vai;inal  nuicous  mem- 
liranes  of  guinea  piu's. 

In  man  no  e.xiierimental  inocidatioiis  have  been  made, 
but  in  two  involuntary  laboratory  e.xperimciils  made  in 
,  the  New  York  City  Health  Department  severe  dipiitlieria 
was  contracted  by  inadvertently  suckiiiir  up  virulent 
bouillon  cultures  of  the  dipiitlieria  Iiacillus  into  tla^ 
mouth. 

Outside  of  the  body  diphtheria  bacilli  have  been  found 
upon  articles  used  by  tliphlhiiia  |)alieiits.  as  upon  linen, 
brushes,  toys,  walls  and  lloors  of  rooms,  etc..  and  in  (he 
hair  of  nurses.  The  air  (e.\clusiv('  of  momentary  con- 
tamination through  the  couirhiuK  of  jiatients)  never  con- 
tains the  bacilli;-  'they  have  also  been  found  at  limes 
in  the  throat  and  nasal  cavities  as  well  as  in  the  conjunc- 
tiva of  health}-  individuals,  esjieeially  of  those  comini; 
in  contact  with  diphtheria  patients.  Out  of  three  hiiu- 
<lred  and  thirty  healthy  jiersons  who  had  not  been  in  con- 
tact, so  fur  as  known,  with  cases  of  diphtheria.  Park  and 
Beebe  found  virulent  bacilli  in  einlit  only,  two  of  whom 
later  developed  the  disease.  It  isevident.  therefore,  that 
infection  from  diphtheria,  as  in  other  infectious  diseases, 
requires  not  only  t lie  ]iresencu  of  virulent  bacilli  in  the 
throat,  but  also  an  individual  susceptibility  at  the  time  to 
the  disease.  Anion,!;  the  predisposiniT  factors  which 
may  c<inti-il)ute  to  the  production  of  diphtheria  ari>  the 
lireathin<j  of  foul  air  and  liviiij;  in  overcrow<led  and  ill- 
ventilated  rooms,  jioorfond.  and  certain  other  ;ilVeet ions, 
more  especially  catarrhal  iullaninialions  of  the  mucous 
inenibranes.  liut  all  depres>ini,''  conditions  in  ireneral 
favor  the  development  of  tlie  disease. 

The  chief  locations  of  the  bacilli  in  diphtheria  are  on 
the  surface  of  the  pseudo-membranous  intiaiimiations  of 
the  fauces,  laryn.x,  anil  nasal  cavities,  but.  also  occasion- 
ally in  iiiembranousaH'et-tic'nsof  the  skin.  vaj;ina.  recttim. 
conjunctiva,  nose,  and  ear  (membranous  rhinitis  and 
otitis  media).  Occasionally  thi-y  have  been  found  in  the 
blood  and  interior  organs  (si>leen  and  kidneys). 

Almost  always  the  streptococcus  jiyogcnes  is  asso- 
ciated with  the  diphtheria  bacillus,  with  which  it  acts 
pathologically  asasynergist.  Regarding  the  iniiiortanee 
of  ■lui.rcd  iiifcftion  in  dii)litlieria.  Bernlieim  has  stated 
that  the  streptococcus  products  of  decomiiosition  favor 
the  growth  of  the  diphtheria  bacilli  and  increase  their 
virulence  for  imiduelion  of  to.\in.  Xevertheless,  the 
diphtheria  bacillus  alone  undoubtedly  may  produce  all 
the  clinical  symiitoms  of  sepsis. 

Xiiu-  Virnleid  DipJitliirid  Barilli. — There  arc  Sometimes 
found  in  intlamed  throats  as  well  as  in  healthy  throats. 
<'ither  alone  ora.ssoeiated  with  vindent  diphtheria  bacilli, 
micro-organisms  which  though  morphologically  and 
biologically  identical  with  the  Klebs  Loetller  bacillus, 
appear  to  be  non-virulent — that  is.  in  artili<-ial  culture 
media  and  with  the  usual  animal  tests  they  produce 
no  appreciable  di])htheria  toxin.  Between  the  bacilli 
which  produce  a  great  deal  of  toxin  and  those  which 
seem  to  produc(- none  at  all  we  find  all  grades  of  vifu 
lcnc<'.  These  are  probably  attenuated  varieties  of  the 
diphtheria  bacillus  which  have  lost  I  heir  ))ower  of  ])ro- 
ducing  toxin  (Roux  and  Yersin).  Bacilli  are  also  found 
which  resemble  the  Klebs-l.oelller  ba<illi  very  closely 
except  in  toxin  pniduction.  but  differ  also  in  some  other 
respe<-ts.  From  varieties  of  this  kind  having  been  found 
in  a  number  of  casesof  so-Ciilled  j-i rosis  riiiijuiD-tini  these 
bacilli  are  often  designated  as  .rernsln  hurilJi.  They  are 
u.sually  much  larger  than  diiihlhcria  bacilli  and  have 
club-like  extremities.  They  may  be  almost  non-patho- 
gonic  for  ginnca-pigs.  or  (hey  may  kill.  Animals  are 
not  protected  by  diiibllieria  antitoxin  from  tlii'  action  of 
these  bacilli.  Whether  they  arc  derived  from  tlie  original 
diphtheria  stock  is  not  known. 


]'i<(ii(hi-])iphtli< rill  Iliii-iUi. — Besides  the  typical  bacilli 
which  produce  diphllieria  toxin  ami  those  uliicli  do  not, 
but  w"hi(-h.  so  far  as  we  can  detcrniini'.  are  otherwise 
identical  with  the  J.octller  bacillus,  there  are  other  bacilli 
found  in  jiositions  similar  to  those  in  which  di]ihtheria 
bacilli  occur,  and  yel.  though  resembling  these  organisms 
in  many  jiartiiulars.  dilfer  from  them  in  certain  impor- 
tant characteristics.  The  variety  most  prevalent  is  rather 
short,  plump,  and  more  uniform  in  size  and  shape  than 
the  true  Loettler  bacillus,  and  the  great  majorily  of  them 
in  culture  show  no  jiolar  granules  when  stained  by  the 
Neisser  method,  staining  evenly  throughout  willi  Loef- 
fier's  alkaline  mi-tliylene  blue  solution.  Their  colony 
growth  on  blood  serum  is  very  similar  to  that  of  the 
dililitheria  bacilli,  but  they  do  not  produce  acid  by  the 
fermentation  of  glucose,  and  they  never  |)roduce  diph- 
theria toxin.  Theseare  )iropcrly  called  pxiiidoiliiilithcria 
liiirilli.  'When  found  in  cultures  from  cases  of  suspected 
diphtheria  they  may  lead  loan  incorrect  diagnosis;  and 
here  the  Xeis.ser  method  of  staining  is  of  value,  though 
the  only  absolute  test  of  virulence  is  by  inoculation  of 
susceptible  animals.     (See  I'late  X..  Fig.  G.) 

IWiiilo '  MeiiihriininiK  IiijUtniinitiiniix  thit'  in  Jiiirti'i'iii, 
ntlier  tliiiii  the  Diplithir'nt  Tiiii'llU. — The  diphtheria  bacil- 
lus, though  the  most  usual,  is  not  the  only  micro  organ- 
ism that  is  cai)able  of  producing  jiseudo membranous 
iiillammations.  The  strejitococcus.  slaphyloioccus.  and 
|>neumococcus  are  the  forms  most  often  found  in  angina 
simulating  diphtheria,  but  there  are  also  others  which, 
under  suitable  conditions,  take  an  active  part  in  produc- 
ing this  kind  of  inllanimation.  But  the  bacteria  which 
occur  in  this  so-called  fulw  ilijihlluriii  are  all  inoriiho- 
logieally  and  culturally  distinct  from  the  Ijocfller  bacilli. 

Slim; /iH/iili'li/  unit  liiiiiiiniitii. — It  is  now  commonly 
re<-ogni/ed  that  an  individual  susceptibility,  both  general 
and  local,  to  diphtheria  is  necessary  to  contract  the  dis- 
ease. Age  has  long  lieen  known  to  lie  an  important 
factor  in  the  prodncti(m  of  di|ilitheria.  children  within 
till' first  six  months  of  life  Ix-ing  but  little  susceptible, 
most  so  between  the  third  and  tenth  years,  while  adults 
are  coin])aratively  immune.  An  ajiparent  inherited  sus- 
ceptibility to  the  disease  has  also  been  observed.  Two 
attacks  of  diphtheria  have  rarely  been  known  to  occur 
in  (he  same  individual  within  a  short  time.  But  to  what 
this  natural  susceptibility  or  immunity  is  due  is  as  yet 
only  jjartially  understooil.  As  the  result  of  animal  ex- 
jieriments.  however,  it  has  recently  lieen  shown  that  an 
arliticial  immunity  against  (lii)htlieria  can  be  produced, 
at  least  for  a  considerable  period,  by  the  development,  in 
the  liody.  of  substances  antidotal  to  the  diphtheria  toxin. 

Animals  may  1k^  immiuii/ed  against  the  diphtheria 
bacillus  in  various  ways:  P)y  treatment  tirst  with  slightly 
virulent  and  then  with  highly  virulent  <ultures  of  the 
bacillus;  by  injection  of  small  (|uantities  of  altcnuated 
cultures  or  of  toxin,  and  then  with  gradually  increasing 
doses;  by  injection  of  the  blood  serum  of  animals  im- 
munized in  one  of  the  above  ways  against  diiihtlieria. 
In  the  earlier  experiments  on  imnmnization  against  diph- 
theria the  names  of  Fraenkel.  Wernicke.  Aronson.  Konx, 
;ind  others  are  conspicuous;  but  to  Behring  and  Kitasato 
belongs  the  credit  of  the  funilaniental  discovery  that  the 
blood  serum  of  an  animal  immunized  for  certain  infec- 
tious diseases  may  be  <'mployed  for  ])rotective  inoculations, 
and  that  in  larger  (piantity  it  may  even  exercise  a  curii- 
tive  intlucnce  after  infection  lias  occurred.  This  is  one 
of  the  greatest  discoveries  in  scienlitic  medicine  of  recent 
years,  and  the  iiractic-al  results  obtained  in  the  treatment 
of  iliijlithcria.  at  least,  have  justilied  all  the  expectations 
that  were  entcrlained  regarding  it.  The  mortality  of  this 
fatal  malady  among  children  has  been  reduced  fifty  jier 
cent,  or  more  in  places  where  diphtheria  was  prevalent 
an<l  where  the  trcatmctnt  was  continuously  and  uniformly 
eni|)loyed.  As  to  immunity,  it  stands  to  reason  that  a  dis- 
ease which  can  attack  the  same  person  more  than  once 
within  a  compaiativcly  short  time  does  not  belong  to  the 
cla.ss  of  affections  producing  a  permanent  immunity  after 
recovery.  It  is,  however,  well  known  that  a  certain  tem- 
porary immunity  is  thus  conferred,  and  the  blood  serum 
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of  persons  during  convalescence  frum  diiilitheria  has 
been  found  to  possess  imnniiii/.inc:  properties.  The  pro- 
teetiou  alTorded  by  iirtifieial  iiiiiiuini/.:ilioii,  tliereforc. 
doi'S  not  last  usually  more  than  three  or  four  weeks,  hut 
this  is  usually  sullieieiit  to  tide  over  the  period  of  ex- 
jjosiiieto  infection,  and  if  necessary  repeated  inununiziiis 
injections  of  tlie  antitoxic  serum  may  be  jjiven.  Ke- 
!;ar<linjr  the  curative  injections,  the  earlier  llie  remedy  is 
administered  the  more  certain  and  rapid  is  the  effect  pro- 
(Uict'd — this  elTeet  being,  indeed,  one  of  imnuiuity  or 
protection  ajrainst  further  infection  or  absorption  by  the 
system  of  the  diphtheria  toxin,  rather  than  of  neutraliza- 
tion of  the  (loisons  already  absorbed. 

Prejxiiritiiiii  of  Dlplitlih-in  An  I /'toxin. — The  principal 
steps  in  the  preparation  of  diphtheria  antitoxic  serum 
ar<'  the  production  of  toxin,  the  innnuuization  or  tlie 
hoi-ses.  and  the  testint;  of  the  antitoxin  obtained  from 
them.  The  following" is  the  method  in  brief  now  em- 
ployed in  the  lalioratories  of  the  Health  Department  of 
New  York  City  :  The  strongest  diplitheiia  toxin  possible 
is  obtained  bytaUiiig  a  very'virulent  bacillus  and  grow- 
hig  it  under  the  conditions  already  described.  The  cul- 
ture, after  a  week's  growth,  is  removed,  and  having  Iieen 
tested  for  jnirity  is  rendered  sterile  by  the  addition  of 
ten  per  cent,  of  a  tive-per  cent,  solution  of  carbolic  acid. 
This  sterile  culture  is  then  filtered  through  ordinary 
sterile  filter  paper  and  stored  in  full  bottles  in  a  cold 
place  until  needed.  Its  strength  is  tested  by  giving  a 
serif's  of  guinea-pigs  carefully  measured  amounts  injected 
suhcutaneously.  Less  thanO.t)!  c.c,  administered  hj'po- 
derinatically.  should  kill  a  2,")0  gm.  guinea-pig.  The 
horses  used  for  immunization  shoidd  be  yoting  and  ab- 
solutely healthy.  A  number  of  such  animals  are  severall.y 
injected  with  an  amount  of  toxin  sufficient  to  kill  .5,000 
guinea-pigs  of  2oO  gm.  weight  (about  30  c.c.  of  strong 
toxin),  the  point  of  injection  being  usually  under  the 
skin  of  the  neck  or  behind  the  shoulder.  After  an  inter- 
val of  from  three  to  five  days,  so  soon  as  the  febrile  reac- 
tion has  subsided,  a  second  subcutaneous  injection  of  a 
slightly  larger  dose  is  given.  With  the  first  three  injec- 
tions of  toxin  lO.OOt)  units  of  antitoxin  are  administered. 
If  antitoxin  is  not  mixed  with  the  toxin  only  one-tenth 
of  the  doses  above  mentioned  is  to  be  given.  At  the  end 
of  about  two  months,  increasing  doses  of  pure  toxin  hav- 
ing been  injected  every  five  to  eight  days,  from  ten  to 
twenty  times  the  original  amount  is  administered.  In 
about  three  months  the  antitoxic  serum  drawn  from  the 
horses  slundd  contain  at  least  3(10  anlituxin  units,  when 
tested,  and  the  best  of  them  from  l~i()0  to  1,0011  units,  in 
each  cubic  centimetre.  Very  few  horses  ever  yield  o\er 
1.000  units,  and  none  so  far  has  given  as  much  as  2.00(1 
units  per  cubic  centimetre.  If  every  nine  mouths  an  in- 
terval of  three  months'  freedom  jrom  inoculations  is 
given,  the  best  horses  continue  to  furnish  liigh-grade 
serimi  during  their  periods  of  treatment  for  from  two  to 
four  years. 

In  order  to  obtain  the  serum  the  blood  is  withdrawn 
from  the  jugular  vein  by  means  of  a  sharp-pointed 
cannula,  which  is  plunged  "through  the  vein  wall,  a  slit 
having  been  made  in  the  skin.  It  is  run  into  large  flasks 
through  a  sterile  rubber  tube,  and  then  allowed'to  clot, 
the  Hasks  having  been  jireviously  jilaced  in  a  slanting 
position.  From  these  the  serum  "is  drawn  otT  after  four 
days  Ijy  means  of  sterile  glass  and  rubber  fulling,  and  is 
stored  in  large  bottles,  small  vials  being  filled  as  needed 
for  use.  Every  possible  |uecatition  should,  of  cour.se.  be 
taken  in  the  ])reparatiou  of  the  serum  to  avoid  contamina- 
tion. An  antiseptic  may  be  added  to  the  senuu  as  a 
preservative,  liut  it  is  not  ordinarily  necessarv.  Kept 
from  access  of  air  and  light  and  iii  a  cold  place,  it  is 
fairly  stable,  deteriorating  not  more  than  fortv  percent., 
and  often  much  less,  within  a  year.  AVhei'i  stored  in 
vials  and  kejit  as  above,  di|ihth'eria  antitoxin  eonlaius 
witliin  ten  p<-r  cent,  of  its  original  strength  for  at  least 
two  months. 

Diplitheria  antitoxin  has  the  power  of  neutralizing 
diphtheria  toxin,  so  that  when  a  certain  amount  is  in- 
jected into  an  animal  before  or  together  with  the  toxin  it 


overcomes  its  poisonous  action.  This  power  is  utilized 
in  testing  antitoxin.  Guinea-pigs  of  about  2.50  gm. 
weight  are  suhcutaneously  injected  with  one  hundred  or 
witli  ten  fatal  doses  of  toxin  which  have  been  previously 
mixed  with  an  amoiuit  of  antitoxin  believed  to  be  sufii- 
cient  to  protect  from  the  toxin.  If  the  guinea-pig  lives 
four  days,  but  dies  soon  after,  the  amount  of  antitoxin 
added  to  the  toxin  was  just  1  or  0.1  unit,  according  as 
one  lumdred  or  ten  fatal  doses  were  employed.  If  the 
animal  dies  earlier,  less  than  1  unit  was  added.  An  anti- 
toxin unit  has  thus  been  defined  as  "  ten  times  the  amount 
of  antitoxic  serum  required  to  protect  a  guinea-pig 
weighing  2.50  gm.  from  death,  when  fen  times  the  fatal 
dose  of  toxin  is  mixed  with  the  serum  and  the  mixftu'e 
injected  subcutaneously  into  the  animal." 

77ie  Use  of  Dip/if/iij'iii  Antito.riii  in  Trenlmcnf  timl  Im- 
iminization. — For  the  injection  a  hypodernne  syringe  is 
employed,  holding  10  to  12  c.c,  which  nuisf  be  previ- 
ously thoroughly  sterilized  with  alcohol  and  a  five-jier- 
cent .  solution  of  carbolic  acid.  The  injection  is  made  at 
some  point  on  the  anterior  surface  of  the  body,  as  the 
abdomen  or  thorax  or  outer  surface  of  the  thigh,  where 
there  is  an  abtindance  of  subcutaneous  celliiiar  tissue. 
Before  injection  the  skin  should  be  carefully  washed 
with  alcohol  or  some  disinfecting  solution.  The  seriun 
is  rapiiUv  absorbed,  and  it  is  better  not  to  employ  mas- 
sage over  the  point  of  injection.  For  treatment  of  mild 
cases  of  diphtheria  the  dose  is  1.500  antitoxin  units,  for 
moderate  cases  2.000  units,  and  for  severe  cases  3.000 
units.  Wlien  no  improvement  follows  in  twelve  hours 
the  dose  should  be  repeated :  sometimes  (i.OOO  units  or  more 
may  be  required  in  a  single  case.  For  immunization  of 
children  or  adtdts  who  have  been  exposed  to  diphtheria 
the  dose  is  from  300  to  .500  units,  according  to  age,  to  be 
repeated  if  necessary  at  the  end  of  two  or  three  weeks. 
In  all  cases  it  is  better  to  use  a  small  quantity  of  a  high- 
grade  .serum  than  a  large  qutuifify  of  a  low-grade  prepa- 
ration, as  there  is  in  the  former  instance  less  danger  of 
rashes  and  other  deleterious  effects.  The  only  untoward 
results  to  be  feared  in  any  case  in  whicli  proper  aseptic  pre- 
cautions are  taken  in  the  injection,  are  occasional  rashes 
with  perhaps  some  slight  rise  of  temperature.  In  sus- 
picious cases  of  any  severity,  particularly  in  crou)),  it  is 
better  to  administer  the  remedy  at  once,  making  a  cul- 
ture at  the  Siune  time  for  bacteriological  diagnosis,  than 
to  delay  treatment  luitil  a  positive  diagnosis  has  t>cen  made 
by  bacteriological  examination. 

The  BAcn.i.ts  of  Teiaxts  (BariUvs  Telani). — Nico- 
laier  in  18S4  luodiiced  tetanus  in  mice  and  rabbits  by 
subcutaneous  inoculation  of  particles  of  garden  earth, 
and  showed  that  the  disease  was  transmissible  by  inocu- 
lation from  these  animals  to  others.  Carl  and  Rattone 
soon  after  this  demonstratecl  the  infectious  nattu-e  of 
tetanus  as  it  occiu's  in  man.  Finally,  in  1889,  Kitastito 
obtained  the  bacillus  of  tetanus  in  pure  crdture  and  de- 
scribed its  biological  characters. 

Aricrosmplciil  A}i]i(iint»/-<'S. — Slender  rods  with  rounded 
ends.  0.3  to  0..5  /i  in  diameter  by  2  to  4  ,u  in  length, 
usually  occurring  singly,  but  often  growing  into  long 
threads,  especially  in  old  cultures. 

Spore  Formation. — Forms  rounded  spores  thicker  than 
the  cells,  occupying  one  extremity  of  the  rods  and  giv- 
ing them  the  appearance  of  minute  drumsticks.  (See 
Plate  XII.,  Fig.  3.) 

yfotititji — Alotile.  although  not  actively  so  in  hanging- 
dro]'  cultures  with  exclusion  of  air;  numerous  fiagella 
are  attached  to  the  bodies  of  the  bacilli.  In  the  spore 
stage  they  are  non-motile. 

Sliiiriiiif/  lieiictions. — Stains  with  the  ordinaiy  aniline 
dyes,  and  is  not  decolorized  by  Grsun's  solution.  The 
s])ores  may  be  demonstrated  by  double  staining  with 
Ziehl's  nu'lhod. 

liidhifiicdj  ChariictfrK. — When  freshly  isolated  from  the 
animal  body,  this  organism  is  strictly  anaProbic;  but  by 
long  cidtivatioii  at  high  tiMU]ieratures  it  often  becomes 
less  sensitive  to  the  presi'iu'c  of  oxygen,  this  cidtivation 
being  facilitated  by  as.sociati(m  with  certain  saproi>hytic 
bacteria,     C'arbone  and  I'essero  have  obtained  from  a 
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case  of  iheumutic  tetanus  in  which  there  was  no  sign  of 
injury  in  tlic  lironchial  mucous  nicnitirancs  virulent  tet- 
anus bacilli,  which  <;re\v  more  luxuriantly  under  aCrobic 
than  anai'ioliic  <'on(litions:  in  j)\ire  cultiires.  however, 
they  jiroved  to  be  non-virnleiit.  The  bacillus  tetani  does 
not  grow  at  teni])eratures  below  14  ('..  though  slowly 
from  W'  to  24"  ('.  ;  best  at  87'  ('.,  when  it  lapiiily  I'onns 
spores.  It  develo|)s  in  the  ordinary  nutrient  gelatin  and 
agar  media  of  a  slightly  alkaline  reaction.  The  addi- 
tion of  1..5  per  cent,  glucose  to  the  media  causes  the  de- 
velopment to  be  more  rapid  and  abundant.  Accord- 
ing to  von  Ilibler,  the  less  pathogenic  the  organism  the 
more  luxuriantly  it  grows  on  artificial  culture  media, 
and  the  more  energetically  it  liiiuelies  gelatin.  In  the 
animal  liody  its  growth  is  comiiaratively  scanty,  aiul  it 
is  usually  associated  with  other  liacteria.  ]>ure  cultures 
being  dillicult  to  oiitain.  Kilasato's  method,  which  is 
not  always  successful,  however,  consists  in  inoculating 
an  agar  tid)e  with  the  tetanus  material  (pus  from 
wounds),  keeping  this  for  twenty-four  hours  or  more 
in  the  incubator  at  !!T'  ('.,  and.  aft<'r  the  spores  have 
formed,  heating  it  for  about  an  hovir  at  SO  ('.  to  destroy 
the  associated  bacteria.  The  spores  of  bacillus  tetani 
are  able  to  survive  this  exposure.  an<l  anaerobic  cul- 
tures are  then  made  in  the  usual  way,  and  the  telaniis 
colonies  isolated. 

Groirth  "ii  Gdiitin.. — On  gelatin  plates  the  colonies 
develop  slowly,  the  middle  portion  lieing  generally  of  a 
yellowish-brown  color,  with  numerous  threads  radiating 
from  tlu^  centre:  the  gelatin  is  lii|uetled.  In  old  cultures 
the  entire  mass  is  made  up  of  tine  threads,  the  colonies 
presenting  an  appeara:)<-e  not  unlike  that  of  the  common 
mould.  In  gelatin  stab  cultures  the  growth  exhibits  the 
ajiiiearanee  of  a  cloudy,  linear  mass  with  outgrowths 
radiating  into  the  medium  from  all  sides.  Liquefaction 
takes  place  slowly,  generally  with  the  ])roduction  of  gas 
having  an  un])leasant  empyreuinalicodor. 

Groirth  on  Ar/or. — Th(^  colonies  on  agar  ai'c  quite  char- 
acteristic. To  the  naked  eye  they  present  the  apjiear- 
anee  of  light,  tleeey  clouds:  under  a  low-power  micro- 
scope they  resemble  a  tangled  mass  of  threads.  The 
extreme  fineness  of  these  threads  enables  the  colonies  of 
the  tetanus  bacillus  to  be  distinguished  from  those  of 
other  anai'robie  ba<teria.  In  stab  culluieson  agar  the 
growth  reseud)les  that  of  a  miniatiuv  fir-tree. 

Alhdline  lioiiWot)  is  moderately  clouded  by  the  growth 
of  the  tetamis  bacillus.  It  grows  also  in  ariil  rnltiire 
medio,  but  itself  produces  no  acid.  Milh-  is  not  coaeu- 
lated. 

YitoUty. — The  spores  of  tetaiiu--  arr  very  resistant  to 
outside  influences,  retaining  their  vit:dity  for  months  or 
years  in  a  desiccated  condition  and  not  being  destroyed 
in  two  and  a  half  months  when  ])reseiit  in  putrefying 
material.  They  withstand  exposure  to  W)'  ('.  for  an 
hour,  but  are  killed  by  a  temperature  of  100'  ('.  in  five 
minutes.  They  resist  the  action  of  tive-per-eent.  car- 
bolic-acid solution  for  ten  hours,  but  succumb  when 
acted  upon  for  fifteen  hours.  Thi-  addition  of  0..5  ))er 
cent,  hydroehloiie  acid  to  the  carbolic  solution  enables 
it  to  kill  the  sjiores  in  two  hours.  In  a  solution  contain- 
ing 1  to  1.000  bichloride  of  mercury,  five  per  cent,  car- 
bolic acid  and  0.")  per  cent,  hydrochloric  acid,  the  sjiores 
are  destroyed  in  ten  uiimites. 

Ghemiral  Kfrrtn. — The  tetamis  bacillus  produces  gas 
in  media  containing  sugar  but  no  acid.  It  forms  sul- 
phuretted hydrogen  abnnd;iiuly  and  a  little  indol.  It 
produces  powerful  toxins,  which  can  be  se])arated  from 
the  cultures  by  liltration.  One  one-hundredth  of  a  milli- 
gram of  an  eight  (lay  filtered  boinllon  cullure  is  suffi- 
cient, as  a  rule,  to  kill  a  mouse.  From  this  filtrate,  how- 
ever, the  active  toxin  has  been  obtained  in  ;i  much  more 
concentrated  form.  The  purified  and  dried  tetanus  toxin 
prepared  liy  IJrieger  and  Cohn  was  surely  fatal  to  a  lo- 
gm.  mou.se  in  a  (lose  of  O.IIOOOOOO.")  gm.  IJeckoning  ac- 
cording to  the  body  weight  of  T."i  kgm.  or  lou  pounds,  it 
would  re(|uire  but  O.ddiiL':?  gm..  or  0.3;>  nigni..  of  this 
toxin  to  kill  a  man.  Comparing  this  with  other  known 
poisons,  the  appalling  strength  of  the  tetanus  toxin  can 


be  readily  appreciated.  For  instaiK c.  Calmette  has  found 
that  dried  cobra  venom  rei|\Mres  O.2.")  mgm.  to  kill  a  rab 
bit  of  4  kgm.  weight,  and  it  would  llnis  re(|uire,  at  the 
same  rate.  A:A"\  mgm.  to  kill  a  niiiii  of  l."i()  iiounds:  the 
fatal  do.se  of  atropine  foi-  an  adult  is  i:i0  mgm..  of 
strychnine  from  80  to  100  mgm..  and  of  anhydrmis  ])nis 
sic  acid  ■")!  mgm.  The  true  composition  of  the  tetanus 
toxin  is  uid<uown:  it  has  been  shown,  however,  that  it 
is  neither  ati  alkaloid  nor  an  all)uminous  body.  The 
quantity  of  toxin  produced  varies,  even  when  "derived 
from  one  and  the  same  culture,  according  to  its  age. 
com]iosition.  reaction,  etc.  It  is  extremely  sensitive  to 
the  action  (pf  light,  most  cbenueal  agents.'and  heat.  It 
retains  its  strength  best  in  the  dry  state. 

I'otlioi/inixh.  —  .Man  and  almost  all  doineslie  animals  ;ire 
subject  to  tetanus.  Among  animals  those  most  suscep- 
tible :ire  horses,  goats,  guinea-|iigs.  and  mice,  less  so  )-ab 
bits  and  sheep:  dogs.  rats,  pigeons,  and  chickens  are  al- 
mo.st  innniuie.  It  is  worthy  of  note  thai  an  amount  of 
tetamis  toxin  sullicient  to  kill  a  hen  would  sufiie(  to  kill 
five  hundred  hor.ses.  .\  mere  trace — only  as  much  as 
remains  clinging  to  a  straight  plafiinun  needle — of  an  old 
cullure  is  often  enimgh  to  cause  the  death  of  mice  :ind 
guinea-pigs. 

On  subcutaneous  inoculation  of  virulent  tetanus  iiaite- 
rial  mice  and  other  susceiJfible  animals  .show  synijiloms 
of  typical  tetanus  in  from  one  to  three  days,  i'he  parts 
first  to  be  affected  are  in  about  one-third  of  the  cases  in 
man.  and  usiuilly  in  animals,  the  muscles  lying  in  the 
vicinity  of  the  inoculation — for  instance,  the  hind  foot  of 
a  mouse  iuoeulaled  on  that  leg.  then  the  tail,  the  other 
foot,  the  back  and  chest  muscles  on  both  sides,  the  fore 
legs,  until  finall.\'  there  is  a  general  tetanus  of  tlie  entire 
body.  In  mild  cases  of  infection,  or  when  a  dose  loo 
small  to  be  fatal  has  been  received,  the  tetanic  s]iasm 
may  be  one-sided  or  remain  ciJiifined  to  the  muscles  ad- 
jacent to  the  point  of  inoculation,  and  result  in  recovery. 
There  may  be  no  general  increase  of  refiex  excitability. 
In  man  and  horses  the  local  .symptoms  may  be  absent, 
but  instead  tonic  sjiasms  of  sjiecial  muscles;  in  man.  of 
the  muscles  of  the  jaw.  and  in  horses  of  the  muscles  of 
the  jaw,  neck,  and  tail.  At  the  point  of  inoculation  in 
test  animals  there  may  be  on  autopsy  a  hemorrhagic 
spot,  but  no  changes  here  or  in  the  interior  organs  otlier 
than  this.  A  few  bacilli  may  be  detected  locally  with 
great  difiiculty.  often  none  at  all;  apparently  showing 
that  the  lesions  ]u-oduced  are  due.  not  to  the  multiplica- 
tion of  the  bacilli  in  the  livin.;;  body,  but  to  the  absorp 
tion  of  the  poison  formed  by  tliem  at  the  point  of  inocu- 
lation. It  has  been  found  that  cultures  freed  from  s]iores. 
and  such  as  Inive  been  subjected  to  heat  at  HI  ('..after 
sporulalion  and  the  toxinsdest roved,  can  be  injected  into 
animals  without  ]n'o(lucing  tetanus.  Hut  if  a  culture  of 
non-]iathogenic  organisms  be  injected  simultaneiaisly 
with  the  spores,  or  if  there  be  an  effusion  of  blood  at  the 
point  of  injection  or  a  jn-evicuis  bruisin.ir  of  the  tissues, 
the  animal  will  surely  die  of  tetanus.  It  would  seem, 
therefore,  from  these  ex|)eriments,  th:it  a  mixed  iufC'c- 
tion  is  necessary  to  the  develoinnent  of  tetanus  when  the 
infection  is  produced  by  spores.  This  fact  is  of  the 
greatest  importance  in  natural  tetanus,  for  here  the  infec- 
tion may  be  considered  as  being  probably  always  pro- 
duced by  the  bacilli  in  their  spore  sta.ge.  and  the  condi- 
tions favoring  a  mixed  infection  are  generally  ju'esent. 

Tetanus  bacilli  and  their  spores  have  been  found  widely 
distributed  in  garden  earth,  liav  dust,  floors  of  dwellings 
and  hospitals,  on  splinters  of  wood,  old  nails,  in  tlie 
air.  etc.  They  have  apparently  been  observed  more  fre 
qiienfly  in  certaiu  localities  than  in  others,  as  in  .some 
parts  of  Long  Island  and  New  Jersey,  but  they  are  prob- 
ably equally  distributed  everywhere.  This  bacillus  is  the 
chief  etiological  factor  in  the  production,  not  only  of  tris- 
nuis  and  traiiniatic  tetanus,  but  also  of  all  the  various 
forms  of  tetanus — puerpenil  tetanus,  tetanus  neonatorum, 
and  idioiiathic  and  rheumatic  tetanus. 

'rctiiiiiix  A)ililo.riii. — Behring  and  Kitasato  were  the 
first  to  show  the  pos-sibility  of  immuni/inganimalsagainst 
tetanus.     Here  the  question  of  immunity  a,gainst  intee- 
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tiou  does  not  consist  in  iirofiuciujr  an  increased  power  of 
resistance airninst  tluMlevelo|inu-nt  of  llie  iiircctiiii;-  ayent. 
but,  similar  to  iliplithcria,  in  lirinjiini;  about  an  inunuiiil.v 
10  the  elTeetsof  tlie  tetanus  toxin.  The  nielhoils  (iiit;!- 
milly  proposed  liy  Behrinir  and  h\  liou.x  for  produeiim;  a 
scrum  for  the  treatment  of  the  di.sease  consisted  cliietly 
in  wealienins;'  tlie  tetanus  toxin  by  means  of  cliemical 
disinfectants  (iodine  Iricldoride.  Grain's  solution,  etc.). 
so  that  when  inoculated  into  the  test  animals  they  pro- 
duced comparalivcly  liItU' reaction.  At  tlie  present  time 
pure  unaliered  toxin  is  injected  eitheralonc  in  small  doses 
oralonir  with  antitoxin.  After  the  lirst  dose  of  toxin  the 
animals  a<-iiuire  a  certain  tolerance  which  enables  them 
to  stand  .a  dusc  of  a  less  atlenualed  toxin  or  of  a  greater 
amount  of  luiclianjied  toxin.  Then  by  gradually  increas- 
ing the  doses  or  the  strength  of  the  toxin  administered, 
the  animals  are  finally  able  to  bear  injections  of  large 
quantities  of  the  strongest  toxin. 

These  inununizing  experiments  iu  tetanus  have  borne 
practical  fruil.  for  it  was  through  them  that  the  principle 
of  serum  therapeutics  first  became  known.  It  was  thus 
shown  thai  arnmals  could  be  protected  from  tetanus  in- 
fection by  the  previous  or  simultaneous  injectiim  of 
tetanus  antitoxin,  provided  that  such  antitoxin  was  oh- 
tainefi  from  a  thoroughly  inununized  animal ;  and  from 
this  it  was  assumed  that  the  same  res\d  t  coidd  he  produceil 
in  natural  tetanus  in  man.  But  ludortunately,  the  con- 
ditions in  the  natural  disease  are  very  nuich  less  favor- 
able, inasmuch  as  treatment  is  usually  coiumenced,  not 
sliortly  after  the  infection  has  taken  ]>laee,  but  often  only 
on  the  appearance  of  tetanic-  symptoms,  when  the  poison 
has  already  diffused  itself  through  the  body. 

The  tetanus  antitoxin  is  prepared  iu  the  same  manner 
as  the  diphtheria  antitoxin — liy  inoculating  the  tetanus 
toxin  in  increasing  doses  into  horses.  The  toxin  is  pro- 
duced in  bouillon  cultures  grown  anaProbically.  After 
ten  or  fifteen  days  the  culture  fluid  is  filtered  through 
porcelain,  aiuf  the  germ-free  filtrate  is  used  for  the  in- 
oculations. The  horses  receive  0.5  c.c.  as  the  initial  dose 
of  a  toxin  of  which  1  c.c.  kills  2,50,000  gm.  of  guinea- 
pig,  and  along  with  tlus.a  svifflcient  amount  of  antitoxin 
to  neutralize  it.  In  five  days  this  dose  is  doubled,  and 
then  every  five  to  seven  days,  as  rapidly  as  the  horses  can 
stand  it,  until  they  support  700-yoO  c.c.  or  more  at  a 
single  dose.  After  some  months  of  this  treatment  the 
blood  of  the  horse  contains  the  antitoxin  in  sutfieient 
amount  for  therapeutic  use.  When  the  temperatures  of 
the  horses  are  normal  and  they  have  recovered  from  the 
dose  of  toxin  last  givc'U,  they  are  bled  into  sterile  flasks 
and  the  serum  collected. 

Tetanus  ant  itoxin  is  tested  exactly  as  is  diphtheria  anti- 
toxin, except  that  the  standard  mnt  is  different.  The  test 
toxin  used  in  the  German  method  is  one  of  which  1  gm. 
destroys  t.")(i.O(Ml.O(lO  gm.  of  mouse.  This  is  dissolved  in 
33J-  c.c.  of  ten-per-cent.  sodium  chloride  solution.  Ten 
times  the  amount  of  antitoxic  serum  which  neutralizes  1 
c.c.  of  this  dilution  of  the  test  toxin  contains  1  unit  of 
tetanus  antitoxin.  In  the  French  method  the  amount  of 
antitoxin  which  is  reijuired  to  protect  a  mouse  from  a 
dose  of  toxin  sufficient  to  kill  in  four  days  is  determined, 
and  the  strength  of  the  antitoxin  is  .stated  by  finding  the 
amount  of  serum  recjuired  to  proli'ct  1  gm.  of  animal. 
If  0.001  c.c.  ])rotected  a  10  gm.  mouse,  the  strength  of 
that  serum  wo\ild  be  1  to  10,6(10.  Guinea-pigs  are'some- 
times  u.sed  instead  of  mice. 

The  dose  of  tetanus  antitoxin  for  innnuiuzation  is  10 
c.c.  of  a  serum  of  a  strength  of  1  to  l.OOll.ooil.ooo  unless  t  he 
danger  seem  great,  when  the  injection  mav  be  repeated 
after  seven  or  eight  days.  For  treat  ment' it  is  well  to 
begin  with  .50  c.c.  and  then,  according  to  the  severifv  of 
the  case,  give  from  2(1  to  .50  c.c.  each  dav  until  the  svin)!- 
toms  abate.  The  curative  treatment  in  "man  has  not'  been 
followed  by  very  satisfactory  results,  owing  to  the  fact 
already  stated  that  the  dis('ase  is  generally  too  far  ad- 
vanced liefore  treatment  is  commenced.  From  statistics 
collected  Ijy  Lambert  and  others,  however,  of  cases  of 
tetanus  treated  with  antitoxin,  the  remedy  would  seem 
to  have  been  of  undoubted  practical  use— so  much  so,  at 


least,  that  iu  all  cases  in  which  tetanus  is  suspected  or  in 
which  dirt  has  been  ground  into  serious  contusions,  in 
gunshot  wounds,  etc.,  preventive  inoculations  of  the 
.serum  should  be  given.  In  certain  parts  of  France  where 
tetantis  is  very  prevalent  anmng  horses.  Xoeard  dis- 
tributed tetanus  antitoxin  to  sixty-three  veterinary  sur- 
geons, who  treated  with  it,  for  the  prevention  of  the 
disease,  2.727  of  these  animals.  Only  one  of  this  num- 
ber became  affected,  and  this  horse  was  not  inoculated 
imtil  five  days  after  being  pricked  in  shoeing.  Al- 
though the  delav  was  too  great  to  prevent  the  appearance 
(pf  tetanus,  yet  the  disease  was  of  a  very  mild  nature. 
During  the  same  period  259  cases  iu  animals  that  were 
not  so  treated  were  observed.  These  striking  results 
would  certainly  seem  to  indicate  that  the  remedy  deserves 
a  mueli  more  extensive  consideration  in  the  treatment  of 
patients  with  inununizing  doses  of  .serum  than  lias  here- 
tofore been  given  it — at  least  in  neighborhoods  where 
tetanus  is  not  uncommon  (fortunately  it  is  a  rare  di.sease 
in  man),  and  when  the  dirtv  condition  of  their  wounds 
leads  one  to  suspect  the  possibility  of  tetanus  infection. 
The  recently  proposed  method  of  injecting  from  3  to  15 
c.c.  of  tetanus  antitoxin  into  the  lateral  ventricles  has  not 
so  far  shown  itself  to  be  siqierior  to  the  intravenous  or 
subcutaneous  methods,  and  is  not  in  general  to  be  rec- 
(immendcd.  No  bad  results  have  followed  the  injection 
cif  the  antitoxin  when  the  serum  was  sterile  and  the  oper- 
atiiin  was  perfdrmed  aseptieally. 

The  Bahi.i.vs  of  Typhoid  Fevek  (BkciIIiix  Ti/jihi 
Ahddiiiiniilin). — This  organism  was  first  observed  by 
Eberth,  and  independently  by  Kocli,  in  1880,  in  the  in- 
ternal organs  of  typhoid  cada  vera.  It  was  obtained  in 
pure  culture  by  Gafl'ky  in  1S84;  and  has  also  been  found 
during  life  in  the  blood,  urine,  and  fa-ces  of  t.vphoid  pa- 
tients. Its  etiological  relationshij)  to  typhoid  fever  has 
been  somewhat  ditficult  of  demonstration  from  the  fact 
that,  although  pathogenic  for  many  animals  when 
artificially  iiioeidated,  it  lias  not  been  easy  to  produce 
infection  or  give  rise  to  lesions  corresponding  to  tlio.se 
occurring  in  man.  Still  the  ii'sults  which  have  been  ob- 
tained imilercertain  conditions,  together  with  the  specific 
reactions  of  the  blood  serum  of  typhoid  patients,  and  the 
constant  presence  of  the  bacillus  in  the  spleen,  blood,  and 
excretions  of  the  sick  during  life,  have  finally  established, 
on  a  scientific  Tiasis,  that  this  organism  is  tlie  chief  c-ause 
of  typhoid  fever, 

Xfii-riixoipirol  AppeiifiiKccfs. — As  met  with  in  the  organs 
of  man  and  animals  the  typhoid  bacilli  are  short,  plump 
rids  with  rounded  ends.  They  vary  in  size,  being  from 
1  to  3  II  long  and  0.5  to  0.8  //  broad,  usually  occurring 
singly,  but  sometimes  growing  into  long  threads,  espe- 
cially in  certain  culture  media,  as  in  potato.  They  are  gen- 
erally longerand  somewhatmore  slender  than  the  bacillus 
coli  under  similar  conditions,     (i^ce  Plate  X..  Fig.   7.) 

Miitilitii. — Actively  motile,  especially  the  short  bacilli, 
each  rod  possessing  from  eight  to  fourteen  flagella  at- 
tached to  the  sides  anil  extremities  of  the  cells.  The 
longer  threads  have  a  .sinuous  and  more  sluggish  mo- 
tion.    (See  Plate  X.,  Fig.  8.) 

Spore  Formation. — Does  not  form  sjiores.  In  stained 
preparations,  particularly  \\lien  grown  on  potato,  refi-ac- 
live  granules  may  be  seen  at  the  ends  of  the  rods,  which 
stain  more  inten.sely.  and  in  the  body  of  the  cells  "vacu- 
oles"' which  remain  unstained.  These  so-called  Gaffky  s 
spores,  however,  are  not  true  spores,  as  the  bacilli  con- 
taining them  show  even  less  resisting  power  than  the 
homogeneo\is  bacilli  found  in  other  cultures,  but  are 
probably  involution  forms. 

Stii/ni)i(/  Reiii'tk/iix. — The  ty]ihoid  bacilli  stain  with  the 
ordinary  aniline  colors,  but  a  little  less  readily  tlian  do 
most  other  organisms,  tlmugh  this  is  not  constant.  They 
are  decolorized  by  Gram's  .solution. 

Biolor/ii-iil  Cliiiritrter.t. — The  bacillus  typhosus  grows 
most  luxuriantly  in  the  presence  of  oxvgcn.  but  oxygen 
is  not  essential  to  itsdeveloiiment  (facultative  anaerobic'), 
it  grows  fairly  well  also  in  an  atniosphcre  of  COa.  Its 
growth  on  the  ordinary  culture  media  is  similar  to  that 
of  the  bacillus  coli  communis,  but  somewhat  slower  and 
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not  iiuitc  so  abundant;  in  contradistinotion  to  most 
otlicr  pallioirciiic  niicio  ori;anisins,  it  j;r()\vs  well  on 
sli_i?litly  acid  media.  Hl-Iow  lu  (',  it  docs  not  di-vcioi), 
its  optimum  temperature  lieiug  at  37'  C. ;  over  -10  and 
below  30'  C.  its  growtli  is  retarded. 

(iroteth  ill  (jiiuthi. — la  (/elntin  jiUiUx  the  deep  colonies 
are  not  ehanieteristic :  they  are  small,  punetiform.  and 
sharply  circumscribed,  of  a  yelli>\visli-bro\vn  color  and 
linely  jiranular  in  structure.  The  superlicial  colonics. 
however,  particularly  when  yoiui;;.  are  qinte  character- 
istic; they  form  a  bluish-u  bite,  transparent,  iiidescent 
coating  on  tlie  medium,  wilb  irrenular  outline,  denser 
in  the  centre  than  at  the  periphery,  and  exbibitintc  lui- 
der  a  low  power  a  brownish  color  and  wrinkled  a|)pear- 
ance.     The  gelatin  is  not  lii|uelic(l. 

In  (jdiitiii  xtab  eiilltinn  tlie  growth  is  mostly  confined  to 
thesurf:ice;  it  is  thin,  thready,  often  slightly  granular,  ex- 
tending along  the  truck  of  tlie  needle  and  gradually 
reaching  out  to  the  .sides  of  the  tube;  while  to  yellowisli 
brown  in  color,  irridcscent  and  transparent.  Th<  re  is  no 
li(liiefactiou. 

Grmclh  in  Ayiir  and  lilond  S'l'ii/n. — Xol  distinctive. 

Groirth  in.  limiUhm. — This  medium  is  luiiformly 
clouded,  but  the  clouding  is  not  so  dense  as  by  the  colon 
bacillus.  After  eighteen  to  twenty-four  liours'  growth 
a  sediment  is  fre(iuently  developed,  and  a  film  forms  on 
the  surface,  with  a  slightly  acid  reaction. 

(lii/irlh  in  I'litiild. — -The  growth  in  this  medium  is  gen- 
erally eon.sidered  to  be  very  characteristic,  but  it  varies 
considerably.  The  typical  growth  is  a  slightly  moist, 
almost  invisible,  but  luxuriant  layer,  usuall.v  covering  the 
surface  of  the  potato,  and  when  scraped  with  the  needle 
is  tough  and  tenacious.  Sometimes,  however,  tlie  de- 
velopment is  restricted,  not  very  luxuriant,  and  of  the 
same  color  as  the  medium.  Again,  it  may  be  ((uite 
hi-;ivy,  of  a  yellowish-brown  color  with  a  greenish  halo, 
and  similar  to  that  of  the  colon  bacillus.  These  varia- 
tions in  growth  are  thought  to  be  due  to  the  reaction 
(alkalinity)  of  the  potato. 

.V(7/.-  is  not  coagulated,  but  some  acid  is  iiroduced  by 
the  typhoid  l)acillus.  The  bacillus  coli  communis,  on  the 
contrary,  causes  coagulation  of  milk  in  twenty-four  to 
forly-eight  hours  al  oT    (.'. 

\'iti//if//.—TUv  ty]ihoid  bacilli  withstand  desiccation 
for  months;  according  to  I'Ifelmauii  in  <lried  earth, 
clothes,  etc.,  for  twoinonthsor  mor<'.  In  dust,  however, 
they  do  not  seem  to  live  so  long.  They  resist  cold  re- 
markably well;  freezing  and  thawing  repeatedly  under 
favorabl(!  conditions  finally  kills  them.  They  are  de- 
stroyed by  lieating  to  (iO  ('.  in  ten  minutes  and  at  liigher 
temperatures  still  more  rajndly.  In  f;tees  tlii'  bacilli  re- 
tain their  vitality  for  weeks  or  months,  depending  upon 
the  number  of  piilrefaclive  organisms  present.  In  oys- 
ters they  have  remained  alive  for  a  month.  In  water 
which  has  been  slerilizeil  they  live  for  many  days;  in 
ordinary  water  they  are  destroyed,  by  the  concurrence 
of  other  bacteria,  in  about  fourteen  days;  in  running 
water  this  destruction  takes  place  more  rapidly.  It  thus 
appears  that,  under  favorable  circumstances,  protected 
from  light  and  oilier  deleterious  iiitlueiices,  the  typhoid 
bacilli  may  ri-tain  their  vilalily  outside  of  the  body  for  a 
considerable  length  of  time.  I'.ut  they  may  live  also  in 
the  human  body  for  a  long  time;  Sahli  has  founil  them 
in  the  pleural  exudate  fifty  days  from  lh<'  lieginning  of 
the  clisease,  and  Ileintze  observed  them  in  a  case  of 
typhoid  fever  in  periostitic  jms  ten  months  after  con- 
valescence. 

(Jhiinieiil  Effects. — The  typhoid  bacillus  produces  no 
pigment  or  odorous  substances.  It  reduces  lilmiis  solu- 
tion.s;  converts  nitrates  into  nitriles,  the  latter  being 
gradually  decoin])osed;  forms  lactic  acid  from  grape 
sugar,  but  does  not  produce  gas  from  cirliohydrates; 
produces  H.jS  abun<lantly,  but  docs  not  produce  indol. 
The  cultures  are  rich  in  toxins  which,  when  fre<(l  from 
germs  by  filtration,  are  active  disease  producers. 

I'liiliiir/i iKnin. — .Mthoiigh  the  ty|ilioid  hacillus  is  patho- 
genic for  mice,  guinea-liigs,  rabbits,  goats,  etc.,  which 
when   inoculated   with   virulent  cultures  die;   showing 


symptoms  of  spasm,  falling  temperature,  and  diarrhtea, 
no  experiments  so  far  have  produced  in  animals  the 
ty|iic;d  lesions  of  typlaiid  fever  in  man.  (.'eriain  i-xperi- 
nu'Uts  have  indicated  that  the  presence  of  other  bacteria 
in  the  boily,  and  of  exposure  to  tla^  action  of  poisonous 
ga.ses  in  lowering  the  natural  resistance.of  the  individual, 
may  render  him  more  susceptible  to  lyjilioid  iniection, 
lint  whali'ver  conclusions  may  be  drawn  from  these  re- 
sults with  regard  to  the  typhoid  process  in  animals,  in 
the  human  subject  typhoid  fever  is  now  generally  recog- 
nized as  a  true  infe<iioii.  caused  by  the  invasion  and 
growth  of  typhoid  bacilli  in  the  body.  This  disease  be- 
longs to  the  class  of  inflections  known  as  nn Idnlatir — that 
is  to  say,  diseases  in  which  the  specific  infective  organisms 
do  not  abound  in  the  circulation,  as  in  septica'inia,  nor 
remain  localized  in  one  situation,  but  are  distributed 
through  the  body  in  groups,  the  characteristic  lesions  of 
tyjihoid  fever  being  in  the  lyinpliatie  structures  of  the 
intestines,  viz.,  the  solitary  follicles  and  patchesof  I'eyer, 
the  mesenteric  glands,  anil  the  spleen;  the  liver  and  kid- 
neys are  less  commonly  alTected, 

Outside  of  the  body  the  typhoid  bacilli  have  been 
found  so  far  only  in  comparatively  few  instances  iu 
water  and  soil,  which  have  become  contaminated  wilh 
typhoid  dejections;  also  recently  in  milk.  They  have 
never  lieen  iounit  in  healthy  persons,  except  when  con- 
valescent from  tyjiholil  fever.  In  tv|)hoid  jKitients  they 
have  frequently  been  detected  in  the  Slileen  and  other 
organs  (kidnevs,  liver,  gall  duct,  etc),  the  blood,  urine, 
and  fa'ces.  They  are  most  easily  isolated  from  the  sjilcen 
and  lymphtitic  glands;  they  are  often  difiicult  to  isolate 
trom  the  excretions.  The  typhoid  bacillus  may  give  rise 
to  the  most  varied  c(miplications  along  with  the  clinical 
.symjitomsof  typical  typhoid  fever;  it  has  been  demon- 
strated to  be  the  cause  of  suppurative  inllammations  of 
the  spinal  cord,  of  the  brain  and  its  memliranes.  of  the 
lungs  and  kidneys,  and  of  different  suppuratixe  proc- 
es.se.s,  erysipelas,  abscess,  etc.,  in  typhoid  iiatients.  The 
jiyogenic  functions  ot  the  tyidioid  bacillus  are  indeed  no 
longer  disiiuted.  But  at  the  same  time  in  many  cases  of 
mixed  infection  in  typhoid  fever,  the  other  pus  cocci 
(streptococcus,  staphylococcus,  pneumococcus,  etc.)  are 
no  doiilit  concerned  in  tlie  production  of  the  conijilica- 
tions  of  the  disease. 

A\' it h  regard  to  the  nioiJe  of  infcriioii,  by  the  typhoid 
bacillus,  tiiere  is  no  doubt  that  it  is  principally  by  way  of 
the  mouth  anil  stomach  to  the  intestines  through  driiik- 
ing  water,  etc.  In  a  case  reported  by  >Iayer  in  which 
death  occurred  cm  the  second  day  of  the  di.sease,  there 
were  foimd  on  autopsy  lesions  of  the  lungs,  spleen, 
kidneys,  ai;d  intesthies  and  great  enlargements  of  the 
solitary  follicles  and  ]iatclies  of  Peycr,  but  nowhere 
a  trace  of  necrosis  or  loss  of  substance  nor  enlarge- 
ments of  the  mesenteric  glands.  .Microscopically  an  ex- 
traordinary deposit  of  characteristic  typhoid  bacilli  was 
I  observed  in  the  submucosa  and  interstitial  spaces  of 
'  tlu'  muscular  tissue.  In  other  eases,  however,  no  intes- 
tinal lesions  have  heen  jircsent,  only  a  localization  of 
bacilli  and  changes  in  the  mesenteric  glands  and  sjileen 
revealing  the  nature  of  the  infection.  Here  absorption 
lirobably  took  place  more  r.-ipidly  than  usual,  the  bacilli 
not  niultiijlying  to  any  extent  in  the  intestines.  But  not 
oidy  do  tho.se  cases  which  have  been  cxiiniined  bacterio- 
logiciilly  and  i)athologically,  but  also  tlie  eiiidemiological 
liistory  of  typhoid  fever,  prove  lieyond  (jucstion  that  the 
chief  mode  of  invasion  of  the  specific  bacillus  is  by  way 
of  the  mouth.  The  infective  material  being  discharged 
in  the  fa'ces  and  urine  of  typhoid-fever  iiatients — in  the 
latter  of  which  especially  the  bacilli  oiteii  persist  for 
weeks  or  nionlhs — conlaminate  llie  water  supply,  articles 
of  food,  hands  of  nurses  and  attendants,  etc..  and  thus 
spread  infection  from  |ilace  to  place.  On  this  account 
the  disinfection  of  the  dejections  of  typhoid  p;ilients  and 
convalescents  cannot  be  too  carefully  looked  after. 

Tiniriviiiziiti'jii. — Specific  immunization  against  exiieri- 
mental  tyiihoid  infection  has  lieeii  produced  in  animals 
by  the  usual  mciliod  of  injecting  at  first  small  ipiaiilities 
of  the  living  or  dead  tyjihoid  culture  and  graduall>  in 
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cii'asinjr  the  dose.  The  blond  serum  of  auimals  thus  im- 
immized  Ims  hecii  found  Id  acciuire  protective  and  cura- 
tive bactericidal  aud  jiossibly  feeble  antito.xie  propertiis 
aiuunsl  the  typhoid  bacillus.  These  characters  have 
also  beeu  observed  in  the  blood  senuu  of  persons  who 
have  recovered  from  typhoid  fever;  and  recently  the 
allen\pl  has  been  made  In  cniiiloy  the  lyjihoid  serum  of 
imnuuiized  animals  or  dead  cidlures  for  the  cUn^  and 
prevention  of  typhoid  fever  in  man,  but  no  marked  re- 
sults have  been  olitained. 

ti/krijic  liKictioiis. — The  foUouiiijt  s])ecitic  reactions 
have  been  utilized  for  the  dilVerenlial  diagnosis  of  tlie 
typhoid  bacillus  from  other  similar  organisms,  and  as  an 
aid  to  the  clinical  diagnosis  of  obscure  cases  of  typhoid 
fever: 

1.  The  typhoid  bacillus  does  nol  produce  iudol. 

2.  It  does  not  produce  fenneiitation  or  gas  from  media 
containing  grape  sugar,  milk,  or  caue  sugar. 

3.  On  lactose  litmus  agar  it  grows  usually  as  pale  blue 
colonies.  I)ut  oc:casionally  causes  slight  redness  of  the 
surroundin.g  medium. 

4.  Wiihil's  tieruni  Eeaclion. — This  reaction  is  based 
upon  the  fact,  first  observed  by  Pfeiffer,  Gruber,  and 
Durham,  but  since  practicall.y  applied  on  a  more  extended 
scale  by  AVidal,  that  living  and  actively  motile  typhoid 
bacilli  if  jilaced  in  the  diluted  blood  or  serum  of  a  patient 
suifering  from  Ijphoid  fever,  within  a  very  short  time 
lose  their  motility  and  become  a.g.gregated  into  clumps. 
Either  dried  blood  or  serum  may  be  used  for  the  demon- 
stration of  the  reaction.  The  blood  is  obtained  by  prick- 
ing witli  a  needle  the  skin  (previously  disinfected)  cover- 
in,g  the  tip  of  the  finger  or  ear,  and  allowing  t\vodro])s  to 
fall  on  a  glass  slide,  one  near  either  end,  where  they  dry. 
Pluid  blood  serum  may  be  obtained  in  two  ways:  First, 
the  lip  of  the  finger  or  ear  is  pricked  and  the  blood  as  it 
issues  is  allowed  to  fill  by  gra\  ity  a  cajiillary  tube  hav- 
ing a  central  bulb,  the  ends  of  the  tube  being  then  sealed 
by  heat  aud  the  seriun  allowed  to  separate  from  the  clot. 
Second,  a  small  piece  of  cantharides  pla.ster  is  applied  to 
tiie  skin  at  some  spot  on  the  chest  or  abdomen,  aud  from 
the  blister  thus  formed  in  six  to  eighteen  hours,  the 
serum  is  collected  in  a  capillary  tube,  the  ends  of  which 
are  then  .sealed.  The  latter  method  is  the  best,  for  the 
serum  obtained  is  clear,  free  from  blood  cells  and  fibrin, 
which  somewhat  obscure  the  field  ou  examination  in  the 
hanging  drop,  and  is  admirably  suited  to  the  test.  Dried 
blood,  however,  obtained  as  above  described  answers  all 
practical  purposes  of  diagnosis. 

The  method  of  performing  the  serum  test  is  as  follows: 
A  diluticin  of  the  blood  or  serum  is  first  made  in  the  pro- 
portion of  one  to  ten.  In  the  case  of  dried  blood,  it  is 
dissolved  in  a  little  water  and  then  mi.xed  with  the 
typhoid  culture  (eighteen  to  twenty-four  hours  old),  the 
degree  of  dilution  bein.g  guessed  by  the  color.  By  pre- 
viously making  test  solutions  of  dried  blood  in  water  of 
known  prfiportions  and  notin.g  the  color  the  dilution  may 
be  aiiproximately  gauged.  If  serum  is  used  which  is  juvf- 
erable,  not  only  because  there  is  less  fibrinous  deposit  but 
also  because  it  is  possible  to  make  the  dilution  more  ac- 
curately, one  part  of  serum  is  added  to  nine  parts  of  the 
broth  culture.  This  should  contain  living  and  actively 
motile  isolated  bacilli.  If  there  is  no  reaction  when  the 
mixture  is  observed  in  the  lianging  drop — that  is  to  .say, 
if  within  five  minutes  no  marked  change  is  noted  in  the 
motility  of  the  bacilli  and  no  considerable  clumping 
occurs — the  result  may  be  regarded  as  negative,  and  no 
further  test  of  the  sjiecimen  is  necessary.  If  complete 
cl;imi)in.g  and  immobilization  of  the  bacilli  occur  within 
five  minutes,  this  is  a  marked  immediate  typhoid  reaction, 
and  though  this  test  is  ordinarily  sufficient  for  a  positive 
diagnosis,  the  reaction  may  be  confirmed  with  higher 
dilutions  up  to  one  to  twenty,  or  more,  if  desired.  If, 
however,  upon  examination  of  the  mixture  there  is  no 
marked  reaction,  but  the  bacilli  only  show  in  the  first 
few  minutes  an  inhibition  in  their  liiotility  and  a  ten- 
dency to  chunp.  not  comjilcte  within  five  niinutes,  it  be- 
comes necessary  to  test  this  with  dilutions  up  to  one  to 
twenty,  in  order  to  measure  the  strength  of  the  reaction. 


If  in  the  onetotwenty  dilution  a  complete,  distinct  re- 
action takes  place  within  thirty  minutes,  the  restdt  may 
also  be  considered  iiositive,  that  is,  that  the  blood  or 
serum  has  come  from  a  case  of  typhoid  infecticm, 
while  if  a  less  marked  reaction  occurs  it  shouUI  be  re- 
garded as  only  probably  typhoid,  and  another  specimen 
shoiild  be  re(|Uested.  The  time  allowed  by  many  observ- 
ers for  the  development  of  the  reaction  witli  the  higher  di- 
lutions is  fromone  to  two  hours,  but  thirty  minutes,  in  our 
opinion,  is  a  safer  aud  siifficient  time  limit.  Positive  re- 
sults obtained  in  this  way  may  be  accepted  as  conclu.sive 
evidence  of  the  recent  or  previous  existence  of  typhoid  in- 
fection in  the  patient.  A  former  attack  of  typhoid  fever 
within  a  perind  of  several  months  or  one  or  more  jears 
exceptioMally  vitiates  the  value  of  the  reaction.  On  the 
other  band,  the  aliscnce  of  reactinn  in  any  one  examina- 
tion does  not  exclude  typhoid;  so  that,  if  the  case  re- 
mains clinically  doubtful,  repeated  examinations  should 
be  made.  The  Widal  reaction,  though  not  infallible, 
when  performed  with  due  regard  to  the  avoidance  of 
every  possible  source  of  error,  is  as  reliable  as  any  other 
bacteriological  test  at  present  in  use,  and  is  of  inestimable 
value  as  an  aid  to  the  clinical  diagnosis  of  iiregular  or 
mild  cases  of  typhoid  infection.  It  is  simple  and  easy  of 
performance  by  any  one  versed  in  bacteriological  tech- 
nique. The  serum  reaction  is  never  present  in  other  dis- 
eases or  in  healtliy  persons,  if  correctly  made  and  in  the 
proper  dilution,  as  is  so  often  the  case  with  Ehrlich's 
diazo  reaction.  It  is  better  adapted  for  general  employ- 
ment than  are  any  of  the  cidtural  methods  now  in  use  for 
isolating  the  bacillus  from  the  fa-ces  or  urine.  It  is  cer- 
tainly safer  than  spleen  puncture,  and  it  is  not  so  diffi- 
cult as,  though  far  more  relialile  than,  the  leucocyte 
cinmt.  The  reaction  does  not  appear,  as  a  rule,  during 
the  first  few  da3-s  of  the  disease,  but  it  is  tisuallj-  mani- 
fest before  the  ro.se-colored  eruption  appears,  though 
occasionally  it  is  very  late  in  appearance  (that  is,  not  till 
the  fourth  or  fifth  week  and  sometimes  onlj-  during  a  re- 
lapse), aud  in  rare  cases  may  be  entirely  absent.  Al- 
though a  negative  result,  therefore,  has  but  little  signifi- 
cance, apositive  reaction  when  present — previous  typhoid 
being  exchided — is  almost  as  strong  evidence  of  the  ex- 
istence of  the  sjjecific  infection  as  the  actual  demonstra- 
tion of  the  typhoid  bacilli. 

The  Colon  B.\cii.i,t'S  (BikUIus  GjU  Ckuntmnus). — This 
orgaidsm  was  first  described  by  Enmierich  (Ibbo),  who 
obtained  it  from  the  blood,  organs,  and  intestinal  dis- 
charges of  cholera  patients  at  Naples  under  the  name 
Jkifillnx  y«ijiiilitii hiiti.  It  lias  since  beeu  found  to  be  a 
normal  inhabitant  of  the  intestinal  canal  of  m;s!i  and 
many  auimals.  A  number  of  similar  bacterial  species 
are  now  often  spoken  of  as  tlie  coluii  ijnmj)  of  organisms. 

Micrimcopicid  Appiaraitcts. — The  size  and  shape  of  the 
colon  bacillus  vary  considerably  according  to  the  culture 
media  (age,  composition,  etc.)  from  which  it  is  derived. 
The  tyjiical  form  is  that  of  short  rods  witli  rounded  ends 
(O.-t  to  (l.7/(  indiameter  and  1  to  3/i  in  length);  but  some- 
times the  rods  are  so  short  as  to  be  almost  spherical,  and 
again  oval  or  thread-like  forms  may  occur.  The  bacilli 
are  found  singly,  joined  together  in  pairs,  rarely  asso- 
ciated in  short  chains.  In  unfavorable  culture  media  in 
stained  preparations  polar  granules  and  vacuoles  are  fre- 
quently present,  supposed  to  be  due  to  degenerative 
changes  in  the  protoplasm.     (See  Plate  XL,  Fig.  1.) 

Milt  ill  III. — The  rods  possess  numerous  long  flagella, 
but  usually  very  sluggish  movements. 

S/iiirc  Formiilioii. — Absent. 

Sldhiiii!)  It'aictirnis. — Stains  readily  with  the  ordinary- 
aniline  colors:  is  quickly  decolorized  by  Gram's  solution. 

Bidhxjiral  Cliitriirtcrs. — This  organism  grows  best  in 
the  presence  of  oxygen,  but  also,  though  less  luxuriantly, 
without  oxygen  and  in  an  atmosphere  of  CO..  (faculta- 
tive anai'robic).  It  develo]is  rapidly  on  almost  all  cul- 
ture media  (best  in  media  <'ontaining  sugar)  even  at  room 
teniperalure:  optimum  tcnipeiaturc  HT  C.  It  grows 
fairly  well  in  slightly  acid  media,  but  itself  produces  so 
much  acid  that  il  is  sometiniesdestroycd  in  this  way.  It 
is  almost  impossibU^  to  distinguish  cullurtvlly  the  baciUns 
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coli  from  tlic  bacillus  typlii,  except  that  the  growth  of 
the  former  is  soiiiewliul  iiiorc  iilmiuhiiil  iiiidcr  similar 
eoiulitions. 

(Jriiirlh  III  (liintiii. — In  iiiUitiii  jitiitin  coldiiics  are  de- 
veloped ill  from  tweiUv-four  to  fortyeiulit  liciiirs.  wliieli 
resemble  LTcally  llie  ('oloiiies  of  the  typhoid  bacillus.  e.\- 
eept  that  lliey  are  laificr  for  the  same  period  of  ffiowlli. 
The  deep  colonies  are  round,  oval  or  "  whetstone  "  shaped. 
liuely  granular,  almost  homojreueous  in  structure,  and  of 
a  pale  yellowish  to  brownish  color,  at  first;  later  they 
become  denser,  <larker,  and  more  coarsely  granular.  The 
surface  colonies  ap])ear  as  small,  dry,  irregidar,  flat, 
iridescent  points  with  wavy  bent  borders.  In  Kfnh  mf- 
(iirix  the  growth  usually  takes  the  form  of  a  nail  with 
flattened  head,  the  surface  extension  soon  reaching  out 
to  the  sides  of  the  lube.     The  gelatin  is  not  lii|uelied. 

Oil  ii(/ftr  and  liianil  Kfriiiii  an  abundant,  soft,  grayish- 
white  layer  is  quickly  develojied  in  the  inculialor,  but 
the  growth  is  not  charactcri.stic. 

In  Iji/uiUon  the  colon  bacillus  produces difl'use  clouding 
with  sedimentation:' a  jicllicle  is  sonietinies  forined  on  the 
surface;  a  <lecided  fecal  odor  is  often  noticed  in  old  cul- 
tures. 

.^filk  is  usually  coagulated  with  the  ]noductiou  of  gas 
and  acid. 

On  potato  the  growth  is  rapid  and  aliundaut.  apjiearing 
after  twenty-four  to  thirty-six  hours  in  the  incubator  as 
a  yellowish-brown  to  dark  cream-colored  deposit  on  the. 
surface.  The  growth  maj'.  however,  be  scanty  or  absent 
at  times. 

Chemical  Effct-i. — This  bacillus  forms  ])igment  only 
on  potato.  Ill-smelling  substances  are  developed  on 
agar,  gelatin,  occasionally  in  old  bouillon  cultures,  but 
jiarticularly  on  potato  media.  The  ba<'illus  coli  grows 
rapidly  in  media  containing  carbohydrates  (gra|)e  and 
milk  sugar,  etc.),  causing  active  fermentation  with  libera- 
tion of  gas  (CO2  and  II).  Cultivated  in  solid  media,  to 
which  glucose  has  been  added,  the  gas  jji-oduction  is 
recDgni/.ed  by  tin;  ai)]iearance  of  numerous  bubbles;  in 
fluid  culture  media  it  may  be  demonstrated  in  the  fer- 
mentation tube.  Grown  on  lactcise-lilmus  agar,  the  colci- 
nics  .'ire  i>ink  and  the  surroumliiig  medium  is  changed 
from  blue  to  red,  showing  the  production  of  acid.  Tlu^ 
colon  bacillus  produces  in  bouillonand  peptone  solutions 
HjSand  indol.  It  converts  nitrates  into  nitrites.  Urea 
is  decomposed  by  many  species  of  this  grou)). 

i'itiiliti/. — Similar  to  that  of  the  typhoid  baeillns,  but 
is  more  resistant  to  the  action  of  acids,  fnrmalin.  and  cither 
chemical  disinfectants.  Thermal  death  point  G(J'  C.  in 
ten  minutes'  exposure. 

Pnthixje.ii.ms. — The  colon  bacillus  is  patliogenic  for 
mice,  guinea-jjigs.  and  rabbits  in  varying  degrees  a<'cord- 
ing  to  the  strength  of  the  virus  and  mode  of  inoculation; 
the  results  of  animal  inoculations,  however,  as  with  the 
typhoid  bacillus,  cannot  always  be  predicted  with  cer- 
tainty. The  more  rapidly  ilcath  ensuesthe  greater  is  the 
number  of  bacilli  found  in  the  body  ;  they  are  always  more 
abundant  in  the  abdominal  cavity  than  in  l\\v.  blood, — in 
other  words,  tlu'  result  is  due  to  the  toxic  rather  than  to 
the  infective  projjerticsof  the  culture  used.  The  lesions 
produced  arc  those,  of  enteritis;  the  duodenum  and 
jejunum  are  found  to  contain  fluid,  the  spleen  is  some- 
what enlarged,  and  there  is  marked  hypeiiemia  and 
ecchymosis  of  the  small  intestines,  together  with  swell- 
ing of  Peycr's  patches. 

IiniiiiiiiUatiun.  against  colon  infection  is  easily  pro- 
duced in  the  usual  wa}'  by  the  inoculation  of  gradually 
increasing  doses  of  cultures  of  living  or  dead  b.acilli. 

The  bacillus  coli  communis  is  a  common  inhabitant  of 
the  intestines  of  man  and  animals,  being  foun<l  in  the 
fa>ees,  milk,  bile.  etc.  Of  thirty-two  cadavera  of  healthy 
individuals  examined  twenty-four  to  thirty-six  hours 
afterdeath  it  was  found  in  sixteen,  csiiecially  in  the  liver 
and  kidneys.  It  is  also  frequently  met  with  in  river 
water  and  food,  so  that  it  is  one  of  tlu' most  widespread 
sjiprophytic  bacteria.  Formerly  it  was  thoiigbl  that  tlu^ 
presence  of  the  bacillus  coli  in  water  was  suHicieiit  ])roof 
of  its  coutamiualiou  bj'  fa;ces,  and  thus  of  its  i)ossible 


contamination  also  by  ty])hoid  bacilli.  But  recent  in- 
vestigations have  shown  that  there  are  no  grounds  for 
this  assumi)tion.  as  thec'olon  bacillusmay  reach  the  water 
from  many  dilVereiit  sources.  At  the  sanu!  time,  in  a 
general  way,  drinking  water  found  to  contain  colon 
bacilli  may  be  regarded  as  imlit  for  human  consump- 
tion. 

This  organism  is  associated  with  many  diseases  espe- 
cially of  llie  abdominal  organs,  though  it  is  not  positivelv 
known  what  etiological  relation,  if  any,  it  bears  to  these 
affections.  It  has  been  fcjuiid  in  peritonitis,  ap|)endicitis, 
cystitis  (partly  alone,  particularly  when  the  uriui'  is  acid, 
and  partly  together  with  the  |iroteus  vulgaris  and  other 
bacteria),  urethrilis,  ])yeloneplirili.s,  etc.  Thecnlun  bacil- 
lus has  beeu  a.ssunied  to  \n;  the  cause  of  elmlera  iiuatras 
nm\  elifilem.  irifaiilinn,  but  the  investigations  of  Hooker, 
Bagin.sky,  Eschericli,  and  Fliigge  would  seem  to  indicate 
that  thesediseases  are  of  a  much  moreconiplieated  origin, 
being  due  probably  to  certain  ferments  and  toxins  in  the 
intestines  produced,  not  by  any  specilic  micro -in'gan isms, 
but  by  the  ordinary  i)utrefactive  bacteria,  among  which 
the  B.  coli  and  B.  proteus  vulgaris  are  the  most  com- 
monly present.  The  ciiuseof  infections  of  the  gall  ducts 
and  mulliple  ab.scesses  of  the  liver  is  also  expliiined  in 
this  way.  Puerperal  fever  is  not  infre<iuently  due,  in 
part  at  least,  to  infection  of  the  vagina  or  uterus  by  the 
colon  bacillus.  Other  diseases  to  which  this  organism 
seems  to  stand  occasionally  in  relation  arc  endocarditis, 
meningiti.s,  tropical  abscess  of  the  liver,  bronchopneu- 
monia, fetid  bronchitis,  amygdaliti.s,  etc.  In  Ihese  dis- 
ea.ses  the  bacillus  cnli  communis  has  been  found  some- 
times alone,  but  usually  associated  with  (jfher  pathogenic' 
liacleria  in  such  numbers  that  it  must  be  considered  a 
fa<tor  in  the  etiology  of  the  affections,  and  in  some  cases 
there  is  reason  for  belief  that  it  may  \h\  the  primary  cause. 
Though  further  study  is  re<iuired  to  show  the  specific 
pathogenic  jn'operties  of  this  micro-organism,  it  is  evi- 
dent that  under  certain  conditions  it  may  become  pat lio- 
genicr  to  man. 

Ih'jj'i  reiitiiil  OJiKjiiDxist  between  the  B.  cnli  and  B. 
typhi  ab<liiniinalis:  The  following  characti'ristics  and 
tests  constitute  the  chief  means  of  diiTerentiating  these 
two  similar  niicro-organism.s,  though  none  of  them  alone 
can  be  deiicndcd  on: 

1.  The.  motility  of  the  colon  bacillus  is,  as  a  rule,  not 
very  pronovmced,  sometimes  absent  ;  that  of  the  t3-phoid 
bacillus  is  usually  vc-ry  active. 

2.  On  gel:itin  plates  tli<'  colon  bacillus  devcloiis  more 
raiiidly  and  luxuriantly  llian  the  typhoid  bacillus,  and 
on  potato  it  growsmore  abundantly,  being  almost  always 
visilile. 

3.  The  colon  bacillus  coagulates  milk  with  aciil  reac- 
tion within  twenty-four  to  forty-eight  hours;  the  typhoid 
bacillus  does  not  coagulate  milk. 

4.  The  colon  bacillus  cau.ses  fermentation  with  pro- 
duction of  g:is  in  media  containing  sugar;  the  typhoid 
b:icilliis  does  not. 

T).  In  nutrient  agar  or  gelatin  containing  lactose  and 
litmus  liucture  and  of  a  slightly  alkaline  reaction,  the 
color  of  thecolonies  of  colon  bacillus  is  pink  and  the  sur- 
rounding medium  r<'d ;  wliih^  the  colonies  of  tyjihoid 
bacillus  arc  blue  and  there  is  little  or  no  reddening  of  the 
medium. 

(i.  The  colon  bacillus  jiroduces  indol  in  cultures  of 
bouillon  or  peptone;  the  typhuid  bacillus  does  not. 

7.  When  a  I wenty-fciur-hour-old  bouillnii  culture  of 
the  colon  bacillus  is  mixeil  with  the  blood  or  serum  of  a 
patient  suffering  from  genuine  typhoid  fever,  in  a  dilu- 
tion of  one  to  ten  or  more,  after  the  first  week  of  the  dis- 
ease, the  Vvidal  reaction  is  negative;  cultures  of  the 
typhoid  bacillus  treated  in  the  same  manner  and  ex- 
amined ill  the  hanging  drop  give  th("  characteristic  ag- 
glutination and  clumping  of  the  bacilli. 

K.  Finally,  we  have  the  special  media,  devised  res|M'C- 
tively  by  Hiss,  Capaldi,  and  Eisner,  for  isolating  the  colon 
and  typhoid  bacilli,  in  which  we  may  observe  their  ditl'er- 
cnces  <if  growth  in  plate  and  tube  cultures.  These  will 
be  referred  to  more  in  detail  elsewhere. 


70:5 


Bitrlrrln. 
Ilii4-I«'riii. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Frtedi.an-dek's  Bacillus  op  Pneumonia  {Piminw- 
hiifflliis). — This  orgrtiiisni  was  iliscovprcd  by  Fripdliiiulcr 
(1883)  aiul  (Iwlared  to  be  the  cause  of  tibriuous  piieu- 
niouia.  8iil)se(ivieiitly  it  was  shown  that  it  is  scldoiii 
found  in  piieuniouia  patients,  l)ein,n-  often  present  in  tlie 
mucous  nieinbnines  of  the  mouth  and  air  passsiges  of 
healthy  persons  and  in  the  air. 

MimLWojiii'd!  Aiijkiiriiiios. — Short  rods  (0.6  to  3  /i  long 
by  0..5  to  0.8  it  broad)  with  nnuided  ends,  often  resem- 
bling micrococci,  especially  in  recent  cultures;  commonly 
in  pail's  or  chains  of  four.  A  capsule  is  present  in  speci- 
mens fnmi  spul  um  and  inoculated  animals ;  rarely  seen  in 
cultures. 

MotiUtii.  — Absent. 

.*>/><';•(!  Foriiifitum. — Does  not  form  s|iores. 

Staiiiiiiif  Ji'i'iii-iiorm. — Stains  readil>-  with  the  ordinary 
aniline  dyes,  but  not  by  Gram's  method. 

Biolofjicdl  Cliiiractfr.i. — Grows  lu.xuriantly  both  in  the 
presence  and  absence  of  o.xygen  (facultative  anatrobii:) 
and  on  all  the  usual  culture  media,  at  the  room  tempera- 
ture and  in  Ihe  iueubator. 

In  rithilhi  ji/iitm  small,  round,  elevated  white  colonies 
develop,  sligiitly  granidar  in  structure  and  of  a  browni.sh 
color.  In  \/iliitin  /■tub  cultures  a  typical  nail-shaped 
growth  occurs;  the  gelatin  is  not  liquefied.  On  /if/ar 
and  liloinl  iirrum  large  grayish -white,  moist  colonies  de- 
velop. The  growth  on  iiotnto  is  abundant, — a  thick,  yel- 
lowish-white, glistening  coating  containing  gas  bubbles. 
BoiiiUoii  is  clouded.  Milk  is  not  coagulated.  Media 
containing  glucose  are  decomposed,  iindergoing/ovyfc/i^i'/- 
tion  with  the  production  of  acid.  ludol  and  HjS  are 
sparingly  produced. 

Patho(/cnesis. — This  bacillus  is  pathogenic  for  mice  and 
ginnea-pigs,  less  so  for  dogs,  and  rabbits  arc  apparently 
immune  (thus  distinguished  from  Praenkel's  dijilomcciix 
pneumonia').  Suscejitible  animals  are  inoculated  directly 
into  the  pleural  and  abdominal  cavities.  They  can  also 
be  affected  lij'  inhalation  of  dried  pulverized  cultures.  In 
some  cases  pneumonic  lesions  are  pmduced. 

Active  iniiiiiniitji  against  Friedlander's  bacillus  is 
readily  produced,  and  although  the  organism  is  nou- 
motile  the  agglutinating  serum  reaction  is  said  to  be 
present. 

This  bacillus  has  been  found  outside  the  body  in  the 
du.st  of  floors,  in  the  air,  etc.  It  has  been  met  also  in 
the  Siiliva  of  healthy  persons.  It  is  the  cause  of  only  a 
small  proportion  of  the  cases  of  lobar  pneumonia ;  in  one 
hundred  and  twenty-nine  cases  examined  by  Weiebsel- 
baum  the  pneumobaeillus  was  found  in  nine.  Acc<irding 
to  Netter  and  Weichselbaum  the  cases  due  ])rimaiily  to 
this  organism  are  distinguished  by  their  peculiarly  malig- 
nant type  and  by  the  viscidity  of  the  exudate  produced. 
It  is  also  probably  concerned,  iirimarily  or  secondarily, 
under  certain  circumstances,  in  the  prodtiction  of  pleu- 
risy, abscess  of  the  lungs,  pei-iearditis,  endocarditis,  otitis 
media,  and  meningitis,  in  all  of  which  diseases  it  has  been 
found  at  times.  It  has  been  met  with  in  all  the  organs 
of  the  body  and  also  in  the  blood. 

The  Pis-PiiODUciNo  Organisms. 

Many  bacteria  are  capalile  of  ju-oducing,  under  certain 
conditions,  inflammatory  and  suppurative  |iroeesses,  ab- 
scess, cellulitis,  septica-mia,  etc.  The  micro-organisms 
most  eomniiinly  found  associated  with  suppuration  are 
staiihyloeocci,  streptococci,  pneumoeoi'ci,  and  tetraeoct'i. 
The  following sjiecies  are  also  occasionally  met  with:  the 
colon  bacillus  and  allied  members  of  that  group,  the 
typhoid  bacillus,  the  influenza  bacillus,  and  the  bacillus 
pyoeyanen.s.  In  .so-called '•  cold  abscesses  "  the  tubercle 
bacillus  is  usually  the  only  organism  jiresent.  Besides 
these  bacteria,  other  siiceies  may  sometimes  cause  cir- 
cumscribed su])iiural!ve  processes. 

Stapuylococci's  Pyooknks  Aureus.— This  is  one  of 
the  commonest  pathogenic  bacteria,  being  present  almost 
everywhere.  It  is  the  most  frefpient  cause  of  acute  !-ir- 
cumserihed  supinirafive  intlauunations.  Thouirh  first 
observed  by  Ogston  (1S81)  in  the  pus  of  acute  abscesses, 


it  was  not  obtained  by  him  in  pure  culture  but  was  iso- 
lated and  accurately  described  by  Rosenbaeh  in  1884. 

Mirnm-apieiil  Ajiiicdraneea. — Small,  splierical  cells,  hav- 
ing a  diameter  of  about  0.8  /v,  occiu'ring  singly  or  in 
pairs,  but  usually  arranged  in  irregular  masses  simulat- 
ins  clusters  of  grapes;  hence  the  name,  irtnw  araiiv'/tj, 
"griiiie."     (See  Plate  XI.,  Fig.  3.) 

Milt  Hit jj.  ^Non-motile. 

Staining  Reactions. — Stains  easily  in  aqueous  solutions 
of  the  basic  aniline  d3'es;  is  not  decolorized  by  Gram. 

Biological  C/iaracters. — Aerobic  and  facultative  an- 
aerobic, but  produces  pigment  only  in  the  presence  of 
oxygen.  It  grows  readilj'  at  a  temperature  of  from  18'' 
to  3(t  C,  tnit  best  at  89°  C,  on  all  the  ordinary  cultm-e 
media. 

(ivoirth  on  Oelatin. — Grown  on  gelatin  plaic.t  at  room 
temperature,  it  develops  within  forty-eight  hours  puneti- 
form  colonies,  which,  when  examined  under  a  low-power 
lens,  appearas  circular  discs  of  a  pale  or  yellowish  brown 
color,  somewliat  darker  at  the  centre  and  surrounded  by 
a  transparent  zone  with  well-detined  border.  Innnedi- 
ately  around  the  colonies,  which  grow  rapidly  and  are 
slightly  granular  in  strvicture.  there  is  a  deepening  of 
the  surface  of  the  gelatin,  due  to  its  liquefaction.  Later, 
the  liquefaction  becomes  general,  the  colonies  running 
together.  lu  gelatin  .stab  cultures  a  white  confluent  de- 
posit first  develops  along  the  line  of  puncture,  followed 
by  liquefying  of  the  medium  in  the  form  of  a  stocking. 
At  the  end  of  two  days  the  yellow  pigment  begins  to 
form,  and  this  increases  in  intensity  until  finally  (after  a 
week)  complete  liquefaction  takes  place  and  the'  "golden 
staphylococci "  fall  as  an  orange-colored  depositee  the 
bottom  of  the  tube.  Under  unfavorable  conditions  the 
staphylococcus  aureus  gradually  loses  its  property  of 
liquefying  gelatin  and  producing  pigment. 

Groirth  in  Agar. — In  streak  and  stub  cultures  on  nutri- 
ent agar  a  whitish  growth  is  at  tirst  produced,  and  this 
after  a  few  days  also  becomes  golden  yellow  on  the  sur- 
face. Colonies  finuid  at  the  bottom  of  a  stab  culture  or 
imder  a  layer  of  oil  remain  white;  showing  the  inability 
of  this  organism  to  produce  pigment  in  the  absence  of 
oxygen. 

Bouillon  is  densely  clouded  by  the  luxuriant  gmwth. 

Milk  is  coagulated  in  from  one  to  eight  days  with  the 
production  of  acid. 

Chemical  Effects. — The  production  of  an  orange-y-ellow 
pigment,  but  only  in  the  presence  of  oxygen;  agar  cul- 
tures smell  like  glue  or  spoiled  paste;  gas  and  acid  pro- 
duction from  carbohydrates;  the  production  of  II.jS 
abundantly  and  a  little  indol;  the  decomposition  of  urea 
by  certain  species, — these  are  tlie  chemical  effects  of  the 
staphylococcus. 

Vitaliti/. — Several  cases  of  osteomyelitis  have  been  re- 
ported in  which  st;ipbylococci  have  been  foiuid  alive  in 
the  body  in  the  centres  of  infection  after  many  years, 
during  this  time  having  been  encapsulated  apparently. 
In  cultures  they  retain  their  vitality  for  a  year  or  more. 
The  staphylococcus  is  distinguished  from  most  other 
pathogenic  bacteria  by  its  greater  power  of  resistance  to 
all  outside  influences,  desiccation,  heat,  chemical  agents, 
etc.  It  does  not,  however,  form  spores,  as  far  as  we 
know.  In  dried  pus,  according  to  Hjigler,  it  stands 
desiccation  for  from  fiftj-six  to  one  hvmdred  days.  But 
it  is  rapiillv  killed  by  moist  heat  at  70"  C.  It  retains  its 
vitality  in  ice  sixty -six  days  (I'rndden).  Disinfeclants 
acton  it  slowly.  Meade  IJolton  fovmd  that  a  one-per- 
cent, carbolic  acid  solution  ilestroved  it  in  two  hours: 
mercuric  chloride  1  to  1.000  killed  it  in  five  to  ten  minutes. 
But  there  is  a  considerable  dilTercnce  in  the  resisting 
power  of  the  micrococci. 

PatJaigcnesis. — The  i)athogenie  elTect  of  the  stapliylo- 
coccus  iivog<'nes  aureus  on  test  animals  varies  much  ac- 
cording lo  the  mode  of  a]iplicMtion  and  tlie  virulence  of 
the  culture  employed  Experiuienis  have  .shown  that  this 
organism  as  found  in  suppurative  processes  in  the  human 
subject  is  not  as  infi'Clious  for  animals  as  it  is  for  man. 
The  tn'dcr  of  susceptibility  seems  to  be  as  follows:  man, 
horses,  dogs,  cattle,  goats,  sheep,  rabbits,  guinea-pigs, 
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mice.  In  man  a  simple  rubbing  of  the  unbroken  sliin 
witli  pus  from  an  aeute  abscess  is  usually  sutlieienl  lo 
produce  purulent  inflammation.  Cutaneous  inoculation 
of  animals  is  nejrative.  but  sulicutaiieous  injection  causes 
a  local  abscess  in  rabbits,  guiuea-iiif^s,  and  mice,  and  in- 
travenous injection  in  rabbits  sometimes  produces  pyicniia 
and  after  injury  to  the  cardiac  valves  ulcerative  endo- 
carditis. 

Tlie  liltrates  from  bouillon  cultures  contain  highly 
virulent  toxic  substances.  lujc^ction  of  these  into  the 
peritoneal  cavity  of  dogs  causes  sero-sanguineous  peri- 
tonitis, and  ecehymo.ses  in  the  serous  and  mucous  mem- 
branes of  the  iulcstines,  finally  resulting  in  d<'alli  with 
bloody  diarrluea.  Iiiiiniuiitji  against  staphylococcus  in- 
fection may  be  produced  by  the  injection  of  gradually 
increasing  doses  of  the  pure  culture  eitlier  living  or  pre- 
viously sterilized  by  boiling.  The  blood  .serum  of  ani- 
mals which  have  been  thus  immunized  possesses  slight 
protective  and  curative  effects  in  otlier  animals,  but  no 
practical  use  of  thiif  serum  has  been  attempted  in  man. 

The  staphylococcus  aureus  occurs  outside  the  body 
in  milk,  water,  soil,  aifj  etc.  Ten  per  cent,  of  the  micro- 
organisms ijresent  in  the  air  of  surgical  clinics  consist  of 
staphylococci  (Ullmann).  It  is  found  on  the  healthy 
skin,  "in  the  mouth,  vagina,  cervi.K  uteri,  and  milk  of 
nursing  motliers.  It  is  the  chief  cause  of  all  acute  in 
llaminatory  suppuration,  in  many  cases  the  sole  cause. 
It  is  commonly  found,  however,  in  association  with 
streptococci,  pneumococci,  colon  bacilli,  t.yphoid  l)aciili. 
etc.  The  following  affections  particularly  are  frequently 
caused  by  the  staphylococcus  aureus  and  other  species: 
acne,  sycosis,  impetigo,  pemphigus,  conjunctivitis,  fur- 
uncle, abscess,  periostitis,  osteomyelitis,  parotitis,  tonsil- 
litis, manunitis,  ulcerative  endocarditis,  pyelonephritis, 
etc.  It  is  tlie  principal  etiological  factor  in  the  produc- 
tion of  pyicmia  in  the  various  pathological  forms  of  that 
condition. 

Not  all  persons,  however,  are  equally  susceptible  to 
infection  by  the  stapliylococcus;  those  who  are  in  a 
cacliectic  condition  or  sulTering  from  constitutional  dis- 
eases, like  diabetes,  are  especial!}'  liable  to  infection.  In 
healthy  individuals  certain  partj;  of  the  body,  as  the  back 
of  the  neck,  and  seat,  seems  to  be  more  subject  than  fitli- 
ers  to  attack  by  furuncles,  carbuncles,  and  the  like.  In 
persons  in  whom  sores  are  readily  produced  in  con- 
scfiuence  of  disturliaucesof  nutrition,  the  micrococci  liiid 
a  suitable  resting  place  at  the  points  of  least  resistance, 
as  in  the  bones  of  weakly  children,  in  fractures,  and  in- 
juries in  general. 

ST.\piiYi.ococ'crs  PYOGENES  ALBrs  IS  morphologically 
identical  with  staphylococcus  pyogenes  aureus,  and  is 
probably  a  variety  ot  tlie  s;une  (n'ganism  «  hich  has  lost 
its  power  of  |>roducing  i)igmeut.  On  the  average  it 
seems  to  be  somewhat  less  pathogenic. 

ST.\piiYi.ocorcrs  pvogenks  ciTUKts  is  also  jjiobably 
identical  with  the  above-mentioned  species,  except  that 
it  forms  by  its  growth  a  lemon-yellow  pigment.  It  is 
foimd  in  about  ten  per  cent,  of  cases  in  the  pus  of  acute 
absces.ses,  usually  in  association  with  other  pyogenic 
cocci. 

ST.\rilYi.()Coccts  EPiDKUMiHis  ALBtsis  another  variety 
no  doubt  of  staphylococcus  ])yogenes  albus.  but  found 
on  the  surface  of  the  liody  and  often  in  parts  of  the  ci)i- 
derinis  deeper  than  can  be  reached  by  any  known  means 
of  cutaneous  disinfection  except  by  heat.  According  to 
Welch  it  is  far  less  vindent  than  the  staphylococcus 
pyogenes  aureus.  It  is  frequently  jjresent  in  aseptic 
wounds,  but  does  not  seem  to  interfere  with  their  healing, 
iilthough  sometimes  it  may  cause  suppuration  along  the 
draina.se  tube,  and  is  the  common  source  of  "stitch 
abscess.  " 

MicKococTi's  Tethacknts  (Titnieoceux). — This  micro- 
coccus was  discovered  by  Koch  in  1884  in  a  iihthisical 
lung  cavity.  GafTky  made  a  further  study  of  it  and  de- 
scrilied  its  pathological  pro|)erties  for  various  test  ani- 
mals. iJiondi  found  it  in  Innnan  sjiliva;  here,  however, 
it  is  sometimes  simply  an  evidence  of  mouth  contamina- 
tion, not  of  Inng  infection.  In  pulmonary  tuberculosis 
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it  is  commonly  a.ssociated  with  other  jiathogenic  bacteria, 
which,  though  playing  no  ]iart  in  the  eiiology  of  the 
primary  alTeclion,  contribute  no  doubt  to  the  ])rogressive 
destruction  of  the  lung  tissiu'.  Its  ]iyogenie  ciiaracter 
is  shown  by  its  not  infreciueiit  presence  in  the  pus  of 
acute  ab.scesses,  empyema,  etc. 

Miryiarojiiriil  .Iji/ii iirdDcex. — When  obtained  from  the 
animal  body  it  oeeiu's  mostly  in  groups  of  four  sur 
rounded  by  a  capsule.  In  cidtures  the  cocci  are  s<'en  in 
various  stages  of  division  as  large  round,  undivided  cells, 
in  pairs  of  oval  elements,  and  in  groups  of  three  or  four. 
When  the  division  is  complete  the}'  remind  oneof  sarcina 
in  appearance,  except  that  they  divide  in  four  instead  of 
in  three  directions  and  are  not  built  uji  like  cotton  bales. 
(See  Plate  XI.,  Fig.  4.) 

M'ltilil!/. — X  on -motile, 

SUiiiiiixj  liiitctioim. — Stains  reailily  with  the  ordinary 
aniline  dyes;  is  not  decolorized  by  (Jrain. 

liiohHjirdl  Chiiriicti  i-K. — Grows  both  in  the  presence  and 
alisence  of  oxygen,  but  best  with  oxygen,  in  the  usual 
culture  media.  It  may  be  cultivated  at  room  temjiera- 
ture  (20°  C);  the  optiminn  being  between  3.)  and  iSN°  C. 
The  growth  is  slow  under  all  conditions, 

droirtli  in  Gihitlii. — On  (jilntiii  jiliiliii  small,  white  to 
grayish-yellow,  shiny,  prominent,  round,  or  leuKin-shaped 
colonies  develop.  In  (/i  hit  in  xtnh  ni/tiinx  it  grows  e<iually 
as  well  on  the  surface  as  along  the  track  of  the  needle; 
forming  on  the  surface  a  thick,  white,  .shiny  mass,  and 
tilling  out  the  fissures  along  the  line  of  imncture.  The 
gelatin  is  not  li((uetied. 

On  fir/iir  1(11(1  lihiiid  mi-ioti  the  growth  on  the  siu'face  is 
moist  and  glistening.  The  colonies  apjiear  as  small, 
transparent,  round  points  of  a  grayish-yellow  color  ami 
slightly  elevated. 

J'Kt/dir/i'idxiK. — SidKMitaneous  injections  of  a  cultine  of 
this  mierococcus  in  miiuite  (luantity  are  usually  fatal  to 
whit(!  mice  in  from  three  to  si.x  days.  The  organisms 
are  found  chielly  in  the  spleen,  lungs,  liver,  and  kidneys, 
few  in  the  blood.  Gray  mice  are  generally  innnune. 
Rabbits  and  do,irs  are  also  little  susceptible.  In  guinea- 
pigs  only  a  local  react ioti  or  abscess  .sometimes  follows 
inoculation,  and  a.i;ain  they  die  from  s<']5tica'mia;  intra- 
lieritoneal  injeelions  ])ioduce  purulent  peritonitis,  groups 
of  micrococci  being  found  in  thct  exudate. 

Stkeptococci's  Pvoce.n'Ks  (Strejitococctis  Eryuinidlis). 
— This  micro-organism  was  lirst  ob.served  by  Koch  in 
stained  sections  of  ti.ssues  attacked  by  septic  processes, 
and  by  Ogstoii  in  the  ]nis  of  acute  abscesses  (1882).  It 
was  obtained  in  i)ure  cidtures  by  F<-hleisen  (18!^3)  from  a 
case  of  erysipelas,  and  its  pathological  properties  proved, 
Rosenbach  (ISf^-l)  and  Krau.seand  I'asset  (1885)  isolated  it 
from  jius  and  gave  it  the  name  of  iilri/il(/c'i(rii«  pi/tH/ciics. 
It  has  since  been  .shown  to  be  the  chief  cau.se  of  many 
suppurative  inflanunations.  Formerly  the  strejitococci 
of  erysipelas,  acute  ab.scess,  septica'tnia.  puerperal  fever, 
etc.,  were  Ihought  to  belong  to  different  species,  becau.se 
they  ])ossessed  certain  difl'erenees  in  their  pathological 
effects  and  morphological  ])eculiarities.  according  to  tin- 
source  from  which  they  were  derived.  But  now  it  is 
recognized  that  these  slight  differences  are  not  sulHcient 
to  constitute  separate  species,  but  oidy  varieties  of  the 
sjime  species.  At  the  same  tim<',  however,  there  woidd 
appear  to  be  some  streiitococci,  which,  in  so  far  as  their 
specific  reaction  in  the  ]iresence  of  a  protective  serum  is 
concerned,  are  as  distinct  from  the  streptococcus  I)yo- 
genes  as  is  the  pneumococcus.  This  question  is  of  prac- 
tical importance,  for  u]ion  its  solution  depends  our  abil- 
ity to  select  a  suitable  |)rotective  serum  in  different  cases 
of  streptococcus  infection. 

Min-im-tipii-iil  AjipcKriiiirix. — Spherical  micrococci  from 
0.4  to  1  n  in  diameter,  usually  larger  than  the  staphylo- 
cocci, characteristically  arranged  in  chains  of  eight,  ten, 
twenty,  or  more  elemeiils.  but  also  associated  in  jiairsand 
sometimes  in  irregular  masses.     (See  Plate  XL,  Fi,2.  2.) 

MdtilitH. — Xon  motile. 

Staini/if/  7iV(>c^'o//.v. ^Stains  ea.sily  with  all  the  basic 
aniline  dyes  and  by  Gram's  method. 

Bi(jtogical  Chardcters. — Facultative  anaOrobic.  growing 
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both  in  abscnci'  niul  presence  of  oxygen,  and  on  the  vari- 
ous liquid  and  solid culUire  media.  The  jriowth  is  slow, 
developing- best  at  from  80°  to  3T'  C,  but  also  at  room 
temperature  (18'  to  20°  C).  There  is  no  irrowth  o\er4T'  C. 

(li'iirt/i  mi  (li'hitin. — In  ffdd till  pidtcs  small,  white  to 
yellowish  or  brownish  granular  round  colonies  develop, 
whieh  do  not  liipiefy  the  srelatin:  though  oecasioiially, 
with  unusual  vaik'ties,  a  certain  amount  of  li<|Uefaetion 
has  been  observed.  Under  a  high  power,  cluiins  of 
streptococci  may  be  seen  piojecting  from  the  sides  of  the 
discs.  In  nthil'iii utiili  cultures  the  growth  is  not  contin- 
ent, but  individual  colonies  aie  arranged  beside  one  an- 
other along  the  line  of  jiuncture. 

Groirth  nil  Af/ar. — On  iif/ni-  plntct!  the  colonies  are  visi- 
ble after  twelve  to  thirty  hours'  growth,  and  when  mag- 
nitied  sutliciently  show  iieiuitiful  chain  cocci  often  in  the 
form  of  twisted  loops.  The  colonies  are  circular  in  shape 
when  thinly  scattered  over  the  plates,  but  irregular  when 
crowded  togel  her. 

Oniirth  ill  lyiiiilloii. — The  growth  in  this  medium  is 
variable  in  dilTerent  varieties:  in  slightly  alkaline  bouillon 
at  'AT  C.  reaching  their  full  development  within  thirty- 
six  to  forty-eight  hours.  Streptococci  which  grow  in 
long  chains  usually  give  an  abundant  tlocculeut  deposit 
and  leave  the  liciui'd  clear:  the  deposit  may,  however,  be 
granular,  in  larger  tiakes  or  in  tough  masses :  sometimes 
the  broth  is  clouded.  Those  growing  in  short  chains,  as 
a  rule,  cause  diffuse  clouding  of  the  bouillon,  with  a 
granidar  dejiosit  at  the  bottom  of  the  tube.  The  de- 
velopment in  a  mixture  of  ascitic  fluid  and  bouillon, 
which  is  the  best  medium  for  the  gi'owth  of  the  strepto- 
coccus, is  more  abundant  tlian  in  plain  bouillon. 

Griiirth  in.  iSo/idiJiid  Blu'nl  S nnii. — This  is  also  an  ex- 
cellent medium  for  the  cultivation  of  the  streptococcus. 
Tiny  grayish  colonies  appear  after  twelve  to  eighteen 
hours.""  Milk  is  usually  coagulated  with  the  ju-oduction 
of  acid,  but  not  always. 

The  growth  on  jwUitu  is  scanty. 

Vitalifi/. — Cultures  of  the  streptococcus  die  much 
sooner  than  those  fit  the  staphyloeoectis,  very  few  living 
over  a  month  and  the  majority  dying  within  a  few  days; 
they  live  longest  in  serum  bouillon  ora  mixture  of  ascitic 
fluid  and  bouillon,  and  may  be  kept  thus  for  a  consider- 
able time  in  small  sealed  glass  tubes  in  the  ice  chest. 
"When  dried  in  blood  or  pus,  the  streptococci  retain  their 
vitality  for  several  months  at  room  temperature,  and  still 
longer  in  the  refrigerator.  The  thermal  death  point,  ac- 
cording to  Sternberg,  is  between  52'  and  .54°  C,  the  time 
of  exposure  being  ten  minutes. 

Cliemiccil  Effeets. — As  products  of  their  growth  the 
streptococci  form  but  little  pigment,  no  indoi,  a  little 
II^S,  and  as  a  rule  no  acids  or  gases  from  carbohydrates. 
From  albuminous  cvdtuie  media  they  produce  toxins 
which  are  precipitated  by  alcfihol  but  are  soluble  in 
water.  To  oljtain  these  toxins  the  cidtures  are  killed  by 
chloroform  or  filtered  through  porcelain.  Introduced 
into  animals  in  considerable  quantities  the_v  cause  sup- 
puration and  fever  and  even  death:  they  seem  to  belong 
to  the  class  of  .so-called  toxalbumins. 

Patlwfjene.ii-i. — The  majority  of  te.st  animals  are  not 
very  susceptil)le  to  infection  bj-  the  streptococcus,  and 
hence  it  is  dillicult  to  obtain  any  definite  pathologi- 
cal changes  in  their  tissues  by  inoculations  of  cultures. 
AVhite  mice  and  rabbits  are  the  most  susceptible,  and 
these  animals  are,  therefore,  usually  employed  for  ex- 
perimentation. The  virulr'nce  of  streptococci,  however, 
varies  greatly  for  animals  and  is  dilTerent  from  tlieir 
virulence  for  the  human  subject.  The  most  virulent 
cultures,  when  injected  in  small  quantity  into  the  circula- 
tion or  the  sidjcutaneous  tissues  of  a  mouse  or  rabbit, 
produce  i.leath  by  .septicfcmia.  Less  virulent  varieties 
vequii'e  the  injection  of  large  quantities  to  produce  a 
similar  result,  while  some  jiroduee  only  aiiscess  or  ery- 
sipleas  w-hen  injected  sidieutaneously,  and  others  have 
no  effect  at  all  when  introduced  directly  into  the  circula- 
tion. _  Many  of  the  streptococci  obtained  from  cases  of 
cellulitis,  abscess,  empyema,  and  even  septica'mia  belong 
to  this  group. 


A  number  of  varieties  of  streptococci  have  thus  been 
discovered,  diflcring  in  virulence  and  in  their  growth  in 
culture  media:  but  all  attempts  to  separate  them  into 
classes  imtil  recently,  through  the  use  of  speciHc  serum, 
have  failed,  because  the  differences  observed,  though 
often  marked,  are  not  cimstant.  Kuorr  has  enunciated 
the  following  important  facts  with  regard  to  the  viru- 
lence of  streptococci:  All  varieties  when  cultivated  for 
any  length  of  lime  on  artificial  media  gradually  lose  their 
virulence.  By  continuous  passage  through  certain  sus- 
ceiitible  animals,  as  mice,  a  streptococcus  is  obtained 
which  is  very  pathogenic  for  those  animals,  but  at  the 
same  time  has  lost  its  virulence  for  others,  as  rabbits. 
The  more  virulent  is  any  variety  of  streptococcus  for  an 
animal,  the  more  certainly  it  kills  without  suppuration, 
which  is  produced  only  by  less  virulent  forms.  There 
seems  also  to  be  a  strong  tendency  for  a  streptococcus  to 
produce  the  same  kind  of  inflammation,  when  inoculated, 
as  the  one  from  whieh  it  was  derived;  for  example, 
streptococci  from  erysipelas  tend  to  produce  erysipelas, 
from  septicfemia  to  produce  septicaemia,  etc.  Strepto- 
cocci, however,  obtained  from  different  sources  (abscesses, 
puerperal  fever,  sepsis,  erysipelas,  etc.)  are  sometimes 
capable  of  producing  erysip<'las  when  inoculated  into 
the  ear  of  a  rabbit,  provided  they  possess  sufficient  viru- 
lence. B}-  continued  passage  of  fatal  doses  through 
susceptible  animals  Marmorek  has  obtained  cultures  of 
.streptococci  of  such  virulence  that  0.0001  c  c.  subcutane- 
ously  injected  into  mice  almost  invariably  killed  them, 
while  0.000001  e.c.  sometimes  produced  death — i.e.,  in 
amounts  which  contained  but  a  very  few  organisms. 
Accoriling  to  this  investigator,  the  virulence  may  be  re- 
tained by  cultivation  in  mixtures  consisting  of  two  parts 
of  serum  and  one  jiart  of  bouillon,  or  one  part  of  ascitic 
or  pleuritic  fluid  and  two  parts  of  bouillon,  such  cultures 
being  kept  for  two  months  or  more  without  transplanta- 
tion to  fresh  media. 

Streptococci  have  been  found  outside  the  body  in 
the  soil,  in  water,  and  in  the  air  of  surgical  clinics,  etc. 
In  healthy  persons  they  lia^'e  been  observed  in  the 
mouth,  nasal  cavities,  vagina,  and  infrequently  in  the 
cervix  uteri,  sometimes  in  virident  forms.  The  strepto- 
coccus pyogenes  may  give  rise  in  man  to  a  number  of 
inflammatory  and  sujipurative  processes.  It  is  fre- 
quently the  primarj-  cause  of  infection  in  erysipelas, 
acute  abscesses,  celhditis,  lymphangitis,  tonsillitis,  bron- 
chitis, pneiunonia,  sepsis,  puerperal  fever,  impetigo  con- 
tagiosa; less  commonly  in  pleuritis.  pericarditis,  menin- 
gitis, periostitis,  o.steomyelitis,  otitis  media,  mastoiditis, 
empyema,  etc.  Associated  with  other  bacteria  in  diseases 
of  which  they  are  the  sjiecific  cause,  the  streptococcus  has 
also  been  found  contributing  to  secondary  or  mixed  infec- 
tion in  puhnouiary  tuberculosis,  broncho-pneumonia,  scar- 
let fever  and  septic  diphtheria,  playing  an  important  part 
in  these  aflcctions  in  the  production  of  scptica-mia  and 
fever.  So  uniformly  present  are  streptococci  in  the 
pseudo-membranous  inflammations  of  scarlatina  that  some 
authorities  have  claimed  that  a  certain  variety  of  strepto- 
cocci (streptococcus  coiifflomerntiis  of  Kurth  and  Klein) 
is  the  specific  cause  of  this  disease.  The  streptococcus 
pyogenes  is  further  the  probable  cause  of  a  number  of 
cases  of  nephritis,  arthritis,  and  myelitis,  being  fre(iuenlly 
found  in  the  blooil  and  urine,  with  or  without  symptoms 
of  general  intoxication. 

In  animals  such  as  horses,  asses,  cows,  sheep,  goats, 
and  dogs,  the  streptococcus  also  produces  diseases  similar 
to  those  ob.served  in  man.  These  organisms  have  not  in- 
frequently been  found  in  the  vaccine  lymph  of  stations 
where  this  is  prepared,  though  generally  the  uon-virulent 
varieties. 

Almost  all  of  the  diseases  above  mentioned  have  been 
produced  experimentally  in  animals,  the  result  dejiending 
upon  the  suscei>tibility  of  the  animals  employed,  the 
virulence  of  the  stre]itococci,  and  the  amount  of  infective 
material  injected.  The  eau.sal  relation  of  this  organism 
to  disease  has  also  been  demonstrateil  in  man.  PVhIeiseu 
has  inoculated  cultures  obtained  from  the  skin  of  jiatients 
suffering  from  erysipelas  into  pensous  with  inoperable 
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inalijrnant  <rrowtlis — lupus,  oarpinonia.  iuul  sarrnniii — and 
1ms  pniilucrd  a  1_v|>i(;al  crvsiiM'latous  iiillaiiiMialion  in  Irciiu 
lil'Iccn  to  sixty  lioms.  Poisons  wlio  lia<l  irci'Mtly  rccov- 
<'i-«l  fioin  an  attack  of  erysipelas  ju-ovccl  to  be  iinintiiii'. 
In  such  jicrsons  also  it  was  observed  that  malignant 
tumors  apparently  improved  or  entirely  disappeared  after 
inoculation.  During' the  la.st  few  years  this  fact  hasl)eeu 
made  use  of  in  the  treatment  of  cancers  l)_v  tlie  artitieial 
production  of  erv.sipelas  Ihrouirh  inoculation  of  pure  cid- 
tures  or  of  th<'ir  toxic  |iroducts,  and  in  some  cases  of 
spindle-celled  siirconia,  according  (o  Coley,  with  consider- 
able success,  lu  carcinomata  tlie  results  have  l)ecn  very 
slight. 

SdxcfptihilUy  and  Iinmvni/i/. — As  with  the  stai)hylo- 
cocciis,  the  streptococcus  is  more  liable  to  invade  the 
tis,sues  and  produce  inllammation  and  supi)uration  when 
the  standard  of  health  is  reduced  from  any  cause,  and 
especially  when  by  absorption  orrctention  toxic  proilucls 
are  i)rescnt  in  excess  in  the  body.  Thus  local  strepto- 
coccus infections  ar^'  more  likely  to  occur  as  conijilica- 
tions  or  seipiehe  in  variotis  sjiecific  diseases,  in  chronic 
alcoholism,  inctinstitutio.nal  alTcctions  in  tho.se  cxposc(l  to 
s<'ptii'  emanations  from  sewers,  etc. ,  and  in  cases  in  which 
there  is  absorption  of  toxic  products  formeil  in  the  ali 
mentary  canal  as  the  result  of  the  ingestion  of  improper 
food,  of  constipation,  etc. 

.lust  as  in  pi^rsous  who  liave  recovered  from  an  attack 
of  erysipelas  there  has  been  olhserved  a  slight  inuuunity 
lo  further  infection,  so  it  has  been  found  that  animals, 
after  recovering  from  artitieial  iuocidation  of  the  toxic 
proilucts  of  the  streptococcus,  acquire  a  moderate  im- 
uumily,  which  may  be  increased  by  the  administrati<m 
of  gradually  increasing  doses  of  the  cidture.  In  this  way 
Knorrhas  immunized  rabbits  against  an  intenselj- viru- 
lent streptococcus  by  injcctionsof  slight  virulent  cultures; 
Pas(|uale  has  partially  immimized  these  animals  again.st 
si'pticu'niia ;  and  ^Marmorek  has  protected  sheep,  asses,  and 
horses  against  very  large  doses  of  a  streptococcus  which 
I  hough  but  slightly  virulent  for  them  was  intensely  so  for 
rabbits. 

In  none  of  the  .strei)lococcus  infections  in  man.  how- 
ever, is  there  apparently  produced  lasting  inimuuizing 
substances  in  the  blood"  after  a  single  attack.  Incases 
of  erysipelas,  celliditis,  andabscess,  recovery  after  periods 
varying  from  a  few  days  to  several  months  woidd  seem 
to  indicate  the  presence  of  slight  or  transitor_v  protective 
•substances;  but  the  severe  forms  of  infection,  such  as 
septie-emia  following  operations  and  ptierperal  fever, 
sliow  little  teudencv  to  recovery  when  once  well  estab- 
Ifshed. 

Marmorek  was  the  first  to  attempt  to  produce  a  cura- 
tive anti-streptococcus  serum  obtained  frtan  imnuuiized 
animals  (asses  and  horses)  for  tlie  treatmi-nt  of  strepto- 
coccus infections.  The  results  reported  from  the  us(!  of 
this  serum  since  his  tirst  communication  in  IS!),")  have 
been  very  variable,  and  on  the  whole  uusatisfactoiy. 
The  proti'Ctive  power  of  anti-streptococcus  sernm  is  un- 
doubtedly specitic,  but  it  soon  loses  this  power  and  often 
is  practically  useless  six  weeks  after  its  preparation.  It 
has,  moreover,  been  .shown  that  the  same  .serum  does  not 
confer  inmiunity  a])parently  to  any  other  variety  of 
streptococcus  than  the  one  which  was  originally  em- 
[iloyed  in  the  immunizing  inoculations,  each  variety  of 
streptococcus  proilucing  a  serum  which  isprolecliveonly 
against  its  own  variety.  In  order  to  produce  a  seriun, 
therefore,  which  should  have  a  successftd  therapeutic 
elTcct,  the  aiiintals  nuist  be  imnumized  against  every 
variety  of  pathogerdc  stri'ptococci.  This  being  the  case 
it  will  be  readily  understood  that  the  anti-streptococcus 
serinn  which  has  beiMi  ln-retofore  emjiloyed  in  the  ma- 
jority of  cases  was  probably  valueless.  The  ]u)or  residts 
so  far  obtained  fiom  the  cliiu'cal  use  of  this  remedy  may 
have  been  due  cillK'r  to  th<'  ]ir<'parations  having  already 
lost  their  protective  jjower,  or  lo  this  power  not  being 
sulficient  in  the  doses  given  to  have  any  effect,  or  to  the 
cases  having  been  those  of  severe  general  septicenua 
tipon  which  the  sernm  could  have  no  action,  or  to  the  in- 
fection having  been  due  to  some  variety  of  streptococcus 


different  from  that  for  which  the  animals  were  imniuidzed, 
or  to  the  cases  nol  being  those  of  si  re|iIoeoccus  inteclion 
at  all,  but  due  to  other  organis.ns,  as  the  sla)ihylococcu.s, 
colon  bacillus,  pncumococcus,  etc.  Il  is  evident,  there- 
fore, that  the  lhera])eutic  use  of  anti-stre]itococcus  serum 
is  at  present  very  problematical;  at  th<' .siuiu;  time,  how- 
ever, it  does  not  follow  thai  a  preparation  may  not  be 
obtianeil  which  shall  have  practical  value. 

The  following  varieties  of  strei)tococei  have  been  de- 
scribed by  some  authors: 

Stuki'tococcis  Bukvts. — Develops  in  Iiouillon 
slightly  curved,  short  cliains;  the  bouillon  is  clouded, 
(ielatin  is  liquefied  immediately  aroimd  the  colonies. 
There  is  a  distinclly  visible  growth  on  potato.  Grows 
at  10°  to  12'  C.     Is  usually  non-virulenl. 

Sthki'Tococccs  LoKC.i's. — Develops  in  botuUon  long 
twisted  chains,  with  a  granular  or  tlocculcnt  sediment, 
the  supernatant  liquid  remaining  clear.  Gelatin  is  not 
lii|uelied.  There  is  no  visilile  growth  on  potato.  No 
growth  under  14    to  Hi'  ('.     Is  usually  highly  virulent. 

The  following suijdivisions  of  the  streptococcus  longus 
have  also  been  descrilied:  (1)  /^treptncocciia  tm-Hdus  wilh 
clouded  bouillon  culture;  (2)  Strrptocorcus  rinciiKiix  with 
clear boinllon culture andslimy  sediment;  (3)  S reptm-i/crus 
n>ii;/!i'iiurutus  with  clear  bouillon  cultiue  and  granular 
sediment. 

The  Pneitmococcds  (Micrococcus  Laneeolatus  ;  Diplo- 
c'lccun  PiioiiitoiiUi). — This  micrococcus  ■nas  first  observed 
by  Sternberg,  and  almost  sinutltaneously  by  Pasletir 
(fSyO),  in  the  lilood  of  rabbits  inoctdated  from  human 
saliva.  It  was  sub,sequently  described  by  Talamon  ( 1 SS3) 
and  demonstrated  by  liim  to  be  capable  of  producing 
fibrinous  pneumonia  in  rabbits  when  introduced  directly 
into  the  limg  of  these  animals.  In  188r)-lssG  this  nncro- 
organism  was  subjected  to  an  extended  series  of  investi- 
gations by  Fraenkel,  Weichselbaum.  Steridierg,  and 
others,  and  proved  to  be  the  chief  cause  of  lobar  or 
croupous  pneumonia  in  man. 

Micrnxcupiriil  Appmnnici't:. — Veiy  irregular;  oec-uisas 
spherical  or  oval  and  lancet-shaped  cocci  usually  united 
in  pairs  (diplocoeei),  but  sometimes  as  short  chains  con- 
sisting of  four  to  six  elements  and  resembling  strei)to- 
cocci.  In  stained  specimens  from  sputum,  the  tibrinous 
exudates  of  croupous  pneumonia,  the  blood  of  inoctdated 
aiumals  and  cultures  on  blood  serum,  the  lancet  shaped 
cells  are  cimimonly  surrounded  liy  a  gelatinous  capsule. 
Variation  in  form  and  arrangement  is  characteristic  of 
the  imeumococcus,  there  being  great  differences  accord- 
ing to  the  source  from  which  it  is  obtained.  (See  Plate 
Xi.,  Figs.  5  and  6,) 

yfiititilii. — Non-motile. 

Stain i rir)  Jicdctiiiiu. — Stainsreadily  with  ordinary  aniline 
dyes;  is  not  decolorized  by  Gram's  solution.  The  cap- 
sule may  be  tlemonstrated  in  cover-glass  pre])aralions 
either  by  Grams  or  ^Velch's  (glacial  acetic  aci<l)  method. 

}iiol(i<iic(d  Vhardctcrs. — AOrobic  and  facidtative  anae- 
robic.  grows  equally  well  in  the  presence  and  absence  of 
oxygen.  It  di^veloi)S  on  almost  all  culture  media  having 
a  slightly  alkaline  reaction  ;  but  the  growth  is  slow  and 
scanly,  and  the  vindence  and  jjower  of  rci>roduction  aw. 
soon  lost.  Grows  very  slowly,  ol'teii  not  at  all  at  room 
temperature;  oplinnim  37    C,  maximum  42^  C. 

Oroirth  VII.  Giiatiii. — The  growth  on  this  rneilium  is 
slow,  often  none  at  all.  owing  to  the  low  temperature 
(22'  to  2r)"('.)at  which  gelatin  has  to  be  ke])t.  The 
gelatin  is  not  lic|uelied. 

Gniirlli  on.  Aijiii-  iiikJ  Bhuid  Scnim. — At  the  end  of 
forty-eight  hours  in  the  incubator,  there  apjiears  on  agar 
a  thin  colorless  layerof  noncontlueni  colonies.  If  blood 
serum  or  ascitic  tlui<l  Ix^  added  to  the  agar  the  colonies 
are  larger  and  closer  together,  the  growth  being  more 
luxuriant.  The  growth  of  I.oeftler's  lilood-serum  mix- 
ture is  very  similar  to  that  on  agar,  but  is  somewhat  more 
vigorous,  a|ipearing  on  the  surface  as  small  fairly 
granular  dew-drop-like  colonies, 

Oroirth  ill  liniiiUnn. — At  the  end  of  twelve  to  twenty- 
four  hours  in  the  incubatora slight  clouding  is  proiluced, 
due  to  the  development  of  the  organisms,  which  on  nncro- 
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scopical  examination  are  seen  to  consist  of  pairs  or  longer 
ami  sliorter  chains.  After  two  or  three  days  the  medium 
asaiii  beeomes  transparent,  the  eocei  sinliinj;-  to  tlie  lioltom 
of  the  tube.  Tlie  be.st  fluid  medium  for  the  eultivatidu 
of  the  pneumoeoeeus  is  a  mi.xture  composed  of  bouillcni 
two  parts  and  ascitic  or  pleurilic  lluid  one  part.  In  tliis 
medium  tlie  orsanisms  sjrow  well,  and  cullures  l<ept  in  a 
cool  place  and  jirevented  from  drvinj;  retain  their  vitality 
for  a  number  of  months. 

Milk-  is  a  favorable  medium,  and  in  some  cases  coagula- 
tion takes  place. 

Vitalili/. — In  cultures  the  pneumoeoeeus  soon  loses  its 
vitality;  it  lives  longest  in  media  containing  blood  or 
scrum.  l'neuin<inic  sputum  attaelied  to  cloths,  air-dried 
and  e.vposed  to  ditfuse  daylight,  retained  its  virulence  for 
nibbits  for  jieriods  of  nineteen  and  fifty-tive  days  in  dif- 
ferent exp<'riments.  Exposed  to  direct  sunlight  the  same 
material  retained  its  virulence  after  twelve  hours'  ex- 
posure (Bordoni-Uffreduzzi).  This  resistance  of  the  or- 
ganism for  .so  long  a  time  under  these  conditions  is  at- 
tributed in  part  to  the  protective  influence  afforded  by 
the  albuminous  envelope  surrounding  the  micrococci  in 
tlie  sputum. 

C/ii  iiiiral  Effivt.t. — Three  varietiesof  pneumococci  have 
been  isolated  which  produce  a  brick-red  pigment.  Fil- 
tered and  <lead  uuflltered  cultures  contain  toxins  as  prod- 
ucts of  growth.  For  other  chemical  effects,  see  Strep- 
tococcus. 

Pdthorjeticsis. — The  pneumoeoeeus  is  quite  pathogenic 
for  some  animals,  especially  mice  and  rabbits;  rats  are 
less  susceptible,  and  guinea-pigs,  sheep,  do.gs,  and  birds 
are  almost  immune.  In  mice  and  rabbits  the  subcutane- 
ous injection  of  small  ciuantities  of  pneumonic  sputum 
in  the  early  sta.ges  of  the  disease,  or  of  a  pure,  virulent 
culture  of  the  niierococcus,  usually  results  in  the  death 
of  theseauimals  in  fromtwenty-fourto  forty-eight  hours. 
The  course  of  the  disease  proijuced  and  the  post-mortem 
appearances  indicate  that  it  is  a  tyiiieal  form  of  septi- 
ctemia — so-called  sputum  septicaemia.  The  most  marked 
pathological  lesion  is  the  enlargement  of  the  spleen.  The 
blood  after  death  often  contains  large  numbers  of  pneu- 
mococci. True  localized  pneumonia  does  not  usually 
result  from  subcutaneous  injections  into  susceptible  ani- 
mals, but  injections  made  through  the  thoracic  walls  into 
the  substance  of  the  liuig  may  induce  a  typical  librous 
pneumonia.  Attenuated  cultures  produce,  according  to 
the  point  of  inoculation,  pneumonia  and  pleurisy,  peri 
tonitis.  etc.  Attenuation  of  the  virulence  of  cidtures  of 
the  pneumoeoeeus  may  be  produced  artificially  by  the 
action  of  heat  or  several  days' growth  in  the  incidjator. 
by  continued  passa.a'e  through  unsusceptible  animals 
(guinea-pig.s),  by  cultivation  in  unsuitable  media,  etc. 
Virulence  is  restored  and  increased  by  passage  through 
highly  susceptible  animals  of  thesanre  species  from  which 
the  oi'ganism  was  originally  obtained. 

The  pneumoeoeeus  has  not,  been  found  outside  the 
body,  except  in  sputum.  It  is  frequently  present  in  the 
saliva  of  healthy  individuals.  In  di.seased  persons  it  is 
one  of  the  most  important  pathogenic  bacteria.  It  is  as- 
sociated with  various  inllammatory  jrroeesses,  especiall}- 
of  the  mucous  and  serous  nrembranes;  and  is  the  chief 
etiological  factor  in  the  production  of  lobar  and  catarrh- 
al peneumonia.  pleurisy,  pericarditis,  endocarditis,  em 
pyema,  peritonitis,  otitis,  meningitis,  conjunctivitis,  and 
keratitis;  less  frequeutlj' of  neplu'iti.s,  parotitis,  metritis, 
pyosalpinx.  strumitis,  amygdalitis,  arthritis,  osteomyeli 
tis,  periostitis,  abscesses,  and  genei'al  septica'inia.  Ery- 
sipelas can  also  be  caused  by  it.  In  many  of  these  alTe'c 
tions  the  organism  is  founll  not  only  locally,  but  also  in 
the  blood.  Very  often  the  pneumococeusis  associated 
with  and  acts  as  a  synergist  of  other  pus-producers,  as 
the  staphylococcus,  streptococcus,  etc. 

It  is  carried  from  its  original  seat  in  the  lun,gs  todistaut 
organs  of  the  body  by  means  of  the  cii-cidation,  beiui,^ 
often  found  in  tlii^  lyniphaties  and  the  blood  both  during 
life  and  after  death.  Knowing  that  the  saliva  and  nasal 
secretions  under  normal  conditions  so  frecpiently  atTord  a 
resting  place  for  the  pnenmococci,  we  have  oidy  to  as- 


sume the  production  of  a  suitable  medium  for  these  para- 
sites in  the  body,  brought  about  by  an  abnormal  condi- 
tion of  the  mucous  membranes  from  exposure  to  cold,  or 
a  reduction  of  the  vital  resistance  of  the  tissue  cells  in  an 
interior  organ,  b.v  disease,  traumatism,  excesses  of  vari- 
ous kinds,  alcoholism,  etc.,  readily  to  comprehend  how 
an  indi\i(lual  may  become  infected  primarily  or  second- 
arily with  pneumonia. 

Imniunitji. — Fi-aenkel  has  shown  that  subcutaneous  in- 
jections of  rabbits  with  virulent  cultures  of  the  pneumo- 
eoeeus produced  infection  in  only  a  small  proportion  of 
them;  those  which  recovered  were  found  to  be  some- 
what immune  to  a  second  infection.  Artiticially  attenu- 
ated cultures  or  material  containing  naturally  weakened 
micrococci  have  also  been  used  for  inoculation.  Another 
series  of  experiments  were  based  on  the  assumption  that 
the  protective  substances  are  contained  in  the  natural  or 
artiticial  products  of  the  growth  of  the  organisms.  Thus 
cultures  freed  from  bacteria  by  filtration  and  emulsions 
of  pneumonic  sputum,  portions  of  pneumonic  lung, 
pleuritic  exudates,  etc.,  were  employed  for  inoculation 
by  dilTerent  experimenters.  But  the  quantity  of  material 
required  for  inoculation  by  these  methods  having  been 
found  inconveniently  large,  attempts  have  been  made 
to  obtain  the  immunizing  products  in  a  more  con- 
centrated form.  Foil  and  Seabia,  and  the  Klempercr 
brothers  prepared  glycerin  extracts,  after  the  man- 
ner of  Koch's  tuberculin,  calling  their  product  "pneu- 
motoxin."  At  present,  however,  a  protective  serum  is 
obtained  from  horses  by  the  repeated  injections  of  fully 
virulent  pneumococci  in  exactly  the  same  way  as  in  the 
production  of  antistreptococcus  or  diphtheritic  antitoxic 
serum. 

Curative  experiments  in  man  have  been  recently  made 
with  this  antipneunrococcus  serum  obtained  from  im- 
munized animals.  The  most  successfrd  of  these  were 
conducted  b,y  the  Klempercrs.  The.y  hold  that  in  man 
during  the  pneumonic  process  there  is  a  constant  absorp- 
tion into  the  circulation  of  the  toxic  substances  produced 
by  the  bacteria.  This  continues  until  eventuall}'  the 
same  antitoxic  substance  is  produced  natui'ally  in  the 
body  as  is  seen  to  occur  experimentally.  It  is  then,  they 
think,  that  the  crisis  takes  place.  The  bacteria  are 
neither  destroyed  nor  is  their  power  to  produce  pueumo- 
toxin  lessened;  but  the  third  factor,  the  antitoxin,  now 
exists  and  neutralizes  the  toxin.  These  authors  state 
that  they  have  been  able  to  show  that  the  blood  serum 
of  patients  after  the  crisis  contains  antitoxic  substances, 
and  is  capable,  in  a  fair  number  of  cases,  of  curing  the 
disease  when  injecterl  into  infected  animals.  They  have 
also  made  observations  upon  patients  with  a  view  of  in- 
ducing the  crisis  by  the  injection  of  the  blood  serum  of 
imnuinized  animals  and  of  persons  convalescent  fi-om 
pneumonia.  Somewhat  favorable  resrdts  have  been  re- 
ported in  a  certain  nmnber  of  cases  thus  treated  by  the 
Klemperers,  Jansen,  I)e  Kienzi,  Weisbiicker.  AVashburu, 
Passe,  Ugheti,  Jlennes.  Lambert,  and  others,  but  nothing 
definite  so  far  has  been  accomplished.  It  may.  therefore, 
be  concluded  that  the  curative  tieatment  byantipneumo- 
coccus  sennn,  like  that  of  antistreptococcus  .scrum,  is 
still  in  the  experimental  stage.  All  that  can  be  s;ii<l 
about  the  results  obtained  is  that  the  cases  treated  have, 
as  a  rule,  done  better  than  was  expected,  though  no 
striking  curative  effects  have  been  pioduced.  In  many 
in.stances  tlrei'e  was  no  development  of  pireninococeus 
blood  infection;  and  even  if  tlie  sennn  does  not  hasten 
the  crisis  and  bring  about  a  positive  cure,  yet  it  may  be 
able  to  prevent  a  .general  infection.  It  is  known  that 
there  are  several  varieties  of  the  pneumoeoeeus,  as  of  the 
streptococcus,  possessing  diiferent  biological  and  patho- 
logical properties  and  varying  viruience.  Possibly  it 
may  be  found  that  pneumoeoeeus  serum  obtained  from 
animals  iniiiiunized  against  a  certain  variety  of  pneumo- 
eoeeus protects  only  fully  against  that  variety,  as  with 
the  streptococcus  serum.  But  whether  that  be  so  or  not, 
the  injections,  at  any  rate,  of  the  serum  have  been  .shown 
to  be  practically  harmless,  and  the  benefits  to  be  derived 
from  the  discovery  of  a  curative  remedy  for  imenmonia 
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Fig.  1. — Bacillus  Coli  Communis.  Agar  culture.  Stained  with  fuchsin.  X  1,000.  Photomicro- 
graph from  Bowhill's  "Bacteriology  "  by  permission. 

Fig.  3. — Streptococcus  Pyogenes  (Longus).  X  1.000.  Photomicrograph  from  Sternberg's  "Bac- 
teriology "  by  permission. 

Fig.  3. — Staphylococcus  Pyogenes  Aureus.  X  1,000.  Photomicrograph  from  Park's  "Bacteri- 
ology "  by  permission. 

Fig.  4. — ilicrococcus  Tetragenus  (Tetracoccus).  x  1,000.  Photomicrograph  from  Park's  "Bac- 
teriology "  by  permission. 

Fio  .5. — Diplococcus  Pneumonia  (Fraenkel)  in  Sputum,  x  1,000  Stained  by  Gram's  method. 
Photomicrograph  from  Sternberg's  "Bacteriology"  by  permission. 

Fig.  6. — Diplococcus  Pneumonite  (Fraenkel)  in  Blood,  x  1,000.  Photomicrograph  from  Stem- 
berg  s  "Bacteriology  "  by  permission. 

Fig.  7. — Micrococcus  Gonorrho'se  (Gonococcus  Neisser)  in  Urethral  Pus.  Stained  Tvith  Loeffler's 
solution  of  methylene  blue.  X  1,000.  Photomicrograph  from  Sternberg's  "Bacteriology  "  by 
permission. 

Fig.  S. — Diplococcus  Intracellularis  Meningitidis  (Meningococcus).  X  1,000.  Photomicrograph 
from  Park's  "Bacteriology  "  by  permission. 


Reference    Handbook 

OF   THE 

Medical  Sciences 


Plate  XI. 


m^y 


c>. 


I. 

Bacilhis  ('(iti    COninuiTiis. 


VI. 

ipliKMiius   |ipieiiniiiiiin-' 
in  blond. 


.-*'^  .2'i 


li. 

Streptolococcus  pyogenes. 


IV. 

Tetraciiccus. 


# 


'  V**^ 


•i/ 


VII. 

(lonocorcus   lN'ei>serl. 


Diploi-occus   pneiinioniiv   in 
>putuni. 


'  -v-  -  -  ■ 


III. 

Stapln  lococrus  pyogenes 
anrens 


VIII. 

Diplomcrus   Intracellular 
nienin^iiitliH. 


Pathogenic   Bacteria. 


KEFEHE.NCK   IIAMJUUUK   OF   THE   iMEDK'AL  SCIEXCES. 


Baclrrla. 
Barterla. 


arc  so  groat  that  these  experiments  are  certainly  worth 
continviinj:. 

Thk  MKMXGocorrfs  (DiplocnceuH  IntracrKtilriiis  Mcii- 
iiif/iti(/is). — 'i'liis  organism  was  isolaled  by  Weichsclbaurn 
(If^HT)  from  lilt'  exudate  of  eereliro-siiiiial  inciiinjiilis, 
both  wlieu  c()ni])lieatiM!r  jiiieuinonia  aud  in  inu'onipii- 
eated  eases,  and  from  its  usiuU  presence  in  tlie  interior  of 
pus  cells  he  called  it  iliplnctn-cna  iiitrid'eUiihtris.  It  has 
since  been  found  (IHOn)  by  .liiger  and  Sclieurer  in  the 
nas;d  secretions  and  sputum  of  p<'rsons  sulTcriiig  from 
this  atlVction  duriM<;'  an  epidemic.  Tlie  ficquency  of 
its  occurrence  in  and  restriction  to  this  disease  all'ord 
sutticient  evidence  of  its  liein.i:  concerned  at  times, 
at  least,  in  the  lu-oduction  of  ccrcbro-siiinal  meningitis, 
though  tlie  ]incuiiiococcus  is  probably  the  most  common 
cause. 

^f(lt^li(l|. — Xou -motile. 

Sftiiiiiiiff  ltriictii/H!<. — Stains  with  the  ordinary  ainline 
colors,  but  best  with  Loetilcr's  alUaline  methylene  lilue. 

.Virr'm'iipifdl  Aj/jfii/yi/icis. — Occurs  as  coH\'e-beau- 
sliaped  micrococci  usually  united  in  |iairs  (dijilococci), 
but  also  in  groups  of  four,  ami  in  stnall  masses;  some- 
times solitary  and  ,smallcr  aiiiiarcntly  degeui'iated  forms 
arc  found.  In  the  exudate  it  is  .geuerall.y  found,  like  the 
.gonococcus,  to  which  it  bearsa  close  resemblance  morjilio- 
logicall.v,  in  the  interiorof  the  pus  cells  and  extra-nuclear. 
According  to  some  authors  it  is  sometimes  indistinguish- 
able in  form  from  the  pneuniococcus.  streptococcus  py- 
ogenes, aiul  tetracoecus.     (Sec  Plate  XL,  Fig.  H.) 

Ilwli/i/tni!  aiiai-dctcrs. — The  meningococcns  does  not 
grow  at  room  temi)eraturc  but  only  in  the  inculiator  at 
30-37'  C.  Its  development  is  usually  scanf.v  on  the 
surface  of  agar,  Ihongh  sometimes  a  few  colonies  grow 
luMU'iantly.  It  does  not  grow  at  all  or  veiy  poorly  in 
bouillon  or  bouillon  mixed  with  one-third  blood  serum. 
It  develops  best  on  Eoetller's  blood-serum  mixture  as 
used  for  iliphthcria  cidtures. 

When  grown  on  iiutrinit  or  r/li/rcriti  uijiir,  at  the  end 
of  forty-eight  hours  in  the  incubator  a  tolerably  good 
growth  develops.  ap))earing  as  flat,  grayish  colonies,  vis- 
cid and  usually  non-confluent.  On  Lmffler' ■■<  IdmiJ  Ki'nim 
the  growth  forms  round,  whitish,  shining,  viscid-looking 
colonies,  with  smooth,  sliarjily  delincd  outlines.  The 
colonics  tend  to  become  confluent,  but  do  not  li(iuefy  the 
.serum. 

('ultivatc(l  in  artiflcial  incdi.-i  the  ineningococcus  soon 
loses  its  vitality  (in  six  days),  and  must  therefore  be 
transplanted  every  two  or  three  days  to  fresli  mcilia. 

Pntlwyencisix. — Xot  very  i)atho.ireni(;  for  animals;  most 
so  for  mice  and  gninea-i)igs.  less  so  for  rabbits  and  dogs. 
Subcutaneous  injectiousof  animals  give  ne.irative  results; 
intrapleural  or  intraiicritoneal  inoculations  in  mice  and 
.iiiiinca-iiigs.  in  lar.ge  doses,  are  generally  siu'cessftd.  The 
animals  usuall.v  fall  sick  and  die  within  thirty-six  to 
forty-eight  hinns.  showing  slight  fibro-|iurulent  exuda- 
tion. In  the  lilcpod  and  enlarged  spleen  di[ilococci  are 
found  in  sm;dl  niunbers  and  mostly  free;  in  the  pleuritic 
exudate  they  are  present  in  considerable  quantities  and 
then  are  found  in  the  interiorof  the  pus  cells,  llenin 
gitis,  corresponding  to  the  disease  as  occurring  in  man, 
lias  been  artificially  i)roduced  in  dogs  by  subdural  inocu- 
lations of  recent  cultures. 

I'nder  natural  con<litions  in  the  human  subject  the 
meningococci  iirobably  gain  access  to  the  brain  and 
nieninges  bj'  way  of  the  nose,  ear,  and  upjicr  air  pas- 
s:iges.  They  have  been  found  not  onl.v  in  meningeal  jius 
but  also  in  the  nasal  invicous  secretions,  the  sputum  and 
the  urine  of  patients  sulft'ring  from  meningitis,  and  oc- 
<-asionally  in  the  nares  of  healthy  persons  c(nning  in  con- 
tact with  patients.  A  mixed  infection  of  tlu:  meningo- 
coccus, pneumococeus,  and  streptococcus  jiyogenes  is 
often  met  with. 

.V  bacteriological  diagnosis  of  cerebro-spinal  meningitis 
niav  often  be  ma<le  by  means  of  lumbar  puncture  to  obtain 
a  specimen  of  the  fluid  from  the  spinal  catial.  and  micro- 
scopical examination  and  cultivation  on  I,oef!ler's  blood 
serum.  The  clinical  value  of  this  is.  that  about  forty  per 
cent,  of  the  atses  due  to  the  meningococcus  recover,  while 


almost  all  of  tho.se  caused  by  the  pneumococeus  aud 
I   streptococcus  die. 

Till-;  (ioNococcrs  (y/trrncomis  <!i>ni>rrha(r'). — First  ol)- 
served  by  Neisscr  (IS7i))  in  goiiorrlneal  Jiusand  described 
by  him  uniler  the  name  of  "gonococcus."  It  was  ob- 
tained in  \)\m\  culture  by  Huinin  (IH8.")),  aud  its  infective 
nature  ju-oved  b.y  inoculations  into  men. 

Mierimropicdl  Ajtiicdni/ifLX. — Microeocci  usually  united 
in  pairs  (diplococci)  or  .groups  of  four.  The  bodies  of 
the  diplococci  are  shaped  like  cotTee  beans  or  a  Vienna  roll 
(Seniel),  having  an  unstained  division  or  interspace,  in 
stained  preparations,  between  two  flat  surfaces  faciii.g 
one  anotlier.  They  are  from  O.S  to  l.(i/'  long  and  ().(i  to 
0.8  p  broad.  Ingonorrlucal  discharges  the  diplococci  are 
found  mostl.v  in  small,  irre.gular  groups  in  or  upon  the 
pus  cells  and  extra-nuclear.  Occasionally  round,  .single, 
aud  undivided  cells  are  ob.served,  and  a.gain  irre,gular 
forms,  particularly  in  old  cultures,  and  in  chronic  gonor- 
rhu>a  of  long  standing.     (See  Plate  XL,  Fig.  7.) 

Mill  Hit  >i. — Xon- motile. 

f>tiiiiiiii(i  liiiirtidim. — Stains  readily  with  the  basic  aniline 
d.yes,  especially  with  nietliyl  vi(j|et,  gentian  violet,  and 
fuchsin ;  not  so  quickly  with  methylene  blue,  which, 
however,  is  the  best  staining  a.gent  for  demonstrating 
its  |)resence  in  pus.  The  gonococcus  is  decolorize<l  l.i.\' 
Gram's  .solution,  which  enables  it  to  be  distinguished 
from  other  pus  cocci;  but  this  method  cannot  always  be 
depended  on  to  differentiate  it  from  all  diplococci  found 
in  th(!  urethra  and  vulvo-vagiual  tract,  sfJine  of  which 
arc  morpliolo.uically  similar  io  the  gonococcus  and  are 
also  decolorized  by  Gram's  solution. 

Biolo(jii'al  (!hai-(ir1i-rs. — Aerobic  and  facultative  anaB- 
robie.  Does  not  giow  at  room  temperature,  best  at  37° 
0.  Growth  on  ordinaiy  culture  media  is  so  scanty  that 
.special  media  have  been  devi.sed  for  its  cultivation. 

Ilniiiiiii,  Pfiiriiilii  ,'<eriim  Agar. — Wertheim  has  suc- 
ceeded in  developing  luxurianl;  and  virulent  cultures  to 
man.v  generations  on  a  mixture  consisting  of  plac<'iita 
blood  serum  and  two  per  cent,  peptone  agar.  Ilis 
method  is  as  follows:  Several  loups  of  gonorrlneal  pus 
are diffu.sed  through  liqnidiilaeental  blood  serum  warmed 
to  40'  C.  in  a  test  tube.  Two  dilutions  are  made  from 
this,  and  an  equal  quantity  of  melted  1  wo-per-cent.  Jicp- 
tone  agar  cooled  to  40°  (".  is  added  to  the  three  tubes,  and 
the  contents  potircd  into  Petri  dishes.  At  the  end  of 
twenty  four  hours  in  the  iucubatin-  there  will  have  de- 
veloped on  at  least  line  of  the  plates  distinct  colonies, 
which  ;ire  in  apiiearance  translucent  and  finely  .granular 
with  scallo])ed  mar.gins.  IJy  transferring  such  a  colony 
to  slant  cultures  of  serum  agar,  pure  cultures  of  the 
gonococcus  are  obtained;  these  are  ,somewliat  shiny  in 
ai)pearance  and  of  a  grayish-white  color. 

IlniiKiii  (Ihfst  Scrum  Ar/ar.  —  Ileitnan.  aud  almost 
simultaneously,  Kiefer  and  Menge,  inoiiosed  a  culture 
medium  made  fr<nn  hydrothorax,  ascitic  or  hydrocele 
fluid,  obtained  from  the  human  subject.  This  medium 
as  prepared  b_v  Ilciman  consists  of  a  2  per  cent,  agar  -j- 
3  per  cent,  peptone  -{■  O.ii  per  cent,  salt-j-  2  per  cent,  glu- 
cose; of  this  mixture  two  parts  are  a<lded  to  one  part  of 
"chest  serum,"  obtained  from  a  patient  suffering  from 
hydrothorax,  acute  pleurisy,  or  hydrocele,  which,  if 
necessiiry,  is  sterilized.  The  chest  serum  agar  should 
luive  a  neutral  reaction.  The  .growth  in  this  medium  is 
thus  described:  "Inidate  cultures  streaked  on  the  sur- 
face, grow  th  abundant,  colonies  circular  in  sliajie,  ed.ges 
.somewhat  irre.gular,  shading  olT  into  yellowish  white; 
texture  finely  granular  in  ])eriiihery,  presenting  punc- 
tuated spots  of  higher  refraction  iuaiid  arinind  the  centre 
of  yellowish  color. " 

Pir/  S(  rum  Hutrose  Af/ar. — 'Wasscrmann  recommends  a 
culttirc  meilium  for  the  gonococcus  consisting  of  1")  c.c. 
pig  .serum  diluted  with  ;iO-:i."ic.c.  water,  to  which  is  added 
2-'-i  c.c.  glycerin,  and  linally  about  2  per  cent,  nut  rose 
(casein  sodium  )iliosphate).  This  is  thoroughly  mixed 
and  boiledand  sterilized  by  the  fractional  method.  To  the 
mixture  is  now  added  an  eipial  (piaiitity  of  2  per  cent, 
a.gar  cooled  to  W  C,  for  the  inoculation  of  cultures,  and 
then  lioured  iuto  Petri  dishes.     The   grow  th  is  favored 
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by  lulmission  of  air,  and  is  similar  in  appearance  to  tliat 
airoady  described  for  plate  and  streak  etilttires. 

j;,.riii«. — AVasserinann  lias  obtained  on  liis  serum  iiu- 
trose  asrar  vindent  cultures  of  the  gonocoecus,  wliieli 
after  bcin-:  killed  still  possessed  toxic  action.  The  uouo- 
toxin  produced  was  found  to  be  very  resislmit  to  heat 
and  the  action  of  nlcnliol :  it  killed  mice,  and  in  rabliits 
gave  rise  to  caseous  inliltratiou  often  passing  into  necrosis, 
and  in  large  doses  (noduced  general  toxa'mia.  Injected 
into  the  human  subject  the  gonotoxin  seemed  to  produce 
no  curative  effect  on  an  existing  chronic  gonorrhoea,  the 
intense  reaction  caused  not  becoming  less  on  repeated 
inoculations. 

The  production  of  gonotoxin  would  seem  to  account 
for  the  gonorrhfeal  secretion.  It  also  renders  more  eon\- 
prehensible  se\eral  obscure  points  in  the  history  of  chronic 
gonorrbu'a:  for  examidc.  the  fact  that  gonococci  may 
be  apparently  absent  from,  or  only  isolated  organisms 
preseid,  in,  the  gonorrlural  discharge,  and  yet  a  puru- 
lent secretion  be  kept  up  containing  few  bacteria:  but  if. 
owing  lo  some  injury  to  the  tissues,  the  organisms  in- 
crease in  number  an  acute  exacerbation  of  the  disease  is 
again  set  up  and  masses  of  gonococci  are  then  found  in 
the  pus. 

Vitality. — The  gonocoecus  has  but  little  resist^iut 
power  against  outside  influences.  It  is  killed  by  weak 
disinfecting  solutions  and  by  desiccation  in  thin  layers. 
In  comparatively  thick  layers,  however,  as  when  gonor- 
rha>al  jius  is  smeared  on  linen,  it  has  lived  for  forty-nine 
days,  and  dried  on  glass  for  twenty-nine  da3'S  (Heiman). 
No  develo|)ment  takes  place  below  2")'  C.  or  above  39° 
Q. :  it  is  killed  by  a  temperature  over  4'i'  V. 

Piit/)i'ffcncsis. — Gonorrha?a  as  occurring  in  man  is  non- 
transmissible  to  dogs,  monkeys,  horses,  and  rabbits, 
whether  inoculations  be  made  into  the  urethral,  vaginal, 
or  other  mucous  membranes.  Large  doses  of  virulent 
cultures  produce  in  animals  toxic  inflammations,  similar 
to  that  produced  by  the  gonotoxin.  without  any  multi- 
plication of  cocci.  Although  animal  inoculations  have 
been  thus  followed  by  negative  results,  the  etiological 
relation  of  the  gonocoecus  to  human  gonorrhoea  has  been 
demonstrated  beyond  question  by  the  infection  of  healthy 
men  with  the  disease  l)y  inoctdation  of  puie  cultures  bj- 
Bnmra,  Wertheim,  Kiefer,  and  Heiman. 

The  gonocoecus  has  never  been  found  outside  the 
body,  except  in  articles  of  clothing,  etc..  which  have  be- 
come contaminated  by  those  affected  with  the  disease; 
nor  has  it  ever  been  met  with  in  healthy  ])er.sons.  In 
those  suffering  from  gouorrhiea  it  has  been  found  in  the 
urethra  and  prostate  of  the  male  and  in  the  urethra, 
vagina,  and  cervix  uteri  of  the  female,  as  the  cause  of  the 
disease.  Besides  gouorrlxeal  iirethritis  and  vaginitis,  the 
gonocoecus  is  the  cause  of  certain  cases  of  endometritis, 
metritis,  salpingitis,  oophoritis,  peritonitis,  proctitis, 
cystitis,  and  probably  alsoof  epididymitis;  alsoof  gonor- 
rlia?al  ophthalmia  neonatonun,  and  rarel^v  of  diphtheritic 
conjunctivitis  in  children  (Fraenkel).  The  gonocoecus 
produces  in  adults  severe  conjunctivitis,  seldom  rhinitis 
and  otitis.  It  is  frequently  the  cause  of  gonorrhteal 
arthritis,  also  probably  in  some  cases  of  pleuritis,  malig- 
nant endocarditis,  parotitis,  periostitis,  and  bursitis. 

In  the  local  affection  squamous  epithelium  protects 
better  than  cylindrical  cpil helium.  The  jiarasite  pene- 
trates gradually  through  the  epithelium  into  the  con- 
nective tisstie.  In  travelling  to  distant  organs  of  the 
body  the  gonocoecus  follows  mainly  the  course  of  the 
lymphatics  and  produces  inflammation  which  tlually  leads 
to  fibrinous  hypertrophy — stricture  of  the  urethra,  hyjier- 
trophy  of  the  prostate,  etc.  There  is  no  immunity  pro- 
duced after  recovery  from  an  infection. 

In  view  of  the  fact  that  several  uon-specitie  forms  of 
urethritis  exist,  and  also  that  diploeocci  morphologically 
similar  to  the  gonocoecus  Neisser  arc  often  found  in 
the  normal  urethra  and  vulvo-viiginal  tract,  it  becomes  a 
matter  of  great  importance  to  be  able  to  detect  gonococci 
when  present  and  to  differentiate  these  fromthe  non- 
specific organisms.  For  the  demonstration  of  gonococci, 
they  must  be  found  as  diploeocci  lying  in  masses  in  the 


pus  cells  and  extra-nuclear,  when  stained  with  methylene 
bhie  anil  decolorizcfl  by  Gram's  solution.  Organisms 
having  these  characteristics  microscopically  may  for  all 
practical  iiurjioses  be  considered  as  certainly  gcmococci, 
if  they  arc  obtained  from  the  urethral  discharge  and  con- 
firmed by  examination  on  three  successive  days.  But  if 
there  still  remain  any  doulit,  and  especially  if  the  organ- 
isms are  obtained  from  the  vulvo-vaginal  tract,  ]jlate 
cultures  should  be  made  on  one  of  the  sjiecial  media  de- 
scribed (chest  serum  agar,  etc.),  on  at  least  three  con- 
secutive days. 

Tin-:  BACii.i.tis  Pyocyaneus  (Bacillus  of  Green  mid 
Blue  Pu.t). — This  bacillus  is  found  in  green  or  blue 
colored  pus  which  occasionally  accompanies  the  dis- 
charges from  open  wounds,  and  is  the  cause  of  the  pig- 
mentation produced. 

Microsnijiiriil  Appearances. — Delicate,  slender  rods, 
about  0.4  ^i  broad  and  1.5  to  6 //  long,  often  united  in 
jiairs  or  in  chains  of  four  to  six  elements,  and  occa- 
sionally growing  into  long  threads. 

Motilitij. — Actix'ely  motile,  possessing  only  one  flagel- 
lum. 

Spore  Formation. — Absent. 

Stdiniiifi  Reitctioriii. — Stains  readily  with  the  ordinary 
aniline  colors:  does  not  stain  with  Gram's  method. 

Biological  ClairactevK. — Aerobic  and  facultative  anae- 
robic, but  produces  pigment  only  in  the  presence  of 
oxygen.  Grows  readily  on  all  arliticial  culture  media  at 
room  temperature,  but  liest  at  37'  C.  On  gelatin-  plates 
flat,  irregular  colonies  with  radiating  borders  are  rapidly 
developed,  imparting  to  the  medium  a  fluorescent  green 
color ;  liquefaction  begins  at  the  end  of  two  or  three  days, 
and  in  five  days  the  gelatin  is  completely  liquefied.  In 
gelatin  stab  cultures  liciuefaction  takes  place  rapidly  at 
first  near  the  surface  and  gradually  extends  down- 
ward; a  greenish  color  is  produced  in  that  portion  in 
contact  with  the  air.  On  agar  plates  a  wrinkled,  moist, 
whitish  layer  is  developed,  the  surrounding  medium  be- 
ing at  first  bright  green,  later  darker  in  color,  and  finally 
blue  green  or  almost  black.  In  Imtillon  a  green  fluores- 
cence is  produced,  the  medium  being  clouded,  and  a 
floeculent  sediment  forms.  Milk  is  coagulated  and  pep- 
tonized. On  potatoes  a  greenish-yellow  or  brownish 
growth  occurs,  the  surrounding  surface  being  green. 

The  bacillus  pyocyaneus  produces  two  pigments — one 
of  a  fluorescent  green  (bacten'o-fliiorescin,  soluble  in 
water)  and  the  other  of  a  blue  color  (pi/oci/anin.  sohdjle 
in  chlcuTiform)  formed  only  in  the  presence  of  oxygen. 
A  faint  aromatic  odor  is  ]iroduced  in  recent  cultures:  in 
old  cultures  a  disagreeable  ammoniacal  odor.  No  indol 
or  H;S  is  formed  by  this  bacillus,  and  very  little  acid 
from  grape  sugar;  no  gas.  Nitrates  and  nitrites  are  con- 
verted into  free  nitrogen.  The  bacillus  pyocyaneus  pro- 
duces jioisons  by  its  growth.  It  has  but  little  resistance 
to  out.side  influences.  Drying  kills  it  rapidly ;  exposure 
to  the  action  of  direct  sunlight  for  four  hours  partly  de- 
stroys its  power  of  producing  ]iigment. 

Pathogene.'dii. — Pathogenic  for  i-abbits  and  guinea-pigs. 
Subcutaneous  or  intraperitoneal  injections  of  1  c.c.  of  a 
bouillon  culture  cause  the  death  of  these  animals  in  from 
twenty-four  to  thirty-six  hour.s,  with  the  production  of 
extensive  inflammatory  o'dema  and  purulent  infiltration 
of  the  tissues.  The  bacilli  nudtiply  in  the  body,  and 
may  be  found  in  the  serous  or  purulent  fluid  as  well  as 
in  the  blood  and  organs.  Smaller  amounts  do  not  kill 
the  animals,  b\it  icmlerthera  imnnme  to  do.scs  fatal  to 
those  not  tlius  imnuuiizcd.  In  rabbits  inoculated  with 
a  culture  of  the  bacillus  authracis  a  fatal  residt  may  be 
prevented  bj'  soon  after  inoculating  the  animal  with  a 
jiure  culture  of  the  bacillus  ]iyocyaneus.  It  has  been 
suggested  that  the  iirotective  action  is  due  to  the  chem- 
ical products  of  the  growth  of  the  bacillus,  and  not  to  an 
antagornslic  elfi-ct  of  the  living  bacteria. 

Though  widely  distributed  in  nature,  the  bacillus 
pyocyaneus  has  not  .so  far  been  fouinl  outside  the 
living  body.  It  has  been  observed  occasionally  in  the 
mouth  and  intestines  of  healthy  individuals,  on  the  un- 
broken skin  anil   in  the   purulent  discharges  of  open 
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wounds,  also  in  bandages  and  dressings,  at  timfs  c]ii 
domif-ally  in  liospilals.  I'sually  tlif  organism  ajipcars 
only  in  association  willi  llii- coninion  pus  focci.  coloring 
the  pus  lilue  or  green.  In  some  cases,  however,  it  has 
been  found  alone  in  disease  proces.ses,  as  in  otitis  media, 
o]ihthalnda.  hroncho  pneniiioiiia,  pericarditis,  etc..  <'spe 
eially  in  ehildren,  so  liiat  we  have  reason  to  lielieve  that 
this  liaeilliis,  althoiigli  ordinarily  non-pathogenic  for 
man.  may  under  certain  conditions  liecome  a  source  of 
infection.  In  geneml  its  presence  in  wounds  delays  the 
process  of  re])air  and  may  give  rise  to  a  depression  of  the 
vital  powers  from  the  absorption  of  its  to.xic  |)rodiicts. 

TiiK  H.vcii.i.rs  PnoTiots  S'ti.ii.Miis. — This  is  the  most 
important  of  a  group  of  .similar  bacteria,  known  as  the 
"  Proteus  group.  "  which  are  among  tlic  commonest  and 
most  widely  distributed  luUrelactixc  urg.-uiisms.  'I'hey 
were  formerly  included  by  the  earlier  obs<'rvers  under 
the  nameof  "  bacteriiun  termo."  which  they  a|)plied  loall 
minute  motile  organisms  foimd  in  putrefying  substances. 

Micfoaopi'ciil  AjijX'iii'iiiircx. — Small,  slender  rods  \arying 
greatly  in  size,  but  l)ntlie  average  about  (l.fi  //  l)road  and 
1.2 /J  long,  generally  occurring  in  ])airs  but  .sometimes 
arr!inge<l  in  tilaments.  Which  may  be  more  or  less  twiste<l. 
It  is  10  its  great  variability  in  fnrni  that  it  was  given  the 
name  of  pn/icux. 

Moli/iti/. — Actively  motile. 

Spore  Formatio/i. — Absent. 

Staininr/  Hrnctinns. — Stains  refiilily  with  aniline  dyes, 
especially  fuchsin  or  gi'iuian  violet;  also  stains  with 
Gram's  solution. 

JJiolM/fciil  C/iiiriirt,  IS. — Ai'-roliic  and   facultative  anae 
robic.     Grows  on  almost  all  culture  media,  develojjing 
most  raiiidly  at  room  tem])erature.  but  also  in  the  ice 
bo.x  anil  in  the  incubator.     To.xiu  production  seems  to  be 
favored  by  admission  of  air. 

The  growth  on  f/ilfitin  yrfrt^i^w  containing  live  per  cent. 
of  gelatin  is  very  characteristic.  At  the  end  of  ten  to 
twelve  hours  at  room  temiierature,  small,  round,  yellow- 
isli  colonies  with  tliick  centres  and  irregular  edges  de- 
velo|),  from  which  brush-like  oll'shools  are  thrown  out. 
Other  colonies  ai'e  surroiuided  by  a  znne  of  threads  which, 
partly  in  cir<-nlar,  partly  in  irregidar  twisted  tigures, 
surround  the  central  ojiaiiue  mass.  Straight  and  twisted 
olT.shoots,  which  frequently  beeoine  detached  from  the 
parent  colony,  grow  into  the  siniounding  mediiun  and 
continue  moving  about  in  the  li(|Uelie<l  gelatin,  sometimes 
called  "swarming  islands."  When  the  consi.stencj-  of  the 
medium  is  more  solid,  as  in  ten  percent,  gelatin,  the 
liipiefaction  and  migration  of  these  surface  colonies  are 
more  or  less  ri'tardeii.  In  r/ilntin  stub  i-nltuirti  the  growth 
is  less  characteristic — liquefaction  takes  jilace  rapidly 
along  the  lin(!  of  puncture,  and  soon  the  entire  medium 
is  liipietied.  Upon  inilriiiit  iiijar  a  rapidly  spreadin.g. 
thin,  moist,  grayish- white  coating  a])pears,  and  niigration 
of  the  colonies  also  occurs.  MOIc  is  coagulated  with  the 
production  of  acid.  On  patnto  a  dirty  grayish  coating 
develop.s.     lii/iiiUdii  is  uniformly  clovided. 

Culture  media  containing  albumin  or  gelatin  are  de- 
composed l)y  the  ])roleus  vulgaris  with  the  producti<in  of 
a  (lisagreeal)le  putrefactive  (jdor  and  alkaliiu!  reaction. 
It  produces  gas  and  acid  fiom  carbohydrates,  thus  giv- 
ing otf  no  odor.  It  also  pnjduees  indol  and  ILjS.  Urea 
is  deconqioscd  into  carljonate  of  ammonia.  It  forms 
toxins,  which  may  be  obtain<'d  by  tiltration  of  the  cultures 
through  porcelain.  The  proteiis  vtdgaris  possesses  eon 
siderable  resistance  toward  chemical  and  thermic-  intlu- 
enees,  but  is  killed  at  (it)    ('.  in  lialf  a  miiuite. 

Piitli'if/iiiisi's. — This  bacillus  is  |iathogenic  for  rabbits 
and  guinea-jngs  wlien  injected  intravenously,  intrajieri- 
toneally,  or  subcutaneously  in  large  ((Uantities.  death  of 
the  animal  being  produced  with  symptoms  of  into.xica 
tion.  The  elTeets  are  nuich  more  readily  produced  when 
other  organisms,  as  the  streptococcus,  are  introduced 
simultaneously  into  the  body.  Less  virulent  species  of 
pathogenic  bacteria  (staphylococcus,  streptocoeeust  also 
gain  in  vindence  when  they  are  injected  along  with  liv- 
ing or  dead  jn'oteus  cultures. 

The  proteus  vulgaris  is  found  very  commonlj-  outside 


the  body  in  putrid  meat  and  other  decaying  substances, 
such  as  foul  water,  etc.  It  is  foiuid  als<]  in  the  digestive 
tract  of  healthy  per.sons.  In  disea.se.  it  is  the  organism 
chiefly  concerned  in  the  production  of  cystitis  with  am 
moniacal  urine.  eith<'r  alone  or  in  conjuiiction  willi  the 
bacillus  coli  communis,  and  is  also  an  etiohigical  factor 
in  many  other  genito  ininary  affections.  'I'he  >ii(j/iiin'//iix 
Uqiiefdcicim  nejitinix  of  some  authors  is  probalilv  identical 
willi  the  proteus  vulgaris.  Although  this  bacillus,  how- 
ever, occurs  quite  fre(|Uently,  alongwith  other  bacteria  in 
various  disc-ases,  it  has  sc'ldom  been  [.ositively  shown  to  be 
the  specitic  c-auseof  infc-ction.  Hooker,  who' has  made  c-.\ 
tended  investigalionsinto  thectiology  ofcholir.-c  iidantiim. 
eonclndc-s  that  the  proteus  vulgaris  ])lays  an  inipcjrtaiit 
jiart  in  the  production  of  this  affection.  He  found  the 
liaeillus  jiresent  in  eigliteeu  cases  of  cholera  iiilanliuu  e.\- 
anuiied  by  him.  but  not  in  the  f'a'c-es  of  healthy  infants. 
Levy  believes  that  in  so-called  "mc-at  c»r  sausagi'  jioison- 
ing"  bacteria  of  this  group  are  chiefly  conc-erned,  and 
that  the  palhogeinc  etfects  are  due  to  toxic  produc-ls 
evolved  during  theirdevelopinent;  though  othersattribute 
this  affection  to  an  anaerobic  organism,  the  liin'ilhix  biitii- 
It'inix  of  Van  Erniengen,  the  symi)tiims  being  desc'rihed 
as  hiitHlixiH.  According  to.Jager.  certain  forms  of  icterus 
aecom|iaiiied  with  fever,  pain  in  the  nui.selcs,  and  enlarged 
liverand  sjileen,  knc)\vn  as"  Weil's  disease,''  are  |iidduciil 
by  the  |iroteus  Thus  it  would  seem  that,  though  ordi- 
narily a  harmless  parasite,  the  proteus  vtdgaris  may  at 
times  bec'ome  pathogenic  toman.  Considering  the  very 
wide  distribution  of  this  organism  in  nature,  the  wonder 
is  tliat  with  its  poi.sonous  iiroperties  so  few  diseases  ap- 
parently are  p.i-oduc'ed  by  it. 

TiiK  I5.\cii.i.ts  OF  M.\i.I(;n.\nt  (Edem.\  (BariUiin  (Kth- 
itKiiix  MiiliijiiS.  ;  V thrill II  Sciitii/iie). — This  bacillus  is  widely 
distributed,  being  found  in  the  superficial  layers  of  the 
soil,  especially  in  garden  earth,  niamue,  filth  of  all  kinds, 
and  house  clrains;  also  in  the  blood  and  inli-stinc's  of  ain- 
mals.  It  was  discovered  by  Pasteur  (ll^TT).  and  later 
carefully  .studied  l)y  Liborius  and  Koch. 

Mirnmnipinil  Apiiiiint nns. — Rather  large  rods,  similar 
morphologically  to  tetanus  and  symptomatic-  anthi-a.v 
bacilli,  but  .showing  a  gi-eater  tendency  to  grow  out  into 
long  filaments;  in  size  from  0.8  to  1  //  broad  and  2  to  II) « 
long. 

Miililiti/. — Motile,  but  not  very  actively  so  except  the 
short  forms,  having  thi-ee  to  twelve  tlagella  attached  to 
the  ends  and  sides  of  the  rods. 

Spiorc  F'liriiiiiiinii. — Foi-ms  spores  generally  in  the  midille 
of  the-  rods  and  oval  in  shape. 

Sliiiiiiiiii  Jic'irfiiiiis. — Stains  readily  with  the  ordinary 
aniline  dyes,  especially  when  obtained  fi-om  the  animal 
body;  decolorized  by  Gi-am's  method. 

Biiiliipirnl  Cliiiriii-trrii. — Stric-tly  anai'robic-,  gi-owing  in 
all  tliC!  u.sual  cultui-e  media  in  the  abseiic-c-  of  oxygen. 
Development  lakes  jilaee  at  room  tempei-ature.  but  more 
rapidly  and  abundantly  at  HT    C. 

This  bacillus  grows  on  nutrient  (fctntiii,  but  moi-e 
abundantly  on  gluc-ose  gelatin  containing  one  to  two  per 
cent,  of  glucose.    Gas  is  formed  and  the  gelatin  is  li(|uetied. 

On  iifiiir  pliilm  the-  colonies  ap|M-ar  as  chdl,  whitish 
points,  irregular  in  outline,  and  when  examined  under  a 
low  power  they  are  sec-n  to  be  eompo.sed  of  a  thick  net- 
work of  thrcacis  i-adiating  iri-egidarly  froni  tlie  cc-ntit-  to 
the  periphei-y.  lUond xirinii  is  i-apidly  liquefied,  with  the 
lu-ociuction  of  gas.  liniillnn  is  clouded  from  the  forma- 
tion of  ga.s.  Milk  is  not  coagulated.  Cultui-es  of  the 
bacillus  of  malignant  cedc-nia  give  off  a  pec-uli.-tr  odoi-. 

Piitliiiiii  iiini.1.  —  Especially  |)ali]ogc-nic  for  mic-e.  guinea 
pigs,  and  i-alil-ils,  although  hot-ses,  t-ats,  dogs,  goats, 
sheej).  calves,  pigs,  c-hickens.  and  jngeons  are  also  sus- 
eeptilile,  and  occasionally  man.  Cattle  are  immune.  A 
.small  ciuantity  of  a  pure  eulluro  subcutaneously  injected 
into  a  susceptible  animal  gives  rise  to  gc-neral  hemor- 
rhagic n^lema  which  extends  over  tlie  entire  surface  of 
file  abclomen  and  thoi-ax  and  results  in  the  death  of  the 
animal.  Tliei-e  is  no  odor  develojic-d.  and  little,  if  any. 
gas.  In  infcc-tion  with  garden  earth,  owing  to  the  prc-s- 
ence  of  associated   bacteria,   gas  is  produced  having  a 
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putrcfiictive  odor.  >[aligiuiiit  ttdcma  is  chiefly  confined 
to  tlu' domestic  animals,  but  casfs  have  also  bofii  ivpovtcd 
in  man.  Infection  takes  place  most  reailiiy  wlicn,  as  in 
the  nalural  disease,  other  bacteria  are  simultaneously  in- 
troduced, such  as  the  15,  proleusand  the  B,  prodi.sriosus. 

.\ninials  which  recover  fi-om  inalijrnaiit  oxlema  are 
subse(|ucnlly  inununc.  Artificial  inununity  may  be  in- 
<l\n-ed  in  jiuinea-pijis  by  the  injection  of  filtered  bouillon 
onllures  which  have  been  previously  sterili/ed. 

B.vcii.i.rs  Aehooenes  C.\psti..\Tis,— Found  by  Welch 
in  the  blood-vessels  of  a  patient  sulTering  from  aortic 
aneurism:  on  autopsy  made  in  cool  Aveather  eijiht  hours 
after  deatli,  the  vessels  were  observed  to  be  full  of  gas. 
Since  then  it  has  been  found  in  a  luiinber  of  other  cases. 
These  cases,  as  a  rule,  showed  marked  symptoms  of  de- 
lirium, rapid  pulse,  hi.ah  tcmjierature,  and  the  develop- 
ment of  emphysema  and  discoloration  of  the  diseased 
area,  or  of  abdominal  distention  when  the  peritoneal 
cavity  was  involved. 

J/frravopiriil  Appr/ri-ance.i. — Straight  or  slightly  curved 
rods,  with  rounded  or  sometimes  square-cut  ends,  some- 
what thicker  than  the  anthrax  bacilli  and  varying  in 
length,  occasionally  growing  out  into  long  threads.  In 
the  animal  body,  and  sometimes  in  cultures,  the  bacilli 
arc  encloseii  in  a  transiiarent  capsule. 

.Vnti/i/i/. — Xon-motilc. 

Spore  Fonitation. — Absent. 

Stdininr/  Ef'tctions. — Stains  with  the  ordinary  aniline 
dv"es  and  by  Gram's  method. 

' Bii)li)(pcal  Chiii-iirti  rx. — Anaerobic,  growing  at  room 
temperature,  but  more  rapidlj'  at  37°  C.  in  the  usual  cul- 
ture media  in  the  ab.sence  of  oxygen,  with  gas  produc- 
tion. Ochiiiii  is  not  li(iuefied,  but  is  gradually  peptonized. 
On  ngar  grayish-white  colonies  are  developed  in  the  form 
of  flattened  spheres,  oval  or  irregtdar  masses,  beset  with 
liair-like  projections.  Boiiilhii  is  diffusely  clouded,  and 
a  white  sediment  is  formed.     Milk  is  rapidly  coagulated. 

P,it/ii>//(  iiinis. — Usually  non-iiathogcnic  in  healthy  ani- 
mals, although  Dunham  found  that  the  bacillus  taken 
freshly  from  human  infection  is  sometimes  very  viridcnt. 
"When  quantities  tip  to  2.5  c.c.  of  fresh  bouillon  cultures 
are  injected  into  the  circulation  of  rabbits  and  the  ani- 
mals killed  shortly  afterward,  the  bacilli  develop  rapidly 
"n-ith  abundant  formation  of  gas  in  the  blood-vessels  and 
organs,  especially  the  liver.  Welch  suggests  that  in  some 
cases  in  which  death  has  been  attributed  to  the  entraiK c 
of  air  into  the  veins  the  gas  foiuid  at  autopsy  may  luixr 
been  produced  by  this  or  some  similar  niiero-organism 
entering  the  circulation  and  developing  shortly  before  or 
after  death.  The  bacillus  has  been  found  in  the  dust  of 
hospital  wards. 

The  .Vxthr.\x  B.vciLi.rs  {BuciUns  Anthnicis ;  Mil::- 
hniiid  Biti-iUii»  ;  Bucteridie  ihi  Clifiyhiin). — This  organism 
is  always  present  in  the  Idood  of  animals  aft'ected  with 
antln-a.v  or  splenic  fever,  an  acute  disease  very  in-evalent. 
in  certain  parts  of  Em-ope  and  Asia,  among  sheep  and 
cattle.  In  this  country  it  is  comparatively  rare.  Tlu' 
disease  also  occurs  in  man  as  the  result  of  infection,  either 
through  the  skin,  the  intestines,  or,  in  rare  instances, 
through  the  lungs,  in  the  form  of  external  anthrax  or 
malignant  pustule,  and  internal  anthrax  or  wool-sorter's 
disease.  Those  persons  are  most  subject  to  infection  who 
come  in  contact  with  animals,  hides,  wool,  etc. 

Owing  to  the  fact  that  anthrax  was  the  first  infections 
disea.se  wliii-h  was  .sh<jwn  to  be  caused  by  a  siiecific 
micro-organism,  the  study  of  tins  bacillus  has  probably 
contributed  more  to  our  general  knowledge  of  bacteria 
than  any  other  living  organism.  It  was  first  observed 
by  IVillender  in  ISlit  in  the  blood  of  animals  affected  with 
anthrax.  In  lS(i3  Davaine  showed  by  inoculation  ex- 
periments that  it  was  capable  of  producing  the  disease. 
Then  finally  in  IStO.  Pasteur,  Koch,  and  others  demon- 
strated that  the  bacillus  coid<l  be  isolated  in  pure  cult  ures 
on  artificial  media,  and  that  when  su.sceptible  animals 
\verc  inoculated  with  portionsof  these  cultures  conditions 
similar  to  those  found  in  the  animal  from  which  the 
original  cultures  were  obtained  were  iiroduced. 

Mirmscopical  Appenntnccfi. — In  the  blood  (d'  ainmals  it 


occurs  as  large  rods  of  variable  size,  from  1  to  1.35  ^ 
broad  and  3  to  10/;  or  more  long,  often  arranged  in  flexi- 
ble filaments  twisted  and  pbuted  together.  In  unstained 
specimens  examined  in  the  hanging  drop  the  ends  of  the 
rods  appear  to  be  slightly  rounded,  while  in  stained 
preparations  thej'  seem  to  be  square  cut.  Under  a  high 
magnification,  especially  in  cultures,  the  ends  are  seen  to 
be  a  trifle  thicker  than  the  body  of  the  cell,  and  occasion- 
ally somewhat  indented  and  concave,  giving  to  the  rods 
the  appearance  of  joints  of  bamboo  cane.  At  one  time 
much  stress  was  l;dd  njion  these  morphological  pectdiar- 
ities  as  distinguishing  marks  of  the  anthrax  bacillus;  but 
it  has  been  found  tliat  they  are  the  effects  of  artificial 
cultivation,  staining,  etc.,  and  not  necessarily  character- 
istic of  the  organism  under  all  conditions.  The  bacilli, 
when  obtained  from  the  blood  of  affected  animals  and  cei- 
tain  culture  media  (liquid  blood  .serum),  are  enclosed  in  a 
capsule,  which  in  stained  preparations  may  be  distin- 
guished by  its  taking  on  a  lighter  stain  than  the  rods  them- 
sclves  which  it  surrounds.     (See  Plate  XII.,  Fig.  1.) 

Motility. — Non-motile. 

Spore,  Foniiiitiiiii. — Forms  spores  under  aerobic  condi- 
tions at  temperatures  from  12°  C.  tip  to  37°  C.  The 
spores  are  elliptical  in  shape  and  once  or  twice  as  long  as 
broad;  they  first  apyicar  as  small  refractile  granules  dis- 
tributed at  regular  iuter\als,  one  in  each  rod,  and  as  the 
spores  develop  the  mother  cells  become  less  and  less 
distinct  until  they  finally  disappear  altogether,  the  com- 
plete oval  spore  being  set  free  by  its  dissolution.  Spores 
are  never  formed  in  the  living  animal  or  in  unopened 
carcasses,  owing  to  lack  of  oxygen,  but  in  slaughtered 
animals,  bloody  dung,  etc.,  where  the  conditions  neces- 
sary for  their  production  exist.  This  fact  is  practically 
important  with  regard  to  the  disposal  of  the  carcasses  of 
animals  dead  of  anthrax.  In  fresh  culture  media  the 
gcrminatiim  of  spores  takes  place  in  a  few  hours.  In  old 
cultures  which  have  been  repeatedly  transplanted  the 
power  of  spore  formation  is  often  spontaneously  lost. 
Certain  varieties  of  anthrax  bacilli  soon  become  asporog- 
enous.  All  agencies  which  decrease  the  virulence  of 
the  bacilli  (as.  for  instance,  cultivation  at  42°  C.)  act  un- 
favorably upon  the  function  of  spore  formation.  (See 
Plate  XII, ,  Fig.  2.) 

Stitininri  Beiictions. — Stains  easily  with  the  ordinary 
aniline  colors,  also  liy  Gram's  method. 

Vildlii)!. — .\nthrax  liacilli  free  fnmi  spores  retain  their 
vitality  in  cultui'es  for  months,  probably  by  spore  pro- 
duction ;  in  water  they  soon  die ;  in  the  soil  fresh  anthrax 
blood  is  rendered  germ  free  by  exposure  to  sunlight  in 
twelve  to  twenty-four  hours.  According  to  Koch,  when 
exposed  to  desiccation,  anthrax  bacilli  retain  their  vital- 
ity only  for  five  weeks;  in  dried  blood  they  withstand  a 
temperature  of  92'  C.  for  one  and  om-half  hours,  but  in 
the  ]iresence  of  oxygen  they  are  killed  by  exposure  to 
light  in  nine  hours  an<l  in  a  vacuum  in  eleven  hotirs. 
Pickling  fails  to  destroy  anthrax  bacilli  in  meat  in  four- 
teen days,  but  kills  them  after  six  weeks.  They  are 
rapidly  "destroyed  by  moist  heat  at  60°  C.  Exposed  to 
cold  from  1°  to  24°  C.  the  bacilli  in  agar  cultures  were 
destroyed  for  the  most  part  in  twelve  days,  and  the  few- 
surviving  organisms  yielded  colonies  of  diminished  path- 
ogenic action  and  pow-er  of  liquefying  gelatin. 

Dried  anthrax  spores  retain  their  vitality  indefinitely: 
in  a  moist  condition  in  water,  earth.  putri<l  spleen,  etc 
the  spores  have  lived  for  one  and  one-half  to  two  and 
one-half  years.  They  also  resist  a  comparatively  high 
tempei-ature.  Exposed  to  dry  heat  they  require  a  tem- 
perature of  140"  C.  maintained  for  thi-ee  hours  to  kill 
them,  but  in  moist  heat  they  are  destroyed  by  a  tempera- 
ture of  100'  C.  in  four  minutes.  Anthrax  spores  in  a 
desiccated  condition  are  killed  by  the  action  of  direct 
sunlight  in  four  hours,  by  diffuse  daylight  in  several 
weeks. 

Biological  Charaeters. — Aerobic  and  facultative  anae- 
robic, growing  best  in  the  presence  of  oxygen  but  also 
in  its  absence.  Under  the  latter  condition,  however,  this 
bacillus  no  lon.ger  liquefies  gelatin,  and  the  presence  of 
oxvgen    is  absolutelv   neeessarv   for  the   formation  of 
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spores.  The  anthrax  bacillus  irrows  rapidly  oii  a  variiMy 
of  iHilriciit  media  at  a  tciiipcralurc  t'rorii  M'  to  43'  C., 
but  best  at  37*  C 

Gmirth  on  (Jiidtiii. — On  'jihitin  jiliitm  small,  white, 
opaque  colonies  are  developed  on  the  surface  at  the  end 
of  twenty  four  to  thirty  si. \  hours  at  ii  ('.,  while  the 
deeper  e(iloni<'S  are  of  a  srreeinsJi  color.  L'lidcr  a  low 
liower  the  colonies  e.xhi'oit  a  characterisf  ic'  appearauce. 
consistiiii;  of  a  lijiht-frray  lan.!rle<l  mass  of  threads  pro- 
jecting l)eyond  the  edges  in  curly-hair-like  tufts,  which 
have  been  likened  to  a  Medusa's  head.  Liquefaction  of 
the  gelatin  lakes  place  in  three  or  four  days,  a  white 
pellicle  floating  on  the  surface.  In  (jiUitin  stab  cuUiircH 
at  the  end  of  twelve  to  twenty-four  hours  a  tliick.  white 
central  thread  ai)iiears  along  the  line  of  pmicUire.  from 
which  other  white  threads  and  irregular  projcelions 
radiate  perpendicidarly  into  the  medium.  After  two 
days  liquefaction  commences  on  the  surface  and  gradu- 
ally extends  downward. 

On  (iijnr  philc.i  the  growth  is  similar  to  that  on  gelatin 
and  is  equally  charact(?ristic.  but  the  colonies  are  not  so 
compact.  At  the  end  r)f  twenty  four  liours  in  the  in- 
cubator a  grayish-white  coating  is  formed  on  the  surface, 
which  spreads  rapidly  and  consists  (jf  masses  of  long 
threads  matted  together. 

\nhiiiiilhiii  the  growth  is  characterized  by  the  formti- 
tion  of  flocculent  masses  which  sink  as  a  sediment  to  the 
bottom  of  the  tube,  leaving  tlie  li((uid  clear. 

Piit/ir/r/i itiiiia. — Especially  iiathogenic  for  mice,  gtunea- 
pigs,  and  rabbits,  somewhat  less  for  cattle  and  sheep  (c.v- 
cept  the  Algerian  sheep,  which  arc  immune),  and  cousid. 
erably  less  for  horses;  rats,  cats,  dogs,  chicken,  pigeons, 
and  frogs  are  but  little  su.sccptible.  Alan,  though  sub 
jeet  to  local  inf<'ction  (malignant  imstule)  from  accidental 
inoculation  of  wounds,  and  occasionally  to  intestinal  or 
pulmonary  infection  (wool-sorter's  disease)  as  the  result 
of  inoculation  through  dust  charged  with  anlhra.x  spores 
and  the  consumption  of  meat  from  anthra.x  animals,  is 
not  as  suscejitible  to  this  disease  as  the  lower  animals. 
Subcutaneous  injections  in  susceptible  animals  result  in 
death  in  from  one  to  three  days.  Little  or  no  change  can 
be  observed  at  tlie  jioint  of  ino-ulation,  but  the  sul)eu- 
taneous  tissue  for  some  distance  over  the  abdomen  tinil 
thorax  is  found  to  be  (e<lematous.  with  small  eccliymoscs 
scattered  throughout  the  a^dematous  ]i<jrtion;  the  imder- 
lying  muscles  are  jiale  in  color.  The  intestinal  viscera 
show  no  marked  microscoiiieal  lesions,  except  the  spleen, 
which  is  enlarged,  soft,  and  dark  colored.  The  liver  may 
present  the  appearance  of  cloudy  swelling.  The  lungs 
are  red  or  i)ale  red  in  color,  while  the  heart  is  usually 
filled  Avith  blood.  The  anthrax  bacillus  ]irodnces  in  sus- 
ce])tible  animals  a  true  septica'inia,  and  after  death  the 
capillaries  throughout  the  body  alwayseontain  the  bacilli 
in  larger  or  smaller  number.  It  is  difiicult  to  jnoduce 
infection  by  the  ingestion  even  of  spores,  but  by  inhala- 
tion it  may  be  readily  caused  in  aiumals.  Infection  is 
most  prom])tly  brought  about  by  introduction  of  the 
bacilli  directly  into  the  circulation,  but  inoculation  by 
contact  with  the  abraded  skin  may  also  produce  infec- 
tion. 

.Many  theories  have  been  advanced  to  account  for  the 
occurrence  of  intestinal  anthra.x  in  cattle  and  sheep,  the 
form  of  the  disease  which  is  most  cominou  in  these  ani- 
mals. It  has  been  thoii.ght  that  infection  was  produced 
mainly  by  the  eating  of  fooil  contaminated  by  anthrax 
spores  derived  originally  from  the  bodies  of  alTected 
anim.als;  but,  as  we  have  seen,  it  is  exlrem<ly  dilllcull  to 
Ciiuse  infection  in  this  way.  By  some  authors  it  has  been 
supposed  to  be  a  miasmatic  infection  and  likened  to 
malaria:  and  occurring  as  it  does  in  the  sununer  months 
and  in  low  swampy  places,  there  would  seem  to  be  a  pos- 
sible analogy  in  this  resjiect  between  the  two  infections. 
But  anthrax  occurs  in  epidemics,  being  present  at  one 
time  at  a  certain  place  and  absent  at  another,  Pasteur  is 
of  the  opinion  that  the  earth  worms  play  an  important 
part  in  conveying  the  spores  from  one  locality  to  another 
from  the  buried  carcasses  of  afl'ected  animals;  but  Koch 
Las  shown  this  hypothesis  to  be  untenable,  as  the  bodies 


of  earth-worms  offer  an  unsuitable  medium  for  the  growth 
of  spores,  even  if  they  were  taken  up  and  carried  in  this 
wa.v.  The  most  iilausible  expUuiation  so  far  suggested 
for  the  solution  of  the  jn-ohlcm  is  the  sui)position  that 
under  natural  conditions  unfavorable  to  the  development 
of  the  bacilli  an  atteiuiation  of  their  virulence  takes  jjlace, 
and  then  again  as  the  conditions  become  more  favorable 
the  virulence  is  restored — a  result  which  can  be  artifi- 
eiall.v  produced  in  cultures  by  ehemiciil  agents,  heat,  etc. 
\utall  has  recently  suggested  that  jierhaps  the  disease 
may  be  conveyed  in  the  bodies  of  in.sects,  under  certain 
conditions,  as  with  malarial  infection;  but  here,  too,  the 
bacilli  undergo  attenuation,  according  to  the  .same  author. 

Atl/'ii»ii/i(/ii  /'f  Vir  iileiii-f  and  Till  III  till  itn. — The  virulence 
of  anthrax  cultures  may  be  artitieially  attenuated  by  the 
action  of  chemical  agents  and  heat.  Pasteur  has  suc- 
ceeded in  ctTcclitig  consideralile  itmnunity  against  an- 
thrax in  regions  where  this  disease  is  prevalent,  by  the 
inoculation  of  cattle  and  sheep  with  cultures  attenuated 
by  heat.  Two  vaccines  arc;  emjiloyed  of  different  de- 
grees of  strength,  prepared  from  viruient  cultures  reduced 
in  virulence  by  cultivation  at  temperatures  between  42° 
and  4;i"  C.  According  to  statist  ies  collected  by  Chamber- 
land  from  the  results  of  twelve  years'  experience  with 
this  metliiHl  of  protective  inoculation  in  France,  out  of 
three  million  sheep  thus  treated  only  one  per  cent,  have 
<licd  of  anthrax  since  its  introduction,  whereas  the  mor 
tality  previously  was  over  ten  per  cent.  In  cattle  the 
mortality  percentage  lias  been  reduced  from  five  per 
cent,  to  0.:i  per  cent.  The  method,  however,  is  not  un- 
attended with  danger,  and  sometitnes  the  animals  suc- 
cumb to  the  elTecls  of  the  inoculation. 

Till';  B.\cii.i.rs  oi.'  SYMrTo.vi.M'ic  Antiir.w  (/SuriUiig 
fJis  lliitiKrIihniiiil.i  ;  Jliirii'ridii  dii  <' harliuii  Si/iii/it'iiiiiitifjne). 
—  Like  the  bacilli  of  anthrax,  of  mali.gnant  (edema,  and 
tetanus,  to  all  of  which  it  bears  a  certain  resemblance, 
the  liaeillus  of  symptomatic  anthrax  is  an  inhabitant  of 
the  soil.  It  is  the  specific  cause  of  the  di.sease  inaninials. 
prineipall.v  cattle  and  sheep,  known  as  "black-leg." 
'"  ipiarter-evil."  or  symptomatic  anthrax,  which  prevails 
in  certain  localities,  and  is  cluiracteri/.ed  by  a  peculiar 
einphyseniatous  swelling  of  the  tissues  of  the  leg  and 
<iuarters.  accompanied  with  the  formation  of  gas.  On 
section  of  the  atTceled  )iarts  the  inuseles  and  cellular 
ti.ssuesare  found  saturated  with  bloody  serum,  while  the 
tissues  themselves  are  dark,  almost  black  in  color.  The 
bacillus  can  always  be  found  in  the  affected  parts,  in  the 
gall  and  after  death  in  the  internal  organs, 

yfii-rim'opiail  App/rinnicex. — T.,oiig  I'ods.  with  rounded 
ends,  from  0.5  to  (i//  broad  and  !!  to  5//  long;  mostly  iso- 
lated, also  occurring  in  pairs,  joined  end  to  end.  but 
never  growing  out  into  long  lilameiits,  as  the  anthrax 
bacillus  does  in  culture  media  and  the  bacillus  of  malig- 
nant u'deniji  in  the  animal  bodj', 

.Votility. — Actively  motile,  fiagella  being  attached  to 
the  bodies  of  flic  cells. 

Spnri:  Ftirnidtioii . — I<"orms  spores  elli|itical  in  shape, 
usuall.v  thicker  than  the  bacilli,  lying  near  the  middles  of 
the  rods,  but  rather  toward  one  end,  giving  them  a 
spindle  shape. 

Slaiiiiiiii  Readiiins. — Stains  with  the  ordinary  aniline 
dyes,  but  not  with  Gram's  method  or  only  when  the 
staining  is  nnieh  prolonged, 

liiiilocjiriil  Clmr/trlcn. — Strictly  anaProl.iic.  growing 
only  in  the  absence  of  oxygen,  best  in  an  atmosphere  of 
hydrogen  but  not  in  CO-...  Develo|!s  at  room  tempera- 
ture in  the  usual  culture  media,  but  best  in  media  con- 
taining 1,5  to  'i  per  cent,  glucose  or  5  per  cent,  glycerin 
and  at  ;iT'  C. 

On  f/rliitiii,  iiTCgular.  slightly  lobulatcd  colonies  develop 
and  the  gelatin  is  soon  li(|netied.  On  «7«)- the  colonies 
are  similar  to  those  of  malignant  o?dema  but  somewhat 
more  compact,  after  twenty-four  to  forty  eight  hours  in 
the  incubator.  In  agarstab cultures  growth  oeeuissonu' 
distance  below  the  surface,  and  is  accompanied  by  the 
production  of  gas  having  a  peculiar,  disagreeable,  rancid 
odor. 

J'al/ioffciiesis. — Pathogenic   for  cattle  (which  are   im- 
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miine  ngsiiiist  malignant  o-demii),  sheep,  goats,  guinea- 
pigs,  ami  mice;  less  so  for  Iioises  and  rats.  Ral)l)its, 
pigs, 


oats,  (logs,  chickens,  and  pigeons  are.  as  a  rule. 
imnuine.     Infection  has  never  been  iiroduced  in  man. 

AVhen  susceptible  animals  are  imiculatcd  subeulanc- 
ously  with  pure  cultures  of  this  orgauism,  with  spores 
or  with  bits  of  diseased  tissue,  death  occurs  in  from 
twenty-four  to  thirty-six  hour,s.  At  the  autopsy  a 
bloody  serum  is  found  in  tiie  subcutaneous  tissues  ex- 
tending over  the  entire  surface  of  I  he  abdomen,  and  the 
muscles  present  a  dark  red  or  black  apiicarancc,  even 
more  intense  in  color  than  in  malignant  a»dcma,  and 
tliere  is  considc^rable  dcvelojinK'nt  of  gas. 

The  ordinary  manner  of  nalurul  infection  in  cattle  is 
by  wounds  wliich  not  only  tear  the  skin,  but  penetrate 
the  subeutaneotis  tissues.  The  disease  is  also  produced 
by  the  ingestion  of  forage  contaminated  by  the  bacilli  or 
their  spoixjs,  and  by  the  inhalaliouof  dust  containing  the 
organisms. 

Immuiuti/. — It  is  well  known  to  veterinarians  that  nat- 
ural recovery  from  one  attack  of  symptomatic  anthrax 
protects  an  animal  from  a  second  attack.  Artiticial  im- 
munity can  also  be  produced  in  various  wa}s:  by  intra- 
venous inocvdation;  or,  in  guinea-pigs,  by  inoculations 
with  bouillon  cultiu'cs  which  have  been  kept  for  a  few 
days  and  have  lost  some  of  their  virulence,  or  with  cul- 
tures kept  in  the  incubator  at  42'  to  43°  C. ;  or  by  inocu- 
lations made  into  the  end  of  the  tail;  or  by  injection  of 
filtered  cultures  or  cultures  sterilized  by  heat.  Arloiug. 
Cornevin,  and  Tliomas  recommend  fur  the  ]iriiduerion  of 
immunity  in  cattle  the  use  of  a  dried  powder  of  the  mus- 
cles of  animals  dead  of  the  disease,  which  has  been  sub- 
jected to  a  temperature  sufficient  to  attenuate  its  viru- 
lence. Two  vaccines  are  prepared,  as  in  anthrax,  one 
by  exposure  of  the  powder  to  85'-90°  C.  (the  stronger 
vaccine),  and  the  other  to  a  temperature  of  10()'-104°  C. ; 
the  weaker  vaccine  is  first  used,  and  then  the  stronger. 
The  inoculation  is  made  into  the  celhdar  tissue  of  the  ear 
or  on  the  end  of  the  tail;  fourteen  davs  are  allowed  to 
elapse  between  the  two  inoculations.  Kitt  recommends 
a  single  vaccine  from  infected  flesh  heated  for  six  hours 
at  100°  C.  and  given  in  decigram  doses.  The  results  ol)- 
tained  from  these  methods  of  preventive  inoculation 
against  symjitomatic  anthrax  would  seem  to  have  been 
fairly  satisfactory. 

The  Spiiiii,Lr-\[  of  Asiatic  Choler.\  (Koch's  Comma 
BaciUm). — In  1S83  Koch  isolated  from  the  dejecta  an<l 
intestines  of  patients  suffering  from  Asiatic  choh'ra 
a  characteristically  curved  orgauism — the  so-called  "com- 
ma bacillus" — and  showed  tliat  these  bacteria  w-ere  ex- 
clusively found  in  cases  of  the  genuine  disease.  Other 
observers  have  since  described  morphologically  similar 
organisms  of  non-choleraic  origin.  Finkler  and  Frior. 
for  instance,  obser\ed  such  organisms  iu  the  diarrlKeic 
stools  of  patients  with  cholera  nostras;  Deneke  found 
others  in  old  cheese.  Miller  met  with  others  again  in  cari- 
ous teeth,  and  Jletschnikov  observed  others  in  fowls. 
But  all  of  these  organisms  differ  in  many  resjiects  from 
Koch's  comma  bacillus,  and  none  of  tiiem  is  affected 
by  the  .specific  serum  of  animals  inmiunized  to  Asiatic 
cholera.  Though  varying  somewhat  in  different  epi- 
demics, this  spirillum  is  now  generally  recognized  by 
bacteriologists  to  be  the  chief  etiological  factor  in  the 
production  of  true  Asiatic  cholera. 

Micivfirijpiail  Appiii m iiccs. — Curve<I  rods,  with  rounded 
ends  which  do  not  lie  in  the  same  plane,  from  0.8  to  2  it 
in  length  and  about  0.4  ft  iu  breadth.  The  curvature  of 
the  rods  may  be  very  slight,  like  a  comma,  but  some- 
times it  forms  a  half-circle,  or  two  contact  rods  curved 
in  opposite  directions  may  form  an  S-shaped  figure,  and 
under  luifavorable  condl'tinns  cd'  growth,  as  iii  old  cul- 
tures and  on  the  addition  of  clienural  antisejUics,  etc., 
they  may  develop  into  long  spiral  lilanients  consistini;  of 
numerous  turns  of  a  spiral  iu  which  it  is  iniiiossibje  to 
recognize  any  connect  ion  between  the  inilividual  elements 
of  whicli  they  are  composed.  These  latter,  the  tine 
spirilla,  are  considereo  to  be  involution  forms.  I'nder 
favorable  conditions  of  growth  and  in  fresh  cultures,  the 


slightly  curved  or  almost  straight  forms  are  commonly 
observed.     (See  Plate  XII..  Fig.  5.) 

Motility. — Actively  motile,  the  movements  being  un- 
dulatory  and  due  to  one  or  two  flagella  attached  to  the 
ends  of  the  rods. 

Spiire  Fiirmation. — Absent;  the  arthrospores  described 
by  Hueppe  have  not  been  confinned  Ijy  other  observers. 

Stmiririg  Riadionn. — Stains  with  the  ordinary  aniline 
colors,  but  not  as  readily  as  many  other  bacteria;  an 
a([ueous  solution  of  carbol  fuchsiu  gives  the  best  results 
with  the  application  of  heat.  It  is  decolorized  by  Gram's 
method. 

Biohirjical  Characters. — Aerobic  and  facultative  ana- 
erobic, growing  on  all  the  usual  culture  media  at  room 
temperature,  but  best  in  the  presence  of  oxyg<n  at  ?,',  C. 
There  is  no  development  below  8°  C.  or  above  43°  C. 
The  culture  media  must  be  distinctly  alkaline,  as  tlje 
spirillum  is  very  sensitive  to  acid. 

On  f/elatiii  ptatc  cultin-cs  at  22°  C,  at  the  end  of  twenty- 
four  hours,  small,  round,  yellowish-white  to  yellow  ccdo- 
niesmay  be  seen  in  the  depthsof  tlu'mediiun,  whiehlater 
grow  toward  the  surface  and  cause  liquefaction  of  the 
gcdatin,  the  colonies  sinking  to  the  bottom  of  the  pockets 
thus  formed.  Examined  imder  a  low  power  they  appear 
granular  in  .structure  with  more  or  less  irregular  outlines, 
the  surface  looking  as  if  covered  with  little  fragments  of 
glass.  An  ill-defined  halo  is  first  seen  to  surround  the 
colonies,  which  has  a  peculiar  reddish  tint  by  transmitted 
light.  In  t/i  tat  ill  stab  cii/tnirx  at  the  end  of  twenty-four 
to  thirfy-si.x  hours  a  small  funnel-shaped  depression  ap- 
pears on  the  surface  o{  the  medium,  which  soon  spreads 
out  in  the  form  of  an  air  bubble  above,  while  below  this 
a  whitish,  viscid  mass  is  seen.  The  funnel  now  increases 
in  depth  and  diameter,  and  in  from  four  to  six  da_vs  may 
reach  the  edge  of  the  tube;  in  from  eight  to  fourteen 
days  the  upper  two-thiuls  of  the  gelatin  is  liquefied;  and 
in  a  few  weeks  complete  liquefaction  takes  place. 

I'pon  ai/ai-  ptafis  the  grf)wth  is  not  so  characteristic,  a 
moist,  shining,  grayish  yellow  coating  developing  on  the 
surface  in  the  incubator. 

Blood  serum  is  rapidly  liquefied  at  brood  temperature. 

In  boiiilliia  the  growth  is  rapid  and  abundant,  the 
liquid  being  diffusely  clouded,  and  on  the  surface  a 
Avrinkled  membranous  film  is  often  formed. 

On  pi/tato  having  an  acid  reaction  no  growth,  as  a 
rule,  takes  place;  but  if  the  potato  be  rendered  alkaline 
with  a  solution  of  soda  or  cooked  in  a  three-per-ceut. 
solution  of  common  salt,  development  takes  place  in  the 
incubator  as  a  ihin,  semi-transparent  brown  or  grayish- 
brown  layer. 

^filk  is  a  favorable  culture  mediiuu,  but  is  notchanged, 
as  a  rule,  though  it  is  coagulated  by  some  varieties  of 
cholera  spirilla. 

Vitaliti/. — The  comma  bacillus  does  not  usually  ex- 
hibit much  resistance  to  outside  infitiences.  In  patients 
suffering  from  the  disease  the  organisms  have,  as  a  rule, 
disappeared  from  the  contents  of  the  intestines  in  from 
four  to  eight  or  more  rarely  in  from  ten  to  fifteen  days; 
though  in  a  few  cases  living  spirilla  have  been  found 
after  forty-seven  days.  They  have  been  observed  iu 
cholera  dejections  from  one  to  three,  and  occasionally 
from  twenty  to  thirty  days;  in  one  recorded  case  after 
one  hundred  and  twenty  days.  Even  in  cultures  the 
spirilla  of  Asi;itic  cholera  are  rather  short-lived.  They 
have  been  found,  however,  to  retain  their  vitality  in  pure 
bouillon  cultures  for  three  or  four  months  and  in  agar 
cultures  for  six  months  or  more,  when  jirotected  from 
drying.  In  unsterilized  water  they  may  live  for  a  con- 
siderable time  aiiparently,  tiiough  the  observations  on 
this  vary  from  one  da_v  to  one  yviu:  In  sterile  water 
they  develop  to  some  extent  and  retain  their  vitality  for 
several  weeks.  Low  tem|iera!ures,  absence  of  light,  and 
jiresence  of  salt  in  the  medium  would  seem  to  favor  their 
preservation.  In  well  or  river  water  they  usually  die  in 
from  three  to  eight  days.  In  food  they  retain  their  viru- 
lence for  a  jieriod  varying  from  a  few  h(nirs  to  a  few  days. 

The  comma  bacilli  are  rapidly  <lestroyed  by  desiccation. 
Exposed  in  cullures  on  a  cover  glass  to  the  actiim  of  the 


7U 


HKFKKK.NCi;    IIANOr.oOK    oK   Till:    MKDICAL   SCIEiS'CES. 


Ita<  K'l-ia. 
Bai-liTiu. 


uir  at  room  temperature  tliey  are  Uilleil  in  two  or  tlircc- 
hours  unless  siireud  in  a  very  lliiek  layer.  'Pliis  tact  in- 
(licales  that  iufeetion  is  probably  not  usually  produced 
llirouirli  dust  or  oilier  dried  objetis  eonlaniinaled  with 
cholera  bacilli.  They  arc  destroyed  by  moist  heat  at  GO' 
('.  in  ten  minutes.  They  resist  cold  fairly  well,  with- 
staudiiii;  repeated  freezing  without  being  hilled,  though 
their  growth  is  inhibited.  They  havebut  little  n'sistancc 
to  the  action  of  chemicals.  cs]iecially  mineral  acids,  which 
have  thus  been  employed  for  the  disinfection  ot  water- 
works to  which  these  germs  have  gained  access.  For 
disinfection  on  a  small  scale  0. 1-per-cent.  solution  of  bi 
chloride  of  mercury  or  two  to  three  per-ccnt.  solution  of 
carbolic  acid  may  be  used.  Milk  of  lime  is  a  good  gen- 
eral disinfectant  on  a  largo  scale.  The  wash  and  linen  of 
cholera  patients,  tloors  of  dwellings,  etc.,  may  be  disin- 
fected by  a  livc-iier-ci'nt.  solution  of  carbolic  acid  and 
soap  water. 

(Uii'iiiieiil  Effii'ts. — The  spirilla  cholera'  produce  jiig- 
nient  in  .small  amount  only  on  potato.  The  ])cculiar  dis- 
agreeable odor  given  oil  from  cholera  cultures  in  bouillon 
has  been  thought  liy  some  to  be  of  dia.^uo.stic  value,  but 
it  is  not  s])ecilic.  Milk  sugar  is  decomposed  with  the 
production  of  lactic  acid  without  gas.  In  lactose-litmus 
agar  the  cholera  spirillum  forms  on  the  surface  of  the 
medium  a  blue  film,  beiow  this  a  red  colf)ration,  while 
lower  down  the  medium  is  dcc(ilorized. 

When  a  small  (|uantity  of  chemically  pure  suljihuric 
acid  is  iidded  to  a  twenty-four-hour-old  bouillon  culture 
of  the  cholera  spirillum  containing  peptone,  a  reddish- 
violet  color  is  produced — known  as  the  "nitroso-indol 
reaction" — which  is  due  to  the  production  of  iuilol  and 
thereduclionof  nit  rates  in  the  cult  lire  to  nit  riles.  Ibieger 
separated  th('  pigmi-nt  thus  fornieil  or  "cholera  red." 
For  a  l(jng  time  it  was  believed  that  the  nitroso-indol 
reaction  was  ])eculiar  to  the  cholera  spirillum,  and  great 
weight  was  placed  U|ion  its  |)roduetion  as  a  diagnostic 
test.  But  it  has  been  shewn  that  it  is  by  no  means 
specific,  many  other  bacterial  species  giving  the  same 
reaction  under  similar  conditions.  The  reaction,  never- 
theless, is  a  constant  and  characteristic  property  of  this 
bacillus,  and  is  of  undoubted  value  in  ditterentiating  this 
from  other  similar  organisms  which  do  not  givi- tlu^  re- 
action. For  the  test  it  is  best  toemplov  a  culture  not  of 
bouillon,  but  a  distinctly  alkaline  solution  of  peptone  (1 
percent,  peptone  +  O..')  jxTCent.  sodiinn  chloride — Dun- 
ham's solution),  from  -which  more  constant  results  arc 
obtained. 

Several  toxins  have  been  obtained  from  cholera  cul- 
tures, but  all  of  them  much  less  iioisonous  than  the 
original  cultures.  According  to  Pfeilfer  the.se  toxins  are 
to  be  cfinsidered  as  secondary  products  nioditicd  by  the 
action  of  the  chemical  reagents  employed  in  .separating 
them.  Very  much  more  powerful  toxic  products  have 
been  obtained  from  the  bodies  of  the  bacilli  cultivated  on 
a.srar  and  carefully  killed  by  chloroform  or  lieat.  Three 
times  the  minimal  fatal  dose  thus  obtained  from  an  a.irar 
culture  (about  0.5  mgm.)  kills  a  guinca-i^i.g  in  from  six 
teen  to  eighteen  hours,  when  injected  into  the  peritoneal 
cavity,  theeffect  beingcxactly  the  sameas  that  produced 
by  till'  living  organisms,  viz..  rapidly  beginning  symp- 
toms of  the  algid  stage,  muscular  weakness,  coUapsi-. 
and  death. 

l'iitlii>!/(iie..iis. — Xone  of  the  lower  ainmals  being  nalu- 
r.illy  subject  to  Asiatic  cholera,  there  is  little  reason  to 
expect  that  inoculations  <if  pure  cultures  of  the  spirillum 
should  give  rise  to  typical  cholera  infection.  It  has  been 
shown,  moreover,  that  the  comma  bacillus  is  extremely 
sensitive  to  the  action  of  acids,  being  (piickly  destroyed 
in  the  stomach  by  the  acids  of  the  gastric  juice.  Xevcr- 
theless,  numerotis  attem])ts  have  been  made  to  produce 
cholera  in  test  animals  by  inoculation  of  pure  cultures  of 
the  organism,  usually  with  negative  or  unsatisfactory 
results.  Koch,  however,  has  succeeded  in  producing  an 
aiiproximation.  at  least,  to  the  symptoms  of  choh'ia  in 
man  by  the  infection  of  ginnea-pigs  by  the  following 
method  :  First,  "i  c.c  of  a  live-percent,  solution  of  sodium 
carbonate  are  injected  into  the  stomach  by  means  of  a 


pharyngeal  catheter,  in  order  to  nculndize  the  gastric 
contents;  and  then,  after  a  while.  10  c.c.  of  a  ticiuid  con- 
taining one  or  two  drops  of  a  bouillon  culture  of  the 
bacillus  is  adminislered  in  a  similar  maiuuT,  and  at  the 
same  lime  the  animal  receives  1  c.c.  of  laudaiuMu  inlra- 
Ijeritoneally,  jjcr^OOgm.  weight,  to  control  the  peristaltic 
movements.     As  the  result  of  this  treatment  llie  animals 
arc  narcotized  I'or  about  half  an  hour,  but  reco\cr  with 
out  showing  any  ill  ellects  from  the  opium.      In  about 
twenty-four  hours  the  temjierature  l)e.<;ins  to  fall,  weak 
ness  and   paralysis  set  in,  anil,  sis  a  rule,  death  occurs 
within  forty-eight  hours.     On  autopsy  the  intestines  arc 
fotmd  to  be  congested  and  Idled  with  watery  fluid  con- 
tainin.g  large  numbers  of  spirilla.     Unforliinatcly,  how- 
ever, other  moriihologically  sinnlar  spirilla  (the  spirilla 
of  Finklcr-Prior.  Denekc,  and  Miller)  act  very  much  in 
the  same  way,  though   somew-hat   less  powerfully.      In 
Iraiiciitoneal  injcctionsof  large  quantities  of  cliolera  cul 
tui-es  also  often  produce  death  in  rabbits  and  mice  with 
similar  symptoms. 

With  re.irard  to  thepatho,geuic])roperties  of  the  choleta 
spirillum  for  man,  there  are  quite  a  number  of  cases  on 
record  of  accidental  infection  by  pure  cidtures,  which 
furnish  the  most  satisfactorj'  evidence  of  its  being  ca]ia- 
ble  to  produce  the  disease.  In  11S84  a  student  in  Koch's 
laboratory  in  Berlin  became  ill  with  a  severe  attack  of 
true  Asiatic  cholera  while  working  with  cholera  cultures 
at  a  time  when  there  was  no  cholera  in  Germany.  In 
1892  Pettenkofer  an<l  Emmerich  experimented  on  them- 
selves by  swallowing  small  quantities  of  fresh  cholcia 
cidtures,  with  the  result  that  both  of  them  were  taken 
sick  with  typical  cholera,  one  with  mild  and  the  oilier 
with  severe  syniptoms.  Since  then  other  similar  experi- 
ments have  licen  reported,  most  of  the  persons  taking 
the  cultures  having  neutralized  the  acidity  of  the 
stomach  previously  by  means  of  soda  solution;  and  sev- 
eral fatal  cases  have  occurred  from  accidental  infection. 
At  the  sjime  time,  Iiowcver,  some  negative  results  from 
experiments  on  the  human  subject  have  also  been  re- 
corded— which  only  goes  to  show  that  in  cholera,  like 
otlu'r  infectious  diseases,  an  individual  susceiiiibility  is 
required,  in  addition  to  the  presence  of  the  germs,  to 
produce  infection. 

Accordin.u:  to  Pfeiffer,  cholera  in  man  is  an  infective 
process  due  to  the  destruction  of  the  epithelial  layers  of 
the  intestines  by  the  spirilla  and  the  products  of  their 
growth,  whereby  intoxication  results  from  absorption 
of  the  poisonous  substances.  The  larger  the  surface  of 
the  mucous  membrane  affected,  the  mort;  abundani  will 
be  the  development  of  bacilli  and  the  production  of 
toxins,  and  the  moi-e  pronounced,  in  conseipicnce.  will 
be  the  intoxication. 

The  cholera  spirilla  have  recently  been  reiiorted  to 
have  been  frequently  found  in  water  (wells,  water  pipes, 
rivers,  harbors,  etc.)  which  has  become  contaminated 
with  the  evacuations  of  cholera  patients.  But  to  prove 
their  presence  beyond  question  in  water  is  by  no  mcjins 
easy,  as  there  are  so  many  other  water  bacteria  .simulat- 
ing cholera  bacilli  from  wiiich  they  must  bcdillcn-nliatcd; 
hence  some  of  the  nportcd  findings  ma.v  not  have  been 
.irenuine  cholera  spirilla.  The  comma  bacillus  has  been 
quite  often  observed  in  the  fa'ces  of  he;ilthy  persons 
without  producing,  apiiarenlly,  any  pathogenic  symp- 
toms whatever.  Abel  and  Claussen  found  ihiis  cholera 
spirilla  present  in  the  stools,  for  days  at  a  time,  of  four- 
teen out  of  seventeen  healthy  per.sons  in  the  families  of 
seven  cholera  piitients.  In  Hamburg,  during  the  last 
epidemic  of  cholera  in  (Jermany.  twenty-eight  such  cases 
were  observed  in  which  the  stools  were  absolulely  normal. 

The  cholera  siiirillum.  however,  has  bei'U  found  in  no 
other  disease  than  true  Asiatic  cholera,  occurring  in  this 
affection  chiefly  in  the  contents  of  the  intestinal  ctiual 
and  especially  in  the  mucous  flakes  of  so-called  "rice- 
water "  stools,  existing  in  pure  cultures  frcepicnlly,  and 
usually  present  in  greatest  numbers  at  the  hci.iiht  of  the 
attack.  The  spirilla  are  not,  as  a  rule,  fotmd  in  the  in- 
terior organs  in  recent  choli-ra  cases,  except  perhaps  oc- 
I   casionally  in  the  intestinal  glands.      In  rare  instances. 
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ncvcrtliclcss,  botli  in  cholera  patients  and  in  inoculated 
animals,  they  have  been  met  willi  in  (he  organs— Inn g.s, 
liver.  Uidueys.  spleen,  and  oeeasionally  the  heart's  blood. 
Tlie  more  virulent  the  organism  is.  the  more  apt,  appar- 
entlv,  is  it  to  gain  access  to  the  interior  organs. 

y//((«H/i/7.V.— Recovery  from  an  attack  of  cholera  pro- 
duces a  certain  degree  of  immunily  to  the  disease.  Laz- 
arus iu  l^iti  observed  tliat  llie  blood  .serum  of  persons 
who  had  recently  had  clmlera  i)Os.scssed  the  power  of 
protecting  guinea-pigs  from  infection  by  the  cholera 
spirillunu  while  the  "serum  of  healthy  persons  or  those 
alVected  with  other  diseases  had  no  such  etl'ect.  He  at- 
triliuled  IhistotheiM-esenee.  in  the  serum  of  convalescents 
from  cholera,  i  f  anlitoxie  substances  which  neutralized 
the  action  of  the  to.xins  prciduced  by  the  growth  of  the 
spirilla,  iu  the  same  manner  as  the  antito.xius  of  diph- 
theria and  tetaiius  neutralize  their  respective  toxins. 
PfeilTer.  on  the  oilier  hand,  maintained  that  this  serum 
contained  bactericidal  substances  which  killed  the  spirilla 
so  rapidly  when  injected  into  the  animal  that  tliey  were 
notable  "to  produce  their  specific  poisons,  and  that  thus 
the  animal  was  protected.  It  is  now  generally  admitted 
that  the  serum  is  strongly  bactericidal  and  feebly  anti- 
toxic. 

These  specific  subi-tances  present  in  the  blood  of  cholera- 
inunune  men  and  animals  act  only  upon  organisms  similar 
to  those  with  which  they  w'ere  originally  infected — ]n-o. 
duciug  immobilization  and  agglutination  of  the  bacilli. 
Pfeiffer.  who  first  observed  this  peculiar  reaction  in 
cholera  serum,  lias  shown,  however,  that  the  specific  re- 
lation existing  between  the  antibacterial  and  iirotectivc 
substances  produced  during  immunization  and  the  bac- 
teria employed  to  immunize  the  animals  is  not  confined 
alone  to  cholera.  This  discoveiy  has  given  us  an  appar- 
ently reliable  means  of  distinguishing  the  cholera  and 
typhoid  bacilli  especially  from  all  other  similar  organisms, 
and  the  diseases  which  tliey  ]ir(iduce  from  other  infections 
which  may  be  mistaken  for  them,  which  has  jn'oved  to  be 
of  great  practical  value  as  an  aid  to  clinical  diagno.sis. 

There  are  two  nieth(nls.  kmiwn  as  Pfeiffer's  and  Grnber's 
reactions,  whereby  genuine  cholera  spirilla  may  be  differ- 
entiated from  other  similar  vibrios: 

1.  Pf'iiffer's  reaction  is  produced  as  follows:  The  blood 
serum  of  an  animal  rendered  immune  to  cholera,  by  in- 
oculation of  attenuated  or  dead  cholera  cultures,  is  mixed 
with  oriliuaiy  bouillon  in  the  proportion  of  1  to  100,  and 
in  1  c.c.  of  this  mixture  a  platinum  loopful  (about  3 
mgm.)  of  the  species  under  investigation  is  added,  and 
this  then  injected  into  the  ])critoneal  cavity  of  a  guinea- 
pig  w-eighing  aViout  200  gm.  Every  five  minutes  some 
of  the  peritoneal  effusion  is  removed  by  means  of  a  capil- 
lary pipette  and  examined  microscopically  both  stained 
and  unstained.  If  it  is  the  true  comma  bacillus,  the 
bacilli  will  be  observed  to  become  at  first  non-motile, 
then  agglutinated  into  clumiis,  and  finally  (in  about 
twenty  minutes)  to  become  disintegrated  and  loo.scned. 
"When  tliealiove  jihenomena  are  absent,  the  organism  bi'- 
longs  to  another  species.  A  control  experiment  should 
be  made  with  a  known  cholera  culture  to  avoid  po.ssibic 
error. 

2.  CrfKljcr's  iriirlinii  is  founded  upon  this,  but  he  de- 
serves the  credit  of  having  determined  the  amount  of 
dilution  required  to  agglutinate  and  immobilize  the 
cholera  spirilla  when  mixed  with  cholera-immune  serum 
for  microscopical  examination  in  the  hanging  drop,  with- 
out injectiou  into  guinea-pigs,  thus  siniplifying  the 
method  for  practical  use.  For  this  puriwse  the  "blood 
serum  of  a  person  suffering  from  a  case  of  suspected 
cholera,  or  of  an  animal  immunized  against  the  species 
to  be  investigflli'd,  is  mixed  with  a  pure  cholera  culture 
in  the  luoporlionof  1  to  .50und  upward,  and  the  mixture 
at  once  examined  in  the  hanging  drop.  If  the  siiirilla 
become  immobilized  and  agglutinated  intoclninps  within 
twenty  or  thirty  minutes,  tiien  they  are  genuine  cholera 
s|iirilla:  if  not.  the  result  is  negative. 

Within  the  last  few  years  Haffkine  in  India  has  suc- 
ceeded in  producing  an  artificial  immunitv  acainst 
cholera  infection  in  man  by  means  of  subcutaneous  in- 


jections of  dead  cultures  of  the  cholera  spirillum :  and 
Kolle  has  found  that  the  blood  serum  of  persons  thus  in- 
ocuhited  gave  a  reaction  similar  to  that  of  persons  who 
had  recovered  from  cholera,  showing  bactericidal  and 
agglutinative  sulistauees  from  the  fifth  day,  but  most 
distinctly  on  the  twentieth  day  and  for  mouths  after  the 
protective  inoculation. 

Spihill.v  Resemtjling  the  Spirixlum  Cholera 
AsiATic.E. — "When  Koch's  comma  bacillus  was  first  dis- 
covered its  properties  seemed  so  characteristic  that  it  was 
considered  an  easy  matter  to  distinguish  it  from  all  other 
bacteria.  Since  then,  however,  more  and  more  similar 
organisms  have  been  met  with  by  various  investigators, 
until  now  they  have  ceased  to  be  designated  even  by 
special  names.  The  following  are  among  the  best-known 
species: 

SpiiiiLLUM  FiNKLER  AND  Pkior  (Vibrio  Proteus). — 
This  organism  was  obtained  by  Finkler  and  Prior  from 
the  dejections  of  patients  with  cholera  nostras  which  had 
been  allowed  to  stand  for  some  days.  It  has  since  been 
found  to  bear  no  etiological  relation  to  the  disease,  and 
is  only  of  interest  on  account  of  its  resemblance  in  some 
res]iects  to  the  cholera  spirillum. 

It  occurs  as  more  or  less  curved  rods,  usually  some- 
what longer  and  thicker  than  the  cholera  spirilla  and  not 
so  uniform  in  diameter.  Involution  forms  are  common 
iu  unfavorable  culture  media.  It  is  actively  motile,  a 
single  flagellum  being  attached  to  one  end  of  the  rods. 
It  does  not  form  spores. 

It  grows  e(iually  well,  in  the  presence  and  absence  of 
oxygen,  on  the  usual  culture  media  at  room  temperature. 
On  gelatin  plates  small,  white,  punctiform  colonies  are 
developed  at  the  end  of  tweutj'-finir  hours,  which  under 
a  low  ])ower  are  seen  to  be  finely  granular  and  .yellowish 
in  color;  liquefaction  of  the  gelatin  around  the  colonies 
progresses  rapidly  and  is  usually  complete  in  forty-eight 
hours.  Isolated  colonies  on  the  second  day  form  cup- 
shaped  depressions.  In  Ktab  eulttires  on  gelatin  liquefac- 
tion ]u-oceeds  much  more  rapidly  than  with  the  cholera 
spirillum,  a  stocking-shaped  pouch  appearing  in  two 
days,  while  the  entire  gelatin  is  liquefied  in  about  a  week ; 
a  whitish  film  forms  on  the  surface.  Upon  agar  a  moist, 
shining  layer  covering  the  entire  surface  is  quickly  de- 
veloped. Blood  sernnt  is  rapidly  liquefied.  On  potato 
at  room  temjierature  a  shining,  grayish-yellow  layer  Is 
formed,  soim  spreading  over  the  surface.  The  cholera 
spirillum,  on  the  other  hand,  produces  no  growth  on 
potato  at  room  temperature. 

The  cultures  of  the  spirillum  Finkler-Prior  give  off  a 
strong  putrefactive  odor;  in  media  containing  sugar  they 
jiroduce  acid ;  they  do  not  form  indol,  and  they  have 
a  greater  resistance  to  desiccation  than  the  cholera  s]iirilla. 
The  absence  of  the  agglutinative  reaction  with  a  dilution 
of  the  serum  of  an  animal  immunized  to  cholera  is  a 
valuable  ditferential  sign. 

Tills  organism  is  pathogenic  for  guinea-pigs  when  in- 
troduced into  the  stomach  after  previous  injectiou  of 
soda  solutiim  and  tincture  of  o]iium.  similar  symptoms 
being  jiroduced,  only  somewhat  less  marked,  as  with  the 
cholera  spirillum.  Although  originally  observed  iu  the 
dejections  of  jiersons  affected  with  cholera  nostras,  it 
probably  has  no  relation  to  this  disease,  having  been 
seldom  found  since  under  such  conditions  by  subsequent 
oliservers. 

Mii.i.F.n's  SpiRii.i.rM. — In  1S84  Miller  observed  a 
curved  bacillus  in  dental  caries  which,  from  its  micro- 
scopical apiiearances  in  cultures  and  from  animal  experi- 
ments, has  been  thought  to  be  identical  with  the  Finkler- 
Prior  siiirillum.  The  tihrio  heliogene.')  of  Fischer  and 
the  rihrio  Lisl)onfnsis  of  Pestana,  and  other  similar 
sjiirilla  met  with  from  time  to  time,  are  also  jirobably 
identical, 

Dkneke's  Cheese  SpiRii.i.rM  (Vibrio  Ti/rogene4t). — 
This  organism  was  obtaiiud  by  Deueke  from  old  cheese, 
but  has  since  been  rarely  observed.  ^lorphologically  and 
culturally  it  shows  greater  resemblance  to  Koch's  comma 
bacillus  than  does  the  Finkler  and  Prior  spirillum.  It 
occurs  in  curved  rods  and  long  spiral  filaments,  the 
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diameter  of  tlie  segments  being  uniform  lliroiigliout. 
On  the  otlier  hand,  it  is  soniewliat  more  sh'nchT  tlian  the 
comma  l)aeilhis  ami  the  spinil  turns  are  eloser  togellier. 
In  its  power  of  li(|iietVing  gelatin  it  stands  between  tlie 
eliolerasiiirillumand  the  vibrio  jm  ileus,  and  its  otlier  eliar- 
aeters  are  also  so  intermediary  iH'tween  the.se  two  speeies 
that  they  are  searee  worth  dcseriliing.  It  is  said  to  form 
a  thin,  y<'llowish  coating  upon  the  surface  of  gelatin  and 
agar  slab  eidtures,  and  not  togive  Iheindol  reaction  ;  but 
these  characteristics  arc  not  constant.  The  chief  means 
of  dilTerentiating  it  from  the  cholera  siiirillum  is  by  the 
serum  reaction. 

Si'iRii.i.i'M  Mi:Ts('iiMKOvr. — This  spirillum  was  dis 
covered  by  GamaleVa  in  lisss  in  the  intestinal  contents  of 
fowls  dying  of  an  infectious  disease  conunon  to  eiTtain 
parts  of  Southern  Russia,  and  presenting  symptoms  like 
those  of  fowl  cholera.  It  hassincc  been  found  by  ITeilTcr 
in  the  waters  of  the  Spree  and  by  Kulcher  in  those  of  the 
Lahn.  In  the  alVected  animals  it  is  almost  always  found 
in  the  intestines,  but  also  in  the  blood,  iiroducing  septi 
ca'mia.  This  interesting  micro-organism  caiuiot  he  mor- 
phologically distinguished  from  the  cholera  spirillum:  it 
occurs  as  curved  ro<lssomewhat  thicker,  shorter,  and  often 
moredeciiledly  bent  than  the  comma  bacillus.  It  lic|nilies 
gelatin,  as  a  ndi',  much  more  rapidly  than  th<'  cholera 
bacillus  does,  but  this  varies.  It  gives  the  nitroso-inihil 
reaction  without  the  addition  of  nitrites,  and  coagulates 
milk  with  acid  n^action.  It  does  not  give  the  scrum  re- 
action with  cholera-immune  serum. 

The  spirillum  Metschnikovi  is  characterized  by  its 
pathogeinc  action  for  chickens  anil  pigeons;  a  minute 
qtiantity  of  a  culture  iniected  into  the  breast  muscles  of 
these  animals  causes  their  death  with  the  local  and  gen- 
eral symptoms  of  fowl  eliolcra,  except  that  the  contents 
of  the  intestines  have  more  the  aii|iiaranceof  cholera  and 
the  spleen  is  rather  diminished  than  enlarged.  In  the 
blood  and  (edematous  tluid  about  the  necrotic  point  of 
inoculation,  the  organisms  are  present  in  large  numbers. 
Gamaleia  has  claimed  that  by  passing  the  cholera  spiril 
bun  of  Kocli  througli  a  series  of  pigeons,  upon  which 
this  organism  is  said  to  act  similarly  to  the  vibrio  Metsch- 
nikovi,  by  successive  inoculations,  its  pathogi-nic  pow 
er  may  be  greatly  increased,  and  that  when  sterilized 
eidtures  of  this  virulent  variety  of  bacillus  ar<>  injected 
into  pigeons  they  become  inmiune  to  the  vibrio  Metsch- 
nikovi,  antl  rire  rerun.  But  PfeiH'er  denies  this — and 
the  negative  results  obtained  from  the  serum  reaction 
with  Metschnikolf'sspirillum  and  cholera  imnuine  .serum 
show  that  the  organisms  are  not  identical. 

TiiK  Si'inii.i.fM  oi'-  RK!,.\i"siN(i  Fi;vi-;ii  iS/n'mflinti'  or 
Sjiirilhim  Oh( rniiieri). — Fir.st  observed  liy  Obermeier 
(IhtTS)  in  tlie  blood  of  a  jiatient  sutTering  from  ,?'< ///■/.•( 
■ncnrnnn.  Bactcriologically  very  little  is  known  of  this 
micro-organism.  It  occurs  as  long,  slender,  flexible, 
motile  spirals  or  wavy  tilaments,  with  pointed  ends,  usu- 
ally from  20  to  30 /j  long.  Flagella  and  spores  have  not 
been  observed.  Typically  the  organisms  are  found  only 
in  the  blood  and  spleen,  not  in  the  secretions  of  iiatients 
with  relapsing  fever,  and  chiefly  at  the  Iieight  of  tlie  dis 
ease,  seldom  or  never  during  the  intermissions.  They 
stain  readily  with  the  oriiiiiary  aniline  colors,  especially 
with  fuchsin  and  LoctHer's  methylene  blui'  solutions. 
they  do  not  stain  by  (Iram's  method. 

They  have  never  been  cultivated  in   artificial   media. 
"When   preserved  in  blood  serum  and  O..")  lier  cent,  solu 
ti(m  of  salt,  they  retain  their  vitality  for  a  considerable 
time. 

Inoculation  experiments  liave  been  successfully  madi' 
on  man  and  monkeys.  Jlonkeys  when  inoculated  with 
human  blood  containing  the  spirilla  fake  sick  after  about 
three  and  one-half  days,  but  exhibit  only  the  initial 
febrile  attack;  no  relapse  such  as  is  characteristic  of  the 
di.sease  in  man  occurs.  Extiipafion  of  the  siilecn  renders 
the  di.sease  more  dangerous  for  these  animals.  Infection 
may'  be  transmitted  by  inoculation  also  from  one  monkey 
to  another.  Although  so  little  is  known  of  thisorganism 
from  a  bacteri<ilogic!il  statidpoiiit.  the  fact  of  its  constant 
occurrence  in  relai)sing  fever  and  of  the  eommunicabilify 


of  the  di.sease  from  man  to  monkeysby  inoculation  of  the 
blood  gives  us  grounds  for  assuming  that  this  is  the 
cause  of  the  alTection. 

The  Gi..\.ni)I';i!s  H.xcii.i.us  {liiciUns  yfalld ;  Rotz- 
hiiciltiiK  :  Burt,  i/r  In  Mvrre). — This  bacillus  was  discov- 
ered by  LocHler  and  Schi'it/.  (18S2)  in  the  tissues  of  aiii 
mals  alTi'cted  with  glanders.  It  was  i.solated  in  pure 
cult  ure  by  several  bacteriologists,  almost  simultaneously, 
and  was  proved  to  b<'  the  cause  of  the  disease  with  which 
it  is  associated. 

.Mirrimrirjiirdl  Appenraiircs. — Small  bacilli  {2-1! /<  long 
and  0.4 /(i  broad)  with  rounded  or  slightly  pointed  ends; 
they  usually  occur  singly,  but  sometimes  in  jiairs,  and 
they  rarely  grow  out  to  long  filaments.  Involution  forms 
are  common  in  old  cultures.     (See  Plate  XII.,  Fig.  4.) 

Mi'tilih/. — Xon-motile. 

Sjiiirc  Fitrniiitioti. — Absent. 

Stniniri;/  liedrtioim. — Stains  with  difficulty  with  the 
ordinary  aniline  colors;  does  not  stain  by  Gram's  method. 
The  bacilli  often  exhiliit  a  granular  appearance  (nu'ta- 
chromatic  bodies)  which  are  especially  visible  with  Keis- 
ser's  stain. 

liiuhif/icfd  C'hiiracicr,s. — Aerobic  and  facultative  anai'- 
robic,  growing  both  with  and  without  oxygen,  but  best 
in  the  ]nvsence  of  oxygen  and  at  brood  temjierature, 
though  it  develops  slow  ly  at  S.")'  C.  ;  does  not  grow  at  over 
40°  ('.  It  may  be  cultivated  on  all  the  usual  artificial 
media,  but  best  on  five-per-cent.  glyceiin  agar. 

On  i/fi/rcriii  (ir/nr  at  the  end  (jf  twenty-four  to  forty- 
eight  hours  it  forms  whitish,  transparent  colonies  which 
in  six  or  seven  days  may  attain  a  diameter  of  7  to  8  nuu. 
On  blood  ncrin::  a  moist,  opaque,  shiny  laver  of  a  yellow- 
ish or  dirty-brown  color  is  developed.  The  serum  is  not 
li([uetied.  On  po/iito  the  growth  is  very  characteristic. 
At  the  end  of  twenty-four  to  thirty-six  hours  at  :i7  C, 
a  moist,  yi'llow,  transparent  coating  develops,  becoming 
deeper  in  color  and  denser  in  consistence  until  it  finally 
l)resents  a  reddish-brown  color,  and  the  surrounding 
surface  of  the  potato  acquires  a  greenish-vellow  lint. 
The  cultures  often  exiiibit  long,  felt-like,  interlaced  tila- 
ments not  unlike  the  threads  of  the  bacillus  anthracis, 
anil  finally  club-like  enlargements.  In  hon/'/fon  a  difluse 
clouding  takes  place,  a  tenacious,  ro|)y  sediment  being 
ultimately  formed,  jl////'  is  coagidated  with  the  produc- 
t  ion  of  acid. 

VittiUtij. — The  resistance  of  cultures  of  the  bacillus  of 
glanders  is  not  very  great.  They  lose  their  virulence 
quickly  by  natural  weakening  as  early  as  the  fourth  or 
fifth  generation;  therefore  in  order  to  retain  virulence  it 
is  necess;iry  after  two  or  three  generations  of  cultures 
to  pass  the  virus  througli  a  suscejitible  animal.  Accord- 
ing to  r.iinome  fhi' glanders  bacillusdies  in  ten  days  when 
exposed  to  a  temperature  of  'i'l  C'.  ;  but  other  autliorities 
find  that  it  may  live  for  three  months  under  similar  con- 
ditions. Exposed  toheat  the  bacilli  are  killed  at!SO  ('.  in 
five  minutes,  and  at  100    ('.  in  three  mitiutes. 

Corrosive  sublimate  solution  (1  to  1,00(1)  destroys  the 
bacilli  in  fifteen  minutes,  and  five  percent,  carbolic  acid 
in  one  hour.  The  virulence  is  quickly  lost  in  distilled 
water  (six  days);  it  is  not  destroyed  by  putrefaction. 

l'iit/iof/riu'si.i. — Among  domestic  animals,  horses,  asses, 
cats,  dogs,  goats,  sheep  are  the  most  susceptible;  less  so 
jiig.s.  Cattle  and  birds  are  immune.  Among  test  ani 
mals,  the  field  mouse,  wood  mouse,  and  guinea  jiig  are 
the  most  susceplible,  the  rabbit  being  less  so.  while 
white  mice  and  house  mice  are  comparatively  immiuie. 
AVhen  pure  cultures  of  the  bacillus  mallei  are  injected 
into  horses  and  other  sirscejitilile  animals  true  glanders  is 
jiroduced.  The  disease  in  the  horse  is  ciiaracteri/.ed  by 
the  formation  of  ulcers  upon  the  nasal  minous  membrane. 
These  idcers  have  irregular,  thickened  margins  and  secrete 
a  thin,  virulent  mucus;  the  submaxillary  glands  become 
enlarged  and  form  a  tumor;  other  lymphatic  glands  also 
become  inflatned,  and  some  of  them  supiiurafe  and  o]ien 
externally,  leaving  deep  tdcers;  the  lutigs  arc  finally  in- 
volved and  the  breathing  becomes  rapid  and  irregular. 
In  farcy,  which  is  a  more  chronic  form  of  the  disease, 
(arcumscribed  swellings  appear  in  different   parts  of  the 
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IhhIv.  cspcoiiillv  wUore  tlii'  skin  is  thinnest,  which  sup- 
punilf  and  loave  iinsi y-looliinj;-  ulcers  with  abiinilaiil 
pniuleni  disharsc  Fnre  cultures  can  be  chlained  finiii 
the  interiorof  llic  sup]inral ins;- nodules  and  glands  which 
have  not  yet  opened  to  the  surface;  but  the  discharge 
from  the  "nostrils  or  from  an  open  ulcer  contains  enin- 
l>aralively  few  liacilli,  and  these  are  associated  with  so 
nmnv  oliler  bacteria  which  grow  more  readily  than  the 
irlanders  bacilli  on  culture  media  that  it  is  diflicult  to 
obtain  pure  cultures  in  this  way  by  the  plate  method. 
Mere  lest  animals  are  useful. 

In  guinea-pigs  subcutaneous  injections  are  followed  in 
three  or  fourdays  by  swelling  at  tlie  ]poiiit  of  in<ieulation, 
and  a  tumor  with  caseous  contents  soon  develo]is.  then 
ulceration  of  the  skin  lakes  place.  The  lymphatic  glands 
become  intlamed.  an<l  in  from  two  to  three  weeks  .symp- 
toms of  general  in  feetion  appear.  In  male  animals  orchitis 
and  epididymitis  are  present,  while  the  internal  organs 
(hmgs,  kidneys,  spleen,  and  liver)  are  generally  the  seat 
of  characteristic  nodular  formations.  From  these  pure 
cultures  may  be  obtained.  The  specific  ulcers  produced 
\ipon  the  nasal  mucous  membranes  of  the  horse  are  rarely 
]U'esenl  in  guinea-pigs.  The  jirocess  is  often  prolonged. 
and  the  animals  may  live  from  si.x  to  eight  weeks  after 
inoculation;  or  it  remains  localized  in  the  skin.  Intra- 
peritoneal injection  of  guinea-pigs  is  usually  followed 
l)y  death  in  from  eight  to  ten  days,  and  in  males  tlie  testi- 
cles are  invariably  alTected.  In  female  animals  the  dis- 
ease may  be  c(numunicated  to  the  fcetus. 

The  bacillus  of  glanders  has  never  beeu  found  outside 
of  the  animal  liody  nor  in  healthy  individuals.  The  dis- 
ease occurs  as  a  natural  infection  only  in  horses  and  asses, 
but  it  may  be  communicated  to  man  by  contact  with 
affected  animals,  and  usvially  by  inoculation  through 
■Bounds  of  the  skin  or  mucous  membranes.  In  man, 
where  the  virus  enters,  a  local  swelling  a])peavs,  which 
spreads  rapidly,  accompanied  by  supi)uratiiin  and  cord- 
ing of  the  neighboring  lymjihatics.  Multiple  abscesses 
are  formed  in  the  skin,  muscle,  and  internal  orgau.s,  and 
there  are  often  suppurative  changes  in  the  joints,  the 
disease  at  this  stage  resembling  pyannia.  Characteristic 
glanders  nodules  appear  in  the  mucous  membranes,  jiar- 
ticidarly  of  the  nose,  which  soon  disintegrate,  forming 
ulcers.  The  disease  not  infrequently  terminates  fatally, 
death  resulting  from  general  infection  carried  by  means 
of  the  lymiih  cireidation. 

It  is  often  ditlicult  to  demonstrate  microscopically  the 
presence  of  the  glanders  bacillus  in  the  nodules  which 
have  undergone  pundcut  degeneration,  or  in  tlie  discharge 
from  the  nostrils,  ulcers  and  glands.  Strauss  has  pro- 
posed the  following  rapid  method  of  diagnosis  by  inocu- 
lation of  test  animals;  Some  of  the  suspected  material  or 
culture  is  introduced  into  the  jieritoneal  cavity  of  a  male 
guinea-pig,  making  the  inoculaticai  directly  in'the  middle 
line  of  the  abdomen,  to  avoid  inlroductiiui  into  the  vesi- 
cula;  seminalis.  If  it  is  a  c:ise  of  glanders,  the  testicles 
begin  to  swell  within  thirty  to  forty-eight  hours,  and 
the  skin  over  them  becomes hyperainie,  shiny,  and  finally 
degenerates  and  shows  evidences  of  pus  formation.  The 
diagnostic  symptom  is  the  tumefaction  of  the  testicles. 

The  diagnosis  of  glanders  in  horses,  in  which  the 
clinical  symptoms  of  the  di.sease  may  be  obscure,  as  in 
chronic  or  subacute  cases,  may  often  "be  made  by  the  use 
of  u/iil/i  ill.  Mallein  consistsof  the  filtered  produ'ctsof  the 
glanders  bacillus — albuminous  compounds  bearing  a  simi- 
lar relation  to  glanders  that  Koeh'sold  tubercidiu  bears  to 
tidjerculosis— prepared  by  evaporating  a  six-weeks'-old 
(•idture  in  five  per  cent,  glycerin  nutrient  veal  broth  to 
ten  per  cent,  of  its  original"  bulk.  The  do.se  of  mallein 
is  about  I  c.c.  subcutaneously  injected,  which  usually 
gives  good  reactions.  An  injection  of  mallein  under  th'e 
skin  of  a  healthy  hor.se  has  nii  ctTect  or  at  most  ju-oduces 
a  slight  local  swelling  and  rise  of  tem])erature.  Follow- 
ing aii  injection  of  mallein  into  a  glandered  horse  two 
reactions  are  produced:  a  hirge  and  painful  swelling  at 
the  point  of  inoculation  and  a  rise  of  temperature  to  i()( 
or  even  KUr  F.  The  rise  of  temperature,  however, 
should   not   bo  taken  alone  as  conclusively  indicating 


.glanders;  it  must  be  considered  in  connection  with  the 
local  swelling  and  the  general  condition  of  the  animal 
which  is  profoundlv  atfected  by  the  injection.  The 
l)ractical  value  of  this  test  has  been  demonstrated  b.v 
numerous  experiments  b.y  veterinarians.  No  ill  elfects 
have  been  found  to  result  from  the  injection  of  mallein 
in  healthy  horses.  On  the  contrarv.  not  onl.v  production 
of  immuuitj',  but  some  cures  have  been  reported  from  its 
use. 

The  B.\cn.Lus  op  Bubokic  Plague  (Bacillus  Pestis 
Diih/itica). — This  organism  was  discovered  liy  Kitiisato 
and  Yersin,  independently,  during  an  epidemic  of  the 
bubonic  jilague  at  Hong-Kong,  China,  in  1.^94.  This 
disease,  like  anthrax  and  leprosy,  has  a  long  liistorical 
record  behind  it.  It  is  probablv  the  disease  which  under 
tlie  names  of  "Black  Death" "or  "The  Great  Plague" 
decimated  the  population  of  Europe  in  the  Jliddle  Ages. 
The  distribution  of  plague  at  the  present  time  is  fortu- 
natelv  a  somewhat  limited  one.  namely,  a  definite  area  in 
Asia  known  as  the  "Plague  Belt,"  extending  from  Meso- 
liotamia,  as  a  sort  of  focus,  northwartl  to  the  Caspian  Sea, 
westward  to  the  Red  Sea,  southward  as  far  as  Central 
India,  and  eastward  to  the  China  Sea.  The  bacteriology 
of  jilague  is  almost  the  latest  contribution  to  the  science. 

Sficn'fiCDjn'cal-Appearanren. — Short  rods,  with  rounded 
ends,  about  twice  as  long  as  broad,  occurring  singly,  in 
pairs,  or  in  short  chains  (especially  in  bouillon  cultures), 
and  often  surrounded  by  a  capsule.  Involution  forms 
are  common.     (See  Plate  XII.,  Figs.  7  and  8.) 

Midiliti/. — Non-motile,  possessing  no  tlagella;  though 
Kitasato  claims  that  it  has  very  sluggish,  scarcel.y  per- 
ceptible movements,  and  Gordon  states  that  by  a  special 
method  of  staining  (Van  Ermengen's  method)  he  foimd 
polar  flagella. 

Spore  Formatiim. — Absent. 

Stiiiiiing  Hairtioiiti. — Stains  with  the  ordinarv  aniline 
d.yes,  but  in  preparations  made  from  pure  cultures  the 
characteristic  bipolar  staining,  which  is  observed  in 
]irei)anitions  from  blood  and  pus,  is  not  readily  obtained. 
Does  not  stain  b.v  Gram's  method. 

Biiihif/icnl  Charatttrs. — Strongly  aProbic,  growth  being 
inhibited  in  the  absence  of  ox^'geu.  Develops  on  the 
usual  culture  media,  but  best  on  blood  serum  at  37°  C. ; 
also  fairly  well  at  room  temperatiu'e. 

On  gilalin  phitin  small,  darkly  defined  .granular  colonies 
of  a  graj-ish-yellow  to  greenish  color  develop ;  the  gelatin 
is  not  lifiuefied.  In  ijihitin  ntnh  ruUfiris  it  grows  slowly 
on  the  surface  and  along  the  track  of  the  needle.  On 
(jUjcd-in  iifjiir  it  grow  s  rajiidh-,  forming  a  moist,  grayish- 
white  coating  on  the  surface.  On  hhxid  serum  in  the  in- 
cubator, at  the  end  of  twenty-four  to  forty-eight  hours, 
white,  moist,  transparent,  and  iridescent  colonies  are 
formed.  Bouillon  becomes  diffusely  clouded,  but  if  in- 
oculated with  a  cohesive  mass  of  bacteria  from  au  a.gar 
culture  the  bacilli  develoji  as  a  granular  or  grumous 
deposit  on  the  walls  and  bottom  of  the  tube,  the  upper 
jjortiou  of  the  liquid  remainins  clear,  similarlv  to  what 
is  observed  iu  t  he  growth  of  some  \'arieties  of  streptococci. 
There  is  a  scanty  growth  on  potato  and  milk;  milk  is  not 
coa.gulated. 

The  bacillus  of  bulionic  pla.aue  forms  no  .gas  in  media 
containing  sugar,  and  but  little  indol.  It  produces  toxins, 
and  the  serum  of  animals  immunized  against  the  bacillus 
.yields  antitoxic  substances. 

Vituliti/. — The  bacilli  of  bubonic  pla,gue  withstand 
desiccation  for  from  three  to  seven  days;  in  water  they  die 
in  from  three  to  eight  da.vs  according  to  its  composition;  iu 
buried  cadavcra  the.v  retain  their  vitality  for  twenty- 
eight  to  thirty -eight  days.  Exposed  to  the  action  of 
direct  sunlight  the.v  are  destro.\-ed  iu  from  three  to  four 
liours.  They  are  killed  bv  healing  at  5.")  C.  iu  ten  min- 
utes, and  at  S(V  C.  in  five  minutes.  Corrosive  sublimate 
(1  to  1.0(X»)  destroys  the  bacilli  imme(li:itely. 

Pathoi/i loKix. — This  bacillus  is  pathogenic  for  almost 
all  animals,  onlv  pigeons  being  immune.  Guinea-pigs. 
rats,  and  mice  are  the  most  susceptible  anim.'ils;  some- 
what less  so  are  monkeys,  rabbits,  cats,  and  horses:  and 
still  less  so  are  dogs  and  cattle.     Guinea-pigs  when  in- 
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Fig.  1. — Bacillus  Antliracis  from  Cellular  Tissue  of  Inoculated  Mouse.  Stained  with  gentian  violet. 
X  1,000.     Photomicrograph  from  Sternberg's  "Bacteriology  "  by  permission. 

Fig.  2. — Anthrax  Spores  from  a  Bouillon  Culture.  Double-stained  preparation — withcarbol-fuchsin 
and  methylene  blue.  X  1,000.  Photomicrograph  from  Sternberg's  "'Bacteriology"  by 
permission. 

Fig.  3.— Bacillus  of  Tetanus  from  an  Agar  Culture.  X  1,000.  Photomicrograph  from  Sternberg's 
"Bacteriology  "  by  permission. 

Fig.  4. — Bacillus  of  Glanders.  X  1,000.  Photomicrograph  from  Sternberg's  "Bacteriology"  by 
permission. 

Fig.  5. — Spirillum  of  Asiatic  Cholera  (Comma  Bacillus).  From  a  culture  upon  starched  linen  at 
end  of  twenty-four  hours,  stained  with  fuchsin.  X  1,000.  Photomicrograph  from  Sternberg's 
"  Bacteriology  "  by  permission. 

Fl6.  6. — Spirillum  of  Finkler  and  Prior  with  Flagella.  Agar  culture.  X  1,000.  Photomicro- 
graph from  Bowhill's  "Bacteriology  "  by  permission. 

Fig.  7. — Bacillus  of  Bubonic  Plague  from  Agar  Culture,  Showing  Irregular  Forms.  X  1,000. 
Photomicrograph. 

Fig.  8. — Bacillus  of  Bubonic  Plague  from  Bouillon  Culture,  Showing  Rods  in  Chains  with  Polar 
Staining,     x  1,000.     Photomicrograph. 
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ji'ctfd  intiiipt'ritonfally  with  ]mro  cultures  die  in  ahoiit 
two  (liiys  of  acuU'  si/ptica'Miia.  few  hactiria  hciiij;  found 
in  the  tissues.  At  the  point  of  inocidation  lliore  will  be 
seen  a  hiMiionimiric  iiitiltfatiori  and  o'dcuia.  with  cidarfio- 
nu-nts  of  the  niesciitriic  glands  and  pannchyinatous  t-on- 
gt'slion  of  till!  oruans.  'I'hc  spleen  sotnetimes  shows  ini- 
uute  nodules  resenililinj;  iniliaiw  tuljeiiles,  whieh  contain 
zoiijflu'a  like  masses  of  the  bacilli,  (iuinea  pif;s  aiv  also 
easily  infected  thfouirh  the  ilij;estive  tract.  Flies,  b<'d- 
hugs.  fieas.  and  other  insects  take  up  the  ornaidsnis  with 
the  blood  of  pla.uueiid'ected  animals,  but  ap])arently 
they  rarely  transunt  the  disease.  Iid'ection,  liowever.  is 
rapidly  eoininunicated  from  one  animal  to  another. 

Hankin  and  Yersin  have  repeatedly  foiuid  non-viru 
lent  pla.iitie  bacilli  in  the  dust  of  iid'ected  hou.ses  and  in 
the  soil.  'I'hey  have  never  been  found  in  healthy  indi 
viduals.  Amou!^  arumals  the  bubonic  plague  is  known 
to  occur  spontaneously  in  rats,  which  often  are  alTected 
previously  to  human  epidemics.  It  is  thought  that  these 
animals  comiTiunicale  the.  disease  to  man.  In  patients 
sutfering  from  iilague  the  bacilli  ari'  found  cluetiy  in  the 
pus  of  the  characteristic  bubcies  and  also  in  the  sputum 
from  the  pneumonic  forms  of  the  disease:  more  larcly  in 
the  internal  organs  and  the  blood. 

This  organism  is  the  specilic  cause  of  true  Oriiaital 
buI)onic  jdague,  the  mortality  from  which  isfromtifty  to 
eighty  per  cent,  of  cases.  It  gains  access  to  the  body  (I) 
through  the  skin,  lleretlie  bacilli  may  remain  localizeil 
and  nniltiiily  at  first  in  the  neighboring  lymph  glands: 
frecpiently  at  the  point  of  inoculation  a  pustule  is  formed 
whieh  takes  on  the  natuH'  of  a  furuncle  or  carbuncle  con- 
taining many  bacilli.  Heath  may  occur  without  furtlier 
ditl'usion  of  the  lu-ganisms.  liut  ordinarily  they  aredistrib- 
uted  Ihrcnighout  the  entire  body.  lu'oducing  dciilh  Iiy 
septicaemia.  (2)  Through  the  htngs.  This  constitutes 
the  so-called  pneumotiic  form,  or  plague  pneumonia. 
The  bacilli  are  iiresent  in  the  si)utuin  and  sometimes  in 
the  blood:  other  pus  cocci  are  found  in  association.  (3) 
Through  the  digesti\e  tract.  This  mode  of  infection 
has  been  denumstrated  in  aiumals.  but  is  uneerlain  in 
man. 

I  III  III  II  nil !/. — Yersin,  Calmette,  and  Borri  1  have  sue 
ceeded  in  i)roducing  passive  imuumity  against  the  jjlague 
bacillus  in  animals,  and  also  to  a  certain  extent  in  man, 
liy  subcutaneous  inoculations  with  the  senun  of  horses 
which  were  previously  iimumu/ed  by  intravenous  inocu- 
lation of  dead  cultures,  [sucli  serum  po.ssesses  also  some 
curative  etTect  in  men  and  animals  sulTering  from  the 
jilague,  if  inoculated  with  large  quantities  and  within 
twelve  hotu'S  after  infection.  iSou.x  maintains  that  this 
.serum  contains  only  antitoxic,  not  bactericidal,  sub- 
stances. Active  inuuimity  may  also  lie  |n-oduced,  ami 
apparently  without  danger,  by  HalTkine's  method  of  pre 
ventive  inoculation  in  the  same  maimer  as  witli  cholera. 
This  method  consists  in  thi^  subcutaneous  injection  of 
2.")-;!  c.c.  of  a  fully  grown  bouillon  cidttu'e  heated  fiw 
one  hour  at  70'  C.  to  kill  the  m-gaiusms.  The  reaction 
caused  (fever  and  pain)  is  usually  slight,  and  th<'  injec- 
tion is  best  repeated  after  ten  days.  This  treatment  is 
essentially  ]u-otective  rather  than  curative,  and  although 
the  imuumity  alTorded  is  not  absoUiteand  lasts  only  for  a 
montli  or  two,  the  ma,jority  of  those  inoculated  are  pro- 
tected or  have  the  disease  oid\-  in  a  mild  form  and  recover. 

The  (ii-rinan  Plague  Commission  considers  iiuneture  of 
the  unopened  bubo  for  diagnostic  i)urpos(  s  snniewhat 
dan'.;erous.  on  aecoimt  of  possible  infection  of  the  blood; 
IhM  the  English  iihysicians  in  India  make  a  long  incision 
in  the  alTected  gland,  which  is  afterward  dressed  with 
antiseptics.  In  this  way  luaterial  is  obtained  for  cover- 
glass  specimens,  plate  and  otlu'r  ctdtural  methods.  The 
pus  of  the  buboes,  and  especially  the  sputiun  in  the 
Iineiimonie  forms,  contain  numbers  of  bacilli.  Jn  tla-.se 
cases  nu'cro.sco|iical  examination  alone  sullices  often  to 
make  a  jirobalile  diagnosis  of  the  plague  from  the  pecul 
iar  bi])olar  staining  <if  the  organisms.  .Micfoscopical 
examination  of  the  blood  is  attended  with  success  oidy  in 
ctises  of  general  infection,  and  here  c\dtures  yield  better 
results.     It  is  recoumiench'd  to  make  streak  cultures  on 


gelatin  plates  at  2U  ('..  at  which  tein]ierature  the  plague 
bacillus  grows  fairly  well,  u  Idle  the  stn^ptococcus  aiui 
other  associated  bacteria  usually  exlutiit  oidy  scanty 
growth.  According  to  Haid<in,  when  the  bacilli  are 
grown  on  .agar  contaiiung  ;.'..")  to  :!..';  per  cent,  of  salt  at 
31"  ('.,  in  twenty-four  to  fijrty-eight  hours  inoculation 
forms,  consisting  of  pcar-shaiied  liodies  and  spheres,  are 
developed,  which  he  considers  characteristic  enough  to 
form  a  m<'ans  of  diagnosis.  Finally,  the  serum  of  men 
and  animals  afl'ectcd  with  the  plague  possesses  the  power 
of  agglutinating  the  bacillus  pestis.  This  reaction  is 
said  to  be  present  in  the  second  week,  and  is  most  pro- 
nouiuM'd  in  the  second  and  third  weeks  of  the  di.sease. 

The   STHEI'TOTIIItlCES. 

The  varieties  of  the  streptothrix  group  of  micro-organ- 
isms have  not  as  .yet  been  clearly  described.  Some  of 
them  at  least  are  pathogenic.  These  orgaiusms.  while 
having  many  points  of  resemblance  to  bacteria,  yet  dilTer 
from  them  in  other  important  respects  wliieh  connect 
them  with  the  fungi.  Like  the  mcjuld  fimgi  I  hey  develop 
from  spore  like  bodies  into  cylindrical  dichotomously 
branching  threads  which  grow  into  colonies,  linally  be- 
coming \  isible  to  the  ludied  eye  as  irregid;u'  radiating 
thread  masses  or  mycelia.  Under  favorable  conditions 
single  threads  or  fruit  hypha'  grow  upward  out  of  the 
substance,  free  in  the  air,  and  break  up  into  chains  of 
round,  spore-like  bodies  or  conidia,  whiclt  being  detached 
from  the  plant  are  carrieil  by  the  air,  and  thus  the  preser- 
vation of  the  siiecies  is  assured.  The  bacilli  f>f  tuber- 
culiisis,  lepro.sy,  diphtheria,  and  glanders  are  believed  by 
some  properly  to  belong  to  the  streptothrices  on  account 
<if  the  true  branching  forms  developed  by  them  under 
cc'ftaiu  conditions.  The  best  known  of  this  gidup  is  the 
actinomyces  or  ray  fungus. 

Stuei'Totuuix  Actinomyces. — This  micro-organi.sm 
was  first  described  by  Bollinger  (1S71)  in  cattle,  in  which 
it  foi'uis  the  alTection  known  as  "big  jaw."  In  man  acti- 
nomycosis was  tii'st.  recogiuzeil  by  Israel  ( !''^t-i5),  and  sub- 
scMpU'iitly  I'ontick  insisted  ujjon  the  identity  of  the  alTec- 
tion in  man  and  cattle.  So-called  '■niadura-foot,"  au 
ulcerative  diseasi-  of  the  feel,  rarely  of  the  hands,  is  by 
.some  also  thought  to  be  another  form  of  inlectiou  caused 
by  this  organism. 

MicriiHi-iipirid  Appctiniiii-eK. — In  both  man  and  animals 
the  orgaidsmciui  be  observed  in  the  pus  from  thealfected 
regions  as  small,  yellowish  grannies  from  0.5  to  'i  ji  in 
diameter.  Microscopically  tlicse  bodies  are  .seen  to  bi^ 
made  up  (d'  threads  which  radiate  from  a  centre  and 
present  bulbous,  club-like  terminations.  These  are  gen- 
erally arranged  in  i)airs,  closely  crowded  together,  and 
exhibit  a  glistening  appearance.  The  threads  which 
compose  the  central  masses  are  from  0.3  to  ()..">  //  in 
diameter;  the  clubs  are  from  6  to  Up  in  diameter,  and 
are  either  single  or  branching. 

S/in'iiiiir/  Ri'iii-liiini'. — The  thread  fungi,  not  tin'  clubs, 
stain  best  by  Gram's  method,  Doidile  staiidng  can  be 
obtained  with  the  Gram  method  and  then  with  picro- 
carmine  or  safTroiun,  the  thread  being  stained  a  lilue- 
l)lack  c(dor  by  Gram's  sohdion,  while  tliv  clubs  are 
stained  red. 

Jtiiiltii/iciil  ('Iinriiiier.i.  —  Ai'robic  aiLil  facultative  an- 
ai'robic,  growing  on  all  arliticial  culture  media  at  room 
temperature,  but  best  with  access  of  air  and  at  the  tem- 
perature of  the  body. 

On  liliiiiil  siriiiii  and  iii/ar  isolated  coloines  al  first  de- 
velop on  the  surface  of  these  media,  but  on  keeping  the 
cultures  for  a  week  or  two  the  <-olonies  nut  together  and 
form  a  thick,  wrinkled  mass  which  sinks  into  the  mediiun. 
The  individual  coloniesare  yellowish  to  red  in  color,  and 
are  covered  by  a  whitish  lIulTv  down,  consisting  of  tine 
cobweb-like  hairs;  occasionally  the  culture  is  colored 
brown.  In  xtah  cnHiircn  the  growth  usually  presents 
a  tree-like  apiiearance,  but  this  varies  considerably, 
liniiiUiiii  is  not  clouded,  b\U  round  masses  are  formed  in 
the  bottom  of  the  tube,  which  are  si'parated  with  dilli 
culty  by  shaking.     On  pulntn  the  growth  is  somewhat 
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slower,  resulting  in  a  thick,  viscid,  niembninous  deposit 
on  llic  surface,  upon  whieli  llie  stinie  yellowi.sh-red  color 
and  cobweli  like  lliread  are  developed.  On  ifujn,  cither 
niw  or  cooked.  WoIlTand  Israel  have  cultivated  especially 
well-developed  branching  forms. 

Vitalilj/. — The  cultures  are  quite  resistant  to  outside 
inlluenccs,  old  eulturesretaining  their  vitality  for  mouths. 
Dried  they  may  be  kept  for  a  year  or  more.  They  are 
killed  bv  a  temperature  of  7,")"  V.  in  live  minutes. 

I'lit/iiii/iiuxis. — The  aclinoniyccshave  never  been  found 
out.^idc'the  animal  body,  but  they  probably  occur  in 
the  husks  and  straw  of  "grains  and  grasses,  as  the  usual 
mode  of  aeiiuiring  the  disease  is  apparently  through  the 
introduction  of  the.se  materials,  which  have  been  met 
with  in  the  centres  of  actinomycotic  infection.  They 
have  never  been  found  in  healthy  animals.  The  chief 
modes  of  infection  in  man  are  through  the  mouth  and 
mucous  membranes  of  the  throat,  through  the  air  pas- 
sages, through  the  intestinal  canal,  and  through  the 
skin.  From  the  primary  centres  of  infection  the  fungus 
is  conveyed  by  wandering  cells  and  emboli  to  all  paits 
of  the  body,  .giving  rise  to  soft  granulation  tissue  which 
has  a  tendency  to  break  down,  and  contains,  in  addition 
to  .small  ronnii  cells,  epithelial  elements  and  giant  cells, 
not  unlike  those  found  in  tubercles.  The  formation  of 
fi.stuUc  wliic'h  imdermine  the  skin  favors  the  passage  of 
the  organism  through  muscular  tissues  and  furthers  the 
spread  of  the  disease.  More  rarely,  circumscribed  tumors, 
as  seen  in  cattle,  also  occur  in  man.  The  fungi  are  found 
in  the  pus  of  the  affected  parts,  there  being  scarcely  an 
organ  or  tissue  of  the  body  free  from  actinomyces. 

Among  animals  cattle  are  especially  subject  to  the  dis- 
ease; more  rarely,  ]iigs,  dogs,  and  horses.  The  most  com- 
mon scat  of  infection  is  in  the  interior  of  the  bone  of  the 
jaw,  with  the  formation  of  granulation  tissue  and  of  new 
bone  from  tlie  periosteum.  In  other  cases  the  soft  parts 
of  the  face  are  primarily  attacked  and  the  bone  affectcil 
from  the  outside.  The  walls  of  the  throat  and  stomach  are 
sometimes  first  infected.  The  affection  of  the  jaw  gives 
to  the  disease  its  name  of  "  big  jaw  " ;  it  was  formerly 
mistaken  for  osteosarcoma  and  other  similar  all'ections. 

The  cxjierimeutal  production  of  actinomycosis  in  ani- 
mals has  not  been  satisfactory.  When  artificially  intro- 
duced into  the  tissues  the  organism  becomes  absorbed  or 
encapsulated.  If  injected  in  large  quantities  multiple 
nodules  are  formed  in  some  cases,  and  these  suggest  the 
production  of  a  general  infection,  but  no  growth  of  the 
organisms  really  takes  place.  Ponfick,  Johne,  Rotter, 
and  others  claim  to  have  obtained  positive  results  in  ani- 
mals, but  Bostrom  does  not  consider  these  conclusive. 
The  animals  used  for  experimentation  have  been  calves, 
pigs,  dogs,  rabbits,  and  guinea-pigs;  the  points  of  inocu- 
lation, the  anterior  chamber  of  the  eye,  the  subcutaneous 
tissue,  the  peritoneal  cavity,  and  the  blood-vessels;  and 
the  material  injected,  pus  from  the  affected  parts,  very 
rarely  cultures. 

A  number  of  other  streptothrices  have  been  described 
in  connection  with  various  pathogenic  proccs.ses,  but 
most  of  them  are  not  well  defined.  They  have  been 
found  in  abscess  of  the  brain,  cerebro-spinul  meningitis, 
inflamed  pneumonic  areas,  and  other -pat hologicarcon 
ditions.  Eppinger  injected  cultures  of  a  .streptothrix 
found  by  him  in  brain  abscess  into  rabbits  and  guinea- 
pigs,  and  from  this  a  pseudo- tuberculosis  developed. 
Consolidation  of  portions  of  both  lungs,  thickening  of  the 
peritoneum,  and  scattered  nodules  closely  resembling  tu- 
bercles were  also  noted  by  Flexner  in  a  case  of  human 
infection  from  a  variety  of  streptolhri.v.  the  pathological 
conditions  so  nearly  resembling  tidierculosis  that  tbe'two 
di.sea.ses  could  be  distinguishecidnlv  by  the  morphological 
and  other  characteristics  of  the  causative  inicro-orgamsms 
in  each  case. 


TiiK  IIyphomycetrs  ok  :1Ioui,d  Fungi. 

Mo.st  of  the  mould  fungi  are  not  pathogenic  and  are  of 
interest  to  us  oidy  as  organisms  which  are  apt  to  contami- 
nate our  bacteriological  media.     Some  of  them,  however. 


are  true  parasites,  among  which  the  best  known  are  the 
iichorion  Schhnleinii,  trichophyton,  oUUurit  iilhic^ins,  and 
microsporoii  fuifiir.  These  can  be  only  briefly  touched 
upon  in  this  article,  as  the.v  are  not  bacteria,  and  yet 
some  reference  to  them  would  seem  to  be  called  for  here. 

AcnoitiON  SciioNi.EiNri  {Funis  Fungus). — This  fungus, 
which  is  the  aiuse  of  favus  in  man  and  animals  (horses, 
cattle,  dogs,  cats,  rabbits,  mice),  was  discovered  by 
Schonlein  in  1839.  The  disease  is  communicated  to  man 
by  contact  with  animals.  AVant  of  cleanliness  is  a  con- 
tributing factor.  The  fungus  seems  to  find  a  more 
favorable  soil  for  its  development  on  the  skin  of  per- 
sons in  a  debilitated  condition,  especially  from  phthisis, 
than  in  healthy  individuals. 

Pathologically  the  disease  represents  the  reaction  of 
the  tissues  to  the  irritation  caused  by  the  growth  of  the 
fungus,  the  spores  finding  their  w'ay  into  the  hair  follicles, 
where  they  develop  around  the  hair  seat.  The  achoriou 
grows  in  the  epidermis,  the  densitv  of  the  growth  caus- 
ing pressure  on  the  parts  below,  thus  crushing  out  the 
vitality  of  the  hair  and  giving  rise  to  atrophic  scarring. 
This  disease  shows  a  marked  preference  for  the  scalp 
jiossessing  hair  init  it  is  also  found  on  skin  devoid  of 
hair,  and  even  the  mucous  membranes  or  the  nails  may 
be  attacked.  Kaposi  describes  a  case  of  favus  universalis. 
On  the  scalp  it  first  appears  as  a  tiny  .sulphur-yellow 
disc  or  m-utuui.  depressed  in  the  centre  like  a  cup  and 
pierced  by  a  hair.  This  is  the  characteristic  lesion.  The 
cup  shape  is  attributed  by  Uiuia  to  growth  at  the  sides 
proceeding  more  vigorously  than  at  the  centre. 

According  to  Unna,  Quincke,  and  others  there  are 
several  varieties  of  favus  fungi,  but  later  in\-estigatious 
would  seem  to  indicate  that  the  achoi-iou  Schonleinii  is 
the  only  species  of  fungus  producing  favus. 

As  seen  under  the  mieroscojie  the  mycelium  consists  of 
branched  radiating  hyphw.  Some  of  the  hyphas  swell  at 
thi'ir  free  ends,  becoming  club-shaped,  while  others  give 
ott  lateral  buds  containing  Krai's  .so-called  "yellow 
bodies,"  which  rupture,  allowing  their  contents  "to  es- 
cape as  free  bodies.  AVhen  this  takes  place,  moss-like 
offshoots  develop  in  the  form  of  dense,  twisted  threads. 
Later,  the  individual  threads  break  up  into  cell-like,  oval 
structures. 

The  favus  fungus  is  readily  cultivated  at  both  room 
and  body  temi)eiatures  on  the  ordinary  nutrient  media. 
The  growth  develops  slowly  and  shows  a  preference  to 
grow  beneath  the  surface  of  the  medium.  The  charac- 
teristic form  of  growth  is  that  of  moss-like  projections 
from  a  central  body,  the  color  being  at  first  grayish  white 
and  then  becoming  yelhiw.  To  obtain  tlic  fungus  in 
pure  cidtures  the  "favus  crusts"  are  mixed  with  sterile 
silicic  acid,  reduced  in  a  sterile  mortar,  and  plate  cultures, 
on  gelatin  or  agar  arc  made  from  this  mixture.  Blood 
serum  is  the  only  medium  on  which  the  spores  are  devel- 
oped, the  most  favorable  temperature  being  30'  C.  Ar- 
tificial infection  can  be  produced  only  with  material  con- 
taining spores. 

Tricuophtton  (Uingworm  Fungtts). — Ringwonn  of  the 
body  or  hairless  ]iarts  (tinea  circinata),  and  ringworm  of 
the  hairy  parts  (t inea  tonsurans  and  tinea  barba-  or  sycosis) 
are  due  to  the  fungus  trichophvton,  discovered  bj'  Grub}' 
in  the  human  hair,  and  between  the  epidermal  cells  by 
Ilebra. 

According  Sabouraud  (whose  conclusions  are  based 
on  an  exhaustive  series  of  microscopical  examinations  of 
cases  of  tinea  in  man  and  animals,  of  cultivation  of  arti- 
ficial media,  and  of  inoculation  experiments),  there  are 
two  distinct  tyjies  of  the  fungus  trichophyton,  causing 
ringworm  in  man;  they  are  distinguished  by  the  size  of 
theirspores — one  with  small  spores  2  to  o  //  in  diameter. 
wbi<h  be  calls  Trichophyton  microsporon.  and  another 
with  largespores,  7to  8,"  in  diameter,  which  he  calls  Tri- 
chophyton megalosporon.  These  dilVer  both  in  their 
mode  of  growth  on  artifi<-ial  media  and  in  their  patho- 
logical elTects  on  the  human  skin  and  its  aiipendages. 

Trichophyton  microsporini  is  the  eonunon  fungus  of 
tinea  tonsurans  in  children,  more  particularly  the  severe 
alTection  known  as  the  "Maladic  de  Grubv,"  which  is  rc- 
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Bacteria. 
Bael  Fruit. 


bcllioiis  iinilcT  trc'iitmcnt,  and  its  special  scat  of  growth  is 
the  substance  of  the  hair.  Trichopliytoii  megalosporon 
is  essentially  the  fungus  of  ringworm  of  the  beard  and  of 
the  smooth  parts  of  the  skin  in  adults. 

Under  the  microscope  tlie  single  mycelial  threads  are 
distinctly  separate  and  from  them  conidia  are  given  off. 
The  spores  of  T.  microsporon  are  contained  in  a  my- 
celium; but  this  is  not  visible,  tlie  spores  ai'pearing 
irregularly  piled  tip  like  zoiigltea  masses;  and  growing 
outside,  they  form  a  dense  sheath  around  the  hair.  The 
spores  of  T.  megalosporon  are  always  contained  iu  dis- 
tinct mycelium  li  laments,  which  may  be  either  resistant 
when  the  hair  is  broken  up,  or  fragile  and  easily  separat- 
ing into  spores. 

The  trichoi)hyton  grows  at  room  temperature,  but  best 
at  30°  C.  on  the  usual  media.  It  liquefies  gelatin,  agar, 
and  blood  serum.  The  two  types  when  grown  on  artiticial 
cultures  also  show  a  downy  surface  and  white  color; 
those  of  T.  megalosporon  a  powdery  surface,  with  ar- 
borescent peripiieral  rays,  and  often  a  yellowish  color. 

Although  the  morphological  appearances,  modt;  of 
growth,  and  pathological  effects  of  each  type  of  tricho- 
phyton show  certain  characters  in  common,  yet  there  are 
some  constant  minor  differences  which  point  to  the  fact 
that  there  are  several  varieties  or  species  of  fungi  in- 
cluded under  each  type.  The  species  included  under  T. 
microsporon  are  few  in  number,  and  with  one  exception 
(that  which  causes  the  contagious  herpes  of  the  horse) 
almost  entirely  human.  The  species  of  T.  megalosporon 
are  numerous,  and  many  animals  as  well  as  man  are  sub- 
ject to  affections  caused  by  the  various  species. 

In  contradistinction  to  other  fungi,  tlie  cultures  of  tri- 
chophyton retain  their  vitality  for  a  longtime.  The  dis- 
ease has  been  produced  articially  in  animals  by  inocula- 
tion with  material  containing  spores. 

OJDiVM  Albicans  {Thrush  Ftmgus). — This  fungus, 
which  was  discovered  by  Bery  and  fully  described  by 
Gruby,  is  the  cause  of  thrusli,  and  occurs  in  all  mucous 
membranes  with  squamous  epithelium,  especially  iu  the 
mouths  of  infants,  where  it  is  manifested  tiy  white  points 
or  patches  on  the  inflamed  surface.  The  usual  scat  of 
thrush  is  the  buccal  membrane  of  childre-n,  liut  occasion- 
ally it  occtirs  iu  the  faucial  and  cesophagcal  surfaces; 
rarely  in  the  middle  ear,  trachea,  and  subdiaphragmatic 
portion  of  the  digestive  tract. 

Under  the  microscope  this  parasite  is  seen  to  consist  of 
mycelial  threads;  numerous  spherical  or  ovoid  spaces  or 
conidia  are  also  present  surrounding  the  mycelium  and 
covering  the  epithelial  cells. 

The  oidium  albicans  is  stronglj-  aGrobic,  growing  on 
all  the  usual  culture  media  in  the  presence  of  o.xygen, 
best  at  37°  C.  It  does  not  liquefy  gelatin,  upon  this 
medium  fomiing  white  colonies.  On  agar  a  yellowish- 
white  growth  is  developed. 

It  is  pathogenic  for  ralihits  when  inoculated  intrave- 
nously, the  fungus  becoming  localized  in  the  internal 
organs. 

Haller  considers  that  this  organism  is  identical  witli, 
or  very  closely  allied  to.  the  oidi'im  Incti's,  which  occurs 
in  milk  undergoing  acid  fermentation. 

MiCRospoitox  FriiFfij  (Piti/riiisis  Funr/Ns).— This  fun- 
gus is  the  cause  of  tinea  or  pityriasis  versicolor,  and  is 
found  in  the  scales  cast  off  by  the  skin  in  this  affection. 
When  these  .scales  are  treated  with  a  five-per-cent.  solu- 
tion of  caustic  potash  and  examined  microscopically, 
short,  slightly  branched  mycelial  threads  are  seen  with 
verj'  large  conidia  lying  together  in  clusters.  The  fun- 
gus has  not  been  cultivated  artificially,  but  tinea  versicolor 
has  been  produced  by  experimental  inoculation,  both  in 
men  and  animals. 

The  Blastomtcetes  or  Yeast  Ffxoi. 

The  yeast  fungi  are  divided  into  two  groups:  (1)  &<•- 
cluironn/cetes  ortnie  yeasts,  in  which  true  spore  formation 
occurs;  (2)  torulip,  in  which  no  spore  formation  has  been 
observed. 

The  blastomycetes  rejiroduce  themselves  by  germi- 
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nation  or  budding,  which  distinguishes  them  from  the 
schizomycetes  or  bacteria  which  reproduce  tliemselves  by 
fi.ssiou  or  division.  From  tlie  hyphomj-cetes  or  mould 
fungi  they  are  distinguished  by  being  unicellular  and 
by  a  sexual  reproduction.  Tlu'y  are  round  or  oval  cells, 
usually  many  times  larger  than  bacteria. 

These  organisms  are  of  the  greatest  practical  impor- 
tance in  various  commercial  industries,  such  as  brewing, 
baking,  etc.,  but  as  yet  very  little  is  known  of  their 
pathogenic  projierties  in  man.  Certain  varieties,  when 
injected  into  animals,  liave  proved  to  be  pathogenic  and 
capable  of  producing  tumors,  and  recently  they  have  ap- 
parently been  demonstrated  (by  Sanfelice,  Plimmer,  and 
others)  in  the  epithelial  cells  iu  cases  of  cancer  in  the  hu- 
man subject;  but  what  relation  they  bear,  if  any,  to  this 
affection  is  yet  to  be  determined.  They  are  not  infre- 
quently present  in  the  air  and  in  cultures  made  from  the 
healthy  throat. 

Jleinmo  has  also  stated  that  in  some  cases  of  hydro- 
jjliobia  he  found  a  blastomycete  possessing  pathogenic 
properties  which  he  considers  to  be  the  cause  of  the  in- 
fection. The  fungus  was  found  in  the  cerebro-spinal 
fluid,  the  substance  of  the  brain,  aqueous  humor,  stroma 
of  tlie  parotid  gland,  and  in  the  saliva,  but  never  iu  the 
heart's  blood  or  in  other  organs.  Dogs  injected  with 
cultures  of  this  micro-organism  began,  in  from  thirty  ti) 
sixty  days,  to  emaciate,  became  rabid,  vomited,  and  finally 
died.  Paralysis  of  the  extremities  immediately  preceded 
death.  The  fungus  was  also  found  in  sections  of  the 
spinal  cord  of  a  dog  dead  of  rabies. 

.Tudging  from  these  experiments,  vvhich,  however,  re- 
quire confirmation,  the  yeast  fungi  may  eventually  prove 
to  be  of  considerable  pathogenic  importance. 

The  Protozoa  or  ANniAi,  Parasites. 

The  protozoa  are  the  lowest  forms  of  animal  life,  em- 
bracing organisms  consisting  of  a  single  cell  or  groups  of 
cells  not  separable  into  different  tissues.  They  repro- 
duce usually  by  fission,  germination,  or  spore  formation. 
The  protozoa  are  divided  into:  (1)  Gi/miit/my.tn  {inchvX- 
ing  proteromorpha,  mvcetozoa,  lobosa,  labarinthulidea, 
heliozoa,  radiolaria,  and  foraminifera);  (2)  corlic/ita  (in- 
cluding infusoria  and  sporozoa). 

To  this  family  of  animal  parasites  belong  the  amceba 
coli,  tlie  Plasmodium  malarial,  and  the  ijyrosoma  bi- 
gemium, — the  specific  cause,  respectively,  of  tropic  dys- 
entery, malarial  fever,  and  Texas  cattle  fever.  These 
organisms  will  be  described  elsewhere,  so  that  we  only 
refer  to  them  here  in  order  to  complete  the  list  of  inter- 
esting pathogenic  micro-organisms. 

Arthur  E.  Ouerard. 
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BACTERIAL    TECHNIQUE.      See  Micro-Organums : 

Tn'ln,..ln,jii. 

BAEL  FRUIT.— The  fruit  of  AtijU  Marmclos  Corrco 
(fam.  liutiirov).  The  bael  is  a  sacred  tree  among  the 
Ilindus,  and  its  use  in  medicine  pertains  largely  to  re- 
ligion and  mythology.  It  is  a  near  relative  of  the  orange, 
to  which  it  bears  a  general  resemblance  in  tree,  flower, 
and  fruit.  The  fruit,  fif  the  size,  shape,  and  structure 
of  an  orange  and  with  a  somewhat  similar  pulp,  differs 
in  liaving  a  hard  smooth  shell,  tlie  pulp  mucilaginous, 
and  the  seeds  enclosed  iu  a  woolly  covering.  For  medic- 
inal purposes  it  is  collected  and  dried  in  slices,  usually 
in  ((uarters,  with  the  shell  retained.  In  the  dried  con- 
dition the  pulp  is  dry,  hard,  and  gummy,  and  of  a  muci- 
laginous, slightly  acid-,  and  somewhat  bitter  taste.  Al- 
though it  contains  no  tannin,  or  any  other  constituent 
which  might  be  expected  to  be  medicinal,  it  has  been 
recommended  in  diairho-a  and  dysentery.  Possibly  the 
large  amount  of  mucilage  which  it  yields  may  act  as  a 
demulcent.     There  is  no  fixed  dose.  //.  Jf.  Rusl»j. 
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BAELZS  DISEASE  OF  THE  LIP  is  a  loail  iufection 
of  tho  mucous  luc-niliiaiu-  n(  ilic  lips  clianictcrized  by  an 
iiuioloiit  swcUiu!;;  and  intillnilion  oT  llic  tissues  about  tlie 
mucous  glands  and  a  slow  ulceration  I'l-oin  above  down- 
ward. It  is  a  clironic  disease,  and  ceases  only  with  the 
destruction  of  the  affected  gland.  It  is  frequently 
ncconipanied  by  a  snperticial  catarrhal  inflanniiation 
of  the  mucous  membrane  of  the  lips.  It  has  no  rela- 
tion to  .syphilis,  tuberculosis,  or  cancer.  It  is  a  rare 
alTection. 

TitiiAT.MENT. — Apply  tincture  of  iodine  at  first  every 
other  day,  later  daily.  By  this  means  a  cure  is  readily 
effected.  0.  T.  J. 

BAHAMAS. — For  an  account  of  the  climate,  climato- 
therapy.  etc.,  of  the  Bahama  Islands,  see  the  article  on 

BAILEY  SPRINGS.— Lauderdale  County,  Alabama. 

l'osr-()Ki.'icE. — Bailey  Springs.     Hotel. 

.\c(Kss. — Via  the  Louisville  and  Nashville,  and  the 
Birmingham  and  Sheffield  railroads;  also  by  all  steam- 
boats on  the  Tennessee  River.  Tickets  should  be  taken 
to  Florence,  Ala.,  nine  miles  distant  by  carriage  or  stage. 
This  is  one  of  the  old-time  Southernhealth  resorts,  the 
springs  liaving  been  in  use  for  upward  of  fifty  years. 
They  are  located  in  a  pictin-esijue  valley  surroinided  by  a 
semicircular  range  of  hills,  among  which  will  be  found 
many  leafy  arcades  and  rocky  nooks.  A  moss-banked 
stream  a  short  distance  from  the  springs,  known  as  Shoal 
Creek,  supplies  visitors  with  facilities  for  boating  and 
fishing.  The  hotel  buildings  are  comfortable,  ohl-fash- 
ioned  structures  situated  on'the  summit  of  the  hill,  about 
three  hundred  feet  above  the  level  of  Shoal  Creek.  They 
were  overhauled  and  brought  up  to  modern  requirements 
a  few  years  ago.  The  springs  here  are  seven  in  number 
known  as  tlie  '■  Rock, "  "  Brick.  "  "  Sulphur, "  "  Freestone, " 
•'Soda."  "Alum,"  and  "Sour  Iron"  springs.  The  follow- 
ing (lualitative  analysis  of  the  first  three'springs  is  taken 
from  the  author's  recent  work  on  "Tlie  Jliueral  Waters 
of  the  United  States."  It  was  .supplied  by  Dr.  W  A 
Moody,  of  Florence,  Ala.,  and  is  said  to"  have  been 
made  under  the  direction  of  the  Boston  Journal  of 
Chemidry. 


Rwk  Spring. 

Magnesium. 
Calcium. 
Sutlium. 
Cbloriue. 

chlfihne  peroxide. 
Silica. 
Pot^'ussium. 
Carbonic  acid. 
Ammonia,  a  trace. 


Brick  Spring. 

Carbonic  acid. 
Sulpliureted  hydrogen 

gas. 
Sodium  carbonate. 
.Mjimicsiuni  carbonate. 
P'llassium  carbonate. 
Sodium  cbloride. 
Iron  oxide. 


Siilpliur  Spring. 

Magnesium. 

Calcium. 

Sulphur  peroxide. 

Chlorine. 

Iron. 

Silica. 

Sodium. 

Carbonic  acid. 

Ammonia. 


Vn  e  cannot  with  certainty  classify  the  waters  from  this 
anal\-sis  although  tlie  "  Rock  "  spring  would  appear  to 
bean  alkaline  and  the  "  Brick  "  and  "Sulphur  "  springs 
alkaline  chalybeates.  ° 

The  waters  are  recommended  for  renal  disease  attended 
by  dropsy  for  dyspepsia,  and  for  ansmia  and  general 
deliility.  They  are  believeil  to  possess  sedative  effects 
upon  the  nervous  system,  and  in  virtue  of  this  action  are 
prescribed  in  cases  of  restlessness  and  insomnia  due  to 
alcoholism,  overwork,  anxiety,  etc. 

The  "Alum"  spring  lias  acquired  considerable  reputa- 
tion in  the  local  treatment  of  skin  affections,  ulcerations 
and  infiammatory  affections  of  the  eye. 

Jame.<i  K.  Crook. 

BALANITES  ROXBURGHII  (Planch). -(Fam  Slm<t- 
r«  „„vv,  )  I  he  bark  and  fruit  of  this  small  tree  are  ancient 
(irugsol  India  where  they  are  used  as  purgatives  and 
an  bel„,,mics.  both  for   human  beings   and" for  cat""' 

SstiH^i^    Ba  unites  is  obtained  from  the  kernels, 
and  IS  said  to  be  similar  to  peanut  oil. 

E.  U.  Rushy. 
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BALANITIS    AND    BALANO-POSTHITIS.-OJdAowr 

an  acorn;  TruofV,/,  the  foreskin.)  An  intlammatiou  of  the 
mucous  membrane  covering  the  glans  penis  (balanitis) 
and  of  that  lining  the  prepuce  (posthitis).  This  is  a 
inirely  local  affection  which  occurs  verv  commonly  as  a 
complication  of  the  various  venereal  diseases  and,  much 
more  rarely,  with  diabetes  luellitus.  It  has,  however,  no 
necessary  relation  with  either,  and  results  more  often  from 
other  and  simpler  forms  of  irritation. 

Etiology.— The  anatomy  of  the  part  is  the  pre- 
disposing cause  for  this  intlammation,  the  apposing 
surfaces  of  the  mucous  membrane  favoring  the  re- 
tention of  urine,  smegma,  or  various  pathological  dis- 
charges until  they  may  decompose  and  serve  as  irri- 
tants for  the  delicate  mucous  surfaces.  If  a  prepuce 
is  redundant  and  phimotic  the  opportunities  for  such 
retention  of  irritating  substances  are  .so  much  the 
greater. 

Diabetes,  rheumatism,  and  gout  also  predispose  to  this 
disease. 

The  immediate  cause  of  the  inflammation  may  be  the 
mechanical  irritation  of  friction  (chafing  of  clotliing,  etc  ) 
or  the  irritating  discharges  of  syphilitic  and  chancroidal 
lesions,  and  urethral  discharges,  gonorrhceal  or  non-gon- 
orrhccal.  Vaginal  and  uterine  discharges  introduced 
under  the  prepuce  during  coitus  may  also  serve  as  the 
exciting  cause  of  the  inflammation.  By  far  the  common- 
est cause,  however,  is  uncleanliuess  arid  the  consequent 
decompo.sition  of  urine  and  smegma  with  resulting  irri- 
tation, and  Fournier  says  that  two-thirds  of  all  cases  are 
caused  in  this  way  by"sinii»le  lack  of  cleanliness,  while 
the  other  third  is  caused  by  the  irritation  of  venereal 
discharges. 

Sympto.ms.— In  the  common  and  mild  type  of  this  in- 
flammation a  sen.sation  of  heat  and  itching  is  usually  the 
first  suggestion  of  trouble.  E.xamination  reveals  a  red- 
dened and  swollen  membrane  and  the  beginnings  of  an 
offensive  discharge  of  a  thick  creamy  character.  The 
intensity  of  the  process  is  usually  gre"atest  in  the  sulcus 
back  of  the  corona  glandis,  as  it  is  there  that  the  dis- 
charge has  the  best  opportunity  to  accumulate.  If  the 
disease  progresses  a  stage  further,  the  next  result  is  a 
series  of  small  excoriations  which,  together  with  a  more 
profuse  discharge  and  a  much  greater  swelling  of  the 
prepuce  (which  in  its  turn  resiilts  in  a  more  or  less 
complete  infiammatory  phimosis),  completes  the  picture 
of  the  severe  tyjie  of  the  disease  which  often  occurs  as 
a  complication  of  syphilis,  chancroid,  and  gonorrhtea. 
Even  in  these  cases  the  complication  is  not  the  result  of 
the  activity  of  the  specific  germs  of  these  diseases  but  is 
a  consequence  of  the  irritating  character  of  their  dis- 
charges, or  of  an  infection  wfth  pus-producing  germs 
contained  in  them. 

The  erosions  sometimes  extend  and  involve  most  of  the 
mucous  membrane  of  both  glans  and  prepuce,  in  which 
case  they  are  apt  to  develop  a  circinate  margin  which  is 
quite  characteristic. 

Complications.— Occa.sionally  the  process  becomes  so 
severe  \.\\&t  gangrentwivAxs^  unless  interference  be  prompt 
and  effectual.  The  sloughing  process  may  result  in  a 
more  or  less  complete  destruction  of  the  prepuce  and  the 
formation  of  considerable  cicatricial  tissue.  Occasionally 
theglans  penis  is  found  protruding  through  an  opening 
whichhas  sloughed  through  the  prepuce.  Such  extreme 
destruction  of  tissue  takes  place  natumlly  only  in  phi- 
motic cases  in  which  operative  interference  is  impossible 
or  is  neglected. 

An  hypertrophti  of  the  ti.ssues  of  botli  prepuce  and 
glans  penis,  similar  to  that  seen  at  times  as  a  result  of 
the  long-continued  irritation  of  a  rubber  urinal,  iiiav 
result  in  persons  who  are  subject  to  iepeati'<l  attacks  o"f 
balanitis.  This  hypertrophy  is  .said  to  occur  more  com- 
monly in  the  balanitis  whicii  accomiianies  diabetes  mel- 
litus,  and  the  thick,  rigid  (irepuce  is  often  a  irreat 
mechanical  annoyance.  It  may,  finally,  assume  aii  epi- 
theliomatous  character. 

Ci'niit/loiiKtta  frequently  develoi>,  most  fre(]uently  in 
the  iiost-coronal  sulcu.s,  iii  cases  of  recurrent  balanitis 
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L,ij/iij)hadenitu  occurs,  hxit  rarely  results  in  supinirat- 
in^  bubo. 

J'dni/i/iiiiioxiK  of  tlie  tbiekciied  and  iiillaiued  iircpuce  is 
not  an  uncoiiiMion  eiiiTi|ili(ali(iii, 

Dia(;n<)sis. — Tiie  diagnosis  is  usually  easy  except  in 
cases  in  which  inliannuatory  phimosis  exists  and  a  puru- 
lent discliarge  with  non  ivtractilc  prepuce  is  ]>resent. 
In  sMcli  cases  a  distinct,  localized  area  of  induration  felt 
throii,ii:h  the  swollen  preinice  sujigests  the  initial  lesion 
of  syphilis,  and  continued  search  generally  reveals  otluT 
indications  of  that  disease.  Gonococci  in  the  pus  estal)- 
lish  the  gonorrlKcal  origin  of  the  process,  W'hile  the  ex- 
lent  of  the  intlanunation  together  with  its  rapid  progress 
and  the  freipient  jiresence  of  chancroidal  ulcers  on  tin- 
preputial  margin  will  usually  serve  to  indicate  the  chan- 
croidal origin  of  the  di.sease.  If  the  prepuce  is  retractile 
and  the  lesions  can  be  seen  and  examined,  the  diagnosis 
is  usually  simple.  The  history  of  the  case  and  the  aji 
pearance  of  other  lesions  usually  make  the  syphilitic 
origin  of  the  inllammation  plain,  while  the  markedly 
circumscribed  character  of  the  erosions  (which  (piickly 
become  typical  chancroidal  ulcers),  together  with  the 
greater  inllammatory  hardness  and  thickening  of  the 
ti.ssues  of  the  glans  and  pre]iu(e,  usually  leave  no  doubt 
as  to  the  chancroidal  character  of  the  process.  Erosions 
due  to  herpes  cannot  always  be  distinguished  from  those 
of  balanitis,  although  in  most  cases  some  few  small,  dis- 
crete, herpetic  vesicles  will  prove  characteristic  enough 
to  make  the  diagnosis  clear. 

Pkognosis. — The  prognosisis  good,  but  one  should  not 
forget  thepo.ssibility  of  the  gangrene,  which  (iccurs  rarely 
in  old  and  debilitated  persons  or  in  those  cases  in  which 
proper  treatment  is  neglected  or  is  impossible. 

Tui-;.\TMENT. — The  prophylaxis  of  this  inflammation 
consists  in  cleanliness.  Retraction  of  the  prepuce  and 
daily  washing  of  the  subpreputial  cavity  usually  suffice 
to  prevent  a  recurrence  of  the  trouble. 

Treatment  of  tiie  ordinary  type  of  the  inflammation 
should  be  carried  out  about  as  follows:  (1)  retraction  of 
the  prepuce;  (3)  a  mild  antiseptic  wash,  e.g.,  dilute  lead 
wash  or  1  to  5,000  corrosive  sublimate;  (3)  careful  drying 
of  the  exposed  surfaces  in  such  a  manner  as  not  to  chafe 
and  irritate  them;  (4)  dusting  on  an  iinirritating  powder 
such  as  bismuth,  liismuth  and  calomel  in  equal  parts, 
aristol  (in  the  chancroidal  cases),  oxalate  of  ceiium;  (.5) 
separating  the  powdered  surfaces  of  membrane  by  a  very 
thin  layer  of  absorbent  cotton. 

If  the  disclurge  is  jirofuse  and  the  erosions  are  exten- 
sive it  is  often  of  advantage  to  omit  the  powder  and  to 
substitute  a  thin  layer  of  absorbent  cotton  wrapped  about 
the  glans  penis  and  then  moistened  with  lead  wash  or 
some  equally  iinirritating  lotion.  Erosions  or  ulcerations 
which  do  not  heal  readily  .should  be  gently  touched  with 
a  bit  of  cotton  on  a  cotton  carrier  slightly  moistened 
with  a  solution  of  nitrate  of  silver — five  to  twenty  per 
cent,  as  needed  in  individual  cases. 

Phimotic  cases  are  often  very  trmiblesome,  as  their 
proper  cleansing  is  wellnigh  imjjossiblc  of  atlaiiunent. 
They  should  be  irrigated  very  often,  in  severe  cases  every 
hour  or  two.  with  warm  water  followed  by  mild  anti- 
septic solutions,  a  large  uretliral  syringe  with  a  blunt 
nozzle  being  as  convenient  an  instrument  as  any  f(n-  the 
purpose.  Corrosive  sublimate  solution,  1  to  r),000.  car- 
bolic acid  solution,  1  to  100,  lysol,  and  creolin  are  all  good 
irrigating  fluids,  but  the  writer  does  not  a])|)rove  of  the 
use  of  peroxide  of  hydrogen  in  these  cases,  as  it  is  very 
irritating  and  often  causes  much  preputial  swelling  if 
u.sed  in  strength  sufficient  to  make  it  of  much  value. 

If  the  disease  proves  stubborn  and  there  is  a  lu'oba- 
bility  that  the  ulcerative  process  is  extending  under  the 
tight  and  swollen  foreskin,  every  ell'ort  should  l)e  made 
to  reduce  the  acuteness  of  tlie  inflammation  with  liot 
soakings,  etc..  and  then  an  operation  under  the  strictest 
aseptic  and  antiseptic  precautions  should  be  performed, 
the  patient  being  told  that  he  is  not  to  expect  a  primary 
healing.  In  such  cases  theilors;d  incision  of  the  prejiuce 
may  prove  adequate  to  the  needs  of  the  rase,  but  more 
frequently  a  complete  circumcision  is  necessary.     Even 


in  the  chancroidal  ca.ses  the  writer  has  never  met  with 
any  untoward  n'sult  from  such  operative  |)rocedure.s,  al- 
though primary  healing  is  liy  no  means  the  rule. 

In  all  cases,  however  mild,  care  shoulil  be  taken  in 
urinating  to  retract  the  foreskin  sulliciently  to  lay  bare 
the  region  of  the  meatus  if  possible,  so  that  theiiiine 
may  jiass  clear  of  the  preimce  an<l  not  contaminate  tlie 
sub]ire|iutial  cotton,  and  so  render  its  very  frequent  re- 
newal more  tlian  ever  imperative. 

Cleanliness,  then,  with  mild  but  constantly  rep<-ated 
antiseptic  washes,  and  the  dorsal  incision  or  circumcision 
when  needed  in  severe  cases,  form  the  basis  of  all  treat- 
ment. Paid   TlwnuUke. 

BALATA.  —  Bdliitii  Giini.  A  caoutcho\u--like  sub- 
slanrc,  intermediate  in  [jroperties  between  india  rubber 
anil  gutta  percha,  which  is  the  concrete  milky  juice  of 
at  least  two  sjiecies  of  Miiinimijis,  M.  liidata  Gaertn.  and 
.1/.  ■'<i'lii>jiihii nikii  (V\em)  (.\r.  Bahitn  Sclwiiihiiri/kii  Pierre). 
This  svibstance  is  not  to  be  mistaken  for  f/iiin  chicle,  ot 
which  chewing-gum  is  made,  the  product  of  Ac/ini.i  t^aj  tita 
and  ot  her  trees.  Tlie  balatas  are  very  large  trees  of  Guiana 
and  adjacent  Venezuela,  where  they  are  pojnilarly  known 
as  "bullet  tree"  or  "bully  tree."  Tiny  fieciueritly  be- 
come four  to  six  feet  in  diameter,  and  the  wocid  is  strong 
and  valualile.  The  fruit  is  globular,  mostly  a  little  less 
than  an  inch  in  diameter,  the  sjiace  bet  ween  tlie  large  .seeds 
and  the  crustaceous  exocarp  being  tilled  with  an  edible, 
rich  and  sugary  pulji.  As  the  writer  has  seen  the  gum 
collected  upon  the  lower  ( irinoco,  the  trees  are  felled  and 
girdled  with  grooves  about  ten  inches  apart.  These 
grooves  are  cut  through  the  bark  to,  or  a  little  into,  the 
wood,  and  coihluct  the  exuding  juice  to  the  lower  side 
of  the  trunk,  where  it  is  caught  by  small  cups.  Various 
methods  are  resorted  to  for  its  coagulation.  The  favorite 
one  is  to  mix  it  with  alcohol,  or  strong  native  rum,  tlie  co- 
agulum  then  being  pressed  into  cakes.  Operations  are 
now  being  conducted  for  extracting  it  from  the  bark, 
twigs,  and  leaves  by  the  use  of  solvents.  Up  to  the  pres- 
ent, no  di.stinct  usesin  medicine  have  been  found  for  this 
substance,  but  it  has  inanv  uses  in  the  arts. 

//.  jr.  Iliishy. 

BALLARDVILLE  LITHIA  SPRING.  —  Middlesex 
County,  ^Massachusetts.  The  location  of  this  spring  has 
not.  we  believe,  been  improved  asa  resort.  It  is  situated 
on  the  side  of  a  high  hill,  in  a  barren,  r<icky  tract  of  coun- 
try, with  no  dwelling  within  a  mile.  Land  to  the  extent 
of  fifty  acres  belonging  to  the  Ballardville  Lithia  Com- 
pany surrounds  the  siiring.  The  water  is  beautifully 
clear  and  very  pleasing  to  the  palate,  especially  when 
charged  with  gas.  It  is  said  that  the  rocky  deposits  in 
the  neighborhooil  c<intain  a  large  proportion  of  such 
lithia-bearing  minerals  as  spodumene  and  lepidolite.  It 
is  to  this  fact,  we  are  informed,  that  the  water  owes  its 
remarkable  richness  in  this  salt,  as  shown  by  the  follow- 
ing analysis  ma<le  by  Dr.  Bennett  F.  Davenport: 

<ixE  r.MTED  States  Gallon  Co.ntai.ns: 
Solids.  Cirains. 

Lithluni  carbonat*-^ 32.01 

Culoiiim  carbonatt; (1.82 

Iron  o,\idi' 0.70 

(  alruiiii  chloride 0..t3 

Silica 0.46 

T<ital :M.51 

The  water  is  .said  to  be  valuable  in  the  various  condi- 
tions produced  by  the  retention  of  uric  acid  in  the  system, 
notably  gout,  concretions  in  the  joints,  kidneys,  and 
bladder,  and  in  certain  forms  of  rheumatism.  It  is  also 
useful  in  gouty  affections  of  the  .skin,  bronchial  tubes, 
and  kidneys.     It  is  bottled  and  used  commercially 

JdiiH'H  J\.   Crook. 

BALLSTON  SPA.— Saratoga  County,  New  York. 

Post-Ofkice. — I5allston.     Hotels. 

Access. — From  .\lbany  via  Delaware  and  Hudson 
Railroad,  thirty  miles  north.  The  location  is  seven  nnles 
.southeast  of  Saratogii  Springs. 
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The  fmnc  of  Ballston  Springs  is  almost  coeval  ^vith 
tliat  of  Samtoira.  anil  at  one  time  it  was  a  formidable 
rival  of  tliat  eelelirated  resort.  Hallstou  is  a  very  attrac- 
tive town,  wlieie  tliose  who  wish  to  avoid  the  wliirl  of 
Saratoga  mav  live  quietly  and  drink  excellent  mineral 
waters  at  the  same  time. "  Some  of  the  sjirings  are  very 
heavily  miiierali/,e<I.  Following  are  analyses  of  four  of 
the  most  importaiil : — 

Onf.  tTNiTED  States  Gallon  Contains: 


Solids. 


Sodium  cartionate 

Stxtiani  bicarbonate 

Caliliim     carlwnate     (with    Iron 

o.xidel 

Calcium  liicarbonate 

Mairncsium  rarlxinaU! 

Mu^ncsiuin  liicarbonate 

Strontium  l)ieartionat<i 

Litliiuin  liii-mtionate 

Iron  cartionate 

In>n  tiicarlKinate    

Barium  liicarlionate 

Sodiinii  sulphate 

Fota.^siuni  sulpbate 

Sodium  phosphate 

Sodiuiii  liiborat* 

StHiimn  cliloride 

Pota.ssiiim  chloride 

Sodium  bit)mide 

Calcimn  tiuoride 

Sodiutn  icKiide 

Alumina 

Silica  

Organic  matter 

Total 

Gas,  . 
Carbonic  acid 


12.i',(; 
43.41 
39.  io 
5.95 


143.T3 
1.3(1 

i'.ixj 


247.15 


11.93 


238.16 


iso.m 

O.ST 


1..T8 

3.88 

0.5-2 
0.05 

Trace. 
7.50.03 
33.28 
3.M 

Trace. 
O.l; 
11.08 
0.76 

Trace. 


1,333.25 


Cubic 
Inches. 


Cubic 
Inches. 


4,261.14 


94.60 


202.33 

177.8 

Trace, 

6.78 

1.61 
1.23 

076 

0.01 

Trace. 

659.34 

33.93 

4.6: 

Trace. 
0.24 
0.26 
0.74 

Trace. 


1,184.3; 


29.20 
5.76 


1.76 


424.96 


Cubic 
Inches. 


460.06 


Cubic 
Inches. 


244.00 


It  will  thus  be  observed  that  these  waters  are  cjuite 
similar  to  those  of  Saratoga.  Some  of  them  are  indeed 
much  richer  in  mineral  ingredients  than  any  of  the  Sara- 
toga waters.  They  are  all  saline,  but  some  of  them,  as 
will  be  seen,  are  quite  heavily  impregnated  with  calcium, 
iron,  and  magnesium.  The  waters  are  certainly  of  great 
value  for  medicinal  purposes.  There  are  several  other 
well-known  springs  at  Ballston,  among  them  being  the 
Wa-shingtou  Lithia  Well  and  the  Iron  Spring. 

James  K.  Crook. 

BALM. — This  name,  as  well  as  various  compounds  of 
it,  has  been  applied  to  so  many  different  plants  that  its 
use  is  altogether  indefinite.  Only  four  of  these  drugs  are 
of  any  degree  of  importance,  and  "their  descriptions  should 
be  sought  as  follows:  For  Lemon  Balm,  to  which  the 
term  balm  is  most  appropriately  apjilied,  see  the  next ; 
for  Bee  Balm,  see  Jfoniirdn  ;  for  Patchouli  Balm,  see 
PaMtonU ;  for  Jlountain  Balm,  see  Verba  Santa. 

E.  H.  Eusby. 

BALM,  LEMON.  MELISSA.— "The  leaves  and  tops  of 
MtUn.vi  ojh'ruialis  L.  (lain.  LahiaUr)  "  (U.  S,  P.).  This  is  a 
perennial  hei'b,  from  one-half  to  one  metre  in  height 
(twenty  to  forty  inches),  with  several  branching,  Icafv 
stems.  The  branches  are  quadrangular,  the  leaves  oppci- 
site,  petiolale,  about  5  cm.  long,  ovate,  obtuse,  rounded  or 
subeordate  at  the  base,  crenate,  somewhat  hairv,  glandu- 
lar; flowers  in  about  four-flowered  cymules.  Villi  a 
tubular,  bell-shaped,  flve-loothed  calvx,  a  whitish  or 
purplish  liilaliiale  corolla,  and  four  stamens:  fragrant: 
somewhat  astringent  and  bitterish. 

The  plant  is  a  native  of  Southern  Euro]ii>.  and  is  fre- 
quently cultivated  in  Europe  for  tlie  sake  of  its  oil.  It 
IS  now  and  then  met  with  in  American  gardens. 


The  botanical  description,  given  above,  will  serve  for 
that  of  the  drug,  which,  it  may  be  remarked,  loses  very 
much  of  its  fragrance  in  drying.  Its  principal  constitu- 
ent is  the  agreeable  oil 
of  balm.  Oleum  Melisam 
(not  to  be  confounded 
with  the  East  Indian  oil 
of  citronella,  which  re- 
semljles  it),  of  which  it 
contains  a  small  percent- 
age (one-eighth  to  one- 
fourth  per  cent.). 

Jlelissa  has,  in  suffi- 
cient doses,  the  stimu- 
lant properties  of  the 
order,  but  as  usually 
used  is  scarcely  more 
than  a  flavor.  An  in- 
fusion of  the  herb  can 
be  given  ad  libitum,  and 
when  taken  hot  and  in 
large  quantity,  like 
other  mints,  with  the 
aid  of  hot  water  and 
plenty  of  coverings,  is 
sudorific.  The  dose  of 
the  oil  is  miss,  ad  niv. 
W.  P.  Boiler. 


Fig.  453.— Balm.    Plant  in  Hower  re- 
duced and  flower  enlarged.   (Cri^,) 


BALM  OF  GILEAD. — A  resinous  exudation  or  so-called 
l)als;im.  from  the  IjaUamodendron  Gileiidense  Kunth 
(fam.  Bnrxcracea),  a  small  tree  t)f  the  Red  Sea  region. 
It  has  ordinary  aromatic  stimulant  properties.  It  is  no 
longer  in  use,  but  possesses  considerable  historical  inter- 
est. The  name  has  also  been  applied  to  our  northern 
balsam  fir  and  its  products  (see  Canada  Balsam),  as  well 
as  to  the  buds  of  Populus  candicans  Aiton. 

H.  E.  Blight/. 

BALSAMUM  PERUVIANUM.— Ba/sam  of  Peru.  "A 
balsam  obtained  from  Tobiifera  Pereirm  (Royle)  Baillon 
(fam.  Lcf/uminosw)"  (IT.  S.  P.).  This  is  a  good-sized 
tree,  with  a  dark,  smooth  trunk,  branching  near  the 
ground.  It  attains  often  a  height  of  sixteen  or  eighteen 
metres  (fifty  feet),  and  resembles,  in  its  botanical  char- 
acters, T.  balsamum.  described  in  the  succeeding  article. 
It  is  a  native  of  Central  America,  and  protected,  but  not 
really  cultivated,  as  a  source  of  the  balsam,  in  the  Indian 
reservation  lands  of  San  Salvador,  along  the  Balsam 
Coast.  It  has  been  introduced  into  Ceylon,  where  it 
flourishes  vigorously. 

Balsiim  of  Pervi  was  one  of  the  earliest  products  carried 
to  the  Old  World  from  Central  America,  and  was  at  first 
extravagantly  prized  for  its  medicinal  properties,  as  well 
as  for  its  use  as  incense  in  the  Catholic  churches.  It  was 
at  first  exported  indirectly,  by  way  of  more  southern 
South  American  ports,  and  by  this  means  it  received  its 
misleading  niune  of  balsam  of  Peru.  None  genuine  is 
now,  or  ever  has  been,  proiluced  in  the  state  of  Peru. 

The  collecticm  is  made  iu  November  or  December,  at 
the  end  of  the  rainy  season,  when  the  bark  is  full  of 
resin.  The  Indians,  to  whom  the  trees  belong,  then  beat 
the  trunks  on  four  sides  with  the  heads  of  their  axes,  or 
with  hammers,  so  as  to  bruise  four  strips  of  bark,  and 
leave  as  many  similar  ones  untouched.  After  a  few 
days,  they  scorch  or  ignite  the  contused  surfaces  with 
torches,  which  serves  to  increase  the  flow  of  resin,  and 
then,  waiting  another  week,  tear  off  the  loosened  strips 
of  bruised  bark  and  swathe  the  stems  in  rags,  to  absorb 
it.  When  the  cloths  are  saturated,  they  are  boiled  in  a 
vessel  of  water,  and  the  balsam  melted  out  of  them  col- 
lects in  the  bo*tom.  and  is  easily  separated.  The  trees 
are  not  killed  by  the  process.  The  following  year  the 
remaining  portions  are  similarly  treated:  and  in  the 
second  year  those  operated  upon  first:  so,  by  judicious 
treatment,  a  continuous  iiniiual  yield  is  obtained. 

Balsam  of  Peru  is  a  dark,  thickish  liquid,  looking  at  a 
little  distance  like  dark  molasses;  it  does  not  draw  out 
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into  a  thread  iiiui  is  not  sticky;  when  sliiik(t:i  up  upon 
tlu'  sides  of  a  coMtainiiin-  irlass,  tlic  tliin  layer  so  obtained 
is  yellowisli  or  reddisli  brown  and  Iransjiarent.  It.s 
specitio  gravity  is  l.lii-j  to  l.oO  at  15  C.  A  specitie 
jrravity  of  1.137  or  higher  wiU  e.xelude  the  more  impor- 
tant adulteranls.  It  has  a  ratlier  smoky  but  not  unpleas- 
ant balsamic,  and  a  slightl_v  vanilla-like  odor,  and  a  taste 
which,  at  tirst  mild,  becomes  later,  in  the  fauces,  warm 
and  acrid.  It  is  insoluble  in  water,  yielding  to  it  only  a 
little  free  ciunamic  acid,  but  mi.xes  freely  with  chloro- 
form anil  absolute  alcohol.  It  does  not  dry  or  undergo 
much  change  upon  exposure  to  the  atmosphere,  and 
.should  contain  no  fat.  Thirty  per  cent,  of  it  should  ilis- 
solve  in  bcnzin. 

The  composition  of  the  balsiim  is  not  very  simple,  but 
the  principal  constituents  are:  (1)  not  more  than  thirty-two 
per  cent,  of  a  resin  insoluble  in  carbon  disulphidc,  and 
which  may  be  separated  by  means  of  that  agent ;  (i)  nearly 
sixty  per  cent,  of  cinnamein,  a  brownish,  aromatic  liquid 
(benzylic  cinnariiate,  which  this  is  supposed  essentially 
to  be  when  pure,  is  a  crystalline  solid);  (3)  traces  of  cin- 
namic  and  benzoic  acids  and  more  or  less  styrol  and 
styraciu.  Additional  amounts  of  Ijenzoic  and  cinnainic 
acids,  with  styrol  and  toluol,  are  obtained  on  dry  distilla- 
tion. Beuzoate  of  benzyl  also  occurs  in  varying  amounts. 
At  least  sixty-five  per  cent,  of  it  should  consist  of  aro- 
matic substances.  Balsam  of  Peru  has  no  specific  physio- 
logical action.  It  is  a  mild  carminative  and  diffusive 
stimulant,  and  acts  as  an  antiseptic,  especially  in  ex- 
cretion through  the  urinary  passages.  Locally,  it  is 
mildly  parasiticidal,  and  it  acts  as  a  disinfectant  and 
stimulating  application  to  wounds  and  ulcers  which  lack 
a  disposition  to  heal.  For  the  latter  purpose,  a  ten-per- 
cent, solution  in  castor  oil  or  vaseline  is  used.  The  dose 
is0.6to3.0c.c.  (rrtx.  toxxs.).  There  is  no  official  prepa- 
ration. The  volatile  oil,  distilled  off,  is  an  article  of 
commerce  used  in  perfumery.  Jh  nry  11.  Rnshij. 

BALSAMUM  TOLUTANUM.— iVZ.w//i  of  Toln.  -'A 
balsam  obtained  from  2'oluifcra  Balsamum  L.  (fam. 
Lefi'niiliima)  "  (U.  S.  P.). 

This  is  a  fine,  largo  evergreen  tree,  with  a  tall,  straight 
stem,  often  rising  from  thirteen  to  nineteen  metres  (forty 
to  sixty  feet)  without  a  branch,  then  bearing  a  fine  round 
crown."  It  has  alternate,  glandular,  odd-pinnate  leaves 
of  from  seven  to  eleven  divisions,  and  small  flowers,  in 
axillary  racemes,  not  very  irregular.  It  differs  from  the 
last  chiefly  in  the  more  tubular  calyx  and  in  the  fruit, 
which  is  not  narrowed,  but  winged  at  the  base.  The 
leaves  contain  abiuidance  of  fragrant  oil,  the  branches 
and  stem  are  tilled  with  oil  and  resin.  It  is  a  native  of 
Venezuela  and  New  Granada.  The  balsam  has  been  ex- 
ported from  the  latter  state  since  the  midiUe  of  the  six- 
teenth century.  It  is  collected  by  the  In<lians,  and  was 
already  an  object  of  value  among  them  when  the  country 
was  discovered.  Deep  V-shaped  incisions  are  made  in 
the  trunk,  and  at  or  below  tlie  jioint  where  they  meet  a 
vessel  is  fastened  to  receive  the  exudati(m.  These  re- 
ceptacles are  usually  calabashes  or  gourds,  and  many 
sucli  may  be  arranged  at  the  same  time  around  the  sti'm 
of  a  large  tree.  As  they  become  filled,  they  are  emptied 
into  leather  bags,  in  which  they  are  carried  to  the  market 
or  town,  and  there  again  they  are  at  present  usually 
emptied  into  tin  cans  for  exportation. 

It  is  a  soft  brown,  resinous  substance,  when  fresh 
sometimes  thin  enough  to  pour:  usually  soft  enough  to 
be  dipped  out  witii  a  spoon  or  spatula,  but  upon  exposure 
bccon\es  harder  and  finally  brittle,  although  easily  soft- 
ened by  warmth.  It  hasa  brown  color,  but  in  thin  layers 
is  yellowish,  and  <'ither  transparent  or  cloudy,  by  the 
deposition  of  crystalsof  cinn.'UMic  acid.  The  odor  is  d<'li- 
cate  and  very  pleasant,  recalling  that  of  Siam  benzoin, 
and  improves  with  age.  The  balsam  is  almost  insoluljle  in 
water,  but  freely  solulile  in  alcohol  and  chloroform.  Its 
most  importar.t  constituent  is  benzyl  benzoate,  a  volatile 
oil,  l)ut  solid  at  a  temperature  below  20'  C.  There  are 
also  some  benzyl  cinnamate.  traces  of  cinnainic  and  ben- 
zoic acids,  and  "a  variable  amount  of  resin,  usually  nearly 


ninety  per  cent.  About  one  per  cent,  of  a  volatile  oil 
(tolane)  is  obtained  u]ion  distilling  with  water.  The  resin 
can  be  separated  into  two  resins  by  treatment  with  alcohol. 
The  medicinal  qualities  of  tolu  are  even  less  marked 
than  those  of  Peru  balsam,  as  the  acrid  quality  of  the 
latter  is  almost-  wanting  in  the  former;  still  it  is  very 
niu<'h  the  luon^  in  use.  on  account  of  its  pleasant  odor 
and  taste.  It  is  usually  called  expeetoraid.,  etc.,  and  is 
a  common  ingredient  in  cough  and  similar  mixtures,  but 
in  a  form  which  is  medicinally  wholly  inert,  fm-ther  than 
for  a  passing  local  eifectupon  the  fauces.  If  given  with 
any  ex|)ectation  of  modifying  the  bronchial  surfaces,  it 
must  be  iy  do.ses  of  not  less  than  1  or  'i  gm  (1  to  2 
gm.  =  gr.  XV.  ad  xxx.),  or,  probabl}-,  better  by  vajior. 
Of  the  preparations,  the  syrup  has  a  strength  of  mu:  per 
cent.,  and  that  of  the  oil  and  crystallizable  acids  only, 
not  of  the  re.sin.  It  is  simply  a  vehicle.  The  tincture, 
Tinetura  Tolutaiitim,  U.  S.  P.,  strength  ten  per  cent., 
re]iresents  the  entire  balsam,  but  contains  a  large  dose  of 
alcohol  in  addition  to  the  medicine  in  question.  In  the 
compound  tincture  of  benzoin  (Tinctuni  Benzoini  CJr/in- 
pmta,  V.  S.  P.)  it  is  a  subordinate  adjunct.  So  the  best 
waj's  to  give  the  balsam  internally  and  alone  are  by  pill 
or  an  emulsion  extemporaneously  made.  Both  this  and 
the  preceding  balsam  are  used  in  toilet  soaps  and  for 
similar  purposes,  as  perfumes,  etc.  11'.  P.  IviIUk. 

BALTIMORE.  MD.— The  chief  city  of  JIaryland,  with 
a  pnjuilatiuu  of  ."i:;i),()00.  It  is  picturesquely  situated  on 
the  north  braiich  of  the  Patapsco  River,  14  mih'S  from 
its  entrance  into  Chesapeake  Baj',  and  about  200  tuiles 
from  the  ocean.  It  is  a  large  manufacturing  and  com- 
mercial centre,  and  has  a  capacious  and  safe  harbor.  It. 
is  the  seat  of  the  great  .Johns  Hopkins  Univer.sitj-  and 
Hospital,  is  well  built,  and  has  a  large  park  of  6S0  acres 
(Druid  Hill  Park).  It  is  about  40  miles  from  Washing- 
ton and  100  miles  from  Philadelphia.  It  is  .said  to  be  a 
very  healthy  city,  and  has  a  mild  clitnate,  as  the  follow- 
ing table  indicates: 

Climate  of  B.^ltimore.  Mn..  L.iTiTriiE  39°  18'.  Lo.ngittoe 
TH°  .37'.  PERion  OF  (njsERVATio.v,  1;J  Years;  Elevation  of 
Place  of  observatio.n  above  Sea  Level,  l-t  Feet. 


Dato. 

January. 

July. 

Year. 

Temperature— Average  mean  or  normal.. 

34.6°  V. 

78.5°  F. 

55.5°  F. 

Average  dailv  rauj^e 

ia.5«  F. 

16.8°  F. 

SMean  (if  warmest.,  

40.5°  F. 

86.8°  F. 

27°     F. 
71°      F 

70°    F. 
99°    F 

()°     F. 
7U.8« 

.59°     F. 
(54.3^ 

Humidity— Avera^'r  mean  ri-lativf  

fi6.« 

Precipitation— .\vfniire  in  inches 

3.1)5 

4.(M) 

41.98 

Wind— Prevailintr  direction 

N.W. 

S.W. 

N.W. 

Averaije  lionrlv  v.-l<.ritv  in  miles 

5..5 

5.6 

5.8 

Weather— Avcnii^f  nniidierof  clear  days. 

7 

9.2 

1(18 

AveniKc  number  of  lair  days 

V.M 

14.5 

151.7 

Average  number  of  fair  and  clear  days. 

20.2 

23.7 

259.7 

E.r]ila>iiition  of  Tcmptrdtnre. — The  average  mean  or 
normal  temperature  is  deduced  from  the  mean  tempera- 
ture of  individual  months,  obtained  from  three  daily  ob- 
servations, viz.,  at  ?  A.M.,  .3  P.M..  and  11  p.m.  For  ex- 
ainiile,  the  mean  temi)erature  for  all  the  .Januarys  of  the 
twelve  years  was  ZX.'y  F.  at  7  a.m.  ;  3y.3^  F.  at  3  p.m.  ; 
and  34.2  F.  at  11  p.m.  Adding  these  together  and  di- 
viiling  by  three  we  have  34.6  F.  as  the  average  mean 
.laniiary  temperature  for  the  period. 

The  mean  of  the  highest  temperature  for  any  given 
month  is  the  average  daily  maximum  temperature  of  all 
the  days  of  that  month  tliroughout  the  entire  jieriod  of 
observation.  Thus,  forexample.  in  the  periodof  thirteen 
years  there  are.  for  the  month  cjf  .January,  1:!  X  31  =  403 
days,  and  40..")  F.  re]ireseiits  the  maximum  height  which 
the  thermometer  may  Ik;  expected  to  reach  on  each  of 
these  days.  This  tempeniture,  therefore,  represents  the 
maximum  temperature  of  a  normal  .January,  day.  In  the 
sixme  way  the  mean  of  the  coldest  is  obta'ucd ;  if  we  sub- 
tract one  from  the  other  we  have  the  average  daily  varia- 
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lion  or  range  of  leniporatiire.  In  tliis  cnse,  for  instance, 
it  is  l;).5  "F.  for  Jiunmry.  Tlic  liigliost  or  maximum 
tonipcnituro  is  tlic  liishosf  rpaolicil  upon  any  flay  of  the 
,civfn  inontli  in  any  year  of  tlu'  period ;  for  example,  71° 
V.  was  the  liiirliesttcniiierature  in  any  day  of  any  Janu- 
ary of  the  period.  Tlie  lowest  or  minimum  is  the  lowest 
reached  on  any  day— (..'/..  6"  F.  in  tlilsrase.  These  ex- 
tremes, as  Dr.  Kiehanls  remarks,  represent  tlie  "ehanees" 
the  invahd  lias  aot  to  take  in  any  resort;  they  do  not  in- 
tlicnte  what  temperature  he  may  exiieet,  but  what  it  may 
be  Ids  good  or  evil  fortune  to  encounter. 
The  other  terms  used  in  the  table  arc  self-explanatory. 

EdimrO^O.  Otis. 

BAMBOO  BRIER. — Under  this  name  the  tuberous  roots 
<>{  Sihil.i.r  l's,inh>Cltina  L.  (fain.  Liliai-ece)  Are  quite  ex- 
tensively used  in  tlie  Southern  States  as  a  substitute  for 
siirsaparilla,  their  near  relative.  //.  21.  Ihishy. 

BANDAGING. — Bandages  are  used  for  the  following 
purposes:  to  apply  firm  pressure,  to  secure  splints  or 
dressings,  to  afford  sup])ort,  or  to  correct  deformity. 
Thev  are  made  of  almost  any  filirous  material,  as  aauze, 


'O 


Fig.  -t-^t.— Position  of  Hand  in  RolliuL' 
Bandage. 


tlannel,    unbleached    muslin,    or    cheesc- 

'cloth;  but  whatever  the  material,  itmu-i 

be   both   strong  and   supjile.     The  mi.i^i 

commonly   used  bandage  is  the  "roller'' 

bandage;  and   it  is   to  this  kind  that  tlic 

.following  remarks  are  apjilicd.     This  is  of 

Tarious  lengths  and  widths,  according  to 

the  parts  to  which  it  is  to   be  apiilied. 

Thus,  fordigits  tlie  roller  should  be  tlircc- 

quarters  of  an  inch  wide,  and  two  or  three 

yards  long;  for  upper  limb  and  head,  two 

to  two  and  a  half  inches  wide  and  about  six  yards  long; 

for  lower  limb,  two  and  a  half  to  tliree  inches  wide  and 

about  ei.slit  or  nine  yards  long ;  for  the  trunk,  four  to  si.x 

inches  wide  and  about 

ten   yards   Inng,     The 

material  must  be  torn 

into    strips  and    have 

neither     selvage     nor 

scams. 

To  make  a  "  roller, " 
turn  about  six  or  eight 
inches  of  banda.ge 
upon  Itself,  and  then 
roll  this  U])on  itself  till 
it  is  a  hard  and  firm 
cylinder;  this  forms  a 
more  material  as  is  ne<'e- 


der  between  the  thumb  and  fingers  of  the  left  hand, 
while  the  unrolled  part  passes  between  the  thumb  and 
index  finger  of  the  right  hand.    The  left  hand  is  alter- 


FiG.  45.5.— Metliod  of  liolling 
Bandage. 


uately  supinated  and  pro- 
nated,  the  cylinder  gradu- 
ally  getting    larger    (see  U 
Figs.  4.54  and  4.5o).      The 

centre  cannot  be  displaced  from  a  properly  rolled  bandage. 
Bandages  were  formerly  rolled  b.y  hand,  but  this  weary- 
ing and  tedious  method  is  now  replaced  by  some  simple 
form  of  machinery. 

Bandaging  cannot  be  learned  from  a  book,  but  a  few 
general  I'ules  may 
prove  of  service. 
The  surgeon 
should  face  tlie 
patient  and  not 
stand  at  the  side 
of  the  limli.  The 
limb  should  be 
placed  in  the  po- 
sition it  is  to  oc- 
cupy when  it  is 
bandaged.  The 
external  surface 
of  the  roller  is  to 
be  applied  to  the 
part ;  it  should 
pass  from  the  in- 
ner side,  over  the 
front,  to  the  outer 
side,  and  from  below  upward.  If  the  left  limb  is  to  be 
bandaged  the  surgeon  should  use  his  right  hand,  and 
vice  ■versa  ;  hence  the  ambidextrous  man  has  the  advan- 
tage.    Use  a  narrower  bandage  in  iirefereuce  to  a  wider 


Fifi.  4.5(i.— T  liandage. 


centre  around   which   as  much 
<ary  can  be  rolled.     This  rolling 


is  accomplished  by  holding  the  two  poles  of  the  cyliu- 
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Fig.  WV.— olilique  Hanrtaije. 

one,    except    in    bandaging    the    trunk.      Bind    firmly, 
evenly,  and  tightly,  but  not  too  tightly.    ' 

Bandages  have  been  named  from  their  use  (as  suspen- 
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sorj'  of  breast),  application  (as  spiral,  circular),  shape  (as 
figure-of-eight),    originator   (as    Biirtnn.    (lihson,    etc.). 


V^^ 


/ 


--  % 


In;.  4.i8.— Spiral  Uevei-sfii.  i. 

.Many  names  and  varieties  former 
ly  used  are  uow  obsolete,  as  Do 
labra,  Ascia,  etc.;  and  other';  nn 
olisolescent.     The 
modern   tendency 
is  toward  siiniilicity ;  and  bandaging  is  -^ 

no  longer  the   fine  art  it  was  once  con        y" 
sidered.     Tin-  elaliorale  details  formerly     Ml 
indulged  in  are  not  now'  considered  nee      F, 
■essary.      For    our    present  w^ 

purjjose  bandages   may  lie         f^  i' 

considcrefl  as —  /     \ 

1.  f>i»iji/e,  including   cir-       (  ^v, 

cular,  oblique,  spiral,  spiral  ~~  --- 

reversed,    spica.     tigure  ot 
eight,  reeurreni 


Spiriil  iievfiseU,  HI. 

(c)  lijyiriil.    in    which    each 
I  urn  overlajis  about  one-third 
of  each  previous  turn.    U.sed 
lor  conical  parts  of  the  body, 
y  replaced  by — 

■sed.  As  in  above  (c),  the  upper  edge  is 
ower  is  loose,  the  spiral  reverse  was  in- 
troduced to  icinedy  this  defect. 
To  make  a  reverse,  the  bandage 
must  be  kept  rolled  up  with  three 
i<v  four  inches  of  slack  only,  and 
the  bandage  retained  in  jilace  by 
liuger  and  thumb;  witliuut  trae- 
lion  turn  the  bandage  down  with 
:i  good  slojie  downward,  so  that  it 
is  well  doubled  over.  Some  little 
praclice  is  necessary  to  get  the 
knack  of  doing  this  neatly  and 
well.     The  conmionest  error  is  in 


4.yj.  -Spiial  Ucvt^l'seU.  II. 

i.   ('innpotnid,  including 
(single    and     double), 
four-tailed,     many  lulled 
and  handkerchief. 

1.  Simple. — (ii)    Ciirnliir,    in   which 
each  turn  exactly  covers  the  jirevious 
turn.    This  is  used  for  cylindrical  jiarts 
of  the  body  as  the  fnreliead,  neck, 
(i)  (JMii/iw.    This  is  used  to  retain  dressings  loosely  ap- 
plied (as  in  burns);  the  succeeding  turns  do  not  overlap 
at  all  (see  Fig.  457). 


Flit.  4t;i. — Spiral  Reversed  CuuiplcU;ii. 

holding  too  tightly  what  should  be  the  "slack."  and  in 
not  making  sufficient  slope.  Figs.  4.'i8  to  401  show 
this  bandage  in  progress  and  rompleti-d. 


/ 


Fig.  462.— Tesiudo  liiversu. 


Bnndns;ins 
Buudatilus 
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Fig.  464.— Head  Bandage. 


-FIG.  4i>;j.  -  i  L'&iuau  lluvuitiii. 

(e)  Figure-of-ii'iht   lo(ik.s  on   completion  much   like  a 

spiral  reversed,  but  its  application  is  not  the  same.     It  is 

used  over  a  joint  or  ou  the  length  of  a  limb,  but  care 
must  be  taken  to  have  a  wide 
sweep  and  open  loops  to  the 
8 ;  it  is  also  applicable  to  pro- 
jecting points,  and  to  the 
junction  of  a  limb  with  the 
trunk;  in  this  latter  position 
it  is  often  called — 

(/)  A  spicti,  the  succeeding 
and  overlapping  turns  being 
supposed  to  resemble  an  ear 
of  corn  (spica).  There  are 
many  varieties  of  spica: 
ascending,  descending,  an- 
terior, poisterior,  lateral,  sin- 
gle, double. 

(ff)  liecurrent.      Used     for 
amputation  stumps  and   the 
head.      For    description    see 
below. 
(/()  Testudo  is  a  modification   of  flgure-of-eight  used 

about  an  articulation.     In  the  testudo  inrersa  the  spirals 

overlap  from  without  inward,  the  last  turns  covering  the 

centre  of  the  joint;  while  in 

the  testudo  rerersa  the  first 

turn  passes  over  the  centre 

of  the  joint,  and  the  spirals 

diverge  therefrom  (see  Figs. 

403  and  463). 

Head.  —  JRecvrrent 


bond- 
age. — Take  a  roller  and  make 
two  circular  turns  round  fore- 
head ;  then  at  centre  of  fore- 
head hold  bandage,  give  it 
half  a  turn,  take"  it  over  to 
occiput,  have  an  assistant 
hold  it  there,  and  then  after 
half  a  turn  go  forward  again 
to  forehead,  just  overlapping 
a  portion  of  the  previous  turn. 
Continue  this  until  the  scalp 
is  covered  all  over,  and  finish 
with  two  circular  turns  round  the  forehead  ;  insert  a  few 
pins  where  the  pieces  overlap  (see  Fig.  4(54).  A  similar 
proceeding  is  user]  for  an  ampiitation  s'tump. 


Fig.  465.— Bandage  of  Galen. 


ill...  400.— i^uur- railed  Bandage. 


Galen's  oandage.  sometimes  called  poor  man's  bandage 
or  six-tailed  bandage,  is  verv  easilv  made  and  applied 
Take  a  piece  of  cloth  or  handkerchief  wide  enoun-h  to 
reach  from  the  occiput  to  tlie  eyebrows  and  lono-  enounh 
to  come  down  and  meet  under  the  chin.     Each  side^is 
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cut  into  three  strips  or  tails,  leaving  a  whole  piece  of 
from  four  to  six  inches  on  top  of  the  scalp.  Then  putting 
the  bandage  in  place  take  tlie  two  middle  tails  and  fasten 


Fig.  467.- Velpeau's  Bandage. 

them  under  the  chin,  bring  the  two  anterior  tails  back- 
ward and  the  two  posterior  ones  forward,  and  fasten 
them  over  tlic  temporal  region  (see  Fig.  4(3.")'). 

Four-tailed  bandage  (for  scalp  and  "fracture  of  lower 


^ 


J 


Fm.  40S.— Dfsailll's  liaudagi',  I. 
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Fig.  469.— Desaiilfs  Biindape,  II. 

jaw)  (see  Fig.  4C0). — Fit  the  centre  siuigly  over  the  chin, 
take  the  two  muler  tails  aud  bring  them  up  over  the  top 
of  the  head  ■n'ell  forwaitl,  and  tie  them  tightly  there; 
then  bring  the  upper  tails  aud  tie  them  tightly  over  the 
lambda.  Finally,  tie  these  two  knots  together.  Con- 
siderable pressure  can  be  obtained  with  this  bandage. 
Barton's  bandnffc  ^for  fracture  of  lower  jaw). — Begin 


~7 

/ 


at  external  occipital  protuberance,  go  outward,  upward 
over  right  parietal  bone,  acro.ss  vertex,  (hiwn  left  side  of 
face  in   front  of 

ear,  under  chin.  r 

and  up  the  right 
side  of  the  face 
in  front  of  ear 
to  vertex,  then 
over  left  jiarie- 
tal  bone  to  start- 
ing point.  Now 
take  a  turn 
round  right  side 
of  jaw  across 
chin,  round  left 
side  of  jaw,  back 
to  iiuchii,  and  up 
to  occipital  pro- 
tviberance.  Re- 
peat from  begin- 
ning and  fasten 
at  p o i n t s  o f 
junction. 

For  Eye.  — 
Place  a  narrow 
bandage  over 
head  and  let  it 
hang  down  in 
front  of  soviid 
ej/c ;  then  over 
this  pass  a  cir- 
c  u 1  a  r  bandage 
round  both  eyes. 
Fuslin  the  pos- 
terinr  end  of  the 
narrow  slip  to 
the  circular 
bandage,  and 
lift  tlie  anterior 
end  of  the  nar- 
row slip  am 
fasten  it  on  it- 
self, thus  uncovering  tin 
Borsch's  bandace). 


\  Fig.  471.— Lower  Extreuiiiy  l!aiKl:i|.'i'<i. 


sound    eve   (tliix    is    called 


FIG.  470.— Desaulfs  Bandage,  HI. 


Fig.  473.— Spica  i.i  i 
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Fig.  4T;!.— Bri'iist  B;in(ii>gi\ 


UlTKK  ExTUKMiTY. — Take  two  circular  turns  about 
till'  wrist,  ilirii  jrii  obli(ivu'ly  across  the  dorsiun  of  the 
liaml  to  the  extremity  of  the  fiiiger.s,  llien  by  spirals  aii<l 
reverses  nscenii  tlie  hand  to  tlie  root  of  the  thumb.     A 

few  figure-of-eight  turns 
will  cover  the  wrist;  the 
forearm  is  covered  by 
s|)inil  reverses,  the  elbow 
by  a  testudo  or  figure-of- 
eight,  and  the  arm  by 
sjiiral  reversed  turns. 

For  a  finger  or  fingei-s 
nepiiriifiii/  use  a  roller  of 
three-quarters  of  an  inch 
thick,  take  two  or  three 
circidar  turns  round  the 
wrist,  then  go  across  the 
dorsum  of  the  hand  to 
the  root  of  the  finger,  then 
take  oblique  turns  to  the  tip  of  the  finger;  here  take  a 
circvilar  turn  and  then  1)V  means  of  spiral  reverses  reach 
theba,<eof  the  finger  and  finish  by  figure-of-eight  turns 
between  finger  and  wrist,  and  a  couple  of  circular  turns 
around  wrist. 

}\'!/kiiu^s  lm/i(hir/e  for  fractured  clavicle,  which  was 
formerly  nutch  employed,  is  now  seldom  used,  being 
replaced  to  a  large  extent  by  adhesive  plaster.  It  is 
shown  in  Hg.  467. 

Dcsiiii/I'g  biimlrige,  also  much  in  vogue  formerly,  is 
now  fast  disappearing;  it  was  cumbersome  with  its 
three  rollers,  axilhuy  pad,  and  sling. 

The  pud  w  as  either  too  small  to  be  of  much  use,  or  else 
large  enough  to  be  injurious.  Illustrations  of  this  band- 
age can  be" seen  in  Figs.  468,  469,  470. 

LowKU  Extke.mity" — Take  two  circu- 
lar turns  round  ankle,  and  an  oblique 
across  dorsum  of  foot  to  the  toes;  make 
a  circular  turn  here,  and  with  spiral 
reverses  cover  the  foot;  take  figtire-of- 
eight  round  ankle,  spiral  reverse^iji  leg; 
treat  knee  with  figure-of-eight,  and  thigh 
with  spiral  reverses  (see  Fig.  471).  \i 
the  heel  is  to  be  covered  a  testudo  can  be 
emploj-ed. 

Spica  of  Groin. — Place  a  layer  of  cot- 
ton in  the  groin  to  prevent"  irritation. 
Begin  with  a  couple  of  circular  turns 
aroimd  the  waist  awa_y  from  the  hip  to 
be  bandaged,  then  down  over  the  front 
of  the  thigh  from  without  inward,  then 
around  back  of  thigh  and  up  over  the 
front  of  the  groin  and  around  waist. 
This  plan  is  repeated,  each  turn  over- 
lapping one-third  of  previous  turn;  and 
finally  a  circular  turn  is  taken  round 
the  waist  (see  Fig,  472). 

Double  spica  of  groin  is  more  of  a  curi- 
osity than  of  practical  utility. 

Spied:  (f  Shoulder. — Two  cii cular  turns 
and  sjjiral  reverses  round  upjierarm  from 
Ijehind  forward,  go  over  the  shoulder 
across  front  of  the  chest  under  opposite 
axilla  and  return  across  the  back  to  the 
shoulder  whence  it  started;  repeat  this 
five  or  six  times.  This  is  a  figure-of- 
eight,  the  large  loop  going  round  the 
chest. 

BfindfKje  of  Breast.— Take  the  roller 
round  the  waist  below  the  breast,  com- 
mencing in  front  and  passing  toward 
sound  side;  then  ascend  o\'er  lower  part 
of  injured  breast  to  opposite  shoulder, 
returning  by  axilla  to  horizcmtal  turn 
where  it  jiasses  round  the  waist  again. 
The  oblique  turns  o\er  the  breast  are 
continued  and  carried  up  to  the  shoulder 
till  the  gland  is  entirely  covered  (see 
Fig.  473). 


'-0 


Another  simple  bandage  of  breast,  equally  effective  for 
conqirission  and  supjiort.  is  made  of  a"  wide  strip  of 
cloth  passed  round  front  of  chest  over  one  or  both  breasts, 
underarms,  and  meeting  at  back,  where  by  means  of  eve- 
lets  and  lacing  considerable  pressure  can  be  exerted. 

T  bandages  (Fig.  4.56)  are  made  of  two  strips  fastened 
to  each  other  at  light  angles ;  this  bandage  is  chietlj'  used 
in  keeping  dressings  in  the  perineum.  Tlie  transverse  part 
is  fa.stened  round  the  borly,  and  the  tail  or  tiiils  brought 
up  betw-een  the  thigh  and  genitals  and  fastened  to  the 
transverse  part.  Those  who  want  the  "newest  thine" 
in  bandages  can  be  referred  to  the  "new  T  bandage," 
described  in  the  Medical  Record  for  Februarv,  1900  v> 
232.  ■ 

Fixed  dressings,  plaster-of-Paris  bandages,  and  hand- 
kerchief dressings  will  be  described  under  article  on 
Drc.-'siiigs.  Surgical.  R.  J,  E.  Scott. 

BANFF  HOT  SPRINGS.— Location.— Rocky  Moun- 
tains, Canada. 

Post-Uffice.— Banff.  Alberta. 

Access.— From  the  east  or  west,  via  Canadian  Pacific 
Railway. 

According  to  the  analysis  of  F.  D.  Adams,  of  the  Geo- 
logical Survey  of  Canada, 

One  Impkrial  Gallo.n  Contains: 

Solids.  Grains. 

Chloride  of  sodium o  771 

Sulphide  of  soda o'634 

Sulphide  of  potassium , . ,  0.673 

Sulphide  of  magnesia U501 

Sulphide  of  lime 39.428 

Bicarbonate  of  lime li  583 


Fig.  474.— View  of  Hotel  at  BanfT. 


TT^xT    T^  Baiiir  llol  N|>rlll2S. 
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FIG.  475.— Bow  Eiver  Valley  in  the  Vicinity  ot  Banff. 


Fig.  476.— The  Hot  Springs  Basin 
at  Banff. 
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Soliiis.  Grains. 

Bloarboiinli-  of  iron 0.136 

Aluininn Undetermined. 

Sllloo 2.7S9 

Organic  niallfr Trace. 

70.498 
Carbonic  iiciil,  free ;i.Wl 

7.3.539 

The  wnti'is  also  contain  siilpliiiretcci  liydrogeu  to  the 
amount  of  0.3  srrain.  ('(|uivalciit  to  O.S  ciiliic  inch. 

These  well-known  hot  sulpliur  spi'ings  are  .situated  on 
the  line  of  the  Canadian  Pacitie  l^aihvay  near  the  eastern 
face  of  the  Kocky  Mountains.  They  are  in  an  e.xtensive 
reservation  held  by  the  Canadian  Oovernment  as  a  na- 
tional park.  The  waters  are  the  (uoperty  of  the  Govern- 
ment and  are  supplic'd  to  the  sanitarium  and  the  hotel. 
At  the  springs  tlie  watei-s  are  free  to  the  public.  The 
sjirings  are  two  in  number,  and  issue  from  the  mountain- 
side at  about  ISdO  and  1.0(H)  feet  above  the  Bow  Kiver, 
which  Hows  through  tlic  valley,  and  4..500  feet  above  sea 
level.  The  How  of  water  is  continuous;  that  from  the 
upper  and  hotter  spring  would  form  a  cylindrical  stream 
five  inches  in  diameter.  The  lower  spring  is  much  larger, 
and  issues  from  a  large  cave  in  which  is  formed  a  natu- 
ral basin  some  si.\  feet  in  depth.  The  temperature  of  the 
water  remains  about  the  same  all  the  year,  that  of  the 
upper  spring  being  114'  F.  and  that  of  the  lower  95°  F. 

A  large  modern  sanitarium  has  been  erected,  and  every 
form  of  steam  and  hot-water  bath  is  provided.  The 
proprietor  resides  on  the  premises,  and.  witli  the  aid  of  a 
staff  of  assistants,  directs  the  use  of  the  waters. 

A  very  large  and  comfortable  hotel  has  been  erected 
by  the  milway  company  for  the  accommodation  of  tour- 
ists and  visitors.  It  also  affords  every  facility  for  baths 
and  other  uses  of  the  water.  The  surrounding  coimtry 
is  a  series  of  snow-clad  peaks,  which  possess  all  the 
grandeur  of  the  mountain  range,  and  a  number  of  Swiss 
guides  are  kept  to  assist  those  who  may  desire  to  explore 
the  mountains.  Faciliti<'S  for  hunting  and  fishing  are 
unsurpassed. 

The  air  is  exhilarating  and  the  climate  very  favorable. 
the  heat  of  summer  and  the  cold  of  winter  "rarely  being 
excessive.  There  are  few  places  on  this  continent  where 
the  conditions  for  carrying  out  the  high-altitude  cure  are 
as  favorable  as  they  are  at  Banil.  The  following  record 
is  taken  at  the  Government  observatory  on  the  spot : 

Baxff,  Alberta,  N.  W.  T.,  Latitude  N.  51  10'.   Longitude  W. 
11.5°  35'.    Height  Above  Sea  Level,  4,.543  Feet. 


Pressure. 

Temperature. 

^ 

2 

a 

Months. 

>. 

Extremes. 

Extremes. 

§ 

a 

1^ 

p 
1 

o 

Max. 

Min. 

Max. 

Min. 

I 

January  . . 

35.22 

35.61 

34.90 

lfi.4 

■30  2 

-8.9 

February  . 

2.5.19 

35.73 

24.63 

19.3 

44,2 

-3i.2 

24.63 

2.47 

March  — 

25.25 

25.63 

34.89 

17.9 

41.8 

-37.3 

9.95 

0.99 

April 

25.33 

35.71 

24.80 

36.6 

6.5.1 

7.8 

0.81 

0.81 

May 

25.31 

35.67 

34.96 

44.9 

72  4 

20,8 

3.08 

3.08 

June 

25.35 

25.87 

35.09 

51.1 

80,1 

30.2 

2.15 

2.15 

July 

35.38 

35.b:j 

34.96 

.56.2 

,S5,3 

30.5 

4..>t 

4.54 

AUffUSt  . . . 

35.39 

35..59 

35.12 

.59.9 

8.5.2 

32.0 

2.37 

2.37 

September 

35.32 

35.79 

24.94 

48.0 

73  3- 

24.8 

1.73 

1.73 

October... 

35.39 

35.79 

34.89 

35,0 

47.6 

1.5.8 

1.09 

1.09 

November 

35.20 

35.63 

34.76 

20.9 

41.8 

-15.8 

0.07 

8.65 

0.93 

December. 

35.30 

25.R5 

24.76 

19.2 

48.0 

-25.5 

0.09 

1.08 

0.20 

year  . . . 

aj.:w 

25.71 

34.89 

a5.5 

85.3 

-27.3 

15.93 

44.33 

20.36 

Note.— Barometer  not  reduced  to  sea  level. 
Thi!  number  of  invalids  who  are  sent  to  these  springs 
is  increasing  each  year,  and  the  localitv  promises  to  be- 
come one  of  the  most  desirable  health  resorts  on  the  con- 
'int'Bt.  TSeainiiont  Small. 

BANO  DE  SAN  PABLO.— Tlie.se  baths  are  located  in 
the  city  of  Pueljla,  Mexico.  The  water  contains  tlie  fol- 
lowing mineral  ingredients:  chloride  of  sodium,  sulphate 
of  alumina,  chloride  of  magnesium,  carbonate  of  calcium, 
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sulphate  of  calcium,  silica,  hydrosulphuric  acid,  and  car- 
bonic acid — a  total  of  about  101)  grains  per  United  States 
gallon.  The  baths  here  enjoy  a  wide  reputation  in 
Mexico  on  account  of  the  exceptional  excellence  of  the 
bathing  establishment  and  also  on  account  of  the  location 
in  Puebla,  which,  in  the  writer's  experience,  is  the  most 
attractive  of  all  the  Mexican  cities. 

N.  J.  Ponce  de  Leon. 

BANDS  DE  LAS  ARENAS— Chucandiro,  Jlichoacan, 
Mexico.  Tliis  is  a  large  thermal  .spring  having  a  tem- 
perature ranging  from  99'  to  106°  F.  The  water  is 
clear,  slightly  yellow  in  color,  and  has  a  neutral  reaction 
and  a  sulphurous  odor. 

OxE  United  states  Gallon  Contains; 
Solids.  Grains. 

Calcium  carbonate 22.98 

Magnesium  sulphate 7.28 

Calcium  sulphate 8.16 

Sulphurous  acid '. 03 

Carbonic  acid 30 

Total  solids  38.75 

The  analysis  is  evidently  incomplete.  The  spring  dis- 
charges more  or  less  li_vdrogeu  sulphide  and  appears  to 
be  of  the  calcic-sulphureted  type.  Two  bathing  apart- 
ments have  been  constructed.  It  is  claimed  b}'  residents 
of  the  locality  that  the  baths  are  very  beneficial  in  skin  dis- 
eases and  in  various  forms  of  neuralgia  and  rheumatism. 

N.  J.  Ponce  de  Leon. 

BANDS  EN  EL  PENDN.— These  celebrated  springs 
are  situated  four  kilometres  northeast  of  the  city  of 
3Iexico,  and  their  birth,  according  to  the  Aztec  legend, 
was  coeval  with  that  of  the  city.  The  water  furnished 
b}'  the  Banos  en  el  Penon  issues  from  the  side  of  the 
Peiion  mountain.  The  earth  here  is  composed  chiefly  of 
lime  deposits  interrupted  in  places  by  overflows  of  Java 
and  beds  of  sand.v  clay.  The  flow  of  water  is  consider- 
able, and  this  ma_y  be  increased  almost  indefinitely  by 
means  of  pumjis.  The  water  has  an  average  tempera- 
ture of  114°  F..  which  never  varies  more  than  two  or 
three  degrees  higher  or  lower.  The  physical  characters 
are  as  follows:  Perfectly  clear,  colorless,  odorless,  slightly 
saline  and  pungent — reaction  at  first  slightly  acid,  after- 
ward alkaline.  A  solid  residue  of  130  grains  per  United 
States  gallon  remains  after  evaporation  at  100°  C.  {2V2° 
F.).  This  residue  has  been  found  to  consist  of  the  sul- 
phate, the  phosphate,  and  the  bicarbonate  of  calcium, 
the  bicarbonates  of  magnesium,  sodium,  potassium,  and 
iron,  the  chloride  of  sodium,  alumina,  manganese,  lithia, 
boric  acid,  iodine,  and  organic  matter.  The  water  also 
contains  nitrogen,  oxygen,  and  carbonic  acid  gases,  the 
latter  of  which  is  freely  discharged  as  the  water  flows 
from  the  spring. 

C'ementeno  en  el  Peiion. — This  is  an  artesian  well  which 
owes  its  name  to  the  fact  that  it  is  located  near  an  old 
cemetery.  It  is  about  230  feet  in  depth.  Its  waters  are 
also  warm  like  those  of  the  Banos  s]iring.  The  water  is 
somewhat  0)5alescent  in  appearance,  has  a  markedly  sul- 
phurous odor,  and  a  somewhat  pungent  and  sidine  taste. 
Temperature,  99.5°  F.  Reaction  first  acid,  afterward 
alkaline.  Total  solid  contents  per  United  Slates  gallon, 
96.19  grains — consisting  of  calcium  sulphate,  calcium 
phosjihate,  calcium  bicarbonate,  magnesium  bicarbonate, 
sodium  bicarbonate,  potassium  bicarbonate,  iron  bicar- 
bonate, sodium  chloride,  silica,  alumina,  and  traces  of 
sodium  suliihide.  lithia.  manganese,  iodine,  hydrosul- 
lihuric  acid,  and  organic  mat  ter.  Gases  iiresent :  carbonic 
acid,  nitrogen,  and  oxygen.  A  third  spring,  known  as 
the  "  Mannnlial  del  Harno  "  en  el  Peflon  is  situated  in  the 
neighborhood.  This  is  a  heavily  carbonated  thermal 
spring.  Its  waters  are  very  similar  to  those  of  the  Banos, 
but  are  cvidtaitly  a  little  more  densely  mineralized  and 
are  not  (|uife  so  hot.  These  springs  may  be  classified  as 
of  the  alkaline  saline-carbonaied  type,  resembling  some- 
what those  of  Wiesbaden,  Kissingen,  and  Ems  in  Europe, 
and  not  luilike  the  Saratoga  waters  in  the  United  States, 
According  to  Dr.  Liceago,  of  Jlexico  City,  the  baths  of 
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KarbadoH. 


El  Pefion  iin/  iist'ful  in  a  ffreat  variety  of  disi/aseil  foiuli- 
tioiis,  iiuliKliii;;-  ]iiirticulai'ly  siibucutL-  ami  clii'diiic  mus- 
cular rlicuniaiisiii.  gout.  iMigraiuc.  various  neuralgias, 
diabetes,  obesity,  ami  ehronie  atTeetions  of  the  gaslro- 
intestinal  traet  and  liver.  The  springs  have  a  deliglilful 
location  in  the  valley  of  Mexico  at  au  elevation  of  3,0110 
metres  above  the  sea  level.  'I'his  may  be  called  a  region 
of  perjietual  spring.  During  the  writer'.s  sojourn  iu  the 
valley  iu  the  months  of  November  and  December  the 
atmosjiherie  conditions  were  very  similar  to  those  ob- 
taining in  New  York  in  the  nionlli  of  May,  The  baths 
here  may  be  employed  all  the  year  round,  The  water  is 
also  highly  recommended  by  JIe.\ican  physicians  for  in- 
ternal use.  It  should  be  sipjied  hot  at  the  spring.s,  begin- 
ning iu  doses  of  half  a  tumblerful  two  or  three  times  a 
day  and  gradually  increasing  the  quantity. 

J\ .  ./.  Police  de  Leon. 

BARBADOS,— The  i.sland  of  Barbados  (also  spelled 
BarbadcH's)  lies  farthest  to  windward,  i.e.,  to  the  east- 
waril,  of  any  of  the  Windward  Islands,  in  Lat.  13  4'  N., 
Long,  37  \V,  For  nearly  three  hundred  years  the  island 
has  been  in  the  possession  of  the  English  Government, 
and  Bridgetown,  its  capital  and  largest  town,  is  one  of  the 
chief  commercial  centres  of  the  West  Indies.  The  an- 
nual sugar  crop  of  Barbados  is  estimated  at  about  forty 
thousiind  hogsheads,  and  the  whole  island  is  under  culti- 
vation, the  population  being  very  dense  (nearly  a  thou- 
sand per  square  mile).  The  length  of  the  island,  from 
north  to  south,  is  about  twenty -one  miles,  and  at  its 
broadest  part  it  extends  some  fourteen  and  a  half  miles 
from  the  eastern,  or  windward,  to  the  western,  or  leeward 
shore,  "Barbados  presents  every  variety  of  scenery — 
hill  and  valley,  smooth  tableland,  and  rugged  rocks. 
From  one  point  of  view  the  land  rises  in  a  succession  of 
limestone  and  coral  terraces,  which  indicate  ditferent 
peiiods  of  upheaval  from  the  sea.  From  another  there 
is  nothing  to  be  seen  but  a  mass  of  abruptly  rising  rocks. 
The  highest  elevation.  Mount  Hillaby,  is  1,10-t  feet  above 
the  level  of  the  sea.  The  island  contains  but  few  streaius 
or  streamlets.  The  gullies  or  ravines — the  result,  no 
doubt,  of  volcanic  agency — are,  however,  very  numerous, 
radiating  from  the  high  semicircular  ridge  of  the  coralline 
formation  in  a  very  regular  manner  to  the  west,  north. 
and  south,  but  not  to  the  cast,  where  the  coral  rocks  end 
abruptl}'.  ,  .  .  The  climate  of  Barbados  is  healtliy ;  the 
temperature  equable.  For  eight  months  in  the  year  the 
sea  breezes  keep  it  delightfully  cool  for  a  tropical  country. 
The  extent  of  cultivation,  the  absc^uce  of  swamps  (the 
porous  character  of  the  rock  immediately  underlying  the 
soil  preventing  accumulations  of  stagnant  water),  ac- 
count for  the  freedom  from  miasma"  (Encyclopfedia 
Britannica).  "  The  northeast  trade  wind  prevails  through- 
out three-fourths  of  (he  year,  and  the  rains  also  come  for 
the  most  part  from  the  northeast;  but  at  certain  times  of 
the  year  the  wind  shifts  to  the  southwest  and  northwest, 
bringing  showers  which,  however,  do  not  extend  across 
to  the  windward,  or  northeast,  side  of  the  island.  In- 
deed, it  is  only  exceplionally  thai  rain  coming  from  any 
direction  falls  at  one  and  the  same  time  throughout  the 
entire  extent  of  the  island.  March  is  the  driest  month, 
October  the  most  rainy.  .  .  .  During  the  dry  .season. 
December  to  .Time,  the  lowlands  on  (he  leeward  side  of 
the  island  have  a  smaller  rainfall  than  do  the  oilier 
districts:  but  during  the  wet  months  (July  to  November). 
when  the  westerly  winds  are  of  most  frequent  occurrence, 
the  rainfall  of  these  di.stricts  exceeds  I  hat  of  other  portions 
of  the  islaml"  (llann's  "Handbuch  der  Kliniatologie." 
p.  3.ir,). 

The  average  rainfall  for  each  of  the  twelve  months  of 
the  year  is  given  in  a  table  to  be  found  on  p.  3-19  of  the 
■work  just  quoted,  the  ligures  being  as  follows: 

January 3.317  Inrlies.  I  July .'),708  inelies. 


February  :i.ti(X5 

March 1.4.Tti 

April a.lKi: 

May 3..>B 

June 5.433 

Year 


A  u^ust 7.:M4 

I  Si'iitemt)cr (S.221 

OcldlKT 8.7fi« 

NovfMulHir 7.08<i 

I  December 4.4.S7 

,'J7.7'>7  inches. 


As  we  learn  from  the  figures  of  this  tal)le,  the  total 
rainfall  in  Baibailos  for  the  .six  nionlhs  of  December, 
January,  February,  .March,  Ajirii,  and  May  is  only  17.36 
inches,  or  an  average  amouni  of  but  2. SO  inches  per 
mouth.  The  temperature  in  Barbados,  as  in  all  oilier 
tro])ical  islands,  varies  bill  little  throughout  the  year. 
According  to  the  writer  in  Apjileton's  "Handbook  of 
Winter  Resorts."  the  iheriiiomeler  ranges  in  December 
from  73^  to  S.j"  F,,  and  in  February,  from  71'  to  H4° 
F.  A  letter  from  the  Superint<'nden't  of  the  Canadian 
Meteorological  Service,  wliich  was  kindly  obtained  for 
the  writer  by  the  Hon.  Beaumont  Small,  of  Ottawa,  in 
reply  to  inquiries  concerning  the  climatological  .statistics 
of  the  British  West  Indies,  alludes  to  the  climate  of  Bar- 
bados as  follows: 

"The  mean  monthly  temperature  ranges  from  70"  F. 
in  January  to  SO.s'  F.  in  August.  The  rainfall  varies 
greatly  from  month  to  month,  but  isnever  wholly  absent; 
the  total  yearly  amount,  from  an  average  of  twenty -live 
years,  was  57.74  inches.  The  average  for  March  exceeds 
3  inches,  and  in  October  reaches  nearh'  11  inches, 
these  being  respectively  the  driest  and  wettest  months  of 
the  j'car."  The  mean  annual  relative  humidity  is  72  per 
cent.,  as  is  also  the  mean  for  the  winter. 

Huntington  Richardi. 

[There  is  no  system  of  drainage  at  Barbados  outside  of 
the  garrison,  but  it  is  said  (Hutchinson)  that  the  porous 
nature  of  the  land  renders  this  unnecessary.  The  town 
and  suburbs  are  supplied  abundautiv  with  pure  drinking 
water.  Residence  in  Bridgetown  itself  is  not  to  be  rec- 
ommended to  invalids,  but  one  may  safely  select  either 
Hastings  or  Fontabelle.  iu  the  suburbs,  or  Scotland, 
which  is  considered  the  healthiest  residence  portion  of 
the  island.  Cases  of  typhoid  fever  are  occasionally  en- 
countered, and  yellow  fever  is  .sometimes  brought  jfrom 
the  other  islands,  but  there  is  almost  perfect  immunity 
from  smallpox,  diphtheria,  scarlet  fever,  measles,  and 
other  infectious  diseases.  "  The  records  of  the  garrison 
there  for  the  last  twenty-five  years  show  that  it  is  the 
healthiest  station  at  which  troops  are  quartered  auj'where 
in  the  world  "  (Moxly). 

The  characteristics  of  the  climate  are  those  of  an  insular 
tropical  climate,  moist,  bland,  and  equable,  with  only 
slight  variations  in  the  temiierature.  The  northeast 
trade  winds  blow  steadily  during  the  day,  and  as  a  rule 
they  arc  not  unpleasantly  strong.  During  the  dry  season 
from  December  to  Slay,  there  are  no  rains  or  heavy 
dews.  Although  sunstroke  is  said  to  be  rare,  it  is  wise 
to  follow  the  custom  of  the  natives  and  carry  a  sun  um- 
brella during  the  hottest  hours  of  the  day — from  eleven 
to  four. 

Such  a  climate  as  this  is  manifestly  uusuited  for  cases 
of  ]mlnionary  tuberculosis.  "It  is  more  than  useless," 
says  one  who  has  luulalarge  experience  with  this  climate, 
"  to  send  consumptives  to  these  islands. "  There  are  vari- 
ous conditions  and  diseases,  however,  which  are  greatly 
benefited  by  a  residence  here;  such  are  the  various  forms 
of  nervous  prostration,  or  mental  fatigue,  neurasthenia, 
chronic  renal  disea.ses,  the  various  cardiac  derangements 
or  diseases,  catarrhal  and  irritative  alTeetions  of  the 
lliroal,  ami  laryngitis.  Such  a  climate  is  also  very  suit- 
able for  okl  people  or  those  possessing  little  vitality,  and 
for  weakly  children.  It  may  also  be  recommended  to 
those  who  desire  to  avoid  llie  risk  of  bronchilis  or  other 
acute  resiiiratory  atTeetions  so  common  in  nortliern  lati- 
tudes. "Tropical  islands,"  .sjtys  Hutchinson,  "are  bad 
places  for  rheumatism;  the  same  constant  moisture  that 
plays  so  large  a  part  in  curing  nervous  dilliculties  pro- 
duces and  intensities  all  forms  of  rheumatic  atTeetions," 

Sea  bathing  is  one  of  the  features  of  this  island,  the 
temiierature  of  the  water  being  about  7S  F.  At  Hast- 
ings there  is  a  reef  <if  coral  which  protects  bathers  from 
the  sharks.  The  accommodations  are  gotKl.  and  one 
linds  competent  medical  men  there. 

Barbados  is  reached  from  New  York  in  five  or  si.v 
days,  and  the  island  has  frequent  communication  with 
P'.ngland  and  the  other  islands. — E.  <).  Oti-i.] 
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BARGER'S  SPRINGS— Summers  County,   West  Vir- 

Post-Office. — Talcott. 

AccKss. — Via  Chesiipeaki'  and  Ohio  Huilroail  to  Tak-ott, 
Ihciici'  a  drive  of  three  miles  to  the  springs.  Private 
boartiingliouse. 

Banker's  springs  liave  their  situation  in  a  picturesque, 
brolveu  region,  niarlu'd  by  ragged  elills  and  narrow 
shaded  glens,  willi  numerous  rajiid  mountain  streams 
da.shing  through  them.  The  (irei  iibrier  River,  a  stream 
famous  for  its  eliarm  of  scenery  and  lor  tlu-  enticements 
it  alTords  to  the  angler.  Hows  wilhin  two  hundred  yards 
of  the  springs.  The  jilacc  bus  not  been  nuuh  improved 
as  yet.  and  the  only  stopping  place  for  visitors  is  a  board- 
ing house  with  a  "limited  capacily.  No  analysis  of  the 
water  has  been  made,  but  it  is  evidently  tlionmgbly 
charged  with  sulphurcted  hydrogen.  Residents  of  the  lo- 
cality resort  to  it  for  the  treatment  of  atonic  dysjiepsia. 
It  is  quite  benelicial  in  chronic  rheumatism,  and  a  num- 
ber of  very  obstinate  ea.ses  of  cystilis  appear  to  have 
yielded  to  its  use.  The  water  also  possesses  tonic  prop- 
erties, and  is  a  useful  adjunct  in  debilitated  states.  Its 
temperature  is  58' F.  Jininx  K.  Crook. 

BARIUM. — Salts  of  barium  are  of  more  interest  tn  the 
jiliy.'^ici.'iti  from  the  point  of  view  of  toxicology  than  from 
that  i>f  llu-rapeutics.  Barium  compounds  arc  all  jioison- 
ous,  the  .soluble  ones,  of  course,  more  actively  so  than  the 
insoluble.  Therapeutically,  barium  has  been  assumed  to 
have  a  power  over  scrofulous  conditions  analogous  to 
that  of  iodides  or  of  mercurials,  but  no  striking  results 
have  ever  been  demonstrated  from  its  use.  The  chlondf 
is  the  only  barium  salt  of  medicinal  interest. 

Bariinn  dihridf.  BaClo.  SIUO. — Barium  chloride  is 
not  now  ofHcial  in  the  United  States  Phannacopieia.  It 
is  a  white,  crystalline  salt,  occurring  in  rhombic  tab- 
lets, permanent  in  the  air.  It  dissolves  freely  in  water 
and  diluted  alcohol,  and  has  a  bitter,  disagreeable  taste. 
It  has  been  given  medicinally  in  doses  of  from  0.03  to 
0.13  gm.  (gr.  ss.  to  ij.),  dissolved  in  an  abundance  of 
water. 

Barmm  Dioxide,  BaO.,  is  official  in  the  United  States 
Pliarmacopteia  for  pharmaceutical  use  in  preparing  the 
f)flicial  Aqua  Bi/dnigeiiii  Dio-ndi,  Solution  nf  Hvdrogen 
dioxide.  Ediriird  Curtis. 

BARIUM   SALTS.     (TOXICOLOGY.)— Several  of   the 

soluble  salts  of  barium,  especially  the  nitrate  Ba(NOs)o  and 
the  chloride  BaClj,  are  used  largely  in  the  chemical  labora- 
tory as  tests  for  sulphuric  acul."  The  compound,  how- 
ever, which  is  most  familiar  in  commerce  is  the  sidphate 
BaSO,,  which  is  known  as  luiri/tix  or  hedtij  fi/inr.  This  is 
a  heavy,  white,  opaque  substance,  mucli"  emplo\ed  as  a 
general  adulterant  on  account  of  its  weight,  but  espe- 
cially for  mi.xing  with  and  adulterating  paints.  Its  high 
degree  of  in.solubility  deprives  it  of  anv  specific  poison- 
ous action,  except  possibly  as  a  mechanical  irritant.  It 
has  been  stated  that  it  has  been  used  in  flour,  and  even 
in  butter,  but  such  use  uuist  be  rare. 

The  soluble  barium  compciirnds.  especially  those  above 
mentioned,  are  irritant  poisons.  Cases  of  poisoning  by 
them  are.  however,  rare,  and  have  been  mostlv  the  result 
of  accident,  the  body  having  been  mistaken'  for  one  of 
the  ordinary  .saline  cathartics. 

Barium  carbonate  is  used  as  a  rat  poison,  but  a  case 
on  record  shows  that  it  is  not  a  very  virulent  bcidy. 

In  the  recorded  eases  of  jKiisoniiig  by  barium  .salts  the 
quantities  taken  have  usually  been  rather  large,  varyin"- 
from  one  hur.dred  grains  to' half  an  ounce.  '"The  synq?- 
tom.s— which  do  not  arise  inuuediately— are  those  of 
irritant  poisoning,  nau.sea,  with  sharp  b'urnine  pains  in 
tlie  stom.ich,  followed  l)v  vomiting  and  purging.  Loss 
ot  muscular  power  has  been  noted  in  some  of  the  cases, 
but  most  have  exhibited  convulsions  toward  the  end' 
No  characteristic  brain  symptoms  are  developed  but 
giddmess  and  headache  have  been  observed. 

Post-mortem  examination  shows  the  usual  appearances 
of  irritant  poisoning,  inflammation  of  the  mucous  mem- 


brane of  the  stomach  and  bowels,  and  extra vasjition  of 
blood. 

Death  has  usually  occurred  in  less  than  twenty  hours, 
in  some  cases  even  in  two  hours. 

Tlie  antidote  in  poisoning  by  barium  salts  is  any  soluble 
sulphate,  such  as  Epsom  salt.  Ghiuber's  salt,  or  alum. 
These  form  at  once  the  insoluble  and  inert  barium  sulphate, 
which  can  easily  be  removed  from  the  stomach  by  the 
promotion  of  vomiting.  The  poison  will  be  completely 
neutralized  by  the  antidote,  and  the  .subsequent  treat- 
ment will  be  on  general  principles. 

There  is  no  difficulty  in  recognizing  a  barium  salt. 
Sulpliuric  acid  or  any  soluble  suljihate  produces  at  once 
an  opaque,  white  pirecipitate  of  barium  sidphate,  dis- 
tinguished by  its  entire  insolubility  in  water,  in  acids,  or 
in  alkalies.  Henri/  Liffmann. 

BARIUM  SPRINGS —Iredell  County,  North  Carolina. 

PosT-(_)FFirE.  —  Barium  Springs. 

Access.— Viil  A.  T.  and  O.  I^ilroad  (Southern  System) 
to  Barium  Springs  station,  thence  one-half  mile  "to  the 
springs.  The  location  is  five  miles  from  Statesville  and 
forty  miles  from  Charlotte.     Farmhouses  receive  visitors. 

This  spring  has  been  known  since  1T75.  From  the  fact 
that  cattle  refused  to  drink  from  it  the  spring  was  for- 
merly known  as  "  Poison  "  spring.  It  is  located  on  the  top 
of  a  rocky  knoll,  about  fifteen  feet  higher  than  a  brook 
not  over  forty  feet  distant,  and  eight  to  ten  feet  higher 
than  eight  other  springsaround  the  base  of  the  knolfand 
over  one  hundred  feet  distant.  The  spring  has  no  visible 
outlet,  yet  the  water  remains  at  a  constant  level,  never 
freezing  and  never  stagnating. 

According  to  an  analysis  by  Professor  Ledoux  it  con- 
tains seventeen  grains  per  United  States  gallon  of  barium 
sulphate  and  chloride,  phosphoric  acid  and  iron.  Pro- 
fessor Chandler's  analysis  shows  the  ju'esence  also  of  a 
small  quantity  of  sulphuric  acid,  lime  salts,  and  mag- 
nesia. The  water  is  used  commercially,  and  is  said  to 
possess  value  in  the  incipient  stage  of  cancer,  in  syphilis, 
eczema,  indigestion,  ulceration  of  the  stomach,  etc. 

James  K.  Crook. 

BARLOWS  DISEASE.     See  5(-i/n-y. 

BARTHOLIN'S  GLAND.— ANATon-  and  Physiology. 

— Barlholin's  gland  was  described  by  a  number  of  the 

old    anatomists,    including   Bartholin,    Duverney.    and 

Cowper,  all  of  whose  names  have  been  attached  "to  it  by 

different  writers.     In   re-  _ 

cent    years    it    has    been 

studied  more  particularly 

by   Tiedemann    and    Hu- 

guier,  the  latter  of  whom 

gave  it  the  name  of  the 

vulvo- vaginal  gland. 

These  glands,  of  the 
compound  racemose  or- 
der, are  two  in  number, 
situated  one  on  either  side 
of  the  introitus  vagina;, 
immediati.'ly  below  the 
bulb  of  the  vestibule,  in 
a  space  bounded  by  the 
superficial  perineal  "fascia 
in  front,  the  vagina  inter- 
nally, and  the  ascending 
ramus  of  the  ischium  ex- 
ternally. Each  gland  is 
bean -shaped,  usually  not 
more  than  half  an  inch 
long,  but  sometimes  (es- 
pecially in  prostitutes)  as 
large  as  an  almond.  When  in  its  normal  condition  it 
is  not  generally  to  be  felt  on  palpation,  but  the  mouth 
of  its  duct,  of  a  size  sufficient  to  adunt  a  bristle  may 
commonly  be  .seen  at  the  bottom  of  the  furrow  which 
separates  tlie  ostium  vagina^  from  the  lower  end  of  the 
labium  minus.     The  duct  is  rather  more  than  half  an 


Fio.  477.— The  Vulvo-Vaginal  Wand 
unit  lis  ExcTetory  Duet.  (Aft^r 
Huguier.  I  <i,  a,  Sectinn  of  Ihe 
labium  uiajus  and  nynipha ;  h.  the 
Kland;  c.  its  excretory  duct :  c.  its 
orillce  in  the  viilvix'ai-mu'ular  fur- 
row :  /.  tlie  bulb  of  the  va^^ina ; 
(7,  the  ischio-pubio  i-amus. 
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Fig.  478.— 1.  A  seotion  of  tiie  lower  part  of  the 
de.^cendinir  rauiiis  of  the  puhic  bone  :  :i.  the 
isehi'M-avcniosiis  iiillsi-|e  ;  ;i,  the  ImlhoH-av- 
eTiii)su>  miisi'le  (in  loM;:iIiiiliiiai  stTlionp  ;  4. 
tile  vairiii;! ;  '>,  Barthnhn's  irlanil;  tj.  the 
hiilli'Maverri'tsus  muscle  (in  ohhque  and 
lniii>\eise  section) ;  7,  the  labium  pudendi. 
lAftirllenle.i 


incli  lone.     Arrnrdins   to  Tirdcniiinn,    the   gland   ma.y 
wliolly  (lisappeai'  in  advaiiccil  iiirc. 

Tlii:  atcoiiipaiiviiii;'  ilhislialioM  (Fiji.  4TT).  from  Ihi- 
gnicr.  sliow.s  a  dissection  of  the  parts  in  the  iniMicdiatc 
neighborhood  of  liarlliolin's  gland,  while  the  secontl  cut 
(Fig.  478),  taken  from  llenle,  shows  a  front  view,  in  sec'- 
tiou.  of  the  external  genitals  of  a  newborn  IV'tnale  infant 

in  the  region  of 
the  posterior  coni- 
ni  i  ssii  re  of  the 
laliia  pudendi  (left 
half  of  the  [loste- 
rior  eiit  surface). 

The  gland  is 
considereil  to  be 
the  analogue  of 
>Iery's  ghuid  in 
the  male,  ll  fur- 
nishes a  whitish 
mucous  secretion, 
the  p  n  r  p  ose  of 
which  is  to  lubri- 
cate the  vulva  in 
the  act  of  coitus. 
This  secretion  is 
Sonu'tinies  ejected 
in  a  jet,  iis  the  re- 
sult of  titillalion 
of  the  vulva  or 
erotic  excitement, 
in  the  waking 
state  or  during 
sleep. 
Patholoot. — Affections  of  the  vulvo-vaginal  gland 
and  those  of  its  excretory  duct,  taken  togetTier,  are  ex- 
ceedingly common.  In  g<'niTal,  it  is  the  duet  alone  that 
is  affected,  at  least  in  the  tirst  instance.  ( 'ommon  intiaiu- 
mation,  which  is  apt  to  end  in  the  form:itiou  of  ])us,  is 
one  of  these  diseases,  anil  intlamnialion  may  be  the  cause 
or  the  consequence  of  a  distention  of  the  duct  due  lo 
retained  secretion.  But  a  still  more  important  affeciion 
is  su]ipuration  due  to  gonorrlia'al  infection. 

Ih'liitittion  (if  tlie  Ejrrcliiry  Dnvt. — This  condition,  the 
so-called  retention  cyst,  is  inidoubtedly  often  mistaken 
for  a  swelling  of  the  gland  itself,  but  its  comparatively 
supcrtieial  situation  is  svillicient  to  distinguish  it  from 
the  latter.  Unless  aceomi)aniiMl  by  intlamination  or 
(edema  of  the  surrounding  tissue  of  tlie  laliiiuu,  it  ought 
not  to  be  confounded  witli  any  other  alTection,  and,  even 
when  one  of  those  complications  is  present,  it  requires 
to  be  diagnosticated  only  from  ha'tnaloma  and  from  a 
sero-purulent  tVirm  of  intilti'alion  of  (lie  labiiimtliat  some- 
times takes  |)laee  during  the  lying  in  ]>eriod.  It  may  be 
ilistinguished  from  h.ematuma  liy  the  fact  of  its  gi-adual 
foi'uiation,  and,  less  readily,  from  puerperal  infiltration 
by  the  same  feature,  whieli,  however,  lieeomes  very  sig- 
nificant when  coupled  with  the  liatient's  general  condi- 
tion and  the  liislory  of  the  case. 

The  alTi'ction  is  most  common  on  the  left  side — its  im- 
mediate cause  being  an  obstruction  at  the  oriti('e  of  the 
duct;  the  conditions  leading  (o  the  latter  occurrence  are 
vai'ious.  It  is  very  common  in  newly  married  women 
and  ill  prostitutes,  which  fact  tends  to  show  its  freiiuent 
origin  in  a  sort  of  traumatism  due  to  excessive  coitus. 
Gonorrhcea.  also,  may  readily  give  rise  to  it,  or  any 
catarrhal  alTcction  of  the  vulva,  including  eczema.  Be- 
sides, the  urine  may  be  of  so  iri-itatingai|uality  as  readily 
to  set  up  (piite  enough  irritation  at  the  mouth  of  the  duet 
to  lead  to  obstruction.  Another  cause  mentioned  by 
writers  is  the  encroachment  of  condylomata  tipon  the 
0])ening  of  the  duct. 

This  form  of  disease  tends  to  induce  acute  inllamma- 
tion.  and.  if  this  does  not  occiu-.  it  is  prone  to  relajise. 
The  swelling  is  not  always  painful  in  itself,  but  it  con- 
stitutes a  certain  impediment  to  coitus,  and  is  always  a 
source  of  annoyance  to  the  jiatient. 

Very  commonly  the  retiiined  seerc'tion  may  be  s(|Ueezed 
out  throueh  the  orilice  of  the  duct,  and  in  some  instances 


no  further  obstruelion  takes  place  for  a  considerable 
length  of  time.  In  general,  however,  dilatation  by  means 
of  gi-aduated  pi'obes  is  recpiired.  If  this  |iroves  ineU'ect  ual 
or  tuiusually  dillicult.  it  is  best  to  cut  into  the  swelling 
and  pass  the  piobes  from  the  woiunl.  In  this  case  Ihe 
cavity  slioidd  be  dressed  antiseiitically.  When  repeated 
relapses  occur,  a  portion  of  the  wall  may  be  cut  out  and 
the  remainder  of  the  ciivity  cauterized,  with  a  view  of 
inducing  suppuration  and  oblitenition.  Tincture  of  io- 
dine or  nitrate  of  silver  will  usually  answer  the  pur[)ose, 
but  in  si  ubborn  cases  good  results  have  been  .secured  with 
chloride  of  zinc. 

l)ec|)er-sealed  retention  cysts,  due  to  obstruction  of 
the  radicles  of  the  duct  within  the  gland  itself,  are  much 
less  ctmninm.  In  some  instances  they  reach  a  very  great 
.size,  extending  down  on  the  ])erineum  and  up  b}'  the 
side  of  till'  vagina,  so  high  even  as  to  ju'ess  the  uterus 
out  of  its  naluial  situation,  and  they  may  be  compliealed 
with  an  effusion  of  blood  into  the  cavity.  In  tlieir  trcat- 
mcnl.  it  is  best  to  remove  tlie  entire  gland  and  its  duct. 

True  inllannnalion,  eitlier  of  the  gland  or  of  its  duct, 
commonly  ends  in  sup|iuralion,  and  ihe  pain  is  a])t  to  be 
severe,  with  some  constitutional  read  ion.  The  ab.scess 
usually  breaks  on  the  inner  side  of  the  labium,  giving 
e.xit  to  dirty,  stinking  pus.  It  is  to  be  treated  like  ordi- 
nary absces.ses ;  at  fii'stwith  poultices,  and,  when  Huetua- 
tion  is  evident,  by  means  of  a  free  opening.  ])referably  on 
the  inner  asjicct.  and  the  cavity  should  be  sluffcd  with 
aiitiseiitic  gauze.  When  the  abscess  is  left  to  itself  sev- 
eral opeiiinas  may  form,  fistulous  tracts  may  remain  for 
a  long  time,  iuid  luidermiuing  may  occur,  as  with  buboes. 
These  features  call  for  the  same  treatment  as  in  other 
jiai'ts  of  the  body. 

Pain  and  hypera'Sthesia  of  the  gland  are  said  to  be  the 
occasional  result  of  the  repeated  discharge  of  itssecretion, 
in  consequence  of  erotic  dreams.  Fi-nnk-  P.  Fimter. 

BARTLETT  SPRINGS  —Lake  County.  California. 

Post  Okhck. — Uartlcit  Springs.     Hotel. 

Access. — Since  May  \.  1892.  the  s|)rings  are  reached 
from  San  Francisco  by  two  routes.  p''irst,  via  San  Fran- 
cisco and  Northern  Pacitie  Railroad.  Leave  San  Francisco 
by  the  Tiburon  Ferry,  arriving  at  Pieta  at  11:50  a.m. 
Thence  by  stage  to  Laki'iiort,  arriving  4:  1.")  i>.  m.  Thence 
by  steamer  i'itij  <;/'  l,iil,<pi>rt  across  Clear  Lake,  disem- 
barking at  Bartlett  station  at  .");4.')  r.M.  Thence  by  a 
second  six  in  hand  stage  to  springs,  arriving  at  8  p.m. — 
a  beautiful  and  iiieturesque  route  throughout.  Second, 
leave  San  Francisco  via  Oakland  Ferry,  8  a.m.,  arriving 
at  Colusa  Junction  at  1 ;  25  p.m.  Change  to  Colusa  Rail- 
road. A  ride  of  forty-five  minutes  brings  the  visitor  to 
Bites  at  2: 10  p..m.  Thence  take  Jliller  and  Long's  stage- 
coach thirty-tive  miles  to  springs,  arriving  at  !)  p.m. 

These  springs  have  been  known  for  upward  of  twenty- 
five  years  and  have  become  widely  imled  as  a  health 
resort.  Xo  more  ]iure  and  invigoralinjr  climate  can  be 
found  than  that  of  Lake  County  ;  and  Ihe  Bartlett  sjirings, 
being  located  in  a  canon,  wi(h  hinli  moiuitains  on  the 
north  and  south,  arc  jiarticularly  well  located  to  resist 
sudden  changes  of  tem])erature.  The  thermometer 
shows  a  mean  of  8.5°  F.  in  the  summer  and  is  never  below 
20°  F.  in  the  winler;  the  elevation  is  twenty-three  hun- 
dred feet  above  the  sea  level,  and  the  surrounding  scenery 
is  grand  and  ins]iiriiig.  On  (he  springs  property,  consist- 
ing of  eight  hundi'ed  acres,  can  be  found  hundreds  of 
mineral  springs,  no  two  Iniving  exactly  the  siuiie  com- 
position. The  following  analysisof  the  principal  spring, 
by  Mr.  George  E.  Colby,  shows  an  alkaline  carbonated 
water  of  moderate  strength,  which  possesses,  especially 
in  the  sodium,  calcium,  and  magnesiimi  compounds, 
active  I'emedial  agenls. 

OxK  U.siTKi)  States  Gallo.n  Co.ntai.ns: 

Solids.  Grains. 

Sodium  ehloi-ide 0.50 

Sodlllln  bii  arlninale I.ft5 

PoIa>^iinii  Imarbonale .1^9 

Ma^'nesiiiiii  earbonate i'.03 

Cairium  eiirlxjnate 'M\.\\ 
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Grains. 


Solids. 

Ciikium  iiliftiiilinle "-jtS 

Ciili'ium  sulpliati' "^ 


Irxin  ix>in|Knmds 

Slli™ 

Utliluui 

Bortuiu  oniiionaU' 

SInmllum Trnpi.s 

Borlcacld Traces. 

Orgunk  mattor i  rai^ 


Traces. 
3.47 

Traces. 
.0.5 
.IK) 


Total . 


43.34 


Cubic  inches. 

24.21 

.  Faint  trace. 

54°  F. 


Uases. 

Free  carltonic  acid 

.\ninionia 

Teniperatuiv  ot  water 

Dr.  AVinslow  Aiidcrson'.s  analysis  shovv.s  slightl.v  more 
solids  |HT  a-allon  ami  a  soiiii'wliat  siiiallcr  proportion  of 
carbonic  acitl.  Tliere  ai'O  otlier  well-known  springs  here, 
iucludinii  the  "Soda,"  "Iron,"  "Sweet,"  and  "Gas" 
spriii'is.'"  .V  feature  of  great  interest  in  the  neighborhood 
is  the'gas  tunnel,  running  eighty  feet  into  the  mountain- 
side. A  large  Uow  of  carbonic  acid  gas  issues  steadily 
front  the  mouth  of  the  tunnel.  It  rises  to  a  height  of 
eisrhteen  feet  above  the  ground  and  by  force  of  gravity 
r()lls  down  the  niountiiiii-side  in  consideiuble  volume. 
JIany  small  animals  and  reptiles,  including  birds,  squir- 
rels." lizards,  etc.,  in  trying  to  cross  its  path  become 
a.sphyxiated.  Skeletons  "of  some  of  the  victims  may  be 
seen  "for  (piite  a  distance  from  the  tunnel's  mouth.  The 
waters  of  Bartlett  Springs  ai-e  highly  recommended  in 
chronic  rheumatism,  gout,  sciatica,  calculous  diseases, 
dyspepsia,  and  chronic  alcoholism.  They  are  bottled 
aiui  have  an  extensive  sale  on  the  Pacific  coast. 

James  K.  Crook. 

BASEDOW'S  DISEASE.     See  Exophthnlmic  Goitre. 

BASIL  L. — (fam.  LdhijiUe.)  OciimimSasilicinnh..  the 
common  garden  basil,  is  an  annual  Asiatic  mint,  culti- 
vated in  kitchen  gardens  in  Europe  and  America.  It  is 
from  30  to  50  cm.  high,  with  branched  quadrangular 
stems,  and  ovate  or  oblong  serrated  leaves.  The  flowers 
are  usually  in  clusters  of  six,  with  an  irregular  calyx, 
having  the  upper  lobe  large,  ovate,  and  decurrent.  The 
corolla  tube  is  very  short;  the  stamens  four,  and  declined. 
In  fruit  the  calyx  is  reflexed.  The  plant  has  a  mint-like 
and  agreeable  odor.  The  drug  consists  of  the  dried  herb, 
and  consequently  answers  to  the  above  description.  It 
contains  about  one  and  a  half  per  cent,  of  essential  oil, 
consisting  mostly  of  a  stearoptene,  basil  camphor,  which 
readily  crystallizes  in  the  oil  upon  .standing  in  the  cold. 

The  use  of  basil  is  culinary  rather  than  medicinal :  it  has 
the  carminative  qualities  of  the  order,  and  may  be  used 
for  the  same  general  purposes.  Its  chief  use  is  as  a 
flavor.  Dose  of  an  infusion,  ad  libitum  ;  of  the  oil,  from 
2  to  5  dgm.  (0.2  to  0..5  gm.  =  tTi.  iij.  to  viij.). 

W.  P.  Holies. 

BASSIA  OIL.     See  Palm.  Oil. 

BATH,  ENGLAND.— A  town  of  53,761  inhabitants, 
beautifully  situated  in  the  valley  of  the  Avon,  on  the 
slopes  of  surrounding  hills,  one  hundred  and  seven  miles 
southwest  from  London.  Bath  has  been  a  town  of  much 
reputation  for  its  thermal  springs  ever  since  the  days  of 
the  Roman  occupation,  and  extensive  Roman  reiuains 
still  exist  there.  Throughout  Engli.sh  literature  frequent 
mention  is  made  of  Bath,  and  it  lias  had  various  vicissi- 
tudes of  fortune;  having  been  at  one  time  one  of  the 
most  fashionable  watering  jjlaces  of  England,  and  then 
degenerating  into  a  (piiet  and  somewhat  neglected  resi- 
dential town  for  retired  and  invalided  officials.  Quite 
recently,  however,  the  reputation  of  the  place  has  again 
been  rising.  Owing  to  its  sheltered  position,  being  sur- 
rounded by  hills,  Bath  affords  an  excellent  wintei"  resi- 
dence, and  a  course  of  treatment  can  be  taken  at  anv 
sea.son  of  the  year;  although  Mtiy,  September,  aud  Oc- 
tober are  considered  t  lie  best  months. 

The   following   meteorological    data  are   taken   from 
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"Climates  and  Baths  of  Great  Britain."  1895.  to  which 
the   writer  is  indebted  for  the  facts  contained  in  this 
article : 
Observations  for  20  Years  (1866-1885).    (Fahrenheit  Scale.) 


Spring  . . 
Slimmer. 
Autumn. 
Winter . . 


48.4° 
60.3 
.1(1.7 
41.4 


Highest. 


51.2° 
63.5 
52.3 
48.3 


45.8° 
.58.1 
48.5 
36.4 


Range. 


5.4° 

5.4 

3.8 


Thirteen  out  of  twentj'  winters  had  a  mean  temperature 
above  40°  F.  The  mean  annual  rainfall  was  33-[-  inches. 
Autumn  is  the  wettest,  and  spring  the  driest  season. 
The  thermal  waters  are  derived  from  three  springs:  the 
Hot  Bath,  of  130°  F. ;  the  King's  Bath,  of  117°  F. ;  and 
the  Cross  Bath,  of  104°  F.  They  are  the  hottest  baths 
of  any  in  Great  Britain,  those  of  Buxton  coming  next. 
The  waters  come  under  the  head  ot  "simple  thermal," 
aud  the  analysis,  according  to  Mr.  Attfield,  is  as  fol- 
lows : 


One  Imperial  Gallon  Contains: 


Grains. 


Solids. 

Calcium  carbonate - 7.85 

Calcium  sulphate 94.11 

Cak'ium  nitrate 5ft 

Magnesimii  carbiinate 56 

MajriiHsiuiu  chloride  15.24 

Soiliuin  '•liloride 16.19 

Sodiuin  sulphate 23.16 

Potassium  sulphate 6.70 

Ammonium  nitrate 1.06 

Ferrous  carbonate 1.23 

SiUea  carbonate  - 2.71 

Total 168..36 

Traces  of  rubidium,  lithium,  and  strontium. 

Dissolved  gas 
per  imp.  pints. 

Oxygen 0.74 

Nitrogen 4.60 

There  are  various  establishments  for  the  application  of 
these  waters:  (1)  The  King's  and  Queen's  Public  and 
Private  Baths  adjoining  the  Grand  Pump  Room;  and 
adjoining  the  King's  Bath  is  the  Roman  Bath.  (2)  The 
Royal  Private  and  Hot  Biitlis.  The  hot  bath  here  is  an 
open  one  holding  7,570  gallons.  (3)  The  New  Royal 
Private  and  Swimming  Baths  attached  to  the  Grand  Pump 
Room  Hotel.  (4)  The  Cross  Bath,  a  cheap  public  one. 
All  these  establishments  belong  to  the  corporation  of  Bath. 

In  connection  with  these  baths  provisions  are  made  for 
giving  the  "  masstige  douches  "  like  those  at  Aix-les-Bains, 
reclining  douche  baths,  BerthoUet's  local  vapor  baths, 
the  "Scottish  douche,"  sitz  baths,  and  various  sprays  and 
pulverizations  for  nasal  and  faucial  troubles.  There  is 
also  the  umbrella  spray  chambtT  wherein  strong  but  thin 
streams  of  hot  mineral  water  play  u])on  a  metallic  dome 
and  are  pulverized.  The  room  in  consequence  becomes 
filled  with  a  sort  of  mist,  and  is  used  for  patients  suffer- 
ing from  chronic  catarrli  of  the  respiratory  passages. 
There  are  also  swimming  baths  of  various  temperatures. 

Originall}'  the  general  method  of  using  the  waters  ex- 
ternally was  by  immersion  in  deep  cisterns,  the  patient 
standing  in  them  covered  with  water  up  to  his  neck. 
Covered  in  this  fashion  he  could  move  about  to  promote 
flexibility  of  the  joints.  These  immersion  baths  are  still 
in  vogue,  the  temperature  varying  from  9.S°  to  104°  F. 
There  are  other  baths  arranged  for  patients  in  a  reclining 
instead  of  an  erect  position,  and  also  iirrangements 
whereby  helpless  patients  can  be  lo^^■ered  into  the  water, 
like  the  impotent  man  at  the  pool  of  Bethesda.  A  foun- 
tain in  the  Grand  Puinji  Room  supplies  water  for  drink- 
ing, the  amount  usually  drunk  being  from  four  ounces 
to  half  a  pint  twice  a  day. 

"  Speei;il  virtue  is  claimed  for  the  Bath  treatment  in 
disea.scs  which  involve  the  articular  struetuivs  (chronic 
rheumatism),  and  suiferers  fnini  siicli  dise:ises  coiislilute 
a  very  large  proportion  of  the  patients  who  seek  relief  at 
Bath.''    In  gout  and  gouty  affections  the  Bath  treatment 
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appears  to  be  especially  eflifaeious.  Iiianieinia.netiraliriii. 
and  nmiiy  diseases  of  llie  skin  it  is  of  unddulilcd  value. 
It  is  also  used  in  various  olher  maladies,  as  llin.se  of  the 
disrestive,  respiralciry,  and  nervous  systems.  It  is  conlra- 
iuilicaled  in  all  acute  diseases  with  liijih  lemperature.  iu 
pulmonary  alTi'clions.  in  tuberculous  allectious  of  the 
joints.  !ind  in  heart  disease. 

'I'lie  aeeommodations  are  abundant,  varied,  and  ^u'ood. 

From  a  personal  visit  the  writer  eau  attest  to  the  at- 
traetiveness  of  liath  as  a  place  of  temporary  residence; 
its  siluation.  as  has  l)een  said,  is  beaut il id.  and  the  city 
itself,  with  its  crescents  and  terraces,  its  abliey  chiircli 
and  its  tine  Victoria  Park,  and  all  its  interestiii;;  history, 
has  much  to  divert  one.  There  ari'  al.so  pleasant  c.\ciir- 
sions  ill  the  neighborhood.  Kdinirii  ().  (Itix. 

BATH  ALUM  SPRINGS.— liath  County.  Virginia. 

I'osi  (d- 1  K  i:.-    li.ilh  Alum.     Hotel  and  cotta.ijes. 

This  resort  is  sit.uated  midway  between  ^Millboroon  the 
main  line  and  Ilot  Springs  on  the  valley  branch  of  the 
Clie.saiieake  and  Ohio  Hailroad.  being  ten  miles  from 
either  point.  The  location  is  at  the  base  of  Worm  Spriniis 
Mountain  in  a  rugged,  broken  section  of  country.  The 
weather  during  the  season  from  ilay  to  November  is  cliar- 
acteristi<'ally  clear,  liraeing,  and  delightful,  witli  few  dis- 
agreeable days.  The  springs  are  five  in  number.  We 
present  the  following  analysis  of  Spring  No,  2.  which  is 
fairly  re|)reseutativeof  the  group,  by  Prof.  W .  Jf,  Taylor: 

O.NE  United  states  Gallon  Contains  : 

Soliiis.  (trains. 

Sodiinii  siiliiliate l.i:{ 

Caleiuni  sulptiate 1.71 

LilliiuiM  sulpliiiic Trace. 

MainiesiuiH  sulpttate .4f» 

Polassiuiii -sulpiiate .84 

Aluliiiliuin  siiIptiaTf rifl.tW 

AriillioniiMn  siilptiate Tmee. 

MaiiL'anesc  sulphate ,tU 

In.ii  P'-isiilIiliatc 2t>.rs 

Sodiiiiii  eliliiriile II 

Silira Lift 

Sulpliurie  aeiti ->H 

Total (la.as 

Spring  So.  1  contains  4.('>5  cubic  inches  of  carbonic 
acid  ,gas  per  rnited  States  gallon. 

It  will  be  seen  that  thc^  waters  are  strongly  aluminous 
and  chalybeate  with  a  fair  ]iroportion  of  free  acid.  They 
are  astringent  and  tonic  in  their  cll'ecls.  Thus  they  have 
been  found  useful  in  chronic  disorders  and  rcla.xed  con- 
ditions o(  the  mueous  membranes,  in  skin  diseases,  anil  in 
general  debility.  ./.  A'.  Cmol,-, 

BATTEYS  OPERATION.     See  i)e,iri<,t.,nnj. 

BAYACURU.— The  rout  id'  Ktntirc  limxiliniKls  Hoiss. 
(fain.  l'liiiiihii;ii'iiiifnv).  a  seashore  plant  of  the  southern 
Atlantic.  Containing  twelve  and  one  half  per  cent,  of 
tannin,  tliis  is  a  valuable  astringent.  There  is  no  good 
authority  for  its  u.se  in  other  directions. 

//.    //.    Huxh;/. 

BAYBERRY.— ('/»(/W«'r;v/.  Wn.r Mi/rlh .  Thesis  names 
and  various  aboriginal  and  foreign  ci|iiivalents  are  ap- 
plied to  various  siiccies  of  the  peculiar  genus  Mi/iir,! 
(fani.  Mi/r/fiircii).  but  especially  to  the  .V.  ivn'fii-n  L.. 
a  very  alunidant,  medium  sized  shrub  growin.g  on  and 
near  the  Atlantic  coast  of  the  I'liitcd  States.  Its  leaves 
are  strongly  and  very  |i!easantly  fra.grant,  and  have  lieen 
u.sed  for  their  aromatic  stimulant  properties.  The  bark 
contains  a  considerable  iiercentage  of  tannin,  as  well  as 
a  small  amount  of  the  volatile  oil,  some  resin,  and  an 
ainaroid.  It  has  been  considerably  used  in  ni  x.\.\.  doses 
as  an  astringent  and  tonic  and  also  locally  for  its  astrin- 
gent effects.  The  fruits  arc  thickly  coated  with  wax.  so 
as  to  impart  a  conspicuous  bluish-white  color  to  them, 
and.  through  their  abuiidance.  to  the  entire  jilant  when 
iu  th('  leafless  state.  This  wa.v  has  been  removed  and 
has  found  its  way  more  or  less  into  commerce. 

//.   //.   /i'".v/y?/. 
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BAY  LEAVES.— Under  this  name  three  distinct  leaves 
ha\e  conic  III  be  known.  One  of  tliein.  the  Cherry 
Ijaurel  —  I'riuiii.i  Lii'i ro-Co-nsiis  L.  (faiu.  Himnrui) — is  to 
be  regarded  i|uile  as  a  s|nirioiis  article,  with  com]iosition 
(yii'lding  priissic  acid)  and  properties  (|uite  distinct. 
These  leaves  are  about  six  inches  long,  sharjilv  serrate, 
have  one  or  more  pairsof  depressed  glands  near  the  stem 
on  the  under  side,  yield  the  bitter  almond  odor  when 
macerated,  and  have  the  same  taste.  Both  of  the  others 
proiicrly  bear  the  name,  and  they  agree  closely  iu  com- 
position and  jiropertics.  The  Royal  Bay,  or  Euro|iean 
laurel,  is  the  leaf  of  LiniriiK  nnhilis  L.  (fain.  LiiiirKfcii). 
It  is  usually  less  than  four  inches  in  length,  oblong,  acute 
at  both  I'lids.  obtusish.  very  thick,  pale  green,  entire,  but 
with  the  margin  peculiarly  crisped  or  wavy  at  right 
angles  with  the  surface.  It  lacks  the  large  basal  glands 
of  the  last,  as  well  as  its  liilter-almond  odor  and  taste. 
This  is  the  leaf  usually  used  as  bay  in  cooking.  The 
third,  our  ofiicial  bay  leaf,  or  wild  clove  h'af,  is  from 
Miliriii  iirrix  D.C.  {lam.  Mjiiiiirin),  and  yields  the  oil 
a  de.scri]itiiiii  of  which  follows.  These  leaves,  about  as 
long  as  the  last,  are  twice  as  broad.  They  are  of  a  dark 
green  or  brown,  somewhat  glossy,  rather  thin,  and  have 
very  numerous,  line,  straight  parallel  secondary  veins. 

11.  If.  liiishi/. 

BAY,  OIL  OF.— Oi.KVM  Mvnci.K.  "A  volatile  oil  dis- 
tilled from  the  leaves  of  Mi/rria  arris  D.C.  (lam.  Jfi/r- 
liirnr)"   (U.  S.  P.). 

The  oil  is  usuall.y  distilled  in  tlie  West  Indies,  and  im- 
ported into  the  United  Stales  iu  bottles,  although  of  late 
an  increasing  quantity  has  been  distilled  from  the  dried 
leaves,  imported  here.  The  oil  thus  obtained  is  not  quite 
so  bright  and  fragrant  as  the  best  imported,  but  is  much 
better  than  the  comiiioii  grades.  Oil  of  bay  is  thus  de- 
scribed iu  the  Phariiia<-o]iieia;  "It  is  a  brownish  or  dark 
brown  liquid,  of  an  aromatic,  somewhat  clove  like  odor, 
a  pungent,  spicy  taste,  and  a  slightly  acid  reaclifin. 
Siiccitic  gravity  about  0.975  to  O.'.l'.KI. "  It,  is  a  mi.xture 
of  light  jiydrocarbons  with  CNf/eini/.  (see  Cloven). 

Its  medicinal  ((ualities  are  those  of  the  stimulating  oils 
in  general  (allspice,  cajuput.  cloves,  etc.).  but  it  is  only 
employed  as  a  grateful  perfume.  Bay  rum.  which  is  the 
form  iu  which  it  is  generally  used,  was  originally  made 
by  distilling  rum  from  the  fresh  leaves  and  branches. 
But  this  imported  ]icrfiime  is  now  generally  substituted 
by  a  simple  solution  of  the  oil  iu  cologne  spirit  or  al- 
cohol, flavored  or  not  according  to  the  taste  of  the  manu- 
facturer. As  it  is  considerably  used  about  the  sick,  a 
formula  is  furnished  by  the  Pliarinacopieia,  as  follows; 
"Spiritus  JIyrcia\  oil  of  inyrcia,  Iti  parts;  oil  of  orange 
peel,  1  part;  oil  of  pimento,  1  part;  alcohol,  l,2'2(lpar(s; 
water,  a  sutlicjiiil  i|Uanlity-"  IU.  7'.  lidllia. 

B.  B.  MINERAL  SPRINGS  —Pike  County.  Missouri 

Post-Okfick. — Bowling  (irceii.  Hotels,  etc..  in  Bowl- 
ing Cireen. 

Access. — Via  Chicago  and  Alton  and  St.  Louis  and 
Hillsliorough  Bailroad  to  Bowling  Green. 

These  springs  are  two  in  number.  They  do  not  ap- 
pear to  be  used  extensively  as  a  resort,  but  their  waters 
are  widely  sold  in  the  Western  States.  The  following 
analysis  was  made  in  1S,S7  by  Dr.  P.  Schweitzer.  Pro- 
fessor of  Chemistry  in  the  Missouri  State  Univensity ; 

(INK    t MTKl)  states  GALLON   f'ClNTAINS  : 

Solids.  Gmiiis. 

Maunesiiun  siilpliau^ ■• Ci>!l.47 

Socliiuii  sulpliate til.lU 

Cali-ilim  sulpliate .s(l.I7 

.Muiniiiuiii  sulphate ls.:il 

Silica S.liii 

Lithiiiiii  chlonde ;-tl 

Total «'!.!« 

This  is  a  very  strong  .sulphated-saline  water,  with  ex- 
cellent purgative  properties,  containiii,g,  as  il,  does,  the 
sulphates  of  both  magnesia  and  soda.  .\s  a  laxative  it 
is  recoiiuuended  in  wineglassfiil  doses  at  bedtime,  the 
stomach  being  em]ity.      Il  is  s;iid  to  pos.sess  tonic  ctTcets 
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when  taken  in  \vine?:las.sful  doses  or  less  after  eacli  meal. 
■\Vlion  healed  and  used  lor  bathing  it  is  valuable  in  rlieu- 
niatism.  James  K.  Crook. 

BDELLIUM.— The  bdelliums.  for  there  are  two  varie- 
ties, are  iruiii  resinsof  the  frankincense  type,  from  at  least 
two.  i>roliablv  several  speeies  of  Jiiil/utinea.  'I'lie  East 
Indian  bdellium  is  reputed  to  eouie  from  Buliiiintv 
(HiitsunuMUiidrnn)  Miik'il  Engl. ;  that  of  Africa  from  11 
afrimna  Enijl.  (fani.  Biirwrnrea-).  The  latter  is  the 
variety  official  in  France:  neither  is  so  in  any  other 
countrv.  . 

Bdel'lium  resembles  myrrli  in  appearance  and  qualities. 
It  is  in  small  yellowisli  or  nddisli  lirown  tears,  or  .some- 
times in  larger  masses;  transparent,  fragrant,  brittle.  It 
softens  between  the  teetli,  and  crackles  in  the  flame. 
The  odor  and  ttiste  resemble  those  of  myrrh,  but  are 
weaker.  It  contains  about  si.vty  per  cent,  of  renin,  be- 
tween thirty  and  forty  of  r/iim.s.  mostly  bassorin,  and  one 
or  two  of  will  til  f  oil. 

Bdellium  is  a  mild  local  stimulant  like  myrrh,  of  which 
it  is  almost  an  exact  duplicate,  tliougli  inferior.  It  is 
sometimes  used  as  an  adulterant  of  myrrh  It  is  now 
and  then  used  in  Europe  iu  plasters.  11'.  F.  Bidles. 

BEALL  SPRING.— Warren  County.  Georgia.  Hotels 
and  cottages. 

Access. — Via  Macon  and  Augusta  Railroad  toAVarren- 
ton,  thence  by  hack  line  to  springs.  Location  eight  miles 
south  of  Warrcnton.  This  spring  was  discovered  in  the 
earl}'  part  of  the  present  century,  and  some  rude  improve- 
ments were  made  as  far  back  as  182.").  The  following 
qualitative  analj'sis  gives  the  principal  ingredients  of 
the  water; 


Solids. 
Calcium  carbonate. 
Potjtssium  carbonate. 
Iron  carbonate. 
Sodium  carbonate. 


Gases : 


Potassium  sulpbate. 
Magnesium  sulpbate  (trace). 
Silica. 

Orixaiii<-  nuitter  combined  witb 
sulpbur. 
Hydrogen  sulphide,  small  quantity:  carbonic  anliydride. 


Sulphureted  hydi'ogcn  m:iy  be  considered  the  most 
important  ingredient.  The  combination  f)f  ingredients 
gives  the  waters  many  of  the  advantages  of  three  promi- 
nent classes  of  spring  waters,  viz.,  the  sulphureted,  the 
chalybeate,  and  the  calcic  waters.  The  flow  of  water  is 
about  one  gallon  per  minure.  The  spring  is  located  on 
an  eminence,  and  is  surrounded  by  a  fine  grove.  The 
improvements  are  not  extensive,  consisting  of  a  small 
hotel  and  a  few  cottages.  J.  K.  C. 

BEARBERRY.— Uv.\  Uusi.  "The  leaves  of  Areio- 
Ktaphylus  Urn  Ursi  (h.)  Sprengel  (f,-iui.  Kriaimi-)."  (U. 
S.  P.). 

This  little  gregarious,  evergreen  .shrub,  with  reclining 
or  creeping  stems,  and  stiff,  shining,  green  leaves,  is  at 
home  on  the  dry  hills  ano  jilains,  as  well  as  sandy  barrens 
near  the  coast,  in  the  colder  parts  of  the  entire  north 
temperate  zone. 

The  leaves,  the  part  used,  are  ncai-ly  sessile,  about  2 
cm.  (four-tifths  inch)  in  length;  niii'i-owly  obovale  or 
spatulate,  with  entire,  slightly  revolute  nuii-gins.  They 
are  very  thick,  dark  green,  and  shining  above,  iJale  greeii 
underneath.  The  dried  leaves  preserve  their  color  well ; 
they  have  a  faint,  herby,  or  tea-like  smell,  and  a  not  un- 
pleasant bitterish  astringent  taste. 

Um.  ur-ti  contains  both  tuiiiiir  and  (idllic  iirirlx — the 
former  in  large  quantity  ;  iilso  cricoliii.  to  which  part  of 
its  bitterness  i.s  dne,  tirnon,  arhiilin  and  inHhyl  arbuliii. 
(For  the  characters  and  properties  of  these  substances  see 
Mricaced".) 

Uva  ursi  has  the  mildly  stimulating  and  anti.septic 
diuretic  action  of  arbutin,  and  is  ratho- exten.sively  used. 

Dose  of  uva  ursi.  from  a  to  4  gin.  (  3  .ss.  to"  i.),  or 
more  if  the  digestive  oi-gans  are  not  disturbed  by  it. 
There  is  an  oltlcial  fluid  extract,  as  well  as  an  extViict. 
but  thedecoclion  is  probably  ;i  better  form  of  adminisliji- 
tion.  Aibutiii  is  fi-c(|ii(nllv  used  instead,  in  Hright's 
disease,  in  doses  of  U.l.">  to  ()."">  gm.  {gr.  iiss.  to  viij.j. 


Arrtosliiji/ii/lo.s  fflauea,  a  "West  American  species,  with 
l.ii-ger  roundish  leaves,  has  similar  (lualities,  and  also 
contains  orbiitiii.  II.  II.  liuaby. 

BEARSFOOT.— The  root  of  Poh/mnia.  I'redaiia  L., 
(f;ini.  I'diiiiuisitit).  a  very  coarse  perennial  herb,  common 
through  most  of  the  United  8tate.s.  The  alterative 
properlies  claimed  for  it  :ireof  the  most  vague  character, 
and  we  have  no  good  authority  for  its  u.se. 

n.  II.  Rushy. 

BECKS     HOT     SULPHUR     SPRINGS -Salt     Lake 

Countv.  Utah. 

PosT-(JPFiCE.— Halt  Lake  City.     Hotel. 

This  is  a  well-known  pleasure  and  health  resort  of 
Salt  Lake  City.  It  is  titted  wilh  a  sanitarium,  bath- 
houses, swimming  pool,  hotel,  restaui'ant,  etc.  The 
water  has  a  natural  temperature  of  128°  F.  The  fol- 
lowing analysis  was  made  by  Professor  Hirsching,  of  the 
Salt  Lake  ^Mining  Academy; 

O.NE   r.XITEU  ST.^TES  GALLO.N   CONTAI.N'S: 

Solids.  Grains. 

Sodium  carbonate 14.6,3 

Sodium  sulphate 14(1.96 

Magnesium  sulphate 26.87 

Potassuuii  stili»liale 10.61 

Sodium  clil. indf 598.33 

Potassi((m  rliloride 8.45 

Maenes[(li(i  chlncide 7.28 

Cah-iuui  ihluridc 6..53 

Ci(  Icium  carbonate 23.61 

Magnesium  carbonate 5.8S 

Iron  carbonate 46 

Sodium  borate 23 

Calcium  borate 12 

Silica 1.33 

Undetermined -      3.67 

Total 84S.85 

Sulphureted  hydrogen  gas,  large  ciuantities ;   carbonic  acid  gas, 
large  quantities. 

In  the  authors  work  on  "Mineral  "Waters"  this  is 
classified  as  a  muriated  and  sulphated  saline.  Although 
heavily  mineralized,  it  is  perfectly  clear,  and  when  taken 
cold  is  entirely  palatable.  It  has  a  diuretic  and  cathartic 
influence  when  used  internally.  The  baths  here  are  said 
to  be  highly  efficacious  in  chronic  metallic  poisoning, 
tertiary  syphilis,  obstinate  rheumatism,  gout,  and  skin 
affections.  Jiimes  K.  Crook. 

BEDFORD  ALUM,  IRON,  AND  LITHIA  SPRINGS.— 

Cadipbi'll  ( 'ixiuty .  \irL;iiii;i. 

Post  Office. — Bedlord  Siirings.      Holel. 

Access. — Via  Norfolk  and  Western  Railroad  to  Forest 
Depot,  thence  four  miles  by  private  conveyance  to 
springs.  Also  via  Virginia  Midland  Railroad  to  Lawyer's 
Depot,  thence  four  miles  by  carriage  to  springs. 

These  springs  are  located  within  a  few  hundred  yards 
of  Bedford  Village,  one  of  the  ancient  historic  spots  of 
the  Old  Dominion,  still  redolent  with  memories  of  Patrick 
Henry,  John  Handdlph  of  Roanoke,  Thomas  Jefferson, 
and  other  great  Virginians  of  bygone  days.  The  healthy 
nature  of  the  location  is  attested  by  the  longevity  of  the 
inliabitants,  ])er.sous  of  threescore  and  ten  and  over  being 
almost  a  rule  instead  of  a  rare  exception.  The  landscapes 
about  the  springs  are  of  great  beauty  and  interest.  The 
peaks  of  Otter,  twenty  miles  distant,  may  be  seen  raising 
their  lofty  crests  to  an  altitude  of  four  thou.sand  feet 
above  the  sea.  The  Natural  Bridge  is  no(  far  distant, 
and  Lynchburg,  a  city  of  20,000  inhabitants,  is  within 
ten  miles.  The  location  of  the  springs  is  about  thirteen 
hundred  feet  above  the  sea  level,  and  the  avei-au:e  sum- 
mer temperature  is  iW  F.  The  following  analysis  of  the 
w:iter  was  made  in  1ST7  by  Prof.  AL  B.  Ilardin,  of  the 
Virginia  Jlililary  Institute; 

ONE  rxiTEP  States  Gallon  Contains; 
Solids.  Grains. 

Copper  siilphatJ' 06 

Iron  protosulphatiM  ferrous) .'>9 

lixm  persulphate  ( feTTic> 19.28 

Aluiniuuni  sulphate 34.18 
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Uili'lliiim. 
Uedlurtl  Springs. 


Solids. 
Manpinp,sp  sulphate  . 

Zinc  siilphjitc 

Nirki-1  stiliphale 

c.rliMlt  suliihate 

Calciiiiii  .'iuiphatf  . . . . 
MairiH'siimi  siilphalp 
rotassiuin  siilplialt*.  . 

SodiiMU  sulpliate 

LilliiuTri  sulphate 

.^iilphurlo  acul 

Sihca ,,    

<  alciiim  phiispliatf... 
Ma^'ncsillln  llllratf... 
Auimnnium  nilrau* . . 

Soilliiin  ohlnritle 

Calciimi  lliiohde 

Orjranu^  matUT 

Total . . 

Ga.sos. 

Carliiinic  acid 

o.xywn ,.... 

N'itnigi'U • '. 


Grains, 
.li) 
.1)7 
M 
.0; 
4.a) 

ia..T.s 

.71 


.•M 
4.01 
l.tM 

.:» 
.as 
.•n 

.20 
. .  Traco. 


7(1.84 


Total 

Temperature  of  water,  48°  to  .511°  F. 


11.(13 


This  water  is  un  iicid  chalybeate  with  altmiiuous 
jjiopertics.  The  effects  of  the  water  are  tonic,  alfeia- 
tivc.  (liiiretic,  and  somewhat  astringent.  In  smjil!  doses 
internally  it  has  been  found  useful  in  diarrheal  disordeis. 
In  larger  quantities  it  has  an  ajierieut  effect.  It  is  used 
in  a  wide  range  of  diseased  conditions.  The  sining 
water  as  well  as  the  evaporated  residue  (the  "Bedford 
3Iass")  is  used  coniineicially  and  forwarded  to  any  point 
■tlesireii.     An  excellent  h<ilei  is  maintained  at  tlie  springs. 

•Jaiinx  K.  Criidk. 

BEDFORD  SPRINGS.— Trimble  County,  Kentucl-y. 

Post  <  iKFii  1;. — Bedl'iprd  Sjiriiigs.     Hotel  and  cottages. 

Access. — Via  Louisville  ajid  Cincinnati  Short  line  Rail- 
road to Suliihu relation,  thirly-six  miles  cast  of  Louisville 
and  seventy-one  miles  west  of  Cincinnati,  thence  six  miles 
by  pike  road  to  spiings. 

These  springs  are  located  on  a  high  ridge  between  the 
Ohio  and  Little  Kentucky  rivers.  They  are  three  in 
number,  and  yield  about  three  gallons  of  water  per 
minute.  The  following  qualitative  analysis  was  made 
by  J.  P.  Barnuni,  analytical  cliemist; 

Sodium  chiorifle.  1         So'liuin  sulphate. 

MafruHsiuni  liiearhonate.  Lithium  carhuuate. 

CaU'iuiu  liiearbonate.  \        SutliuTn  c^rbuuate. 

ileaction,  alkaline  to  test  paper. 

The  water  is  recommended  for  diseases  of  the  stomach, 
kidneys,  and  liver,  and  in  gout  and  rlieuraatisra.  It  is 
sold  in  Louisville  by  the  gallon  or  barrel. 

./,  K.  C. 

BEDFORD  SPRINGS— Hcdl'ord  County.  Pennsyl- 
vania. 

Post-office.— Bed  lord.     Hotel. 

Access. — The  Baltimore  and  Oliio  Railroad  transfers 
passengers  at  Cumberland.  Md.,  and  the  Pennsylvania 
Railroad  at  Huntingdon.  Pa. 

The  Huntiiigdon  iind  Broad  Top  Railroad  connects 
■with  Pennsylvania  Railroad  trains  from  the  East  and 
West.  !ind  runs  an  express  train  of  parlor  cars  through 
to  Bedford  without  stop. 

The  Bedl'or<l  Mineral  Spritigs  have  their  source  in  a 
Tieauliful  valley  on  the  eastern  slope  of  the  Alleghany 
]Mouiilains,  at  an  elevatioti  of  ten  hundred  and  eighty 
feet  above  tidewater.  The  location  is  one  mile  aiid  a 
half  south  of  the  old  historic  town  of  Bedford,  the  comity 
seat  of  Be<lford  County,  in  ii  ngiou  noted  for  its  jiui-e, 
invigorating  air,  salubrious  climate,  and  beautiful  and 
varied  .scenery.  The  inedi<-inal  virtues  of  the  springs 
were  known  as  early  as  the  year  1K04. 

Since  those  early  days  the  resort  has  maintained  a 
steady  popularity  with  the  tourist,  pleasure-seeker,  and 
invalid,  and  it  may  to-day  be  ranked  among  the  best  of 
the  many  excellent  summer  watering  [daces  which  the 
•country  affords.     In  addition  to  tlie   numerous  attrac- 


tions of  climate,  scenery,  etc..  the  vi.sitor  will  Iind  a 
veiy  comfortable  modern  hotel,  well  equipped  with  the 
most  recent  improvements,  A  good  oi'chestra  is  main- 
tained during  I  he  season.  The  iiiagnesia  s|)ring  has  been 
mainly  inslruiiicntal  in  giving  the  ]ilaee  its  reputation. 
It  issues  fi'om  an  oiiening  in  the  rock,  about  three  feet 
in  length  and  eighteen  inches  in  width,  and  flows  about 
two  thousand  gallons  of  water  per  hour,  without  inter- 
ruption or  intermission,  the  year  round.  A  recent  ex- 
aniiiiiition  of  the  hitherto  somewhat  neglected  Bowling 
Alley  S])iing  shows  it  to  be  (|uile  as  strong  in  magnesium 
.sails,  while  carrying  less  lime.  We  iire.sent  analyses  of 
these  two  springs,  niaile  in  189.5  by  V'ictor  G.  Bloede, 
analytical  chemist,  of  Baltimore: 

M.\ONESIA    RPKING. 
O.NE   I'MTKIl  STATKS   G.\I,L0X   CONTAINS: 

Solids.  Grains. 

Sodium  carlmnate 2.04 

Sodium  c-iil'iride 72 

Maf^di'sium  >uiphat<' 32.^ 

Mau^ni'^ium  caritonate (>.06 

Pola.ssium  rarlHinale .38 

Cal(?ium  sulpliate 107.80 

LiUiium  chloride 32 

silii-a 25 

Iron  oxide 05 

Alumina 11 

Ammrmia 02 

Nitrate;*  and  nitrites None. 

Total ].'J0.2S1 

Free  carhoiiie  arid 1 .85 

Water  of  crystallization  and  volatile  matter 30.41 

Total 18S.55 

Bowling  Alley  Spring. 
ONE  United  States  (Jallon  Co.xtains: 
Solids.  Grains. 

Sodium  bii-arhniiate 9.70 

Si idium  ihli .ride 1.12 

Magnesium  sulphate 32.96 

MuiriH'siinii  carbonate 5.23 

Calcium  suljiliate 83.20 

Silii'a 1.10 

Iron  oxide 04 

Alumina 09 

Nitrates  and  nitrites None. 

Ammonia Trace. 

Total i;i3.44 

Free  carbonic  acid 2.17 

Water  of  ci'ystallization  and  volatile  matter 37.74 

Total 173.35 

These  analyses  show  very  potent  waters  of  the  sid- 
phated-.saline  and  calcic  variety.  They  are  laxative  in 
small  doses,  purgative  in  larger.  Furthermore,  they 
have  a  considerable  diuretic  intluence,  and  each  contains 
sullicient  iron  to  counteract  the  debilitating  tendencies 
ofleii  met  with  in  waters  of  this  character.  The  Mag- 
nesia S|iring  contains  also  a  small  amount  of  the  chloride 
of  lithium,  which  serves  to  widen  the  sphere  of  its  prob- 
able utility.  The  Bowling  Alley  Spring  is  quite  freely 
charged  with  that  ever- valuable  ingredient  of  saline 
waters,  the  carboniite  of  .sodium,  which  renders  it  very 
useful  as  an  antacid  and  aniifermcntative,  in  addition  to 
its  cathartic  iiroperties.  These  waters  may  be  ciiunted 
upon  to  render  good  service  in  llatulent  dyspei)sia.  func- 
lioual  dislurbaiiees  of  the  liver,  abdominal  engorgement, 
and  chi-onic  coiisti])ation.  They  are  also  highly  rceoni- 
mended  by  many  well-known  physicians  for  .gouty  and 
rheumatic  disorders.  They  iire  used  commercially. 
Thei-e  are  several  other  valuable  springs  in  the  neighbor- 
hood. 

Bl'.I>FOUI)  CriAI.YBKATE    SPHING.   BePKORI)    CoDNTY,    P.\. 

One  t'NiTEo  States  Gallon  Contains: 

Solids.  Grains. 

ralcium  carbonate 8.85 

Majriiesiiini  carbonate 1.20 

Iron  carlionale .44 

Majniesiuui  carbonate Trace. 

So<lium  ciirbonate .-JO 
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Solids. 

I'ouissliiiu  i-arlwnftte 

CaUluin  sulphiiU- 

Caliluin  iiliosplmti' 

S<nllinn  cliUiriilc 

Hv.ln«i'ii  siilpblde Trare. 

Sliii'li- «i-id •         -'J^ 

CarlKUiic  mid  (free) "•°" 


Grains. 

.13 

2.74 

.(B 

12 


Total . 


2(1.29 


The  physiolo.iiic-al  action  of  tliiswalir  tends  to  iiurease 
the  appetite,  promote  th(!  liiiiestion  of  food,  and  im- 
prove the  quality  of  tlie  blood.  The  predominance  of 
the  calcareous  salts  would  seem  to  give  the  water  an 
astringent  and  constipatins  inlluenee.  These  ell'eets, 
however,  have  not  been  oliserved  by  those  who  have  used 
it  freely.  It  has,  in  fact,  .seemed  to  exert  a  mild  laxative 
aetion.aiid  is  furthermore  (luite  an  efficient  diuretic.  Its 
action  resembles  that  of  the  well-known  Bocklet  Springs, 
near  Kissingen,  in  Bavaria.  The  water  is  useful  in  cases 
of  ana'mia,"  general  debility,  and  amenorrha'a,  and  in 
convalescence  from  acute  diseases.  This  water  and  the 
residual  salts  obtained  by  evaporation  are  used  commer- 
cially; an  extract  and  an  ointment  are  prepared  from  the 
latter.  Jaims  K.  Crook. 

BED-SORES  (Decubitus:  Gaugriena  per  Decubitum). 
a  term  a|i|iliid  to  gangrene  of  the  skin  and  underlying 
soft  struelures.  resulting  from  pressure  of  the  body  upon 
an  object,  usually  the  bed,  in  long-continued  recumbencj'. 
The  situations  in  which  bed-sori/s  ari?  most  frequently 
seen  are  over  the  tuberosities  <if  the  ischium,  over  the 
Siicrum.  the  scapula",  the  spinal  column,  the  great  tro- 
chanters, the  tuberosity  of  th(^  os  caleis,  and  in  other  por- 
tions of  the  body  which  may  have  received  continuous 
pressure.  Sometimes  they  are  the  result  of  the  pressure 
against  each  other  of  contiguous  surfaces  of  integument. 
The}'  are  rarely  seen  ui^on  the  anterior  surface  of  the 
body,  unless  the  patient  has  been  lying  for  a  long  time  in 
the  prone  position. 

Bed-sores  are  described  as  being  both  acute  and 
chronic.  The  acute  form  (Charcot)  is  met  with  in  injury 
or  disease  of  the  spinal  or  cerebral  nervous  centres.  It 
appears  oftentimes  in  a  few  hours  after  lesions  of  these 
parts,  and  although  it  comes  in  portions  of  the  body  un- 
dergoing pressure,  the  rapidity  of  its  estaljlishmcnt  sug- 
gests that  other  than  merclv  local  causes  are  factors  in 
its  producticm.  Tlie  chronic  form  ajipears  at  any  time 
after  a  patient  has  been  lying  in  lied  for  a  long  while. 

The  manner  in  which  these  bed-sores  commence  varies 
with  the  disease  or  injury  which  they  complicate.  Three 
different  methods  of  formation,  at  least,  are  easily  recog- 
nized: (1)  By  an  erythematous  r<-ddening  of  tlie  skin, 
especiall}'  if  the  part  has  been  irritated  by  urine  or  faeces: 
(2)  by  a  primary  necrosis  of  the  skin,  seen  in  weak  indi- 
viduals; (3)  by  a  phlegmonous  inllainmation,  with  the 
formation  of  pus  and  undermining  of  the  tissues. 

Whatever  may  iKU-e  been  the'method  of  formation, 
the  issue  in  all  is  the  same;  as  much  of  the  integument 
as  has  been  compromised  sloughs;  the  sloughs  are  cast 
off  in, shreds  or  as  a  whole;  there  remains  an'ulcer,  often- 
times weak  and  indolent,  with  sloping  cdses,  and  with- 
out any  tendency  to  heal.  At,  times  the  slousrhina:  does 
not  stop  at  the  integument,  but  all  of  the  soft'parts.  and 
even  bony  structures,  become  involved  in  the  necrotic 
process,  leaving  a  lesion  revolting  in  appearance  and 
disgusting  in  odor. 

Etiology. — In  the  causation  of  bed-sores  pressure  plays 
the  most  important  role,  as  noteil  above.  Those  situa- 
tions which  aresul)jectefl  to  tlu'  most  continuous  pressure 
are  the  most  fre(| uent  ly  affected .  and  especial!  V  t hose  part s 
which  immediately  cover  bone.  Over  such  [ilaccs  the 
skin  is  pressed  close  against  the  unvieldinu;  bone,  the 
blood-vessi'ls  of  the  part  are  closed  by  the  I'iressure.  the 
nom-ishment  of  tlie  jiart  becomes  iiniierfect  or  ceases 
completely,  and  as  a  result  sloughing  takes  place.  There 
are  certain  pri'dis] losing  causes,  however,  which  hasten 
the  development  of  bed-sores.  These  predisiiosinfi-  caus(;s 
arc:  (1)  any  circumstance  which  lowers  the  vitaiily  of  a 
part  or  of  the  whole  body ;   (2)  the  presence  of  fluids  or 


substances  which  irritate  the  skin ;  (3)  diseases  or  injuries 
which  prevent  movement  of  the  patient's  body;  (4) 
tropliic  disturbances  (?). 

In  the  first  class  of  causes  are  included  different  forms 
of  diseases,  as  Ij-jthusand  typhoid  fever,  phthisis,  .scurvy, 
and  any  long-continued  disease. 

Of  the  fluids  and  substances  which  irritate  the  integu- 
ment, urine  and  fa>cesarethe  most  common,  either  passed 
in  bed  involuntarily  in  cases  of  spinal  trouble,  or  volun 
tarily  when  the  patient's  morale  is  lowered.  Particles 
of  food,  and  larger  substances,  sometimes  contribute  to 
the  irritation  when  the  patient  does  not  receive  proper 
attention. 

The  diseases  and  injuries  which  prevent  movement  of 
the  patient's  body  are  all  those  which  cause  hemiplegia 
or  paraplegia;  in  these  cases  voluntary  motion  is  lost, 
and  in  many  cases  movement  of  the  bodj'  by  attendants 
is  extremely  painful,  so  that,  of  necessity,  the  same  posi- 
tion is  assumed  almost  continuously  by  the  patient. 

The  question  of  the  role  plaj'ed  Ijy  trophic  nerves  in 
the  cau.sation  of  bed-sores  cannot  be  satisfactorily  dis- 
cussed, as  their  presence  in  the  human  body  has  not  been 
proven.  The  raiiidity  with  which  the  skin  sloughs  in 
injuries  of  the  central  nervous  system  (acute  bed-sore  of 
Charcot)  makes  it  evident  that  nutritive  changes  have 
taken  place  in  such  parts,  which  can  be  exjilained  only 
by  assuming  that  the  nervous  power  controlling  the 
nutrition  of  the  part  has  been  lost  as  an  effect  of  the  cen- 
tral lesion.  This  view  is  substantiated  b_v  the  tegument- 
ary  lesions  seen  in  cases  of  dementia  paralytica  (Shaw : 
St.  Earth.  Hosp.  Rep.,  vol.  xiii.,  IST.s,  pp."  130-133)  in 
the  last  stages.  In  these  cases  so-called  bed-sores  appear, 
■i.e.,  superficial  sloughing  of  the  skin  ou  both  the  anterior 
and  posterior  surfaces  of  the  body,  and  without  reference 
to  the  portions  of  the  body  pressed  upon. 

Symptoms. — Bed-sores  so  frequently  occur  in  patients 
in  whom  the  sensibility  is  blunted  or  lost  that  subjective 
symptoms  are  wanting,  and  the  presence  of  the  sore  is 
only  determined,  often  accidentally,  by  the  attendant. 
The  patient  under  such  circumstances  appreciates  nothing 
even  though  the  sloughing  of  the  soft  parts  be  of  great 
extent.  In  some  instances,  however,  when  the  sensibility 
of  the  parts  has  not  been  greatly  impaired,  the  patient 
experiences  itching  or  burning  sensations,  with  sometimes 
pains  lancinating  throiigh  the  ]iarts  aiTectcd,  the  pain  at 
times  being  severe  enough  to  necessitate  the  use  of  ano- 
dvnes  to  quiet  it.  The  local  symptoms  of  a  bed-sore  are 
those  attending  gangrene  of  the  skin  anci  soft  parts. 

It  is  impossible  to  estimate  how  much  the  general 
system  is  affi'cted  by  bed-sores.  It  is  evident  that  ex- 
tensive loss  of  tissue,  from  gangrene  and  supjiuration, 
must  have  a  marked  effect  in  depressing  the  vital  forces, 
and  under  such  circumstances  death  has  been  known  to 
occur  either  from  iiyaniiic  exhaustion  or  from  the  involve- 
ment of  important  organs  in  the  sloughing  process. 

Ti{E.\Tjr]:xT. — Prevention  is  the  cardinal  rule  to  be  ob- 
served in  the  treatment  of  bed-sores.  To  carry  this  rule 
out  successfully,  it  is  necessary  to  recognize  the  circum- 
stances under  which  bed-sores  ajipear,  to  know  the  dis- 
eases which  they  most  frequently  complicate,  and.  being- 
fully  aware  of  their  readiness  to  aiijiear  in  such  diseases, 
to  combat  their  appearance  by  constant  care  and  appro- 
priate treatment.  In  the  large  majority  of  cases,  bed- 
sores result  from  the  neglect  of  this  lu-ophylactic  treat- 
ment. So  well  is  this  fact  recognized  that  in  the  large 
hospitals,  where  the  care  of  the  side  is  entrusted  to  trained 
attendants,  it  is  considered  a  matter  of  perst)nal  rejiroach 
if  a  patient  contract  bed-sores,  and  it  is  difficult  to  dis- 
sipate the  impression  that  they  are  not  the  result  of 
negligence. 

This  preventive  treatment,  which  is  frequently  not 
easy  to  carry  out,  consists  in: 

1.  Relieving  the  pressure  to  which  the  parts  are  sub- 
jected. 

2.  T'le  keeping  of  these  parts  clean. 

3.  The  use  of  chemicals  to  harden  the  integuments. 
The  relief  of  pressure  is.  perhaps,  the  most  important 

of  all  in  the  treatment  of  bed  sores,  for  in  this  wav  the 
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•pnsortrenient  or  llic  ana'tni;!  of  llio  vcssols  of  .-i  ]iart  is  re- 
lieved. Tliis  can  beaecdiiiiilislietl  liy  ireltiiij;  llie  patient 
to  eluuiire  liis  jiositioii  in  bed  from  tlie  liuek  to  one  side 
■or  the  otlier.  If  a  jiatient's  iiiiud  l)e  (lulle(l  )iy  disease, 
so  lliat  lie  lias  no  desire  to  move,  or  if  some  i!!,JMry  to  tlie 
Sliiiial  eord  has  oceurred.  so  tliat  the  lower  Jiortion  of  the 
trunk  and  lower  e.xtremilies  are  iiartdyzed,  and  not  only 
is  voliiiitury  nioveiiient  iinpossilile,  but  artitieial  inove- 
meiil  very  painful,  the  diltieulties  in  the  treuliueut  of  the 
case  are  iiiueh  inercMsed, 

The  jialieiit  usually  lies  upon  the  liaeU.  and  cannot  be 
made  to  assume  any  other  position.  The  pressure  soon 
becomes  continuous,  as  relief  cannot  now  lie  atTorded  by 
a  ehau,s;e  of  position,  and  the  wei.nht  must  be  taken  off 
these  parts  by  appliances  so  arrani;i'd  as  to  distribute  the 
pressure  upon  other  [larls  of  the  body.  This  can  lie  ac- 
complished b,v  the  use  of  pillows,  rings,  or  air  cushions. 

The  ordinary  air  cushion,  made  in  the  form  of  a  riiii: 
with  an  api'rture  in  the  middle,  is  of  esp<-cial  ser\iee. 
and  is  .so  ad.justed  that  the  |iart  from  which  the  pressure 
is  to  be  relieved  falls  over  the  openinir  in  the  ring.  If 
no  air  cushion  can  be  obtained,  a  ring  can  lie  made  out 
of  oakum,  .pite,  or  cotton,  which  will  serve  the  purpose, 
although  not  so  ■well. 

Water-beds  are  of  great  assistance  in  the  preventive 
treatment  of  bed-sores,  because  they  adjust  llieiiiselves 
to  the  iiTegularitiesof  the  body,  and  distribute  the  press- 
ure evenly  over  its  entire  surface.  In  ease  such  a  bed 
cannot  be  pmcurecl.  great  jiains  must  be  taken  to  see 
that  the  bed  used  is  suitable.  It  must  be  springy,  but 
still  hard  enough  to  prevent  hollows  and  irregularities 
where  the  patient  lies.  The  bed-clothes  must  be  jier- 
fectly  smoothed  out,  no  wrinkles  must  aiipear  in  the 
sheet  on  which  the  individual  lies,  and  an  important 
point  is  to  see  that  no  foreign  bodies,  as,  for  example, 
food,  fall  into  the  bed  and  get^  under  the  patient.  Clean- 
liness is  a  very  important  factor  in  the  treatment. 
Especially  is  it  necessary  when  there  is  ineonlineiiee  of 
either  fa'cesor  urine,  or  both.  Either  of  these  discharges 
is  irritating  to  the  skin,  and  may  set  tip  intlaniniations 
which  are  reailily  converted  into  Vied-sores.  There  are 
bedscou.structed  in  such  a  maimerthat  the  portion  under 
the  genitals  can  bi;  removed,  so  that  a  more  or  less  com- 
plete vent  for  the  discharges  is  afforded ;  Viut  the  best  of 
these  appliances  are  of  very  restricted  value,  and  only 
constant  care  and  watchfulness  can  jirevent  the  iiatient 
from  lieing  bathed  in  these  iuflamniat ion-causing  dis- 
charges. 

Of  the  medicines  which  are  used  to  harden  the  skin, 
alcohol  is  the  most  useful,  combined  with  some  astrin- 
gent, as  tannic  acid,  lead,  or  zinc.  Bathing  the  parts 
several  times  a  day  with  a  jireiiaration  of  this  kind  often 
gives  a  healthy  tone  to  their  eireulatiou,  and  averts  the 
formation  of  a  bed-sore.  M'il/itnii.  /,.   Wdrdwdl. 

BEECH  DROPS.     See  O/z/crc  7?«-r 

BELKNAP  HOT  MEDICAL  SPRINGS.— Lane  County, 

Ori-goii. 

Post-Office. — Belknap  Sprin,i;s.  Hotel  and  camping 
grounds. 

Access. — Viit  Southern  Pacitic  Railroad  to  Eugene,  one 
hundred  and  twenty-five  miles  south  of  Portland;  thence 
sixty  miles  east  liy  stage  to  springs. 

The  location  of  these  springs  is  in  the  lieart  of  the 
C'ascjide  .Mountains,  two  thousand  feet  above  the  sea 
level.  This  is  a  very  fine  and  picturesque  region,  and 
it  presents  many  attractions  to  the  tourist  and  invalid. 
The  climate  is  equable,  the  weather  during  the  summer 
months  being  generally  clear  and  jileasanf,  with  cooling 
winds. 

The  average  summer  temperature  is  65°  F.,  while  it  is 
stated  that  the  average  winter  range  is  but  twenty  de 
.grees  lower.  The  McKenzie  River,  near  by.  is  famous 
for  its  magnificent  trout:  and  deer  and  other  game 
jibound  ill  this  region.  There  is  only  one  spring,  but  it 
yields  aliout  twelve  thousand  five  hundred  gaiions  per 
hour.     The  temperature  of  the  water  is  IbS'  F.     The  fol- 


lowMng  analysis  was  made  in  1S94  by  Prof.  G.  W.  Shaw, 
of  the  Oregon  State  Agricultural  College,  at  Corvallis: 

(IXE  I'.MTKii  St.m'ks  Gallon  Coxt.vi.vs: 

Sill  ids.  Grains. 

( 'a  loin  III  jitinspliate I'l.lH 

(  aU-iiuii  rhloriile IK.2U 

I'otassllllii  clilnride T.CiS 

Ma;;m>Miiiii  clitnriile L'.iH) 

SiiJiuiii  <lil(irl(le "kUB 

Maii*raiie.se  ebluriiie Traces. 

Silica i.VZ 

linn  ami  atuiiiiiia .17 

T.tol 14r)..'il 

The  bathing  facilities  comprise  medicated,  steam, 
electric,  and  sliower  baths,  hot  or  cold,  with  massage. 
A  large  swimming  tank  is  an  attractive  feature.  The 
baths  are  attracting  considerable  attention  in  the  treat- 
ment of  rlieumalism.  sviihilis.  and  skin  diseases. 

./.  A'.  ('. 

BELLADONNA.— 7Ay/(//v  Nif/Jils/ni,h:  "  n!nrf:  O/nn-i/." 
(For  a  di'.seripiiiin  of  tlic  lielladonna  plant,  see  article  on 
Piiixiiiionx  l'l(i/i1s.)  The  belladonna  plant  yields  two 
official  medicinal  articles,  namely,  Ijilhiilniiinr  Fnlin,  "the 
leaves,"  and  ikUiidoitiKP  Ea(U.r.  "the  root  of  Atrojm  Jlcl- 
Idihiiina  \j.  (fam.  I'^ilininrcir)." 

BclhiihiinKi  is  a  native  of  Europe  and  adjacent  Asia, 
where  the  drug  is  mostly  collected  from  wild  plants.  In 
Europe  it  is  also  largely  cultivated  for  medicinal  pur- 
poses. It  has  become  naturalized  to  a  slight  extent  in 
tli(^  United  Slates.  The  composition  of  leaf  and  root  is 
very  similar,  the  difference  being  rather  in  the  greater 
iltiantitative  irregularity  of  the  leavesthan  in  kind.  The 
leaves  do,  however,  contain  a  rank-smelling  principle 
not  present  in  the  root,  rendering  them  objectionable  for 
some  purposes,  but  possibly  of  greater  thera]ieutie  value. 
They  contain  also  considerable  cliloro]ihy  11.  which  enables 
(heir  extract  to  imparl,  an  olijeetionable  green  .stain  to 
cIotliin,ir,  when  used  in  jjlaster.s.  Both  articles  nia_y  be 
re.irarded  as  exceiitioually  irregular  and  uncertain  in 
quality.  Some  of  the  causes  of  this  irregularity  are  not 
known,  so  that  no  nietliods  of  physical  examination  of 
the  drug  can  eliminate  them,  a  chemical  assay  being 
requisite.  Others  are  known  and  can  be  detected  by 
eari'ful  examination.  The  leaves  are  said  to  be  adulter- 
ated with  those  of  various  other  plants,  liiil  an  examina- 
tion of  many  samples  by  the  writer  has  failed  to  contirm 
the  statement.  Those  of  henbane,  digitalis,  iind  ver- 
bascum  are  all  haiiT,  w-hile  belladonna  is  smooth;  those 
of  henbane  and  potato  are  toothed  or  lobed,  while  the 
margin  of  bellailonna  is  entire.  The  leaves  of  datura, 
or  stramonium,  come  in  a  crumpled  mass,  closely  resem- 
bling that  of  belladonna  leaf,  and  one  is  often  mistaken, 
upon  superlieial  examination,  for  the  other.  The  bella- 
donna mass  is,  hoAvever.  almost  invariably  of  a  brownish- 
green  color,  a  bright  green  indicating  an  immature  leaf, 
while  that  of  stramonium  is  of  a  clear,  usually  a  dark, 
green  color.  Ujion  soaking  and  flatteuin.g  out  a  leaf,  the 
large,  angular  teeth  or  lobes  of  the  latter,  with  their  very 
tinequal  base,  contrast  strongly  with  the  entire  margin, 
regular  outline,  tmd  nearly  equal  base  of  thi'  former.  It 
is  probably  quite  safe  to  state  that  the  irregular  com- 
position and  strength  of  the  leaves  are  due  not  to  adultera- 
tion, but  chiefly  to  difTerent  sfa.sres  of  maturity  when 
collected  and  to  the  varying  care  taken  in  preparing  and 
]ireserving  them,  condilions  which  it  is  very  diflicult. 
even  if  possible,  to  dclennine  in  the  drug  other  than 
chemically  or  physiologically.  As  to  the  roots,  they  are 
greatly  subject  to  substitution,  adulteration,  and  imper- 
fection of  (|ualit,y,  which  are  much  more  readily  detected 
by  phv.sieal  inspection  than  is  the  case  with  the  leaves. 
Sco|iolia  is  very  largely  substituted  for  lielladonna, 
especially  in  Europe.  .\s  the  two  drugs  jircsent  not  tfie 
slightest  .similarity,  this  action  can  be  regarded  only  as 
wilful  and  deliberate,  as  is  the  addition  of  the  roots  of 
buriLick,  niedieago.  and  of  one  which  ajipears  to  be 
wild,  unpeeled  marshmallow.  The  two  last  named  are 
flexible,  while  belladonna  is  stiff  and  brittle.  Burdock 
has  a  soft  pith  or  a  hollow  centre.     The  three  last  men- 
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lioni'tl  forms  of  iidultimlion  arc  Iiislily  object ioimblc,  as 
the  articles  linvc  111)  properties  at  all  like  those  of  bella- 
doimii.  Scopolia  is  a  rhizome,  comiioscti  of  joints,  each 
bcariiiir  upon  its  upper  surface  a  con.spicuous  circular 
scar  a  quarter  incli  or  more  in  diaraeler.  Its  composition 
and  properties  arc  very  similar  to  tliosc  of  belladonna. 
a  fact  which  soothes  the  consciences  of  those  who  engage 
in  this  formof  substitution.  The  iniiierfeclion  of  genuine 
belladonna  root,  aside  from  obviously  bad  conditions  of 
mould  and  wormincss.  relate  to  its  being  too  young  (when 
less  Hum  two-lift  lis  inch  in  thickness)  or  old.  thick,  and 
woody.  The  active  constituent  resides  chiefly  in  the 
bark;  lieucc  old  thick  pieces,  in  which  the  increase  of 
weight,  is  chiefly  of  inert  woody  fibre,  must  be  inferior. 
Tile" two  drugs  iirc  descrilied  as  follows: 

The  /.«•<) i-c.v.— From  10  to  ITi  cm.  (4  to  G  inches)  long 
and  about  half  as  broad,  ovate,  abruptly  and  almost 
equally  narrowed  into  a  petiole  of  c.xticmely  variable 
length,  the  apex  acute  or  acutish,  but  not  acuminate  or 
tapering,  entire  on  the  margin,  smooth,  thin,  drying 
brownisli  green,  the  upper  surface  browner,  the  lower 
greener  and  paler,  both  surfaces  miiuitely  whitish  punc- 
tate; odor  slight;  tast(^  bitterish,  somewhat  acrid. 

The  Hoof.— In  cylindrical,  but  slightly  tapering, 
coarsely  wrinkled  iiieccs.  bearing  their  bark,  rarely  ex- 
ceeding 1.5  cm.  (ti  inches)  in  length,  having  a  thickness  of 
10  mni.  (two  fifths  inch)  to  2.")  mm.  (1  inch),  often  split; 
externally  of  a  light  brownisli  gray,  much  subject  to 
abrasion,  which  reveals  a  ligliter  inner  laj'er,  internally 
whitish;  breaking  with  the  characteristic  emission  of  a 
)>utT  of  dust,  and  exhibiting  a  nearly  smootli  and  starchy 
fracture,  indistinctly  many-radiate  near  the  bark;  nearly 
inodorous;  taste.sweetish.  afterward  bitterish  and  strongly 
acrid.  Portions  of  the  stem  and  of  thick,  hard,  woody 
crowns  shouUl  not  be  included. 

Composition. — The  minor  constituents  of  the  leaves  are 
starch,  gum,  wax,  and  asparagin;  and  of  the  roots,  .starcli. 
The  active  constituents  of  lioth  are  the  mydi'iatic  alka- 
loids, about  one-tenth  to  one-half  per  cent,  in  the  leaves, 
one-fourth  to  three-fourths  per  cent,  in  the  root.  As 
regards  the  identity  and  precise  relative  amounts  of  the 
difJerent  alkaloids,  discussion  is  in  the  present  state  of 
our  knowledge  unprofitable,  and  in  view  of  their  very 
similar  therapeutic  effects,  equally  unimportant.  Bclla- 
donnine  and  hyomiiie  (if  the  latter  be  really  present  at 
all — see  Ilcnhmie)  arc  in  such  small  amounts  as  to  be  ab- 
.solutely  unimportant.  The  only  alkaloid  cither  than 
atropi/ie  which  is  present  in  apiireciable  amount  iriJii/oxi-i/- 
amiiw,  and  the  action  of  this  is  so  nearly  identical  with 
that  of  atropine  as  to  render  its  presence  of  no  impor- 
tance. Theoretically,  the  relations  of  the  U\o  last  named 
are  of  great  interest.  They  are  so  closely  similar  that, 
even  when  in  the  ])ure  condition,  it  is  almost  impossible 
to  distinguish  them.  It  is  believed  that  very  young  roots 
will  yield  only  hyoscyamine,  old  ones  chiefly  atropine. 
It  is  not  by  any  means  certain,  however,  that  the  extrac- 
tion of  one  proves  that  it  so  existed  in  the  living  jdant. 
It  is,  further,  very  uncertain  as  to  the  maintenance  of  their 
identity  when  the  respective  alkaloids  ai'e  taken  into  the 
stomach  or  the  system.  Certainly  their  jiractical  effects 
are  generally  regarded  as  identical,  .so  that  therapeutic 
interest  in  the  drug  centres  finally  in  its  pcrcenttage  of 
total  alkaloid.  Since,  according  to  tin;  above  showing, 
the  preparations  of  belladonna  must  vary  so  widely,  and 
as  the  determination  of  their  strength  is"  no  longer  ditti- 
cult,  none  should  ever  be  used  whose  percentage'of  total 
alkaloid  is  not  known.  It  is  altogether  probable  that  the 
forthcoming  edition  of  the  Pharmaco]iieia  will  fix  this 
percentage  at  thirty  or  thirty-five  hundicdths  for  the 
drug  and  its  fluid  extract,  that  of  the  other  prc])arations 
in  proportion  to  their  relative  strengths.  In  con.sidering 
the  properties  of  belladonna,  then,  we  may  restrict  our 
attention  to  those  of  the  alkaloid  atropine. 

Atropine  ok  Atiuipina  (C.JInsNO:,).— "  An  alkaloid 
obtained  from  belladonna.  As  it  occurs  in  commerce,  it  is 
always  accompanied  by  a  small  proportion  of  hvoscva- 
mine  extracted  along  with  it,  from  which  it  cannot'iie 
readily  separated  "  (U.  S.  1'.) .     It  occurs  in  white,  acicu- 


lar  crystals,  or  as  a  fine  white  [jowder,  odorless,  bitter, 
and  acrid,  becoming  yellowish  on  exposure.  It  is  soluble 
in  water  to  the  extent  of  nearly  four  grains  to  the  ounce, 
and  freely  soluble  in  alcohol,  as  well  as  in  fifty  parts  of 
glycerin.  It  readily  forms  salts.  Chemically,  it  is  a 
comjiound  of  the  alkaloid  tropine  (which  lacks  the  prop- 
erties of  atropine)  and  trojiic  acid.  Hence  alkalies,  be- 
sides acting  as  prccipitanls.  as  in  the  case  of  other  alka- 
loids, take  away  the  tropic  acid  and  convert  the  atropine 
into  inactive  tropine.  Decomposition  also  occurs  if  it 
be  heated  with  water  or  acids. 

Action. — Atropine  has  no  action  upon  the  unbroken 
skin  unless  absorption  occur.  Its  tendency  to  absorption 
is  very  slight,  but  can  be  increased  by  inunction  or  to  an 
uncertain  extent  by  application  in  the  form  of  a  plaster, 
for  a  continuous  period,  under  the  influence  of  the  heat 
and  cimfiuement  and  the  friction  resulting  from  natural 
movements.  Mixing  it  with  glycerin  or  with  alcohol  or 
other  volatile  substance  also  leads  to  its  absorption.  It 
will  then  act  both  locally  and  systemically,  and  more  or 
less  poisonous  symptoms  can  be  thus  induced.  Its  local 
action,  applied  thus  or  to  a  denuded  surface,  or  injected 
into  the  tissues,  is  that  of  a  paralyzant  of  the  nerve  end- 
ings, especially  the  sensory.  When  pain  is  iiresent,  this 
sensory  depression  is  increased  by  the  lessened  irritation 
due  to  slightly  decreased  muscular  movement.  The 
systemic  effects  will  be  considered  later.  The  local 
efliects  upon  mucous  membranes  are  also  slightly  be- 
numbing, due  to  seu.sory  paralysis,  and  inhibitory  of  the 
secretions,  through  paralysis  of  the  nerve  endings  which 
excite  them.  The  local  effect  iu  the  eye  is  to  paralyze 
the  endings  of  the  third  nerve,  thus  allowing  the  iris  to 
rela.x,  producing  wide  dilatation  of  the  pupil,  and  also  to 
destroy  the  power  of  accommodation. 

The  direct  systemic  effects  are  entirely  upon  the  nerve 
tissues,  more  upon  the  periphery  than  upon  the  centres. 
The  central  effects  are,  moreover,  for  the  most  part,  ren- 
dered inoperative  in  the  net  practical  results  observed,  be- 
cause the  peripheral  actions  are  antagonistic  to,  and  more 
than  sufficient  to  overcome  them.  Of  the  centres,  the 
highest  are  alfected  nuwt  and  the  lower  successively  less. 
The  primary  efl'ects  upo.u  the. centres  are  stimulant,  the 
secondary  ciepressaut.  The  most  prominent,  therefore,  is 
cerebral  stimulation,  excitement  or  delirium.  Even  in 
the  mildest  case,  the  stimulation  can  be  seen  to  be  of  an 
intoxicant  or  uncontrolled  charat-ter.  The  cardiac  cen- 
tres, both  vagus  smd  accelerator,  are  stimulated.  The 
first  result,  through  the  vagus,  is  a  slowing  of  the  heart, 
which  almost  at  once  yields  to  a  cjuickeuing.  at  first 
probably  through  the  accelerator  stimulation,  afterward 
by  the  secondary  de)n-ession  of  the  vagus,  and  lastly,  as 
a  result  of  depressant  acticm  on  the  vagal  endings.  The 
vaso-motor  centres  are  stimulated,  with  a  brief  rise  of 
blood  pressure;  this  is  cpiickly  otercome,  chiefly  by  the 
peripheral  effects,  but  partly  by  the  seccmdary  depression 
of  the  centres.  Some  claim  also  that  the  secondary  dila- 
tation of  the  vessels  is  due  to  direct  stimulation  of  the 
dilator  centres,  but  this  action  would  probably  be  very 
brief.  The  respiratory  centres  are  stimulated,  with 
quicker  and  deeper  brc'athing  at  first,  followed  by  re- 
verse conditions.  The  heat  centres  are  stimulated,  and 
there  is  a  rise  of  temperature.  As  heat  loss  by  evapora- 
tion of  perspiration  is  wanting,  this  central  action  is  not 
fully  counteracted  at  the  pi'i-iphery,  even  though  the 
superficial  vessels  are  dilated;  thus  the  rise  of  tempera- 
ture is  maintained. 

The  peripheral  ctTccts  of  atropine,  for  the  most  part, 
counteract  and  overcome  the  central.  They  are  of  a  par- 
alyzing nature,  and  relate  both  to  movement  and  secre- 
tion. In  regard  to  movement,  inhibitory  endings  may 
be  paralyzed  so  as  to  allow  a  result  which  is  but  appar- 
ent stimulation,  as  in  the  secondary  ([uickcning  of  the 
heart  due  to  jiaralysis  of  tlic^  vagal  ends,  and  the  permis- 
sion of  an  increase  in  ])cristalsis,  clue  to  paralysis  of  the 
splanchnic  terminations.  The  latter  action  results  iu  a 
laxative  effect  ujiou  the  bowels. 

The  sjune  effect  is  iiroduced  upon  the  eye  as  results 
locally,  as  above  described.      All  the  buccal  secretions 
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arc  checked,  and  tlie  mouth  and  tliroat  are  made  di\v- 
The  pancrealic secretion  is  similarly  ehecUed.  The  elTeet 
upon  the  production  of  respiratory  mucus  is  the  same 
us  thai  upon  the  liuceal,  and  the  air  passaj^es  become 
comparatively  dry.  Thus  it  may  he  sedative  to  respira- 
tory irritation ;  but  (he  etVeet  is  apt  1o  be  very  transient. 
The  s;une  dryintj;  elVeet  is  produerd  uiioii  the  skin.  The 
skin  is  red.  iiowever,  from  vascular  dilalalion,  resultiu;;- 
from  paralysis  of  tlie  n;o1or  nerve  endiiijis  in  the  arterial 
uuiscular  fibres.  This  rcddcninsj  is  suflicient  to  produc(^ 
a  scarlatina-like  flushing  which  has  led  to  enors  of  diag- 
nosis. Atroi)ine  has  a  strong  tendetiey  to  dry  up  the 
milk. 

Jlost  of  ibe  llicrap<'uli<'  actions  of  belladonna  are  e.\- 
plaine<l  l)y  the  above  pharniaeodynamic  deductions. 
Some,  however,  are  si  ill  jiuzzling. 

The  local  uses  of  belladonna  are  of  almost  as  great  ini 
portanceas  the  internal,  l-'roniineiil  among  them  are  tiie 
uses  of  atropine  in  the  local  treatnienl  of  the  eye.  The 
dilatation  of  the  pupil  by  it  pernnis  of  infra-ocular  e.\- 
amination,  checks  irili<-  adhesions  or  breaks  them  down 
if  formed,  and  che<  Ics  ocular  hernia.  These;  resuHs  arr 
aceompaiued  by  a  lessening  of  pain  and  even  a  reduction 
of  inflammation. 

^lany  forms  of  superficial  and  some  deeply  seated 
pain.s,  as  rheumati.sm  and  neural.gia.  are  sometimes  re 
lieved  by  the  belladonna  pla.ster,  or  by  the  linimeiil  well 
rubbed  in,  or  by  a  solution  in  chloroform  or  camphor. 
Cardiac  and  resjiiratory  pains  are  often  relievi'd  similarly. 
Toothache  is  often  relieved  by  direct  application  of  atro- 
pine to  the  nerve,  ^hiny  forms  of  itching  are  jn'omplly 
relieved  and  local  infianunalions  scattered.  Pain  from 
licmorrhoids  is  jiarlly  relieved.  TIk'  cheeking  of  the 
milk  secretion  can  sometimes  be  ]iroduced  by  local  ap- 
plication of  the  plaster.  Applicalion  of  a  solution  of 
atropine  will  often  check  local  peis]iiralion.  though  it  is 
quite  uncertain.  In  the  nature  of  local  applications  may 
be  regarded  the  inframuseuUir  or  deep  injection  of  afro 
pine,  often  combined  with  morphine,  to  relieve  pain  or 
spasms  which  cannot  be  modified  by  its  sui>erficial  aji- 
plication.  IiUialatiou  of  a  spri'y  containing  atropine,  fur 
the  relief  of  asthma,  may  also  be  regarded  in  the  same 
light. 

Internally,  belladonna  is  probably  tnore  often  used,  in 
large  doses,  to  check  incontinence  of  urini.',  and  as  an  ad- 
junct of  cathartics  or  laxatives,  than  for  anything  else. 
While  it  alone  ma.vaet  as  a  laxative,  it  is  very  uncertain. 
Continually  used,  esi)eeially  together  with  nux  vomica, 
it  may  overcome  chronic  constipation.  Next  in  impor- 
tance is  ils  u.se  in  respiratory  diseases,  where  it  has  a  Aviile 
field  of  usefulness.  In  asthma,  it  often  gives  relief  when 
nothing  else  will,  and  by  varying  its  use  with  that  of  its 
I'elated  alkaloids  permanent  benetit  may  be  secured.  A 
.similar  benefit  may  result  from  its  use  in  whooping  cough. 

It  checks  excessive  secretion,  especially  from  the  nose. 
With  tills  result,  irritable  cough  (of  suitable  causalion) 
js  greatly  relieved.  It  is  an  excellent  remedy  for  reliev- 
ing the  sweats  of  phthisis.  Sore  throat,  unless  of  the 
excessively  dry  variety,  is  very  favorably  inllueiiced. 
Cardiac  inflammation  or  pain  is  benefited  by  its  internal 
administration,  as  well  as  by  local  ap|ilication.  Bella- 
donna is  a  useful  antidote  to  ]ioi.soning  b\"  morphine. 

The  official  preparations  of  belladonna  leaves  are  the 
extract,  of  which  the  dose  is  O.OOS  to  O.OJJ  gm.  (gr.  i  to  i) 
and  the  15  per  cent,  tincture,  dose  ().:i  to  2.0  c.c.  (ni  v.  to 
XXX).  Of  theextract,  there  is  a  lO-per-cent.  jilasler  and  a 
20-per-cent.  ointment.  Of  the  root  there  is  a  fluid  exiraci, 
dose  0.06  to  0.3  c.c.  (ill  i-  to  iij.),  and  of  this  we  have  a 
liniment,  9.")  parts  with  5  parts  of  camphor.  Cliildreii 
bear  larger  doses  of  atropini;  or  belladonna,  proportion- 
ally to  their  age,  than  adults. 

Commercial  beliadonna  plasters  are  usually  made  either 
from  belladonna  root,  to  overcome  the  di.s;igreeable  slain 
and  odor  of  the  leaf  extract,  or  from  the  rlii/.ome  of  seo- 
polia.  Probably  the  very  great  hulk  of  them  are  made 
from  tlie  latter.  "  II.  H.  Hudiij. 

BELLADONNA.    (TOX.)     Sec  Atropic  Poisons. 


BELLS  PALSY,     ^w  Furial  Paralysis. 

BENNE  OIL. -Oi. KIM  Sks.vmi;  7W/  OH.  "A  fixed 
oil  expressed  from  the  seeds  of  t^tnurnnin  /iidici/m  L. 
(fam.  J'i-(l,i/ii„ii)"  (V.  S.  P.). 

The  lienne  plant  is  an  erect,  hairy  annual,  two  to  four 
feet  high,  supposed  to  have  originaled  in  Africa,  but  so 
long  and  so  widely  cultivated  tiiat  knowledge  of  its  na- 
tivity has  been  losl.  It  has  been  grown  for  its  edible 
seeds,  and  for  their  oil.  of  which  the  yield  is  sixty  or 
seventy  jier  cent.,  and  w  inch  is  used  as  food  and  for  many 
other  purposes.  The  plant  is  grown  to  some  extent  iu 
our  SoutlK'rn  States.  The  oil  is  yellow  or  j'ellowish.  in- 
odorous, and  of  a  pleasant,  nut-like  flavor,  lis  specific 
gravity  is  O.iM!)  to  0.!l2;i  at  15"  C.  At  -:!'  C  (2(j.(>  F.)  it 
beecimes  thick,  and  at  — 5' C.  (3:!  F.)  it  congeals.  Con- 
ceiitiated  suliihuric  acid  converts  it  to  a  brownish  red 
jellv.     Its  properties  are  purelv  nutritive  and  deniulcent. 

If.  II.  K'l^hy. 

BENTLEY  SPRINGS.— lialtimore  Coinity,  Maryland. 

I'ost-Officio.  —  lieiitley  Springs.     Hotel,  (xli'ii  I  louse. 

These  springs  are  sitiialeil  on  the  line  of  the  Norlhern 
Ceiiti-al  Hailroad.  a  division  of  the  Pennsylvania  Kailroad, 
about  thirty  miles  from  lialtimore  and  seveutj'  miles  from 
Washington.  The  elevation  above  tide  water  is  about 
six  hundred  feel.  In  addition  to  the  two  princijial 
springs  there  are  perhaps  as  many  as  one  hundred  others, 
some  of  which  have  imiiorfant  chalybeate  i)ro]K'rties. 
The  surroundings  of  the  springs  are  very  interesting  and 
altractive.  The  following  analyses  of  two  of  the  chief 
springs  are  by  Professor  Aiken,  formerly  of  the  Uuiver- 
sily  of  Maryland : 

The  ■'  XrcT.v"  on  "  St.vtio.n  "  Si'hi.xo. 
OXE  UxiTEt)  States  li.\Li,ox  Contains: 


Solids. 

Calriiiiii  rarlmnate 

Sodiiiin  carhunjite 

Matrnesami  rarbuuate  . 

('ahiiiiM  sulpliate  

SiMliiiiii  cliUiride 

Siliiie  aciil 

Iiciii  (a  trac-c)  I 

AluMiitia  ami  ln.ss  I    '" 


Grains. 
..  0.34 
. .    .37 


.;io 
.1!) 
.33 

.03 


Tdtal  iiiineral  contents 
(irt^anic  inaller 


f,83 
.36 


TolHl  soli.l  .i.nlenl.s 2.18 

The  LowEij  Spring. 

Solkis.  (irain-s. 

Caleiuni  oarlxmate O.fit 

Mafjni'siiim  earlionate.   -  -   f>s 

Siiiiium  carhiinate 4(i 

li'on  rarlioiiale Si) 

Si  "limn  i-hlMriiic 37 

Calciuin  snljiljat^ 35 

silii'ie  acid 4:i 

Alumina  and  loss tJ3 

Inorj-'anic  contents 3.7.") 

OrgiUiic  matter 0.91 

Total  contents 4.«> 

The  water  is  a  mildcxiimple  of  thealkiiline-saline-calcic 
class.  It  has  been  used  for  ujiward  of  thirty  year.s,  in 
kidney,  liver,  and  stomach  disorders,  and  iu  chronic  bowel 
aflccfionsi.     It  is  used  commercially. 

JiiiitiK  K.  Croo}:. 

BENZACETINE.  —  Aeet  :imido-ethyl-salicvlic  acid  — 
(',II:„Nll('lI:,('0,0('jHc,.C()OII.  This  occi'irs  in  color- 
less crystals  which  are  almost  insoluble  in  water  and 
have  a  melt iiig  point  of  205  C.  (401"  F.).  Frank  intro- 
duced it  as  a  seiiative  and  antineuralgie  of  special  value 
in  eases  of  migraine.  The  dose  is  gr.  viij.  to  xv.,  which 
may  be  repealed  in  oik;  hour  if  necessary.  It  may  ad- 
vaiilageously  be  combined  with  one  or  two  grains  of 
citrated  caffeine.  W.  A.  Pastedu. 
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BENZANILID.— (I'liciiyl  bcii/.amiilc.)  This  is  one  of 
till'  ilui'i-  luiiliils  that  lia'vo  proved  active  niedieiiuilly. 
The  olhei-sare  siilievlaiiiliiliuiil  iiceliiuilid.  In  betizanilid 
thesrtlievlio  acid  oi"  acclic  aciil  of  t lie  others  is  replaced 
bv  benzoic  acid,  ll  oec-urs  in  small,  while,  shininf;  scales, 
tasli'le.ss.  odorh-ss,  insohdile  in  water,  sohible  in  ali-ohoi. 
1  in  0(1.'  It  is  clienucally  and  therapenlically  allied  to 
uci'tiinilid.  Kahu  and  lli-pp.  when  investigating  antife- 
brinc.  used  it  in  a  nundierof  cases  and  found  it  to  possess 
similar  properties.  The  advantasres  claimed  for  it  are 
that  it  possesses  less  toxic  properties  and  after  its  use  the 
rise  of  temperature  is  more  slow,  bul  notwithstanding 
these  apparent  advantages  it  has  failed  to  become  a 
popular  remedy. 

Itsaiitipvreticaelion  begins  in  from  half  an  hour  to  one 
hour  after'it  has  been  taken,  and  its  ma.ximum  effect  is 
reached  in  live  or  six  hours.  In  ten  or  twelve  hours  its 
elTect  lias  <inite  passed  away.  It  docs  not  cause  any  dis- 
lurliaucc  of  respiration  or  of  digestion.  The  circulation 
is  slowed,  the  vascular  tension  being  reduced.  In  some 
cases  large  doses  have  altered  tlie  color  of  the  urine,  ren- 
dering ilof  a  greenish  tinge.  Aviiicli  is  increased  after  ex- 
posure to  light.  It  is  administered  in  doses  of  ten  or 
fifteen  grains;  sixty  to  ninety  grains,  during  the  twenty- 
four  hours,  being  well  borne.  Beaumont  Small. 

BENZENE. — Benzene,  also  called  hciizal.  is  the  simplest 
liydrocarbon  of  the  aromatic  scries,  having  tlie  formula 
Cellt.  It  is  thus  a  definite  chemical  compound,  and 
must  carefully  be  distiiignished  irom.hi'iizi)i.  a  composite 
snb.stance  obtained  as  a  "distillate  from  coal  oil  (see  Bcn- 
ziii).  IJeuzeuc  or  benzol  is  a  thin,  colorless  fluid,  very 
volatile  and  very  iuflammable,  and,  when  pure,  of  a  not 
disjigrecable  aromatic  odor.  It  is  practically  insoluble 
in  water,  but  dissolves  in  four  parts  of  alcohol.  It  may 
be  obtained  by  distilling  a  mixture  of  benzoic  acid  and 
lime,  or  by  fractional  distillation  of  the  material  known 
as  coal  nnphlhii.  a  <lerivalive  of  coal  tar. 

Benzene  is  of  more  value  in  jiharmacy  than  in  medi- 
cine. For  pharmaccutieal  purposes  it  is  notable  for  its 
extensive  solvent  power,  dissolving  readily  such  com- 
paratively insoluble  substances  as  India  rubber,  gutta- 
percha, sulphur,  phosphorus,  iodine,  many  resins  and 
many  alkaloids  dissolving  readily  in  it.  Physiologically, 
benzene  has  little  local  effect,  but  taken  internally  deter- 
mines intoxication,  coma,  and  ana?sthesia.  It  has  been 
given  internally  in  tloses  of  a  few  drops  in  dyspepsia 
associated  with  fermentation  of  the  ingesta.  and  also  in 
trichinosis,  but  is  rarely  employed  and  is  not  official  in 
the  United  States  Pharmacoptt'ia.  Edward  Curtis. 

BENZIN.— Under  the  title  of  Benziniim.  Benzin.  the 
I'liited  States  Pharmacopieia  makes  olficial  tlic  substance 
commiinly  known  a>i  jtffmlfum  henziii  or  pctridciiia  etiter. 
It  is  thus  defined  ami  described:  "A  purified  distillate 
from  American  petroleum,  consisting  of  hydrocarbons, 
chiefly  of  the  marsh-gas  series  [t'oHii-CsIIn,' and  homolo- 
gous compounds].  Bcnziu  .should  be  carefully  kept  in 
well-stoppered  bottles  or  cans  in  a  cool  place,  remote 
from  lights  or  fire.  A  transparent,  colorless,  diffuse  liquid, 
of  a  .strong  characteristic  odor,  slightly  resembling  that 
of  petroleum,  but  much  less  tlisagreeable,  and  having  a 
neutral  reaction.  Specific  gravitv:  (1.670  to  0.675  at  1.5° 
C.  (.59'  F.).  Boiling  point.'  .50°  'to  00°  C.  (1*2°  to  140' 
F.).  Insoluble  in  water;  soluble  in  about  six  parts  of 
alcohol,  and  readily  .soluble  in  ether,  chloroform,  benzol, 
and  fixed  and  volatile  oils.  Benzin  is  highly  inflammable, 
and  its  vapor,  when  mixed  with  air  and  ignited,  explodes 
violently"  (U.  S.  P.). 

Much  confusion  arises  from  the  similarity  in  name  and 
general  appearance  between  this  substance— a  mixture 
of  hydrocarbons  of  the  marsh-gas  series— and  the  cliem- 
iciil  body  lienzirn:  or  benzol  (CoII„),  a  siiigh;  hydrocarbon 
of  the  aromatic  series  (see  Bengenc).  the  two  articles 
must  carefully  be  distinguished. 

Benzin  is  liot  used  ju  medicine,  but  is  useful  to  the 
liharmacisl  for  its  .'Solvent  powers  over  fats,  resins,  vola- 
tile oils,  and  othir  bodies  Edimrd  Ciiriix. 


BENZOIC  ACID  AND   BENZOATES.— BenzOTC  Acid, 

IRMliCj,  formerly  kiiuwii  ;i~<  jh'iri  rg  of  benzoin,  is  a 
monatomic  acid  of  the  aromatic  series,  existing  ready 
formed  in  a  number  of  balsams  and  gum  resins,  notably 
in  benzoin,  and  al.so  easily  obtainable,  artificially,  by 
decomposition  of  hippuric  acid  or  of  derivates  of  toluene 
or  of  naphthalin.  The  benzoic  acids  of  commerce  are 
derived  from  all  these  sources.  Benzoic  acid  from  ben- 
zoin is  characterized  by  a  special  degree  of  lightness  and 
fluffiness.  and  by  a  distinct  benzoin  odor.  The  acid  de- 
rived from  hippuric  acid  is  manufactured  out  of  the 
urine  of  cows  and  horses,  and  formerly^  was  distinguish- 
able by  a  urinous  odor,  but  as  at  present  made  is  quite 
pure  and  entirely  free  from  such  smell.  The  acid  from 
this  source  is  commonly  known,  commercially,  as  Ger- 
man benzoic  acid. 

Benzoic  acid  is  official  in  the  United  States  Pharmaco- 
poia  under  the  title  Acidiini  Benzoicinn.  Benzoic  Acid. 
The  source  of  the  article  is  not  prescribed,  but  the  acid  is 
■said  to  be  "  usually  obtained  from  benzoin  by  sublimation, 
or  prepared  artificially,  chiefly  from  toluol. "  Although  no 
mention  is  made  of  the  German  acid  manufactured  out  of 
horse  urine,  yet  it  is  proper  to  .say  that  the  article  so  de- 
rived, if  free  from  smell,  is  perfectly  pure  and  decent  for 
medical  use.  A  benzoic  acid  made  from  toluene,  and  hav- 
ing an  odor  like  that  of  bitter  almonds,  is  probably  not 
pure,  and  such  a  sample  should  be  re.iected.  Benzoic  acid 
is  described  officially  as  follows;  "White  or  yellowish- 
white,  lustrous  scales  or  friable  needles,  odorless,  or 
having  a  slight,  characteristic  odor  resembling  that  of 
benzoin,  and  of  a  warm.  aci<l  taste;  somewhat  volatile  at 
a  moderately  warm  temiicrature,  and  rendered  darker  by 
exposure  to  light.  Soluble,  when  pure,  in  about  500 
parts  of  water,  and  in  2  parts  of  alcohol  at  15'  C.  (59° 
F.);  in  15  parts  of  boiIin,g  water,  and  in  1  part  of  boiling 
alcohol.  Also  soluble  in  3  parts  of  ether,  7  parts  of 
chloroform,  and  readily  soluble  in  carbon  disuliiliide, 
benzol,  fixed  and  volatile  oils,  but  sparingly  soluble  in 
benzin.  Benzoic  acid  volatilizes  freely  with  the  vapor 
of  water.  On  heating  it  to  100°  C.  (21'3-"  F.),  it  begins  to 
sublime.  At  121.4°  C.  (2.50.5°  F.)  it  melts,  anil  at  a 
higher  temperature  it  is  consumed  without  leaving  a 
residue.  The  acid  sublimed  from  benzoin  has  a  lower 
melting  ])oint  and  a  greater  solubility  in  water.  Benzoic 
acid  has  an  acid  reaction  "  (U.  S.  P.). 

Benzoic  acid  "should  be  kept  in  dark  amber-colored, 
well-stoppi'red  bottles,  in  a  cool  place."  As  to  effects 
upon  the  animal  system,  benzoic  acid  is  locally  irritant 
to  sensitive  surfaces,  its  concentrated  vapor,  if  inhaled, 
cau.sing  violent  sneezing  and  coughing,  and  even  bron- 
chial inflammation.  Yet,  when  swallowed,  benzoic  acid 
is  singularly  innocent.  Even  gram  doses  cause  but  a 
feeling  of  abdominal  warmth  and  increase  of  bronchial 
mucus,  and  si'rious  derangcinent  is  scarcely  possible  by 
any  likely  dosage,  inti'ntional  (U"  accidental.  The  action 
of  benzoic  acid,  of  interest  in  medicine,  is  upou  the  urine. 
Under  the  influence  of  the  drug,  given  by  the  mouth,  an 
acid  urine  tends  to  be  of  increased  acidity,  an  alkaline  to 
become  acid,  and  a  urine  prone  to  decompose  before 
voidance  to  lose  such  tendency.  The  increased  acidity 
of  urine  determined  by  benzoic  acid  is  mainly  acc(ninted 
for  by  the  presence  in  the  secretion  of  hippuric  aci<l.  un- 
doubtedly derived,  by  chemiral  change,  from  the  benzoic 
acid  itself.  This  eon  \ersion  of  benzoic  into  hippuric  acid 
is  probably  wrought  in  the  kidneys  (Meissncr  and  Sheji- 
ard).  Arrest  of  jjutrefaction  in  urines  by  benzoic  acid  is 
probably  simply  an  example  of  the  general  antiseptic 
action  of  the  drug.  Opposite  statements  have  been 
made  by  investigators  concerning  the  influence  of  ben- 
zoic acid,  taken  medicinally,  upon  iirinary  excretion  of 
urea  and  uric  acid,  smne  finding  the  proportion  of  one  or 
other  of  these  cxcri'ta  to  be  lessened,  and  otlicrs  observ- 
ing the  .same  to  be  unaffected. 

Besides  the  action  upon  the  urine,  benzoic  acid  is  im- 
portant for  its  antisc]itic  power,  in  which  it  probably 
stands  on  a  par  with  salicylic  acid. 

The  therapeutic  applicati<ins  of  benzoic  acid  arc  prin- 
cip;dly  the  internal  giving  of  the  acid  under  its  own  form 
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for  the  acidifying  of  (lie  mine  in  cases  in  wliicli  lliat  se- 
cretion tends  to  be  alkaline  and  unduly  Jiliosplialic,  or  for 
the  iircvenlion  of  decoin])osilioii  of  the  urine  in  Ihe  lilad 
der  in  cases  of  vesical  catarrh.  The  acid  may  also  be 
used  as  an  antiseptic.  In  saline  conibinatioii.  principally 
as  sodium  ben/.oate.  benzoic  acid  has  also  iieen  em- 
ployed in  acute  rheumatism,  as  an  innocent  but  thera- 
peutically ctTective  substitute  for  salicylic  acid  or  tlie 
sjilts  thcnof  (Senator),  and  in  pulmnnary  consumiition, 
diphtheria,  scarlet  fever,  and  other  diseases  of  that  cat 
egory.  In  these  applications,  however,  the  reputiUion 
of  the  medicine  is,  at  the  presetit  writing,  decidedly  on 
the  wane. 

For  its  legitimate  use  in  uiinary  disorders,  benzoic 
acid  may  be  given  several  times  daily  in  doses  of  from 
O.B.I  to  L'.OO  gm.  (gr.  x.  to  .\n.\.),  administered  in  ]iill 
fortn,  with  soap  as  tlie  excipiciit,  or  given  in  mi.xture. 
Free  solution  of  benzoic  acid  in  water  can  be  determined 
by  the  adilition  of  four  jjarts  of  sodhun  phos|ihat<'  or  one 
and  a  half  part's  of  1)c)rax.  Solutions  for  smtiseptic  |)ur- 
poses  should  range  from  two-i)er-cent.  strength  ujiward, 
solution  in  water  being  etVected  bv  the  additions  just 
cited. 

lilcx/.o.VTEs. — Such  of  the  benzoates  as  are  used  in 
medicine  are  employed  for  the  sake  of  the  benzoic  acid 
of  their  composition.  Their  di.scussion,  therefore,  be- 
longs to  this  place.  The  lienzoates  olfi<ial  in  the  I  nited 
Slates  Pharmacopieia  are  the  xnilir.  lithic.  and  iiinuHmir 
salts. 

S)(liiiiii.  Binzoiiti'.  >;aC7ir,-,()j. — This  salt  is  oflieial  as 
Si/dii  BinsiKi.i,  Sodium  Benzoate,  and  is  described  as  "a 
white,  amorphous  jiowder,  odorless,  or  having  a  faint 
odor  of  benzoin,  and  a  sweetish,  astringent  taste,  Per- 
manent in  the  air.  Soluble,  at  1.")  (.'.  (oil'  F.),  in  l.s 
jiarts  of  water  and  in  4-~)  ]iailsof  alcohol;  in  I. J:!  parts  of 
boiling  water,  and  in  20  parts  of  boiling  alcohol.  When 
heated,  the  salt  melts,  emits  vapors  having  the  odor  of 
benzoic  acid,  then  chars,  and  tinally  leaVes  a  residue  of 
sodium  carbonate  and  carl>on.  To  a  nou-hrminous  llame 
it  imparls  an  intense  yellow  color.  The  aqueous  solu- 
tion is  neutral  to  litmus  piaper"  (U.  S.  P.).  The  salt 
should  be  ke])t  in  well-stoi)pered  bottles.  Sodium  ben 
zoate  is  made  by  treating  a  sodium  carbon.-ite.  in  hot 
SiUurated  aqueous  solution,  with  benzoic  acid,  and  the 
(juality  of  the  sjilt  will  be  determined  by  the  quality  of 
the  benzoic  acid  used  in  its  manufacture.  The  aiiicle 
described  by  the  Phartnacopieia  is  intended  to  be  made 
from  benzoin-benzoic  acid.  Specimens  miide  from  hi])- 
puric-benzoic  acid  and  from  toluene-benzoi(t  acid  liave 
been  found  to  be  less  freely  .soluble  in  water  than  the 
above,  and  to  yield  pale  yellow  and  turbid  solutions  of 
an  acrid,  bitter  taste,  and  of  an  odor  of  horse  sweat  or  of 
l)itter  almonds,  ac<-ording  to  the  source  of  the  benzoic 
acid. 

Physiologically,  sodiutn  benzoate  is  about  as  harmless 
as  a  .salt  can  be,  but  has  been  found  to  produce  fully  the 
curative  action  of  benzoic  acid  itself  in  acute  rheumatism, 
and  has  been  loudly  vaunted  as  of  wonderful  avail  in 
pulmonary  consumption,  di|)htheria,  etc.  It  has  been 
given  internally  in  doses  amounting  to  from  5  to  20 
gm.  (gr.  Ixxv.  to  ccc.jaday.  without  serious  derange- 
ment, and  for  pronounced  elTect  in  acute  rheumatism  the 
fidlest  limit  of  such  dosage  may  be  necessafy.  In  diph- 
theria, inhalations  of  atomized  s]iray  and  insufflations  of 
the  powder<'d  salt  upon  the  diphtheritic  |)atch  have  also 
been  practised. 

I.llliinm  Biuzfxiir.  T,i{MI.-,0.;.  — The  salt  is  oHicial  as 
I.ithii.  /?c;(5w(,<t.  Lithium  Benzoate,  It  is  thus  described  : 
"A  li.ght,  white  powder,  or  small,  shining  crystalline 
scales:  odorless,  or  of  faint  benzoin-like  odor,  and  of  a 
cooling,  sweetish  taste:  jiermanent  in  the  air.  Soluble, 
at  15°  C.  (o!)'  F.),  in  4  parts  of  water,  and  in  12  parts  of 
alcohol:  in  2.5  parts  of  boiling  water,  and  in  10  parts  of 
boiling  alcohol.  The  presence  of  sodium  benzoate  in- 
creases the  solubility  in  water  and  lessens  that  in  alco- 
hol "  (U.  8.  P.I.  The  salt  reacts  to  heat  the  same  as  does 
sodium  benzoate,  ('Xcept  that  it  colors  ti  tiauie  crituson 
instead  of  yellow. 


Lithium  benzoate  is  made  by  direct  decomposition  of 
lithium  carbonate  by  benzoic  acid;  and,  as  in  the  case  of 
the  making  of  sodium  benzoate,  benzoin-benzoic  acid 
should  be  used  for  the  maintfactnre. 

Lithiiun  benzoate  is  an  imiocent  salt,  seemingly  yield- 
ing to  a  certain  degree  similar  r<'sults  to  benzoic  acid 
it.self  in  urinary  affectioirs  (see  under  Jienzoic  Acid,  (tnt<). 
It  has  been  used  in  such  conditions  in  the  jilace  of  the 
imcombined  acid,  in  dnses  of  from  1  to  2  gin.  (gr  xv.  to 
XXX.)  several  limes  daily. 

Am  iniiiii  11.111  Jleiiziiiitc,  1S'II.,,(MI:,().... — The  salt  is  official 
as  AiiiiiKiiiii  TlniZdiiK,  Annuonium  Benzoate.  It  is  thus 
described:  "Thin,  white,  four  sideil,  laminar  ciystals, 
odorless,  or  having  a  slight  odoi'of  benzoic  acid,  a  ,s;iline, 
bitter,  afterward  slightly  acrid  taste,  and  gnuhially  l.)S- 
ing  ammonia  on  exjiosure  to  the  air.  Soluble  at  15  ('. 
(5it  J''.),  in  5  jiarts  of  water  and  in  2K  parts  of  alcohol; 
in  1.2  parts  of  boiling  water  iind  T.(!  parts  of  boiling  al- 
cohol. When  strongly  heateil,  the  salt  melts,  emits 
va])ors  having  the  odor  of  ammonia  and  benzoic  acid, 
and  is  linally  com]iletely  dissipated"  (U.  S.  P.).  The 
salt  is  made  by  iiddiiig  benzoic  acid  to  water  of  ammonia, 
and,  as  in  the  ease  of  the  other  benzoate,  benzoin-benzoic 
acid  should  be  used  in  the  making.  This  lienzoate  should 
be  kejit  in  well-sto]i])ered  bottles. 

Anuuoiiium  benzoate  isan  innocent  salt,  and  affects  the 
urine  after  the  manner  of  benzoic  acid  itself.  It  is  used 
in  |)lace  of  the  iicid  in  urinary  disorders  (see  Benzoic  Acid, 
above),  in  doses  of  from  I  to  2  ,gm.  (gr.  xv.  to  xxx.)  sev- 
eral times  daily.  It  amounts,  medicinally,  to  a  soluble 
form  of  benzoic  acid,  and  can  readily  be  made  extempo- 
lancously  in  solution  by  .saturating  benzoic  acid  with 
water  of  ammonia.  Let  the  amoimt  of  benzoic  acid  to 
be  pi'escribed  be  mixed  with  a  little  water,  (lieti  neutral- 
ized with  water  of  ammonia,  aiMl  the  whole  lirought  to  a 
di'sired  volume  of  solution  by  further  addition  of  water 
(.S(piil)b).  luliriiyd  Curtis. 

BENZOIN. — P>i-:nzoin'i:m.  "  (iiim.  Be»jiiniiii."  "A 
balsamic  resin  obtained  from  />/i/ni.i:  Stiizoiii  Dryander 
(fam.  Sfi/mcai)"  {V.  S.  P,).  Tlte  tree  here  uamid  is 
known  to  be  the  source  of  the  Sii nnitrii  variety  of  ben- 
zoin, l)ut  is  probably  not  that  of  the  Slum  variety.  It  is 
a  ,!;ood  sized  tree,  rather  widely  distributed  through  the 
Easlln<lia  Islands,  and  toa  ccjnsiderableextent  cultivated 
in  Sumatra.  At  tlieage  of  about  six  years,  when  the  tree 
is  six  to  eight  inches  in  diameter,  collections  begin.  They 
are  conliinied  for  from  lifteen  to  twenty  j'ears,  the  prod- 
uct becoming  darker  and  more  inferior  with  each  suc- 
ceeding year.  The  ,sap  exudes  from  incisions  made  for 
till'  purjiose,  as  a  milky  juice  which  is  collected  in  tears, 
at  first  whitish,  then  becoming  yellow,  or  rusty  brown, 
but  still  milky  white  when  fracttu'ed.  If  this  concrete 
product  of  the  young  trees  is  packed  separately,  it  re- 
sults in  a  more  or  less  loo.sely  constructed  cake,  of  excel- 
lent (|uality .  Ordinarily,  however,  there  is  a  considerable 
(inaiitity,  often  very  large,  of  a  darker  substance  which, 
run,  or  perhaps  kneaded,  into  the  ititerstice.s,  and  then 
hardening,  converts  Ihe  cont<'nts  of  the  boxes  in  which  it 
CI itues  packed  into  a  solid  mass  of  a  piidiish  or  reddish 
grav.  or  of  a  gray  or  sometimes  giity -brown  color,  in 
which  the  white  or  yellowish  tears  are  tirndy  embedded. 
It  is  believed  thiit  this  interstitial  substance  consists  of 
the  soft  product  from  ol<l  tn'cs,  or  even  of  a  very  inferior 
substance  obtained  by  barking  and  scraping  the  trunks. 
Even  this  inferior  variety  may  be  regarded  as  good  in 
comparison  with  (he  very  laige  (piantity  of  adulterated 
benzoin  which  reaches  us.  Adulteration  was  formerly 
practised  by  emliedding  large  stones  in  the  centre  or  ends 
iif  the  mass,  but  the  ins]iection  of  the  blocks  by  s])litting 
them  diagonally  in  various  directions  checked  this.  an<l  ro 
course  is  now  had  to  tine  gravel,  ,saiid,  or  other  earthy  mat- 
ter, for  the  purpose.  Benzoin  thus  adulterateil  is  called 
"drossy."  Benzoin,  when  cold,  breaks  with  a  sharp, 
brittle  fractin'e,  and  a  shining  or  sparkling  surface,  but 
becomes  more  or  less  plastic  or  adhesive  in  a  warm  iit- 
mospheri'.  It  has  a  very  pleasant  balsamic  odor  and  a 
rather  nuldly  aromatic,  somewhat  acrid  and  unjileasiint 
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tiisle.  BiMi/.oic  iK-id  siiMimcs  fmin  it.  Five  pait.s  dI 
WHim  iilcoluil  slioiilil  ili.^solvc  ncaily  all  of  it.  if  puic. 

Siiim  iHiiziihi  is  packed  in  similar  bo.vcs,  but  ('onsisLs 
of  a  porous  uiass  of  tears  only,  loosely  cohering  or  sepa- 
rale.  These  tears  are  known  in  Imde  as  "marbles"  or 
"almonds"  and  the  respective  grades  are  known  as 
"large"  or  "small  marbled."  The  outer  surface  of  these 
tears"  becomes  of  a  darker  yellow  or  brown  than  the 
Sumalni.  but  they  also  are  white  inlcrnally.  Tbey  are 
much  more  fnignint,  ren\incling  one  somewbat  of  vanilla. 
This  variety  is  nuicb  more  expensive  than  the  Sumatra. 
and  is  little  subject  to  adulteration. 

I'liiiiiiti  liiiiiohi  was  a  very  highly  valued  variety  of 
Sumatra,  but  is  now  obsolete  in  conunerce. 

Till-  principal  constituent  of  benzr)in,  as  to  percentage, 
constituting  almost  the  whole  of  it.  is  resin,  but  its  active 
constituent  is  benzoics  acid,  which  see.  There  is  a  trace 
of  cinnamic  acid  and  a  little  volatile  oil. 

Action  (I lid  l'si.1. — So  far  as  the  medicinal  action  and 
use  of  benzoin  is  concerned,  it  is  identical  with  benzoic 
acid,  in  iiroportion  to  its  jiercentage.  Otherwise  it  is 
used  in  pharmacy  for  perfuming  medicinal  substances  or 
for  rendering  tlieni  aniiscptic.  and  very  largely  in  the 
manufacture  of  ]icrfumcry.  Theoflicial  preparations  are 
the  AikjiK  /'< iizoiiiiiliis,  or  In iizoiiuitiil  liird.  wbieb  con- 
tains 2  per  cent,  of  it,  the  tinctrnv.  of  20-per-cent. 
strength,  which  is  the  distinctly  medicinal  preparation. 
the  (iose  3  to  4  c.c.  (ti.  3  ss.  to  i.),  and  the  compound 
tincture  or  "Friar's  Balsam,"  containing  13  per  cent,  of 
benzoin,  8  per  cent,  of  storax,  4  per  cent. 'of  balsam  tolu, 
and  3  per  cent,  of  puritied  aloes,  the  dose  being  the  same  as 
of  the  last.  HiiirifH.  Rnxbij. 

BENZO-IODO-HYDRIN.  — Glycerybchlor-iodo-ben- 
zoate;  cldor-iodo  benzoyl  glycerin  ester — ClICsHsCoHs- 
Coo.  It  is  a  i)roduct  of  the  interaction  of  benzoyl  iodide 
and  epichlorhydrin.  and  is  a  yellowish-brown  fatty  mass, 
insoluble  in  water  and  glycerin,  and  soluble  in  alcohol, 
ether,  and  petroleum  oils.  At  the  boiling  point  of  water 
it  is  decomposed,  iodine  being  liberated.  It  is  cUiinicd 
that  this  substance  po.ssesses  the  same  value  as  jjotassium 
iodide  without  any  tendenc}'  to  produce  iodism  or  to 
derange  the  digestion.  Two  grains  of  benzo-iodo-hydrin 
may  be  given  with  si.xty  grains  of  sugar,  this  dose  being 
equivalent  to  fifteen  srains  of  potassimn  iodide. 

ir.  .1.  i;,i><t,,h,. 

BENZO-NAPHTHOL.  BETA-NAPHTHOL  BENZO- 

ATE— lC,,,ll-<».  (MliO.)  Obtained  liy  ihc  naeliou  that 
takes  place  between  beta  naphthol  and  benzoic  aeiil.  It 
is  a  whitish,  cry.stalline  i)0\\der.  very  slightly  soluble  in 
water,  freely  soluble  in  chlorf)form  and  alcohol. 

It  is  recommended  as  a  substitute  for  salol  or  betol, 
having  the  advantages  that  benzoic  acid  iiossesses  over 
carbolic  or  salicylic  acid.  When  inlioduced  into  the 
intestines  it  breaks  up  into  beta-napbthol  and  benzoic  acid. 

The  former  is  not  ab.sorbedand  remains  in  the  intestines 
until  excreted  ;  the  latter  also  exerts  a  local  antiseptic  ac- 
tion, but  ultimately  is  absorbed  and  eliminated  with  the 
urine. 

This  is  one  of  the  newer  intestinal  antiseptics  that  have 
secured  a  favorable  recognition.  Its  continued  use  has 
added  to  its  repute,  and  it  may  now  be  looked  upon  as 
a  remedy  of  decided  value.  It  has  proved  of  value  in 
ordinary  fermentative  changes  in  the  intestine,  and  in 
the  diarrha-as  of  children  and  adults,  both  acute  and 
chronic.  Reports  show  it  to  be  of  jiarlicular  use  in 
chronic  conditions  in  which  there  are  follicular  disease  and 
ulceration.  In  an  epidemic  of  acute  dysentery  in  Cuba 
it  proved  of  marked  value,  the  death  rate  in  thos(!  cases 
in  which  it  was  employed  being  only  two  per  cent.,  while 
under  other  methods  of  treatment  it  was  nine  per  cent. 

The  ordinary  dose  is  given  as  from  five  to  ten  grains 
three  or  four  times  a  day,  but  when  a  more  decided  ac- 
tion is  desired  a  larger  dose  must  be  a<lministered — fortv 
grains  a  day  to  children  and  from  sixtv  to  ninety  grain's 
to  adults.  Xo  ill  eiTeets  have  been  reported  from  the 
employment  of  this  remedy.  Beaumont  Unudl. 


BENZO-PHENONEID.— Tetra-methyl  diap.sidobenzo- 

liheiioiil.  .V  non  iiiitaling  though  powerful  germicide, 
obtained  by  the  decomposition  of  an  aniline  dye.  It  is 
similar  to  pyoktanin.  is  soluble  in  100  parts  of  water, 
and  is  not  caustic.  Like  yellow  pyoktanin  it  has  been 
used  in  corneal  idcers,  jrastular  keratitis,  and  various 
ulcerative  lesions  of  the  skin  and  mucous  membranes. 

ir.  A.  Bastedo. 

BENZOYL-AMIDO-PHENYL-ACETIC  ACID.— CHC,- 

II.a'tl.MK'„ll:,('l)(lll.  .Vmi.lo-i.lunyl-acetic  acid  is  dis- 
solved in  a  twenty -tive-per-cent.  solution  of  sodium 
hydroxide,  warmed,  and  benzoyl  chloride  added;  tliis 
mixtiu'e  is  then  poured  into  dilute  hydrochloric  acid,  and 
the  resulting  pri'cipitate  washed  and  dried.  It  is  in  , 
white,  needle-shaped  crystals,  slightly  soluble  in  water, 
and  foi'ming  with  the  alkalies  soluble  salts.  Both  the 
acid  and  its  salts  are  used  as  antiseptics  in  the  alimentary 
tract,  and  they  promise  to  be  of  value  wheu  putrefaction 
is  taking  place  in  the  small  intestine,  with  headache,  in- 
dicanuria,  etc.     Clinical  data  are  wantinsj. 

ir.  A.  Biisiedo. 

BENZOYL-EUGENOL.  —  C,IIa,C3H5,OCH3,OCOC.H5 

— a  combiuatiim  ol  bejizoic  acid  and  eugenol.  combining 
the  antiseptic  properties  of  oil  of  cloves  with  those  of 
benzoic  acid.  It  occurs  in  large  colorless  prisms  or  in 
small  needle-shaped  crystals,  is  odorless  and  tasteless,  iu- 
soluljle  in  water,  and  freely  soluble  in  alcohol,  ether, 
chloroform,  and  acetone.  It  is  an  intestinal  antiseptic, 
and  being  to  some  extent  eliminated  by  the  lungs,  it  acts 
as  a  stimulant  and  antiseptic  to  the  respiratory  tract. 
So  far  its  us<'  has  been  confined  to  cases  of  pulmonary 
and  intestinal  tuberculosi.s.  Do.se.  gr.  vij.  to  xv.  in 
powder  or  capsule,  or  nuxed  with  milk. 

ir.  A.  Bastedo. 

BENZOYL-TROPEINE.— CJImCJLX'ONO.    Tropine, 

the  mother  substance  of  atropine,  is  heated  to  100°  C. 
with  benzoic  and  dilute  hydrochloric  acids.  The  result- 
ing silky  needli'S  constitute  benzoyl-tropeine.  They  are 
insoluble  in  water,  have  a  strongly  basic  reaction,  and 
with  acids  form  soluble  salts.  Tins  comjiound  seems  to 
stand  chemically  bc'twecu  cocaine  and  atropine,  and  it 
partakes  of  the  nature  of  each.  Thus  Filehne  found  it 
to  be  a  valuable  local  anaesthetic  when  applied  to  the 
eye,  it  at  the  same  time  causing  dilatation  of  the  pupil. 
The  soluble  salts  may  be  used  in  one  to  four  per-cent.  so- 
lution, ir.  ^4.  Bastedo. 

BERBERINE.  — 2(C.,„HnNO,  +  9H20).  An  alkaloid 
obtaine<l  eliictly  from  Berl/eris  riilffarish.,  but  very  com- 
mon in  other  plants,  especially  in  the  families  Berheri- 
diieai',  liiniunenliii-itt'.  and  Meinsper»t<ice<v.  It  occurs  in 
yellow,  needle-shalK'd  crystals,  or  as  a  yellow  cr_ystalline 
])Owdcr,  and  is  soluble  in  alcohol  and  hot  water.  It 
forms  numerous  yellow  crv.stalline  salts.  It  is  not  poi- 
sonous. Aside  from  its  eiTects  as  a  simple  bitter,  its 
phj'siological  action  is  rather  weak.  It  is  somewhat 
stimulant  to  unstrijied  muscular  tibre,  yet  it  causes  a  fall 
of  blood  pressure  and  slightly  lowers  the  temperature. 
Large  doses  are.  irritant  and  may  produce  purgation.  It 
is  usually  given  as  the  sulphate.  The  dose  as  a  tonic  is 
0.03  to  O.OG  gm.  (gr.  ss.  to  i.).  Doses  of  ten  to  fifteen 
times  these  amounts  are  antiperiodic.  II.  II.  B. 

BERBERIS  L.— B-VRBKUiiY.  A  genus  of  the  family 
Berix  riil'irm ,  containing  more  than  one  hundred  species, 
very  widely  distributed  thnmghont  the  north  temperate 
zone  and  extending  along  the  motuitaius  into  and  through 
the  tropics.  They  are  beautiful  erect  or  prostrate,  yel- 
low-flowered shrubs  or  small  trees,  the  evergreen  leaves 
mostly  pinnate  and  usually  spinulose-tootbcd.  All  parts 
are  iiermeated  by  the  alkaloid  /nrlin-ine.  the  largest  per- 
centage occurring  in  the  bark,  and  more  particularly  iu 
that  of  the  root.  In  most  )ilaces  where  the  species  grow 
they  have  gained  a  high  reputation  as  bitter  tonics. 

B.  milgaru  L.  is  an  erect  species  of  Europe  and  ad- 
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jacent  Asia,  naturalized  to  snnic  extent  inXorth  America, 
its  searlet  I'niil  larijely  used  iu  (ildeii  times  as  eriinlierries 
now  are.  liotli  the  root  and  the  liark  have  loiii^  been 
used  medicinally  as  an  aniiperiodie.  febrifuge,  and  tonic. 
Besides  the  berbcrinc.  it  contains  the-  alUaioids  oxyaean- 
thine  and  berbamine.  OxyacanlhiTie  is  at  tirst  white, 
but  turns  yellow  on  ex])osure  to  liiihl.  The  two  last- 
named  alkaloids  apparently  do  not  exert  nuieli  inlluen(-e, 
as  the  act  ion  of  berberis  is  iiraelieally  that  of  its  berberine. 

/)'.  iKjiiifiiUuiii  I'ursh,  ()rei;<in  .t^ruiie  root  or  mountain 
grape,  is  a  low,  <lilVuse,  blue  fruiie<l  species,  very  abun- 
dant in  the  Korthwesteru  United  States.  It  holds  a  re- 
markable place  in  the  esteem  of  the  nuners  and  moun- 
taineers, who  rely  chiefly  upon  this  and  Ihe  mountain 
sago  {Arti inisia  fviijidii)  in  tlie  trealment  of  fevers.  Its 
constituents  arc  about  the  ssime  as  those  of  li.  'tnlfiuns. 
The  root  is  u.sed.  Very  many  rejiorts  agree  in  attribut- 
ing to  this  drug,  in  addilion  lo  llii^  oidinary  tonic  pro])- 
ertiesof  a  vegetable  bitter,  a  special  j)ower  in  .slimulaling 
nutrition.  Tile  dose  of  both  sjieciesis  O.'i  to  ().(>  gm.  (gr. 
iij.  to  X.).  Large  doses  are  laxative.  The  best  form  of 
adminisl ration  is  the  powder,  tluid  extract,  or  tincture. 

In  India,  7j.  (in's/iftn  D.C,  />'.  Lf/r/iiiii  Koyle,  and  />. 
Asiii/iiyi,  Hoxb.  are  similarly  cnqiloyed. 

Ifllill/   Jl.    Ji'ilx/il/. 

BERCK-SUR-MER.—A  ,sea-coast  village  in  the  De- 
jiartnieut  of  I'asde Calais,  France,  lying  upon  the  shore 
of  the  English  Ciiannel.  This  place  is  mentioned  only 
in  order  to  call  attention  to  the  seaside  lios|)ital  there 
existing,  which  has  accommodations  for  live  hunilred 
patients.  Lombard  tells  us,  in  his  "Traite  de  clima- 
tologie  medieale,"  vol.  iv.,  p.  6U4,  that  this  hospital  was 
established  in  1870,  in  consequence  of  the  excidlent  re- 
sults in  the  tri'Mlment  of  ca.ses  of  scrofula  and  rickets  ob- 
tained at  the  hospital,  containing  one  hundred  beds,  that 
had  been  foimded  at  this  Jjlace  by  the  city  of  Paris  for 
the  use  of  tlie  poor.  The  ])resent  hos])ital  contains  eighty 
beds,  intended  for  the  children  of  such  parents  as  can 
alTord  to  pay  the  small  sum  of  one  franc  ciglily  centimes 
(thirty -si.x  cents)  per  diem  for  their  board,  loilging,  and 
medical  treatment.  The  ideaof  founding  such  establish- 
ments for  the  benefit  of  poor  children,  the  victims  of 
scrofulii  ;ind  kindred  di.seases,  aiifiears  to  have  originated 
with  the  Italians;  and  no  le.ss  Ihan  thirteen  such  charila- 
ble  instifufioMs  exist  upon  the  Mediteri'anean  and  Adri- 
atic shores  of  the  Italian  i)eninsula.  The  rejiortsof  these 
hospitals  show  excellent  results  from  this  most  admir- 
able and  commend.-dile  charity.  At  Biarritz,  Cette, 
Cannes,  Arcachon.  Pen  Broii,  Cap  Breton.  Ilyeres-Giens, 
and  Ver-sur-iM<'r,  as  well  as  at  Berck-sur-SIer.  the  French 
have  made  fiu'fher  provision  for  tliis  class  of  jiatients. 

/tiiii/iiif/loN  J'ir/mnh. 

[There  are  also  hospitals  or  .sanatoria  for  scrofulous 
children  on  the  coasts  of  Holland,  Belgium,  Denmark, 
Austria,  Germany,  Russia,  and  England,  the  one  at  Mar- 
gate having  been  founded  in  1T!H>. 

It  is  well  to  emi)liasiz('  here  the  great  value  of  seaside 
residence  for  scrofidous  or  tuberculous  children,  and  the 
importance  of  such  establishmenis  as  these  upon  the 
coasts  of  the  various  Eurojiean  countries,  where  at  th(! 
same  time  the  children  <'an  reci-ive  proper  al  tent  ion  and 
nourishing  food.  In  this  country  f  he  example  of  Eurojie 
might  well  be  folhiwed  in  this  respect,  and  many  of  our 
admirable  seaside  resorts  be  utilized  for  fins  jturpose. — 
E.  O.  n] 

BERGAMOT,  OIL    OF.— Oleitm  Beroamott.e.      "A 

volatile  oil  ol)tainiil  by  expression  from  the  rind  of  tlie 
fresh  fruit  of  Citrus  I>ii-;/iiiiiiti  Kisso  et  Poiteau  (fam. 
Rutaceee)"  (\j.  S.  P.).  The  bergamot  tree  is  a  small  ever- 
green, very  much  like  Ihe  bilter  orange  in  almost  all  re- 
spects, but  the  leaves  are  obovafe.  with  narrowly  winged 
petioles,  and  the  flowers  are  smaller  and  fewer.  It  is  not 
known  in  a  wild  state — indeed,  it  was  not  known  al  all 
until  about  two  hundred  years  ago,  when  it  a|)peared  in 
the  south  of  Europe.     There  is  no  doubt  it  is  a  hybrid 


or  cross  of  somi'  kind,  probably  between  the  liitler  orange 
and  the  lemon  or  citron.  The  fruit  is  about  as  large  a.s 
a  small  orange,  and  has  the  siune  general  siructure.  It 
is  rounded,  pear-shaped,  about  as  broad  as  long,  with  a 
broad,  flat,  or  even  depressed  apex;  the  skin  is  soft, 
smooth,  yellow,  and  very  fragrant.  The  ind|i  is  sour 
and  bilter. 

Bergamots  are  raised  in  the  vicinity  of  Keggio.  in  the 
south  of  Italy,  and  in  Sicily,  and  Ihe  oil  is  exported  from 
Messina  Jind  Palermo.  This  is  colli'cted  niechanically 
by  rupturing  Ihe  vesicles,  sometimes  by  the  old  sponge 
process  used  with  oranges  and  lemons  in  obtaining  their 
oils,  but  more  generally  now  ijy  a  .sort  of  hand  mill,  into 
which  the  fruits  are  put  whole,  and  rolled  and  rubbeil 
against  a  series  of  knives,  which  cut  or  scrape  the  sur- 
face and  so  liberate  the  oil.  It  flows  to  the  bottom  of 
Ihe  mill,  and  out  througli  suitable  apertures.  One  lum- 
dred  fruits  yii'ld  two  and  a  half  or  three  ounces  of  the 
oil  (FUickiger). 

It  is  a  Ihin,  mobile,  pale-green,  or  greenish  liquid, 
with  a  very  fragrant,  jUeasant  odor,  and  a  bilter,  aro- 
matic taste.  Its  specific  gravity  is  0.883  to  U.88(j,  its 
reaction  slightly  acid.  Its  active  portion  is  linaloyl 
ae<'late.  Like  the  essential  oils  in  general,  it  dissolves 
r(!adily  in  alcohol,  chloroform,  ether,  and  fats,  and  only' 
very  sparingl_v  in  water.  The  green  color  is  due  to 
ch!oro])hyll. 

Tlie  medical  projierliesof  oil  of  bergamot  are  tho.so  of 
essential  oils  in  general,  but  it  is  never  used  internally. 
On  the  other  hand,  its  delicious  odor  has  made  it  a  uni- 
versal favorite  in  perfumesand  toilet  preiiarations.  The 
world-renowned  Cologne  water  has  it  as  its  principal  in- 
gredient, modified  by  other  aurantiaceous  oils.  There 
are  numerous  formula'  for  making  it;  one,  formerly  offi- 
cial as  Spirit  UK  (hliiratnx,  is  as  follows: 

Oil  <:if  Bergamot 10  parts. 

Oil  of  Lemon 8 

Oil  of  Hosemary 8  " 

Oil  of  Lavender  Flowers 4  ■' 

Oil  of  Orange  Flowers 4  " 

Acetic  Ether 3  " 

Water l.")8  " 

Alcohol 800  " 

1,000  parts. 
W.  P.  BoUm. 
BERIBERL    See  Nntritix. 

BERKELEY  SPRINGS.— Morgan  County,  West  Vir- 
gini.-i. 

Pos'i Okfk  K.  —  lieikcley  Springs.       Hotel. 

Access. — Via  Baltimore  and  ijhio  Kailrnar]  lo  Han- 
cock Station;  thence  by  Berkeley  Springs  and  J'otomac 
Uailroad  direct  to  sjirings.  Trains  on  the  latter  road 
make  close  connection  with  all  day  trains  during  the  sea- 
son. The  location  is  six  miles  soulhwc'st  of  Potomac 
River  and  IIanco<-k  Station. 

These  liisb)ric  old  springs  are  situated  in  a  narrow 
valley,  about  eight  hundred  feet  above  tlu'  sea  level,  and 
issue  from  the  base  of  a  steep  riilge  rising  at  this  ])oint. 
about  four  iiuiiilred  and  fifty  feet  above  the  valley. 
Tradition  has  it  that  the  waters  here  were  well  known 
to  the  aborigines,  who,  although  generall_v  at  war  among 
themselves,  established  a  standing  truce  around  the 
sjirings,  that  all  might  avail  themselves  of  their  potent 
virtues.  The}'  have  been  known  and  used  by  the  whites 
since  \TM),  and  it  is  said  they  wer(>  visited  by  (Jeorge 
Washington  while  employed  with  a  surveying  exjiedi- 
tion  in  1748.  The  Father  of  his  country  was  so  appre- 
ciative of  the  many  attractions  of  Ilie  neighborhood  that 
he  afterward  ac(juired  projierty  immediately  a<lja<-cnt  to 
the  principal  .spring,  on  which  he  erected  two  "comfort- 
able and  convenient  houses."  General  Horatio  (Jates. 
Charles  Carroll  of  Carrollton,  and  other  well-known 
figures  of  Revolutionary  days  were  also  reiiresented 
among  the  owners  in  the  old  town  established  in  1770. 
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The  location  of  Bcikt'lpy  is  in  a  biautil'ul  mountain 
n^^ion,  covered  for  the  most  jiait  by  primeval  forests, 
wflli  a  botanieal  luuler.irrowUi  i«(iiliarly  rich,  varied, 
and  interest  ins.  The  scenery  is  wild  and  romantic,  and 
the  country  is  threaded  witli  iileasant  walks  and  drives 
in  all  directions.  The  air  is  pure  and  wholesome,  and 
the  heat  duriu!;  the  sununer  months  is  rarely  oiijiressive. 
The  streams  iii  the  neisrhborhood  arc  well  sl<icked  with 
tine  irametisli,  chief  among-  them  being  tlw  black  bass. 
The  forests  also  abound  in  lh(^  laigcr  •rame.  including; 
deer,  wild  turkeys,  and  phea.stiuts.  which  Jifl'ord  good 
sport  after  September  1st.  The  spacious  hotel  at  Berke- 
lev.  having  a  capacity  for  five  hundred  guests,  has  re- 
cently changed  hands",  and  has  been  entirely  renovated 
and  retitled.  Water  from  th(-  spring  is  sup])lied  to  each 
tloor.  All  varieties  of  hot,  warm,  and  cold  baths  are  at 
hand,  and  two  large  plunge  and  swimming  pools  have 
l)een  ponstrueled.  The  sin-ings  discharge  from  five  prin- 
cipal sources,  all  within  a  radius  of  one  hundred  yards. 
The  water  is  clear  and  sparkling,  and  tasteless.  It's  tem- 
peralure  is  l-i'  F..  which  does  not  vary,  and  the  flow  is 
about  one  lnmdred  and  twenty  thousand  gallons  per 
hour.  The  following  analysis  was  made  by  Prof.  A. 
A.  Hayes,  of  Massachusetts,  in  1855: 

OxK  TxrrKn  Status  G.^llon  Co.vtains: 
Solids.  Grains. 

Cfllciuin  carl)onate 5.00 

Calcium  cn'iiate 3.04 

Iron  cn-nnte 08 

Soiliiiin  clilftTlde S9 

('ak-iiiiii  silicate 04 

MagiKr^iuni  sulphate 3H 

Calciuiu  cliloride 21 

Loss 06 

Total lO.SS 

The  gaseous  contents  are  one-tweuty-eiglith  of  the 
volume  of  the  water,  and  are  composed  as  follows  in  one 
hundred  parts; 

Carbonic  acid 19.00 

Oxygen lii.OU 

Nitrogen 04.:J0 

Total 09.90 

The  water  is  evidently  of  the  light  saline-calcic  variet.y. 
An  analysis  made  by  J.  H.  Dickson,  chemist  of  Pitts- 
biii'g.  Pa.,  in  1892,  shows  a  total  of  18.4!)  grains  per 
United  States  gallon  The  qualitative  results  are  prac- 
tically identical  with  those  above  shown.  The  baths 
at  Berkeley  have  been  celebrated  for  many  years  in  the 
treatment  of  gout,  sciatica,  and  rheumatism.  The  in- 
ternal use  of  the  water  is  said  to  jiroduce  excellent  results 
in  chronic  dyspepsia  and  diarrhcca.  Jlauy  Virginia 
families  take  their  children  to  this  resort  on  account  of 
its  reputation  as  a  restorer  in  rachitis  and  genei'al  feeble- 
ness and  on  account  of  its  value  in  sununer  complaints 
during  the  period  of  dentition.  The  baths  possess  a 
marked  cosmetic  effect,  i-endering  the  skin  soft,  fresh,  and 
elastic,  and  aiding  in  the  removal  of  tans  and  freckles. 
There  are  also  in  close  pioxiniity  two  strong  chalybeate 
spi'ings  and  a  suljihnr  spring.  Jmnoi  J\'.  Crink, 

BERKSHIRE  HILLS.— The  hilly  country  lying  between 
the  nearly  parallel  ranges  of  the  Hoosaeaud  Taeonic 
Mountains,  in  the  extreme  western  part  of  the  .State  of 
Massachusetts,  has  hmg  been  noted  for  the  beauty  of  its 
scenery  and  for  the  general  healthfulness  of  its  climate, 
and  has  become,  in  consequence,  a  very  favoiite  and 
fashionable  resort,  more  particularly  fur  dwellers  in  the 
cities  of  Boston  and  New  Yoi'k  whoilesire  to  cseaije  fi-om 
the  heat  and  vitiated  air  of  a  large  town  during  the  sum- 
mer months.  Not  only  do  many  such  per.sons  possess, 
in  and  about  the  chief  towns  of  this  region,  handsome 
and  attractive  homes,  where  they  i-eside  during  the 
warmer  months  of  the  year,  but  a  "considerable  number 
of  the  wealihierclass reside  in  tliis neighborhood  through- 
out the  entire  course  of  the  year. 

The   Hoosiic  range  of  iiills  vary  in  height  between 


l,20t)  and  1.600  feet,  while  Greylock,  the  highest  peak  of 
the  Tiiconics,  rises  some  <i,500  feet  above  the  sea  level. 
The  summi-r  climate  of  tlie  Berkshire  country  is  cool,  and 
it  is  claimed  that  at  all  seasons  a  protection  is  here  en- 
joyed against  the  dampness  brought  by  eastei'ly  winds 
from  the  Atlantic  and  by  westerly  winds  from  tlie  Great 
Lakes,  a  good  part  of  their  load  of  n)oisture  being  de- 
posited by  these  winds  upon  the  Hoosac  Mountains, 
which  form  the  eastern,  and  upon  the  Taeonic  Moun- 
tains, which  form  the  western,  boundary  wall  of  the 
region. 

The  length  of  the  Berkshire  Hill  countrj'  is  about  tifty 
miles  fiom  north  to  south;  its  breadth  from  east  to  west 
about  fifteen  or  twenty  miles.  The  following  remarks  on 
the  healthfulness  of  the  country  are  quoted  from  a  paper 
written  liy  Dr.  J.  F.  A.  Adan'is.  of  Pittstield.  and  read 
before  the  Berksliiie  District  Medical  Society,  December 
3",  l.'^SS;  "The  registration  reports  show  that  the  mortal- 
ity from  consumption  is  less  in  Berkshiie  than  in  any 
other  county  of  the  State,  being  but  little  more  than  half 
what  it  is  in  some  of  the  maritime  counties,  and  physi- 
cians know  that  of  the  cases  which  do  occur  here,  the 
great  majority  are  factory  operatives,  wliose  mode  of  life 
renders  tliem  peculiarly  liable  to  this  disease.  .  .  .  The 
diT  atmosphere  tends  also  to  the  pi'cvention  of  rheuma- 
tism, which  is  very  ]irevaleut  along  the  seaboard.  For 
children  the  air  is  extremely  favoral.)le.  cholera  infantum, 
the  summer  scoui-ge  of  cities,  being  rarely  seen,  and 
other  summer  diseases  are  comparatively  mild.  .  .  .  Al- 
though malaria  was  for  many  yeai's  quite  unknown  in 
Berkshire,  it  has,  since  1877,  existed  in  a  few  low  places 
adjacent  to  resei'voirs  or  swamps.  It  is  now,  however, 
fast  disappearing,  and  the  indications  are  that  it  will  soon 
become  extinct.  Those  localities  which  under  any  cir- 
cumstances would  naturally'  be  .selected  for  a  healthful 
residence  ha\'e  not  been  invaded,  excepting  here  and 
there  in  the  immediate  vicinity  f)f  some  marshy  spot,  and 
we  need  not  regard  this  temporarv  and  localized  preva- 
lence as  an  objection  to  taking  up  a  residence  in  Berk- 
shire. No  jjart  of  the  Wf)rld  possesses  a  more  enchanting 
summer  and  autunm  than  Berkshire." 

The  winters  in  the  Berkshire  Hill  region  are  decidedly 
cold,  as  the  figures  given  below  will  show  ;  but  they  are 
spoken  of  by  the  writer  just  quoted  as  being  "  delightful, 
with  a  dry,  cri.sp,  stimulating  atmosphere,  and  plenty  of 
snow."  The  universal  testimony  borne  by  residents 
and  by  visitors  as  to  the  puritj'  and  the  bracing  effect  of 
its  atmosphere  would  seem  to  recommend  this  region 
as  a  place  of  summer  sojourn  not  only  for  persons  suffer- 
ing from  incipient  ]ihthisis,  but  also  for  those  whose  gen- 
eral health  has  suflercd  impairment  by  overwork  and  by 
piolonged  residence  in  the  vitiated  air.  and  amid  the  social 
and  business  excitement,  of  a  great  city;  while  for  some 
persons  who  are  merely  "  threalened  with,"  or  who,  per- 
haps, may  have  already  manifested  in  slight  degree  the 
commencing  lesions  of  pulmonary  phthisis,  and  who 
cannot  go  to  such  places  as  Davos,  Colorado,  etc.,  a  con- 
tinued residence  among  the  Berkshire  Hills,  winter  and 
summer,  would  be  likelj'  to  check,  and.  jierhaps,  to 
arrest  jiermanently,  the  progress  of  the  disease.  For 
stich  persons  it  Avould  be  a  matter  of  no  small  importance 
that,  over  and  above  jts  beautiful  sceneiy  and  its  pure 
air  and  generally  healthful  climate,  this  pai'ticular  region 
is  stiperior  to  most  similar  sections  of  the  United  States. 
in  that  it  ]iresents  throughout  the  .year  the  attraction  of 
good  social  advantages,  a  good  i-vercentage  of  its  resi- 
dent population  being  jiersons  of  cultivation  and  refine- 
ment. 

The  short  tables  herewith  subjoined  are  extracted  from 
those  published  in  "  Smith.sonian  Contributions  to  Knowl- 
edge." N'os.  277  and  223.  Table  A  gives  the  latitude, 
longitude,  height  above  sea  le\cl,  and  average  monthly, 
seasonal,  and  yearly  temperature  of  five  of  the  chief 
towns  or  villages  of  the  Berkshire  country;  Table  B 
shows  the  extreme  range  of  temperature  throughout  a 
series  of  years  at  one  of  these  places  (Williamstown) ; 
Table  C  pres(>nts  the  figures  for  the  average  rainfall,  in 
inches,  at  the  same  place.  JIunHngton  liiehards. 
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[The  admirable  results  obtaiueil  at  the  Jlassarluisetts 
State  Sanatorium  for  Consumptives  at  Ruthinil.  iu  tlie 
ceulre  of  ihe  state,  where  thi'  elimatie  conditions  and 
elevation  are  similar  to  those  of  tljc  Berkshire  Hills, 
would  indieale  that  the  climate  of  the  latter  region  is 
a  favorabk'  one  for  the  li}'i;ienic-dietelie  treatment  of 
phthisis  during  the  whole  year.  We  now  know  from 
abundant  experience  that  C"/'/  is  no  disadvantage,  but 
rather  an  advauta.ce.  in  the  open-air  trealmeiif  of  phthisis 
when  there  eoe.xist  ]iure  air,  freedom  from  high  winds, 
abundant  sunshine,  and  a  fairly  dry  almospiiere.  The 
mortality  from  phtliisis  among'  the  inhabilanis  of  the 
Berkshires  is  more  than  fifty  jiereent.  below  the  average 
for  the  State.— .£■.  O.  0.] 

BERMUDAS.*— The  Bermuda  Islands  lie  about  six  hun- 
dred iiiiliscast  of  the  North  .Vmerican  coast,  upon  a  coral 
reef  which  rises  from  the  bed  of  thc^  ,\tlanlie  Oeeaii. 
The  entire  group  eomjirises  no  less  than  three  hundred 
and  sixty-five  i.slands,  but.  with  tlie  exception  of  some 
twelve  or  fifteen,  they  are  far  too  small  to  In:  suitable  for 
human  habitation,  and  of  these  twelve  or  tifteen  inhal)iled 
islands.  <}nly  live  or  si.x  are  of  any  eonsideral]le  si/.e.  The 
largest  island  of  tlie  group  is  tint  of  Great  liermuda. 
also  called  Long  Island,  wiiieli  has  a  length  of  aliout 
sixteen  miles,  is  but  on(^  mile  and  a  half  liroad,  and  has 
an  area  of  nine  and  a  quarter  sipiare  miles.  When  it 
is  taken  into  account  thiit  the  whole  grou])  of  the 
Bermudas  are  comprised  between  T<at.  S'l  14  aiul  Lat. 
82°  2.V  N.,and  betwe<'n  01  8!S  and  (i-l=  .W  \V.  Long., 
oceuiiying,  tlierefore,  a  portion  of  the  eartli's  surface 
only  ir  long  by  14'  wide,  it  is  easy  to  understand  how 
closely  l)acked  and  crowded  together  these  three  hundred 
and  sixty-tive  islands  and  islets  must  be.  The  coral  reef 
underlying  this  lit  lie  archipelago,  and  of  which  its  cluster 
of  islandsare  merely  the  most  prominent  portions  jutting 
out  aliove  the  surface  the  ocean,  extends  on  the  west- 
ern .side  for  a  distance  of  about  ten  miles  beyond  the 
limits  of  the  i.slands  themselves,  and  it  may  well  be 
understood  that  the  navigation  of  these  coasts,  and  the 
approach  to  the  Bermudas,  are  extremely  dangerous  to 

♦Considerable  portions  of  tlie  present  text  have,  with  the  iinthnr's 
permission,  been  taken  iMidily  fn»ni  Ibe  e.xcelleiit  articb'  ntniriljuted 
by  Dr.  Huntington  Rii'hards  lo  the  llrst  edition  of  this  H.i.vdbook.— 
E.  O.  O. 


ships,  and  that  the  .services  of  skilled  pilots  ai'e  always 
required  by  vessels  entering  or  leaving  their  harbors. 
Nevertheless,  the  art  of  seientitie  engineering  has  so  far- 
overcome  these  natural  obstacles  that  the  island  is  now 
one  of  the  chieC  naval  stations  in  the  British  empire,  to 
which  the  Bermuda  Islands  belong.  At  Ireland  Lsland, 
at  the  entrance  of  Hamilton  harbor,  is  the  largest  float- 
ing dock  in  the  world,  and  Hamilloii  harbor  itself,  al- 
though by  no  means  so  large  as  that  of  St.  George's,  is 
nevertlieless  !ia\'igable  to  v<'ssels  of  many  tons'  burden, 
and  is  the  port  of  entry  for  the  steameis  of  the  Quebec 
Steamshiii  Company,  plying  between  Bermuda  and  New 
York.  \t,  (Jiassy  Bay,  opposite  li'eland  Island,  is  the 
fleet  anchorage  of  the  British  Korili  Atlantic  fleet,  which 
makes  its  winter  headquarters  here. 

The  porous  limestone  rock,  underlying  the  thiu 
laj'er  of  surface  soil  which  covers  the  islands,  rapidly 
absorbs  all  the  water  which  falls  upon  them  from  the 
clouds,  so  that  no  marshes  are  to  be  foiuid  anywhere 
throughout  the  extent  of  the  Berimnlas.  Streams  of 
rinming  water  and  wells  are  equally  absent,  and  rain 
water  alone  eonslitutes  the  suiiply  for  drinking  and  for 
washing  pur)io.ses.  This  water  is  stored  in  hirge  tanks, 
each  house  having  one,  and  no  new  house  is  allowed  to 
be  oeeuiiied  until  the  .sanilary  inspector  is  satisfied  that 
the  lank  has  been  constructed  as  directed  by  law. 

The  character  of  the  soil  is  especially  suite<l  to  the 
construction  of  good  roadways,  hard  and  smooth,  and 
delightful  drives  abound  in  every  direction:  cycling  is 
also  a  favorite  amusement,  and  the  roads  are  excellent  for 
this  form  of  outdoor  cxeicise.  The  facilities  for  fishing 
and  yachting  are  also  unsurpassed.  The  existence  of 
the  important  naval  station  at  Ireland  island  iiisnres  to 
Ihe  Bermudas  at  all  .seasons  a  resident  jiopulation  pos- 
sessing a  larger  degree  of  cultivation  than  is  generally  to 
be  found  in  places  having  so  small  a  number  of  inhabi- 
tants and  sittiati'd  so  far  from  tlie  greater  centres  of 
civilization.  Such  being  th<^  charaeterof  Bermuda  society, 
it  is  no  surjirise  to  h-arn.  as  we  do  from  the  writer  in 
.•Vlijdeton's  "Handbook  of  Winter  Resorts."  Ihal  at  the 
town  of  Ilainilton  "thei'e  are  good  schools." 

The  following  tabU',  condensed  from  an  article  in  the 
linfixh  Medir/il  .fniiriiiil,  1K9T,  ii.,  p.  12;i:i,  uiion  "Ber- 
muda as  a  Ilealih  Resort"  by  E.  Harvey,  M.D.,  gives 
the  meteorological  data: 
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C, iM vTi-   OF   Heioivdv— L.\TiTri)E,  33°  17'  N. ;   Longitide,  64°  47'  W.     Period  of  Observation,  January  1, 
1893,  TO  December  31,  1890.     Elevation  of  Place  op  Observation,  150  Feet.     (FalirenJieit  Scale.) 
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From  (lie  above  table  it  will  be  seen  that  the  mean 
teiii|ierature  for  the  year  is 70.8=  F.  ;  for  the  winter  68.2°, 
ami  for  the  spi'iiig  67.1"  F.  The  four  mouths  of  Deeem- 
ber,  January,  February,  and  :\hirch  have  a  mean  montbly 
tcnipc'rature  not  varviug  more  than  one  or  two  degrees 
for  llie  several  months.  ''The  average  mean  yearly  range 
of  temperature  is  10'  F.  The  relative  humidity  is  high, 
the  annual  mean  being  80  per  cent.  The  average  rain- 
fall for  the  year  is  t}2.'A  inches.  The  prevailing  wind.s 
.are  from  the  sotith  and  southwest,  and,  from  the  pei-soual 
f.xperienee  of  the  writer,  are  frequent  and  high. 

"The  average  number  of  fair  days  in  th(;  year  is  255, 
being  about  "the  .same  for  eaeli  month.  The  average 
number  of  fair  and  clear  days  is  283. — considerably  over 
two-thirds.  The  winter  and  early  spring  are  the  seasons 
of  resort  to  the  islands;  the  summer  being  extremely 
■debilitating.  The  eluiracteristies  of  the  climate,  then, 
are  equability,  a  high  degree  of  moisture,  a  pure  atmos- 
phere free  from  malaria  and  fogs,  and  a  large  numlier  of 
fair  and  clear  days. 

Although,  with  the  exception  of  the  very  damp  and 
warm  period,  comprised  chietiy  within  the  two  months 
of  August  and  September,  the  degree  of  elevation  attained 
by  tlie  thermometer  in  Bermuda  may  indicate  a  moderate 
summer  temperature,  and  although  the  C(mibined  features 
of  its  climate  may  indeed  render  the  i)laec  an  agreeable 
residence  for  many  ])ersons  during  the  warmer  portion 
of  the  year,  nevertheless,  in  view  of  its  great  humidity, 
the  summer  climate  can  hardly  be  considered  desiralile 
for,  and  is  little  likely  to  be  sought  by,  invalids  dwelling 
in  the  United  States.  To  many  such  persons,  on  the 
•other  hand,  its  mildness  and  its  comparative  equability 
may  well  recommend  the  climate  of  these  islands  for 
residence  during  the  wliole  or  during  a  portion  of  the 
winter  and  spring  .seasons.  There  is  little  doubt  that  to 
all  persons  coming  to  Bei-muda  front  the  se\-erely  cold 
and  very  ehangeable  winter  weather  of  the  Northern 
United  States,  the  weather  of  the  "Isles  of  Summer" 
would  appear  by  comparison  delightfully  warm  and 
very  free  from  sudden  changes  of  temperature;  never- 
theless, lest  too  great  and  too  absolute  a  standard  of 
•equability  should  be  expected  by  such  would-be  refugees 
from  our  own  inclement  winter  weather,  it  may  be  well 
to  reminil  (hem  tli;it  the  Bermudas  are  extra- and  not 
intra- tropical  islands. 

^  Bermuda  is  connected  by  cable  with  Halifax,  Nova 
Scotia,  from  which  it  is  some  seven  liun(lied  miles  dis- 
tant. The  time  of  [lassage  from  New  York,  which  is 
also  about  seven  hundred  miles  distant  from  the  island, 
is  from  forty -eight  to  sixty  hours,  and  gen<'rally.  on  ac- 
count of  crossing  the  Oidf  Stream,  the  Vovage  "is  rough 
-and  disagreeable.  The  population  of  Bermuda,  in  1896, 
was  16,000.     The  vcgetiition  is  of  a  semi-tropical  char- 
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acter,  and  very  luxuriant.  In  the  season  one  sees  every- 
where the  white  lily  fields  perfuming  the  air  with  their 
fi'agrance.  The  oleander  bush  grows  also  in  great  pro- 
fusion, and  is  used  for  hedges;  the  banana,  guava,  pome- 
gi'anate,  avocado  pear,  tamarind,  arrowroot,  and  many 
other  semi-tropical  fruits  are  found  here.  The  onion, 
potato,  and  lilvbulb  are  the  principal  products  exported. 
In  the  ]5rivate  gardens  many  tropical  fruits  are  also 
found.  The  houses  are  all  built  from  the  coral  rock, 
and  are  likely  to  be  damp.  The  accommodations  are 
good,  especially  at  Hamilton,  the  principal  town  of  the 
island  and  the  place  generally  selected  b}'  the  visitor  for 
his  residence.  Here  there  are  several  large  hotels  and 
some  boarding-hou.ses.  Thanks  to  the  presence,  during 
the  winter  months,  of  the  British  North  Atlantic  fleet  in 
the  harbor,  and  of  the  garrison  on  shore,  there  is  no  lack 
of  social  attractions.  'The  beautiful  coral  sea  gardens, 
where  one  sees  this  curious  jiroduct  in  an  infinite  variet)' 
of  shapes  and  colors;  the  innumerable  excursions  by  sea 
and  by  land;  the  dingey  boat  sailing;  the  golf,  the 
batbins;,  and  the  fishing;  (be  bicycling  and  the  yachting 
— all  these  things  afford  an  abundance  of  entertainment 
and  outdoor  exercise.  There  is  no  rainy  season,  and 
hardly  ever  an  entirely' wet  day.  The  rain  quickly  soaks 
through  the  ponms  coral  soil.  The  inhabitants  spend 
the  greater  part  of  their  life  in  the  open  air. 

In  conclusion  I  would  sjiy  that  Bermuda  is  not  the  sort 
of  place  to  which  jniticnts  sulTeriiig  fi'om  phthisis  should 
be  sent.  Nor  is  to  be  selected  for  cases  of  chlorosis,  gen- 
eral aujcmia,  functional  debility,  angina  pectoris,  or  pal- 
pitation a.ssociated  with  chlorosis.  "  The  class  of  invalids 
most  benefited  by  this  climate  are  those  in  want  of  mental 
or  bodily  rest,  or  those  who  should  s]iend  most  of  their 
time  in  the  open  air;  cases  of  mental  disease  with  excite- 
ment; the  neuralgic,  hysterical,  hypochondriacal;  tho.se 
addicted  to  the  opivim  habit,  and  those  who  are  sufferers 
from  insomnia  or  from  clu-onie  disease  of  brain  or  cord  " 
(Harvey;  Inc.  n't.).  To  the  overworked  professional  or 
business  man  of  our  Northern  cities,  Bermuda  is  a  veri- 
table jjaradise.  Edmird  0.  Otu. 

BETEL  LEAF.     Sec  Piper. 

BETEL  NUT.     See  .-bred. 


BETHLEHEM,  N.  H..  is  picturesquely  situated  on  the 
western  slope  of  the  White  Mountains,  in  the  northern 
jiart  of  the  State,  It  is  scvente<'n  miles  west  of  Mount 
Washington.  It  has  been  named  the  hub  of  tlie  White 
Momitains.  as  almost  all  places  of  interest  in  this  region 
are  in  close  proximity  to  it.  As  it  is  located  upon  the 
west  of  the  mountain  range  the  air  is  very  much  dryer 
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than  that  to  be  found  on  the  castfrn  side;  for  the  humid- 
ity front  tile  Atliintie  ( )cean  is  (leposited  on  the  easleni 
slope,  while  the  filtered  air  is  what  we  find  in  Hethlelieni. 
Then,  apiin.  there  is  a  scarcity  of  lakes  aii<l  waterways 
of  any  extent  in  the  vicinity,  and  for  this  additional 
reason,  therefore,  the  climate  contains  less  moisture  than 
that  found  in  rejrions  where  these  abound.  The  normal 
pojiulalion  of  Hethlehem  is  about  l.r>()l)  people,  but  as  the 
place  is  a  favorite  suininer  resort,  tlie  numlier  of  inhabi- 
tants is  increased  by  from  ;!,()()()  to  -l.KliO  visitors  dnriii;;- 
tho.se  months.  There  are  ample  aecommodations  bir  all 
classes  of  guests,  from  the  modest  Mew  JOnifland  faim- 
hinise  to  the  well-orpmized  hotel. 

Bethlehem  is  1.4")!t  feet  above  the  sea  level.  The  i)re- 
vailing  wind  is  southwest,  and  there  are  an  unusually 
large  number  of  clear  days,  the  avei~age  for  Ijolh  .luly 
and  .\ugust  being  29:  and  out  of  ^1  days  in  September, 
17  were  clear.  Even  during  the  days  that  are  called 
cloudy,  one  can  sit  out-of-doors  most  of  the  time.  The 
mean  temperature  for  the  season  of  July.  August,  and 
Seiitember  is  tVJ.:!  F.  The  relative  lannidity.  taken  from 
the  tables  of  Dr.  W.  II.  (ieddings.  is  til  jier  cent,  for  the 
season. 


mended  as  a  substitute  for  salol  in  rheumatic  affec- 
tions, cystitis,  intestinal  catarrh,  etc.  It  has  the  advaii- 
ta.ge  over  sjilol  of  being  comijosed  of  less  to.xie  con- 
slituents.  The  do.se  is  from  five  to  eight  grains.  la 
combination  with  salicylate  of  bismuth  it  is  iiartieularly 
reeommeiided  in  the  treatment  of  the  summer  diarrhuja 
of  children  and  in  typhoid  fever.  Jkuiunont  SiikiU. 

BETONY  WOOD.  — Stiich/ti  Betimica  Bcnth.  (fam. 
I.fihiiilii)  is  a  peiiiiriial  herb.  30  to  (iO  em.  (ow.  or  two 
feet)  high,  willi  purple  red  llnwers,  and  long  stemmed, 
mostly  radical  leaves.  These  are  from  5  lo  H  cm. 
(two  to  three  inches)  in  length,  oblong  creiiate,  heart- 
shaped  at  the  base,  and  hairy.  The  plant  is  a  native  of 
Eurojx',  growing  in  pastures  and  woods.  The  leaves, 
when  fresh,  ha\c  a  faint,  disagreesible  odor — which 
mostly  disappears  upon  drying — and  a  bitter  astringent 
and  nauseous  taste. 

lieloiiy  in  former  times  hud  a  high  reputation  for  a 
variety  of  troubles;  at  jiresent  it  is  not  in  use.  Dose  of 
the  dried  leaves  as  a  "nervine,  expectorant,  sudorific," 
etc..  is  from  1  to  3  gm.  (gr.  xv.  to  xlv.).  The  root  is  said 
lobe  emetic.  W.  P.  Belles. 


Clim.\te  of  Betiii.eiikm.  N.  II. — L.iTtriDi;.  44  Ui  ;  Loxuiti'dk, 
August,  .\nd  Fihst  Thhek  Wi^eivs  of  Septe.mbeh.  18!»3,  lf<93, 
1,459  Feet.     <)bserv.\ti()xs  T.vkex  ijy  C.  F.   ilcG.vii.vx,  M.l). 
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*  Rehitive  liuniidity  is  takeu  from  the  oliservatliiiis  of  the  late  Dr.  W.  H.  Geddings. 


It  is  here  that  the  Hay  Fever  A.ssociatiou  of  the  United 
States  holds  its  annual  meeting,  and  its  members  state 
that  more  of  them  arc  exem|iled  from  this  disease  at 
Bethlehem  than  at  any  other  jilaee.  Even  tho.se  who  do 
not  entirely  escape  the  eorvza  in  l?ethleheni  are  exempt 
from  the  asthma;  but  most  of  the  hay-fever  sutl'eri'rs 
pass  through  the  summer  here  without  realizing  that 
they  had  ever  been  victims  of  the  disease. 

For  the  amusement  of  the  visitors  there  are  two  golf 
links  of  nine  holes  each — one  at  Bethlehem  and  one  at 
Maplewood    Hotel,  onl_v  a   mile   from 
the   centre   of   the    village.     There   is      ^ 
also  a  fine  casino  where  provision   is 
made  for  all  indoor  amu.sements. 

The  water  sii|iply  is  derived  from  a 
.system  of  moinilain  springs  whicii  are 
located  upon  the  mountain  above  the 
habitations.  The  water  has  bi'cn  an- 
alyzed and  found  to  be  ab.soluti^ly 
pure.  The  .system  of  sewerage  is  thor- 
oughly modern. 

C/iiirU:i  /•'.  .VrGdhiiii. 


BEX. — .V  iiopular  thermal  and  climatic  station  in  tlie 
Canton  of  Vaud,  Switzerland.     Famous  ".vili./ies." 

Loc.vtion. — Bex  is  beautifully  situated  in  an  expansion 
of  the  Hhone  valley,  and  is  at  no  great  distance  from 
Yevey,  on  th<>  lake  of  Geneva.  It  is  1.4'i7  feet  above  sea 
level.  The  little  village  is  well  known  in  Europe,  but 
only  very  slightly  in^Ameriea.  The  writer,  having 
spent  several  .seasons  at  this  resort,  knows  that  it  deserves 
greater  recognition  than  has  been  hitherto  accorded  to 
it   in  our  country.     The  "salines"  them.selves  are  of  no 


BETOL. -Tlie    beta-naphthol    elliei 
of   salicylic  acid,   analogous   to   .salol. 
whicli  is  the   phenyl  ether  of  salicylic 
acid.     It  is  obtained   hy   the   reaction 
between   beta-naphthol    and    salicylic 
acid  in  the  presence  of  a  dehydrating 
agent.     It  forms  in  small,  white,  bril 
liaut  crystals,    almost  devoid  of  taste 
and  odor.     It  is  insoluble  in  water,  but 
dissolves  in  al<-ohol  and  oils.    Betol  pos- 
sesses auti.septic  and  anti|iyretic  prop- 
erties.    It   is   not    acted  on   in   the  stomach,    but   w 
it  reaches  the  alkaline  fluids  of  the  intestines  it  breaks 
up  into  beta-naphthol  and  salicylic  acid.      It   is  recom- 
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mean  im|iortance.  and   the  princiiial  bathi 
meiit    is  a   modern  and   connuodious  one 
whey,  anil   grape  cures,  there  are  few  plaei 
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.ail  111' iiii'iv lui viviitwgpously  taken  tluiu  at  Bex.  Invalids 
li-ivc  alsi)  niR'  (ipimvtiinilics  then'  for  beuutiful  walks 
tl'ii-mish  a  cliainiiiii;-  ii'MHtiy,  and,  i'oi-  llic  nioir  hardy,  dis- 
tant mountain  c.xfuisions  otVor  strcngtlR'nin.y-  rciTeation. 
\,.,.|.->i<  _Uex  is  a  station  on  the  railroud  runuini? 
lln'oifii    Ihr    vallrv    of   thr    Rhone.       The    villa.ue   and 


Fig.  4S(I.— The  V^illcy  "f  l.lic  Rhone.  .Near  Uu.v. 

Grand  Hotel  des  Salines  are  reached  liy  carriage  or  stage 
in  tifteen  minutes.     From  Paris  the  route  is  via  Geneva. 

ANALYSIS. — The  brine  is  conducted  to  the  bathing 
establisluiient  from  tl;e  distant  salt  mines.  Ten  litres  of 
the  brine  contain  (Bischoff)  l,70o  gm.  of  solids. 

Tlie  principal  ingredients,  in  ten  thousand  parts,  are : 

Parte. 

Chloride  of  sodium t,5(lT.O 

Chloride  of  piilassiuin 3ii..") 

Chloride  of  inajriiesiuin lo.s 

Sulphate  of  lime 07 .tj 

Ten  to  twenty  quarts  of  this  brine  are  used  for  a  bath. 

The  diluteil  brine  is  also  cin])loyed  internally,  after 
having  been  charged  witli  carbonic  acid  gas.  It  contains, 
in  ad<lition  to  the  salts  inenlioned  al)Ove,  a  small  jiropor- 
lion  of  iodides  and  bromides. 

IxDiCATioxs. — Apart  from  its  advantages  as  a  climatic 
resort,  specially  emphasized  by  the  iale  Professor  Lebert, 
Bex  isnow  recognized  to  bean  important  bathing  statimi. 
The  climate  is  about  that  of  ilonlreux.  although,  in  .spite 
of  its  mountain  i)rotected  ]io,sition,  harsh  blasts  occasion- 
ally sweep  thi-ough  the  valley.  The  annual  mean  of  the 
temperature  is  about  .")0°  F. 

The  following  class  of  cases  do  well  at  Bex :  The  so- 
called  scrofulous  atl'ections.  rheumatism  in  its  subacute 
forms,  catarrhal  affections  of  the  air  pjissages,  paretic 
and  paralytic  states  after  diphtheria  and  other  infectious 
diseases,  asthma,  neurasthenia  of  tla^  milder  type,  and 
the  earlier  sta.ges  of  phthisis.  Certain  uterine  ailections, 
such  as  metritis,  subinvolution,  etc..  are  also  beuelited 
by  a  mild  course  of  the  baths.  All  patients  in  whom 
even  moderatestimulation  of  the  nervous  system  is  liable 
to  do  harm  should  be  warned  against  iisiug  the  Bex 
treatment.  The  thermal  establishment  is  t'horouglily 
e<iuipped  with  inhalation  cabinets,  spravs,  douches,  and 
the  usual  ouHit  for  hydrotherapy.  Tli'e  iiuality  of  the 
grajies  ii.sed  for  the  cure  is  excellent. 

AccoMMODATiox.— The  Onnnl  Hotel  dct)  Siiliius  is  an  ex- 
cellent cst<d.ilishment  of  its  kind,  situated  at  some  distance 
from  and  about  one  hundred  and  fifty  feel  above  the  vil- 
lage proper.  In  the  latt.<'r  very  reasonable  and  fairly  good 
hoard  is  obtainable.  The  Piii.swii  ilii  Crorhef  is  a  popular 
family  hotel  on  a  small  scale.  Kdiiinnrl  (\  WernH. 

BIARRITZ. — A  sea-coast  town  in  the  extreme  soulh- 
we^teni  portion  of  Fi-ance,  iu  the  Department  of  the 
Basses  PyriMiees,   lying  upon  tin;  shore  of  the  Bay  of 
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Biscay,  some  five  miles  distant  from  Bayonue  (Lat.  43° 
27'  N.,  Long.  1"  37'  W.).  At  the  present  day  Biarritz 
is  well  known  as  a  fashionable  seaside  resort,  possessing 
an  excellent  beach  with  a  good  surf,  and  having  abun- 
dant and  comfortable  hotel  accommodations  and  agreeable 
climate.  It  is  much  resorted  to  by  visitors  from  all  parts 
of  France  and  from  other  countries  dur- 
ing the  bathing  season,  which  not  only 
comprises  the  sunuiier  months,  but  also 
extends  much  later  into  the  autumn  than 
is  the  case  with  similar  seaside  stations 
lying  farther  to  the  north.  Although,  as 
we  are  told  by  Dr.  Bennet  ("  Winter  and 
Spring  on  the  Shores  of  the  Mediterra- 
nean."fiftli  edition.  187."),  p.  606).  the  town 
of  Biarritz  "has  long  been  resorted  to  by 
the  inhabitants  of  Bayonne  and  of  the 
Pyrenean  district,  in  summer,  for  its  ex- 
cellent sea-bathing,"  yet,  as  this  author 
goes  on  to  say.  "it  was  all  but  unknown 
to  fame  until  the  Empress  Eugenie 
brought  it  into  notice  liy  making  it  her 
marine  autumnal  residence."  As  an  evi- 
dence of  its  present  pojmlarity  we  read 
in  the  '•  Encyclopa'dia  Britaunica"  that 
"  the  permanent  population  of  Biarritz, 
according  to  the  census  of  1S71,  was 
3,l<i4  ";  while,  on  the  other  hand,  "the 
autumn  visitors  are  estimated  at  from 
12,000  to  15.000."  The  coast  at  Biar- 
ritz is  decidedly  rocky  and  very  pictur- 
esque, bein.g  in  this  respect  as  dilTerent  as  possible  from 
the  low-lying  and  purely  sandy  shores  of  the  Deiiartment 
of  the  Landes,  which  border  the  Bay  of  Biscay  fartlier  to 
the  north.  To  the  vast  extent  of  sand  covered  country 
constituting  the  greater  jiortion  of  this  Department 
(Landes),  and  comprising  in  all  an  area  of  some  3,700 
square  miles  (Bennet.  op.  cit.).  the  climate  of  Biarritz  is 
doubtless  indebted  for  at  least  a  part  of  that  dryness 
and  of  that  mildness  in  w  inter  for  which  it  is  celebrated. 
The  summer  heat  at  Biarritz  is  tempered  by  the  jKCvail- 
iug  westerly  winds,  which  blow  from  the  Atlantic.  The 
situation  of  the  town,  directly  upmi  the  shore  of  the 
ocean,  is  also  another  <'lement  in  insuring  to  it  a  mild 
anil  a  coin]iaratively  e(|uable  temperature  during  the 
winter  months.  Its  climate  at  this  season  is  very  similar 
to  tliat  of  Arcachon.  which  lias  already  been  described 
in  preceding  pages  of  this  Handbook  (see  Arcachon). 

The  re|nitation  of  Biarritz  as  a  winter  resort  is  of  still 
more  recent  date  than  is  its  great  popularity  as  a  sum- 
mer bathing  station,  and  doubtless  depends  in  a  measure 
upon  the  latter.  As  explained  by  Dr.  Bennet,  the  very 
extensive  prejiarafions  for  the  entertainment  of  summer 
and  autumn  guests  have  a  tendency  to  cheapen  con- 
siderabl\-  the  cost  of  living  in  Biarritz  during  the  colder 
months  which  follow;  and  this  cheapness  of  living  is 
offered  bv  the  doctor  as  an  inducement,  and  in  many 
cases  a  most  important  inducement,  to  attract  thither 
a  class  of  invalids  requiring  a  place  of  residence  for  tlii' 
winter  season,  which  olTers  the  advantage  of  a  mild 
and  equable  climate  unaccompanied  by  the  high,  and 
too  often  exorbitant,  cost  of  living  which  frequently 
])revails  at  su<-h  sanitaria.  "It  is  impossible."  s;iys 
this  author,  "that  a  town  situated  on  the  boisterous 
Baj'  of  Biscay  can  be  equal  in  point  of  climate  to  the 
Riviera  iindcrclill.  or  to  the  east  coast  of  Spain,  in  ca.ses 
of  severe  disease  in  which  the  best  climate  that  can  bo 
found  is  required.  But  still  there  must  be  many  c.-ises 
in  which  the  sunshiucaud  nnld  tempcraturcof  the  south- 
western coast  of  France  may  be  sullicicnt.  Jloreovcr. 
the  (|Uestion  of  expense  is  often,  nnfortunately.  a  iiara- 
mount  cou.sideration,  "  .\not  her  class  of  persons  to  whom 
Dr.  Bennet  iiroposcs  a  sojoUrn  at  Biarritz  (and  in  this  in- 
stance a  sojourn  not  during  the  winter,  but  during  I  he 
bathing  season)  are  such  residents  in  the  Brit i.sh  Isles  as 
ha\e  for  various  reasons  been  unable  to  resort  to  the 
seaside  stations  of  their  own  country  during  the  months 
of  July  and  August.     ''Tlio.se  who  cannot  resort  to  our 
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Biarritz. 

Bi^  Boile  Sprillf^M. 


own  coasts  in  July  and  August,  and  to  whom  a  mild  or 

warmtomptTaturu  is  essential,  have  thus  the  opijortunity 
of  still  eiijiiyinf;  at  Biurrit/.  suniiner  sea-butliiiis  at  a 
time  when  with  us  both  the  sea  water  and  the  extiTual 
atm(isi)heie  are  beeoniinj;  eliilly.''  (The  time  referred  to 
by  the  doelor  in  the  above-quoted  pass;ij;e  is  the  autumn 
season,  the  two  months  of  ■'September  aud  Oetober,  of 
wliieh  he  had  just  been  speaking.) 

Full  aud  detailed  statisties  for  the  climate  of  ]}iarrit/. 
the  writer  is  unable  to  present.  The  followinj;  state- 
ments, both  general  and  particular,  respecting  "the  eli- 
malic  features  of  the  place  have  been  culled  from  the 
pages  of  various  authors,  aud  are  herewith  presented  to 
the  reader. 

The  mean  winter  temperature  at  Biarritz  is  given  by 
Weber  (Ziemssen's  "Handbuch  der  Allgemeinen  Thcr- 
apie  ")  as  6'  to  8'  C.  (=  42.S'  to  40.4  F.).  The  "  Diction- 
naire  usuel  des  sciences  mcdicales"  gives  the  figures  of 
the  three  mouths  of  January,  February,  and  March  for 
a  single  year  (lfS(!8)  as  follows:  Januarv,  40.26  F.  ;  Feb- 
ruary. 4b.yr  F. ;  March,  UMT  F.  The  mean  of  these 
W'ould  be,  of  course,  41. 9o  F.,  a  decidedly  lower  figure 
than  that  just  given  on  Weber's  authority,  and  indicating 
for  the  winter  of  1IS68  a  temperature  probal)ly  Ijelow  the 
normal,  especially  if  we  take  into  account  that  this  tigure 
(41.93^  F.)  is  the  mean  for  Januarj',  February,  and  JIarch. 
and  not  for  the  three  mouths  of  winter,  viz.,  January, 
February,  and  December.  The  average  spring  temjiera- 
ture  is  placed  by  Weber  at  from  11  to  12"  C.  (=  '>\.H  to 
.5:10°  F.):  that  of  the  summer  season  at  about  64.4"  F. 
Dr.  Rennet  refers  to  observations  of  the  temperature 
made  at  Biarritz  by  tlie  Rev.  Mr.  Crow  during  the  winter 
of  1862.  The  average  of  this  gentleman's  observations 
"made  at  8  a.m.  on  a  north  wall "  during  January  of  that 
year  was  about  4')'  F. ;  the  highest  temperature  being 
62"  F.,  the  lowest  30'  F.  "In  Pebruarj-  there  was  .some 
very  cold  wcatlier.  Diu'in.g  seven  days  the  highest  tem- 
perature was  34'  F.  (at  b  aTm.),  the  lowest  24=  F.  AVilh 
the  exception  of  that  week,  the  weather  was  glorious, 
the  thenuoiueter  after  January  varying  from  48'  to  62' 
F."  (Rennet,  />p.  cit.,  p.  612).  liombard  speaks  of  the 
climate  of  Biarritz  as  being  a  moist  one,  and  Weber  gives 
its  relati%'e  liumidity  as  about  80.0  per  cent.  This  is  no 
more  than  we  should  naturally  expect  in  a  place  lying  so 
directly  upon  the  shore  of  the  ocean,  and  so  exposed  to 
sea  winds.  "Biarritz."  says  Dr.  J.  Biirney  Yeo.  "lies 
expo.scd  to  all  the  fury  of  tlie  Atlantic  winds,  and  has  no 
protection  like  the  iiine  forest  of  Arcaclion  "  ("Health 
Resorts  and  Their  Uses."  London.  I.«s2.  [).  262).  "The 
wind,  when  it  blows  from  the  southwest  or  northwest, 
is  often  furious"  (Bennet,  »<;),  <■/?.).  The  annual  rainfall 
is  given  by  Weber  as  49.21  inches.  Concerning  the 
rainfall  during  the  winter  season,  we  read  in  Dr.  Ben- 
net's  book  that  "Dr.  Chapman,  an  English  physician, 
who  long  practised  at  Biarritz,  states  that  thi'  average 
rainfall  durin.g  three  years  for  the  seven  winter  months, 
from  the  beginning  of  Oetober  to  the  end  of  April,  was 
2.").  81  inches  on  seventy -six  days." 

The  sky  at  Biarritz  is  usually  clear  ("  Diet.  us.  des  sc. 
med. "). 

Concerning  the  class  of  invalids  likely  to  be  benefited 
l)y  a  stay  at  Biarritz  during  the  winter  months,  it  may 
he  said  that  iu  the  main  they  would  be  such  ca.ses  as 
would  be  improved,  or  it  may  be  even  cured,  by  residence 
at  the  not  far  distant  rc'Sort  of  Arcaclion.  to  which  refer 
ence  has  already  been  made  in  this  article.  But  it  must 
be  borne  in  mind  that  Arcaclion.  lying  as  it  does  some 
miles  back  from  the  Atlantic  coast,  surnmnded  by  exten- 
sive sand  dunes,  and  shelfen'd  in  some  measure  from  the 
severity  of  sea  winds  l)y  pine  forests,  is  necessarily  a 
somewhat  drver  and  a  more  protected  spot  than  is  Biar- 
ritz. Dr.  J.  Uurney  Yeo  deelaics  {(i/i.  cit..  )>.  262)  that  the 
winter  climate  of  Biarritz  is  "more  bracing  and  less 
mild"  than  is  that  of  Arcaclion.  and  "is  by  no  means  so 
well  suited  to  cases  of  chest  disease."  It  is.  however, 
he  adds,  "well  suited  to  some  forms  of  nervous  exhaus- 
tion and  irritability."  Dr.  Bennet  speaks  pretty  much 
to  the  same  elTcci  concerning  the  climato-thcrapy  of 
Vol..  I.— 48 


Biarritz.  He  considers  the  place  far  less  suited  to 
cimsumptive  invalids  than  the  dryer,  milder,  and 
more  shcltei-ed  resorts  lying  aloii.g  the  Genoese  Riviera 
and  upon  the  Jlediterninean  coast  of  Spain,  but  re- 
gards it  as  probably  (juile  as  well,  or  even  better 
adajitcd  for  such  cases  than  are  the  famous  resorts  of 
the  Ish'  of  Wight  and  of  other  parts  of  the  English 
south  coast. 

In  conclusion,  it  may  be  remarked  that  over  and  above 
its  cxcelleiil  hotel  accommodations,  the  neighborhood  of 
Bianilz  abounds  in  comfortable  anil  attractive  villas, 
often  surriumded  by  gardens,  and  situated  at  various 
points  close  to,  or  even  directly  ui)on,  its  picturesciuely 
rocky  shores.  llnntinytoii  Ilichnrds. 

BIBIRU  BARK.— Greenlieort  Bark,  Nert<indm  Cortex. 
Till'  barli  of  Xectnndra  liudiai  Schonib,  (fam.  Lau- 
riiccir).  This  is  a  fine  forest  tree,  with  a  tall,  straight 
stem,  attaining  a  height  of  twenty-five  or  thirty  metres 
(sevenly-fi  ve  to  ninety  feet).  It  has  thick,  evergreen,  cori- 
aceous, oval  leaves,  and  small  axillary  clusters  of  white 
llowers.     The  fruit  is  large,  one-seeded. 

The  greenheart  tree  is  a  native  of  British  Guiana, 
where  it  is  highly  prized  as  a  source  of  the  best  ship 
timber.  It  was  propo,sed  as  a  febrifuge,  and  its  alkaloid 
pointed  out  by  Dr,  Rodie,  of  Demerara,  about  tiftj-  years 
ago. 

The  bark  is  imported  iu  large,  long,  heavy,  flat  pieces, 
from  0,.5  to  1  em,  in  thickness  (one-fifth  to  twri-fifths 
inch).  It  is  hard  and  brittle,  breaking  with  a  coarse, 
fibrous  fracture;  it  is  graj'ish  brown  externally,  cinna- 
mon brown  and  striated  upon  its  inner  surface.  Its 
cells  are  seen  under  the  iuicro.scope  to  be  thickened,  those 
of  the  liber  curiously  dentated.  It  has  a  strong  bitter 
taste,  irilhoiil  araiiia — an  unusual  thing  for  any  member 
of  its  family. 

The  bitterness  of  this  .sub.stance  is  due  principally  to 
the  alkaloid  hii.riiie  (bibirine,  bebeerine — not  berberine), 
which  it  contains  to  the  extent  of  one-half  or  one  per 
cent.  It  also  contains  itrcUindrine  and  one  or  two  other 
alkaloids,  and  tannin.  The  wood,  which  is  also  bitter, 
contains  a  base  similar  to  that  in  the  bark.  The  seeds 
are  sometimes  made  use  of  as  a  source  of  starch.  The 
impure  buxine  of  nectandra  is  an  article  of  commerce, 
and  generally  known  as  bebeerini'.  It  is  a  gray  or 
brownish,  amorphous,  bitter  substance,  permanent  in  the 
air,  and  very  insoluble  in  water  (jju^).  One  or  two  of 
its  s.'llls,  esjiecially  the  suljihale  anil  liydrochlorate,  are 
also  to  be  had,  and  should  be  i)referred  for  administration 
on  account  of  their  free  solubility. 

The  tiark,  and  especially  the  alkaloid  and  its  .salts,  has 
been  offered,  and  to  some  extent  employed  as  a  febrifuge 
and  antiperiodie;  that  is,  as  a  .substitute  for  quinine, 
but  in  reasonable  doses  they  fall  far  .short  of  that  medi- 
cine for  the  iiurpose.  They  are,  however,  good  simple 
bitter  tonics  (the  bark  is  astringent  as  well).  Doses:  a 
useful  do.se  of  the  bark  would  be  large  and  disagreeable. 
I'uxine  or  its  salts  may  be  given,  as  a  tonic,  in  pills  or 
solution,  up  to  3  to  4  dcgm.  (0,2  to  0,4  =  gr,  iij,  ad  vi,); 
as  a  febrifuge,  up  to  1  or  2  gm.  (gr.  xv.  ad  xxx,), 

W.  P.  BoUes. 

BIG  BONE  SPRINGS.— Boone  County,  Kentucky, 
Alt  Kss, — Via   Louisville  and   Nashville    Railroad    to 
Walton;    thence  seven   miles  by  stage  to  springs,  or  by 
steamer  on  the  Ohio  River  to  llamilton  Landing,  thence 
one  mile  and  a  half  to  springs. 

These  springs  an-  of  the  saline-sulphureted  variety. 
No  ((uantitative  analysis  has  lieen  made.  It  is  stated, 
however,  that  the  waters  contain  the  following  ingredi- 
ents: 


Sddinni  chlorifle. 
MHCTie-siuni  sulptiate. 
SoiHuin  snljthJtte, 
Aluniiiiuni  sulphate. 


Calcium  bicarbonate. 
Matnicsiuni  liicarlionate. 
Sodium  carltonatc. 


There  is  also  a  large  quantity  of  sulpluireled  hydrogen 
gas,  Jamei  K.  Crook. 
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BILE.— J/i '/«»(/.«  (>/'  Obtdinin;/. — Bile  may  be  obtaiued 
for  (xaiiiiniitioii  either  from  tiie  gall  bladders  of  men  or 
niiiiiiiils  afler  dentil  or  from  biliary  fistiiUe. 

The  ]>riiK-ipal  methods  of  establishing  fistula;  in  ani- 
mals for  expi-rimental  purposes  are  briefly  as  follows: 

I'iriiKiiii  III  Fiftiilir. — An  incision  is  made  over  the  gall 
bladder.  Throtigli  this  the  connnon  bile  dnet  is  tied  in 
twoplaeesand  a  portion  excised  between  the  ligattires. 
The  gall  bladder  is  then  sewed  to  the  sides  of  the  ab- 
dominal wound  and  opened. 

Aiiip/iihilif  Fixtuhr. — The  gall  blailder  is  brought  to 
the  surface  and  opened  as  in  the  preceding  method,  but 
the  bileduct  is  left  intact.  This  uietliod  has  an  advantage 
over  the  other  inasnuich  as  the  external  opening  may 
he  plugged  and  the  bile  allowed  to  follow  its  usual  chan- 
nels into  the  (hioilenum,  or  it  may  lie  left  open,  when  the 
bile  will  How  externally,  and.  if  iiot  allowed  to  discharge 
for  too  long  a  time,  will  be  more  normal  in  character. 

Timpiirin-ji  Futu/zv. — The  common  bile  duct  is  exposed 
and  opened",  a  glass  cannula  is  tied  in,  and  the  bile  is 
drawn  off  throtigh  a  rubber  tube  attached. 

Qiiiiiilitji  of  liilc  Srirtiil. — The  amount  obtained 
through  listid.a^  is  very  variable  in  different  animals,  both 
absolutely  ami  in  proportion  to  the  body  weight.  The 
rate  of  IJow  varies  much  in  the  same  animal  from  hour 
to  hour.  In  human  sulijects  with  biliary  fistida>  the  daily 
discharge  has  usually  lieeu  between  401)  and  900  c.c.  antl 
the  total  amount  of  solids  between  5  and  20  gm. 

P/ii/xiriif  Priijicriics. — Human  l.)ile  as  obtained  from  the 
gidl  bladder  is  usually  of  a  vellowish  or  reddish-brown 
color,  but  when  obtained  fresh  froraatistida  is  frei|uently 
green.  Its  reaction  is  faintly  alkaline.  TIk'  specilic  grav- 
ity varies  from  l.OO.")  to  1.010  orover  in  tisttda  bile,  but  is 
much  higher  in  bile  taken  from  tlie  gall  bladder  after 
death,  frequently  reaching  1.030.  or  even  1.040.  It  has 
a  bitter  taste  with  a  suggestion  of  sweet.  Human  bile 
has  little  or  no  snu'll ;  that  of  the  ox  and  sheep  has  a  faint 
musk  like  odor.  As  secreted  by  the  liver  cells  bile  is  non- 
viscous;  but.  during  its  stay  in  the  ducts  and  gall  blad- 
der, it  has  added  to  it  the  secretions  of  their  mucous 
membranes,  containing  mucin  (human),  ormicleo-albiunin 
(ox),  and  it  acquires  a  certain  viscidity.  On  spectro- 
scopic examination  it  may  be  seen  to  absorb  the  violet 
and  some  of  the  blue  rays,  but  shows  no  definite  absorp- 
tion bauds  imless  post-raoi-tem  changes  have  occurred. 

C/iemiriil  ('oiiipimtioii. — The  ]irinei|ial  constituents  of 
bile  are  as  follows;  water,  bill'  salts,  liile  pigments, 
mucin,  fats  and  soaps,  cliolesterin,  lecithin,  urea  (traces). 
and  inorganic  salts.  Among  the  salts  the  most  imjiortant 
are  the  chlorides  of  sodium  and  potassium  and  the  phos- 
phates of  calcium,  magnesium,  and  iron.  The  quantities 
of  these  constituents  vary  considerably,  but  the  analyses 
contained  in  the  following  table  may  be  taken  as  fair  ex- 
amples of  a  great  number  which  have  been  published: 


In  l.KXi  imrls  of  bile. 

Human 
gall-tiladder  bile. 

Frerli-hs. 

Man  of  \ii  killed  by 

violence. 

Human  fistula  bile. 

Hanimersten. 

(int*  of  three 
publisbed  in  Ham- 
niersten's  "Physio- 
logical Cbemi.stry." 

■n"at<T 

l«).8 
01.4 

'29.8 
9.2 

"iti 

9Tt.fi 
2.5.4 
9.04 
K.8B 
2.1S 
5.1.5 

.61 
l.Ul 
1.5 

.K5 

-.v, 

Solids  

Bile  salLs 

Glycoeholale 

Taur<K-holate 

Mucin  and  pignteuts-  - 
Fat 

Fatt.v  acid.-^  from  soaps 

Cliolesterin 

Lecitliin 

Inorganic  substances  . 

The  bile  mltx  are  the  most  abundsint  of  the  solid  con- 
stituents and  give  to  the  bile  its  most  important  projKT- 
ties.  The  commonest  bile  salts,  and  those  wliich  have 
been  most  studied,  are  xndhivi  (iliii-orhnlatc  (C'sbH  .jNaNOf.), 
and  xiHliiim  ?((«/•«■///</,??(■  (C.,Ji.,',NaNRO,),  the  fi'irmer  be- 
ing most  abundant  in  herbivorous  animals  and  man.  and 
the  latter  in  carnivorous  aninuils.      The  bile   salts  are 


soluble  in  water  and  alcohol,  but  insoluble  in  ether.  If 
bile  be  mixed  with  freshly  heated  animal  charcoal  and 
evaporated  to  dryness,  the  bile  salts  may  lie  dissolved  out 
with  absolute  alcohol  along  with  several  other  biliary 
constituents.  If  an  excess  of  ether  be  now  added,  the 
bile  salts  alone  are  precipitated,  forming  "  Phittm  r'x 
fi-yxtiiUixfd  bile.^'  Under  the  microscope  this  may  be  seen 
to  consist  of  bell-sbai)cd  masses,  star-like  clusters  of  fine 
needles,  or  four  to  six  sided  prisms.  Both  the  bile  .Siilts 
and  their  acids  are  dextro-rotatory  to  polarized  light. 

Sodium  plvcocholate (a)  D  =  -f-  25.7* 

GIv Iioli.-  acid (a)  D  =-i-2!).n 

Sodium  t;iiini,holate (a)  D  =4-24.5 

Taurucbulic  acid (a)  D  =  -|-  25.0 

In  the  intestines,  the  respective  acids  are  set  free  from 
the  bile  salts  and  then  further  broken  up  into  a  complex 
non-nitrogenous  acid,  cholalic  acid,  and  either  glycocoll 
or  taurine. 

Glycocoll.  glycocine,  glycine,  or  amido-acetic  acid 
(NH2CH:,C'00H)  is  one  of  the  products  of  the  splitting 
up  of  sodium  glycocholate.  It  is  found  free  in  the  in- 
testines in  small  quantities,  and  may  combine  in  the  body 
with  benzoic  acid  to  form  hippuric  acid,  in  which  foi-i-i 
some  of  it  may  leave  the  body  by  the  urine,  especially  in 
the  case  of  "herbivorous  animals.  Glycocoll  may"  be 
formed  from  the  decomposition  of  proteids.  and  "is  iii 
some  cases  a  precursor  of  urea.  It  is  probable,  however, 
that  glycocoll.  taurine,  and  cholalic  acid,  when  .set  free 
in  the  intestine  from  the  decomposition  of  tlie  bile  salts, 
are  reabsorbed,  and  combined  once  more  in  the  liver  to 
form  a  new  supply  of  bile  salts.  This  cycle  of  events  is 
known  as  the  "  circvlation  of  the.  bile  salts." 

laiiriiie.  amido-isethionic  acid,  or  amido-oxyethylsul- 
phonic  acid  (NHo,C;H4,SO;,OH),  is  obtained  from  sodium 
taurocholate.  It  differs  from  glycocoll  in  containing 
sulphur.  Like  glycocoll  it  is  found  free  in  the  intestines 
in  small  qiuintities. 

CliiiJdUc.  or  cholic  acid,  (CsjHjoOb).  is  set  free,  as 
stated  above,  when  either  sodium  glycocholate  or  sodium 
taurocholate  is  split  up,  and  it  is  found  in  the  intestinal 
contents.  Certain  closely  allied  acids  may  replace  it  iu 
the  bile  salts,  among  which  the  most  important  are  chnhic 
acid  (CsiHjoO.,)  and/('M(C  acid  (C^sHioOj),  both  of  which 
have  been  obtained  from  human  bile. 

On  the  presence  of  cholalic  acid  depends  Pettenkofer's 
well-known  test  for  bile  salts  and  bile  acids. 

Pi  tterilLi fee's  text  for  bile  acids  is  performed  as  fol- 
lows: A  small  quantity  of  the  solution  to  be  tested,  freed 
from  proteids.  is  placetl  in  a  test  tube,  and  two  or  three 
drops  of  a  tcu-per-cent.  solution  of  cane  sugar  are  added, 
and  the  wliole  shaken.  Strong  pure  sulphuric  acid  is 
then  ailded  drop  by  drop,  care  being  taken  tliat  the  tem- 
perature of  the  mixture  does  not  rise  above  70"  C.  If 
bile  acids  are  present  tlie  liuid  first  becomes  opalescent, 
then  the  opalescence  clears,  and  the  lic|uid  becomes  suc- 
cessively of  a  jiale  cherry  reil,  a  dark  carmine  red.  and 
finally  a  beautiful  purple  violet  tint.  The  reaction  some- 
times takes  a  little  time  to  develop,  and  it  is  wise  to  wait 
several  minutes  before  drawing  a  negative  conclusion. 
To  make  the  test  perfectly  reliable,  the  colored  solution 
obtained  must  bc^  examined  by  the  spectroscope,  when 
two  absorjition  bands  will  be  foinid.  one  at  F.  and  the 
other  belwecn  D  and  E.  near  E.  This  is  rendered  neces- 
sary by  the  fai-t  that  a  number  of  other  substances,  among 
wbicb  are  proteids.  oleic  acid,  amyl  alcohol,  morphine, 
and  numerous  aromatic  substances,  give  a  similar  color 
reaction,  but  may  be  distinguished  by  causing  different 
absorption  bands. 

Tlie  Pile  I'if/iiieiiis.— The  pigments  constantly  found  iu 
human  bile  are  bilirubin  and  bilivcrdin. 

Piliriihiei  (C,„H,,X.,0:,)  has  also  been  called  chole- 
pyrrliin.  bilijihain.  bilifulvin.  and  h.-ematoidin.  It  oc- 
ciu-s  in  the  liih'S  of  all  vertebrates,  but  is  most  abundant 
in  those  of  carnivora  and  man,  giving  them  their  yellow 
isli  or  reddish  brown  color.  It  may  be  obtained  as  an 
amorphous  powder,  anil  also  as  reddish-yellow  rhombic 
plates.     It  is  readily  .soluble  iu  chloroform,  less  so  in  al- 
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colicil.  and  still  less  si)  in  otlier.  It  is  iiisulubk'  in  water, 
jmil  exists  in  bile  as  a  soliilile  ealeium  e(inip(HUKl,  known 
as  liiliruliin caleiiiiii.  It  I'urins  a  eoiisideruljle  pari  of 
some  i.^al]  stones,  and  is  present  in  the  l)lood  serum  of 
certain  animals  (horse),  in  old  blnod  extravasations,  and 
in  the  tissues  and  urine  of  eases  of  jaundice.  It  is  de- 
rived from  the  ha-moi;lobin  of  lirokendov.ii  reil  cor- 
puscles, and  is  Ihi' prolialile  source  of  the  stireobilin  of 
llie  fa'ces  and  <jf  the  urobilin  of  the  urine,  which  are  be 
lieved  now  by  some  lo  be  identical  with  each  other. 
Under  the  inlluence  of  o.xiilizini;'  a.wnts  bilirubin  is  con 
x'erled  into  biliverdin. 

ItiUrtrdiii  (.(',b1I,,\.;(),)  is  present  in  all  fireen-colored 
liiles,  among  which  are  to  be  inehnh'd  those  of  the  her- 
bivora  and  some  e.\ami)les  of  human.  When  obtained 
pure,  it  usually  consists  of  a  ilark  irreen  amor|)lious 
powder,  but  occrtsi<inally  erystalli/es  in  .i;reen  rhondiie 
plates.  It  is  insolulde  in  water,  ether,  and  chloroform. 
h\it  soluble  in  ijleohol,  .iflaeial  acetic  acid,  and  stron.;;- 
sulphmic  acid.'  It  is  converted  by  reducing  agents  into 
bilirubin,  and  thischan.gc  often  occurs  in  the  human  gall 
bladder,  which  explains  the  fact  that  bile  obtained  from 
that  source  after  death  is  nearly  always  of  a  reddish- 
bi-own  color,  while  fresh  listula  bile  is  frecpiently  green. 

IliltUiihiUrnhiii,  (('s^IIn.XiO-).  a  re<luclion  iirocluct  of 
bilirubin,  may  be  foiniecl  from  it  in  the  laboratory,  and 
is  regarded  by  some  as  supiilying  a  link  between  the  pig 
ments  of  bile  and  those  of  the  f;eces  .and  urine. 

Ti.it.i  for  Bile  Pirinicntx. — d-tiiilliii'x  text.  Spread  out 
a  few  drojis  of  the  suspected  li(|uid  on  a  white  plate. 
Let  a  drop  of  fuming  nitric  acid  (containing  nitrous  aciil) 
fall  in  the  centre.  If  bile  iiigments  be  present  a  ring  of 
colors,  green,  blue,  violet  red.  and  yellow,  will  ajipcar. 
This  is  due  to  the  o.xidation  of  the  jiigments.  by  which 
bilirubin  is  changed  successively  into  biliverdin  (green), 
bilicyanin  (blue).  bili])urpurin  (\iolet  red),  and  eholetelin 
(yellow).  The  blue  |)igmeiit.  bilicyaiun.  in  acid  solution, 
gives  a  spectrimi  with  two  absorption  bands,  one  on 
either  side  of  the  D  line,  which  fuse  into  one  if  the  solu 
tion  be  very  strong.  The  yellow  eholetelin  gives  a  single 
band  lielween  b  and  E.  nearer  to  F. 

lliijiiuiix  Tist  for  bilirul)in.  Add  to  the  suspected 
liipiid.  nnik  of  lime  till  a  precipitate  (bilirubin-calcium)  is 
thrown  down.  After  washing  this  precipitate  in  water, 
place  it  in  a  test  tube,  and  half  fill  the  ti'st  tube  with  al- 
cohol aciditied  with  hydrochloric  or  sulphuric  acid.  Boil 
for  some  time,  and  if  the  original  liquid  contained  biliru- 
bin, an  emerald  green  or  bluish  green  color  will  develop. 

Mnriii. — As  already  mentioned,  the  nuiein  present  in 
human  bile  is  largely  derived  from  the  secretions  of  the 
bile  duets  and  gall  bladder.  In  matiy  animals  it  is  re 
])lace<l  by  iniclco  albumin.  These  substances  resemble 
each  other  in  their  viscidity,  and  are  both  readily  |)re- 
cijntated  from  bile  by  acetic  acid,  l)ut  dillcr  in  the  prod- 
ucts of  their  decomjiosition.  Mucin  s])lits  up  into  a 
proteid  and  a  carbohydrate;  nuclco-alhumin,  on  the  con- 
trary, into  a  jiroteidandacomplex  introgenous substance, 
rich  in  phos]ihorus,  known  as  nucleic  acid. 

Fiit-'<. — Thi'se  consist  principally  of  palmitin.  stearin, 
an<i  olein.  with  tin'  cornsponding  soaps. 

C/iiiliKtiriii  is  acomidex  monatomic  alcohol.  Its  chem- 
ical fiamula  is  not  yet  absolutely  agreed  upon,  but  is 
probably  (^i,I^,;()II  (Obermiiller).  It  is  present  in  nearly 
all  animal  tissues,  especially  tliose  of  the  central  nervous 
.system.  It  is  insolubh'  in  water,  but  fr<'ely  soluble  in 
ether,  chloroform,  and  hot  alcohol.  !l  crystallizes  out 
from  al<-oliolic  solutions  in  colorless  transjiarcnt  plates. 
From  anhydrous  ether  or  chloroform  it  sejjarates  in  the 
form  of  needles. 

/,ir/t//iii  (C^;II,l^^'P<'.J')  is  found  along  with  cholcsterin 
in  nearly  all  animal  tissues.  It  yields  on  decomposition 
glycerin,  a  fatty  acid,  phosphoric  acid,  ilihI  an  alkaloid 
known  as  cholin. 

Actiiin  (if  Bile. — IJile  is  partly  an  excretion,  and  partly 
a  secretion  playing  a  part  in  digestion  and  ab.sorption. 
Its  digestive  pro]ierties  depend  almost  entirely  on  the 
presence  of  the  bile  siilts.  In  .some  animals  traces  of 
diastatic  ferment  have  been  found,  but  never  in  sufhcient 


amount  to  play  any  important  part  in  digestion.  The 
principal  action  of  bile  is  on  the  fats,  and  depends  on  the 
fact  that  solutions  of  the  liile  salts  have  tlie  power  of 
di.ssolving  free  fatty  acid.s.  Now  the  present  tendency 
is  to  the  view  that  fats  are  absorbed  as  fatty  acids  and 
soaps,  in  solution,  rather  than  in  the  form  of  emulsion. 
If  this  be  so.  the  \y,\\K  played  by  the  bile  is  very  impor- 
tant. .\  fler  the  neutral  tals  are  split  u])  by  the  pancreatic 
juice  iiUo  glycerin  and  fatty  acids,  the  lallei'  are  dis- 
solvc'd  by  the  bile  and  partly  converted  into  soa|)  by  its 
alkaline  salts.  .Moreover,  bile  is  able  to  dissolve  the 
soa|isot  the  alkaline  earths  (calcium)  which  would  other- 
wise be  insoluble.  There  is  an  old  view,  that  the  bile 
also  e.xerts  a  favorable  intluence  on  the  absorptive  func- 
tions of  the  intestinal  wall:  but,  as  this  has  been  noted 
I'spccially  in  the  ca.se  of  fats,  there  is  little  doubt  that  it 
deliends  simply  on  its  |iower  of  dissolving  them. 

The  function  aserilied  to  it  of  jireventing  jiulrcfaetion 
in  the  intestine  is,  no  doubt,  also  to  be  explained  by  its 
aiding  fat  digestion  so  that  the  fatty  food  is  absorbed  be- 
fore it  has  had  time  to  undergo  ]nitrefactive  change. 
Then  it  must  be  remendjered  that  the  absorption  of  the; 
falty  portions  of  the  food  will  exiiose  the  other  constitu- 
ents lictter  to  the  action  of  the  pancreatic  .iuice.  so  that 
all  the  digestive  processi'S  will  proceed  more  rapidly. 

'  Lastly,  there  is  satisfactory  experimental  proof  that  the 
several  ferments  of  the  |ianereatii'  juice  , are  most  active 
in  the  presi'iice  of  bile,  although  just  how  it  favors  their 
action  is  not  fully  explained. 

Biliitrji  fDiinrlioiirt'ov  gall  stones  may  be  divid<'d  into 
two  princi|ial  types: 

1.  Dark  colored,  haril,  non-inllainniable  stones,  con- 
sisting ])rincipally  of  calcium  compounds  of  the  l]ile  pig- 
ments (especially  bilirubin-calcium)  and  calcium  car- 
bonate. 

2.  Lighter-colored  soft  stones,  which  will  melt  and 
burn  in  a  flame,  and  consist  very  largely  of  cholesterin. 

Other  constituents  often  found  in  gall  stones  are:  bile 
acids,  free  bilirubin,  phosphates  of  lime  and  magnesium, 
suli)hate  of  linn',  sodium,  i)otassium,  copjier.  manganese, 
silicic  acid,  nuicin,  and  eiiithelium.  Most  gall  stones  are 
intermediate  in  composition  and  jiroperties  between  the 
two  extreme  ty|)es  given  above,  and  vary  in  color  from 
nearly  white,  through  golden  or  greenish  yellow,  to  red- 
ilisli  brown  and  black.  JIany  stones  vary  in  color  and 
composition  in  diU'erent  layers. 

;\mong  possible  ca\ises  which  have  been  suggested  for 
gall  stones  the  following  may  be  mentioned: 

1.  Excess  of  limi'  and  <leticieney  of  sodium  salts  in  the 
bill'.  leading  to  |ireci]iitation  of  the  i)igments. 

i.  Presence  of  chronic  catarrh,  leading  to  excessive 
.secretion  of  mucin. 

'■'>.  Excess  of  cholesterin  in  the  liloud  as  a  result  of  e.\- 
ecssive  brain  work,  old  age,  or  other  causes. 

4.   Concentration  of  the  bile  from  stagnation. 

Ti,  Jsaunyn's  theory,  which  now  receives  much  support, 
combines  several  of  the  above,  and  niav  be  brietiv  stated 
thus: 

(Jail  stones  are  the  result  of  a  pathological  alteration 
in  the  mucovis  membrane  of  the  .nail  bladih-r.  usually  e\ 
cited  by  the  iireseiH'c  nf  microbes,  iuid  leading  to  an  in- 
creased excretion  of  lime  and  cholesterin. 

T.  Wt'slei/  Mllh. 
Williitm  <*>'.  M'invw. 

BILE    PASSAGES.    i>vr  flail  B/,i(lder  niu]  Lin-J: 

BILHARZIA    H/EMATOBIA.     See  Tirm,iU„hi. 

BILIRUBIN.     See  O/hiriiig  MntlcrK  Aniwul. 

BIOLOGY.— (*'".-.  life,  and  /ojnf,  a  discourse) 
DiiFiNtrtoN. — "The  subjects  of  our  impdry  will  be  the 
various  forms  and  iihenomcna  of  life,  the  conditions  and  ' 
laws  under  which  this  state  occurs,  and  the  causes  through 
which  it  is  bro\ight  about.  The  science  that  occujiies 
itself  with  these  subjects  we  will  designate  by  the  name 
biiil(ir/y,  or  the  science  of  life."     This,  in  translation,  is 
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the  ilotiuitiou  of  biology  given  by  Tivviranus  iu  1S02, 
mi<l  it  appliis  oqimllv  well  today. 

The  term  has  not  always  bcon  used  with  this  mcauiiiii, 
however.  The  U.xfoni  Dietiouary  gives  three  ways  in 
whieli  it  has  been  employed. 

(1)  It  wa.s  used  in  England  for  the  first  time  by  J. 
Stnnlield*  in  its  true  etymologieal  meaning  to  designate 
"thestudy  of  human  life  and  eharaeter,"  as  distinguished 
from  biography,  the  history  of  tlie  lives  of  individual 
men. 

(•i)  The  unfamiliarity  rather  than  tlie  etymology  of 
the  woril  i>robably  a<'eoimts  for  a  \ise  that  appears  to 
have  arisen  iu  this  eountry.  The  writer  has  heard  it 
stated  by  the  president  of  the  Johns  Hopkins  University 
that  when  it  was  projiosed  to  establish  there  a  biological 
laboratory  in  ISTG  the  name  "bioloi^ical "  was  regarded 
with  suspii-ion  as  suggestive  of  the  fakir.  This  was  be- 
cause, as  slated  by  Vv.  15.  Carpenter:  f  "About  the  year 
18.50  •  the  world  was  torned  u]isidedown  '  by  a  couple  of 
itinerant  Americans,  who  styleil  themselves  '  professors  ' 
of  a  new  art  which  they  termed  ekctfu-biolor/y ;  assert- 
ing that,  by  an  influence  of  which  the  secret  was  known 
oiily  to  themselves,  but  which  was  partly  derived  from  a 
littie  disc  of  zinc  and  copper  held  in  the  hand  of  the 
'  subject '  and  steadily  gazed  on  by  him  (whence  the 
designation  which  they  ad(ipted).  they  could  subjugate 
the  most  determined  will,  paralyze  the  strongest  muscles, 
pervert  the  evidence  of  the  senses,  "  etc.  "  Electro- 
biology,  or  '  biology '  (as  it  came  to  be  very  commonly 
designated)  was  not  merely  introduced  at  scientific  re- 
unions, but  liecame  a  fashiouable  amusement  in  some 
circles,  at  ordinary  evening  jiarties,  and  thus  it  happened 
that  a  large  projiortion  of  the  luiblic  became  familiarized 
with  the  phenomena."  "Professed  biologists"  gave 
public  e.xhibitions.  and  Car|ienter  himself  speaks  of  "the 
biologized  suli ject"  and  of  "  biological  phenomena, "  mean- 
ing thereby  what  we  now  understand  bj-  hypnotism. 

(3)  Fortunately  that  use  of  the  word  has  become  ob- 
solete, and  biology  is  employed  at  the  present  time  in 
both  popular  and  scientific  language  with  the  meaning 
originally  given  to  the  word  by  Treviranus  in  the  pas- 
sage quoted  at  the  beginning  of  this  article. 

HisTOKY  OF  Bioi.OGT. — IJiology  is  relatively  a  new 
science.  The  famous  Roman  naturalist  Pliny  emliraced 
within  his  "  Natural  History  "  all  realms  of  nature,  includ- 
ing man  and  his  activities.  But  as  the  result  of  the  theo- 
logical ideas  of  the  Jliddle  Ages,  man  became  to  be  re- 
garded as  something  apart  from  nature.  Thiis  Lord 
Bacon  I  divides  the  descriptive  sciences  into  history  of 
nature  and  history  of  man,  and  the  knowledge  of  caiises 
into  divine  philosophy,  natural  pliiliiso]ihy,"aiid  human 
philosophy;  but  all  divisions  of  knowledge,  he  said,  are 
like  the  branches  of  a  tree  that  uu-ct  in  a  stem. 

Gradually  as  the  mass  of  human  knowledge  grew  and 
became  more  classified,  various  branches  were  split  off 
from  natural  history,  such  as  astronom}^  and  physics, 
which,  because  they  dealt  more  with  the  causes"  than 
with  the  descriptions  of  phenomena,  were  called  natural 
philosophy,  using  Bacon's  term  in  a  somewhat  different 
sense.  Later  chemistry,  emancipated  from  the  mvsticism 
of  alchemy,  became  a  distinct  science,  and  tlie  name 
natural  history  was  restricted  to  the  sciences  that  ap- 
peared to  be  purely  observational. 

Buffon.  writing  in  the  middle  of  the  eighteenth  cen- 
tury, divided  all  science  into  civil  history  and  natural 
history.  But  his  natural  history  was  cssentiallv  de 
.scriptive  and  was  divideil  into  three  sections  dealinir 
with  animals,  plants,  and  minerals.  He  recognized, 
liowever,  a  unity  in  nature  so  that  one  mav  descend  bv 
nearly  insensible  degrees  from  the  most  higlily  organizeil 
animal  to  the  simjilest  mineral;  and  he  r(''garded'man  as 
the  animal  which  occupies  the  highest  point  in  his  scale. 

Bonnet,  in  his  "  Contemplation  de  la  nature  "  (ITIU).  goes 
one  step  farther  than  Buft'on  by  saying,  after  making  an 

*Stanllpkl.  ,1.:  "  Biocraphv,"  1813.  p.  12. 
,~,p'n'™ter,  W.  B.:  "  ITinciplcs  of  Mental  Physiology,"  New  York, 
lotyi,  p.  .>.ia. 

t "Advancement of  Learning,"  1605. 
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extended  comparison,  that  animals  and  ])lants  are  only 
modifications  of  organized  matter.  He  described  an  ani- 
mal as  an  organized  being  which  is  nourished  by  internal 
roots,  and  a  plant  as  one  in  which  the  roots  are  placed 
outside.  They  are  nevertheless  essentially  the  sjime,  he 
says,  and  the  character  by  which  they  may  be  truly  dis- 
tinguished is  rudcnown  to  us. 

It  remained  for  Bichat,  in  1801,  to  draw  a  clear  dis- 
tinction between  organic  and  inorganic  beings,  between 
physiological  and  physical  sciences.  He  l)ascd  his  dis- 
tinction upon  the  posses.sion,  by  organic  beings,  of  the 
properties  of  irritability  and  contractility. 

In  the  following  j'car  (ISOy)  the  term  biology  was 
proposed  bj'  Treviranus  and  Lamarck  to  cover  what 
Bichat  called  the  physiological  sciences.  Whether  the 
word  was  coined  independently  by  these  two  writers  as 
supposed  bv  Geddes,  or  whether  it  was  borrowed  by 
Lamarck  from  Treviranus,  as  stated  by  Littre,  is  not  im- 
portant. In  any  event,  the  chief  credit  is  due  to  Tre- 
viranus, for  he  not  imly  invented  the  name.  Init  he  set  to 
work  earnestly  to  erect  the  science  that  it  was  intended 
to  designate,  publishing  his  results  in  a  book  of  six 
volumes  entitled  "  Biologic,  oder  Philosophic  dcr  lebenden 
Natur."  But.  unfortunately  for  his  success,  the  founda- 
tions upon  which  he  liad  to  build — systematic  zoology 
and  botany,  morphology,  physiologv,  and  general  an- 
atomy— Were  only  then  being  established.  Not  only 
were  these  sciences  incomplete  as  to  matter,  but.  as  he 
says,  they  were  then  as  isolated  as  the  pyramids  in  the 
sands  of  Egvpt.  Nevertheless,  he  succeeded  in  ]iroduc- 
ing  what  Huxley  has  well  termed  a  very  remarkable 
book,  one  that  is  es,sentially  modern  in  its  plan  and  ex- 
ecution ;  very  different  from  the  work  of  his  ccumtrvman 
Oken,  which,  although  more  highly  regarded  a'  the 
time,  would  now  be  considered  media-val  rubbish. 

Treviranus  was  seriously  hampered  in  his  treatment  of 
the  subject  bj'the  fact  that  the  two  great  generalizations 
which  were  to  furnish  the  true  scientific  bases  for  the 
unification  of  the  biological  sciences  had  not  then  been 
formulated.  These  were:  the  cell  theory,  propounded 
by  Schleiden  and  Schwann  in  1.S38;  and  the  theory  of 
the  origin  of  species  by  means  of  natiu-;il  selection,  puli- 
lished  by  Darwin  and  "Wallace  in  18.5^.  Thus  it  hap- 
]iened  that,  while  the  puinl  of  view  of  Treviranus  was 
appreciated  and  upheld  by  a  few  such  men  as  Auguste 
Comte  and  Isidor  Geoffroy  Saint-Hilaire,  and  others 
were  by  their  contributions  to  knowledge  helping,  per- 
haps rmconsciouslj',  to  confirm  it,  the  great  majority  of 
zoologists,  botanists,  anatomists,  and  physiologists  failed 
to  look  beyond  the  confines  of  their  special  provinces. 

By  the  publication  of  the  "Origin  of  Species  "a  new 
light  was  thrown  upon  organic  nature  which  not  only 
showed  the  essential  unity  of  the  aninuil  and  vegetable 
kingdoms,  including  mankind,  but  also,  by  eliminating 
the  supernatural  factor,  served  to  bring  biology  into 
harmony  with  the  other  natural  sciences.  Under  the 
leadership  of  Herbert  Spencer  and  Huxley  in  England 
and  of  Haeckel  in  Germany  this  new  point  of  view  has 
been  widely  propagated  initil  now^  in  many  colleges  and 
high  schools  a  student  may  get  his  first  introduction  to 
natural  science  through  a  course  in  general  biology. 

The  LmxG  SrBST.\>XE. — Since  its  publication  in 
1838  the  cell  theory  has  been  greatly  modified  by  the  re- 
searches of  Max  Schultze  and  many  other  investigators. 
At  the  present  time  one  of  the  chief  reasons  for  the  union 
of  botany  and  zoology  in  a  single  science  called  l)iology 
is  found  in  one  of  the  generalizations  of  the  cell  theory  as 
now  accepted — namely,  that  the  physical  basis  of  life, 
the  living  substance,  or  protoplaam.  has  certain  funda- 
mental characteristics  which  are  essentially  the  sjimo 
wherever  it  may  be  found. 

(1)  Occurrenef. — In  the  first  place,  the  living  substance 
always  occurs  in  certain  definite  aggregates,  that  we  call 
organic  iniiifiduah.  To  be  sure,  many  non  living  sub- 
stances may  also  occur  in  aggregates  with  a  ilefinite  form 
— that  is,  in  crystals.  But  the  crystal  dilTers  from  the 
organic  individual  in  many  important  particulars.  A 
crystal  of  sodium  chloride  inay  be  crushed,  or  even  dis- 
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solved,  but  its  substance  still  remains  sodium  chloride. 
On  tlie  other  haiul.  a  blow  on  the  head  is  sufficient  to  (■(in- 
vert a  living  o.\  into  dead  Ijeef.  As  the  result  of  au  injury 
to  a  part,  the  whole ajrirretjate  has  ceased  1o  be  livin.ir  sidj- 
stance  and  has  become  a  mere  mass  of  proteids.  fats,  and 
salts.  But  what  is  the  diil'erence  between  the  living  and 
the  dead  o.\'/  Its  form  and  i)r(jportions  remain  the  same. 
It  has  not  lo.st  weight,  and  we  may  infer  from  this  that  a 
chemical  analysis  of  the  carcass  will  enable  us  to  ascer- 
tain the  kind  and  proportion  of  the  chemical  elements 
that  were  present  in  tlic  living  body;  allhough  we  shall 
still  be  ignorant  as  to  what  rearrangements  of  these  ele- 
ments may  have  taken  ])lace  in  the  course  of  death. 

r~)  Aftirifiix. — The  great  dilTereiice  between  the  dead 
anil  the  living,  then,  is  not  in  form  or  sulistaiice  but  in 
activity.  If  we  beat  tlu^  dead  ox.  it  will  not  move  away  ; 
if  we  place  hay  and  grain  in  its  stoniaeh.  it  will  not  jje 
dissolved  and  converted  into  o.\-stulT.  Just  as  the  o.x 
ditTers  from  the  fait  and  the  beef  that  I  am  to  have  for 
dinner,  so  tlieliviijg  oak  tree  differs  from  the  crystal 
on  the  one  hand  aiid  from  the  wood  of  my  table  on 
the  other.  The  wood  can  no  longer  take  in  carbon  di- 
oxide and  oxygen  from  the  air,  water  and  salts  from 
the  ground,  and  convert  them  into  oak-stutV.  Neither 
can  it  respond  to  the  stimuli  of  light  or  gravity.  AVhat 
is  true  of  the  o.x  and  the  oak  is  true  of  animals  and 
plants  in  general,  and  thvis  we  lind  certain  powers  of  ac- 
tivity which  they  possess  in  common  and  which  distin- 
guish living  l)eings  from  all  other  bodies.  These  may 
be  summarized  as  tVjIlovvs: 

((/)  Axxiiiiildtitiii. — This  is  delined  by  Verworn  as  'Mhe 
sum  of  the  in'ocesses  that  lead  to  the  construction  of 
living  substance  to  the  maximum  of  its  most  complex 
constitution,  the  synthesis  of  proteids." 

In  these  pixicesses  various  non-living  substances  are 
brought  into  contact  with  the  protoplasm  and  are  there 
converted  into  living  substance  like  itself. 

(h)  Dlsxiiiiildiion.  —  Hand  in-haud  witli  assimilation 
goes  the  reverse  process,  di.ssimilation,  the  giving  off  of 
n(m-living  material,  waste  jiroducts,  from  the  living 
substance.  Assimilation  and  dissimilation,  anabolism 
and  katabolism,  are  two  phases  of  mi tdhdlimii.  a  process 
that  is  continuous  in  a  living  organism.  Its  cessation, 
however,  does  not  necessarily  inijily  death,  for  it  has 
been  shown  that  there  is  no  metabolism  in  seeds  tliat  are 
diied  but  which  are  still  capalile  of  germination  tinder 
proper  conditions.  Moreover,  as  Verworn  has  pointed 
out.  the  process  is  not  without  its  analogy  in  inorg.anic 
chemical  jirocesses.  In  the  manufacture  of  suljihuric 
acid,  the  lu'frie  acid  wliieh  is  used,  or  rather  the  nitroyl 
sulphuric  acid  formed  during  tlu^  reaction,  is  continually 
being  built  up  and  l>rokeu  down,  so  that  if  fed  with  a 
continuous  supply  of  sulphurous  anhydride,  water,  and 
oxygen  a  small  amount  of  nitric  acid  may  produce  an 
imlimited  (piantity  of  sulphuric  acid,  without  any  dimi 
nution  of  its  own  substance.  Similar  ]ihen(miena  may 
be  observed  in  Deacon's  process  for  the  manufacture  of 
chlorine,  and  in  other  chemical  operations  in  which  cata- 
lytic substances  are  used. 

Nevertheless  metabolism,  and  especially  its  construc- 
tive jihase,  a.ssimilation.  is  a  process  that  is  highly  char- 
acteristic of  a  living  being,  and  is  not  ordinarily  met 
with  elsewhere  in  nature. 

(r)  Grmrth. — Whenever  assinnlation  exceeds  dissimila- 
tion, increase  in  size,  or  growth,  of  the  organism  takes 
place. 

(<T)  Ikprod'idiiin. — Growth  leads  to  re|)roduction.  or 
the  separation  from  the  organism  of  a  part  of  the  living 
substance  to  form  a  new  organism  like  the  jiarent. 

((•)  Initiiln'liti/. — This  has l)een  detined as  "the  capacity 
of  a  body  to  react  to  an  external  influence  by  some  kind 
of  change  in  its  condition,  in  which  the  extent  of  the 
reaction  stands  in  no  definite  proportion  to  the  extent  of 
the  influence."  This  highly  characteristic  property  is 
pcissessed  by  all  living  substances.  It  tinds  its  analogy, 
liowever.  in  certain  non-living  substances,  (he  explosives. 
But  there  is  one  difference  between  tlie  exidosion  of  au 
unstable  chemical   compound   and   the  reaction  of  an 


organism  to  a  .stimulus.  The  explo.sion  results  in  the  de- 
struction of  the  mass,  while  an  organic  reaction  is  nor- 
mally piu'iioseful  in  character  and  tends  to  the  preserva- 
tion of  the  ina.ss. 

(3)  Stri'i-ture. — Wliile  it  is  possible  to  find  some  analogy 
between  th('  activities  (jf  protoplasm  and  other  processes 
in  nature,  there  are  certain  niiiuite  structural  features  to 
be  blund  in  substance  that,  is  living,  or  has  liv(_'d,  for 
wliich  we  may  look  clsewliere  in  vain.  The  fundamental 
generalization  of  th(-  cell  theory  is  that  e\'ery  animal  or 
|ilant  is  a  cell,  or  a  collecti(ni  of  cells  and  their  products. 
A  cell  may  be  defined  as  a  mass  of  ])idtoplasm  with  its 
conlained  nucleus.  It  is  found  by  experiment  that  if  a 
portion  of  the  ]ii'ofoplasm  be  se])arated  from  the  nucleus, 
it  may  still  resiiond  to  stimuli,  hut  it  can  no  longer  as- 
.siiuilate  food  or  rejiair  damage.  It  has  lost  the  jiowcr 
to  iierforin  some  of  the  essential  vital  functions.  Like- 
wise a  nucleus  deprived  of  its  surrounding  protoplasm, 
or  cytoplasm,  is  incapable  of  continuing  life.  Thus  we 
are  led  to  regard  the  cell  as  the  unit  organism,  and  its 
struetiH-e  as  a  fundamental  characteristic  of  the  living 
substance. 

.Vs  to  the  ultimate  structure  of  protoplasm,  there  has 
been  great  diversity  of  opinion.  The  best  view  a])]iears 
to  lie  the  one  recently  expressed  by  'Wilson,  that  in  its 
simplest  form  the  structure  of  the  protoplasm  is  like 
that  of  an  emulsion,  in  which  the  continuous  substance 
is  the  active  living  material,  and  the  inclusions,  ranging 
in  size  from  the  largest  j'olk  granules  to  bodies  at  the 
limit  of  microscopic  vision,  are  passive  materials  in  vari- 
ous stages  of  metabolism.  But,  sujieiimposed  upon  this 
vesicular  structure,  there  may  be  also  a  fibrillar  structure 
(see  Ci//).  It  may  Vie  noted  that  while  the  complex  or- 
ganization of  the  cell  is  characteristic  of  the  living  sub- 
stance, the  more  minute  vesicular  structure  of  protoplasm 
has  been  shown  by  Butschli  to  liave  an  analogy  in  the 
structure  of  certain  inorganic  colloidal  sulistauces. 

(4)  (Vitiiiiciil  Ciinipdnitlon. — It  is  iu  their  chemical  com- 
position that  Verworn  finds  what  he  regards  as  the  one 
fundamental  character  that  all  animals  and  ]ilants  have  in 
common  and  that  distinsruishesthem  from  all  of  her  bodies. 
This  characteristic  is  the  po.ssession  of  a  class  of  highly 
comiilex  coiniiounds  of  nitrogen,  carbon,  hydrogen,  o.xy- 
gen,  and  suljihur  known  as  the  proteids.  Both  fats  and 
carbohydrates  also  occur  verj-  generally  in  animals  and 
jilants.  and  with  the  proteids  form  their  chief  constitu- 
ents. That  all  three  classes  of  compounds  are  found  in 
the  living  as  well  as  in  the  dead  cell  is  shown,  according 
to  Verworn,  by  "a  careful  comparison  especially  of  the 
solid  bodies  that  niav  be  foiuul  as  reserve  substances  for 
a  time  unchanged  iu  the  living  cell,  with  the  corre- 
sjionding  substances  of  the  dead  cell."  Nevertheless, 
there  are  differences  between  living  and  dead  ]irotoi)lasm 
that  show  that  death  involves  a  cliemical  change.  In 
the  first  place,  living  protojilasm  usually  has  an  alkaline 
reaction  or  is  neutral,  while  di'ad  proto])lasm  is  generally 
acid.  Then  there  are  certain  jiroteids  that  are  fluid  in 
life  and  coagulated  at  death.  Tlie  diffcreiu-e  is  agaiu 
shown  by  the  effects  of  diamid  and  hydroxylamine. 
These  substances  are  strong  iioisons.  that  is.  they  destroy 
living  jirotoplasm,  producing  ju'esumably  substitution 
liidducts;  but  they  have  no  effect  u])on  dead  proto|ilasm. 
Moreover,  while  alive,  protoplasm  is  contintially  under- 
going change,  taking  U])  oxygen  and  giving  off  various 
products  of  metabolism,  but  when  dead  it  is  stable,  and 
under  certain  conditions  may  remain  unchanged  for 
years.  So  while  it  is  true  that  the  three  classes  of  com- 
pounds characteristic  of  dead  |irotoplasm  are  found  also 
in  that  which  is  living,  they  do  not  have  exactly  the 
same  chemical  comjiosition.  Therefore  a  chemical  analy- 
sis of  dead  ju'otoplasm  will  not  reveal  the  exact  chemical 
constitution  of  the  living  substance. 

{'))  Orir/in. — Finally  the  living  substance,  whelher  it 
be  animal  or  vegetable,  differs  from  all  other  stdistances 
in  its  mode  of  origin.  Other  chemical  eomiiounds  may 
lie  formed  anywliere  that  the  necessary  elements  are 
brought  together  in  favorable  combinations  and  under 
the  right  conditions  of  temperature,  solution,  etc.     We 
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know  nothiii!:  in  rcsarii  to  tlio  conditions  under  wliioli 
livins  niiitlci-  was  liist  inoduecd.  and  we  aie  ecinally  ij; 
noniiit  as  to  what  future  discovery  may  brinu'  lortli ;  all 
we  know  at  present  is  that  the  living  substance  appears 
to  be  jieeidiar  in  that  the  only  conditinus  under  which  it 
can  be  produced  arc  those  found  in  the  livinj;-  organism, 
animal  or  plant  as  the  ease  may  be.  Lifeless  material  is 
converted  into  livin;;- substance  only  by  the  jiroccss  of 
assimilation.  This  takes  place  only  in  the  presence  of 
preexistins;-  living;  siUistance,  This  great  generalization, 
called  by  llu.\lcv  the  doctrine  of  hinripiifxis.  is  due  to  the 
labors  of  liedi.  Pasteur,  and  their  successors;  and  is  the 
fundamental  fact  upon  which  is  built  the  modern  prac- 
tice of  aseptic  surgery. 

Other  Pdiiits  of  Ar/recment  betireen  Animals  and  Plants. 
— If  the  fundamental  similarities  between  animals  and 
plants  that  have  just  been  enumerated  are  not  deemed 
sullicient  to  estal)lish  the  union  of  the  biological  sciences. 
we  may  seek  further  into  the  details  of  the  .structure  and 
vital  processes  in  organisms,  and  there  we  .shall  find  still 
more  striking  evidence  of  their  essential  unity. 

Not  only  does  the  definition  of  a  cell  as  a  mass  of  pro- 
toplasm surrounding  a  nucleus  apply  eiiually  well  to 
multicellular  animals  and  jilants  and  to  the  unicellular 
organisms,  classed  by  Haeekcl  together  under  the  name 
Protista  ;  but  we  tind  that  certain  details  of  structure  are 
always  found  in  cells  wherever  they  may  occur.  This 
applies  more  especially  to  the  nucleus,  i\hich  ordinaril}' 
in  the  resting  condition  is  a  rounded  sac-like  body  sur- 
rounded by  a  delicate  membrane.  Within  these  is  a 
structiire  usually  described  as  a  reticulum,  Init  more 
jirobably  an  alveolar  structure,  consisting  of  two  sub- 
stances, linin  and  chirn/mtui.  while  the  spaces  within 
the  alveoli  or  reticulum  are  filled  by  a  clear  nuclear  sap. 
Even  in  bacteria  and  other  micro-organisms  which  do 
not  possess  a  well-defined  nucleus,  granules  are  foimd 
scattered  aliout  in  the  cell  which  are  probably  chromatin. 

Cell  division  in  both  animals  and  plants  is  always  pre- 
ceded by  the  division  of  the  nucleus,  which  usually  takes 
place  by  what  is  called  the  indirect  method  {karyokine- 
sis,  or  mitosis).  The  essential  thing  in  this  method  is 
the  exactly  equal  division  of  the  chromatin  (see  article 
Chromosome). 

In  both  animals  and  jilants  increase  in  the  number  of 
individuals  may  take  jilacc;  by  three  methods  of  repro- 
duction— fission,  budding,  and  sexual  reproduction 
(game/genesis).  Sexual  reproduction  differs  from  the 
other  modes  in  that  the  new  individual  ari.ses  from  a 
cell  that  is  derived  from  the  union  of  two  cells  iLSUally 
having  origins  in  different  individuals  (see  jS'c.c). 

In  both  animals  and  plants  the  cells  that  are  to  take 
part  in  sexual  reproduction  undergo  a  preparatory  change 
which  results  in  a  reduction  in  the  amount  of  chromatin  ; 
and  even  in  the  unicellular  organisms  in  which  the  sexes 
are  not  differentiated  a  similar  process  is  found  to  occur 
(see  llediietinii  Dirisioii). 

In  the  union  of  two  cells  to  form  a  germ  (oospore)  the 
essential  process  is  the  union  of  the  twn  nuclei.  "While 
the  details  of  this  process  dilTer  in  ditt'erent  species,  it 
always  results  in  the  formation  of  a  nucleus  in  which 
the  chromatin  is  derived  in  exactly  equal  parts  from  the 
male  and  the  female  jiarent.  In'the  conjugation  of  the 
unicellular  organisms,  even  where  there  is  no  union  of 
the  cell  bodies,  there  is  formed  likewise  in  each  individ- 
ual a  new  nucleus  to  Avhich  each  one  has  contributed 
just  half  of  tlie  chromatin  (.see  Liipreynatinu). 

Differentiation  of  structure  goes  hand-in-hand  with 
division  of  labor.  It  may  occur  within  a  single  cell,  re- 
sulting in  the  specialization  of  ilifferent  parts  of  the  cell 
to  perform  dift'erent  functions;  or,  in  multicellular  or- 
ganisms, it  may  cause  whole  cells  or  large  masses  of 
c-ells  to  differ  from  others,  forming  tissues  and  organs 
for  various  functions.  In  both  animals  and  plants  the 
causesof  differentiation  may  be  divided  into  two  classes. 
One  depends  upon  the  structure  or  chemical  composition 
of  the  protoplasm  il.self,  the  other  depends  upon  the  ex- 
ternal conditions  surrounding  the  organism  (see  Differ- 
entiation). 


In  the  developing  organism  differentiation  is  followed 
by  growth,  which  takes  jilace  according  to  the  same  laws 
in  both  animals  and  plants  (see  Groirtli). 

In  both  animals  and  plants  the  offspring  tends  to  re- 
semble its  parents  at  the  corresponding  stages  of  growth. 
This  is  not  merely  the  result  of  develoiunent  under  similar 
external  conditions.  A  change  in  the  environment  will 
result  in  a  change  in  the  organism ;  but  you  may  change 
the  environment  as  much  as  you  please  and  still  you 
cannot  cause  the  egg  of  a  star-fish  to  develop  into  a  sea 
urchin,  or  rice  rersd.  Embryos  of  two  species  may 
he  reared  under  perfectly  identical  conditions,  yet  each 
one  will  come  true  to  its  kind.  This  tendency  among 
organisms  for  like  to  produce  like,  depending  upon 
something  in  the  structure  of  the  germ,  is  what  we  mean 
by  hendilji.  The  researches  of  Gallon,  Pearson,  and 
others  show  that  the  laws  of  heredity  among  animals 
apply  equally  well  to  plants  (see  Heredity). 

Finally  we  are  indebted  to  Charles  Darwin  for  the  dis- 
covery of  the  principle  of  natural  selection,  which  is 
equalij'  applicable  to  animals  and  plants  as  an  explana- 
tion of  the  phenomena  of  diversity,  or  the  origin  of 
species  (see  Eiyliition). 

A  measure  of  the  advance  made  in  general  biology 
during  the  last  one  hundred  and  fifty  years  may  be  oli- 
tained  by  comparing  such  a  list  of  the  similarities  of  ani- 
mals and  Jilants  as  that  given  in  the  preceding  paragrajihs 
with  the  discussion  of  the  same  subject  to  be  found  in 
the  second  part  of  Bonnet's  "Contemplation  de  la  na- 
ture." published  in  Amsterdam  in  1764. 

Divisions  of  Biology. — Biology  has  been  divided  into 
subordinate  sciences  without  number.  For  example, 
we  have  carcinology,  the  study  of  crabs;  couchology. 
the  study  of  molluscs;  mycology,  the  study  of  fungi; 
recently  cytolog}',  the  study  of  cells,  etc. — each  separate 
group  of  organisms  or  organs  having  its  own  special 
"ology."  These  subjects  may  be  arranged  in  groups 
from  several  different  jioiuts  of  view.  The  biological 
sciences  may  be  divided  into  two  great  groups,  botany 
and  zoology,  dealing  respectively  with  plants  and  ani- 
mals. Or  we  may  distinguish  between  organisms  now 
living  and  those  known  only  by  their  fossil  remains. 
Theu  we  have  recent  biology  and  paheontology.  Again, 
from  normal  biology  we  may  separate  the  study  of  the 
abnormal  cimditions  of  organisms,  pathology.  Finally, 
and  this  seems  to  be  the  best  arrangement,  we  may  fol- 
low Huxley  and  divide  biology  into  four  great  groups. 
— morphology,  phyxiology.  chorology.  and  a>tiology.  The 
relations  of  these  sciences  are  exhibited  in  the  accom- 
panying scheme  (Fig.  481). 

STi/rplaih'gy  (nnpctii.  form)  is  the  study  of  the  structure 
of  organisms.  It  includes  general  anatomy,  or  lii.''tology, 
the  study  of  the  microscopic  structure  of  cells,  tissues, 
and  organs;  anatomy,  which  may  be  purely  descriptive, 
as  human  anatomy  ;  or  comparative,  when  it  has  for  its 
aim  the  discovery  of  homologies;  ontogeny,  including 
embryology,  the  study  of  development  witliin  the  egg, 
.and  the  study  of  post -embryonic  development  and  meta- 
morphosis. The  facts  of  anatomy  and  development  form 
the  basis  for  the  classification  of  organisms,  wiiich  is 
treated  under  ta.ronomy. 

Anollu'r  branch  of  \nriv\i\io\ogy\spathological  anatomy, 
dealing  with  the  histology  and  gross  anatomy  of  diseased 
tissues  and  organs.  Palcvontolugy  mi.-\\uU-ii  the  mor]ihol- 
ogy  of  fossil  organisms,  althougli  this  term  is  generallv 
restricted  to  the  morphology  of  fossil  animals,  while 
jiaheobotany  is  used  for  jilants. 

Physiology  {oraic.  nature),  on  the  other  band,  has  to  do 
with  the  functions  of  organisms,  more  especially  the  ac- 
tivities of  the  cells,  ti.ssues.  and  organs.  These  may  be 
divided  into  generatire,  including  the  phenomena  of  re- 
jiroduclion ;  siistentatire,  including  di.aestion.  absorjition. 
circulation,  and  the  comjilex  jibenomena  of  metabolism 
and  secretion  ;  rolteratire.  including  the  relations  between 
stimuli  and  reacticms,  and  the  physiology  of  the  muscular 
and  nervous  .systems.  The  study  of  the  jierturbations 
of  these  functions  under  diseased  conditions  .sives  us 
pathological  physiology.     Partly  physiological  and  jiartly 
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Bioloff)'. 


morphological  is  the  study  of  tlic  pheiionicna  of  urowlli 
(lilfcu'iiliatioii.  licnMlily,  ami  variation.  'I'licsc  subject!; 
may  he  classed  toi;'cllicr  as  iiinrphiibujieid  plii/xidUyi/,  or 
id-pcfitjitntill  iitorphnhtiji/, 

Chi)mliiii!i  {x''ii>".  ducllinn-  place,  area  of  distribution) 
is  a  term  invented  by  llaeckcl  to  include  all  the  i>he- 
nomciia  of  distribution  of  orsranisms.  These  may  be 
studied  from  three  jxiints  of  view,  freographical,  to]io- 
frrai>hical,  and  jreolojrieal,  the  later  jrivinjr  an  account  of 
the  succession  of  forms  in  ,!j:eolo!j;icjil  history. 

A'tiofiKjij  (ni7i(i/.o}iii.  sivinjr  a  cause)  is  a  term  long  u.sed 
by  ])liysicians  to  dcsi.guatc  the  sttidy  of  the  causes  of 
disease.     Oiigiiially,  however,   it  hail  a  l)roadcr  mean- 


till'  ji/ii/liir/ini/,  or  history  of  the  chaii.ires  which  the  vari 
oils  groups  of  animals  and  ])l!mts  have  undergone  in  the 
ages  that  are  past. 

I\i/r/iiiliii/i/  and  xocio/or/i/  are  not  usually  regarded  as 
parts  of  biology,  and,  as  Hii.xlcy  has  remarked,  the  biol- 
ogist has  already  quite  enough  to  do  without  including 
these  sciences  within  his  tield  of  study.  Nevertheless 
tlie  mental  activities  which  form  the  subject  matter  of 
psychology  are  after  all  only  certain  special  functions  of 
llic  brain,  and  as  such  their  study  becomes  only  a  sub- 
division of  the  physiology  of  the  nervous  system. 

^Sociology  likewi.se  deals  with  a  series  of  iiheiiomena 
with  which  the  biologist,  as  a  rule,  has  nolhin!;-  to  do. 


/ETIOLOGY 

Fll;.  4S1. 


ing, — the  study  of  causation  in  general.     It   is  in  this   | 
sense  that  Ilu.xley  has  borrowed  the  term  and  used  it  to    | 
desi.irnatc  the  group  of  biological  sciences  which   have 
for  their  aim  the  e\]ilaiiation  by  general  ])hysical  laws  of 
tlie  origin  and   present   condition  of  living  beings  u])on 
the  globe.     This  includes  ifnlniiy  ('",VT,   household),  the 
science  dealing  with  the  total  relations  between  organ- 
isms and  the  surrounding  outer  world;  also  called   bio 
nomics,  and  including  most  of  what  is  po]uilarly  meant 
by  natural  history.     The  facts  of  morphology,  physiol- 
ogy, and   distribution,   as  well  as  those  of  ecology,  all 
contribute    to   the    theories  of   eiydiitinn.    whereby   it   is 
sought  to  explain  the  oiigin  of  siiecies:  and   from  the 
study  of  fossil  remains,  aided  by  comparative  anatomy 
and  "embryology,  it  is  possible  to  form  a  conception  of 


But,  on  the  other  hand,  the  relations  of  men  in  a  com- 
monwealth ili>  not  dill'cr  essentially  from  those  of  bees  in 
a  hive:  and  from  this  more  general  |)oint  of  view  the 
study  of  these  relations  might  be  regarded  sini])ly  as  a 
special  branch  of  ecology.  Robert  Paytic  BUjdoir. 

I.ITKR.VTIKK. 

Tlio  lltiTanii'p  (if  hloliipy  is  iilrciicl.v  enormciiis  and  is  (rrowinfr  l.irBor 
every  year.  It  may  tie  well,  however,  to  mention  here  a  few  iiiseful 
works  of  reference. 

For  a  Itrief  Iiistorv  of  liiolopv  see  J.  .\.  Thomson:  "The  Science  of 
Life."  189!). 

liood  elementary  treatises  on  peneral  biolopy  are  Huxley  and 
Martin:  "  Trai'tical  Bioloiry  " ;  T.J.Parker:  "  Lessons  in  Klenientary 
liiolotry";  and  Sed^vick  and  Wilson:  "tienenil  Hiolojry,"  second 
edition. 

More  e.\tended  treatment  of  ireneral  problems  will  Ik*  found  in  E.  IJ. 
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\Tir<,m  •  "TliP  Cell  In  Development  ami  Iiilioriwnfe."  second  edition : 
M  V  worn-  "IJeneni  Plus  olofty."  tmnslnted  by  I.ee:  C.  B  Daven- 
w'rl  ••KxVVliuen  I  MoipiioloRV " ;  Y.  Di-lape:  "La  stnu'tnre  di. 
wmn>lii«»m  >■  1-"  lluV>rie.s  siir  I'lu-r.^llte  et  les  prnn.ls  i.io  ;  eiues  de 
.li  'rU  e.^n.^r.,!,.  •• :  f.  I..  Morran  :  "  AniniujI.  fennd  Intel  lisrence 
K.r  |.lnloM.phi.'!ildi.M'Ussl..n  see  II.  spencer:  ••I>ni..ipl.s..fl!iuluc,,_ 

s,wnd  edition,  l\W:  W.  K.  l!r..oks:  "  The  Koundatioos  of  /•"' ;  I.'i-'-V' 
of  Science,    second  eddion,  pp.  .i..'N-i>i.'. 


""■^mZ^  ;:;''li;;.'i^!"r'mv  n.conu:d  a,„u,ally  in  ,I/Annee  Bio- 
loci  "."liled  l.v  liel.nre,  Paris.  sin,-e  isn.1;  and  n  •■  Isipe  misse  der 
Aniitomie  und  i:nt;viclielnn!n«esclilcUte."  edited  by  Merkel  and  Bon- 
net, Wiesbaden,  since  ISiU. 

BIOPLASSON— ;i  <erm  iiitrodticod  by  Elsberg  for  the 
iiriitopbisiu.  Ill  cimscqiieiuc  cit'  tin'  (iliservalion  of  tin' 
iiilei-cellulai-briclacsbvwliifli  tlic  protoplasm  of  iuljacent 
cells  is  in  many  tissues  conncc-lcd.  Ileitzmann  has  demed 
the  existence  lif  cells  and  has  asserted  that  the  body  con- 
sists of  a  network  of  protoplasm.  Elsbci's  adopted  this 
stninse  theory  and  introduced  bioplassou  for  protoplasm, 
11  teriii  which"  it  is  necessary  to  note  only  because  it  is 
used  bv  a  small  cindc  of  j\  merican  writers.  Ileitzmann  s 
theory" has  iilso  been  advocated  by  Adam  Sedgwick,  who 
has  attempted  accordingly  to  revobitioni/e  all  morpho- 
lo<;ical  conceptions.  TJia't  Ileitzmaun's  theory  is  crrone- 
oifs  on  account  of  its  evident  exaggeration,  hardly  needs 
(len'iousiratiou.  That  tine  protoplasmatic  bands  connect 
the  adjacent  cells  of  certain  tissues,  both  in  plants  and 
animal's,  is  now  well  established ;  but  this  does  not  in  any 
way  invalidate  the  cell  doctrine.  Even  if  it  were  true, 
which  it  is  not.  I  hat,  as  Ileitzmann  ajiiiarently  claims, 
all  tissues  cinisist  of  a  network,  this  would  not  do  away 
with  cells  as  (he  unit  of  organization.  The  fatal  objec- 
tion to  lieitzmaun's  view,  however,  is  the  fact  that  the 
union  of  cells  is  secondary,  for  during  the  segmentation 
of  the  ovum  the  cells  are  completely  separated,  and  the 
connection  between  them  does  not  exist  until  consider- 
ably later  in  the  course  of  development.  What  Ileitz- 
mann considers  as  primary  is  therefore  secondary ;  his 
theoiy  has  been  almost  unanimously  rejected  by  liistol- 
ogists.  Charles  S.  Minot. 

LlTER.^TfRE.  ' 

Elsberg :  Notice  of  the  Bioplasson  Doctrine.  Trans.  Amer.  Med.  Assn.. 
1875. 

Heitzmann:  Microscopical  Morpholopy,  8vo,  New  York,  1883.  (Pre- 
sent.^  Heilziiiann's  tlicnrics  in  cxlensn,  but  displays  a  strange  disre- 
gard 'if  ciiiitciiipMrarv  research.) 

Sedgwick,  Adam  :  (m  tbc  Inadequacy  of  the  Cellular  Theory  of  Devel- 
opment, etc.    Quart.  Journ.  Microsc.  Sci.,  xxxvli.,  p.  87, 1894. 

BIRCH. — The  common  nameot  the  genus  Betula  (fam. 
Bif'iliicrw),  of  some  thirty-tivc  species,  several  of  which 
are  strongly  aromatic.  Unless  otherwise  specified,  the 
B.  h'lila  L",  Sweet  Birch  or  Cherry  Birch  (incorrectly 
"Black  Birch")  is  to  lie  understood.  This  is  an  abun- 
dant shrub  or  small  tree  in  Eastern  North  America.  Its 
bark  is  an  important  article  of  commerce,  and  has  long 
been  used  medicinally  as  well  as  for  flavoring.  It  con- 
tains a  volatile  oil  identical  with  that  of  wintcrgreen, 
which  see. 

The  wood  of  several  species  is  used  as  a  source  of 
medicinal  tar,  which,  like  that  of  beechwood,  is  rich  in 
guaiacol.  Ihnr;/  11.  Rushy. 

BIRCHDALE  SPRINGS.— Meriiniac  County,  New 
Hampshire 

Post-Ofkice. — Concord.     Hotel. 

These  springs  are  located  about  four  miles  from  the 
state  house.  The  springs  ari'  four  in  number,  known  as 
the  "C'oncord,"  "  Merrimac,"  "(Tianile,"aiid  "  Penacook." 
The  following  anah'sis  of  the  Concord  was  made  in  1873 
by  Prof.  Charles  F.  Chandler,  of  New  York: 

0.\E  U.MTED  States  Gallon  Coxtaixs: 
Solids.  Grains. 

Sodium  bicarbrtnat'- 19 

Calriuiii  liicarboiKitp 2.09 

Matrn-'suim  i)icarlioii:itc 84 

Iron  hicarlionaie 37 

Sodium  cbloride 38 

Sodium  sulpbate 2ii 

Pouissium  sulphate 07 

Sodium  phosphate 01 

7G0 


Grains. 

92 

.Mumina 1? 

( irganic  matter •>. 


Solids. 
Silica 


Total 3-9- 

Wc  have  been  unable  to  obtain  information  relating  to 
the  present  sUitus  of  these  springs.  They  were  formerly 
used  both  commercially  and  as  a  resort. 

James  K.   Crorik. 

BIRTHS,   STATISTICS   OF.    See  Vital  Statistics. 

BISKRA — a  place  of  growing  importance — is  situated 
on  the  outskirts  of  the  Algerian  Sahara,  at  an  elevation 
of  about  three  hundred  and  si.xty  feet  above  sea  level, 
in  Lat.  35°  27'  N..  and  Long.  3=  22  E.  It  consists  of  a 
union  of  several  villages  containing  in  all  eight  thousiiud 
inhabitants.  It  lies  among  iilantations  of  date  iialms 
and  eversreen  trees,  with  giirdens  and  squares  contain- 
ing tropical  plants  such  as  the  yucca,  the  false  jjepper 
plant,  the  fragrant  gum  trees  and  palms.  Nearby  are 
mountains  cap'ped  with  suoav  for  the  greater  part  of  the 
year,  and  to  the  south  the  limitless  expanse  of  the  desert. 
Biskra  is  reached  by  steamer  fi-om  Marseilles  to  Algiers 
in  twenty-.si.x  hours,  and  by  rail  from- the  latter  place 
in  two  days.  One  can  break  the  journey  at  Coustantine, 
which  is  about  half-way.  There  are  good  hotel  accom- 
modations, and  one  c:iu  find  endless  diversion  in  the 
Oriental  life  and  scenes  of  the  various  tribes  which  col- 
lect here— the  shepherd  Arali,  the  Nomads,  the  Jloor. 
and  the  African.  There  are  also  to  be  found  numi-rous 
remains  of  Roman  occupation.  The  water  supply  is  de- 
i-ived  from  wells,  ouc  of  which,  in  the  great  UKisque.  is 
said  never  to  be  dry.  According  to  Welier  and  Foster 
(Albutt's  "System  of  Medicine,"  1896).  the  water  con- 
tains too  much  salt  for  drinking  and  for  certain  cooking 
purposes. 

The  climate  partakes  of  that  of  the  desert,  being 
warm,  dry.  equable,  sunny,  and  raiher  bracing.  "It  is 
much  drier  and  sunnier  than  the  neighborhood  of  Algiers 
itself:  but  it  is  subject  to  violent  winds  which  for  days 
together  may  prevent  outdoor  exercise "  (Weber  and 
Foster).  Th'e  season  extends  from  October  to  April,  and 
the  temperature  for  these  mouths,  for  the  years  1S8T  to 
1891,  is  given  by  Hurabiellc  ("Biskra,"  Paris,  1899)  as 
follows: 


Maximum. 

Minimum. 

Mean. 

Oftnber     .                  

81.2°  F. 

69.0 

fiO.5 

58.6 

62.0 

77.5 

58.6°  F. 

48.0 

42.0 

39.7 

42.0 

4X.4 

54.0 

70.0°  F. 

57.9 

50.8 

48.8 

,52.6 

,59.3 

A  pril 

66.0 

The  following  comparison  is  made  with  the  tempera- 
ture of  Nice : 


Nice... 
Biskra  . 


67.7° 
60.5 


36.8°  F. 
47.6 


52,0°  F. 
58.4 


Batnfall. 


3.9  inches. 
0.6  inch. 


The  rainfall  is  almost  nil.  and  the  relati\e  humidity 
must  be  very  small.  We  have  then  at  Biskra,  during 
the  winter  season,  or  from  October  to  April  inclusive,  a 
dry  pure  atmosphere,  a  mild  and  very  equable  tempera- 
ture, practically  no  rain,  and  almost  constant  sunshine 
"  For  six  months."  s;iys  Murray,  "  the  climate  is  delicious. 
In  the  whole  of  Algeria  one  does  not  fin<i  a  more  agree- 
able temperature,  a  clearer  sky,  or  more  beautiful  vege- 
tation." The  most  considerable  drawbacks  are  the  high 
winds  from  the  soulli  and  west,  which  an-  fre(iuent.  One 
is.  however,  partially  iirote<-lcd  from  them  in  the  interior 
of  the  oasis  by  the  forest  of  date  palms,  which  covers  an 
iirca  of  twelve  thousand  square  metres. 
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The  diseases  wliicli  are  relieved  by  a  residence  in  tliis 
oliniale  are  eerlain  cases  of  pulnionary  luberculosis.  al- 
hiiiniMuria,  rlieunialisiii,  neurasllienia.  cliniaeteric  dis- 
turbances, etc.  Tliere  is  no  evidence  that  malaria  exists 
at  liiskra. 

The  writer  would  aeknowledire  his  indebtedness  in  the 
jn-epanition  of  this  sUetcli  ti>  J.  iMadison  Taylor's  article 
"Biskra,"  in  ihe  (Hiiiiiitoloijixt  for  1S!)1  ;  to  "Au  pavs  du 
bleu."  F.iskia.  par  L'.Vbbe  Jean  Ilurabielle,  I'aris. 'iS!)!); 
and  to  the  article  upon  "'('liinale  in  the  Treatment  of 
Disease"  in  Albutt's  "Sj'stem  of  Medicine.''  INlKi. 

Ediraril  O.  Otifi. 

BISMUTH. — 1.  Gkner.vi,  ,^Iki)I(  inai,  Pkoi'ektii^s  oi- 
C'o.Mi'uc.NDs  OP  BrsMUTii. — E.xperinients  upon  animals 
have  shown  that  impregnation  of  the  blood  with  bismuth 
produi-es  poisonous  effects  generally  similar  to  those 
wroujiht  by  other  heavy  metals.  So  far,  however,  as 
conceiiis  the  comp,ounds  of  bisniulh  usi'd  in  medicine, 
these,  if  pure,  can  lie  ijiven  with  jtreat  freedom  withfiut 
constitutional  disturbance — a  fact  commonly,  and  jnob- 
ably  correct ly.  accounted  for  by  the  S''Ciit  insolubility  of 
these  compound.s,  by  reason  of  wliicli  absorption  of  the 
mineral  is  both  feeble  and  slow,  Poisonin,!:,  il  is  true, 
does  occasicnially  follow  a  jirescription  of  bismuth,  but  in 
such  cases,  when  investigation  has  been  made,  the  article 
dispinsed  has  been  pretty  surely  found  conlaminaleil 
Avith  arsenic,  a  contamination  dangerously  common  with 
the  poorer  grades  of  bisnuitli  subnitrntc.  Locally,  solu- 
ble bisnnifh  compounds  are  astring<'nl  and  irritant,  and 
the  insolulile  ones  soothing,  healing,  and  antiseptic.  But 
if  aiijilied  abundantly  to  c.xten.sive  wound  surfaces,  the 
insoluble  ciunpounds  are  ca]iable  of  jinjclucing  constitu- 
tional elTects — acute  stomatitis,  catarrh  of  the  intestines, 
and  nephritis.  Taken  internally,  bismuth  compounds 
allay  gastric  pain  or  nau.sea.  and  tend  to  check  diarrlnea. 

2.  The  C'oMi'ofNDs  ox-'  Bismuth  Used  ix  Medicinio. 
— The  compounds  of  bismuth  otlicia!  in  the  United  States 
Pharmacopreia  arc  basic  bismuth  iiitni/r  and  eaihoiKite, 
and  a  conijiosite  scale  preparation  containina  the  cilrale. 

nimic  liismiith  Siti-nti;  BiONOj.II.O.— f Ins  salt,  the 
miif/i.iliri/  i)f  hismiit/i  formerly  so-called,  or  irldti  hixruiitli. 
is  ollicial  as  Bhiinillii  Sirhn/tnis,  Bismuth  Subnitratc.  It 
is  "a  heavy,  white  powder,  of  somewhat  varying  chem- 
ical composition,  odorless  and  almost  tast<'!ess.  and  per- 
manent in  the  air.  Almost  insoluble  in  water,  and 
insoluble  in  alcohol;  but  readily  soluble  in  nitric  or 
hydrochloric  acid.  When  lieated  to  120'  V.  (248  K.). 
the  salt  loses  water  (between  3  and  5  per  cent,  of  its 
weight);  and  when  subsequently  heated  to  redness,  it 
evolves  nitrous  vapors,  leaving  from  79  to  83  per  cent, 
of  its  weight  of  a  yellow  residue  which  is  soluble  in  nitric 
or  hydrochloric  acid,  and  blaekeiK'd  by  hydrogen  sul- 
phide. When  brought  iqion  moistened  blue  litn\us 
pajier.  the  S;iltshows  a  slightly  acid  reaction  "  (I'.  S.  P.). 
This  salt  sliould  not  be  prescribe<l  with  jiotassium  iodide 
nor  with  tlic  carbonates  of  the  alkalies.  Siiecimens  of 
poor  quality  are  ajit  to  contain  variable  proportions  of 
arsenic,  even  enough,  it  may  be,  to  cause  distinct  ]ioison- 
ing  in  therapeutic  doses.  To  detect  this  eonlaminalion, 
treat  the  specimen  with  sul'phuric  acid,  evaporate  to 
dryness,  dissolve  the  residue  in  hot  distilled  water,  and 
test  the  solution  by  JIarsh's  test  for  arsenic. 

Hismuth  subnitrate  produces  the  ctTects  of  the  insolu- 
ble bismuth  compounds  already  described,  and  is  the 
princi])al  medicitial  jn'eiiaration  of  the  metal.  The  only 
peculiarities  of  its  action  are  the  production  of  a  garlicky 
odor  to  the  breath  of  the  taker,  and  a  blackening  of  the 
stools.  The  salt  is  giv<'n  internally  in  doses  (jf  wide 
range,  from  li.:>(l  gm.  to '.i.."!!)  or  even  4.bO  gm.  (from  five 
grains  to  a  drachm),  taken  as  a  powder  or  suspended  in 
nuicilage.  Externally  it  is  u.sed  as  a  dusting  powder  in 
excoriations  and  sores,  or,  suspended  in  water,  ten  ]ier- 
cent,  admixture,  in  the  so  called  antiseptic  treatment  of 
wounds. 

lliixir  Bismiitli  ^</)•/w/)rt^•  (BiO)/'()3.ITn(),— This  salt  is 
ollicial  as  /lismiit/ii  Snlii'iirhiiinis.  Bismuth  Subearbfmate. 
It  is  "a  white,  or  pale  yellowish-white  jxiwder.  of  some- 


what varying  chemical  compo.sition.  odorless  and  taste- 
less, and  iiermanent  in  the  air.  Insoluble  in  water  or 
alcohol,  but  eoin])lete!y  soluble  in  nitric  or  hydrochloric 
acid,  with  copious  cirervescenee.  When  heated  to  red 
ness,  the  salt  loses  water  and  carbon  dioxide,  and  leaves 
from  y?  to  91  pel'  cent,  of  a  yellow  residm>  which  is  solu- 
bh^  in  nitric  or  hydrochloric  acid,  and  blackened  by  liy 
drogen  sulphide"  (f.  S.  P.). 

Bismuth  subcarbonatc  is  substantially  a  duiilicate  of 
tlu^  sulinilrale  in  all  its  projierties.  and  may  be  used  for 
the  same  ]iurposes  and  in  the  sami' manner  as  the  latter 
silt. 

llisiiiiit/i  Citriile.  BiC'r.lI(,07. — This  Sidt  is  oflicial  under 
title  JliK/init/ii  Cilras,  Bismuth  Citrate,  .solely  for  the 
purpose  of  making  the  next  -to-be  named  com jiound.  Bis 
nuith  citrate  is  made  by  boiling  the  subnili'ate  in  a  solu 
tion  of  citric  acid.  Il  is  "a  white  amorjibous  or  micro 
crystalline  powder,  o<lorless  and  tasteless,  and  permanent 
in  the  air.  Insoluble  in  water  or  alcohol,  but  soluble  in 
ammonia  water,  and  in  solutions  of  the  citrates  of  the 
alkali<'s"  (U.  S.  P.).  By  dissolving  this  salt  in  water  of 
ammonia,  tillering,  cvajiorating  to  a  syni)iy  con.sistcncc, 
and  sjireading  the  syrujiy  thiici  on  glass  plates  to  dry.  a 
dry  tilm  breaking  uj)  into  scales  is  obtained,  analogous  to 
the  scale  jireparations  of  iron.  These  scales  are  ollicial 
under  the  title  Ilimiinthi tt  Ammoiiii  Ci/nis.  Bismuth  and 
Ammonium  Citrate.  They  ap])car  as  "small,  shining, 
jicarly  or  transhncnt  scales,  odorless,  having  a  slightly 
acidulous  and  metallic  taste,  and  becoming  oijaque  on 
exposure  to  the  air.  Very  soluble  in  water,  and  but 
sparingly  soluble  in  alcohol  "  (U.  S.  P,),  The  comjiound 
should  lie  kejit  in  small  tiglith-  stoppered  bottles,  ami 
away  from  the  light,  for  on  exiiosure  it  kises  ammonia, 
and  then  falls  to  dissolve  wholly  in  water.  Thecbemical 
composition,  as  in  the  case  of  the  analogous  pn'|iarations 
of  iron,  is  obscure;  some  regard  the  sc-ales  as  <'ontaiiiing 
a  true  double  citrate  of  the  bases,  and  others  consid<'r 
llicni  as  a  mere  admixture. 

This  prejiaration  is  unique  as  being  a  soluble  com- 
pound of  bismuth.  It  is  used  internally  for  tliarrlnea, 
and,  in  medicinal  dose,  proves  aslringeut  and  mildly 
irritant.  The  dose  ranges  from  0.00  to  0.'20  gm.  (gr.  i. 
t o  i i j . ) .  Edtriird  Cii rti^. 

BISMUTH,  POISONING  BY.— The  two  most  impor- 
tant compounds  ol  bismutli  are  the  .subnitrate  (basic 
nitrate,  inagistery  of  bismuth)  and  the  subcarbonatc. 
These  preparations  are  extensively  used,  in  doses  of  H.d.") 
to  8.9  gm.  (gr.  x.  to  Ix.).  or  more,  in  the  treatment  of 
diarrlnea  and  other  forms  of  intestinal  irrilation.  The 
sidjnitrate  of  bismuth  was  considered  an  active  jioison  by 
many  of  the  earlier  writers,  who  state  that  symptoms  of 
gastroenteritis  frequently  follow  its  administration  in 
doses  of  1.9  to  7.7  gm.  (  3  ss.  to  ij.)  daily.  A  case  is  re- 
corded in  which  7.7  gm.  of  this  substance,  administered 
to  an  adult,  caused  severe  symptoms  of  irritant  poisoning, 
followed  by  death  on  Ihe  ninth  d;ry.  At  the  iiosi  nunteni 
examination  the  tonsils,  uvula,  pharynx,  and  cpi.ulottis 
were  found  gangrenous;  the  (esojihagus  and  stomach 
were  very  red.  and  the  whole  intestinal  canal  was  red, 
and  here  and  there  gangrenous,  especially  at  the  rectum 
(Christison). 

As  the  subnitrate  and  subcarbonatc  of  bismuth  arc 
used  very  freely  without  any  bad  results,  it  is  doubtful 
if  they  can  be  considered  irritants  even  in  comparatively 
hirge  doses.  The  best  aulh(n-iti<'S  of  the  present  day 
generally  a,grec  in  attributing  the  effects  noticed  by  the 
earlier  writers  to  impurities  in  Ihe  drug  or  to  some  other 
cause.  The  preparations  of  liismuth  have  frccpicnily 
been  found  to  contain  arsenic  in  the  form  of  arseiiial<'  of 
bismuth.  Or.  Taylor  found  arsenic  in  three  sanqiles  of 
subnitrate  of  bismuth  out  of  five  examined  by  him;  Dr. 
Rogers,  in  eight  samidesout  often.  I  Icrepalh  examined 
fourteen  samples  and  found  arsenic  in  all.  Salisbuiy 
foiuKl  arsenic  in  thirteen  saiuples  out  of  eighteen:  he 
al.so  examined  live-  samples  of  the  subcarbonatc  of  bis- 
muth and  found  arsenic  in  all. 

There  can  be  no  doubt  that   the  symptoms  jiroduced 
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l>v  suluiitnitc  of  bismuth  Imvobeeii  sometimps  due  to  tlie 
ars<-nic  wliicli  il  oonlaiiis.  as  in  tlip  foUowinj;-  cases:  A 
plivsiiianlia<l  oi-casiim  to  i)lace  liiiiisclf  uixm  a  tri'atincnt 
of  sulmilrati'  of  bisuuilh.  After  a  day  or  two  lie  iuiti(  cd 
n  pulliiu'ss  about  the  eves  aud  jia^tro-iutesliual  irritation. 
These  svmploins  disjipiieared  when  the  use  of  the  bis- 
iinilh  was  discontinneil,  l)Ut  reappeared  tiiion  tla'  renewal 
of  thenu'dieine.  Thel)isnuith  was  found,  upcai  analysis, 
to  eontain  arsenie  (Fullerton).  TwciUy  si.\  !;raius  (400 
jrrains)  of  subnitrate  of  bisuuith  was  administered  to  a 
eliild  ten  months  old.  over  eleven  eonseetitive  days,  for 
It  inodenilelv  severe  attack  of  intianuiiatory  diarrlifea. 
After  one  week  there  was  pulliness  of  the  linibsand  face; 
the  child  became  severely  ill.  fretted,  tuoaned,  and  was 
very  restless;  the  diarriiiea  became  suddenly  worse. 
Tlic  conjunctiva'  w<'re  slightly  iii.iected.  the  tongue  was 
dry.  the  pulse  rapid,  the  skin'  hoi  and  dry.  There  was 
no"  eczeiua.  The  urine  was  free  from  albinnin.  The 
symptoms  disappeared  when  tlit^  medicine  was  discon- 
tinued. The  bismuth  was  found,  upon  analysis,  to  con- 
tain O.loO  per  cent,  arsenie  acid.  Another  samjile  was 
found  to  contain  D.ilO  p<'r  cent,  arsenic  acid  (Underhill). 
This  is  the  largest  amount  of  arsenic  which  has  been 
found  in  any  of  the  jireparatious  of  bismuth,  so  far  as 
the  writer  has  l)een  al)le  to  learn. 

The  presence  of  arsenii-  in  these  preparations  is  ex- 
plained by  the  fact  that  the  ores  of  bismuth,  from  which 
tliey  are  "mamifactured,  contain  arsenic.  The  processes 
employed  for  their  manufacture  arc  intended  to  remove 
all  but  the  slightest  trace  of  arsenic.  Up  to  a  compara- 
tively recent  (late  this  result  was  freciueutlv  not  attained. 
At  tile  present  lime,  however,  greater  care  is  taken  in 
their  jireparation,  and  it  is  onlv  rarely  that  cither  the 
subnitrate  or  the  subearbouate  of  bismuth  is  fotmd  to  con- 
tain more  than  the  merest  trace  of  arsenic. 

It  has  been  stated  that  svibcarbonate  and  subnitrate  of 
bismuth  ccmtaining  0.  l"29per  cent,  arsenic  did  not  pro- 
duce symptoms  of  poisoning  when  administered  to  dogs 
in  doses  of  1.5  to  :!0  gm.  (Parral  and  Garnier).  It  is  pos 
sible.  therefore,  that  the  bad  effects  which  ha\e  been 
caused  by  these  preparations  are  to  be  attributed,  in  some 
cases  at  least,  to  other  causes.  Idiosyncrasy  has  been 
suggested.  Monneret  thinks  thej''  tnay  be  due.  in  certain 
cases,  to  an  exacerbation  of  the  trouble  for  which  the 
bismuth  was  administered.  It  has  been  suggested  that 
an  excess  of  free  acid  in  the  stomach,  or  acid  salts,  ad- 
ministered simultaneously  with  the  subnitrate.  may.  in 
some  cases,  have  converted  the  latter  into  a  soluble  poison- 
ous Sitit  of  bismuth.  Sobernheim  explains  the  poisonous 
effects  in  the  fatal  case  related  by  Christ  ison,  by  suppos- 
ing that  the  bitartrate  of  potassium,  which  was  admin- 
istered with  the  subnitrate  of  bisuuith.  converted  the 
latter  into  an  acid  nitrate,  which  is  shown  by  experiments 
on  animals  to  be  an  irritant  poison.  Ilerbelin  has  found 
considerable  free  nitric  acid  in  subnitrate  of  bismuth. 
The  presence  of  this  acid,  or  of  the  normal  or  acid  nitrate, 
in  specimens  which  have  been  carelessly  jirepared.  may 
also  explain  some  of  the  symptoms  which  have  been  oli- 
served.  Lead  has  been  detected  in  subnitrate  of  bismuth 
(Carnot.  Chapius.  Linossier),  but  the  amount  was  small, 
and  it  does  not  appear  that  the  symptoms  which  lla^•e 
been  observed  in  any  case  can  be  attributed  to  it.  It  is 
noticeable  that,  with  improved  methods  of  manufacture 
and  greater  care  in  carrying  them  out.  cases  of  poisoning 
by  these  preparations  liave  become  exceedinglv  rare,  if. 
indeed,  they  occur  at  all.  No  cases  have  been"  reported 
during  the  past  few  years.  This  fact  tends  to  confirm 
the  belief  that  the  cases  which  have  been  reported  were 
due  to  some  of  the  (■auses  which  liave  been  mentioned, 
rather  than  to  anj- direct  poisonous  action  of  the  prepara- 
tions themselves. 

Preparations  of  bistnuth  are  froc|Uentlv  admiinstered  in 
the  treatment  of  gastroenteritis  caused  by  the  metallic 
irritants.  The  discovery  of  arsenic  in  the  subnitrate  of 
bismuth  thus  administered  has  been  suflicient  to  invali- 
date the  results  of  the  chemical  analvsis  in  certain  cases 
of  alleged  poisoning  hy  arsenic,  in  w'hieh  the  amount  of 
arsenic  detected  in  the  organs  was  small  (.Rogers,  Reese). 
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The  attempt  to  account  for  the  presence  of  arsenic  iu  the 
botly  by  suggesting  that  it  may  have  come  from  the 
bisuuith  administered,  is  frequently  made.  It  is  impor- 
tant, therefore,  whenever  these  prejiarations  are  given  in 
cases  of  suspected  poisoning,  to  preserve  a  sample  for 
subsequent  analysis,  if  necessary. 

The  subcarlioiiate  of  bismuth,  if  pure,  is  undoubtedly 
as  free  from  iriitant  i)r(jpertics  as  is  the  subnitrate.  It 
is,  however,  more  soluble  than  the  subnitrate,  aud  is, 
therefore,  more  liable  to  become  converted  into  a  soluble 
salt  of  bismuth  by  tlie  acids  of  the  gastric  juice,  or  by 
acid  salts  if  these  are  administered  simultaneously  with 
it.  As  tlie  soluble  s;dts  of  bismuth  are  poisonous,  the 
subnitrate  would  appear  to  lie  the  safer  preparation  when 
large  doses  are  to  be  administered,  or  when  the  adminis- 
tration is  to  be  continued  for  a  long  time. 

Under  the  name  "pearl  white"  the  subnitrate  of  bis- 
muth is  used  to  a  considerable  extent  as  a  cosmetic.  The 
subearbouate  and  oxychloride  of  bismuth  are  sometimes 
used  for  the  same  purpose.  There  is  no  evidence  to  show- 
that  they  are  absorbed  through  the  skin,  or  that  they 
produce,  if  pure,  any  injurious  consequences,  aside  from 
stopping  up  the  pores  and  thus  interfering  with  the 
healthy  action  of  the  skin.  Bismuth  preparations  con- 
taining arsenic  or  lead  might,  however,  produce  injurious 
effects  when  used  as  cosmetics. 

Experiments  on  animals  show  that  the  soluble  s;ilts  of 
bismuth  are  poisonous.  The  action  of  the  following 
salts  has  been  investigated :  the  nitrate  (Orlila).  the  citrate 
of  bismuth  and  ammonia  (Stefanowitch.  Lebedoff.  Feder- 
Meyer.  Mory),  the  acetate  (Bricka),  and  the  tartrate  of 
bismuth  and  potassiuni  (Habuteau).  The  .symntoms 
which  follow  the  administration  tif  these  salts  do  not 
differ  materially  from  those  produced  by"  the  metallic 
irritants  generally.  Tlie  most  constant  post-moitem  ap- 
pearances are  inflammation  of  the  stomach  and  intestines, 
and  a  more  or  less  extensive  fatty  degeneration  of  the 
liver,  kidneys,  and  heart.  Lebedoff  states  that  the  gly- 
cogen disappears  from  the  liver  after  the  long-continued 
iidmiuistration  of  the  citrate  of  bismuth  and  ammonia. 
The  red  blood  corpuscles  in  animals  poisoned  by  this 
compound  present  a  finely  granular  appearance,  and 
masses  of  small  free  granules  may  be  seen  in  the  sertim. 
These  apjiearances  point  to  the  destruction  of  the  blood 
corpuscles  (Feder-Meyer). 

Ahsorption  and  EUininatiiin. — When  subnitrate  of  bis- 
muth is  administered,  the  greater  jiart  is  separated  with 
the  fa?ees,  either  unchanged  or  in  the  form  of  sulidiide. 
A  part  is  absorbed.  Orfila  di'tected  bismuth  in  the  liver, 
spleen,  and  urine  of  dogs  to  which  the  subnitrate  had 
been  administered.  Bergeret  and  Mayencon  state  that, 
when  the  subnitrate  is  administered,  bismuth  can  always 
be  detected  in  the  uiine  after  a  few^  hours.  They  al.so 
detected  it  in  the  serous  exudation  of  dropsy.  AVheu  a 
few  grains  are  given  to  rabbits,  it  can  be  found,  in  from 
twenty  to  thirty  minutes,  in  the  urine,  spleen,  blood, 
and  muscles,  ami  even  eight  days  after  the  administration 
it  can  Ije  detected  in  all  the  tissues.  The  last-named 
authorities  detected  traces  iu  the  liver  aud  kidneys  of  a 
man  who  had  taken  1  gm.  of  the  subnitrate  five  days  be- 
fore death,  but  they  failed  to  find  it  in  the  body  of  a 
woman  who  died  sixtj^-two  days  after  the  ingestion  of  'i 
gm.  (ipioted  by  II.  C.  AVood.  .Tr.l. 

After  the  administration  of  the  soluble  salts  of  bis- 
muth, the  metal  has  been  detected  in  the  urine,  fivccs, 
saliva,  stomach,  liver,  s|ileen,  and  bones.  It  can  be  de- 
tected in  the  liver  many  months  after  the  last  administra- 
tion (Briekal  It  is  eliminated  with  the  urine,  fa'ces, 
and,  according  to  Dubinski,  with  the  .s;\liva. 

William  B.  Hills. 

BISTORT. — The  rhizome  of  Polygonum  Bistorta  L. 

( f am .  Pfli/!/') III! rca') . 

The  rhizome  is  covered  with  roots.  It  is  as  large  as  the 
little  finger,  from  .">  to  1.5  cm.  long  (2  to  (i  inches),  some- 
what flattened,  transversely  wrinkled,  variously,  often 
excessively,  once  or  twice  doubled  iqion  itself  like  the 
letters.    "Wlieu  dry  it  is  hard  and  brittle,  diirk  brown 
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fxtornally,  reddish  brown  within,  with  a  singl<'  fi 
Wfll-inarked  woody  bundlus;  taslo,  astringent; 
slight. 

C'liKMic.M.  Co.MPosiTio.N.-  Galli-tannie  (twenty  one  per 
cent.)  and  gallic  acids,  starch,  and  less  iniporiant  sub- 
stances. 

Usio. — Bistort  has  been  a  well-known  and  considerably 
used  astringent.  The  large  iiroi}(>rlion  of  tannic  matters 
entitle  it  to  rank  high  in  this  rather  nunierotis  class  of 
medicines.  Of  course  it  is  vastly  exceeded  in  this  re- 
spect by  the  various  galls,  and  has  no  advantage  over 
the  taiuiic  acid  so  easily  ]irepared  from  them.  It  is, 
therefore,  now  but  little  used.  It  has  also  been  emi)loyeil 
as  a  source  of  .starch. 

Dose,  1  or  3  gm.  (gr.  .w.  ud  .\.\.\.). 

If.  /'  lUlcit. 

BITTERSWEET.— Dli.Cam.\r.\.  "The young  branches 
i)i  Siliiiiiiiii  linli-iiniiirft  L.  (fani.  Stliinaccii)"  {{'.  S.  P.). 
This  is  a  weak,  .stritggling,  half-woody,  hairy  ])ereiunal. 
its  stems  often  si.\  or  eight  feet  long  and  reclining  upon 
shrubbery.  It  has  alternate  leaves,  many  of  tlieni  pin- 
nately  three  to  live   lobed  or  jjarted,  pretty  blue  star- 


FIG.  482.— Bittersweet.   Plant  rediu'ecl  mid  llcuvereiilarRed.    (Balllon.) 

sliaped  flowers,  in  small  cymes,  and  bright  scarlet,  shin- 
ing, oval  fruits,  about  half  as  large  as  cranl)erries.  and 
somewhat  jKiisouous.  It  is  a  native  of  Eurojicand  Asia, 
and  thoroughly  naturalizecl  in  this  country,  where  it  is 
abundant  along  streams  and  ditclies  anfl  in  wet  pastures. 
The  Pharmacopisia  describes  the  drug  as  follows: 
"About  5  nun.  or  less,  thick,  cylindrical,  somewliat 
angular,  longitudinally  striate,  more  or  less  warty,  usu- 
ally hollow  in  the  centre,  cut  into  short  sections.  The 
thin  bark  is  externally  pale  greeiush  or  light  greenisli 
brown,  marked  with  altern;ite  leaf  sears,  and  int<'rnally 
green,  the  greenish  or  yellowish  wood  forming  one  or 
two  concentric  rings.  Odor  slight,  taste  bitter,  after 
ward  sweet." 

C'liinpoKition. — In  spite  of  a  great  deal  of  study,  our 
knowledge  of  the  comiiosition  of  diilcamani,  is  very  lui- 
certain.  Its  bitter  and  sweet  taste  are  due  to  two  glu- 
cosides,  (/iilpinitiniii,  similar  to  saponin,  anil  /lirim/h/rioii, 
besides  which  there  exists  <a  body  called  ndhmiii  or  .««/((- 
nine.  The  latter  is  tlie  most  indetinite  of  all  the  constit- 
uents. It  is  said  to  decomjiose  after  the  manner  of  a 
gluco.side.  with  which  it  is  classed  by  Jlerck.  yet  it  con- 
tains nitrogen  and  yields  salts,  like  the  alkaloids.  It  is  not 
even  known  if  it  bo  identical  with  the  solanine  of  other 
species  of  the  genus.  For  a  full  account  of  .soljunn  see 
artitde  on  Potato,  under  Pnimnous  J'laiiti.  Wax,  gum, 
starch,  and  resin  are  also  [iresent. 

Solanin  exists  in  such  very  small  amount  as  to  eon- 
tribute  little  activity  to  the  drug,  which  has  been  used  in 
tile  most  indefinite  way  as  an  alterative  and  tonic. 


Its  close  relation  to  a  uundier  of  deleterious  solanin- 
bearing  ])lants  has  made  its  reputation  suspicious,  but 
the  records  of  injury,  from  the  green  plant  even,  are 
very  few  ;  from  the  dried,  almost  none.  A  large  quantity 
of  a  decoction  made  from  a  peck  of  the  stems  has  been 
taken,  followed  only  by  transient  immbness,  dryness  of 
the  mouth,  and  i)aralysis  of  the  tongue.  In  medicinal 
doses  it  can  scarcely  lie  said  to  have  any  |ihysiological 
action.  The  amount  of  solanin.  esiieeially  in  old  stalks, 
is  very  small.  Given  in  copious  hot  decoction,  bitter- 
sweet is  probably  diajihoretic  and  diuretic,  and  is  still 
occasionally  used  in  chroidc  rheumatism,  as  well  as  in 
lisoriiusis  and  some  other  chronic  skin  disi'ascs.  Dose,  4 
to  8  gm.  (  3  i.  ad  l\v.).  A  tiuid  extract  is  made  (7i>- 
tnirliiiii  I)Mlrinnariv  Flniihiiii.  V.  S.  P.).  but  an  extem- 
poraneous decoction  is  probablv  a  better  form. 

//.  II.  Illlsl,,/. 

BITTERSWEET,  FALSE  OR  CLIMBING,  should  not 
be  confounded  with  the  above,  though  its  eomiiosition  is 
in  part  similar.  It  is  the  bark  of  Ci'lnstrus  scfindcnn  L. 
(fam.  CcldKtfiiceie).  a  very  woody  twiner,  very  conuiion 
in  many  parts  of  the  L'nited  States.  This  is  the  "bitter- 
sweet" whose  orange-colored  fruits,  after  bursting  open 
in  the  fall  to  dis]ilay  the  handsome  searlet-arilled  seeds, 
is  largely  used  fcjr  decorative  iiur])o.ses.  Its  conijiositiou 
and  iiroperlies  are  even  less  known  than  those  of  the  last. 
Its  active  constituent  is  ajipareiitly  a  saponin-like  gluco- 
side,  and  it  has  been  used  in  syphilis  and  hepatic  dis- 
orders. Jf.  II.  Rii.iliy. 

BLACK  BARREN  MINERAL  SPRING.— Lancaster 
County. 

Post-Office. — Pleasitnt  Grove.     Hotel. 

Access. — Via  Pennsylvania  Railroad  to  Columbia,  on 
the  Susquelianna  River:  thence  via  Columbia  and  Port 
Deposit  Railroad  to  Haines'  Station:  thence  by  private 
conveyance  two  and  one-half  miles  to  springs. 

The  location  is  in  the  southern  portion  of  Lancaster 
County,  one  mile  from  the  Susquehanna  River  and  about 
three  miles  froiuAvhere  it  crosses  thcMarvliind  line.  The 
springs  have  an  elevation  of  about  six  hundred  feet  above 
the  sea  level,  and  are  surrounded  by  a  ]HCturesi|Ue,  un- 
dulating farming  country,  containing  varied  and  pleas- 
ing landscapes.  About  a  mile  to  the  .south  is  an  exten- 
sive serpentine  ridge  known  astlie  "Black  Barren,"  from 
which  the  spring  receives  its  name  and  doubtless  its 
source.  An  analysis  of  the  water  by  Messrs.  B.  II.  Rand 
and  Charles  Cres,son,  of  Philadelphia,  resulted  as  follows: 

o.\E  U.MTEii  States  Uallon  Co.ntains: 
SiiliUs.  Grains. 

Sodium  sulphate l.-O 

Mii^'iu'siuiii  sulphate :i.24 

Silica  and  suspended  matter 1  .M 

Total .i.T-i 

The  water  appears  to  be  a  light-sulphated  saline.  A 
reexamination  is  desirable,  as  this  analysis  is  evidently 
incomplete.  The  water  is  bottled  and  sold,  luid  the 
s|iriiig  is  also  used  as  a  resort  from  Jlay  to  October. 
The  water  isreconiniended  in  renal  and  hepatic  disorders, 
dyspepsia,  and  riieuniatism.  Janics  K.  Crook. 

BLACK    DEATH.     See  Bubo  rinuue. 

BLACKBERRY.— Hfttfs.  "The  bai-k  of  llu'  root  of 
jinhiix  rii/iisiix  \H..  I!.  ( '(f/iKiJcii.i/.i  1...  and  It.  tririiilU  .Mx. 
(fam.  Il(>.t(ircir)"  (V .  S.  P.).  The  tii'st  mentioned  of  these 
species  is  the  common  high  luish  blackberry  of  tlie 
Xortheastern  United  States,  the  second  is  our  running 
blacdilierry  or  dewberry,  the  la.st  is  the  common  sand 
blackberry  of  our  Southeastern  coast  region,  and  this 
contributes  the  most  of  the  drug.  Experiments  with 
the  collecting  of  the  second-named  species  lead  the  writer 
to  doubt  greatly  that  it  can  be  collected  on  a  com- 
mercial scale.  The  operation  is  excessively  tedious,  and 
the  amount  colleetid  in  a  day  cxti-cmcly  small.  Both 
the  others  are  collected  with  great  ease. 
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Tlie  coiumorcial  bark  is  of  a  rather  dark  gray  brown 
color,  ami  otriii-s  in  slender,  rather  tough,  tightly  eiirved 
qviills,  rarely  so  thiekasa  lead  pencil,  with  more  or  less 
adheriiiir  rootlets.  Occasionally  the  wood  is  contaitied  in 
them,  but  they  are  commonly  so  ti.yliily  closed  and  cord- 
like  that,  they  appear  solid",  as  tluui.sh  contuinin.;;'  the 
wood,  when  ill  realily  they  do  not.  The  bark  is  di'cidedly 
thick  for  so  small  a  (|uill.  The  drn^  has  little  odor,  and 
a  very  astringent,  slightly  bitter  taste. 

Rn'bus  contains  aboid" twelve  percent,  of  tannin  and 
nearly  one  per  ceid.  of  the  bitter  ghicoside  villosin,  wldeh 
is  sohiblo  inalcohol  and  .slighlly  so  in  water.  Its  pro]ier- 
ties  are  merely  astringent,  due  to  its  tannin.  The  dose  is 
2  to  8  gm.  (3  ss  to  ij.).  and  the  tluid  extract  is  otileial. 
The  leaves  of  blackberry,  raspberry,  and  strawberry  are 
sinularly  used.  They  combine  considerable  ginn  with 
their  lainiin.  "  7/.  //.  l}iid>y. 

BLADDER,  i ANATOMICAL.)— The  urinary  bladder 
presents  a  body,  a  neck,  an  ape.\,  and  a  base,  or  bas-fond. 
it  is  sometimes  absent  as  a  distinct  organ,  owing  to  an 

arrest  in  the  develo]!- 
m  en  t  o  f  the  parts, 
when  it  forms  but  oue 
cavity  witli  the  rec- 
tnm.  It  is  never 
double. 

It  may,  however,  ex- 
tend in  a  cijnstricterl 
form  up  to  the  umbili- 
cus in  those  cases  of 
arrest  of  development 
in  Avhich  the  nraclius 
fails  to  undergo  oblit- 
eration. 

In  a  general  waj-  it 
may  be  said  that  when 
distended  to  its  full 
capacity,  the  bladder  is 
about  twice  as  large  as 
tile  tist  of  the  sufiject. 
In  tills  description  the 
organ  Avill  be  sujiixjsed 
to  be  distended  to  its 
usual  capacity. 

It  occupies  the  front 
part  of  the  pelvic  cav- 
ity and  the  lower  ]iart 
of  the  hypogastrium. 

The  direction  of  its 
axis,  that  is.  of  the 
line  extending  from 
the  ajiex  to  the  cen- 
tre of  the  base,  is 
about  the  same  as  that 
of  the  upper  strait  of 
the  jielvis,  and  there- 
fore the  same  as  that 
of  the  body  and  neck 
of  the  fen'iale  uterus. 
The  direction  of  the 
neck  is  forward,  ]iaral- 
lel  to  the  line  of  the 
axis  of  the  lower  strait 
of  the  pelvis.  The  lin<> 
from  the  apex  to  llie 
orifice  of  the  neck 
would  be  represented 
by  a  curved  line  cor- 
respond ing  to  the 
curved  axis  of  the  cav- 


Fie.  483.— Bladder  and  Urethra.  (After 
Charles  Deliierre.t  1,  Bladder;  3, 
fundus  of  tlie  organ ;  3,  triangle  of 
Ijeutaud  ;  4,  4.  ureters :  .5,  vesical  ori- 
fice of  one  ureter;  li,  prostate ;  T.  sec- 
tion of  the  anterior  portion  ■  if  tlie  neck 
of  the  bladder:  y,  VHiuiin.iiianuin, 
pierced  by  the  oriOce  <.f  I  lie  prostatic 
utri<le  and  by  the  cjacuhitory  canals; 

9,  orilli'<-s  of  the  prostatic  glandules; 

10.  membranous  iimtion  of  the  ure- 
thra: 11,  ('o«-|icr's  glands;  13,  open- 
Ingot  outlet  from  tla-sc  Ldanrts;  13. 13, 
coi-pora  cavcrnnsii  of  tin-  iienls ;  13', 
spongy  portion  of  the  nretliral  canal ; 
14.  14,  corjiora  sponglosa;   1.'),  sinus 


Of  Morgagnl ;  IB,  yalve  of  Guerin  ;  17,    :,„-<■,,  ,    . 

fossa    uavicularis ;    l.H,  meatus;    U»        •'  oi  tne  lielvis. 

glans  penis.  The  bladder  is  held 

in  its  position  bv  the 
connection  of  its  neck  with  the  pelvis  through  the  "short 
glistening  fibres  of  fibrous  tissue  called  the  ligament  of 
the  bladder:  also  by  the  connection  of  the  apex  with  the 
urachus  and  the  umbilicus  opening.     The  reflectiou  of 
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the  peritoneum  from  the  abdominal  wall  to  the  rectum, 

along  its  posterior  surface  and  over  the  upper  part  of 
the  lateral  surfaces,  assists  in  keeping  the  organ  in  posi- 
tion. The  bladder  is  also  supported  liy  the  rectum  upon 
which  the  biise  rests.  Thus  fixed,  it  may  expand  and 
contract  more  or  less,  but  it  possesses  no  nioveineut  in 
its  entirety. 

The  shape  of  the  organ  is  more  or  le.ss  conical,  with 
the  base  .situated  below.  The  anterior  surface  is  in  rela- 
tion below  with  the  posterior  surface  of  the  pubis,  and, 


r^  1-  -  ■ 


Fig.  484.— Sagittal  Median  Section  through  the  Male  Pelvis.    About 
one-third  natural  size.     (After  Heitzmann.) 

above  the  pelvis,  with  the  abdominal  walls,  i.e..  with 
the  posterior  surface  of  the  rectus  abdominis  muscles.  It 
is  almost  iihvays  free,  in  this  locality,  from  peritoneal 
covering.  There  is  a  thin  layer  of  fat'lietween  the  walls 
of  the  bladder.  The  posterior  surface  is  iu  relation  with 
the  peritoneum,  with  coils  of  the  ileum,  and  with  the 
rectum.  The  peritoneum  forms  there  the  recto-vesical 
cul-de-sac. 

The  lateral  folds  of  this  recto-vesical  cul-de-sjic  are 
called  by  some  the  jiosterior  ligaments  of  the  bladder. 
The.v  enclose  the  obliterated  hypogastric  arteries  and 
the  ureters.  The  lateral  surfaces  are  covered  by  peri- 
toneum in  the  upper  and  jjosterior  half  and  are  there  in 
relation  with  the  coils  of  the  ileum.  But  the  lower  and 
anterior  half  of  these  surfaces  is  free  from  peritoneum 
and  is  in  relaticai  with  the  pelvic  areolar  tissue.  The 
obliterated  hyiiogastric  arteries  cross,  oblitjuely  down- 
ward, the  latertil  surface;  the  peritoneum  does  not  extend 
in  front  of  this  cord.  The  spermatic  duct  curves  back- 
•\vard  along  the  posterior  portion  of  the  lateral  surface, 
passing  on  the  inner  side  of  the  ureter. 

The  ajiex  gives  attachment  to  the  urachus.  It  is  cov- 
ered with  peritoneum. 

The  base  is  in  relation,  on  the  middle  line  and  in  front, 
with  the  prostate  titid  behind  wilh  the  rectum.  On  the 
side  it  is  in  relation  with  the  si)ermatic  duct,  seminal  vesi- 
cles, and  the  ureters. 

The  bladder  is  of  a  white  flesh  color.  It  is  a  resistant 
organ;  it  is  contractile.  It  presents  first  a  peritoneal 
coat  which  invests  only  its  apex,  its  posterior  surface, 
and  the  tipi>er  part  of  the  lateral  surfaces.  The  anterior 
surface,  the  lower  part  of  the  lateral  surfaces,  the  base, 
and  the  neck  are  entirely  free  from  iieritoncnm. 

The  second  coat  is  a  muscular  coat  comjiosed  of  three 
layers  or  sets  of  fibres.  The  superficial  tibrcs  are  formed 
of  longituilinal  fibres  and  are  composed  of  three  groups. 
The  ujiper  groiii)  comes  from  the  urachus  and  spreads 
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over  llip  apox  of  tlic  bladder.  The  antr-rior  srotip  ronir-s 
from  tlie  puliis,  lo  wliicli  they  ;in-  altaclifii  liy  .^lislciiiii;; 
aponeiirolif  tibrcs  callod  tlic  ligaments  of  the  liladdcT; 
they  spread  over  the  anterior  surface.  Tlie  posterior 
group  coiiK'|i  from  llie  ba.se  of  tlie  [iroslate  and  expands 
over  tlie  posterior  surface  of  the  ori;an.  The  middle 
nuiseular  fibres  are  more  or  less  circular.  They  are  in 
j;reater  ntmiber  around  the  neck,  where  they  form  the 
sphincter  of  the  bladder  or  vesical  sphincter.  They 
form  a  sort  of  elliptical  spliiuiter  aro\nid  the  orifices  of 
each  ureter.  The  last  and  innermost  layer  of  lil:resare 
the  ple.xitorni  libres,  which  have  no  detinite  direction. 
These  fibres  are  not  uniformly  distributed  over  the 
organ,  but  form  btmdlcs  more  or  less  prominent  which 
cross  one  another  in  all  directions.  Some  of  the  bundles 
make  quite  a  projection  on  the  inner  surface  of  the 
bladder,  and  may  give  rise  lo  small  pouches  or  alveoles. 
The  muscular  fibres  are  all  of  the  smootli  variety. 

The  submucous  areolar  layer  is  marked,  but  presents 
nothing  special. 

The  mucous  layer  presents  nothing  of  interest  except 
at  the  base.  There  the  organ  presents  posteriorly  a  sliglit 
depression  called  the  lias-fond.  In  front  is  seen  a  triangu- 
lar surface  called  the  trigone;  it  corresponds  to  the  pros- 
tate. The  front  angle  corresponds  to  the  urethra,  and  the 
two  posterior  angles  to  the  openings  of  the  ureters,  re- 
markable for  their  .slit  like  shajie.  The  surface  of  the 
trigone  is  smooth,  and  there  the  submucous  layer  is  scanty 
and  the  mucous  membrane  is  adherent  to  the  subjacent 
muscular  tissue. 

The  mucous  membrane  is  continuous  in  front  with  that 
of  the  urethra,  and  behind  with  that  of  the  ureters. 

The  exact  nature  of  the  glands  wliich  secrete  the  mucus 
of  the  bladder  is  not  well  settled  as  yet,  but  they  are  more 
like  single  raceiuose  glands  than  anything  else. 

The  bladder  is  provided  with  three  arteries  on  each 
side,  the  upper,  middle,  an<l  inferior.  They  are  derived 
from  the  internal  iliac. 

The  veins  are  sjiecially  ainuadant  around  the  neck  of 
the  organ,  where  they  form  a  marked  jilexus,  the  main 
formative  branch  of  which  is  the  dorsal  vein  of  the  penis. 

The  lymphatic-s  open  into  the  pelvic  glands. 

The  nerves  of  the  body  of  the  bladder  come  from  the 
sympallietic.  Those  of  the  base  and  neck  come  from 
tile  third  and  fourtli  sacral  nerves. 

The  blailder  is  developed  from  flu-  cloaca,  i.e.,  the 
cavity  formed  by  the  terminal  point  of  the  primary  in- 
testinal cord  and  the  pedicle  of  the  allanlois.  In  course 
of  development  there  is  thrown  out  a  transverse  partition 
which  separates  it  from  the  rectum,  and  the  pedicle  of 
the  allantois  becomes  obliterated  and  is  tlien  known  as 
the  urachus. 

PKCfi.i.vniTrF.s  OP  the  Bi,.\DnEii. — The  bladder  is 
the  largest  of  all  cavity  organs  and  of  all  the  receptacles 
that  are  found  in  the  course  of  the  e.vcretory  ajiparatuses 
of  the  organs  of  the  liody.  It  corresponds  to  tlie  gall 
bladder  and  to  the  seminal  vesicles.  Together  with  the 
stomach  it  is  the  only  organ  that  is  susceptible  of  con- 
siderable enlargement  ■within  the  bounds  of  health. 

It  encroaches  upon  two  large  cavities,  the  pelvis  and 
abdomen.  When  empty  it  is  flat  against  the  pelvis. 
The  <litt'erence  of  direction  of  the  various  axes  is  worthy 
of  notice.  The  organ  is  as  it  were  suspeniled  by  its  two 
extremities,  the  neck  and  the'  urachus;  liut  the  ni-ck  is 
the  most  immovalile.  The  urachus  recalls  the  pyramiilal 
process  of  th(>  thyroid  body.  Upon  clo.se  exaniination 
the  bladder  will  be  found  to  be  really  fusiform,  the  two 
pointed  extremities  corresponding  to  the  aiicxor  urachus 
and  to  the  neck. 

The  absence  of  iH'ritonentn  on  the  anterior  surface  when 
the  bladder  is  distended  is  the  reason  why  that  surface  is 
the  s|)ot  clioseii  when  it  is  desired  lo  |ienetrate  into  the 
bladder.  The  relation  of  the  base  with  the  recluin  makes 
the  exploration  by  way  of  the  rectum  indispensable  in 
many  bladder  troubles.  The  presence  of  the  urachus  is 
noteworthy.  The  modeof  attachment  and  the  fixed  char- 
acter of  the  neck  are  evidently  intended  to  direct  the 
action  of  the  fibres  toward  the  orifice  of  the  urethra. 


The  iire.sence  of  three  muscular  coats  is  noticeable; 
so  also  is  the  tri]ile  origin  of  the  longitudinal  tibres,  re- 
calling the  similar  arrangcmeni  of  the  hiiigitudinal  tibres 
of  the  stomach.  The  sphincters  formed  by  the  outer 
fibres  around  the  neck  and  around  the  orifices  of  the  ureters 
are  to  be  noticed.  The  bundle  arrangement  of  the  plexi- 
form  fibres  is  unique.  The  formation  of  alveoles  on  the 
mucous  surface  by  the  projection  of  these  libres  is  an 
arrangement  worthy  of  notice. 

Till'  presence  of  tlie  bas-foud.  of  the  trigone,  and  of  the 
slit-like  orilices  of  the  ureters  is  ])ecnliar.  and  so  also  is 
tlie  indistinct  character  of  the  glands  of  the  mucous 
membrane.  That  a  small  organ  like  this  should  lii'  jiro- 
vided  with  sixarteries  is  remarkable.  It  is  true  that  the 
organ  is  hollow  and  that  the  arteries  are  small.  The 
presence  of  an  abundant  venous  plexus  around  the  neck 
of  the  bladder  is  to  be  noted.  That  the  body  and  the  neck 
possess  each  a  dilTcrent  nerve  supply  is  also  striking. 

The  development  of  the  bladder  in  common  with  the 
rectum  is  to  be  remcmbired;  and  so  also  is  its  common 
developnu-nt  with  the  allantois.  Arrest  of  development 
by  which  the  partitioning  of  the  bladder  from  the  rectum 
does  not  take  place  accounts  for  those  cases  in  which  a 
cloaca  persists  into  adult  life.  Failure  of  oljliteratioa 
of  the  pedicle  of  the  allantois  ex]ilaiiis  the  persistence  of 
umbilical  fistula.  The  fact  that  tlie  bladder  is  develoiied 
separatily  from  the  urethra  accounts  for  the  cases  of  im- 
perforated urethra  in  which  the  develojiment  is  arrested 
before  the  proper  time.  The  arrest  of  develo]iment  before 
the  alidominal  wall  is  closed  accounts  for  the  cases  of  ex- 
strophy of  the  bladder.  In  fetal  life  the  bladder  is  dis- 
tinctly fusiform  in  shape. 

Owing  to  the  smalluess  of  the  pelvic  cavity  in  the  child 
the  bladder  encroaches  at  that  age  more  on  the  abdominal 
cavity. 

In  old  ])Cople  the  muscular  fibres  become  more  filirous 
and  the  glands  secrete  more  mucus. 

The  Ijladder  of  the  female  is  said  to  be  larger  than  that 
of  the  male.  The  transverse  diameter  is  also  more  apt 
to  lie  greater  than  usual  in  the  female  .sex.  The  posterior 
surface  is  in  relation  with  the  uterus,  and  the  base  with 
the  vagina.  The  reflection  of  the  iieritoneum  from  the 
bladder  upon  the  uterus  is  called  Douglas'  cul-de-sac. 
It  extends  down  to  the  upper  part  of  the  posterior  wall 
of  the  vagina.  Ediiioiid  lyinchon. 

BLADDER  AND  URETHRA  OF  THE  FEMALE, 
DISEASES  AND  INJURIES  OF.— The  mode  ol  origin 
of  the  female  bladder  and  urethra  makes  them  liable  to 
developmental  defects;  their  sitution  in  the  pelvis  and 
their  relation  to  neighboring  organs  may  influence  their 
size,  .shape,  and  mobility,  and  may  render  them  specially 
subject  to  trauma  and  to  the  introduction  of  foreign  bodies 
and  infectious  micro-organisms.  Their  connection  with 
the  kidneys  and  ureters  subjects  them  to  the  ever  chang- 
ing character  of  the  excretion  from  those  organs.  Finally, 
the  nature  of  their  anatomical  structures  is  such  as  lo 
afford  a  favorable  starting  point  for  benign  and  malig- 
nant neoplasms,  with  or  without  inllanimatory  condi- 
tions. Either  a  single  one  or  several  of  the  above  factors 
may  be  of  clinical  imiiortance  in  so  far  as  they  possess 
the  jiower  to  modify  the  function  of  the  bladder  as  a 
reservoir,  to  cpialify  its  jiower  to  expel  its  contents, 
and  lo  interfen-  with  the  urethra  as  a  I'lniduit. 

I)f.vi-;i.oi"MEnt.\i,  Di-fects  of  the  Bl.vdder  .vnd 
Vwv.Tiiux. 

For  information  in  regard  to  the  nature  unil  mode  of 
origin  of  these  the  reader  is  referred  to  the  article  on 
'J'lrdliihjr/ji  in  a  litter  volume. 

A(i;rii!Ei)  Defohmitiks  op  Tire  Fem.vle  Bl.^ddkh 
.vMj  Uretiiua. 

The  anatomical  relations  of  the  urethra  and  bladder  to 
the  pidvic  and  abdominal  viscera  subject  them  to  numer- 
ous changes  in  calibre,  contour,  and  position,  and  more 
or  less  .seriouslv  affect  their  functional  activitv. 
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Dihiti'tion  of  the  Urethra.— T\\o  liinicn  of  t lie  normal 
femali'  uicllini  dilTci-s  •rroiitly  in  (liumctci-,  viiniiis  with 
iiiic  ami  siH-inl  coiuliliou.  whcllicr  single  oi-niarriL'd.  luiUi- 
imm  i>r  niiiltipani.  Au  impcifoiale  hyiiuii.  vagiual 
alicsia.  or  absence  of  the  vagina  may  lead  to  coitus  per 
urt'thram.  and  thus  ultimately  result  in  the  greatest 
possible  dilatation  of  the  whole  eannl.  In  some  this 
eondilion  brings  about  complete  inability  to  retain  urine: 
in  otlu'i-s  the  (iisabilily  is  only  partial,  manifesting  itself 
during  coughing,  sneezing,  straining,  or  lifting;  iu  a  few 
oases,  liually.  tile  control  remains  perfect.  The  condi- 
tion is  easily  recognized  by  the  readiness  with  which 
Ihe  linger  can  be  introduced  into  the  liladder. 

l-'mvihle  Dilitl'ition.—KA\\-  eniph.-isi/.es  the  fact  that 
"with  Ihe  casesof  dilatation  of  the  urethra  where  a  large 
linger  has  been  bored  in  for  diagnoslie  iiurposes  .  .  .  the 
extensive  rupture  of  the  nm.scular  fibres  is  then  followed 
by  an  incontinence  which  is  often  permanent.  These 
cases  are  fortunately  becoming  I'are.  as  this  barbarous 
way  of  examining  tlie  bladder  is  being  given  up.  With 
our  present  facilities  for  examination,  we  are  never 
warranted  in  introducing  the  linger  through  a  urethra 
which  is  not  already  dilated  so  as  to  admit  it  without 
resistance."  The  vestibular  end  may  be  distended  by  a 
cyst,  by  the  presence  of  pus  in  Skene's  ducts,  by  a  chan- 
cre or  chancroids  or  by  other  growths,  or  by  the  pres- 
ence of  foreign  bodies  within  the  meatus. 

Viliitalioii  of  the  middle  portion  of  the  urethra  (urethro- 
cele) is  the  commonest  form.  "The  anterior  (superior) 
wall  of  the  urethra  maintains  its  normal  position,  but  the 
central  portion  of  the  canal  being  distended  settles  down 
so  that  in  time  the  urethra,  in  i)lae<-  of  being  a  straight 
or  .slightly  curved  canal,  becomes  (nearly)  triangular;  a 
cavity  is  thus  formed  in  tlie  central  portion  of  the  ure- 
thra.'' Within  this  pocket  urine  may  collect  and  un- 
dergo chemical  changes ;  stones  are  lialile  to  form  or  lodge 
therein  on  their  way  through  the  urethra:  and  new 
growths  may  be  arrested  or  may  develop  there,  inciting 
a  urethritis  and  causing  obstruction  to  the  outflow  of 
urine.  Dilatation  of  the  middle  third  is  most  likely  to 
be  confounded  with  thickening  of  the  lU'ethro-vaginal 
septum  or  with  a  suburethral  abscess.  A  curved  sound 
passed  along  the  floor  of  the  urethra  will  enter  the  pocket, 
and  its  point  can  then  be  readily  felt  through  the  ante- 
rior vaginal  wall  which  will  be  of  normal  thickness. 
Pressure  upon  an  abscess  will  force  ptis  into  the  urethra. 

Excision  of  the  redniidunt  porliiin  of  the  middle  third 
can  best  be  accomplished  after  the  method  of  Frank, 
who  places  a  small  catheter  iu  the  urethra,  excises  a 
wedge-shaped  piece  from  the  urethro-vaginaj  septum, 
including  its  whole  thickness,  and  extending  from  the 
external  urethral  orifice  to  witliin  about  1  cm.  of  the  in- 
ternal orifice,  and  continuing  the  incision  as  an  ellipse 
along  the  vaginal  wall  beyond  the  neck  of  the  bladder. 
The  whole  wound  is  their  to  be  closed  by  transverse 
sutures. 

"  By  Hattening  the  outer  end  of  the  urethra  and  at  the 
same  time  bending  it.  Pawlik  (Wien.  klin.  Woch..  1883, 
Nos.  2.5  and  26)  relieved  several  patients  of  incontinence. 
His  jilan  is  to  draw  the  orifice  of  the  urethra  well  for- 
ward toward  the  clitoris  and  sharply  to  one  side;  then, 
marking  the  point  on  the  side  to  which  it  could  be  drawn 
without  excessive  traction,  a  narrow  denudation  about  2 
cm.  (three-fourth  inch)  long  is  made  in  the  sulcus  and 
sutures  passed  to  hold  theuretlu-a  in  that  position.  After 
a  week,  when  the  sutures  are  removed,  the  other  side  of 
the  urethra  is  drawn  upward  anil  outward  in  the  same 
manner,  and  thes\ilcuson  that  side  denuded  and  sutured. 
By  this  means  the  urethra  receives  a  sharp  bend  forward 
and  the  posterior  wall  is  stronglv  flattened  against  the 
anterior  by  traction  on  both  sides""  (Kelly). 

Gersuny  {('inlralhl.f.  Chir..  IS.'^St,  p.  433)  dis.sected  out 
the  whole  urethial  canal  as  far  as  the  neck  of  the  bladder, 
twisted  the  urethra  one  and  a  quarter  times  on  itself, 
formed  a  series  of  spiral  folds,  and  then  sutured  the  canal 
in  this  ])osition. 

Dislocation  of  the  I'rctJirn. —The  protected  position  of 
the  urethra  under  the  pubic  arch,  and  its  dense  fibrous 


attachments,  tend  to  prevent  injury;  yet  in  spite  of  these 
conditions  dislocation  is  one  of  the  atfections  frequently 
met  with  in  women  with  relaxed  pelvic  floors,  lacerated 
perineum  and  uterine  displacement,  conditions  which 
are  often  associated  with  rectocele  and  vesicocele.  Under 
these  conditions  au  examination  reveals  the  fact  that  the 
whole  lu'ethra  has  been  disjilaced  outward  and  forward, 
having  rotated  around  the  s\'mph)'sis,  assumiug  nearly 
a  U  shape.  In  other  cases  the  upper  portion  of  the  canal 
with  the  base  of  the  bladder  descends,  the  lower  section 
remains  in  sitv.  converts  the  urethra  into  an  S-shajjed 
tube,  and  renders  the  introdviction  of  a  catheter  somewhat 
difflcult.  When  associated  with  complete  prolapse  of  an 
hypertrophied  cervix  uteri  the  whole  urethra  lies  outside 
the  vidva.  The  presence  of  large  subperitoneal  or  intra- 
ligamentous tumors,  or  the  existence  of  a  full  bladder 
during  pregnancy  or  labor,  may  draw  the  bladder  and 
urethra,  changing  the  long  axis  of  the  latter  from  the 
horizontal  to  the  vertical,  and  often  rendering  it  very 
difficult  to  introduce  a  catheter,  which  under  these  cir- 
cumstances should  always  be  of  soft  rubber. 

As  a  prophylactic  measure,  during  lalior.  whether 
normal  or  instrumental,  the  Inilging  mass  (anterior  cer- 
•\ical  lip.  urethra,  or  both)  between  the  s.ym])hysis  and 
the  descending  head,  shotdd  be  pushed  upward  behind 
the  symphysis  so  as  to  permit  the  occiput  to  descend 
under  the  pubic  arch. 

The  SYMi'TOMs  of  dilatation  and  dislocation  of  the  ure- 
thra are  similar  to  those  of  other  urethral  diseases.  Dila- 
tation of  the  whole  canal  is  characterized  by  complete  or 
partial  incontini.'nce,  loss  of  control  on  lifting,  coughing, 
sneezing,  etc.  Dilatation  of  the  lower  portion  does  not 
interfere  with  function,  and  is  manifested  only  by  the 
.symptoms  of  the  accompanying  urethritis.  Dilatation  of 
the  middle,  portion,  like  dislocation  of  the  urethra,  adds 
to  (he  symptoms  of  urethritis  the  need  of  making  an  in- 
creased effort,  as  in  overcoming  an  obstruction,  much 
less  marked  when  lying  down  than  when  urinating  in  the 
erect  position. 

The  Di.vGxosis  is  made  by  the  use  of  the  curved  sound 
for  the  purjiose  of  determining  the  exact  curve  of  the 
urethra;  b\'  the  intioduition  of  the  bulbous  .sounds  or 
the  urethrometer  to  ascertain  any  variations  in  the  calibre 
and  the  portion  involved ;  and  the  use  of  the  urethroscope 
to  locate  the  seat  of  the  urethritis,  and  at  the  same  time 
to  facilitate  the  application  of  appropriate  remedies. 
The  finger  introduced  into  the  vagina  will  appreciate  any 
thickening,  the  presence  of  a  new  gro%vth  or  foreign  bodj', 
and  the  point  of  greatest  tenderness. 

The  TKE.\TxtEXT  of  dilatation  following  labor,  the 
recent  extraction  of  stone,  the  introduction  of  an  instru- 
ment or  finger,  consists  in  waiting  for  a  time  in  the  hope 
that  the  urethra  will  contract,  the  patient  being  kept  quiet 
in  the  mean  time,  and  vaginal  douches  being  administered 
from  time  to  time.  Urethral  dilatation  and  dislocations 
other  than  the  acute  varieties  do  not  tend  to  spontaneous 
recovery,  but,  from  repeated  sexual  contact  and  succeed- 
ing labors,  incre:ise  in  size  and  importance.  In  chronic 
conditions  the  first  duty  is  to  remove  the  cause:  next, 
to  relieve  the  urethral  inflammation;  and.  last  and  most 
important,  to  overcome  the  incontinence.  With  an  intact 
or  firm  pelvic  floor  the  urethra  can  be  lifted  up  and,  to 
a  certain  extent,  compressed  by  a  well-fitting,  hollow- 
roimd.  funnel-shaped  ball,  or  In' an  Albert  Smith  pessiiry. 

Proh'psr  or  Ktvrsion  of  the  Urethral  Mucosa. — As  a  rare 
accom]ianiment  of  a  dilatation  of  the  external  urethral 
meatus,  tlie  mucous  membrane  of  its  lower  third  becomes 
detached  from  its  submucous  connections  and  gradually 
protrudes  through  that  opening  as  a  pale,  deep  red,  or 
purplish  tumor.  As  it  increases  in  size  it  becomes  very 
sensitive,  and  ledema,  ulceration,  and  sloughing  some- 
times intervene.  On  the  other  hand,  the  jirolapse  may  bo 
limited  to  one  side  and  may,  in  that  location,  resemble 
a  caruncle.  Eversion  is  an  affection  incident  to  any 
age,  but  is  far  commoner  in  young  strtimous  children. 
Its  etiology  is  not  definitely  known;  it  may  follow  a 
blow,  straining,  coughing,  or  rape. 

Tkeat.ment. — Iu  a  recent  case,  cocaiaize  the  everted 
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mi'inbraup.  and  by  taxis  reduce  it  within  the  cauiil ;  kcf)) 
tlic  patient  in  lied,  and  yive  mni-phine  emnigli  to  pievent 
si)asnio(lie  contraetion  diirinjj;  urinal  ion. 

If  reduction  caiuiol  l)e  maintained  or  proves  impossi- 
ble, cut  oti  tlie  iirotrudinu-  membrane  circuniferentially, 
aiul  imitc  the  ed!i;es  with  fine  catgut  sutures.  "Catch 
tlie  edges  as  they  are  cut  to  prevent  inversion  and  exces- 
sive lieinorrliage." 

Colli riirti'iii  "f  t/ic  uretlim  in  any  portion  of  its  lengtli 
is  considered  by  Slieue  and  olliers  to  be  of  much  mon; 
importance  and  of  more  frecpient  occurrence  tlian  is  usu- 
ally accorded.  Van  de  Warker  (Medical  Keirs.  July  Hi, 
1^87)  says  truly  that  "the  lumen  of  the  normal  female 
urethra  is  not  the  same  throughout  its  length.  It  is  con- 
tracted toward  the  meatus,  e.xpamled  in  tiie  middk-  por- 
tion, and  narrows  again  as  it  apjiroaches  tlie  l)laddci'. 
The  use  of  the  uretln'ometcr  jiroves  this.  One  nuist  not. 
tlierefore.  allow  error  to  occur  from  the  iutroduclion  of 
too  large  a  bulb,  which  wouUl  move  with  more  freedom 
at  one  point  thaii  at  another. ■'  Van  de  Warker  believes 
tliat  iii-ethriil  xlyirtiinxtin-hiMMia  freiiuenr  and  as  impor- 
tant in  th(^  female  as  in  the  male,  anil  he  u.'ges  the  impor- 
tance of  an  e.xaminalion  with  bulbous  sounds  in  various 
urinary  dillicullies  in  tlic  female.  Sometimes  the  con- 
strictions are  arranged  in  series,  and  bullis  varying  from 
No.  24  to  No  27  will  slip  along  in  a  scries  of  jerks  that 
olTer  but  the  slightest  resistance  to  the  surgeon's  hand. 
Jlore  ccmimonly,  however,  one  or  two  of  these  bands  are 
found  located  at  the  upper  portion  of  the  urethra.  The 
sensation  of  meeting  one  of  these  bands  is  so  characteristic 
and  unmistakable  that  there  is  little  danger  of  error. 

Herman,  (|Uoted  by  J.  W.  White,  reported  the  results 
of  his  c.xamination  of  tifty  five  female  urethra-,  in  which 
cases  no  urinary  trouble  was  complained  of.  In  the  m.-ijor- 
ity  a  No.  17  catheter  would  pass,  and  in  ;ill  but  two  a  No. 
14.  He  talndateil  si.x  (d'  his  <iwn  eases  of  stricture  and 
collected  twenty  three  otiiers.  and  foimd  that  etiologically 
child-bearing,  the  cicatrization  of  chancres  (and  chan- 
croids), sometimes  the  so-calU'd  lupus  of  the  vidva,  and, 
in  the  young  and  middle  aged,  gouorrlia'a  are  the  chief 
factors.  In  the  ohl  women  there  was  foiuid  stricture 
due  to  general  fibrous  thickening  and  induration  of  the 
urethra,  occurring  without  any  history  of  gonorrluea  or 
other  discoverable  local  disease. 

Contraction  of  the  meiitiix  ci'terrain  (Xhe  form  which  is 
most  frc(iuently  observed)  is  either  [produced  by  the  too 
liberal  use  of  caustics,  in  the  attempted  removal  of  new 
growths,  or  it  results  from  severe  vulvitis. 

Trp:.vtmext  of  Uhetiir.m,  Stuicture. — "In  women 
it  is  nf)t  safe  to  regard  every  case  of  urine  retention  as 
hysterical  until,  after  a  urethral  examination  by  the 
bulbs,  the  passage  is  shown  to  l)e  free  from  strictures, 
large  or  small"  (Van  de  AVarker).  For  the  purpose  of 
dilatation  he  makes  use  of  the  graduated  steel  sounds, 
the  same  as  are  used  in  treating  male  strictures.  "The 
action  is  twofold — to  dilate  and  to  cause  gradual  absorp- 
tion of  the  constricting  exudate.  In  strictures  of  large 
size,  forcible  dilatation  or  divulsion  may  be  used.  The 
treatment,  made  two  or  tlu-ee  times  a  week,  extends  over 
a  considerable  length  of  time  (from  two  to  three  months), 
but  the  relief  given  to  the  |iaiient  by  the  use  of  sounds  is 
very  satisfactory.  As  the  dilatation  of  the  urethra  which 
they  produce  is  no  more  important  than  the  absorption 
caused  by  their  use.  the  latter  imjilies  a  more  or  less  pro- 
longed treatment"  (Van  de  W'arkei).  He  believes  that 
any  one  can  verif.v  this  position  upon  the  living  sidiject 
by  the  habitual  examination  of  the  urethra  with  the  ex- 
ploratory bulbs  in  every  case  of  pelvic  disease  that  pre- 
sents itself  for  treatment. 

Herman  founil  lliat  rapid  dilatation  was  so  successful 
that  he  preferred  it  to  any  other  method. 

Bisi.orATloNs  OF  Tin-;  Bi,.\di)EI!. 

Certain  changes  in  the  ]iosition.  size,  anil  relation  of 
the  pelvic  and  alidominal  contents  bring  about,  in  tlic 
bladder,  certain  (liaiiires  which  distort  that  organ  and 
interfere  with  the  performance  of   its   functions.      The 


bladder  being  hemmeil  in  by  the  .symphysis  in  front,  by 
the  uterus  and  broad  ligaments  behind,  and  by  the  small 
intestines  above,  it  is  not  surprising  that  its  transverse 
diameter  is  incr<'asedat  the  expense  of  the  antero  posterior 
diameter.  In  extreme  distention  the  bladder  rises  verti- 
cally into  the  abdomen,  even  as  hi.gh  as  the  umbilicus; 
(he  urethra  bcin.g  at  the  same  time  put  on  the  stretch. 
The  liladder  may  be  carried  u|iward  by  ovarian  tumors, 
libroid  growths,  ]ielvic'  neoplasms,  inlesliiial  adhesions, 
the  antevcrled  uterus  of  Alexander's  operation,  and  the 
jircguant  uterus.  The  laterally  displaced  bladder  may 
form  a  part  of  the  contents  of  the  .sac  in  inguinal  or 
lemoral  hernia,  and  it  has  been  found  iiouching  into  the 
foramen  ovale.  Infiammatory  masses  or  large  growths 
on  one  side  force  the  bladder  in  the  ojjposite  direction, 
and  thus  lead  to  mistakes  in  diagnosis.  These,  however, 
can  easily  be  avoided  if  the  examiner  himself  pas.ses  the 
catheler  in  every  case  in  whicli  he  is  called  uiion  to  de- 
termine the  nature  of  an  abdominal  enlargement.  Ad- 
hesions between  the  fundus  of  the  bladder  and  a  uterus 
which  is  thrown  backward  will  dra,g  the  bladder  back- 
Wiird.  Acute  retroversion  of  the  uterus,  on  the  other 
hand,  throws  the  cervix  against  the  urethra,  causes  ob- 
stiuction,  iuid  makes  urination  imjiossible.  Of  all  changes 
in  the  position  of  the  bladdi'r.  downward  dislocation  is 
the  most  common  anil  important,  (d'ten  ta.xiug  to  the 
utmost  th<'  surgeon's  resources.  The  chief  etiological 
factors  are  those  which  bring  about  prolapse  of  other 
jielvic  viscera,  viz.:  the  general  lack  of  muscular  tone 
common  to  most  of  our  women,  with  rela.xation  of  the 
pelvic  floor,  destruction  of  the  perineum,  malpositions 
of  the  uterus,  etc. — in  fact,  all  of  the  pathological  con- 
ditions whicli  involve  those  structures  included  by  Hart 
and  liarbour  in  the  "dis|)laeeable  portion"  of  the  jielvis. 

As  exciting  causes,  we  have  the  expulsive  ell'orts  of 
child  bearing,  defecation,  lifting,  and  violent  jarring. 

Downward  pouching  of  the  tioor  of  the  bladder.  eyKtucdc, 
while  most  frctpienti}'  met  with  in  multipara',  is  at  times 
found  in  both  young  and  old  nulli))ara'. 

Cystocele  presents  itself  as  a  soft,  roimd.  ela.stic  body 
projecting  into  and  distorting  the  vagina.  It  is  easily  re- 
placed, but  soon  returns,  and  it  is  enlarged  on  coughing, 
straining,  or  lifting.  In  severer  grades  the  bladder  can 
be  forced  through  the  introitus.  by  which  it  may  be 
constricted,  giving  to  it  an  hour-glass  shape.  In  an  ex- 
treme case  of  cystocele,  the  vaginal  wall  with  the  blad- 
der, uterus,  and  rectum  is  extruded  through  the  vulva. 
Its  surface  then  becomes  cracked,  eroded,  ulcerated,  and 
very  sensitive;  the  ureters  arc  dragged  down  and  bent  at 
an  acute  angle;  the  outflow  of  urine  is  im]ieded,  and  dil- 
atation of  the  ureters  and  renal  pelvis  with  hj'droue- 
phiosis  intervenes. 

Kilnireisiii/i  nf  ihi'  hhiilder  thrntirjh  a  dihital  unthrd, 
with  involvement  of  the  whole  thickness  of  the  bladder 
wall,  is  a  most  unusual  form  of  dislocation.  It  presents 
theapiicaranee  of  a  deep  red  or  jiurplish  tumor  emerging 
froiu  the  meatus,  and  very  .sensitive  to  tducli  and  on  con 
tact  with  the  clothing.  Careful  examination  ma.y  deter- 
mine the  ureteral  orifices  within  the  furrowed  mass.  The 
incejition  of  the  dilliculty  may  be  due  to  torsion  of  a 
|ic'diincnlate  growth  whicli  arises  from  the  trigone  and 
makes  its  way  through  the  relaxed  meatus  internus  and 
urethral  canal.  L'niler  reiicated  straining  elTorts,  more 
and  more  of  the  bladder  is  slowly  drag,ired  along  the  canal 
until  it  protrudes  from  the  meatus  externu.s.  Infants  and 
yoinigchildren  arc  the  most  frccpient  victims,  while  these 
past  middle  life  rarely  sulTer  from  this  form  of  dislocation. 

The  SVMI'TOMS.  as  described  by  Skene,  are  as  follows: 
"The  iiatients,  even  before  the  tumor  appears,  feel  strong 
jiressurc  in  the  organ  on  urination,  and  may  have  stop- 
page's in  the  stream,  and  retention.  After  a  tiiue  these 
symptoms  liecome  aggravated,  a  small  red  tumor  appears 
at  the  meatus,  and  with  each  urination  enlar.ges.  In  some 
cases,  when  the  desire  to  urinate  is  felt,  .severe  conttac- 
tionof  the  bladder  tidies  place,  but  no  urine  flows.  Then 
suddenly  the  little  tumor  disa])])ears  insidi'.  and  the  urine 
flows  freely.  With  each  apjiearance  of  the  tumor  there 
is  considerable  constitutional  disturbance,   and  after  a 
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lime  tlio  iippi'tiU'  is  lost,  and  the  sulTcrcr  emaciates 
mpiilly.  From  contiiuial  traelion  on  l\w  ureters  they 
may  beeome  intlamed,  as  also  the  ki(hieys.  and  uneniiu 
supervenes.  Blood  is  sonielinies  passed  with  llu' uiine. 
Cystitis  may  oeeur,  Avhich  inereases  llie  sulVerinj;  and 
danijer.  Tlie  mneous  menil)rane  may  lieeonie  hyper- 
tropliied.  eoniiested.  and  even  a-dematons.  Tlie  eon- 
stitutional  symptoms  bear  no  relation  to  the  amount  of 
tissue  extruded  or  the  area  of  mucous  surface  exposed." 

The  DiAoxosis  depends  u)ion  the  pas.sii!i'e  of  a  smaid 
into  the  Madder,  which  will  be  found  abnormally  short. 
At  the  same  time  it  will  be  found  that  the  jiedicle  of  the 
tumor  like  mass  is  made  up  of  the  base  of  the  bladder. 
The  ureters,  if  located  upon  the  mass,  will  contirm  the 
true  condition. 

The  TKKAT.MENT  of  bladder  dislocations  calls  for  the 
removal  of  the  cause,  be  it  the  separation  of  adhesions,  the 
removal  of  abdominal  or  jielvic  tumors,  the  repair  of  the 
pelvic  floor,  or  the  re]ilacenient  and  maintenance,  in  its 
normal  position,  of  a  prolapsed  uterus. 

The  extroverted  bladder  must  be  replaced.  Ansesthetize 
the  patient,  place  her  in  the  knee  breast  (Kelly)  position, 
and  with  gentle  compression  and  mainpulation  invert  the 
prolapsed  orsan.  Place  the  patient  in  bed,  by  preference 
lyinjrupon  the  abdomen  or  in  the  lateral  position.  Pack 
the  vagina  with  sterile  gauze  from  day  to  day  wlnle  the 
patient  is  in  bed,  and  insert  a  hollow-round  or  other  pes- 
siu'v  when  it  is  deemed  prudent  to  permit  the  patient  to  as- 
sume the  ujiright  posture.  If  the  bladder  j)rolapses,  nar- 
row the  urethral  canal  as  in  the  treatment  of  dilatation. 

HvPEKTIiOPHV   AND   AtHOPIIY   OP   THE   BlaDDEH. 

Ihipcrtrophy  of  the  bliKhlcv  involves  chiefly  the  muscular 
structure  and  is  due  to  the  ])resence  of  an  luinatuial  stimu- 
lus to  contraction,  such  as  the  ])resence  of  foreign  licidies. 
neoplasms,  calculus,  or  any  means  by  ivliich  the  organ  is 
impelled  to  excessive  contractile  effort.  When  tlie  bladder 
wall  is  thickened  and  at  the  s;inie  time  the  organ  has  become 
dilated,  the  condition  is  designated  mv;//r/c  hypertrojitiii  ; 
if  thickened  and  (:<mXriu-XviVcoiic< ntrii-hjipevtrdphy.  The 
latter  is  usually  met  with  in  tuberculous  cystitis. 

Thickening  of  the  bladder  wall  is  easilvVecognized  by 
introducing  a  sound  into  tlie  bladder  and  estin'iating  lli'e 
thickness  by  the  hand  (ilaced  upon  the  abdomiualwall, 
or  by  the  finger  introduced  through  the  vagina. 

On  removal  of  the  obstrnctiont  and  after  the  cystitis 
has  been  cured  or  tlie  irritating  factor  lias  been  removed, 
the  hypertro]ihy  will  disappear. 

Atyophji  of  the  hlndtler.  like  hviicrtrophv.  occurs  less 
frequently  in  women  than  in  men'  and  most  often  after  the 
age  of  lifty  years.  As  a  teniporarv  condition  it  follows 
extreme  distention.  It  is  always  associated  with  tistula 
and  with  incontinence,  and  is  a  common  accompaniment 
of  tuniors  that  press  upon  the  bladder,  of  malformations, 
and  of  habitual  retention.  If  a  definite  cause  can  be 
found,  correct  it :  but  in  those  patients  who  are  over  fifty 
yearsiif  age,  the  prognosis,  desjiite  the  use  of  tonics, 
electricity,  etc.,  is  quite  discouraging. 

Vesicai.,  Pahesis. 

Vesical  paresis  may  be  due  to  some  lesion  of  the  brain 
or  spinal  cord:  it  mav  also  result  from  the  general  fattv 
degeneration  whi<'h  is  apt  to  develop  in  old  age.  Ad- 
hesions bmding  the  liladder  to  some  adjacent  organ  are 
comiietent  to  produce  vesical  paresis.  When  it  e.xjsts, 
whatever  may  be  the  cause,  regular  emptving  of  the 
bladder  by  means  of  the  catheter  constitutes  the  essential 
part  of  the  treatment.  Care  must  be  exercised  in  emptv- 
ing an  overdistended  bladder  not  to  remove  more  than 
two-thirds  of  the  accumulated  urine,  and  afterward  to 
apply  a  .snugly  tilting  abdominal  binder. 

FoREiGx  Bodies  in  inE  Ukethra  and  Bl.vddeu. 

Foreign  bodies  in  the  urethra  and  bladder  mav  be  best 
studied  from  the  st;indpoint  of  those  introduced  from  out- 
side the  body,  and  such  as  are  formed  or  develop  within 
the  organ  itself— calculi  and  neoplasms. 
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Foreign  bodies  are  used  by  -women  and  children  in  their 
efforts  to  relieve  itching  due  to  the  following  cau.ses; 
l)in-wornis  around  the  anus,  in  the  rectum,  in  the  vagina, 
or  hidden  under  the  clitoris;  fissure  or  tistula  in  ano; 
vulvar  ])rurilus  in  diabetes;  and  irritating  vaginal  secre- 
tions. Libidinous  women,  in  order  to  gratify  a  natural 
passion  by  unnatural  means,  intentionally  or  unintention- 
ally introduce  pins,  pencils,  parasol  handles,  catheters, 
candles,  needles,  matches,  glass,  tooth-brush  handles,  etc., 
etc.  The  introduction  of  such  bodies  is  fraught  with 
danger  from  tliree  sources:  {a)  if  repeated,  the  procedure 
will  lead  to  dilatation  and  denudation  of  the  canal :  (b)  if 
the  foreign  body  is  permitted  to  enter  the  bladder,  it  will 
carrry  with  it  infectious  miero-organi.sms.  which  are 
liable  to  incite  cystitis;  (e)  if  it  should  be  lost  in  the  blad- 
der, it  will  form  a  nidus  around  which  calculous  deposits 
take  place. 

CdleiiU. — As  the  nature  and  mode  of  origin  of  vesical 
calculi  will  be  treated  in  detail  in  other  volumes  of  the 
Handbook,  no  further  mention  of  this  part  of  the  sub- 
ject will  be  required  in  tlie  present  article.  The  treat- 
ment of  calculi  will  be  di.scussed  in  a  later  section. 

Neoplasms  of  the  Bladder. 

Very  little  is  known  or  has  been  written  in  relation 
to  the  etiology  of  new  growths  of  the  bladder  and 
urethra. 

Aye. —Of  89  cases  of  papilloma  collected  by  F.  S.  Wat- 
son, 59  were  males,  30  females.  Of  the  latter  there  were : 
between  1  and  3  years  of  age,  1  case:  between  IT  and  40 
years,  17  cases;  over  40  years,  12  cases.  Of  100  cases  of 
carcinoma  in  both  sexes,  the  youngest  patient  was  30 
years  old:  13  cases  were  between  40  and  50,  and  the  rest 
were  over  50  years.  On  the  other  hand,  of  20  cases  of 
sarcoma  collected  by  Hintersfoiser,  the  youngest  was 
under  3  years;  5  were  under  20  years;  3  were'between 
30  and  30  years;  3  \\ere  between  40  and  50;  6  were  be- 
tween 50  and  60 ;  and  4  were  over  60  years  of  age. 

&(■.— Tumors  of  the  bladder  occur  less  friMjuently  in 
females  than  in  males,  the  proportion  being  abcnit  3  to  3. 
Morleof  Attachment. — As  encountered  clinically,  tumors 
of  the  bladder  are  either  pedunculate,  sessile,  or  intiltrat- 
iug  growths.  The  benign  forms  (papilloma,  fibroma, 
adenoma,  myoma,  dermoid  and  liydati<l  cysts)  show  little 
or  no  tendency  to  invade  surrounding  tissues,  this  being 
a  distinctive  feature  of  the  maliguaut'varieties  (epithelio- 
mata,  glandular  and  mixed). 

It  is  generally  agreed  that  non-malignant  growths  are 
more  common  than  the  malignant  forms.  Of  640  cases 
given  by  Watson.  385,  or  60  per  cent.,  were  benign.  "  It 
is  generally  believed  that  of  benign  growths,  papilloma 
occurs  most  frequently  ;  next  in  order  is  myxoma. 

"  The  h'Ciitiioi  of  vesical  tumors  is  shown  b v  Fere 's  table. 
Analyzing  107  cases,  25  involved  the  liase  only;  13  the 
base  and  wall :  1 7  the  posterior  wall :  8  in  close  proximity 
to  the  left  ureter,  5  the  right  ureter;  2  the  anterior  waif; 
1  theanteri.ir  superior  wall;  4  the  right  or  left  lateral 
walls;  1  the  anterior  and  superior  waif;  12  multiple,  and 
8  diffuse  tumors,  etc." 

PapiUeti-i/  tiiiiKD-s  in  the  bladder  are  met  with  as  pedun- 
culate, tufted  excrescences,  which  may  be  either  benign 
or  malignant 

Beniijii.  jiiipillomata  are  made  upon  a  framework  of 
connective  tissue,  more  or  less  abundant,  richly  supplied 
with  blood-vessels,  and  covered  evervwhere  with  vesical 
epithelium.  They  usually  have  a  tufted,  villous,  branch- 
ing appearance,  and  are  so  vascular  that  the  name  "  vil- 
lous angioma  "  has  been  given  to  them.  Sometimes  the 
interspaces  between  the  prolongalions  are  tilled  with 
detritus,  in  which  case  the  fungating  apiiearance  is  lost. 
'■  A  frequent  form  is  that  of  a  cauliflower  growth,  attached 
by  a  thin  pedicle:  others  spring  separately  or  in  clusters 
directly  from  the  mucous  nuMubi-ane.  in'  verv  delicate, 
thread-like  projections.  In  the  sessile  form  the  papi!l:e 
are  short  and  thick,  and  clumped  together.  The  pedicle 
varies  in  length  from  a  few  millimetres  to  3  or  4  cm. ;  in 
thicloiess  it  may  be  a  mere  thread  or  1,  3,  or  3  cin.  in 
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dianifter. "     lu  color  a  fresh  growth  irt'uerall_v  resembles 
the  inner  surface  of  the  111). 

Fibroma  ;  Fibro-I'apillomn. — It  is  in  this  class  of  neo- 
plasms that  the  connective-tissue  elements  preponderate. 
These  srowths  are  less  common  than  those  <if  the  former 
variety,  and  are  infrequently  met  with  in  women.  The 
pedicle  and  mucous  surface  are  richly  sujiplicd  with 
blood-vessels.  Myxomatous  degeneration  frequently 
intervenes. 

MaUyiiiiiit  Pfipill'imntii. — "  Pa])illo-sarcomata  usually 
begin  as  benign  or  simple  fibroid  tumors  and  pass  over  to 
the  malignant  variety.  These  tumors  are  characterized 
by  a  dense,  tibrous  groundwork  of  very  irregular  growth, 
and  by  the  presence  in  this  groundwork  of  variously 
shaped  cells,  generally  arranged  in  tlifferenl  groujis.  In 
some  there  are  small,  round  cells;  in  others  large,  irregu- 
lar c<'lls.  The  surface  of  these  growths  is  covered  with 
columnar  epithelium,  resembling  that  of  the  noniial  blad- 
der. The  one  feature  whic-h  dilierentiates  them  from  the 
ordinary  papilloma  is  the  arrangement  of  the  ground  sub- 
stance, and  the  presence  in  it  of  the  irregularly  shaped 
cells,  which  do  not  belong  to  the  normal  tLssne  on  the  one 
hand,  or  to  that  of  distinct  new  growth  on  the  other" 
(Gibbs  quoted  by  Watson). 

Aihni'iitd. — The  deficiency  of  glandular  elements  within 
the  bladder  makes  the  occurrence  of  adenoid  growths  a 
rarity.  An  adenoma  is  sessile  or  pedunculate,  and  has 
a  smooth,  lobulated,  or  papillary  surface.  AVhen  sessile, 
the  tumor  can  be  easily  enucleated  with  the  finger  with- 
out hemorrhage.  Kelh'  mentions  a  case  of  jjapillary 
adenoma  that  was  removed  by  Kaltcnbach,  through  "a 
vesico-vaginal  incision,  from  a  womau  forty-four  years 
old.  The  origin  of  this  tumor  was  traced  liy  Professor 
Bostrfim  to  the  mucous  crypts  of  the  bladder.  Von 
Fritsch  has  also  described  a  fibroadenoma  of  the  bladder 
in  a  girl  three  years  old ;  it  was  covered  with  calcareous 
deposit  and  filled  the  whole  bladder. 

^[^l'>mn. — This  is  one  of  the  rarest  forms  of  vesical 
tumor;  itismadeupof  hypertrophied  muscular  coat,  with 
more  or  less  connective  tissue  and  is  covered  with  in- 
tenselv  congested  mucous  membrane.  These  growths 
vary  in  si/.<'  from  a  pea  to  a  cliild's  head,  conqiletely 
filling  the  bladiler.  They  may  project  into  its  hnneu 
by  a  very  small  peilicle  or  b(!  attached  liy  a  broad  base. 

"  CfisU. — Follicular  cysts,  due  to  occlusion  of  the  mucous 
follicles,  are  met  with  occasionally;  they  are  associated 
with  chronic  cystitis.  The\"  are  readily  opened  by  a 
spear-shaped  knife  or  l)y  the  sliarp  point  of  a  scalpel. 
Ihriiioid  fi/«/x,  as  ])riniary  growths  of  the  l)ladder,  are 
almost  unknown,  but  ovarian  dermoids  have  been  known 
to  discharge  their  contents  into  the  bladder,  and  hair  be 
discharged  thro\igh  the  urethra. 

Malignnnt  iiciijiliiaiiin  of  tlic  Wi^Wiv  originate  from  the 
connective  tissue  (sarcoma),  from  the  gland  tissue  and 
epi1heli\un  (carcinoma),  and  from  degenerative  changes 
in  the  numerous  benign  growths  (my.xoma). 

f'inriiHiinii  originates  from  the  scpiamous  epithelium 
of  the  bladder,  (trueepitbelionia) :  and  from  the  racemose 
mucous  glands,  (glandular  cell  <arcinoma).  Both  these 
varieties  present  features  which  characterize  carcinoma 
in  other  regions;  they  e.\tend  by  infiltrating  contiguous 
structures;  they  project  into  the  bladder  as  multiple 
nodules  or  disseminated  patches,  often  covered  with 
papillary  growths  or  villosities,  resembling  benign  papil- 
lomata.  The  vesical  surface  may  Ixt  covered  with  smooth 
mucous  mendirane  or  it  may  (iresent  a  raised,  riigged 
ulcerated  surface,  with  indurateil  edges.  The  surroimd- 
ing  liladder  wall  (muscular  and  interstitial  coats)  is  con- 
siderably hypertrophied. 

The  disease  is  most  often  met  with  in  the  lower  third 
of  the  base  of  the  bladder;  it  tends  to  remain  confined  to 
the  bladder  wall  rarely  involving  neighboring  organs. 
According  to  Clado,  its  limitation  is  due  in  some  cases 
to  the  presence  of  a  layer  of  adi|)o.se  tissue  between  the 
oaneerous  base  and  the  .sound  tissue  beneath.  Hoggan  e.\- 
jilains  this  as  due  to  the  la<'k  of  direct  conununication 
between  the  larger  portion  of  the  lymphatic  channels  and 
the  mucous  membrane,  and  he  thtls  accounts  for  the  ab- 
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senceof  the  infection  in  neighboring  glands,  for  the  tardy 
extension  of  the  disease,  and  for  the  extraordinarily  long 
course  w  hieh  it  juirsucs. 

"The  carcinomatous  area  is  liable  to  infiammatory 
changes,  cystic  degeneration  on  its  surface  or  surrouncl- 
ing  wall,  interstitial  hemorrhages,  and  gangrene  in  in- 
fected cases." 

t^airmiM. — But  few  instatices  of  connective-tissue 
malignant  neoplasms  of  the  l)ladder  have  been  recorded. 
"  Sarcoma  appears  about  one-third  oftener  in  women  than 
in  men,  at  almost  any  period  of  life  from  early  childhood 
up  to  fifty-nine  years  of  age.  The  tissue  in  which  the 
neoplasm  takes  its  origin  is  probably  the  stroma  of  the 
nuicosa,  which  oidinarily  contains  round  cells.  The 
tumors  are  usually  nudtiple,  almost  always  sessile,  vary- 
ing gi-eatly  in  size,  and  having,  as  a  rule,  a  smooth 
surface;  the  color  is  red,  violaceous,  or  even  blackish. 
The  parts  of  the  bladder  adjacent  to  the  base  are  usually 
infiltrated.  In  women  siircoma  is  especially  prone  to 
e.xtenil  through  the  urethra,  and  appear  at  the  external 
orifice  "  (Kelly). 

My.ro)iia. — Myxomata  represent  the  degenerative  form 
of  neoplasms,  and  are  always  of  the  compound  variety: 
conuuouly  fibro-sarcomata,  mvxo-.sarcomata,  or  myxo- 
filiromata.  "The  growtli  is  composed  almost  entirely 
of  small,  rotmd  cells  of  a  lymjihoid  type,  embedded  in  a 
base,  homogeneous,  or  nearly  so,  on  the  surface,  but  be- 
coming more  and  more  fibrous  toward  the  pedicle,  until, 
at  the  lowest  part,  fibrous  tissue  forms  the  bulk  of  the 
growth"  ("Watson). 

These  a])pear  most  often  in  children  as  .single  or 
multiple  pedunculated  growths,  closely  resemliling  nasal 
liolypi.  They  are  first  noticed  as  protruding  from  the 
urethral  meatus,  or  as  having  been  expelled  therefrom. 
They  manifest  a  decitled  tendency  to  rai)id  return  after 
rtmioval. 

Remov.\l  op  Neopl.\sms,  C,vi.cui,i,  and  Foreign 
Bodies  from  the   Bl.\dder. 

The  chief  indication,  when  the  jiresence  of  a  foreign 
body,  a  caleul us,  or  a  new  growth  has  been  tliagnostical ed, 
is  its  immediate  icmoval.  This  may  be  accomplished  («) 
through  the  dilated  urethra;  (?/)  by  colpocystotomy ;  (<•) 
by  suprapubic  cystotomj-;  (rf)  by  symphyseotomy ;  and 
(<)  by  cystectomy. 

In  selecting  the  mode  of  oiierating  heed  nnist  be  given 
to  the  size,  shape,  and  location  of  tlie  foreign  body,  or 
to  the  facts  whether  the  tumor  is  pedunculate,  sessile,  or 
infiltrating,  benign  or  malignant. 

{)i)  lir  iimiyil  t/iroiif/h  the  Uretlifd. — Small  calculi,  new 
growths,  and  other  foreign  bodies  which  are  nottoo  large 
to  bi!  delivered  through  the  urethra  dilated  up  to  'iO  mm. 
are  suitable  for  removal  through  this  canal.  Simon  ad- 
vises nicking  the  posterior  wall  of  the  urethra  in  two 
places,  and  has  shown  that  by  gradual  dilatation  by 
sounds  up  to  3  em.  tlie danger  of  inconliiienee  isavoideii. 
Through  a  siieculum  of  tills  size,  delicate  forcejis  or  the 
electric  wire  can  be  introduced  for  the  complete  re 
moval  of  pedunculate  growths  and  fragments  of  calculi. 

(/;)  Jiji  ri/liioryxtiitriniii. — "  The  vaginal  route  is  best  when 
a  limited  portion  of  the  bladiler  wall  is  to  be  excised  with 
the  tumor.  It  is  easier  to  o|ierate  in  this  way  upon  the 
upper  ])ortion  of  the  bla<lder,  wlu'ii  the  vaginal  outh't  is 
relaxed  and  the  anterior  wall  naturally  tends  to  drop 
down  ;  it  is  awkward  and  dillicult  to  operate  with  a  tight 
vaginal  outlet." 

"To  make  the  myimd  indxion  the  patient  is  placed  in 
the  left  lateral  (Sims')  ()osilioii,  the  perineum  is  retracted 
and  the  cervix  fixed  with  tenaculum  forceps;  the  base  of 
the  blailder  is  thi-n  cut  ihrough  on  to  a  sound  introduced 
through  the  urethra,  and  the  incision  enlarged,  if  need 
be.  forward  to  the  internal  orifice  and  back  to  the  cervix. 
The  edges  of  the  incision  are  now  drawn  apart  and  the 
foreign  body,  calculus  or  tieoplasm.  already  located  cysto- 
scoitically,  isdrawn  Ihrough  the  opening  into  the  vagina, 
everthig  with  it  the  contiguous  portiiJU  of  the  bladder 
wall.     If  a  tumor,  occupying  but  a  .small  s])ace,  it  may 
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uow  lie  ixrisi'd  pit'Ccmcal.  suturiiii;  sUp  liy  step,  and,  if 
llic  lilirdinir  is  free,  tyiusr  tlie  sutures  as  they  are  passed. 
If  llie  area  of  e.xeision  is  a  larjrer  one,  ami  if  tlie  cut  goes 
deeply  into  or  tliroujrli  the  bladder  wall,  it  will  be  best 
to  traiisti.x  the  wall  in  sevend  places,  at  a  distance  from 
I  lie  tield  of  opiratioM,  lo  hold  it  in  place  while  the  opera- 
lion  and  suturinj;  are  iidiiis;  on;  by  so  doing  the  great 
risk  of  hemorrhage  and  delay  from  the  open  wound  pull- 
im;  back  into  the  bladder  will  be  avoided. 

"If  tlie  tield  of  exiiriiation  lies  in  the  neighborhood  of 
the  intravesical  portion  of  a  ureter,  it  will  be  safer  to  in- 
sert a  bougie  befonhand  so  as  to  iiroteel  it. 

"After  removal  aecunilely  close  the  opening  at  ouce, 
with  silkworm  gnl.  incUidiiig  all  the  layers  except  the 
vesical  mncosii.  Drain  the  bladder  for  foiu'  or  tive  days, 
and  primary  union  without  listula  should  take  place;  in- 
operalile  malignant  disease  may  necessitate  an  artiticial 
listula." 

((■)  Siiimipithie  /iV'//c.— Hypogastric  cystotomy  is  in- 
dicated for  the  removal  of  ail  extremely  large  stone;  it  is 
especially  suitable  for  chililren.  and  for  the  removal  of 
tumors  involving  the  extirjiation  of  smy  considerable  por- 
tion of  the  bladder  with  the  tumor. 

Having  tilled  the  bladder  with  water,  an  incision  be- 
ginning at  the  symphysis  pubis  is  carried  upward  a  dis- 
tance of  from  5  to  8  cm.  (from  3  to  3  inches)  in  the  me- 
dian line  and  the  prevesical  space  exposed.  Care  must  be 
taken  not  to  enter  the  jieritoneal  cavity,  and  the  perito- 
neum should  Ix'  pushed  upward  to  avoid  infecting  that 
cavity. 

.Many  authors  lay  especial  stress  on  the  necessity  of 
avoiding  unnecessary  disturbance  of  the  prevesical  space 
and  its  fat.  As  a  means  of  avoiding  infection,  some 
prefer  to  ilisplace  it  downward,  others  to  push  it  up- 
ward. 

Entrance  to  the  bladder  is  secured  by  a  vertical  in- 
cision, which  .should  be  long  enough  to  afford  ample 
space  for  the  necessary  manipulations.  The  insertion  on 
either  side  of  a  heavy  silk  traction  suture,  passed  through 
the  substance  of  the  bladder  and  abdominal  wall,  will  aid 
in  lifting  the  organ  and  will  facilitate  access  to  its  deep- 
est recesses. 

Neoplasms  covering  a  considerable  superficial  area 
must  be  removed  b_v  careful  dissection,  including  the 
muscular  coat  if  that  portion  is  involved  by  the  disease. 
Nearly  the  whole  of  the  mucous  membrane  can  be  ex- 
cised, and  if  strips  are  left  here  and  there  regeneration 
will  take  place  without  materially  interfering"  with  the 
bladder  function.  Gaps  in  the  mucous  membrane  should 
be  closed  up  by  continuous  catgut  sutures,  whenever  it 
is  possible  to  do  so.  Sutures  at  the  base  should  be  tied 
within  the  bladder,  those  at  the  fundus  on  the  outside; 
ttiey  should  not  include  the  mucous  membrane. 

If  the  tumor  involves  one  of  the  ureteral  openings, 
Kelly  recommends  cutting  otT  the  ureter  and  transplant- 
ing it  to  another  portion  of  the  organ.  If  it  is  found 
impossible  completely  to  close  the  bladder,  a  gaiize  drain 
must  be  inserted,  an'd  later  replaced  by  a  small  rubber 
tube. 

Tranmene  Incmo n.~Xnta\,  of  Buda-Pesth,  proposed  a 
transverse  incision  instead  of  the  perpendicular  one,  ac- 
cess to  the  bladder  being  obtained  bv  incising  the  wall 
layer  by  layer.  This  mode  of  entraiice  is  of  advantage 
in  cases  in  which  the  peritoneal  fold  is  found  to  be  "  low 
down."  Helferich  uses  the  cross  incision  in  preference 
to  the  vertical,  and  sometimes  adds  a  short  cut  in  that 
direction,  thus  giving  to  the  entire  incision  a  T  shape. 

id)  SymphyseMomy.—BvHeTKh  has  used  and  recom- 
mends for  certain  cases  a  partial  resection  of  the  sym- 
physis, as  affording  more  room  and  greater  facility  in 
reaching  the  base  of  the  bladder;  but  this  method  is 
seldom  if  ever  required  in  the  female  sidiject. 

U)  Ci/t'teHomi/. —Compk'lv  removal  of  the  female  blad- 
der has  been  successfully  accomplished  by  von  Ba- 
denhauer  four  times,  and  by  Paulik  once";  but  as  a 
rule  those  in  need  of  so  radical  a  measure  are  usually 
in  such  a  low  physical  condition  as  to  prohibit  such  aii 
operation. 


Neoplasms  of  the  Urethra. 

New  growths  of  the  female  urethra  arc  encountered  at 
all  periods  of  life.  They  ajiiJcar  most  often  as  jiolypi, 
and  the  spot  from  which  they  originate  may  be  located 
either  in  the  bladder  or  in  the  urethral  canal.  When 
they  originate  in  the  bladder  they  are  forced  down  liy 
excessive  contractile  efforts  and  eventually  appear  at  the 
meatus  or  are  first  recognized  when  eX]nilsion  takes 
jdace.  Others,  arising  from  some  portion  of  the  urethral 
tube,  lodge  therein,  and  are  expelled  in  the  same  way. 
The  large  majority,  however,  take  origin  at  or  just 
within  the  external  meatus.  The  marked  disproportion 
between  the  size  of  these  tumors  and  the  suffering  which 
their  presence  is  capable  of  inducing,  makes  it  imperative 
that  in  every  case  with  pain  or  discomfort  in  the  pelvis 
we  should  determine  the  exact  condition  of  the  urethra. 

Urethriil  caninde,  pdpUlary  pi/lypaiil  aiigioiiid  of  Skene, 
the  most  painful  and  common  of  urethral  new  growths, 
is  found  at  or  just  within  the  meatus,  usually  ^ittached 
by  a  slender  pedicle,  at  times  by  a  broad  liase.  It  is  of 
a  bright  red  color,  spindle-shaped  or  sessile,  and  varies 
in  size  from  a  pinhead  to  a  hickory  nut.  It  is  composed 
of  connective  tissue  and  hypertrophied  papilUie,  enclos- 
ing bunches  of  dilated  vessels,  and  covered  with  a  deli- 
cate layer  of  mucous  membrane.  The  pain  and  suffer- 
ing induced  by  these  small  growths  are  at  times  so  great 
as  tocau.se  loss  of  flesh  and  strength,  confine  the  sufferer 
to  bed,  and  make  life  a  burden.  In  other  cases  pain  is 
experienced  onh'  during  micturition,  but  the  act  is 
fraught  with  so  much  agony  as  to  coinixd  dela_y,  or  it 
makes  micturition  so  nearly  impossible  as  to  induce  re- 
tention, relief  Ijeing  possible  only  through  a  catheter, 
introduced  when  the  patient  has  been  amesthetized  by 
chloroform  or  ether.  Local  ana'sthesia  or  any  attempt 
to  approach  the  external  genitalia  is  absolutely  refused 
by  the  patient.  Sensitive  girls  and  young  women,  from 
a  sense  of  false  modesty,  which  prevents  them  from  di- 
vulging the  seat  of  the  trouble,  are  the  chief  sufferers, 
and  it  is  not  a  rare  thing  for  one  to  break  down  under  the 
strain  ere  she  will  confess.  The  congestion  during  men- 
struation will  intensify  the  discomfort. 

Condyldittata.  so  frequently  found  upon  the  external 
genitals,  may  invade  the  urethral  canal,  and  when  they 
are  of  recent  origin  they  closely  resemble  caruncles  in 
shape  and  color,  but  differ  from  them  in  being  insensi- 
tive, painless.  Several  of  the  growths  are  usually  pres- 
ent, and  they  may  be  found  in  clusters  on  the  floor  of  the 
vestibule,  invading  the  va.gina  and  surrounding  the  anus. 
The  iiersons  thus  affected  are,  as  a  rule,  uncleanly  women 
who  have  become  infected  with  the  gonococcus  of  Xeisser. 
Condylomata  are  compo.scd  of  a  tough  network  of  con- 
nective tissue,  with  dilated  capillaries,  covered  by  a 
more  or  less  dense  layer  of  epithelium,  the  thickness  of 
which  modifies  the  color  of  the  growths  from  a  bright 
red  to  a  whitish  hue. 

Fibr'iimitit  nf  tlie  vrethra,  so-called  urethral  polypi,  are 
connective-tissue  growths.  They  are  of  somewhat  rare 
occurrence.  They  may  be  encountered  at  any  period  of 
life.  A  fibroid  polyp  the  size  of  a  fist,  attached  to  the 
inferior  margin  of  "the  urethra,  was  removed  from  the 
vagina  b_y  Hoening  (Z)<W.  klin.   Tl'rv/i..  1869). 

Mtienu's  Cysts. — Cysts  of  the  female  urethra  have  been 
found  in  a  premature  foetus,  and  at  all  ages.  "In  early 
life  they  are  situated  in  the  meatal  portion  of  the  pas- 
sage, but  later  in  life  near  the  vesical  neck.  They  are 
usually  formed  by  the  occlusion  of  the  orifice  of  the 
mucous  ducts,  and  in  some  cases  a  black  speck  upon  the 
surface  of  the  cyst  indicates  the  seat  of  the  orifice." 

Varices:  Aiiffioma. — Urethral  hemorrhoids  appear  as 
bunches  of  worm-like,  irregularly  distended,  dark  blue 
or  bluish-red  veins,  upon  the  floor  of  the  urethra,  at  any 
portion  of  its  length.  The  swelling,  which  is  at  tinii'S 
a?dematous  in  character,  occludes  the  lumen  and  inter- 
feres with  the  outflow  of  urine.  Sometimes  rupture 
takes  place;  the  blood  is  poured  out  beneath  the  mucous 
membrane,  and  later  appears  at  the  meatus  as  a  peduncu- 
lated mass. 
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C'hanereand  chitncrmtU  aro  frt'tmi'iitly  foiiii.l  involving 
I  lie  meatus  extenuis.  oceasionally  both  varieties  al  the 
s;inie  time,  and  eoupled  witli  jionorrhival  iul'eetion. 
Cliaiiere  presents  itself  as  a  hard,  indurateil,  sometimes 
ulcerated  nodule,  upon  one  side  of  the  meatus,  or  e.\- 
tendini;  annuid  the  .i;reater  portion  of  its  eireumfereiiee. 
and.  if  nei;leeted,  eauses  destructive  sloughing  of  that 
portinn  of  llie  canal. 

"Chancroids  of  llie  meatus  pursue  their  usual  course, 
vesication,  puslulation,  discharge,  and  preseni  a  ijunehed- 
oul,  round,  irregular  or  ragged,  often  undermined  ulcer 
which  spreads  rapidly,  secretes  ficely,  is  frankly  inllam- 
niatory  in  type,  and  exhibits  an  unhealthy  diiililheroid, 
worm  eaten  surface,  which  can  be  scarcely  confounded 
with  any  other  lesion  "  (.Martin). 

Ki>itlicliinita  originating  within  the  canal  is  the  niiti 
tins  of  the  urethra,  and  some  authorities  claim  that  it 
never  occurs  in  that  organ  other  than  as  an  extension 
from  the  bladder, 'cervix  uteri,  vagina.  vestilniU',  or  the 
clitoris.  The  writer  has  seen  three  cases  of  tliis  form  of 
new  growth,  which  involved  the  whole  lumen  of  the 
urethra. 

Siiinimii. — K<'lly  was  al)le  to  find  but  four  cases  of 
sarcoma  of  the  urethra  on  record,  all  affecting  the  ex- 
ternal orifice:  Beigcl's  case,  a  woman  of  fifty  years:  and 
Ehrendorfer'g  case,  a  woman  of  fifty-two  years:  Gala- 
bin's  case,  a  little  girl  of  three  years — myxo-sarcoma  of 
the  urethra;  and  Reed's  case  of  nielano-sarctmia,  occur- 
ring in  a  single  woman  aged  sixty-four  years. 

The  SYMPTO.MS  of  urethral  neoplasms  depend  upon  the 
size,  location,  and  sensitiveness  of  the  growth.  Small 
tumors,  other  than  caninele,  give  rise  to  slight  irritability 
nf  the  urethra,  with  a  tendency  to  frequent  micturition: 
larger  growths  exercise  a  marked  influence  upon  the 
outflow  of  urine,  either  by  spasm  or  by  creating  an 
actual  obstruction  in  the  canal.  Ulceration  with  hemor- 
rhage, slight  in  amount  and  readily  controlled,  is  r|uite 
common,  JIalignant  growths,  however,  break  down 
and  bleed  profusely;  sometimes  they  produce  marked 
anamiia  and  loss  of  flesh  and  sti'eugth.  The  pain  which 
is  incident  to  spasm,  and  which  is  aggravated  by  volun- 
tary or  involuntary  retention,  may  be  referred  to  the 
back,  sacrum,  hips,  thighs,  legs,  heels,  and  suprapubic 
region. 

Tre.\tmext  op  Urethii.\l  NEori..\s.MS. 

New  growthsin  the  urethra  ofl'er  but  one  mode  of  treat- 
ment, viz.,  surgical  extirpation  of  the  most  completechar- 
acter.  Peduncidate  tumors  at  or  just  within  the  meatus 
can  readily  be  cut  off  with  scissors,  or  destroyed  by  the 
cautery,  or  ligated  with  silk  or  catgut.  Those  situated 
higher  up  within  the  tube  may  be  exposed  through  the 
endoscope,  caught  with  a  tenaculum  or  .-imall  forcep,s, 
and  amputated  by  the  nasal  snare  or  electric  wire. 
Sessile  tumors  are  best  removed  by  the  knife  encircling 
the  base,  with  closure  of  the  gap  by  cat.irut  sutures. 
Multiple  small  growths  can  be  removed  with  a  sharp 
curette,  care  being  taken  not  to  destroy  the  nuicfius 
membrane  of  the  whole  circumference  of  the  canal.  fi>r 
by  so  doing  stricture  might  follow. 

Removal  of  urethral  tumors  is  easily  accom|ilished 
under  cocaine  ana>sthesia.  A  cotton  applicator,  saturated 
with  a  ten-percent,  solution,  will,  if  placed  within  the 
canal  and  allowed  to  remain  there  for  five  minutes,  afford 
amjile  ana'sthelie  elTcct.  In  carrying  out  this  procedure 
the  patient  is  to  be  placed  in  the  litliotomy  position,  the 
bladder  is  to  be  emiitied,  and  the  external  genitals  are  to 
be  thoroughly  scrubbed  as  for  any  other  operative  pro- 
cedure. 

Ses.sile  tumors  with  broad  base,  situated  high  up  w'ithin 
the  canal,  may  require  general  ana'slhesia;  and  it  may 
be  necessary,  before  they  can  be  reached,  to  dilate  the 
tirethra  considerably.  Tt  is  in  tliis  variety  that  galvano- 
puncture,  repeatedat  intervalsof  from  seven  to  ten  days, 
has  proven  .so  successfid  in  destroying  these  tumors. 

Bleeding  after  removal  rarely  amounts  to  anytliing 
more  than  an  oozini;,  but  if  the  scissors  are  used  to  re- 


move poly[)oid  growths  and  henujrrhage  is  active,  a  liga- 
ture must  be  ajqilied. 

Caustics  for  the  ablation  of  neoplasms  do  not  seem  to 
alTect    the    base,    recurrences  are    much   more    likely   to 
occur,  and  the  danger  of  stricture  is  one  n<il  to  be  over 
looked. 

Mali,i;iiant  growths  which  do  not  involve  the  base  of 
the  bladder  can  be  removed,  with  the  larger  part  of  the 
vestibule,  and  the  labia  used  to  replace  the  deticiency ; 
but  in  two  cases  seen  by  the  writer,  incontinence,  with 
excoriation  of  the  genitals  and  thighs,  resulted,  and  gave 
rise  to  almost  as  much  sulfering  as  that  caused  by  the 
growth.  Recurrence  took  iilace  in  both  cases  within  a 
few  moni  lis. 

iN.UIillOS    .\M)     IXKI.AMM.\TIONS   OF    THE    BL.\DDEn   AND 
UliETni!-\. 

The  intimate  relations  which  exist  between  the  bladder 
and  the  urethra  on  the  one  hand,  and  the  rectum, 
vagina,  generative  organs,  jmrturient  canal,  abdominal 
cavity  and  kiilneys  on  the  other,  render  the  former  espe- 
cially liable  to  injury  and  infection. 

Injuries. — Contusion  and  laceration  of  the  urethra  as 
the  result  of  rape,  attempted  or  accomplished;  violent 
or  loo  freiiuent  intercourse:  intercourse  per  iiref/iriiin  ; 
the  intentional  or  unintentional  introduction  of  foreign 
bodies,  instruments,  or  the  ringer:  prolonged  pressure  of 
the  oncoming  fetal  head ;  instrumental  labor,  especially 
if  a  calculus  lies  within  the  tube  or  the  lower  zone  of  the 
bladder;  the  introduction  of  a  liaril  catheter  into  that 
organ — all  these  are  liable  to  produce  a  variety  of  dis- 
orders, and  to  be  accompanied  by  incontinence  or  par- 
tial or  total  inability  to  evacuate  the  urine.  Prolonged 
pressure  may  so  interfere  with  the  circulation  as  to  cause 
sloughing,  gangrene,  and  such  lo.ss  of  tissue  as  to  impair 
the  structural  integrity  of  the  floor  of  the  urethra  and 
bladder.  Injury  of  so  grave  a  character,  if  associated 
with  infection,  tends  to  a  fatal  issue. 

diiiKirrheedl  Urethritis. — The  introduction  into  the 
urethral  canal  of  the  goiificoccus  of  Neisser  is  the  most 
fre(|uent  exciting  cause  of  urethritis.  The  child,  during 
its  |)as.sage  through  the  birth  canal,  or  later  while  being 
batlii'd,  or  at  the  hands  of  a  careless  nurse  or  mother 
who  wipes  the  genitals  with  a  napkin  which  she  has 
but  recently  worn,  may  be  inoculated.  Infection  may 
also  be  conveyed  in  other  ways  too  numerous  to  lie 
mentioned. 

Gonorrhceal  urethritis  is  said  to  be  less  common  in 
women  than  in  men;  but  the  statement  must  be  accepted 
with  some  reserve,  as  the  difliculties  which  stand  in  the 
waj'  of  ascertaining  the  facts,  in  the  case  of  women,  are 
practically  insuiicrablc. 

As  a  rule  the  acute  form  of  inflammation  begins  in  the 
vestibule  or  vagina,  and,  a  few  days  later,  invades  the 
urethra,  though  the  latter  may  be  the  primary  .seat,  and 
rarely  the  only  point  of  infection. 

Attention  to  the  urethra  is  first  attracted  by  a  .scalding 
sensation  when  passing  urine.  This  increases  in  intensity 
until  the  act  becomes  very  painful  and  iiielTeelive.  It  is 
apt  to  be  followed  by  a  slight  discharge  of  blood  and  an 
intense  and  almost  constant  desire  to  urinate.  The 
meatus  is  covered  with  a  cream-like  or  greenish -yellow- 
secretion,  very  acrid,  which,  if  the  vagina td.so  is  invaded, 
excoriates  the  vulva,  thighs,  and  anus. 

Chronic  gonoriiueal  urethritis  represetits  the  common- 
est form,  and  presents  characteristic  lesions  easily  noti'il 
through  the  uretlirosci>pe.  It  exists  in  two  forms,  de- 
scribed by  Kelly  ;is  follows: 

"1.  The  iliffiiKi  elirtiiiic  iiretliritis  is  especially  a]it  to 
follow  on  the  acute  when  located  in  the  anterior  part  of 
the  urethra.  It  is  marked  by  small  abscesses.  esj)e<-ially 
involving  Skene's  glands,  and  by  a  dilTuse  chronic  swell- 
ing in  the  anterior  urethra.  The  funnel  wall  in  these 
cases  is  thickened  and  pouts  into  the  sjieculuni.  and  the 
central  figure  may  be  displaced  laterally.  The  vessels 
are  deeply  injected,  giving  the  mucosa  a  livid  color. 
The   mucosa  in   older  cases  presents  grayish  or  slate- 
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coloivil  piitclies.  2  or  3  mm.  in  diameter.  The  ilisease  is 
commonest  in  iirostitutes. 

"Jauovsl^y  slates  that  difTuse  hyperplastic  processes 
extend  out  onto  the  siibmucosa  from  the  diseased  Slicne's 
chmds." 

3.  ('iirniiii<mlif(l  Glomiic  Virthritix.—'"T\\<i  snVijective 
symptoms  of  cireimiscrihcd  urethritis  arc  mostly  slight. 
oYten  amoimtin,!;  to  iiothiiis;'  more  than  an  itching  or 
Imrning  sensation.  The  di.seharge  is  thin  and  contains 
Init  few  gonoeocci;  when  the  disease  is  localized  in  the 
glands  it  is  known  as  (/Itdiiliihir  iiritliriti.1  (Oherlander). 
Patches  of  deei>ly  reddened  mucosa  arc  seen  for  tiie  most 
part  >ip  near  tlie  internal  and  down  near  the  external 
orilice.  In  these,  particularly  along  the  posterior  wall, 
groupsof  yellow  spotsahout  lialf  a  millimetre  in  diameter 
are  seen  surrounded  by  a  reddened  area.  In  a  more  ad- 
vanced stage  aua'inic  streaks  of  scar  tissue  may  be  seen, 
juid  the  tis.sue  resists  tlie  passage  of  the  speculum,  even 
tearing  when  more  [iressiu'c  is  made." 

TiiKATME.NT.— Daring  the  acute  stage,  refrain  from 
the  use  of  the  endoscope:  give  demulcent  drinks;  and 
keep  the  ]i.aticnt  ipiiet.  As  the  severity  of  the  inflam- 
mation diininislies,  and  the  di.schargc  decreases,  examine 
the  urethra,  determine  the  extent  of  injury  to  the  mucous 
membrane,  and,  after  cocainization,  apply,  locally  or  over 
the  whole  canal,  pure  ichthyol,  or  silver-nitrate  solution 
(thirty  grains  to  the  ounce),  every  third  or  fourth  day  :  at 
the  .same  time  applying  tlie  same  drugs  with  tampons 
to  the  vagina.  Inject  Skene's  ducts  with  the  same  solu- 
tion, or  if  the  inflammation  persists,  lay  them  open,  and 
apply  iodized  phenol  to  the  interior  of  "the  gland. 

StJBURETIIRAL   ABSCESS. 

"  The  anterior  vaginal  wall  is  the  seat  of  a  symmetri- 
cally rounded  globular  swelling,  varying  in  size  from  a 
small  ]iea  to  that  of  a  hen's  egg.  The  aliscess  cavity  is 
situated  in  the  urethro-vaginal  septum,  comnnmicating 
by  a  tiny  opening  with  the  Hoorof  the  urethra  about  one- 
half  to  three-quarters  of  an  inch  from  the  meatus  e.xter- 
uus.  The  tumor  jirojects  into  the  vagina,  is  smooth, 
elastic,  and  when  pressed  upon  through  the  vagina,  pus 
is  seen  to  well  up  into  the  urethra.  It  is  most  frequently 
met  with  in  married  woiuen,  during  the  child-bearing 
period,  who  refer  to  this  condition  as  '  something  coming 
out  of  the  front  passage,'  and  .as  a  source  of  inconveni- 
ence or  pain  during  intercourse.  The  nature  of  the  en- 
largement can  be  readily  determined  liy  introducing  a  fine 
prol)e  through  the  urethral  ojiening,  disclosing  to  the  fin- 
ger in  the  vagina  that  onlj-  the  thin  wall  ofthe  vagina 
int'ervenes. " 

Tke.^t.mext. — The  simplest  and  most  efficieut  way  to 
eradicate  a  suburetliral  abscess  is  to  e.xcise  an  ellijise  of 
tissue,  including  the  vaginal  mucosa,  and  one-third  of 
the  .sac  wall,  and  a])ply  thoroughly  to  the  interior  of  the 
sac  iodizi'd  plienol,  followed  by  a  drying  powder,  to 
prevent  excoriation  of  the  adjacent  structures. 

IIyper,emi.\  of  the  Bl.\ddek. 

The  normal  trigone  presents  a  more  brilliant  red  color 
than  any  other  portion  of  tlie  bladder,  and  during  juvg- 
uancy  is  the  seat  of  increased  congestion,  with  a  flushing 
of  the  capillaries,  quite  distinct  from  ln'morrhoidal  dila- 
tation of  the  veins.  In  addition  to  these  forms  of  con- 
gestion, the  trigonal  region  may  present  a  deep  rosy  red 
color  which  extends  to  and  around  the  ureteral  orifices, 
rarely  beyond,  shading  into  the  surrounding  structures. 
In  other  instances,  there  are  small  patches" adjacent  to 
one  or  both  ureters,  the  orifices  of  the  latter  being  jniflfy 
and  ledematous,  and  irregular  in  <uitlinc.  Kelly  suggests 
that  "a  mild  infection  lies  at  the  bottom  of  sonie  of  these 
cases,  and  that  the  affection  is  in  reality  a  form  of  trigo- 
nitis,  but  this  remains  to  be  proved." 

Sv.Mi'TOMS. — The  inception  of  this  process  is  usually 
(luite  without  warning.  There  is  a  sense  of  unrest,  with 
liearing  down,  burning,  or  throlibing  in  the  jiclvis;  the 
desire  to  urinate  is  more  or  less  constant ;  the  act  is  un 


satisfactory,  painless,  or  ]>ainful,  and  is  followed  bj'  con- 
siderable (listress.  The  bladder  is  tender  on  palpation, 
and  the  sym|)toms  in  the  main  simidate  those  of  cystitis. 

llyi)ei;emia  is  associated  with  concenfrated  urine  and 
witli  gonorrlaeal  uretlu'itis.  and  it  is  apt  to  follow  cathe- 
terization and  al)domino-pelvic  operations. 

Direct  inspection  through  the  urethroscope  will  at 
once  reveal  the  true  condition.  The  trigone  will  ap- 
pear red;  at  or  near  the  orifices  of  the  ureters  there  will 
lie  patches  which  are  very  sensitive  to  the  touch;  and  at 
times  there  will  be  a  few  leucocytes  in  the  urine. 

Treatment. — Excessive  acidity  of  the  urine  calls  for 
the  use  of  demulcents  and  diluents,  the  avoidance  of  acid 
fruits  and  drinks,  the  suspension  of  marital  relations; 
free  action  of  the  bowels;  and  rest.  If  the  irritation 
does  not  quickly  respond  to  the  foregoing  measures, 
topical  applications  oi  silver  nitrate  (from  ten  to  twenty 
grains  to  the  oimce)  or  of  ichthyol  and  glycerin  (one 
drachm  of  the  former  to  one  ounce  of  the  latter)  must  be 
maile  to  the  inflamed  surface,  bj-  means  of  a  mop  or  by 
instillation,  every  three  or  four  ilays. 

Cystitis. 

In  cystitis  the  inflammation  involves  one  or  more  coats 
of  the  bladder.  It  is  brought  on  bj-  the  introduction  of 
p\'ogenic  organisms  into  a  cavity  which  has  been  pre- 
pared to  receive  and  entertain  them.  In  other  words,  in 
the  production  of  cystitis  we  luust  have,  tirst,  a  predis- 
posing cause  to  prepare  the  soil  (bladder);  and,  second, 
an  exciting  cause,  micro-organisms,  to  develop  thereon. 

Predisposing  C.vrsES. — "As  predisposing  causes  of 
cystitis  we  recognize  and  describe  such  injuries,  agencies, 
and  influences  as  are  concerned  in  establishing  a  locus 
nunoris  resistentim  in  the  tissues  of  the  bladder  in  which 
a  sufficient  number  of  pathogenic  microbes  of  adequate 
virulence  accumtdate  to  produce  those  tissue  changes 
which  characterize  inflammation.  The  injured  tissues 
or  contents  of  the  bladder  furnish  the  neces.sary  nutrient 
medium  in  which  the  microbes  grow.  All  of  the  pre- 
disposing causes  do  one  of  two  things  or  both:  1.  They 
effect  tissue  changes  which  determine  the  localization  of 
the  micro'oes  from  the  bladder,  adjacent  organs,  or  the 
general  circulation,  2.  They  furnish  a  nutrient  medium 
for  the  growth  and  multiplication  of  microbes."     , 

"The  most  frequent  of  all  predisposing  causes  of 
cystitis  is  retention  of  urine  from  any  cause.  Retention 
of  urine  acts  in  two  ways  in  predisposing  the  bladder  to 
infection:  (1)  The  retained  urine  serves  as  a  culture 
lucdium  for  some  of  the  microbes  which  are  known  to 
produce  CTStitis;  (3)  the  distended  bladder  wall  is  stib- 
jeeted  to  pressure  which  in  itself  is  a  potent  predisposing 
influence. " 

"It  is  time  that  the  medical  profession  should  realize 
the  well-known  clinical  fact  that  retention  of  urine  is  one 
of  the  most  frequent  and  potent  conditions  in  increasing 
the  receptivity  of  the  bladder  to  infection,  and  that 
cystitis  can  be  most  effectively  guarded  against  by  pre- 
venting the  accumulation  of  urine  in  the  bladder  beyond 
the  physiological  limits.  Knowing  the  great  suscepti- 
bility of  the  bladder  to  infection  when  the  urine  is  re- 
tained, it  becomes  the  surgeon's  duty  to  emploj-  aseptic 
IHccautions  in  the  evacuation  of  the  organ  by  catheteriza- 
tion, puncture,  or  incision  "  (N,  Seun). 

Foreign  bodies,  ttnuors.  and  calculi,  by  obstructing 
the  outflow,  and  by  causing  retention,  irritation,  conges- 
tion, ulceration,  and  hemorrhage,  prepare  the  soil  for  the 
proliferation  of  any  micro-organisms  which  may  find 
lodgment  in  the  blailder.  While  the  presence  of  foreign 
bodies,  etc,,  does  not  indicate  actual  cystitis,  and  while 
they  may  fen-  years  find  lodgment  in  the  bladder  without 
giving  rise  to  actual  infection,  yet  it  is  a  well-established 
fact  that  they  "are  productive  of  symptoms  which  lead 
the  surgeon  frequently  to  explore  its  interior  by  the  use 
of  instruments,  a  method  of  examinati<m  to  which  the 
date  of  infection  can  be  so  often  traced."  Further,  we 
must  not  overlook  the  fact  that  a  certain  amoimt  of 
traumatism  is  neccssarilv  associated   with  such  instru- 


772 


REFERENCE   IIAXUBOOK   OF  THE   JIEDICAL   SCIEXCES. 


RIadder. 
Bladder. 


niL'iitation  of  tlie  bladik-r  and  with  operatious  upon  that 
organ. 

t'ompiTssion  of  the  blaihlcr  by  the  prciriiaut  utenis 
(botli  before  and  ihirini;  labor)  and  \<y  pelvie  and  ab- 
dominal tumors  brings  abont  venous  stasis;  disease  of 
the  kidneys,  heart,  ete.,  by  obstnietinjj:  llie  general  cir- 
culation, also  predisposes  the  bladder  to  infection. 

Still  other  patholoirical  conditions  render  the  bladder 
liable,  to  an  increased  degree,  to  infection.  Among  them 
may  be  mentioned:  marked  changes  either  in  the  quantity 
of  the  urine  excreted  (as  in  diabetes  insipidus  and  mel- 
lit\is,  in  kidney  disease,  and  in  hysteria)  or  in  its  quality 
(cxci'ssively  acid,  or,  more  frequently,  abnormally  alka- 
line i.  Furthermore,  the  elimination,  through  the  urine, 
of  such  drug.s  as  cautharides.  turpentine,  etc. ,  and  the 
ingestion,  for  a  certain  length  of  time,  of  stimulating 
foods  and  alcoholic  beverages,  tend  to  put  the  nuicons 
membi~ane  of  the  bladder  in  a  condition  favorable  for 
iid'ection.  , .    ' 

ExciTixG  C.\t"SEs. — "The  essential  or  exciting  cause 
of  cystitis  is  invariably  the  presence  and  pathogenic 
action  of  microbes  in  the  tissues  of  the  l)ladder,  the  seat 
of  the  inflammation,"  Pathogenic  organisms  reach  the 
bla<lder  through  the  urethra,  by  the  use  of  instruments, 
or  by  direct  extension  along  the  surface  of  the  urinary 
tract.  Accurate  clinical  observations  and  the  results  of 
examination  demonstrate  that  the  urine  from  scarlatina, 
varicella,  typhus,  typhoid.  septicaMuic  and  pya^mic.  and 
tuberculous  patients  contains  corresponding  bacteria, 
whieli  have  been  eliminated  by  healthy  kidneys,  these 
organs  being  tliemseives  uninjured  thereby.  Suppura- 
tive' disease  of  the  kidneys,  which  so  often  precedes  that 
of  the  bladder,  greatly  enhances  the  danger  of  infection. 
Infection  may  also  take  place  by  direct  extension  from 
the  ureters.  Secondary  infection  may  take  jjlace  fnim 
adjacent  organs,  by  ruptm-e  of  an  appendicular,  tubal, 
or  pelvic  abscess  direct  into  the  bladder.  On  the  other 
hand,  infection  xnay  take  jilaee  through  migration  of  the 
bacillus  coli  comnnniis,  from  the  intestines,  indirectly 
through  the  lyini>liaties.  This  mode  of  infection  most 
often  results  when  lesion  of  the  rectal  mucous  membrane 
is  associated  with  retention  of  urine. 

Rarely  infection  takes  place  through  bacteria  which 
are  circulating  with  the  blood  current  and  which  l)ecome 
lodged  in  the  ti.ssues  underneath  the  mucous  membrane, 
as  single  or  multiple  circumscribed  foci.  This  is  with- 
out doubt  the  mode  of  origin  of  ulcerative  cystitis. 

tL.\ssrFic.vTioK  OF  CvsTiTis. — N.  Senn  rightly  claims 
that  "a  rational  classification  is  essential  in  discussing 
the  etiology,  symptomatology,  diagnosis,  pr(.)guosis,  and 
Ireatment'of  this  disease.  The  surgeon  is  no  longer  con- 
tent simply  to  recognize  the  existence  of  the  disease. 
To  enaljle  "him  to  estimate  the  gravity  of  the  affection 
and  to  adopt  an  intelligent  course  of  treatment,  he  must 
be  in  possession  of  accurate  knowledge  of  its  real  nature, 
location,  and  extent.  lie  must  know  what  microbe  or 
microbes  have  produce<l  the  intlanunation  before  he  can 
make  a  iliagnosis  that  will  suggest  thi'  necessary  thera- 
lieutic  indications.  Mistaken  and  inaccurate  diagnoses 
are  largely  resixmsible  for  the  many  shortcomings  of 
our  present  therapeutic  resources.  .  .  .  Ko  classitication 
(diagnosis)  is  complete  which  does  not  indicate  the  ana- 
tomical location,  theclitncal  features,  jiathological  charac- 
teristics, and  bacteriological  origin  of  the  di.sease." 

Senn's  Ci.AssiKic.ATioN  ()]■-  Cystitis. — 1.  Anotnimcul. 
— (^0  Pericystitis;  (/;)  [laracystitis;  (c)  interstitial  cystitis; 
(d)  endocystitis. 

2.  Piil/ii>h,r/iriil. — ((()  Catarrhal  cystitis;  (i)  suppurative 
cystitis;  (r)  ulcerative  cystitis;  (f/)  exudative  cystitis;  (e) 
exfoliative  cystitis. 

3.  Clinimi. — («)  Acute  cystitis;  (i)  chronic  cystitis. 

4.  Biit-teruilixjicdl. — ('/)  IJacillus  coli  comnnnds  infec- 
tion :  (ti)  sjxprophy tic  (mixed)  infectii'U  :  {r)  st;iphylococcus 
infection;  ((/)  streptococcus  infection;  (<■)  streptococcus 
erysipelatis  infection;  (/)  typhoid  bacillus  infection;  (.'/) 
di|dobacillus  infecti(jn;  ()<)  gonococcus  infection;  (i)  ba- 
cillus of  tuberculosis  infection. 

Clinical  Dlvgnosis. — Acute  Cystitis. — "That  form  of 


inflammation  of  the  bladder  in  which  the  synqitoms  ap- 
pear suddenly  and  reacli  their  maxinuim  height  in  a  short 
time  is  known  as  acute  cystitis.  In  this  class  of  cases 
the  iid'ection  is  intense,  the  constitutional  disturbances  an; 
well  marked,  and  the  nature  of  the  pathohjgical  products 
in  accordance  with  the  acuity  of  Xhv-  iidlammatory  proc- 
ess. One  (d'  tlie  best  illustrations  cd'  what  is  meant  by 
acute  cystitis  is  funushed  by  cases  of  urine  retention  in 
which  infection  occurs  by  the  use  of  the  catheter.  'I'he 
disease  is  usually  initiated  by  a  chill  followed  by  febrile 
reaction:  the  urine  becomes  turbid  within  twenty-foiir 
hours,  and  in  a  few  days  contains  large  ([uantities  of  jius, 
and  ;immoniacal  deeomiiosition  is(lcvelo[H'd  very  rapidly. 
It  is  not  dilticult  in  the  majority  of  cases  to  establish  tlie 
existence  of  acute  cystitis,  but  such  a  diagnosis  no  longer 
satisfies  the  surgeon  who  seeks  to  complete  his  diagnostic 
work  by  investigating  the  pathological  anatomy  of  the 
disease  and  by  ascertaining  the  nature  of  the  infection. 
Under  apju'oiiriate  treatment  an  acute  cj'stitis  may  be 
under  control  in  a  short  time,  but  in  the  presence  of  ob- 
structive or  visceral  lesions  the  acute  symptoms  sul)side 
in  the  course  of  time,  when  the  disease  only  too  often 
pas.ses  into  the  chronic  form." 

Chriiuic,  Ci/.i/ilix. — "Chronic  inflammation  of  the  blad- 
der is  characterized  by  the  absence  of  acute  symptoms, 
local  and  general,  and  the  tendency  of  the  disease  to  per- 
sist regardless  of  the  treatment  employed.  The  suppur- 
ative form  of  chronic  cystitis  is  usually  complicated  by 
the  coexistence  of  neoplasuL  or  by  the  presence  of  stone 
or  foreign  body  in  the  bladder.  Cvstitis  caused  by  in- 
fection from  a  snpptu'ative  ail'ection  of  the  kidneys  is 
also  very  prone  to  pursue  a  chronic  course,  as  the  constant 
irrigation  of  the  bladder  with  infected  pus  maintains  an 
iuiinterru];)ted  source  of  infection.  The  best  examjile 
illustrating  the  clinical  aspects  of  chronic  cystitis  is  fur- 
nished liy  the  tuberculous  ntneti/.  The  di.sease  begins  in- 
sidiously by  the  apiiearance  of  isolated  symjitoms  w  hii-h 
point  to  the  bladder  as  the  probable  .seat  of  the  inllam- 
mation.  The  symptoms  gradually  increa.se  in  number 
and  intensity  until  the  coraplexus  is  complete  upon 
which  to  base  a  diagnosis  of  chronic  cystitis.  The 
.symptoms  are  often  masked  by  comi)lications  which 
served  as  predisposing  causes  or  which  ensued  in  con- 
sequence of  the  chronic  inflammation.  It  is  in  cases  of 
chronic  cystitis  that  an  early  and  correct  diagnosis  is  so 
seldom  made.  Renal  disease  is  often  mistaken  for  cys- 
titis, and  cystitis  for  renal  disease.  It  is  in  such  cases 
that  a  reeour.se  to  all  modern  diagnostic  aids  is  indis- 
jiensable  for  a  correct  inter]iretation  of  the  symptoms  as 
they  arise.  It  is  well  to  rememljer  that  in  the  majority 
of  cases  of  chronic  inflammation  of  the  bladder  not  com- 
plicated by  obstructive  lesions  the  disease  is  of  a  tuber- 
culous nature. 

Anatomical  Diagnosis. — (a)  Peril  j/stit/s. — Inflam- 
mation of  the  adjacent  pelvic  or  abdondnal  viscera  may 
also  involve  the  peritoneum  covering  the  fmidus  i>f  the 
bladder,  though  more  fre(iuently  its  base  and  sides  are 
air<'cled.  "When  the  inflammation  suiTounds  thi'  v<'sic;i! 
ends  of  the  ureters,  these  are  likely  to  become  obstructed 
by  cicatricial  contraction  of  the  inflamed  tissues. 

Dasheux  believes  that  the  "  irritable  bladder  "  in  women 
is  due  to  localized  hypera'inia  of  the  mucous  mcmbraae, 
seen  as  patches  at  tin'  base  of  the  bladder,  less  often  at 
the  neck.  Congestion  of  the  uterus  and  adnexa  generally 
stands  in  a  causal  relationship  to  this  vesical  hypera-nua. 
Koliseher  describes,  in  coimeclion  with  such  cases,  a 
peculiar  form  of  O'dema  of  the  mucous  membrane  of  the 
liladder  observed  through  the  cystoscope;  it  ajipears  in 
the  form  of  circumseribed  lilisteis  the  size  of  a  l)ea,  the 
rest  of  the  membrane  being  normal. 

This  pathological  condition  is  always  associated  with 
pelvic  <-\udates.  and  is  most  frequently  seen  in  women 
who  are  llie  subjects  of  salinngitis. 

The  symjiloms  which  allcncl  this  form  of  vesical  iiTita- 
tion  are  jiaiid'ul  urination,  tenesmus,  and  a  feeling  of 
weight  and  ])ressin-e  over  the  liladder. 

(/;)  I'dniri/stitis. — Paracystitis  isan  inflammation  of  the 
sub]ieriloneal   connective  tissue  in   that    part    where  the 
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l.laddcr  is  extrappritonpal.  At  tliP  l»ise  of  the  organ 
tlioro  is  a  paracvslilis.  while  in  front  tlu-  disease  \isviallv 
appears  in  tlie  form  of  a  phlegmonous  inllamnuition  of 
the  loose  connective  tissue.  In  both  of  these  locations 
abscess  formation  is  the  usual  termination  of  the  infiam- 
niatory  pi'oecss.  an  occurrence  which  is  always  attended 
liy  dislressinji  bladder  symptoms.  Abscesses  in  both  of 
II'k'SC  places, "ludess  inci.sed  early,  are  very  jirone  to  nip- 
lure  into  tlie  bladder,  an  accident  which  is  often  followed 
l)y  an  obstinate  cystitis.  Intlanunation  of  the  subserous 
connective  tissue]  following  infection  through  the  lym- 
phatic channels,  is  a  very  obscure  atl'eetion,  and  a  posi- 
tive diagnosis  is  more  frequently  made  in  the  post-mortem 
room  than  at  the  bedsi(h>.  The  formation  of  multiple 
ab.scesses  in  such  cases  is  not  an  unusual  occurrence.  More 
or  less  pericvstitis  is  almost  always  associated  with  para- 
cystitis involving  tlie  intraperitoneal  portion  of  the 
bladder. 

(c)  fi.teivtitiiil  Ci/Ktitis.— Interstitial  cystitis  involves 
the  middle  or  nnis<  ular  coat  of  the  bladder.  Infection 
reaches  this  coat,  which  is  the  seat  of  the  most  numerous 
lymph  channels,  either  by  secondary  extension  from  some 
adjacent  inflammatory  focus,  or  directly  from  the  mucous 
lining:  much  more  rarely  it  is  conveyed  by  way  of  the 
-circulation.  In  either  case  it  usually  liads  to  a  diffuse 
inllamination  involving  tl'.e  whole  middle  coat,  which 
becomes  elevated  into  greatly  thickened  ruga'  and  can 
be  f<'lt  by  the  sound.  The  small  abscesses  ru|iture  into 
the  bladder,  leave  diverticida,  heal  slowly,  and  often 
form  recesses  for  stone.  Following  this  form  of  cystitis 
the  bladder  undergoes  marked  diminution  in  size  through 
cicatricial  contraction.  In  the  embolic  form  of  inter- 
stitial cystitis,  circumscribed  inflammation  and  abscess 
formation  are  the  residts  of  inflection. 

(d)  Emliicystitis. — Cystitis  proper,  as  tlie  term  is  usu- 
ally applied,  refers  to  an  inflammation  of  the  mucous 
membrane  of  the  bladder.  Such  an  inflammation  ma}'  be 
limited  to  the  trigonum,  to  the  urethral  or  to  the  ureteral 
orifices,  from  which  points  diffuse  cystitis  has  its  origin. 
The  infliimmation  may  almost  from  the  beginning  in- 
volve the  whole  mucous  surface.  Inflammation  of  the 
neck,  the  most  sensitive  portion  of  the  bladder,  gives 
rise  to  the  most  distressing  symptoms.  In  cystitis  jiroper 
the  urine  contains,  almost  from  the  beginning,  the  mor 
phological  elements  of  the  inflammatory  products — blood, 
epithelial  cells,  and  pus  corpuscles — the  presence  of  which 
always  constitutes  an  important  distinguishing  feature 
between  endocystitis  and  the  other  anatomical  varieties 
of  inflammation  of  the  bladder, 

P.\THOLOGiCAL  DIAGNOSIS. — "The  effect  of  microbes 
and  their  toxins  on  the  tissues  of  the  bladder  varies  ac- 
cording to  the  specific  pathogenic  effects  of  the  origuial 
bacteria,  the  number  of  microbes,  and  their  degree  of 
virulence.  The  inflammatory  product  is  also  greatly  in- 
fluenced by  the  condition  of  the  urine  and  the  rutturc  and 
extent  of  the  predisposing  causes." 

"  The  pathological  classification  must  be  based  entirely 
on  the  character  of  the  inflammatory  product;  cystitis, 
endocystitis,  or  cystitis  proper  being  taken  as  the  type 
of  tlie  disease. " 

(«)  CtiUn-r/iid  Ci/sfi'tk.— ''From  a  modern  pathological 
standpoint  catarrhal  cystitis  is  a  term  used  to  indicate 
the  existence  of  a  superficial  inflammation  of  the  interior 
of  the  bladder  in  which  the  epithelial  cells  furnish  the 
principal  part  of  the  morphological  elements  of  the  in- 
flammatory product.  It  is,  like  all  catarrhal  inflanmia 
tions  in  other  localities,  a  surface  affection.  The  mucous 
membrane  is  swollen  and  red,  and  the  infl:nnmatory  proc- 
ess consists  in  increased  exfoliation  of  epithelial  cells  and 
the  formation  of  mucous  in  abundance.  If  the  disease  be- 
come chronic,  thickening  of  the  mucous  membrane  and 
secondary  infilti-ationof  the  muscular  coat  lead  to  hyper- 
trophy of  the  bladder  wall.  Retention  of  urine  aggravates 
the  infianunation  and  increases  the  vesical  distress.  Ero- 
sions and  sui.erfieial  ulcerations  mav  develoji  during  the 
course  of  the  disease.  The  urine  is  iisuallv  acid,  and' con- 
tains pus  and  an  .abundance  of  bladder  ei)ithclium.  In 
cases  in  which  the  urine  has  undergone  alkaline  decom- 
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position  the  inflamed  surface  presents  a  dirty  whitish  de- 
posit of  muco-pus." 

(i)  SiijijtiimUce  Cystitis. — "Suppurative  cystitis  ap- 
pears cliincally  as  a  diffuse  affection,  in  which  not  only 
the  epithelial  lining  but  also  the  deeper  structures  are 
generally  involved.  The  microbic  infection  is  of  sufficient 
intensity  to  destroy  the  protoplasm  of  the  morphological 
products  of  the  inflammation  (white  corpuscles  purely 
epithelial,  and  connective-tissue  cells),  and  transform 
them  into  pus  corpuscles.  The  urine  contains  large 
quantities  of  pus  and  bladder  epithelium.  During  the 
acute  stage  small  fibrinous  patches  appear  upon  the  in- 
flamed surface.  Ulceration  differing  ui  extent  and  depth 
is  of  common  occurrence.  Deep  necrosis  may  lead  to 
perforation.  If  the  urine  is  ammoniacal,  the  necrosed 
patches  present  a  gravish-white  color  and  are  encrusted 
with  sand-like  deposits.  The  decomposition  of  the  urine 
is  generally  due  to  other  microbes  than  those  which 
have  caused  the  suppurative  inflammation ;  that  is,  it  is 
generally  the  result  of  mixed  infection.  Besides  the 
usual  pj'ogenic  microbes,  the  ammoniacal  urine  contains 
some  species  of  saprophj'tic  bacteria  or  the  diplococcus 
urese.  Suppurative  cystitis  generally  begins  as  an  acute 
inflammation,  but  is  very  likely  to  pass  into  the  chronic 
form,  and  direct  extension  of  the  infective  process  is 
liable,  sooner  or  later,  to  implicate  the  kidneys." 

(c)  llcei-dtice  Cystitis ;  Simple  Ulcer  of  tlie  Bladder.^ 
"  In  this  class  of  cy'stitis  it  is  not  my  intention  to  include 
the  ca.scs  of  suppurative  cystitis  which  terminate  in 
ulceration,  which  wc)uld  only  indicate  an  advanced  stage 
of  the  disease,  but  I  desire  to  limit  the  application  of  the 
qualifying  terra  ulcerative  to  a  form  of  c_ystitis  in  which 
ulceration  takes  place  almost  innn  the  beginning  of  the 
inflammation.  In  cases  of  this  kind  the  infection  appears 
to  be  of  a  peculiar  kind,  limited  in  extent,  and  the  result- 
ing inflammation  leads  quickly  to  a  circumscribed  de- 
struction of  tissue,  the  formation  usually  of  a  single  cir- 
cumscribed ulcer,  the  so-called  simple  ulcer  of  the  bladder. 
This  form  of  cystitis  is  quite  rare,  and  resembles  in  many 
respects  gastric  ulcer  and  the  round  duodenal  ulcer." 

(d)  Exudatire  Cystitis. — "  luflammatiim  of  the  mucous 
membrane  of  the  bladder  accompanied  by  the  deposition, 
upon  the  inflamed  surface,  of  the  products  of  coagulation 
necrosis  should  be  called  exudative  C3-stitis.  The  de- 
scriptive terms,  membranous,  diphtheritic,  croupous, 
and  fibrinous,  are  confusing  and  misleading  and  should 
be  excluded  from  the  present  nomenclature  in  the  de- 
scription of  this  pathological  form  of  cystitis.  The  ex- 
udate cimsists  largel}'  of  fibrin,  and  is  variously  modified 
in  (luantity  and  appearance  by  the  character  of  the  in- 
fection ami  the  condition  of  the  urine.  The  exudate  is 
the  best  possible  proof  of  the  severity  of  the  infection 
and  intensity  of  the  inflammation.  It  proves  the  exist- 
ence of  a  deep-seated  lesion  and  great  damage  to  the 
blood-vessels  in  the  inSamed  tissues.  This  form  of 
cystitis  is  most  frequentl_y  observed  iu  pueriieral  women 
and  women  suffering  from  pelvic  tumors  hirge  enough 
to  subject  the  bladder  to  harmful  pressure." 

"Savor  {'Cystitis  crouposa  bei  Siiurem  Harn,'  Wiener 
Miiiisrlie  Wuchensclirifl.  isft.").  No.  44)  observed  a  case  of 
exudative  cystitis  on  the  fourth  day  after  extirpation  of 
the  uterus  by  the  abdominal  route.  The  catheter  was 
not  used  either  before  or  after  operation.  Membranes  5 
or  10  cm.  in  length  were  expelled  with  the  urine.  These 
membranes  were  composed  of  fibrin  and  contained  in  their 
meslics  numerous  jius  corpuscles.  The  urine  was  am- 
moniacal only  for  one  da_v.  In  the  urine  sediment  the 
colon  liacillus  was  found,  and  was  regarded  by  the  au- 
thor as  the  essential  microbic  cause  of  the  inflammation. 
Savor  made  experiments  with  pure  cultures  of  this  bacillus 
with  a  view  f>f  reproducing  this  special  form  of  inflam- 
mation upon  serous  and  mucous  surfaces  of  other  organs 
in  animals,  but  the  result  of  his  endeavors  proved  nega- 
tive. The  urine  in  exudative  cystitis  is  usually  alkaline, 
and  Savor  believed  that  in  his  case  it  remained  acid  after 
the  first  days  owing  to  the  absence  of  a  mixed  infection. 
In  the  majority  of  <'ases  exuilative  cystitis  occurs  in 
women  during  the  child-bearing  period,  and  positive  proof 
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of  the  pathological  nature  of  the  cystitis  is  always  fur- 
nished by  tile  expulsion  of  membranes  or  shreds  of  tibriu 
with  tlie  mine." 

(<)  Kj-fiiliiitire  Ci/sti/ii). — "Exfoliative  cystitis  is  an  in- 
flaninuition  of  the  bladder  in  \vhieh  almost  from  the  very 
beginning  the  toxins  of  the  microbes  which  produce  the 
disease  destroy  tlie  mucous  membrane  and  sometimes 
even  the  muscidar  coat,  which,  if  the  jmlieut  survive, 
become  detached  with  the  iiiHammalory  products  and 
are  expelled  with  the  urine,  or  in  some  instances  have 
to  be  extracted  liy  the  surgeon.  This  is  the  most  danger- 
ous form  of  cystitis,  and  can  occur  only  as  the  result  of 
the  most  virulent  infection,  aided  in  most  cases  by  hical 
predisposing  causes.  In  exudative  cystitis  the  toxins 
precipitate  the  inflammatory  product  by  causing  coagu- 
lation necrosis:  in  exfoliative  cystitis  they  cause  necrosis 
of  the  uuteous  lining  of  the  bladder  and  occasionally  also 
of  the  muscular  coat.  The  same  mechanical  causes  which 
are  so  influential  in  exudative  cystitis  are  usually  pres- 
ent and  active, iir  the  production  of  the  exfoliative  forms. 

"The  differential  diagnosis  between  exudative  and  ex 
foliative  cystitis  can  be  made  only  by  a  careful  study 
of  the  membranes,  shreds,  or  masses  exjielled  or  removed 
from  the  bladder,  which  often  must  necessarily  include 
the  use  of  the  microscope  as  a  diagnostic  aid  ''  (Senn). 

Bacterioi.ogkai,  Diagnosis. — The  most  modern 
views  on  the  etiology  of  cystitis  jdace  microbes  in  the 
first  rank,  relegating  all  the  other  causes  to  the  grade 
of  predisposing  factors.  From  this  stand])oint  it  be- 
hooves the  diagnostician  to  consider  well  the  identifiea 
tion  of  the  particular  microbes  \\hieh  are  at  \vork,  not 
only  to  emphasize  his  diagnosis,  but  to  point  out  clearly 
an  ai^propriate  course  of  treatment. 

AVhile  on  this  quest  it  is  ni'ccssary  to  keep  in  mind  that 
the  bladder  wall,  under  normal  conditions,  is  very  toler 
ant  of  the  presence,  even  in  large  numbers,  of  a  single 
species  of  micro-organism ;  that  it  can  for  a  long  time 
harbor  new  growths  and  foreign  bodies  without  any  or 
with  b\it  slight  protest;  that  it  may  be  subjected  to  dis- 
turbances in  its  circulatory  apparatus,  to  traumatic  in- 
sults, etc.,  and  give  but  temporary  eviilenees  thereof, 
imtil  there  are  added  certain  pathogenic  micrfibes.  the 
iine  qiKt  tion  of  any  form  of  cystitis.  A  brief  considera 
tion  of  these  will  now-  be  in  order. 

The  liiirilliia  cuU  roi/i/itmi/.i,  that  constant  inhabitant  t)f 
the  intestinal  tract,  and  most  common  of  all  denizens  of 
the  bladder,  when  alone,  floating  in  an  acid  medium,  re- 
frains from  bri-akiiig  up  urea.  Melchior  found  that  flic 
bacillus  coli  was  present  in  every  instance  in  which  the 
urine  was  acid. 

Siipri'phytic  (.Mired)  Infection. — "In  more  than  one- 
half  of  the  cases  of  acute  and  chronic  cystitis,  infection 
is  the  result  of  the  presence  anil  combined  action  of  two 
ormore  kinds  of  microbes.  Pus  microbes  and  the  sapro- 
phytes (lecomiiose  uriiu'.  rendering  it  alkaline.  Am- 
nion iacal  urine  acts  as  an  iriitant  to  the  mucous  membrane 
of  the  bladder,  ]u-oducing  textural  changes,  and  prepares 
the  way  for  the  action  of  the  bact<-ria  which  are  more 
directly  concerned  in  the  'production  of  the  inflamina 
tion.  A  mixed  infection  must  be  suspected  in  all  cases 
in  which  the  m-ine  is  ammoniacal.  Gas  formation  (jineu 
niaturia)  occasionally  takes  place  from  the  ]u-escnee  of 
the  bacillus  lactis  aProgcnes  (Ileyse)  and  the  l)acillus 
aProgenes  capsulafus  of  AVelch.  The  experiments  of 
Sclmitzlcr  show  that  the  decomposition  of  urea  and 
the  putrefaction  caused  by  microlies  ar<'  often  greatly  in 
finenced  by  the  composition  of  the  urine;  gas  being  pro- 
duced only  in  those  with  diabetic  mine.  Saprophytic 
infection  is  almost  always  associated  with  urine  reten- 
tion, and  may  precede  or  follow  infection  with  the 
microbes  which  are  the  esscnti  d  cau.se  of  suppurative 
cystitis.  It  is  in  such  cases  that  careful  systematic 
irrigations  of  the  Iilailder  prove  of  such  eminent  value 
in  correcting  the  alkalinity  of  the  m-ine  and  in  an-esting 
the  .suppurative  iuflanmiation  "  (.Semi). 

Staphyliiciicoi.i  lufei-tinn. — "The  sta]ihyloeoccus  pyo- 
genes albus  and  aureus,  the  microbe  most  frecpu'iitly 
found  in  all  suppurative  affections,  has  been  often  ile- 


monstrated  as  a  solitary  microbe,  and  in  association  with 
other  i)yogenie  microbJ-s  and  sajirophytic  bacteria  in  the 
urine  of  patients  sulfering  from  calarrlial  and  snpi)urative 
cystitis.  The  stai>liylococcus  is  a  coniparafively  mild 
microbe,  and  its  )u-esenceas  a  sole  microbic  cause  "shoidd 
be  suspected  in  intlammatoi-y  affections  of  the  bladder 
in  which  the  infection  does  "not  penetrate  deeidy,  and 
in  which  the  uriiu'  shows  no  evidences  of  exfoliation. 
In  staphylococcus  infection  the  urine  may  be  anini<miaeal 
without  the  presence  of  saiu'ophytic  bacteria,  as  [Uis 
mici-obes.  when  jirescnt  in  large  numbers,  decompose 
the  ui-ea.  besides  lighting  u])  the  suppurative  inllamnia- 
tion  "  (Semi). 

tSfrijilnriiiriis  Infection. — "That  the  streptococcus  pyo- 
genes is  not  often  the  cause  of  cystitis  becomes  ajiparent 
fnmi  a  bacteriological  exaniination  of  the  urine  from 
six  eases  of  inflammation  of  the  bladder  maiU^  by  Huber 
(Ciirreniniiiih  iislilatt  fin-  Srhireizer  Aerzte.  October,  1893). 
He  found  this  microbe  only  once;  in  the  remaining  five 
cases  the  bacillus  coli  communis"  (Senn). 

"  Melchior  found  the  mini'  acid  in  all  cases  of  cystitis  in 
which  the  streptococcus  was  found  as  a  solitary  microbe. 
It  is  well  known  that  the  .streptococcus  generallv  pro- 
duces a  diffuse  form  of  inflammation,  during  which  the 
connective  tissue  is  often  destroyed  by  the  toxins  and  is 
later  eliminated  or  removed  in  the  form  of  shreds.  The 
streptococcus  invades  the  lyniidiatie  channels  and  con- 
nective-tissues sjiaces.  and  is  almost  constantly  found  in 
phlegmonous  inflammation  and  diffuse  abscesses.  A 
str.'ptococcus  cystitis  is  characterized  by  the  intensity 
of  the  local  and  general  symiitoms  and  by  more  or  less 
destruction  <if  the  tissues  of  the  bladder  wall.  The  pres- 
ence of  this  microbe  maj'  be  surmised  in  cases  of  diffuse 
intei-stitial  and  exfoliative  cystitis"  (Senn). 

En/xijieliiftjiiK  O.i/stitis. — "Infection  of  llie  bladder  with 
streptococcus  erysipelatis  isextremely  rare,  but  there  can 
be  no  doubt  of  the  possibility  of  such  an  occurrence  " 
(Senn). 

Typhiiid  Iiifrction. — Melchior  reports  a  case  of  t_yplioid 
infection  of  the  bladder  in  a  male  convalescent  from 
tyjihoid  ;  but  no  such  case  has  been  nn-t  with  in  females. 

DiplohdeilliiK  Infection. — "The  diplobacillus  of  Fried- 
hinder,  which  has  been  found  in  so  many  suppurative 
lesions  complicating  or  following  pneumonia,  in  rare  in- 
stances has  lieeii  found  as  the  only  mierobie  cause  of 
cystitis.  The  urine  contained  pus,  a  small  quantity  of 
albumin,  and  diplobacilli  "  (Senn). 

Ciinnciicciis  Infectifin. — Infection  of  flic  bUnlder  due  to 
the  extension  of  gonococci  from  the  urethra  as  a  solitaiy 
infection  does  at  tinii'S  take  place,  but  in  the  majority  of 
eases  these  microbes  are  associated  with  some  other 
species.  Gonorrho'al  cystitis  presents  itself  more  fre- 
quently in  the  fonii  of  a  trigonitis.  as  a  localized  affection 
with  a  tendency  to  become  diffuse  and  to  extend  to  the 
kidneys.  Werthciin,  in  a  girl  nine  _yeai-s  of  age.  excised, 
thi-ough  the  cystoscfipe.  a  piece  from  the  bladder  mucous 
membrane,  and  found  therein  an  abundanceof  gonococci, 
some  between  the  epitludial  cells,  s<inic  having  |u-oduced 
thrombosis  in  the  capillaries  and  veins. 

Tuliercnhiix  C>i«titii<. — "Tuberculous  cystitis  furnishes 
the  best  clinical  representation  of  chronic  cystitis.  With 
few- exceptions,  a  iirimary  chronic  cystitis  is  of  a  tuber- 
culous nature.  It  isimiiortant  to  bear  this  in  mind  in  the 
examination  of  all  cases  of  cystitis  in  which  the  initial 
symptoms  point  to  a  chronic  inflammatory  ]u-ocess." 

"Tuberculosis  of  the  bladiler  is  caused  cither  by  in- 
fection wifli  the  bacillus  of  tuberculosis  through  the 
blood,  by  extension  of  a  tuberculous  proce.ss  by  continuity 
of  surface  from  the  kidney  or  the  genital  (U-gans.  or  by 
the  rupture  of  a  tuberculous  abscess  into  tlic  bladder. 
Vesical  tulierculosis  is  found  more  fre(|Ucntly  in  males 
than  in  females,  and  is  usually  a  disease  of  early  and 
middh-  life.  Localization  of  tubercle  bacilli  in  the 
mucous  niembranc  of  the  liladdcr.  like  that  of  pyogenic 
and  saprophytic  bacteria,  is  favored  by  antecedent 
affections  of  the  tii-inary  tract.  Primary  tuberculosis 
from  infection  tlirough  the  blood  is  .so  rare  that  Ki'mig 
doubts  its  existence.     Infection  takes  place  most  fre- 
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qucHlly  from  the  kidneys.  The  resistance  of  the  mucous 
menibnuie  of  tlie  bladder  to  tubercle  bacilli  is  great.  In 
many  eases  tuberculosis  of  the  kidneys  may  exist  ffir 
sevei-id  years  without  alTectini;  the  bladder.  The  uuicous 
membnuie  of  tlieliladder  can  be  irrigated  with  urine  con- 
taining tubercle  liacilli  for  yeans  without  becoming 
tuberculous.  Clado  pointed  oiit  that  tvdierculous  granu- 
lations in  the  bladder  do  not.  as  is  claimed  by  some  au- 
thors, occupy  thesubnmcous  tissue,  but  the  mucous  mem- 
bmne  itself— that  is.  the  subepithelial  layer.  He  believes 
tJiat  this  is  due  to  tlu^  presence  of  a  wcll-develojied 
capillary  network  in  the  mucous  nierabranc.  which  de- 
termines localization  of  the  liacilli  tloating  in  the  general 
circulation.  Secondary  infection  occurs  most  frequently 
from  the  kiihieys.  by  extension  along  the  urethra,  and 
from  there  to  the  bladder.  A  previous  gonorrho?al  cys- 
titis not  infrequently  prepares  the  soil  for  tuberculous 
infection.  Konig  observed  a  case  in  -n-hich  turpentine 
intoxication  first  produced  active  symptoms  in  a  case  of 
latent  catarrhal  tuberculous  cystitis  caused  by  a  tubercu- 
lous kidney  "  (Senn). 

"Ko  age  is  exempt.  The  writer  has  seen,  in  a  girl 
nine  ye«rs  of  age,  a  case  of  primary  vesical  tidjerculosis 
tliat  e.xtended  to  both  kidneys  and  proved  fatal  in  less 
than  a  year"  (.Senn). 

'•  The  two  places  where  tuberculosis  of  the  bladder  is 
most  likely  to  commence  arc  the  ureteral  orifices  and  the 
trigone  of  the  bladder.  The  former  starting  point  of  the 
disease  is  the  rule  when  the  bladder  becomes  involved 
by  a  descending  tuberculous  ureteritis — that  is,  when  the 
disease  is  secondary  to  renal  tuberculosis;  tiie  trigone  is 
usually  the  original  seat  of  the  disease  in  primary  tuber- 
culosis of  the  bladder"  (Senn). 

"  The  tuberculous  disease  here  as  elsewhere  is  character- 
ized by  the  same  chain  of  pathological  changes — infiltra- 
tion, caseation,  and  ulceration.  Penetration  of  the  blad- 
der wall  frequently  leads  to  the  formation  of  perivesical 
ab.scess  and  listula  formation,  a  part  or  all  of  the  urine 
escaping  through  the  fistulous  opening.  The  chronic 
inflammation  and  the  vesical  tenesmus  lead  to  great 
thickening  of  the  wall  of  the  bladder,  sacculation,  and 
diminished  capacity'  of  the  organ.  The  extension  of  the 
tuberculous  intlannnation  over  the  surface  and  in  the 
direction  of  the  different  tunics  of  the  bladder  wall  is 
hastened  in  case  the  bladder  becomes  infected  with  pus 
microbes,  which  is  so  often  the  case,  and  which  is  so 
frequently  caused  by  the  needless  use  of  instruments  in 
the  fruitless  search  for  stone  in  the  bladder,  which  a 
beginning  vesical  tuberculosis  often  mimics,  so  closely. 
The  complications  most  frequently  encoimtered  in  jiost- 
mortem  exannnations  of  patients  who  have  died  of  the 
direct  or  indirect  effects  of  tuberculosis  of  the  bladder 
are  tuberculosis  of  the  lungs,  kidneys,  genital  organs, 
and  peritoneimi,  and  perivesical  tulierculous  abscesses 
with  or  without  fistula  formation.  The  disease  is  initi- 
ated by  a  frequent  desire  to  urinate,  by  ]iain  after  empty- 
ing the  bladder,  with  slight  h.tmaturia  at  longer  or 
shorter  intervals.  Urination  becomes  more  frequent  as 
the  disease  advances,  and  after  the  neck  of  the  bladder 
has  been  reached  incontinence  of  urine  becomes  a  con- 
spicuous clinical  symptom.  The  urine  exhibits  the  same 
appearance  and  contains  the  same  morphological  constit- 
uents during  the  early  stages  of  the  disease  as  in  cases 
of  chronic  catarrh  of  "the  bladder.  In  the  beginning  of 
this  disease  the  urine  is  acid  and  contains  pus.  bladder 
epithelia,  and  a  small  quantity  of  albumin.  If  the  kid- 
neys are  affected  at  the  same  "time,  the  allmmin  is  more 
abundant.  If  secondary  infection  with  pus  microbes 
or  saprophytic  bactei-ia"  has  occurred,  it  is  alkaline  in 
reaction  and  often  ammoniacal,  and  then  contains  also 
a_  larger  amount  of  mucous  and  pus  corpuscles  and 
disintegrated  red  blood  corpuscles,  besides  the  large 
flat  epithelial  cells  from  the  bladder.  As  soon  as  the 
chcM'sy  material  on  the  surface  of  the  bladder  softens 
and  disintegrates,  fragments  of  detritus  are  found  in 
the  urine.  Tubercle  bacilli  are  not  always  ]n-esent,  and 
their  detection  is  often  very  ditfieult.  "Their  lu-esence 
can  also  bo  determmed  by  cultivation  on  artificial  nutri- 


ent media  'and  by  inoculation  experiments.  If,  in  cases 
of  suspected  Ijladder  tuberculosis,  the  bacillus  cannot  be 
found,  the  injection  of  a  few  drops  of  the  urine  sediment 
into  the  eye.  a  joint,  the  pleura,  or  the  peritoneal  cavity 
of  a  rabbit  or  a  guinea-pig  will  often  succeed  in  repro- 
ducing the  disease,  and  ujion  the  results  of  such  experi- 
ments we  must  then  base  our  diagnosis.  The  positive 
results  of  such  experiments  and  the  detection  of  bacilli 
in  the  urine  do  not  enable  us  alwaj' s  to  locate  the  disease 
anatomicall}';  in  other  words,  we  must  ascertain  further 
whether  the  disease  involves  the  kidney,  the  bladder,  or 
the  lowest  portion  of  the  urinary  tract.  Nitze's  cysto- 
scope  is  a  useful  diagnostic  instrument  in  the  hands  of 
experts.  Finall.y.  it  may  be  stated  that  in  all  chronic  in- 
flammatory affections  of  the  urinary  organs  it  is  neces- 
sary to  make  careful  and  often-repeated  examinations, 
both  of  the  general  and  local  symptoms,  for  the  purpose 
of  locatmg  the  disease,  as  well  as  to  determine  its  nature, 
which  often  can  be  done  in  a  satisfactory  manner  only 
by  making  a  microscopical  and  bacteriological  examina- 
tion of  the  urine.  If  this  should  still  leave  the  diagnosis 
doubtful,  a  resort  to  inoculation  experiments  upon  ani- 
mals susceptible  to  tuberculosis  becomes  necessary  as  a 
decisive  diagnostic  test"  (Senn). 

The  Dugnosis  of  Cystitis  and  Urethritis. — The 
diagnosis  of  vesical  and  urethral  disease  involves  a  care- 
ful study  of  the  whole  genito-urinaiy  tract  and  of  the 
pelvic  organs. 

Thus  in  a  given  case,  pointing  to  trouble  in  the  blad- 
der or  uretlira,  perhaps  to  both,  we  are  called  upon  to 
determine  the  location  of  the  disease,  the  character  of  the 
lesion,  the  source  of  the  infection,  and  the  conditions 
whicli  make  the  organs  susceptible  to  such  invasion. 
These  factors  we  arrive  at  by  carefully  reviewing  the 
history,  by  a  thorough  phj'sical  examination  of  the  pa- 
tient, and  by  an  exhaustive  study  of  the  urine. 

1.  The  hixtory  in  most  instances  lacks  characteristic 
features,  but  pain  and  abnormal  micturition  are  common 
to  all  cases. 

Pain. — During  the  acute  stage  of  bladder  infection 
pain  is  the  one  constant  and  most  distressing  symptom, 
corresponding  to  the  intensity  of  the  disease.  It  is  located 
in  the  bladder  itself,  is  least  intense  just  after  urination, 
increasing  as  the  Ijladder  becomes  distended  with  fluid, 
and  reaches  its  maximum  as  the  tilled  organ  begins  to 
contract  preparatory  to  expelling  its  contents. 

As  the  acuteness  of  the  attactv  subsides,  the  relations 
of  the  pain  to  the  local  condition  of  the  bladder  and  to 
micturition  are  more  marked.  Inflammation  of  the  base 
will  give  pain  when  in  the  erect  posture,  wliicli  lying 
down  will,  for  a  time  at  least,  relieve,  until  the  bladder 
fills,  contraction  be.iiius,  the  organ  is  emptied,  and  for  a 
short  period  rest  is  secured. 

The  pain  of  urethritis  and  cystitis  is  frequently  re- 
ferred to  the  rectum,  vagina,  along  the  thighs,  and  the 
lumbar  and  sacral  regions,  and  is  spoken  of  as  a  heavy, 
burning  pain,  not  unlike  that  of  pelvic  inflammations, 
peritonitis,  etc.  It  often  puzzles  the  surgeon  to  deter- 
mine just  which  of  these  conditions  contributes  most  to 
bring  about  the  suffering. 

Ahiiormiil  Mictiintinii. — Under  normal  conditions,  the 
average  capacity  of  the  bladder  varies,  in  adults,  from 
250  to  700  c.c.  (  3  viij.  to  xx.).  The  organ  empties  itself 
from  three  to  six  times  in  twenty-four  hours;  but  the 
urine  may,  within  the  limits  of  health,  be  subject  to^yide 
variations  in  its  chemical  constituentsand  in  the  quantity 
excreted,  and  these  factors  modify  the  frequency  of  ex- 
pulsion. 

Urination,  according  to  Bryant,  is  modified  as  to  the 
length  of  time  between  the  acts,  as  to  the  length  of  time 
associated  with  the  act.  as  to  the  effort  necessary  to  jier- 
foriu  the  act,  and  as  to  unnatural  sensations  connected 
with  the  act. 

The  length  of  time  between  two  acts  of  urination  may 
be  shortened  b^'  any  influence,  direct  or  reflex,  that 
exaggerates  the  normal  scnsjition  which  stimulates  the 
bladder  to  contraction.  Any  source  of  intravesical  irri- 
tation, urethritis,  mental  emotions,  inflammation  of  the 
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spinal  cord,  chronic  or  acute,  abdominal  tumors,  adhe- 
sions of  the  pelvic  viscera,  injuries,  disease,  and  opera- 
tions upon  tlie  rectum,  perineum,  or  pelvic  organs, 
chanires  in  tlie  quality  and  ([uantity  of  the  urine— each 
and  all  indu<'e  undue  excitaliility  of  tlie  evacuatin;;  centres 
or,  by  modifyiufr  the  eajiaeity  of  the  bladder,  shorten  the 
normal  interval  between  the  acts. 

Infferjiwnt  Mirturitimi . — An  abnormal  proloniration  of 
the  time  between  the  acts  may  be  broujrlil  about  by  any 
influence  which  blunts  or  destroys  the  normal  desire  to 
urinate,  or  impairs  or  delays  the  motor  influences  which 
accomplish  the  act.  Free  perspiration,  the  injrestion  of 
a  small  quantity  of  liquids,  the  stupor  of  fever,  kidney 
disease  with  diminished  secretion,  associated  with  but 
little  change  in  the  specific  gravity  of  the  fluid  secreted, 
may  fail  to  excite  contraction  of  a  full  bladder.  In  per- 
sons of  indolent  habits,  in  those  who  arc  eontined  to  their 
beds,  and  in  wcmien  who  habitually  refrain  from  respond- 
ing promptly  to  the  calls  of  nature,  the  bladder  ac(iuires 
the  habit  of  slow  response  to  stimulus. 

Retentiiin  of  Crine. — Retention  of  urine  may  be  defined 
as  the  accumulation  of  an  abnormal  ((uantity  of  urine, 
from  failure  to  empty  the  bladder  within  a  reasonable 
period.  It  is  associated  with  inability  to  micturate  volun- 
tarily, necessitating  the  use  of  artificial  stinudants,  licat  or 
cold,  ana'sthesia,  or  the  introduction  of  a  catheter  to  empty 
the  bladder. 

Inability  to  urinate  most  often  results  from  the  presence 
of  some  mechanical  obstruction  within  the  bladder  or 
urethra,  as  in  blocking  of  the  vesicourethral  opening  by 
calculi,  foreign  bodies,  blood  clots,  mucous  plugs  and 
pus,  and  when  neoplasms,  iirethral  stricture,  con.irenital 
stenosis,  compression  of  the  urethra  by  a  pregnant  uterus, 
abdominal  tumors,  etc.,  exist. 

Acute  overdistention  is  chanieterized  by  paresis  of  the 
muscular  wall  of  the  bladder,  and  if  oft  repeated,  wheth- 
er vohmtaril}-  or  otherwise,  it  will  lead  to  atony  of  the 
muscle  and  retention. 

The  excessive  pain  associated  with  passing  urine,  in 
inflammation  of  the  trigone  or  the  urethra,  and  especially 
when  a  caruncle  is  present  ut  the  external  meatus,  will 
induce  a  patient  to  refrain  from  voluntary  urination. 
Neurasthenic  females  feign  inability  to  urinate  from  a 
morbid  desire  for  catheterization.  Fear,  fright,  severe 
mental  emotion,  and  the  stupor  and  relaxation  following 
operations  and  shock  may  cause  retention. 

Oi-erjfnir. — AVhen  the  bladder  has  become  distended  to 
its  utmost  capacity,  urine  will  escape  dro|)  by  drop  or  as 
a  constant  dribbling  discharge.  This  overflow  is  often 
mistaken  for  incontinence. 

VnomtriAliihh  Micturition. — In  an  otherwise  healthy 
woman  prolonged  abstention  from  lu'inating,  with  over- 
distenti(.)n  of  the  bladder,  will  often  i)rovoke  such  a  de- 
mand to  urinate  as  to  be  wholly  beyond  control.  The 
hypersensitiveness  of  acute  cystitis  will  frequently  in- 
stigate such  unduly  active  contractions  of  the  blad<ler  as 
to  render  the  act  imperative.  On  the  pther  hand,  al- 
though the  call  to  urinate  may  be  strong,  the  desire  is 
not  beyond  control.  Tliis  condition  of  urgent  micturi- 
tion frequently  accompanies  cystitis.  It  more  commonly 
arises  from  causes  indirectly  connected  witli  the  bladder, 
as  polyuria,  in-itating  urine,  and  moderate  overdistention 
from  neglect  or  preoccupation;  it  ma)' al.'^o  result  from 
mental  impressions,  such  as  those  caused  by  nuunng 
water,  fear,  fright,  cold,  etc.,  all  of  which  may  excite 
reflex  contraction  of  the  viscus.  Urgent  micturition  is 
an  important  sign  of  rupture  of  the  bladder  and  also 
points  to  inflammation  of  the  urethra. 

Jntcrruptfd  Mirtuntiiiii. — Any  movable  foreign  body, 
neoplasm,  clot,  or  mucous  jilug,  w  ithiu  the  bladder,  may 
be  carried  by  the  outflowing  stream  against  the  outlet, 
and  by  a  ball- valve  action  close  it,  interrupting  the  stream. 
During  efforts  to  relieve  an  involuntarily  overdisfended 
bladder,  the  current  may  be  suddenly  intercepted,  and 
then  as  suddenly  resumed,  owing  to  a  partial  restoration 
of  the  nmscvdar  jiowcr.  Fre(|Uenf  repetition  of  this  con- 
dition will  lead  to  ditticult  micturition. 

Eetardation  or  ddujj  "in  starting  the  stream"  occurs 


from  the  presence  of  an  obstruction  within  the  urethral 
canal — swelling,  (edema,  or  varices  in  the  canal  or  at  the 
outlet, — from  abrasions  of  the  mucous  membrane,  from 
tenesmus,  from  fear  of  pain  during  the  act,  from  the 
presence  of  an  obstrncfing  body  at  the  internal  orifice, 
and  from  atony  following  hyperdistenfion.  It  also  hap- 
pens as  a  result  of  diniinished  vesical  power  caused  by 
special  nerve  lesions,  indcpeiidcufly  (jf  local  disease;  from 
shame,  and  also  when  the  general  si'nsibility  is  bhuited, 
as  in  flic  case  of  shock,'  narcosis,  and  asthenic  disease. 

The  effort  necessary  to  perform  th(!  act  of  urination, 
\inder  normal  conditions,  involves  only  a  voluntary  sus- 
pension of  the  sphincter  control  in  response  to  the  com- 
mand of  a  wellfilled  bladder. 

Difiriilt  'iiiieliiritinn  is  attended  with  and  necessitates 
an  increased  effort  to  overcome  the  coincident  fear  and 
apprehen.siou. 

liic(jiititienK  of  Urine. — Inability  of  tlie  bladder  to  re- 
strain the  escape  of  its  normal  contents  may  arise  from 
ma  1  formal  ions  of  the  urethra,  such  as  an  abnormal  open- 
ing of  tli(^  bladder  into  the  vagina,  direct  implantation 
of  the  ureters  (one  or  both)  into  the  urethra,  extroversion 
of  file  bitidder;  it  also  accompanies  organic  disease  of 
the  central  nervous  system,  such  as  idiocy,  cerebral 
pal.sy,  acute  meningitis,  brain  tumors,  certain  forms  of 
myelitis  and  iujurics  of  the  cord.  Want  of  control  of 
the  discharge  of  urine  may  be  due  to  one  of  the  numer- 
ous forms  of  fistula'  communicating  with  the  va.gina,  or 
to  dilatation  or  dislocation  of  the  urethra,  and  may  be 
simulated  by  the  dribbling  of  retention. 

EnunsiK.  —The  bed-wetfing  habit  of  young  children 
may  lie  classed  as  independent  of  any  disease,  and  is  usu- 
ally met  with  in  neurotic  children,  or  those  whose  early 
training  has  been  ni'glecteil.  Children  can  be  taught  to 
control  the  bladder  before  the  first  year,  certjiiuly  within 
the  second  j-ear.  Holt  says;  "  If  a  child  during  its  third 
year  cannot  control  the  evacuation  of  the  bladder  during 
its  waking  hours,  incontinence  may  be  said  to  exist." 

Piiinfiil  Mirturition. — Pain  or  discomfort  hefure  urina- 
tion is  due  to  the  irritating  etfeets.  upon  an  inflamed 
vesical  mucous  membrane,  of  abnormal,  urine.  Pain 
during  micturition  may  be  due  to  the  condition  just 
mentioned  or  to  some  form  of  urethral  inflammation,  to 
ulceration,  or  to  the  presence  of  neoidasms  in  the  canal 
or  at  its  meatus.  This  pain,  which  is  described  as  of  a 
burning,  smarting,  or  stinging  character,  ceases  at  the 
end  of  or  shortly  after  urination.  Pain  ut  the  dam  of 
or  lifter  micturition  follows  the  evacuation  of  an  overdis- 
teniled  bladder  or  the  inqiact  of  a  .stone  or  new  growth 
within  the  grasp  of  the  inner  outlet,  causing  spasm  at 
that  iKiint. 

2.  A  plii/nirxil  e-riiminatiiin,  in  suspected  cystitis  must 
include  percussion,  palpation,  and  inspection.  Percus- 
sion of  the  suprapubic  region,  when  the  bladder  is  dis- 
tended, will  elicit  a  dull  note,  if  it  is  filled  with  urine;  a 
tymiianitic  note  if  it  is  filled  with  air.  The  distended 
bladder  may  extend  to  the  umbilicus,  and  has  been  mis- 
taken for  the  ])regnant  uterus,  for  cystoma,  and  for  other 
abdominal  tumors.     If  in  doubt,  pass  a  clean  catlieter. 

Palpation  of  the  urethra  can  be  accomiilished  by  in- 
troducing the  index  finger  into  the  vagina  and  moving 
it  from  side  to  si<le  while  pressing  in  an  upward  direction. 
In  this  way  it  is  possible  to  ascertain  whether  there  is 
any  thickening  of  its  walls  or  any  apprecialile  tension; 
whether  the  pres.sure  causes  pain;  and  whether  a  cal- 
culus or  a  foreign  body,  a  polypus,  a  suburet  hral  abscess, 
or  a  jirolapse  of  the  inferior  urethral  and  bladder  walls 
is  present.  The  external  urethral  orifice,  on  the  other 
hand,  can  best  be  examined  liy  inspection  and  paljiation. 
Separating  the  labia  minora  exposes  the  vestibule  and 
meatus.  The  latter  is  not  always  readily  distinguished, 
unless  the  vestibule  is  made  tense  laterally,  when  the 
orifice  comes  into  view,  exposing  whatever  pathological 
condition  may  be  present:  pus.  a  bright  red,  sensitive 
caruncle,  the  oiienings  of  Skene's  ducts  just  within  the 
canal,  on  cither  side,  a  hard  infiltrating  cancer,  a  chancre, 
or,  more  frequently,  a  chancroid  involving  jiart  or  fhc 
whole  circumference  of  the  meatus.     Next  retract,  later- 
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ally,  the  labia  niajora,  and  inslniot  tlip  patiput  to  strain 
down  as  wlu'n  at  stool,  in  order  to  expose  tlie  anterior 
bladder  wall,  and  thus  to  nmke  it  possible  I'or  the  ex- 
aminer to  determine  whether  or  not  acystoeele  is  present. 
Expose  the  clitoris,  nolingany  adhesion  of  theprepuliuni, 
and  release  it  if  adherent. 

By  means  of  abdomino-va.sinal  palpation,  a  variety  of 
patliolosieal  conditions,  cither  of  tlii'  bladder  or  of  neigh- 
boring orpins,  can  be  ascertained.  Among  these  may 
be  mentioned  the  following:  a  calculus  or  a  foreign  Ijody 
in  the  bladder;  thickening  Of  the  walls  of  the  bladder,  as 
in  tubi^rculous  cystitis;  fliiekcning  of  its  muscular  coat 
due  to  an  obstruction  to  the  escape  of  the  urine;  inflam- 
mation of  the  bladder,  as  shown  by  hypersensitiveness; 
pelvic  tumors  or  collections  of  pus;  uterine  displace- 
ments, etc. 

Kelly  says:  '"A  still  better  way  to  palpate  the  bladder 
liimanually  is  to  put  the  patient  in  the  knee-breast  posi- 
tion, and. "letting  air  into  the  vagina,  the  fingers  of  both 
hands  can  be  brought-  close  togetbcr  and  the  whole  organ 
be  felt  with  wonderful  distinctness." 

Palliation  of  the  ureters  through  the  vagina  or  rectum 
determines  the  condition  of  their  vesical  extremities. 
"The  index  finger  is  carried  high  up  into  one  of  the 
vaginal  forniccs,  pushing  it  upward  and  outward  toward 
the  pelvic  wall,  which  is  then  gently  stroked  downward 
and  backward.  The  ureter  feels  to  the  finger  tip  like  a 
flat  cord  which  is  constantly  slipping  away.  The  cord 
is  palliated  again  and  again,  each  time  bringing  the 
finger  nearer  the  outlet,  and  so  tracing  the  course  of  the 
ureter  down  the  pelvic  wall  to  the  point  at  which  it 
passes  betw-een  the  anterior  vaginal  wall  and  the  bladder. 

"Sometimes  the  ureter  will  be  found  lying  close  to  the 
pelvic  wall,  and  at  other  times  in  the  loose  cellular  tissue 
several  millimetres  distant. 

"In  palpating  its  lower  extremity  the  ureter  is  distin- 
guished b}-  its  direction,  its  size,  its  consistency,  and  its 
mobility.  It  may  be  confused  with  an  obturator  artery 
pursuing  a  course  parallel  to  the  vagina,  but  the  artery 
is  small  and  round,  and  it  will  be  felt  to  pulsate.  The 
obturator  nerve  also  lies  parallel  to  the  course  of  the 
ureter  above,  but  it  may  be  traced  down  to  the  obturator 
foramen,  and  produces  pain  in  the  leg  on  ptdling  it. 
The  sharp  tendinous  arch  of  the  levator  muscle  may  be 
also  mistaken  for  the  ureter,  but  a  close  palpation  will 
correct  this  source  of  error,  as  well  as  the  impression 
at  first  produced  by  strands  of  the  internal  obturator 
muscle. 

"  The  normal  ureter  can  onlj-  be  palpated  with  certainty 
through  the  intact  abdominal  walls  at  the  pelvic  brim 
when  the  walls  are  extremely  thin. 

'■  When  making  this  examination  the  surgeon  places  the 
patient  on  her  back  with  tlie  shoulders  raised  on  a  jiillow 
and  the  thighs  drawn  up.  and  the  large  bowel  and  the 
bladder  empty.  The  examiner  stands  on  the  side  he  wishes 
to  palpate  and  begins  bj'  makin,g  a  gradually  increasing 
deep  pressure  through  the  abdominal  walls  until  the 
promontory  of  the  sacrum  is  found  ;  3  em.  (one  and  one- 
quarter  inches)  to  the  right  or  left  of  this  point  and  a  little 
below  it  is  the  point  at  which  the  ureter  crosses  the  jiel- 
vic  brim.  By  making  deep  pressure  through  the  semi- 
lunar line  over  the  brim  at  this  point  in  an  oblique  direc- 
tion from  above  downwai'd,  and  sliding  the  fingers  up 
and  down,  the  patient  will  at  once  complain  of  pain  and 
possibly  a  desire  to  urinate  if  the  ureter  is  inflamed.  A 
large  diseased  in-eter — tulierculous.  for  example — will 
feel  thi-ough  a  thin  abdominal  wall  like  a  stout  cord  roll- 
ing under  the  fingers. 

"The  abdominal  portion  of  an  inflamed  ureter  above 
these  points  may  be  traced  by  following  the  line  of  ten- 
derness developed  on  making  deep  pressure. 

"  By  rectum  the  ureter  can  be  felt  from  the  pelvic  brim 
to  the  pelvic  floor  through  the  empty  bowel;  the  left 
ureter  is  the  most  accessible.  The  peivic  floor  is  invagi- 
nated  by  strong  pressure  an<l  the  finger  carried  up  to  the 
bifurcation  of  the  common  iliac  arteiT,  from  which  point 
down  the  internal  iliac  artery  is  easily  followed.  Guided 
by  these  landmarks,  the  finger  palpates  carefully  behind 


and  close  to  the  internal  iliac  artery  imtil  a  flat,  yielding 
cord  (the  ureter)  is  detected,  whicli  can  be  traced  at  first 
downward  then  forward.  A  ureter  whose  walls  are 
thickened  can  be  still  more  readily  found  and  palpated. 
If  the  ureter  is  not  found  in  this  wa}',  it  can  lie  palpated 
Avith  perfect  ease  throughout  its  pelvic  course  b_y  first 
placini;  a  hard-rubber  bougie  or  a  catheter  within  it" 
(Kelly). 

Di'i/ilid  (lildtiitiiindnd  examination  of  tlie  urethra  cannot 
too  xtniiii/li/  /),■  (■iiiiilei/iiii'd. 

Rectal  exploration  should  always  precede  instrumental 
examination  of  the  bladder  and  urethra,  as  not  infre- 
quently, on  removal  of  a  polyjius  from  the  rectum,  or 
after  the  radical  cure  of  hemorrhoids,  fissure,  fistula  in 
ano,  or  ulceration  and  stricture,  bladder  and  urethral 
symptoms  will  at  once  disappear. 

I)iri-ct  inspection  of  the  urethra  (urethroscopy)  and 
liladder  (cystoscopy )  affords  the  most  convincing  evidence 
of  the  true  nature  of  disbase  within  those  organs. 

Due  precautions  must  be  exercised  to  have  the  external 
meatus  thoroughly  wiped  clean;  all  instruments  should 
be  boiled  in  a  two-per-cent.  soda  solution  ;  the  hands  of 
the  operator  should  be  prepared  as  for  an  operation ;  and 
every  means  .should  be  taken  to  avoid  introducing  what 
may  prove  to  be  the  sjjark  to  light  up  an  inflammation, 
which,  if  it  does  not  cost  the  patient  her  life,  will  require 
months  of  anxious  care  to  eradicate. 

Tlie  introduction  of  the  speculum  is  contraindicatcd 
during  the  active  stage  of  gonorrheal  infection. 

I'ret/i rrisevpi/ — Endoscopy. — Direct  inspection  of  the 
urethra  is  accomplished  by  introducing  into  the  bladder 
a  cylindrical  speculum  6  to  8  or  10  mm.  in  diameter  and 
gradually  withdrawing  it,  all  the  while  studying  the 
urethral  mucosa  as  each  portion  closes  over  the  end  of 
the  speculum,  fronr  within  outward.  At  first  the  sharp 
ed.ge  of  the  internal  orifice  is  seen  to  close  over  the  end, 
in  pupil-like  fashion;  next  the  picture  resembles  a  funnel 
(Grunfeld)  the  apex  of  which  has  been  named  the  "  central 
figure  "  ;  the  flanging  portion  of  the  "  funnel  wall  "  being 
made  up  of  from  eight  to  twelve  folds  which  radiate 
from  the  central  figure  to  the  margin  of  the  speculum. 
The  posterior  fold  in  the  upper  part  of  the  urethra  is  the 
largest  and  is  a  continuation  of  a  triangular  elevation  on 
the  trigonum  in  the  bladder,  named  by  Barkow  ccUicii- 
Ills  ccri'icrilis. 

JIany  delicate  vessels  are  plainly  seen  on  the  urethral 
walls,  one  or  two  on  each  fold  running  longitudinally 
with  it.  In  the  lower  part  of  the  urethra,  near  the  ex- 
ternal orifice,  the  longitudinal  folds  are  crossed  by  a 
transverse  fold,  which  subdivides  the  lu-ethral  mucosa 
into  a  kind  of  latticework  with  shallow  pits  lietween. 

"The  orifices  of  the  urethral  glands,  Morgagni's  crypts 
and  Littre's  acinous  glands,  appear  as  fine  points,  often 
in  giou])s  disposed  longitudinally,  or  as  larger  yellowish 
spots;  they  can  be  better  seen  by  changin.g  the  position 
of  the  speculum  so  as  to  displace  the  central  figure  and 
bring  one  side  of  the  urethral  wall  flat  asainst  its  end" 
(Kelly). 

Microscojn'c  e-ramiiintion  of  stained  specimens  should 
be  made  in  every  case  of  purulent  urethritis,  not  only  to 
establish  the  diagno.sis  but  to  furnish  data  upon  which 
to  base  a  correct  prognosis. 

Cystoscopy. 

As  representing  the  simplest  and  best  method  of  direct 
inspection  of  the  interior  of  the  bladder  and  urethra,  we 
present  the  so-called  "  postural  method  "  of  Prof.  Howard 
A.  Kelly,  first  described  by  him  in  the  .lolms  Hopkins 
Hospital  Bulletin.  November,  1.S93.  The  fundamental 
princiiiles  of  this  method  are: 

1.  The  introiluction  of  a  simple  cylindrical  speculum 
into  the  bladder. 

2.  The  atmospheric  distention  of  the  bladder  induced 
solely  by  posture. 

3.  The  illumination  and  inspection  of  the  vesical 
mucosa,  either  by  means  of  direct  light,  such  as  a  little 
electric  light  attached  to  the  forehead  or  the  mouth  of 
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tlie  sppculiim,  or  by  means  of  a  strong  light  reflected  by 
a  licad  miiTor. 

'I'lii-  vii'W  iif  tlic  bladder  iil)laiiii(l  in  this  way  is  a 
<lin-ct  one;  anil  I  hi'  open  specuhnii  allows  the  operator 
t<i  liiucli  any  part  ot  the  bladder  witli  a  sound,  and  to 
infoduce  various  instruments  with  ease. 

1  list ni lilt iits. — The  necessary  instruments  are:  a  strong 
light,  a  head  mirror,  vesical  specula  with  obturators, 
a  urethral  calibrator  and  dilator,  uu  cvacuator  for 
removing  urine,  an  ureteral  searcher,  aud  a  pair  of 
long  mouse-toothed    forceps. 

In  emergency  cases  a  can- 
<lle  for  light,  a  head  mirror, 
a  rubber  catheter,  ami  a  rub- 
ber or  glass  pea  syringe  for 
<>vacuating  urine,  with  a  No. 
6,  8,  or  10  cylindrical  spec- 
ulum, are  all  the  instruments 
actually  needed. 

Tlie  most.  <?o'nvenieut  light 
is  a  miguon  electric  hunp, 
attached  to  a  tie.xible  steel 
head  band,  the  lamp  being 
fastened  to  the  band  by  a 
■ctouble  ball-valve  joint.  The 
■current  is  furnished  by  a 
small  storage  battery. 

The  writer  has  derived  the 
niost  satisfactory  results 
from  the  use  of  an  acetylene 
gas  liicycle  lamp,  which 
<'mits  a  beautiful  white  light, 
is  easily  handled,  and  is  con- 
venient for  carrying  about. 
To  concentrate  the  rays,  the 
lens  must  be  reversed. 

tSpf'cula.  — -Kelly's  vesical 
specula  (Fig.  48o,"l.  and  Fig. 
48(i)  are  sini])le  cylinders,  8 
<-m.  (three  and  one-lifth  inch- 
es) long,  and  of  e(pial  diaire- 
ter  throughoiu  ;  iiunle  of  Ger- 
man silver,  and  nickel-plated. 
There  is  a  funnel-sliaped  ex- 
])ansion  at  the  outer  end  of 
the  speculum  15  mm.  long, 
inclined  at  an  angle  of  si.xtj' 
<iegrees  to  the  cylinder.  The 
vesical  end  of  the  speculum 
must  be  rounded  in  toward 
its  lumen,  and  luider  no  cir- 
<-umstances  must  a  ragged  or 
knife  edge  be  left  to  cut  the 
jnucosa. 

Each  instrument  has  its 
•obturator,  which  is  to  be 
used  only  for  the  purpose  of 
rounding  out  the  end  of  the 
speculum  during  intriuluc- 
tion.  To  facilitale  the  intro- 
duction of  the  cystoscope 
there  must  be  no  shoulder 
between  the  end  of  the  sjiec- 
tdum  and  its  obturator,  to 
injure  the  urethra. 

Specula  are  made  in  luuii- 
bers  ranging  from  o  to  20, 
each  nuruber  representing  the 
diameter  of  the  cylinder  in 
millimetres;  the  sizes  below 
No.  13  are  used  for  examina- 
tions and  those  above  to  se- 
cure a  wide  lumen  in  opera- 
tions upon  the  bladder. 

For  the  ])uri)Ose  of  giving 
a  maxinaun  area  of  inspec- 
tion and  to  tiuilitate  treat- 
ment, especially  in  u.siug  in- 


stnnnenls  with  crossed  blades,  Kelly  ha"  recently  (Johns 
Hoiikins  Bidletin.  liKtO.  xi.,  p.  93)  presented  a  new  model 
of  his  s])eeidum  (Fig.  JNti). 

Tlie (///"/"(■  (Fig.  -IS."),  No.  2}  isaconieal  instrument  Tcni. 
(three  inchc-s)  long,  withabhnit  point  Jiiinn,  in  diameter, 
widening  out  to  1(>  mm.  at  its  base.  This  one  simple 
conical  dilator,  representing  an  infinite  series  on  its  sides, 
takes  the  place  of  the  interrupted  series  of  the  Ilegar 
tlilators  conunoidy  used,  as  the  external  orifice  is  the  only 
part  of  the  urethra  which  needs  stretching  to  admit  the 


Fig.  485.— 1,  Bevelled  cystoscope:  2,  urethral  calibrator  and  dilator:  3,  short  metal  ureteral  catheter;  4, 
seareber  tor  locating  ureteral  orillce;  5,  a.  h,  c,  d,  long  metal  ureteral  catheters. 
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specula  commonly  used.     The  rest  of  the  canal  is  so 
elastio  that  it  yields  at  once  to  the  obturator  and  opens 
up  to  the  full  .size  of  the  speculum  without  previous 
dilatation  and  without  undergoing  any  injury. 
The  eraciKitoi-  (Fig.  488)  is  used  to  cnijity  the  bladder 


^C 


Fio.  480.— J  Shows  the  Simple  Cylindrical  Speculum  Compared  with 
n  Short  Speculum  with  a  Larpc  Fiiniicl-Sliaped  Vulvar  End.  The 
bladder  is  seen  in  horizontal  .scrlioii,  and  the  distance  of  the  poste- 
rior wall  fn.)in  the  internal  urellinil  uritlce  is  .5.7  cm.,  the  aver- 
apo  distance  shown  by  lUmner  and  Lyon's  measurements  of  air- 
distendcii  liladden*  made  in  my  clinic.  While  the  eye  at  C  and  D 
is  al)le  to  view  only  a  circle  of  the  size  of  D'  and  C  in  the  posterior 
bladder  wall,  through  the  larffer  speculum  the  eye  at  A  and  B  is 
able  to  view  the  circle  A'  and  B'.  The  anple  subtended  by  the 
smaller  circle  is  11°.  as  contrasted  witli  x"-,'"  in  the  case  of  the  larger 
circle.  B  Shows,  projected  from  a  flat  surface,  how  much  greater 
is  the  area  seen  through  the  shorter  speculum  with  the  large  funnel- 
shaped  oritlce.    The  ratio  in  the  diameters  of  the  circles  is  as  2  to  3. 


of  residual  urine 
.,  which  the  pa- 
tient often  can- 
not e.xpel.  and 
"~  which  cannot  be 
removed  by  a 
catheter.  It 
m  u  s  t  also  be 
..  used  from  time 
to  time  to  re- 
move the  urine 

-  accumulating 
during  a  pro- 
longed examina- 
tion.     Kelly's 

-  evacuator  is  a 
small  hollow 
perforated  ball 
connected  by 
line  rubber  tub- 
ing, about  35 
cm.  (fourteen  in- 
ches) long,  with 
a  rubber  ex- 
hausting bulb. 
The  rubber  tube 
is  cut  about  .5 
cm.  from  the 
ball,  and  a  piece 
of  glass  tubing 
inserted  which 
serves  both  as  a 
telltale  to  show 
when  the  urine 
is  flowing  iu  the 
tube,  and  as  a 
means  of  giving 
rigidity  to  the 
tul>e  when  it  is 
picked  up  for 
introduction  in- 
to the  bladder. 

If  tlie  patient 
lies  on  the  back 
during  cysto- 
scopic  examina- 
tion, the  evacu- 
ator must  be 
used  much  oft- 
ener,  as  a  small 
quantity  of 


FIG  4.S7.— Shows  a  Scries  of  Specula  (half  natu- 
ral size)  constructed  with  tubes  varyinn-from 
J  up  to  1.0  mm.  in  dlairiet«T,  n-lih  the  conical 
vulvar  ends  increasing  in  like  ratio  in  accord- 
ance wuh  the  angle  made  by  two  lines  inter- 
secting m  the  centre  of  the  tube.  These  angles 
are  respectively  31°,  23°,  2j°,  27..5°,  3<j°  31  -,» 
33°,  The  cone  is  made  3  mm.  wider  than  the 
prolongation  of  the  intersec-ting  lines;  that  is 
J£  1?,*"'q?o?'''"'^'^  "re  respectively  31,  'il.  26, 
■iS,  3U,  32,  34  mm,  m  width. 
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urine  easily  obscures  the  field  of  view  in  this  posture.  la 
the  knee-breast  position,  on  the  other  hand,  a  little  clear 
urine  in  a  pool  in  the  inverted  vault  of  the  bladder  in 
no  way  interferes  with  a  thorough  inspection. 

The  assistant  compresses  the  bulb,  thereby  expelling 
the  air,  while  the  examiner  drops  the  little"  perfoi-ated 
ball  into  the  pool  of  urine.  When  the  assistant  relaxes 
the  pressure  on  the  bulb,  it  expands  and  sucks  up  the 
urine.  The  evacuation  will  be  more  rapid  if  the  bulb  is 
held  well  below  the  level  of  the  bladder.     If  there  Is 


Fig.  4SS.— The  Evacuator. 


only  a  little  urine  to  be 
taken  up,  it  will  escape 
faster  by  occasionally 
withdrawing  the  ball  a 
little,  so  as  to  suck  up 
some  air  with  the  urine. 
T/te  long  mouite-tooth 
forceps  (Fig.  489)  is  a 
light  instrument  24  cm. 
(nine  inches)  long,  with 
slender  arms  ll).,i  cm. 
(about  four  inches')  long, 
and  at  the  ends  delicate, 
slightlv  recurved  mouse 
teelh,  ' 
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2'lie  iirethriil  setiiv/ur  (Fijr.  485,  4) 

is  a  small  rod  IS  cm.  (seven  inches) 

long    with    a    little    hiillious    cud 

(3  X  1.5  mm.)  and  a  handle  G  em. 

(2.5  inches)  long  set  at  an  angle  of 

120  degrees.     It  is  u.scd  in  touching 

any  part  of  the  bladder  wall,  in  e.\- 
])loring  a  sinus,  and 
l)arti<-\darly  in  locat- 
ing the  ureteral  ori- 
fices iu  d  o  u  b  t  f  u  1 
ca.ses. 

'The  Ajtpliciitoi: — • 
Any  piece  of  flexible 
wire  about  15  cm. 
long  will  do  as  an 
applicator  to  carry 
medicated  cotton  to 
ull  points  (m  the 
bladder  or  the  ure- 
thra. 

Other  useful  in- 
struments are  a  spec- 
ulum graduated  in 
centimetres  for  meas- 
uiing  the  distance  be- 
tween jioints  ou  tile 
bladder  wall  (the  ex- 
ternal or  internal  ure- 
thral orifices)  and  a 
flattened  searcher, 
likewise  graduated  in 
centimetres  and  half 
centimetres. 

The    TKCirN-iQiTE 
OF  Cystoscopic  Ex- 
A^^I^■.\-TIo^'.  —  A  s  e  p- 
sts. — Asepsis  must  be 
maintained  throughout  every  examination 
by  handling  only  aseptic  (boiled)  instru- 
ments,  introduced    by   (surgically)  clean 
hands,  tlirough  a  cleansed  urethral  orifice. 
All   instruments  must  have   been   boiled 
and  be  placed  upon  a  sterile  towel.    Wipe 
the    urethral    orifice 

with  a  piece  of  sterile        .    ,  .  .  ,- 

gauze,  removing  any 
leucorrlical  or  other 
discharges.  The 
hands  must  be  scrub- 
bed siirgically  clean, 
and  as  far  as  possi- 
ble the  utmost  pre- 
caution must  be  ; 
taken  to  avoid  touch-  ' 
ing  any  part  of  the 
instruments  but  the 
handles.  If  this  were 
always  done,  no  in- 
fection could  ever 
occur  even  with  in- 
fected hands.  Every 
instrument  should  be 
constantly  insiieeted 
to  detect  any  rough 
or  scaling  surface  li- 
able to  cut  the  rau- 
cous membrane. 

Prepanitinn  of  the 
Patient. — Be  sure 
that    the   bowel    has 

been    recently   emptied,    that     the 

urine  has  been  passed  immediately 

before    coming    to    the   table,  and 

that   some   time   has  elapsed  since 

the     patient     lias    taken    her    last 

meal. 
Ana-stltexia. — "'A     general    anffiS- 


Yu;.  4;!0.  -  I'alicnt  in  the  Dorsal  Posture. 

thetic  is  needed  only  for  a  nervous  woman.  Local  an- 
a-sthesia  by  means  of  a  ten-pcr-cent.  solution  of  co- 
caine, applied  on  a  pledget  of  cotton  wound  on  a 
metal  rod  and  introduced  just  within  the  external 
urethral  orifice  for  five  minutes  beforehand,  is  sutH- 
cient  to  benumb  sensation  so  entirely  that  any  required 
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Fig.  489.— The 
Long  Slouse- 
Tooth   For- 


t 


Fig.  491.— Examining  Patient  in  the  Dorsal  PosWra. 
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Fig.  •192.— Vesical  Speculum  Introduced  with  the  Patient  in  the  Knee-Breast  Posture. 


dilatation  may  be  made  and  the   specuhmi  introduced 
without  much  discomfort"  (Kellj-). 

Posture  of  the  Patient. — "Two  postures  are  available. 
an  elevated  dorsal  and  a  knee-breast.  The  dorsal  position 
(Figs.  490  and  491)  is  the  most  convenient  to  use  and  the 
least  tiriua:  to  the  patient,  but  it  is  onl}-  of  service 
in  thin  patients,  and  the  atmospheric  expansion  is 
not  so  good ;  the  bla<lder  of  a  fat  woman  will 
rarely  distend  at  all  in  this  posture.  The  head 
and  thorax  rest  on  the  table,  while  the  pelvis  is 
raised  h_v  putting  one  or  two  bran  cushions  under 
the  buttocks,  so  as  to  elevate  them  20  or  30  cm. 
(eight  or  twelve  inches)  or  more  above  the  table 
level.  This  gives  a  pitch  to  the  pelvic  and  lower 
abdominal  viscera  which  makes  them  gravitate 
toward  the  diaphragm,  and  as  soon  as  a  specu- 
lum is  introduced  the  bladder  sucks  in  air  enough 
to  distend  it. 

"  When  the  bladder  does  not  expand,  and  yet 
it  is  particularly  desirable  to  use  the  dorsal  jiosi- 
tion  on  account  of  the  inaliility  of  the  patient  to 
stand  the  inconvenience  and  fatigue  of  the  knee- 
breast  position,  the  bladder  may  be  distended  and 
the  pelvis  relieved  of  the  small  intestines  hy  first 
]ilacing  her  in  the  knee-breast  position  for  a  min- 
ute and  letting  in  air  with  a  catheter;  she  is  then 
turned  on  her  back  with  hips  elevated  on  the 
cushions,  taking  care  to  keep  the  pelvis  all  the 
time  well  above  the  level  of  the  abdomen.  The 
speculum  may  now  be  introduced  and  a  satis- 
factorj'  examination  made.  A  bladder  distended 
in  this  way  will  often  remain  well  distended  until 
the  hips  are  let  down  again  to  the  table  level. 

"  The  knee-breast  position  (Fig.  492)  is  the  one 
position  most  satisfactory  and  apjilicalile  in  all 
cases.  The  patient  kneels  with  her  knees  sejiarat- 
ed  ten  or  twelve  inches,  close  to  the  end  of  the 
table,  and,  keeping  tlu^  buttocks  as  high  as  pos- 


sible, lets  the  back  curve  in,  and 
brings  the  side  of  the  face  down  on 
the  table.  If  she  squats  a  little, 
dropping  the  buttocks  slightly  tow- 
ard her  feet,  she  will  be  more  con- 
veniently disposed  for  the  examina- 
tion. Sometimes,  to  get  a  good  ex- 
pansion, it  is  necessary  to  jmsh  the 
thighs  in  the  opposite  direction  be- 
yond the  vertical.  If  she  is  under  an 
ana-sthetic,  the  best  way  to  hold  her 
in  the  knee-breast  position  is  for  two 
assistants  to  stand,  one  on  each  side, 
close  up  to  the  body  to  prevent  it 
from  falling  sidewise.  each  grasping 
tlie  body  with  one  arm  tlirown  over 
the  back,  and  holding  the  leg  in  the 
\  crotch  of  the   knee   with  the  other 

J  hand  to  keep  it  from  slipping  up  or 

■'  down  "  (Kelly). 

An  apparatus  like  that  shown  in 
the  text  (Fig.  493),  and  devised  by 
Dr.  G.  B.  Miller,  is  useful  where  as- 
sistants are  scarce,  liut  the  thigh 
bands  must  not  be  allowed  to  cut 
into  the  femoral  fold. 

Ccilibrnting  and  Dilating  the  Ure- 
thral Orifire. — "Before  dilating  the 
urethra  and  introducing  the  specu- 
lum it  is  well  to  calibrate  it,  that  is, 
to  measure  its  diameter  in  millimetres 
as  a  guide  to  the  amount  of  dilatation 
needed  to  admit  a  speculum ;  for  ex- 
ample, if  the  urethral  orifice  has  a 
diameter  of  6  or  7  mm.  only,  it  can- 
not be  dilated  up  to  10  or  12  mm. 
.  without  a  slight  rupture  of  its  mar- 
gins; calibration  in  this  case  would 
induce  one  to  use  a  speculum  a  size  or 
two  smaller  than  usual.  Again,  the 
often    shows   that  the  orifice  is  already  so 

A  practised 


calibration 

large  that  it  needs  no  preliminary  dilatation, 

eye  will  usually  be  able  to  gauge  the  size  of  the  urethral 

orifice  at  once,  and  to  select  the  exact  size  of  speculum 

suitable  for  introduction 


\\\\">A>j,"" 


Fia.  493.— Patient  In  a  Harness  In  the  Knee-Breast  Position  for  Cvsttiscoplo 
Examination. 
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■•'ro  calibrato  tlic  (uiticc,  tlic  small  end  of  the  cDnical 
dilalcir  (Fig.  J^t.").  ^)  is  imslicd  into  ilic  iirctliia  until  it  tits 
suugly,  wUeu  the  iude-N;  tiuger  mafks  tlio  point  in  con- 


Flci.  4:]4.- 


-Holiiini,'  tlie  Vesical  Six-culuni  Heady  for  Introduction, 
presses  tbe  obturator  llrmly  in. 


tact  T\-itli  tlif  iifctliral  orifice;  tlie  diltitor  is  then  with- 
drawn and  the  iliaineter  in  millimetres  read  off.  If  it  is 
9  or  10,  the  speculum  of  the  same  number  is  taken  up 
and  introduced  without  dilatation;  if  the  number  in- 
dicatinir  tbe  diameter  is  7  or  8,  the  urethra  must  tii-st  be 
dilated  up  to  tlur  size  of  the  siiecuhim  to  be  used. 

■'  Boro^'lyceride  fori.is  thf  hmt  lii/inrmd  for  dilator  and 
speculum   bce:iuse  it  is  colorless.     Vaseline  sometimes 
li-aves  a  tilm  behind  which 
looks  like  pus. 

"  To  dihite  tlie  orifice,  the 
dilator,  which  is  one  and 
the  saine  instrument  with 
the  calibrator,  is  introduced 
into  the  uri-thra  in  tlie  di- 
rection of  its  axis,  with  a 
slijihl  boring  motifm,  until 
the  rei[uired  distention  is 
reached  in  a  few  seconds. 
Often  there  is  no  injury  at 
all  from  such  a  dilatation, 
while  iit  other  times  one  or 
two  shallow  ruptures.  1 
mm.  deep  and  from  '6  to  .'i 
mm.  long,  are  made  at  the 
posterior  margin.  I  liave 
never  seen  any  serious 
bleeding  nor  have  I  had 
to  treat  the  ruptures  later 
as  tissures;  only  two  or 
three  times  have  I  had  to 
put  in  a  fine  suture  to  stop 
the  oozing.  An  unusually 
small  and  rigid  orifice 
should  be  cut  posteriorly, 
as  suggested  by  Simon; 
then,  after  the  examination, 
tlie  cut  is  closed  with  one 
or  two  fine  silk  sutures" 
(Kelly). 

rntrodiirin;!  (he  Sjxrtilnin. 
— "  .\  skilful  examiner  will 
select  a  suitable  speculum. 
No.  7,  8,  !).  or  10,  or  one  of 
the  half  sizes  between,  ac- 
cording to  the  case,  the  age 
of  the  iiatient,  or  the  pur- 
pose of  the  examination  ;  a  patient  with  a  sensitive  ure- 
thra may  often  be  treated  with  less  discomfort  and 
with  equal   'acility   through   a  Xo.  7i  or  8  speculum. 


The  smaller  sizes  are  better  adapted  to  girls  and  to 
young  women  witli  small  urethra'.  Heginners  in  cysto- 
scojjy  are  apt  to  select  a  larger  speculum,  using  a  Xo,  10 
or  1 1 ;  with  experience  they  will  drop  a  size  or  two. 
"To  introduce  the  specidum.  it  is  gnisped  as 
shown  in  Fig.  4iH  and  the  obturator  is  ke])t  from 
slii)])ing  back  into  the  cylinder  by  a  decided  press- 
ure with  tbe  thumb,  continued  until  the  end  has 
entered  into  the  bladder.  The  urethra.  wip<il 
clean  with  lioric  acid  solution,  is  exposed  by  an 
assistant  holding  tbe  buttocks  and  the  labia  well 
apart,  while  the  point  of  the  speculum,  coated 
with  the  boroglyceride  solution,  is  applied  to  the 
urethial  orilice,  and  pusln'd  through  the  urethra 
into  the  bladder  with  a  gentle  sweep  around  the 
liubie  arch.  The  handle  of  the  speculum  is  now 
firmly  grasped,  while  the  obturator  is  withdrawn 
willi  a  slight  rotary  motion.  If  tlie  internal  ure- 
thral orifice  is  drawn  well  into  tbe  jielvis  by  the 
posture,  the  urethra  is  so  much  curved  that  there 
is  danger  of  injuring  it  by  pushing  the  speculum 
hard  against  its  posterior  wall;  this  must  be 
avoided  by  introducing  the  speculum  in  a  de- 
cided curve.  The  moment  the  obturator  is  taken 
out  the  air  rushes  in  and  the  bladder  is  dilated 
tliunib    ;uid  really  for  tbe  inspection 

"If  the  liladdc'r  iloes  not  expand  in  this  way 
flic  examiner    will    usually  find  that   the  patient 
has  assumed   a  faulty    position,  and  as  soon   as  this  is 
corrected  tbe  expansion  occurs. 

"  Vietriii;/  llie  Jl/mldcr. — It  takes  far  less  time  to  view 
the  whole  interior  of  the  bladder  than  it  does  to  describe 
the  method  of  insiiection  (Fig.  40.")):  indeed,  after  prac- 
tice, a  few  seconds  will  be  sufficient  to  determine  by 
actual  sight  whether  any  portion  of  tbe  interior  is  sound 
or  diseased. 


FiO.  495.— Examination  of  the  Bladder  with  tlie  Patient  in  the  Knee-Breast  Position. 


"If  the  patient  is  in  the  knee-breast  iiosition  the  ex- 
aminer sits  on  a  stool  with  his  eyes  a  little  below  the 
level  of  the  urethra,  grasping  the  handleof  the  speculum. 
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wlik-li  is  turned  upward,  and  he  should  wear  the  head 
mirror  over  tlie  suiie  eve  lie  uses  at  the  microscope. 

"The  assistant  now  "holds  the  electric  droplight  close 
to  the  end  of  the  sjicrum,  which  is  protected  from  the 
heat  by  one  or  two  towels,  and  the  lower  maruiu  of  the 
head  inirror  is  drawn  awav  from  the  face  and  turned 
until  the  reflected  liirht  spot  falls  within  the  bladder. 
Jlen  accustomed  to  throat  and  eye  work  will  find  no  diffi- 
culty in  putting  a  .sood  illumination  at  once  just  where 
thev  want  it,  while  to  the  inexjierienccd  man  the  apparent 
waywardness  of  the  light  will  be  his  chief  trouble 
throusihont.  The  direct" ray  of  the  little  electric  head- 
liirhl  makes  the  illuminatioii  of  the  field  an  easier  task. 

""The  inspection  of  the  bladder  naturall.v  begins  with 
the  posterior  heniisphere  about  the  posterior  pole,  op- 
posite the  inti'rnal  urethral  orifice,  from  3  to  5  cm.  dis- 
tant from  th<'  anterior  wall,  but  not  more  than  2  or  3  cm. 
from  the  end  of  the  s|)ecidum,  which  is  pushed  well  into 
the  bladder. 

"  The  whole  posterior  heniisphere  is  first  examined  as 
the  end  of  the  iustriin*nit  is  directed  to  the  right  and  to 
the  left,  by  alternately  raising  and  dropping  the  handle 
so  that  every  part  of  "the  mucosa  is  passed  in  review  at 
least  twice. 

"  The  normal  btickf/rotmd  of  the  infaied  bladder  seen  in 
this  way  is  a  dull  white,  with  here  and  there  large  vessels 
branching  and  anastomosing  over  it  in  an  irregular  man- 
ner. The  fine  rosy  capillaiy  injection  seen  in  a  con- 
tracted bladder  is  not  visible  when  it  is  distended  with 
air,  for  the  minuter  vessels  are  emptied,  both  by  the  ex- 
pansion and  by  the  posture  of  the  patient.  At  "a  point  1 
or  2  cm.  above  the  posterior  pole  a  rounded  red  spot  of 
capillary  injection  is  often  seen,  which  may  easily  be 
mistaken  for  a  localized  inflammation,  but  which  is 
merely  a  suction  hypera'niia  induced  at  this  point  by 
contact  with  the  end  of  the  speculum  during  the  with- 
drawal of  the  obturator. 

"The  larger  blood-vessels  spring  out  of  the  submucosa 
where  they  are  first  seen  in  a  hazy  way,  becoming  clearer 
and  with  sharply  defined  outlines  on  the  surface,  where 
they  divide  and  subdivide  into  numerous  branches.  Oc- 
casionally an  artery  is  seen  pulsating,  and  a  large  dark 
vein  may  sometimes  be  seen  gradually  disappearing  from 
view  as  it  penetrates  the  walls  obliquely.  The  mucous 
surface  on  the  right  and  the  left  of  the  posterior  hemi- 
sphere is  often  divirled  up  by  shallow  interlacing  ridges, 
or  again  a  sharp  ridge  2  to  3  cm.  long  is  seen  to  cross  the 
field  (ibliciuely;  these  ridges  are  formed  by  the  inner 
muscular  bundles  irregularly  arranged.  Numerous  little 
glistening  points  are  due  to  moisture  on  slight  inequali- 
ties of  surface  which  catch  and  reflect  the  light. 

"  By  dropping  the  handle  of  the  speculum  decidedh', 
its  inner  end  is  raised  and  the  vault  or  summit  of  the 
bladder  is  brought  into  view,  and  eveiy  part  of  the  organ 
inspected  by  moving  the  end  from  side  to  side.  By 
elevating  the  handle  decidedly,  the  floor  of  the  bladder  is 
examined  in  the  same  way,  and  then  by  moving  it  to  the 
left  and  to  the  right,  the  right  and  left  walls  come  into 
view. 

"  The  only  ]iarts  which  remain  unexamined  are  those 
contiguous  to  the  internal  urethral  orifice,  and  these  are 
now  seen  by  a  still  more  decided  elevation  and  depression 
of  the  handle.  With  a  marked  depression  of  the  specu- 
lum the  vesical  triangle  comes  into  view,  always  a  little 
more  injected  than  the  rest  of  the  bladder,  due  to  the 
fact  that  the  mucosa  and  the  underlying  tissues  are 
intimately  connected,  which  prevents  this  part  from  ex- 
panding and  becoming  ana'mic  like  the  rest  of  the  bladder. 

"Turning  the  speculum  from  fifteen  to  twcntv  degrees 
—generally  the  latter— to  the  right  or  to  the  left  a 'little 
pinkish  iiroininence  is  seen — the  riwiis  ureteric — which 
marks  the  position  of  the  urethral  orifice;  this  usually 
looks  like  a  fine  transverse  line  about  2  mm.  long  on  the 
side  of  the  mons.  It  is  sometimes  a  faint  streak,  like  a  lit- 
tle water  line  on  paper.  At  other  times  the  orifice  appears 
as  a  little  pit  oramere  point.  In  some  j-oung  nulliparous 
women,  the  ureteral  opening  is  indicated  by  a  small  round 
black  point  which  has  not  been  observed  i"n  older  women 
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who  had  borne  children  (Hunner  and  Lyon).  Immedi- 
atel}'  around  the  ureteral  orifice  is  a  paler  area  about  1 
mm.  broad,  and  surrounding  this  a  rasy  area  3  or  4  mm. 
broad.  I  have  several  times  seen  a  blood-vessel  emerging 
out  of  it  ou  to  the  vesical  mucosii.  If  a  V  with  its  angle 
at  thirty  degrees  is  marked  on  the  cylinder  of  the  specu- 
lum, near  the  handle,  by  bringing  one  of  the  arms  of  the 
V  parallel  to  the  axis  of  the  urethra  the  other  arm  will 
then  point  toward  one  of  the  ureteral  orifices,  which  may 
now  be  found  at  once  on  looking  through  the  speculum. 

"  If  the  ureteral  orifice  is  watched  for  half  a  minute  or 
so  a  little  clear  urine  will  be  seen  to  spout  out  from  the 
surface,  forming  a  jet  which  lasts  two  or  three  seconds, 
to  be  repeated  again  in  the  course  of  a  minute. 

"Sometimes  the  urine  spurts  up  free  from  the  surface 
of  the  bladder,  shoots  into  the  lumen  of  the  speculum 
and  trickles  down  to  the  outer  edge.  By  holding  the  end 
of  the  speculum  close  up  under  the  ureter,  or  by  using 
the  oblique  speculum  adapted  specially  to  this  purpose, 
(Fig.  48.5,  1)  enough  urine  can  be  caught  up  with  pled- 
gets of  cotton  or  in  a  small  graduate  to  answer  the  pur- 
pose of  a  physical,  chemical,  and  microscopic  examination. 
When  the  bladder  is  inflamed  or  ulcerated,  it  is  some- 
times of  great  advantage  to  get  a  little  urine  from  one  or 
both  sides  in  this  waj',  because  it  avoids  the  risk  of  a 
possible  infection  of  a  ureter  by  putting  in  a  catheter. 

■'The  jnter-ureteric  line  is  often  distinctly  .seen  from  its 
having  a  little  deeper  color  than  the  bladder  behind  it, 
or  from  a  .slight  elevation. 

"  In  the  process  of  the  examination  of  the  entire  blad- 
der, conducted  in  this  wa}-,  the  field  of  vision  has  changed 
from  the  posterior  wall  perpendicular  to  the  plane  of 
vision  to  the  triangular  area  which  lies  almost  parallel 
to  it :  at  right  angles  differences  in  color  are  best  seen, 
while  in  the  plane  of  vision  outlines  which  cross  it  come 
out  more  distinctlj-. 

"  The  rctrosymphj'seal  area  comes  into  view  on  elevat- 
ing the  handle  of  the  speculum  so  as  to  direct  the  iimer 
end  toward  the  symphysis  pubis. 

"Occasionally  a  bladder  will  be  found  which  does  not 
remain  ballooned  out  with  air,  but  undergoes  periods  of 
more  or  less  rhythmic  contraction,  each  of  which  lasts 
half  a  minute  or  more.  With  the  contraction  there  is  an 
influx  of  blood  into  the  capillaries,  and  the  mucous  mem- 
brane assumes  a  rosy  hue,  becoming  more  intense  as  the 
contraction  increases,  until  the  whole  organ  is  thrown 
into  small  folds  like  a  labyrinth  of  cerebral  convolu- 
tions. With  the  contraction  the  air  is  audibly  expelled 
and  often  urine  conies  sputtering  out  with  it.  After 
waiting  from  half  a  minute  to  a  minute  the  contraction 
relaxes  and  the  bladder  expands,  and  the  examination 
can  be  continued.  The  color  and  appearance  of  the 
walls  and  of  the  vessels  of  a  normal  bladder  must  be 
well  fixed  in  the  mind  by  numerous  examinations,  be- 
cause the  normal  conditions  are  the  standards  of  com- 
parison in  determining  the  presence  of  areas  of  conges- 
tion, inflammation,  or  other  diseases. 

"  Insufficient  expansion  of  the  bladder  will  be  noticed 
in  advanced  pregnancy,  or  in  the  case  of  a  tumor  block- 
ing the  pelvis,  or  in  ascites.  It  may  also  be  due  to  the 
fact  that  the  patient  in  taking  the  knee-breast  posture 
arches  her  back,  and  raises  her  chest  too  high  from  the 
table,  and  so  interferes  with  the  actiim  of  gravity  on  the 
intestines.  Often,  too,  a  little  time  must  be  allowed  for 
the  viscera  to  gravitate  slowly  toward  the  diaphragm, 
and  so  create  the  necessary  suction  for  the  distention  of 
•the  bladder. 

"  Too  great  an  expansion  of  the  bladder  may  also  be 
troublesome.  Theditficulty  is  that  the  trigonumand  the 
ureteral  orifices  are  then  lifted  up  so  high  that  the  ex- 
aminer has  to  bring  his  head  so  far  under  the  patient  that 
his  position  is  extremely  awkward  and  he  does  not  get 
enough  light  for  inspection.  This  may  be  remedied  in 
several  ways: 

"  (a)  Before  introducing  the  cystoscope  a  speculum  is 
always  put  into  the  vagina,  which  then  balloons  out  with 
air  and  lets  its  anterior  wall  with  the  floor  of  the  bladder 
drop  in  the  direction  of  the  symphysis;  then  when  the 
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Tesifal  speculum  is  inlrodueod  the  available  expansion 
sjjace  of  the  pelvis,  already  partly  occupied  by  the  dis- 
tended vagina,  is  so  diminished  that  the  floor  of  the 
bladder  remains  more  nearly  in  the  )ilane  of  vision.  In 
parous  women  the  atmospheric  expansion  of  the  va.irina 
is  usually  sjionlaneous.  Distention  of  the  rectum  with 
air  will  sometimes  produce  the  .stime  effect. 

"(A)  By  putting  a  cotton  pack  in  tlie  vagina  or  by  de- 
pressing its  anterior  wall  with  a  spatula,  any  jiarticular 
portion  of  the  base  of  the  bladder  can  held  down  in  view. 

"(c)  Cases  where  there  is  a  tendency  to  an  excessive 
expansion  may,  as  a  rule,  be  easily  examined  in  the 
dorsal  posture,  when  it  is  naturally  not  so  great. 

"The  presence  of  air  in  the  bladder  is  rarely  jiainful  so 
long  as  the  urethra  is  open  antl  the  air  enters  and  escapes 
freely  with  each  respiratory  movement.  But  not  infre- 
quently as  soon  as  the  speculum  is  taken  out  the  patient 
feels  a  cramping  pain,  which  is  not  relieved  until  she  has 
been  able  to  seat,  her.self  on  a  vessel  to  expel  the  air.  To 
avoid  this  after-pain,  the  examiner  may  leave  the  specu- 
lum in  place,  or  slip  a  catheter  in,  and  then  lower  the 
patient  gently  from  the  knee-breast  posture  on  to  lier 
side,  so  as  to  let  the  air  out  gradually. 

'■  It  is  not  necessiiry  to  take  any  special  |)recaution 
after  a  vesical  examination,  unless  it  has  been  prolonged 
enough  to  weary  the  jjatient.  or  imless  she  is  feelile  or 
nervous :  under  these  circumstances  rest  for  an  hour  or 
two,  with  a  half  teaspoonful  of  aromatic  spirits  of  am- 
monia, may  be  iirescribeil. 

"The  field  of  usefulness  of  the  cystoscopic  method  just 
described  is  a  large  one,  commensurate  with  the  entire 
field  of  vesical  disease,  and  the  practitioner  who  uses  it 
liberally  will  l.)e  rewarded  by  constantly  discovering  that 
affections  hitherto  described  as  merely  functional  have 
definite  local  lesions  as  tlieir  basis,  and  are  often  speedily 
amenable  to  simple  methods  of  treatment. 

"  I  wish  further  to  insist  that  a  cystoscojiic  examination 
should  be  made  in  every  casi'  where  a  vesical  afiection  is 
more  than  transient  and  tlie  diagnosis  is  not  absolutely 
clear  without  it,  and  that  every  part  of  the  bladder 
should  then  be  thoroughly  inspected"  (Kelly). 

MENSUn.\TIOX  OP  THE  Fem.\le  B!..\DUEU. 

G.  L.  Hunner  and  I.  P.  Lyon  hav(-  recently  published 
(■T'l'irri.  Am.  Med.  vLmw.,  1899,  vol.  xxxiii.,  ji.  1.")!.'))  some 
very  interesting  and  instructive  results  of  their  work  on 
bladder  capacity,  "undertaken  primarily  to  atl'ord  to  the 
gynecologist  some  additional  information  on  the  size, 
sliape,  position,  internal  mensuration,  and  capacity  of 
the  bladder,  and  incidentally  to  furnish  the  anatomist 
with  some  of  the  sanx^  data." 

"1.  All  measurements  were  made  on  living  women 
with  the  bladder  ]ierfectly  lu'althy — most  cases — or  so 
slightly  disturbed  from  the  normal  as  not  to  affect  the 
accuracy  of  the  results,  2.  All  examinations  were  made 
with  tlie  women  in  the  knee-breast  posture,  with  the 
rectum,  vagina,  and  bladder  all — with  a  few  exceptions 
—dilated  by  atmospheric  pressure,  produced  by  simijly 
opening  these  cavities  to  the  oiilside  air  by  the  insertion 
of  a  speculum,  by  the  methods  so  well  known  from  the 
writings  of  Kelly.  .   .  . 

"  It  was  found  that  b}-  this  method  of  dilatation  no  dis- 
comfort was  felt  by  the  woman,  and  conseijuently  no  re- 
sistance, either  voluntary  or  involuntary,  was  olTered  by 
her,  thus  adding  to  the  uniformity  of  the  observations. 
On  the  contrary,  it  was  found  that  distention  by  fluid  to 
discomfort  was  subject  to  the  peculiar  and  varying  irri- 
tability or  tolerance  of  the  subject,  and  thus  gave  no  uni- 
form biusis  of  comparison.  .   .   . 

"The  woman  was  put  in  the  knee-breast  posture  and 
the  three  pelvic  cavities  were  each  allowed  to  ililatc  by 
natural  atmospheric  pressure.  .\  closely  tilting  catheter 
was  then  introiliieed  into  the  bladder,  attached  at  its  ex- 
ternal end  to  a  long  soft-rubber  tube.  The  tube  was  then 
closed  by  a  clamp,  and  the  woman  then  rotated  carefully 
by  assistants  from  the  knee-breast  into  the  dorsal  ])0si- 
tion.  The  rubber  was  then  introduced  into  a  deep  vessel 
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of  water  and  from  below  upward  into  an  inverted  glass, 
graduated  cylinder  completely  filled  with  water,  and  was 
held  jiointing  upward  in  this  position  liy  an  assistant. 
The  clamp  on  the  tube  was  then  released,  and  the  <-ntire 
content  of  the  bladder  was  thenexi)ressed  by  the  ordinary 
gynecological  bimanual  method,  with  one  hand  exerting 
pressure  on  the  bladder  externally  from  tlut  abdominal 
wall  and  the  other  pressing  at  the  same  time  on  the  blad- 
der from  within  the  vagina  or  rectum.  .  .  . 

"The  air  thus  expressed  was  gathered  in  the  glass 
cylinder,  displacing  from  above  down  an  equal  amount 
of  water,  and  the  amount  read  off  on  the  graduated 
cylinder,  thus  determining  the  exact  air  capacity  of  the 
l)ladder.  .  .  . 

"  In  the  33  women  examined,  the  average  bladder 
capacity  by  atmospheric  distention  was  found  to  lie  303 
c.c,  individual  cases  ranging  from  a  miuinuun  of  160 
to  a  maximum  of  545  c.c.  .  .  .  The  capacity  in  general 
follows  the  general  size  of  the  bladder  l)y  internal  men- 
suration, and  also  in  a  general  way  the  size  of  the  woman. 
Measurement  was  also  made,  in  22  cases,  of  the  fluid  con- 
tents of  the  bladder,  boric  solution  being  used  for  the 
purpose.  On  ana>sthetized  patients  the  solution  was  in- 
troduced through  the  double-barrelled  catheter  until 
it  overflowed  through  the  upper  barrel ;  on  those  without 
ana'sthesia,  until  discomfort  was  caused  to  the  w-oman. 
The  average  fluid  capacity  was  thus  found  to  be  429.7 
c.c  varying  in  individual  cases  from  a  mininuun  of  210 
to  a  maximum  of  840  c.c.  The  average  fluid  capacity  of 
the  bladder  was  thus  found  to  be  more  than  one  tlnrd 
greater  than  the  air  capacity,  a  difference  that  would  be 
ex])eeted  because  of  the  elasticity  of  the  bladder  walls 
under  increased  pressure. 

"With  reference  to  the  influence  of  anaesthesia  on  the 
capacity,  it  was  shown  that  the  average  capacity  of  the 
bladder  is  somewhat  greater  than  without  ana'sthesia, 
explained,  doidjtlcss,  by  the  relaxation  of  the  bladder 
during  ana'sthesia." 

Indrniiiiiitid  ^hnxnTiitiiin. — "The  secoml  cliief  object 
of  study  was  to  gather  some  statistics  on  the  internal 
mensuration  of  the  bladder  under  atmospheric  dilatation 
in  the  knee-breast  posture.  The  importance  of  such 
measurements  to  the  gynecologist  is  apparent,  but  they 
have  never  before  been  accurately  ascertained." 

The  distance  of  certain  points  from  the  internal  ure- 
thral oritice  \va.s  measured.  "The  points  chosen  were: 
1.  The  vertex,  or  summit,  the  most  prominent  and  dis- 
tant point  in  the  concavity  of  the  upward  and  anterior 
bulging  of  the  ventral  wall,  usually  placed  well  above 
the  reflexion  of  the  peritoneum  and  the  departure  of  the 
urachus.  2.  The  most  prominent  and  distant  point  in 
the  upward  and  dorsal  Ijulging  of  the  posterior  wall. 
This  point  is  found  a  few  centimetres  above  the  peritoneal 
reflexion,  and  is  iisually  opposite  the  end  of  the  cysto- 
seope  when  held  in  the  axis  of  the  patient's  body.  Quite 
frei|uent!y.  however,  the  cystoscope  must  be  directed 
more  posteriorly  to  bring  this  point  into  view.  3.  The 
point  of  the  greatest  outward  bulging  \u  \\w  left  leitrnd 
wall.  4.  The  point  of  greatest  outward  bulging  in  the 
rif/ht  lateral  irall.   .   .   . 

"The  average  measurements  obtained  for  these  four 
points  were:  to  sununit,  7.14  cm. ;  to  posterior  wall.  5.77 
cm.;  to  left  lateral  wall,  6.70  cm.;  to  riglit  lateral  wall, 
5.92  cm.  .  .  . 

"The  ani/i/i met ri/  of  the  dilated  bladder,  shown  by  the 
une({ual  lateral  measurements,  is  of  interest.  In  16  cases 
the  left  lateral  measurement  is  greater  than  the  right; 
the  reverse  is  true  in  6.  and  in  3  the  left  and  right  internal 
measurements  are  equal.  The  occasional  asynnnetric 
position  of  the  bladder  has  been  noticed  l)y  anatomists, 
but  never  before  has  this  asymmetry  been  recorded  in  so 
large  a  pro|iortion  of  cases.  This  tendency  of  the  blad- 
der to  be  jjlaced  more  to  th<^  left  than  to  tlie  right,  at 
least  when  the  patient  is  in  the  knee-breast  jKisture  with 
the  pelvic  cavities  dilate<l  with  air,  may  be  explained  by 
the  fact  that  the  rectum  in  women  is  found  much  more 
commonly  on  the  right  than  the  left  within  the  pelvis, 
and  thus  the  distended  rectum  tends  to  displace  the  blad- 

785 


Blnildrr, 
Blixlder. 


REFEItENCE   UANUBOOK   OP  THE  MEDICAL  SCIENCES. 


diT  toward  the  loft.  Our  observations  on  the  position  of 
tlie  recKiin  in  women  arc  ilireelly  o|i|ioscil  to  the  usual 
statements  of  lext-lioolis  of  anatomy  and  surgery.   .   .   . 

"Another  faelor  produeinir  some  sli^lit  asymmetry  of 
the  dilated  Madder  is  the  faet  tliat  the  uterus  is  usually 
placed  somewhat  to  the  left  of  the  median  line  and  en- 
croaches on  the  left,  upper  posterior  ([uadrant  of  the 
Madder.  The  influence  of  this  factor  is  to  lower  the 
point  of  greatest  outward  huliring  of  the  left  lateral  wall 
so  that  it  is  found  to  be  on  a  lower  level  than  on  the  right 
latend  wall.  .  .  . 

"With  the  patient  in  tlie  knee-breast  posture,  and  the 
rectum,  vaifina.  and  bladder  all  dilated  by  atmospheric 
pressure,  it  was  found  that  the  true  pelvis  was  always 
completely  occupied  by  theses  organs,  and  that  the  blad- 
der and  uterus  tended"  to  rise  tipward  and  forward.  In 
inullipanv  the  uterus  was  found  to  be  displaced  so  far 
ujnvard  and  forward  that  its  fundus  could  be  felt  within 
a  fi-w  centimetres  of  llie  umbilicus. 

"Tlie  ballooning  of  I  he  rectum  and  vagina  before  the 
bladder  was  allowed  to  till  with  air  was  found  to  be  of 
great  importance  to  the  ease  of  examining  the  ureteral 
orilices.  in  the  fact  that  the  dilated  rectum  and  vagina 
press  from  behind  upon  the  base  of  the  bladder,  thus 
bringing  tli('  trigonmn  and  ureteral  orifices  forward  and 
into  easy  view  of  the  speculum.  Neglect  of  this  point 
and  failure  to  tirst  allow  the  rectum  and  vagina  to  dilate 
is  aceonntable  in  large  measure  for  the  difliculty  found  by 
so  many  gynecologists  in  catheterizing  the  ureters.  .  .  . 

"The  bladder,  as  a  whole,  when  dilated  with  air  and 
oliserved  rliiriny  openiihii  inithin  tlie  pdi'ic  carity — from 
abdominal  section — was  found  to  be  ellipsoidal  in  form, 
flattened  somewhat  in  its  antero-posterior  diameter  and 
increased  transversely.  The  transverse  diameter  was  al- 
ways the  greatest  measurement.  Mathematical  calcula- 
tion of  the  cubic  content  of  an  ellipsoidal  viscus  of  the 
dimensions  of  the  bladder  corresponded  closely  with 
actual  air  capacity  obtained  by  expression  "  (Hunneraud 
Lyon). 

Abnormal  Urine;  Ex.vmination  of  the  Urine. 

Color. — The  color  of  the  urine  in  diseases  of  the  bladder 
may  vary  from  the  almost  colorless  urine  of  hysteria  to 
the  reddish-black  urine  of  ha;moglobinuria  or  cif  liemor- 
rhage  from  the  urinary  tract.  It  may  be  of  a  pale  yellow 
color,  or  opaque  from  admixture  of  pus. 

The  odnr  of  cystic  urine  is  usually  ammoniacal,  luiless 
the  reaction  is  very  acid. 

The  reiicticn  of  the  urine  in  cystitis,  when  due  to  the 
presence  of  the  coli  communis,  streptococcus,  tubercle,  or 
typhoid  bacillus  in  pure  culture,  is  acid  :  but  when  caused 
by  saprojjhytes,  pjogenic  bacteria,  or  both,  with  de- 
composition of  urea,  its  reaction  is  alkaline. 

Spedfir  unirity  in  vesical  di.sease  is  usually  about  1.010 
-1.01.5,  but  responds  to  all  th(!  usual  features  which  in- 
duce variations  in  the  quantity  of  the  urine. 

MiK-iis. — Mucus  in  the  urine  is  rarely  of  diagnostic  im- 
port, being  always  increased  in  any  vesical  inllammation. 

EintluUnm. — Exfoliation  of  epithelium  always  takes 
place  in  cystitis,  and  microscoi>ically  we  can  determine 
from  what  layer  of  the  mticous  meiiiln-ane  it  is  derived 
and  to  what  extent  the  vesical  w^all  is  involved.  The 
sn]ierticial  cells  are  large,  round,  or  rectangular  jiave- 
nient  cells;  those  froni  the  deeper  layers,  caudate  or 
si)indle-shaped.  The  latter  varieties  resemble  cells  from 
the  ureter.  The  deep  vesical  cells  may  be  confcnuuled 
with  cells  given  off  from  the  deeper  lavers  of  the  pelvis 
of  the  kidney,  though  the.se  are  usuallvsomewhat  smaller 
in  .size  and  lighter  in  structin-e  than  the  deej)  bladder  cells. 

Blood  niid  A/ljiimin.~Us-nvMum  mav  be  due  to  hemor- 
rhage from  any  portion  of  the  urinarv  tract.  In  acid 
urine  the  red  corpuscles  present  a  shrivelled,  crenated  ap- 
pearance; in  faintly  acid,  diluted  urine  the  corpuscles  are 
quite  full  from  endosmosis.  Ha-maturia  accompanies 
acute  .-"ongestion  and  varicose  veins.  From  the  free  sur- 
face of  the  bladder  the  blood  escapes  eitliei'  in  a  free  state 
or  in  small  clots.     Such  hemorrhages  imply  the  presence 


of  a  calculus  or  a  foreign  body,  or  of  some  form  of  new 
growth,  in  the  bladder.  But  they  may  also  occur  in 
connectiim  with  an  ulcerated  condition  of  the  vesical 
mucous  membrane  or  as  a  result  of  malaria.  When  the 
blood  comes  from  the  kidneys  it  is  intimately  inter- 
mingled with  the  urine. 

From  a  study  of  nineteen  cases  of  luematuria,  David 
Newman  (Ld/irct.  July  2,  St.  and  16,  189S)  concludes  that 
"the  source  of  the  lieuKirrhage  is  often  determined  by 
studying  the  character  of  the  urine,  or  of  the  blood  clot 
if  such  is  present.  The  farther  down  the  source  of  the 
hemorrhage,  as  a  rule,  the  less  is  the  alteration  of  the  ap- 
pearance of  the  blood;  though  this  is  not  true  when  the 
hemorrhage  has  been  from  the  bladder  in  eases  in  which 
there  is  residual  urine,  as  the  color  is  rapidly  changed  in 
such  instances.  Occasionally  the  clot  encloses  soiue  of 
the  tissue  from  the  source  of  the  hemorrhage,  and  then 
microscopic  examination  makes  practically  an  absolute 
diagnosis.  If  clots  are  large,  they  caimot  have  come 
from  high  up  near  the  kidneys.  Renal  ha?iuaturia  is 
apt  to  appear  very  suddenly,  and  disappear  quite  as  sud- 
denly. In  case  of  stone  in  any  location,  rest  cau.ses  im- 
provement, and  exercise  increases  the  trouble.  The 
cystoscope  often  gives  aid.  The  estimation  of  the  quan- 
tity of  haemoglobin  and  comparison  with  the  amount  of 
albumin  in  the  urine  will  tell  whether  the  albumin  pres- 
ent is  due  entirely  to  the  blood  or  if  there  is  also  al- 
buminuria. If  there  is  excess  of  albumin,  this  indicates 
a  probable  renal  source  of  the  heiuorrhage.  Hemorrhage 
from  renal  calculus  is  usually  slight,  appears  at  some- . 
what  long  intervals,  and  is  increased  b,y  exercise.  Bleed- 
ing from  renal  tuiuors  is  profuse,  is  apt  to  be  more  con- 
tinuous, and  is  very  likely  to  come  on  while  the  patient 
is  recumbent.  Tuberculous  disease  causes  hemorrhage 
which  often  occurs  at  long  intervals,  is  of  slight  severity, 
and  not  usually  increased  by  exercise:  and  the  iiuantity 
of  albumin  is  in  excess  of  that  attributable  to  the  blood 
present.  Hitmaturia  may  also  be  due  to  passive  hyper- 
nemia,  or  may  follow  reflex  inhibition  of  the  renal  func- 
tions, due  to  some  acute  alidomina!  affection  acting  upon 
the  solar  plexus.  Cases  of  ha*maturia  are  \ieconiing  more 
and  luore  the  subjects  of  surgical  treatment." 

Discussing  the  diagnostic  differences  between  pyelitis 
and  cystitis,  G.  Roseufeld  {Berliner  Min.  Wocli..  October 
4,  1898)  notes  that  an  alkaline  reaction  is  not  found  in 
uncomplicated  pyelitis;  in  cystitis,  even  of  severe  grade, 
the  albumin  in  the  urine  does  not  amount  to  more  than 
0.1  per  cent.,  this  being  the  most  characteristic  point  of 
dilTerentiation,  for  in  pyelitis  it  is  often  as  nuich  as  three 
times  greater  than  this;  if  most  of  the  pus  corpuscles 
jiresent  are  crenated,  the  condition  is  proliably  pyelitis, 
which  is  also  true  in  case  the  red  corpuscles  are  decom- 
posed ;  if  any  hemorrhage  occurs,  it  is  but  slight. 

Bits  of  tissue  teased  in  glycerin  and  examined  micro- 
scopically will  sometimes  lead  to  the  diagnosis  of  a  vesical 
tumor  or  an  ulcer;  pieces  of  cast-off  membrane  will  indi- 
cate an  exudativeor  exfoliative  inflammation  of  the  walls 
of  the  bladder;  and  debris  removed  from  ulcers  often 
contain  tuliercle  bacilli  and  confirm  the  diagnosis  of  an 
invasion  of  those  microbes  as  the  cause  of  the  cystitis. 

It  is  advisable  in  many  cases  to  excise  a  piece  from  a 
new  growth  and  submit  it  to  microscopical  examination, 
in  order  to  determine  the  exact  nature  of  the  growth 
and  the  best  method  for  its  removal. 

Pyuria. — Pus  in  the  urine  may  be  derived  from  the 
vagina,  urethra,  bladder,  kidneys  or  ureters,  or  its  pres- 
ence may  lie  due  to  a  rupture  of  a  pyosalpinx  or  of  an 
appendiceal  abscess  into  the  bladder.  Urine  retained 
within  a  patent  urachus,  a  iluplicateor  s;iceulate  bladder, 
a  cystocele,  or  an  urethrocele  undergoes  fermentative 
changes  and  shows  the  presence  of  [lus  corpuscles.  When 
tlie_v  are  present  in  large  quantity,  the  urine  presents  a 
gruel-like  aiipearance;  when  in  moderate  quantity,  a 
fresh-cider-like  oiialescence.  In  recent  acute  infection  the 
pus  is  in  proportion  to  the  intensity  of  the  inflammation; 
in  old  cas(>s  the  urine  is  loaded  with  bacteria,  but  contains 
little  luis. 

Parasites. — The  filaria  sanguinis  hoir.inis  is  occasion- 
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ally  found  in  the  bladder  and  induees  cliyluria.  The 
iiriiK'  presents  a  creamy  ai>|H'aranee  In  the  naked  eye  and 
under  llie  inier(iseii])e.  The  |ieriod  of  the  jiarasite's  aetiv- 
ity  is  at  idsilit,  tlie  inornini;-  urine  being  milky,  while  that 
voided  during  tlie  day  is  iiuite  elear. 

'I'he  heads  an<i  liooklels  of  the  echiuoeoecus  have  been 
seen  in  the  urine;  uleerative  action  in  the  kidney  or  in  a 
prevesical  tiuuor  having  set  them  free. 

Tre.^tment  of  Cystitis. 

Pi-f/plti/lanK.—Thv  prevention  of  inllamniatory  disease 
of  the  bladder  involves  the  earlv  reccjgintion  of  urethral 
disorders,  and  the  immediate  emidoyment  of  appropriate 
treatment.  If  any  vesical,  pelvic,  rectal,  ureteral,  or  renal 
disease  which  renders  the  bladder  liable  to  infection  is 
present,  this  should  be  relieved;  and  the  injunction  to 
observe  the  strictest  surgical  asepsis  in  all  manipulations 
about  the  bladder' cannot  be  given  too  often. 

'I'l-ditiiunt  of  Aciiti:  ('i/i'tiUii. — During  the  acute  stage 
active  local  interfereuc('  is  contraindicated;  and  the  de- 
mands of  the  ])atient  will  direct  our  attention  to  the  relief 
of  pain,  and  to  the  restoration  of  the  power  completely 
to  empty  the  bladder.     To  .stiinidate  vesical  contraction, 
apply  heat  or  cold  over  the  su]ira]jubic  region;   failing 
these  a  sterile  catheter  must  be  inlioduced  and  the  blad 
der  emptied.     The  intense  ])ain  due  to  vesical  irritability 
and  tenesmus  must  be  relieved  by  morphine,  administered 
either   by   the   mouth  or    by  .--uppository.      At   the  same 
time  enough  bromide  and  chloral  should  be  given  to  in 
sure  ample  sleep.     Hot  poultices,  or  in  some  cases  an  ice 
bag  over  the  bladder,  affords  considerable  comfort ;  con 
tinuous  rectal,  not  vaginal,  irrigation  of  ice  water  through 
a  Kemp  double-current  tube  exerts  an  almost  marvellous 
effect. 

Tlie  Vare  of  the  Patieiit. — Absolute  rest  in  bed;  a 
strictly  fluid  diet  of  milk  or  milk  preparatii^ns.  with 
Vichy;  active  purgation  by  lliuiyadi,  Hubiiiat.  or  other 
saline.s,  and  oleum  riciniat  night  to  insiue  complete  emp 
tying  of  the  intestinal  tract — such  are  .some  of  the  simi)le 
measures  which  shoidd  be  employed.  From  our  study 
of  the  urine  we  learn  what  drugs  to  administer,  correct 
ing  alkalinity  by  the  use  of  sodium  benzoate  and  boric 
acid,  aa  gr.  v.  to  x.  tcr  in  die  ;  or,  in  case  the  urine  is 
excessively  acid,  we  may  prescribe  the  acetate,  Ijicarbon- 
ate,  and  citrate  of  potassium,  aii  gr.  v.  to  x..  with  ext. 
pichi  fl.,  Til  XXX.  to  xl.,  every  three  hours,  in  a  liiieral 
quantitv  of  water.  For  their  supposed  antiseptic  action 
on  the  urine,  salol  and  urotro])in  are  highly  recommended. 
When  there  is  iiainful.  frequent  urination,  if  the  bladder 
is  capable  of  em|)tying  itself,  Morton  recommends  instil- 
lations of  twenty  minims  of  a  one  or  two  percent,  silver 
nitrate  solution,  repeated  every  second  or  third  ilay. 
The  bladder  must  be  completely  emptied  before  the  in- 
jection is  made. 

T/ie  tredtineiit  of  chronic  cystitis  deiiends  upon  the 
nature  of  the  infecting  organism,  the  character  of  the 
urine,  the  condition  of  the  bladder  walls,  the  nature  of 
the  predisposing  cause,  whether  calcidus.  neoplasm,  for- 
eign body,  etc.  So  far  as  general  measures  are  concerned 
it  is  necessary  to  insist  iqion  the  following:  Rest  in  bed. 
a  light  diet.  th<' avoidance  of  coniliments  and  of  sweet 
and  alcoholic  drinks;  regular,  periodic,  complete  evacu 
nation  of  the  bladder;  free  movement  of  the  bowels 
throtigh  the  useof  sidines;  moderate  exercise;  the  avoid- 
ance of  over-heatiii.tr,  and  abstention  from  intercourse; 
the  daily  use  of  hot  and  cold  baths,  or  of  sit/,  baths;  and, 
finally,  seven  or  eight  hours  of  refreshing  sleep.  In  otli 
er  words,  everything  shouUl  be  done  to  bring  the  patient's 
general  condition  up  to  the  hi.irhest  point. 

The  treatment  of  the  interior  of  the  bladder  is  accimi 
plished  in  several  ways:  by  internal  medication;  by  in- 
jections into  the  liladcler;  by  direct  ai>i)lications;  an<l  by 
surgical  procedures. 

1.  Certain  drugs  may   be  used,  such  as  sodium  ben 
zoate  or  boric  acid,  to  render  the  urine  acid;  others  for 
the  purpose  of  diminishing  the  growth  of  micro-organ- 
isms in   the  blad<ler.  notablv  salol  and  salicvlate  of  so- 


diiun  in  full  doses,  iind  quinine  in  moderate  amount, 
I'rotropin,  gr,  xxx.  |ier  (lieni,  has  been  recommended 
liy  .Morton  for  dissolving  phos])hatic  concretions, 

2.  Injections  into  the  bladder  are  used  in  four  ways, 
vi/. ; 

((/)  "Washing  out  the  bladder  after  the  manner  of 
Kelly,  by  att;iching  a  .glass  catheter  and  a  glass  funnel 
to  either  end  of  a  piece  of  rubber  tubing  three  or  ft)ur 
feet  long,  and  pouring  the  solution  into  the  fuimel,  the 
rajiidity  of  the  inllow  being  in  pro]iortion  to  the  height 
at  which  the  funnel  is  lield.  'I'he  bladder  is  Idled  to  the 
point  of  tolerance,  when  on  lowering  the  funnel  the  V(-si- 
cal  contents  will  run  out.  This  ]]lan  of  irrigating  the 
bladder  has  the  advantage  of  safety  in  that  overdisten- 
tion  is  not  likely  to  be  produced,  for  the  bladder  will 
contract  and  c\\w\  its  contents  through  the  funnel,  un- 
less it  be  h(dd  too  high. 

The  .same  method  of  making  injections  may  be  em 
ployed  when  we  desire  to  treat  the  entire  nuicous  mem- 
brane of  a  bladder  which  contains  pus,  mucus,  and  non- 
coagidated  blood — that  is,  one  in  which  there  is  a 
condition  of  mixed  infection.  For  this  pur|)ose  weak 
solutions  of  jiotassiuni  permaneauate  (of  1  to  5,0(10),  of 
ichthyol  (1  to  ott),  of  silver  nitrate  (1  to  3,000),  and  of 
a  saline  solution  (0  to  1,000)  will  be  found  usefid, 

(//)  Irrigation  with  hot  (KXV-llO'  F.)  solutions,  by 
means  of  the  double-current  catheter,  will  be  found  etti- 
cieiit  in  allaying  bladder  iiitlammation,  but  for  washing 
out  thick  pus  or  debris  it  is  useless.  Great  care  must  be 
exercised  when  imrsinng  continuous  irrigation  not  to 
overtill  the  bladder,  and  to  see  that  the  outflow  is  unob- 
structed. 

For  continuous  irri.L'ati<in,  two-pcr-cent.  boric  acid,  live 
per-cent.  ichthyol.  normal  saline  solution,  or  Thiersch's 
boro  salicylate  mixture  can  be  used  with  safety. 

((■)  Direct  washing  through  a  siieculum  in  the  urethra 
is  of  service  when  the  bladder  contains  foreign  matter, 
clotted  blood,  thick  mucus,  or  shreds  of  tissue  which 
would  obstruct  thi'  outflow  of  mine  and  plug  up  a 
catheter.  Insert  a  No.  8  or  10  cylindrical  specidiun,  and 
through  it  introduce  a  straight  glass  irrigatin.ff  nozzle  of 
small  calibre,  and  to  this  attach  a  rubber  douche  bag 
filled  with  a  mild  solution.  Raise  the  douche  bag  high 
enough  to  insure  a  fairly  strong  outflow;  direct  the 
stream  toward  any  collection  of  jius,  etc.,  and  in  this 
way  break  up  and  wash  out  through  the  speculum, 
alongside  the  nozzle,  such  material  as  will  ])ass  otit  in  no 
other  way.  Under  no  other  circumstances  ought  hydro- 
gen peroxide  (two  or  three  per  cent.)  to  be  introduced 
into  llie  bladder.  If  it  is  api)lied.  however,  through  a 
speculum,  its  action  can  be  closely  observed,  and  further 
it  can  be  aiiplied  to  any  particular  jiart  of  the  organ. 
This  ])lan  of  irrigation  commends  itself  also  in  such  cases 
as  call  for  the  use  of  the  s])ecidum  for  direct  local  appli- 
cation to  the  diseased  mucous  membrane, 

(il)  Instillations. — The  introduction  into  the  bladder 
of  small  quantities  of  a  medicated  solution,  which  is  tu 
be  left  in  for  from  ten  to  thirty  miiuites.  in  order  to  se- 
cure a  more  protracted  action,  has  been  practised  with 
success  by  Guion.  of  Paris.  lie  uses  for  this  purpose 
solutions  of  bichloride  of  mercury,  1  to  4,000  or  1  to 
.5,000,  increasing  the  stren.irth  and  i|uantity  of  the  solu- 
tion from  time  to  time.  F'roni  2  to  .5  gm.  are  slowly  in- 
jected from  a  rubber  syringe,  and  allowed  to  remain  in 
the  bladder  for  from  fifteen  to  thirty  iinnutes.  Ten  to 
twenty  miininsof  )iure  ichthyol,  or  a  two-per  cent,  silver 
nitrate  solution,  <-an  be  injected  every  fourth  da.v  in  the 
same  way.  This  plan  is  especially  useful  in  gonorrlueal 
or  other  forms  of  tri.gonitis,  or  where  there  are  localized 
iidlammatory  areas  too  large  ff)r  local  applications. 
Emptying  and  washing  out  the  bladder  must  alwaj'S 
preceile  instillations. 

;>  Direct  a]i)ilications  to  the  diseased  area  through  a 
siic'culiim  in  tlie  urethra  alTords  a  means  of  nii-dicating 
localized  inflammatory  areas  and  circumscribed  tubercu- 
lous patches  and  ulcers.  A  pled.set  of  cotton  is  wound 
upon  a  slender  applicator,  dipped  in  the  solution — moist- 
ened, not  siiturated — and  api)lied  directly  to  the  diseased 
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spots.  Silver  nil  rate,  thirty  jrraiiis  to  the  ounce,  -will 
often  eause  eonsiilenible  leinporary  pain  or  tenesmus;  if 
it  does,  a  ten  or  twenty  grain  solution  must  be  used  for 
suliseiiueiit  ap])lieations. 'every  four  or  tire  days.  I'ure 
iehthvol  applied  in  the  same  way  oatises  less  liurning,  in 
many  ea.ses  promotes  more  niiiid  healing  of  ulcers,  lias  a 
very  benetieiiil  effect  upon  any  portion  of  the  mucosa  to 
whieh  it  may  be  apiilied,  and  exhibits  a  marked  effect  in 
reducing  pus  formation. 

Ol'l:H\TIVK   TUE.VTMENT. 

Emwel'.t  JitiltouHole  Openiticii. —lu  some  cases  of  cys- 
titis which  ijersist  in  sijite  of  active  treatment,  and  in 
others  in  which  such  treatment  is  impracticable,  the  blad- 
der can  be  put  at  rest  and  |ierfect  drainage  obtained  by 
the  establishment  of  an  artiticial  vcsico- vaginal  fistula. 

Operation:  Incise  the  bladder  in  the  manner  described 
for  the  removal  of  vesica!  calculi,  and  with  a  continuous 
catgut  suture  unite  the  vesical  mucous  membrane  to  the 
vaginal  mucosa  around  the  whole  circumference  of  the 
opening.  This  will  jirevent  spontaneous  closure  of  the 
opening.  Protect  the  vulva  and  thighs  by  an  ointment, 
and  give  vaginal  douches  two  or  three  times  daily.  If 
the  tiiighs  become  excoriated,  avoid  the  use  of  soap,  and 
apjily  ii  two-per-cent.  solution  of  silver  nitrate  once  or 
twice  daily. 

Wlu'ii  in  the  course  of  several  months  the  cj-stitis  lias 
subsided,  the  edges  of  the  fistula  should  be  freshened  and 
the  fistula  closed. 

Clark's  Vexiciil  Bullnon  Treatment. — Kelly  saystliatDr. 
J.  G.  Clark's  balloon  treatment  is  applicable  to  all  chronic 
cases  in  which  the  disease  is  not  so  far  advanced  as  to  ren- 
der any  active  local  interference  dangerous,  on  account  of 
the  weakened  condition  of  the  patient.  The  plan,  in  brief 
(see  Johns  Hopkins  Hospital  Bulletin,  February-March, 
1896),  consists  of: 

1.  Cocainization  of  the  external  urethral  orifice. 

2.  Introduction  of  No.  10  vesical  speculum.  Patient  in 
knee-chest  position. 

3.  Rolling  the  rubber  bag  into  cigarette  shape,  and 
coating  it  with  ichthyol-gelatin. 

4.  Introduction  and  dilatation  of  the  bag.  to  the  point 
of  extreme  tolerance;  the  bag  to  be  allowed  to  remain  iu 
situation  for  from  ten  to  tweutj'  minutes. 

Precatitinns. — The  external  meatus  must  be  carefully 
cleansed,  the  liands  of  the  operator  thoroughly  scrubbed 
and  disinfected,  and  the  solution  sterilized. 

The  introduction  and  distention  fit  the  bag  produce 
considerable  tenesmus,  and  the  after-pain  necessitates  the 
use  of  opium  suppositori<'s;  but  vesical  irritation  is  sjiid 
to  diminish  from  day  to  day  as  t  he  t  reatment  is  persevered 
in,  and  the  bladder  mucosa  assumes  a  more  nearly  normal 
appearance. 

Curettage  of  the  bladder  through  the  larger-sized  specu- 
lum, through  the  vaginal  incision,  or  tlirough  a  supra- 
pubic opening,  lias  been  successfully  jiractised  for  the  cure 
of  a  tuberculous  ulcer  and  an  intractable  cystitis  involving 
the  snpeilicial  layers  of  the  mucosa.  It  has  also  been 
used  successfully  in  removing  a  limited  area  of  diseased 
mucous  membrane,  which  is  afterward  rapidly  replaced 
by  healthy  tissue.  First  determine  by  previous  cysto- 
scopic  examination  just  what  portion  of  the  bladder 
must_  be  attacked.  Place  the  patient  in  the  dor.sal 
position,  insert  the  speculum,  and  thorouglilv  irrigate 
the  bladder  with  saline  or  boric  solution.  Withdraw  the 
speculum,  introduce  the  curette  info  the  bladder,  and  with 
rhe  finger  iu  the  vagina  for  counter  jiressure,  scrajie  the 
base  and  other  predetermined  areas.  After  curettage 
again  irrigate  the  bladder,  preserving  shreds  of  the  tissue 
for  microscopic  study.  A.  Ernest  Gallant. 
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BLADDER  OF  THE  MALE.  (PATHOLOGICAL  AND 
CLINICAL.) — >I.\i,FORM.\TioNS. — The  development  of 
tlie  Ijladder  may  be  arrested  at  various  stages  in  its 
progress.  Occasionally  the  septum  which  divides  the 
rectum  from  the  bladder  is  wholly  or  partially  wanting, 
so  that  they  freely  communicate  with  each  other,  or,  in 
extreme  cases,  form  together  a  large  pouch  (cloaca)  into 
which  the  intestine  and  ureters  open.  This  condition  of 
things  may  be  associated  with  imperforate  anus.  Entire 
absence  of  the  bladder  has  been  reported,  in  which  case 
the  ureters  opened  directly  into  the  urethra. 

The  most  common  fault  of  development,  however,  is 
the  absence  of  the  anterior  vesical  wall.  This  deformity, 
known  as  e.rxtrophy  of  the  bladder,  is  far  more  common  in 
males  than  in  females.  It  consists  iu  a  failure  of  union 
of  the  two  halves  of  the  body  along  the  abdominal  sur- 
face. The  anterior  wall  of  the  bl.adder.  and  the  abdominal 
wall  over  it,  are  wanting,  and  the  pubic  bones  are  gener- 
ally separated  by  a  considerable  interval.  Tlie  posterior 
vesical  wall  is  consequently  exposed  to  the  air,  and  is 
pressed  forward  by  the  intestines  behind  it,  thus  forming 
a  prominent  tumor  which  may  reach  the  size  of  the  palm 
of  the  hand.  This  bulging  bladder  wall,  owing  to  the 
constant  irritation  to  which  it  is  subjected,  is  much  red- 
dened and  inflamed,  and  is  usually  covered  with  stringy 
alkaline  mucus.  In  the  lower  part  of  this  protruding 
mass  may  be  seen  the  openings  of  tlie  ureters,  which  are 
revealed  by  the  constant  little  jets  of  urine  escaping  from 
them.  They  are  sometimes  much  dilated.  The  rudi- 
mentary penis,  which  is  always  in  a  condition  of  com- 
plete epispadias,  usually  exists  merely  as  a  slight  promi- 
nence, but  may  be  of  consideralile  size.  It  sometimes 
even  retains  a  considerable  power  of  erection,  a  point  to 
be  considered  in  the  fitting  of  an  apparatus.  In  connec- 
tion with  exstrophy  are  associated  not  infrequently  herniae 
of  one  or  both  sides.  In  the  female,  exstrophy  is  gener- 
ally complicated  with  prolapse  or  procidentia  uteri. 

If  the  fault  of  development  be  not  so  extensive  as  in 
complete  exstrophy,  the  abdominal  walls  may  unite  en- 
tirely up  to  the  umbilicus,  which  fails  to  close  and  leaves 
a  fistulous  communication  with  the  bladder  through  the 
still  patent  urachus.  An  even  lesser  degree  of  the  same 
deformity  is  represented  by  a  prolongation  of  the  bladder 
up  into  the  lower  portion  of  the  urachus.  Sometimes 
tlie  canal  may  be  sliut  off  from  the  bladder  and  form  a 
cyst,  or  a  series  of  cysts. 

The  suffering  in  a  case  of  complete  exstrophy  is  usually 
very  great. 

The  treatment  may  be  briefly  summarized  under  three 
heads : 

I.  Treatment  by  Apparatus. — Tliis  method  is  applicable 
to— 

1 .  All  cases  in  which  the  defect  is  moderate  and  the  con- 
dition of  the  patient  is  not  sufficiently  distressing  to  lead 
him  to  desire  operation. 

2.  Cases  in  which  plastic  operations  have  been  tried  and 
have  failed. 

3.  Cases  in  which  the  coexistence  of  other  disease 
makes  any  operation  inadvisable. 

The  rubber  urinals  manufactured  for  these  cases  are 
unsatisfactory,  as  they  press  upon  and  irritate  the  raucous 
membrane.  The  best  apparatus  is  a  silver  or  German 
silver  shield,  which  arches  over  and  protects  the  bladder, 
with  a  dependent  portion  into  which  the  urine  runs,  and 
which  conimunicates  by  a  tube  with  a  rubber  bottle 
strapped  against  the  leg.  In  order  to  get  a  well  fitting 
apparatus,  it  is  a  good  jjlan  to  have  first  made  a  flexible, 
metallic  ring,  large  enough  to  encircle  the  bladder.  This 
is  then  bent  and  adapted  to  the  inequalities  of  tlie  sur- 
face, and,  finally,  the  edge  of  the  shield  is  fitted  and 
soldered  to  it.  The  whole  is  held  in  jilacc  by  a  belt  and 
perineal  strajis. 

II.  'J'rialiiieul  bi/  Plastic  Operations. — The  utmost  that 
we  can  reasonably  expect  to  gain  by  any  plastic  opera- 
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tion  for  the  relief  of  exstrophy  is  the  greatri-  CDiufiirt  of 
tlie  patient  and  greater  ease  in  fittiiis^  apparatus.  A 
truly  retentive  bladder  eannot  be  ol)tained,  and  while 
the  mortality  of  these  operations  is  eoniinoidy  supposed 
to  be  insijinitieant.  Martio  and  Taylor  believe  it  to  be  as 
liigh  as  thirty  to  forty  ]ier  cent.,  so  tliat  it  is  obviously 
unwise  to  e.xpeet  brilliant  results  fniin  oiicrations  of  this 
class.     Plastic  operations  may  bcdivided  into  twochisses: 

1.  Those  in  which  the  skin  of  the  abdomen  is  used  in 
making  the  auterior  bladder  wall. 

The  tlaps  may  be  taken  from  a  variety  of  sources,  but 
the  most  satisfactory  is  Wood's  operation,  by  wliieh  a 
tlaj)  large  enough  to  cover  the  defect  is  taken  from  above 
and  turuetl  down  so  that  the  skin  surface  is  innermost, 


operations  and  the  di.scomfort  incident  to  all  forms  of 
apparatus  have  led  to  attempts  at  radical  cure  of  tho 
condition  by  the  removal  of  all  that  remains  of  the  blad- 
der wall  and  suturing  the  meters  into  the  bowel.  The 
advantage  of  such  an  ojieralion  is  tlu;  entire  relief  from 
the  discomforts  incident  to  the  condition.  The  bowel 
soon  becomes  aecnstoiricd  to  its  new  function  an<l  the 
lu'ine  is  jiassed  at  intervals  closely  ai)|iroaching  the 
normal.  The  dangers  are  twofold:  tho.sc  arising  from 
the  innnediate effects  of  theojieration  and  th(js('  resulting 
from  infection  of  the  kidneys  by  int<'stinal  bacteria.  The 
immediate  mortality  of  tiie  operation  is  by  no  means 
small,  and  though  the  statistics  on  the  .subject  are  too 
meagre  to  warrant  a  delinite  opinion,  it  is  probably  not 


FIG-  496. — Exstrophy  of  Bladder  in  ttip  Male  Cca.se  of  Dr.  C.  B.  Porter).  Boy  of  five  years.  Complete  exstrophy.  Peuis  nidimentary.  showing 
condition  of  episiiadia.<.  Huth  testicles  undesi'fnded  and  double  inguinal  hernia.  Loose  puckered  skin  tielow  penis  is  the  scrotuni,  and  sug- 
gests the  possibility  of  usinj<  it  as  a  skin  tlap  to  cover  the  defect. 


and  stitched  in  position.  The  raw  surface  of  this  flap 
may  be  covered  by  flaps  drawn  over  it  from  the  sides, 
by  skin  grafts,  or  left  to  granulate. 

The  objections  to  iill  operations  in  which  the  skin  is  used 
to  restore  the  defect  are  the  great  tendency  to  calculus 
formation  sind  the  danger  of  irritation  from  hair  growing 
into  the  bladiler. 

2.  Those  in  which  the  mucous  membrane  alone  is  util- 
ized. These  operations  de])eiid  on  the  po.ssibility  of 
getting  enough  mucous  membrane  to  make  a  continuous 
canal  from  the  openings  of  the  ureters  to  the  base  of  the 
jienis.  The  urethra  is  then  restored  by  an  operation  for 
epispadias,  and  thus  in  some  cases  the  problem  of  fitting 
a  urinal  may  be  greatly  simplified  and  the  discomf<irt  of 
the  patient  ])roportionately  lessened.  In  selected  eases 
tliis  is  an  excellent  procedure. 

III.  Uiiflirtil  Cure  hi/ InipluritatioiKif  Hit  Ureters  into  the 
Benrel. — The  unsatisfactory  results  obtained  by   plastic 


far  from  that  of  other  opeiations  involving  resection  of 
the  bowel.  The  nioie  I'emote  effects  ai'c  those  residtiug 
from  infection  of  the  kidneys,  and  it  is  upon  this  issue 
that  the  ultimati^  value  of  the  operation  must  be  decided. 
The  protection  of  the  normal  ureter  from  infection  from 
th(t  blaililer  is  largely  due  to  fh<'  anatomical  arrangement 
by  which  the  distention  of  the  bladder  closes  the  orifices 
of  the  ureters.  This  cannot  be  reproduced  artificially 
and  it  liasiiroved  tin- most  .serious  stumbling  block.  The 
tendency  of  the  operation  to  produce  stenosis  of  the  lower 
end  of  the  ureter,  resulting  in  dilatation  of  the  ureters 
and  pelves  of  the  kidneys,  probably  favors  infection  in 
the  sann^  way  in  which  retention  of  urine  favors  the  oc- 
currence of  cystitis. 

The  procedure  is  still  too  much  in  the  experimental 
stage  to  permit  of  a  positive  opinion  being  given,  but  we 
cannot  but  regard  it  as  an  ojieration  so  dangerous  as  to 
be  apjilicable  only  to  a  limited  class  of  cases.     Children 
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who  will  Inter  bo  oblijrod  to  work,  and  luhilts  who  are 
competent  to  decuie  the  t|uest!ou  for  tliemaelvcs,  woiikl 
seem  lo  lie  the  most  favorable  subjects  for  this  operation. 

The  limits  of  this  paper  will  not  permit  of  an  extended 
di.-ieussion  of  (he  various  forms  of  operation  that  have 
been  ]iroposed.  for  as  yet  no  one  method  has  attained  a 
stable  position. 

I?esides  the  malformations  due  to  defective  develop- 
ment, there  are  .sacculated  bladders  in  which  occasion- 
ally the  saeenli  may  even  exceed  the  bladder  In  size. 
They  are  formed  by" hernia' of  the  mucous  coat  through 
the  interstices  of  tlie  muscular  fibres,  and  may  be  recog- 
nized bv  the  absence  of  a  muscular  coat  over  them. 
The  bladder  may  also  be  di\ideci  into  chambers,  by  parti- 
tions s]>ringing  out  from  the  walls. 

IIeuni.v  of  tiik  Hladdku, — This  displacement  may 
be  congenital  or  ac(|uired.  Like  other  hernia;,  it  is 
sometimes  brought  about  by  violence  or  over-exertion. 
It  may  apjicar  at  any  of  the  orifices  in  the  lower  abdomen 
through  which  other  hernitu  occur.  The  most  common 
forms"  are  inguinal  in  men,  and  vaginal  or  femoral  in 
women.  The  hernial  sac  usvially  contains  also  portions 
of  intestine  and  omentum,  but  may  be  occupied  by  a  part 
of  the  bladder  alone.  The  portion  of  the  bladder  in  the 
sac  is  usually  not  covered  by  peritoneum,  although  ex- 
ceptionally i"i  may  be.     The  presence  of  the  bladder  in  a 


Fig.  407.— Exstropliy  of  Bladder  in  the  Female  (oa,se  of  Dr.  M.  H.  Richardson').  Girl  of  si.xteen 
years.  Tomplete  exstrophy.  Pubic  niiiii  are  separated  four  Inolies,  the  position  of  tlie  ends 
toeing  approximately  shown  liy  the  pubic  hair.  Above  is  the  Imlsrine  posterior  bladder  wall, 
wUle  below,  the  thickened  hypertrophled  cervix  protrudes  from  the  vulva. 


hernial  sac  is  sometimes  brought  about  hy  its  adhesion 
to  the  intestine  or  omentum,  which  then  drags  it  down 
with  it.  M.  Berger  observed  such  a  case  of  inguinal 
hernia  in  which  a  portion  of  the  liladder  wall  was  drawn 
into  the  sac  by  adherent  omentum.  The  bladder  was 
opened  by  mistake,  but  was  closed  again  by  sutures,  and 
the  vesical  wound  was  then  fastened  "close  to  the  inguinal 


opening.  Some  days  later  a  fistula  formed,  which  dis- 
charged urine  intermittently,  and  closed  spontaneously 
at  the  end  of  two  months. 

The  (Jidrniiixi.H  is  to  be  made  by  the  aid  of  the  catheter, 
the  tumor  being  emptied  when  the  urine  is  drawn  from 
the  bladder.  Pressure  on  the  tumor,  too,  hastens  the 
tlow  of  the  urine. 

The  inatiiieiit  of  hernia  of  the  bladder  is  essentially 
that  of  hernia  of  other  viscera  except  in  so  far  as  its  ex- 
istence brings  with  it  additional  dangers  if  treated  pallia- 
tively — namely,  those  incident  to  the  presence  of  cystitis; 
for  inflammation  may  occur  in  a  sacctdation  as  the  result 
of  sta.gnation  and  consequent  fermentation  of  the  urine. 
L^nless  some  concomitant  disease  forms  a  distinct  contra- 
indication, an  attempt  should  be  made  to  cure  the  condi- 
tion by  radical  operation.  If  this  cannot  be  done,  the 
sac  should  be  supported  by  a  pressure  bandage,  and  the 
escape  of  urine  should  be  aided  by  ]>ressure  during  mic- 
turition. If.  in  spite  of  these  precautions,  the  bladder  is 
still  incompletely  emptied,  the  dangers  arising  from  the 
constant  presence  of  residual  urine  may  to  some  extent 
be  obviated  by  the  routine  use  of  the  catheter,  empt_ving 
the  bladder  at  least  once  a  day,  preferably  in  theeveiiing. 
WoT-^•DS  OP  THE  Bl.\dder.— The  protected  situation 
of  the  bladder  renders  it  little  liable  to  injury.  In  frac- 
ture of  the  pelvis,  a  sharp  point  or  fi-agment  of  bone  may 
penetrate  its  wall,  or  it  may  be  in- 
jured by  gunshot  wounds,  or  by 
puncture  with  a  sharp  instrument. 
The  treatment  of  this  class  of  cases 
will  be  considered  more  at  length 
under  Rupture  of  the  Bladder. 
The  bladder  may  also  be  wounded 
by  the  unskilful  use  of  instruments 
in  lithotrity,  or  may  be  incised  by 
accident  during  ovariotomy,  hyster- 
ectomy, or  other  abdominal  opera- 
tion. In  this  latter  case,  if  at  once 
carefully  stitched  up,  the  wound 
usuallv  heals  without  serious  trou- 
ble. 

The  question  of  the  advisability 
of  closing  openings  in  the  bladder 
intentionally  made,  as  iu  suprapu- 
bic lithotomy,  must  be  decided  in 
each  individual  case  according  to 
circuiustances.  "While  the  ideal 
procedure  is  to  close  the  bladder  bj- 
immediate  suture,  the  patient  is 
often  subjected  to  fewer  risks  if  the 
wound  is  left  open.  The  question 
must  be  decided  by  taking  into  con- 
sideration the  general  condition  of 
the  patient,  the  local  condition  of 
the  bladder,  and  the  trauma  to 
which  the  bladder  walls  have  been 
subjected  during  the  operation. 

RrPTUKE     OP     THE     BL-^V^DDER. — 

Ruptures  of  the  bladder  are  either 
idiopjithic  or  tramuatic.  According 
to  their  location,  they  ma.v  be  also 
clasised  as  intraperitoneal  and  extra- 
peritoneal. Among  the  extraperi- 
toneal are  to  be  reckoned  the  partial 
and  the  subperitoneal. 

I(Iio])athic  rupl tires  usually  occur 
iu  bladders  altered  by  disease.  A 
long-continued  obstruction  to  the 
passage  of  the  urine,  as  from  a 
stricture  or  enlarged  prostate,  fa- 
vors the  formatioh  of  little  hernisB 
of  the  mucous  membrane  through  the  meshes  of  the 
muscular  tunic,  and  an  over-violent  strain  during  some 
exertion,  or  in  the  elTort  to  emjity  the  bladder,  may  rup- 
ture one  of  these  little  thin  diverticula.  The  vesical  wall 
is  also  sometimes  weakened  by  tdceration,  .simple  or 
malignant,  and  is  thus  rendered  especially  liable  to  give 
way.    During  labor,  the  distended  bladder  may  be  rup- 
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tured  by  compression  betwceu  the  abilomiual  wall  and 
some  part  of  the  child  or  instrument  used  in  llie  birth. 
The  rent  in  this  case  may  be  into  either  the  vagina  or 
tlie  peritoneal  cavity. 

Rupture  of  the  healthy  bladder  is  rarely  produced,  ex- 
cept by  external  violem-c  in  the  form  of  a  blow  or  crush. 
ProbabI.\    ■     "     .   I       :     ,       ,^,1  liioimht   about    l)y  great 


Rci.  498.— Apparatus  for  Palliative  Treatmen;  of  FxstrDfitiy.  Above  is 
shown  the  bell  to  iro  anniiiti  the  lnHly,  ik  Idinir  in  plare  the  riietal 
shield  of  silver  or  deniian  silver  with  a  ciip-shapeil  flepeiTlent  por- 
tion into  which  the  urine  nins.  On  either  side  below  are  the  peri- 
neal .straps  whii-ti  fasten  to  the  belt  behind,  and  between  tbeni  is  the 

tube jneeting  the  shield  with  the  rubber  receiving  bottle  fastened 

to  the  leg. 

muscular  exertion  -\vhen  the  bladder  is  distended,  even 
though  it  be  healthy.  In  traumatic  ruiitures,  the  blad- 
der is  almost  always  full  at  the  time  of  the  traumatism. 

Great  violence  to  tne  hy]iogas1rium  is  capalile  of  pro- 
ducing a  tear  in  the  anterior  wall  of  an  empty  bladder. 
This  accident  is  to  be  ex])laiiied  as  follows:  The  force 
applied  to  the  hypogastiiiim  carries  the  upper  iKirtion  of 
tlie  bladder,  which  is  attached  to  the  alidnminal  wtdl  by 
the  peritoneum  and  urachus,  violeiitl_v  backwtird.  The 
lower  jiiirt  of  the  liltidder  is  heltl  by  the  prostate,  which 
is  fixed  by  the  pelvic  ftiscite,  and  (tonsetiuently  a  rent  oc- 
curs in  the  anterior  vesical  wall  just  above  the  prosttite. 
This  is  often  accornittmied  by  ti  considerable  sti-i|)ping  u]) 
of  the  peritonetim.  Iiitrtiperitoiieal  ruplui-e  uncompli- 
cated can  occur  only  when  the  bhidiler  is  full. 

Si/niptonts. — When  a  ruiitvire  occurs  a  feeling  of  giving 
way  orof  a  tetir  is  often  expei'ieuced.  If  the  l)lad(ler  has 
been  painfully  stretched  by  long  relention.  the  first  feel 
ing  may  be  of  relief.  Soon,  liowever,  pain  follows,  and 
is  i-eferred  lo  (he  whole  abdomen  or  to  the  pelvic  region. 
This  is  foUoweil  in  the  majority  of  cases  by  shock  and 
inability  to  walk.  There  mtiy  be  desire,  but  want  of 
aljility,  to  micturate.  Catheterism  is  usually  easy,  but 
oblaiiis  only  ;i  little  l)loody  urine;  not  infretiuently.  on 
inishing  the  catheter  further,  a  "second  escape"  of  fluid 
is  obtained. 

Many  of  these  sym])toms  may.  howevei-.  be  wanting. 
The  pain  is  sometimes  not  very  great;  micturition  may 
be  possible,  though  even  then  usually  dillicull.  The 
catheter  may  diaw  cletir  urine. 

The  principles  of  ti-ealmeiit  in  rupture  of  the  bladder 
may  be  .summaiized  by  the  following  rules: 


1.  When  tin  intraperitoneal  rupture  is  made  out,  an 
immediate  lapiU'otomy,  with  suturiM>f  the  bltidderwound 
anil  hubsecpieiit  drainage  of  the  blailder,  should  lii'  done. 

2.  Whi'U  a  re;isonable  doubt  exists  as  to  whether  the 
rupture  is  inliaperitoneal  or  not.  an  iininediate  lapa- 
rotomy should  be  done. 

3.  If  iin  exti~aperitoneiil  rupture  is  made  out,  and  un- 
certainly exi.stsas  to  the  direction  in  which  the  tirine  is 
extrtivasated,  ti  laparolomy  should  lie  done  for  explora- 
tion to  iiscertain  how  the  draiiiiige  may  best  be  jilaced. 

4.  In  th<' case  of  fracture  of  the  pubes,  with  evidence 
that  urine  is  extravasated  in  the  prevesical  space,  an  in- 
cision should  be  made  in  th(^  suprapubic  region,  a  tube 
should  be  carried  to  the  bottom  of  tht;  elTusion.  and  a 
median  or  hiteral  lithotomy  should  be  done  for  drainage 
of  the  bladder. 

Excejition:  Occasionally,  in  cases  of  severe  injury 
with  much  shock,  when  a  long  opei'ation  could  not  lie 
borne,  a  nu'dian  lithotomy  may  he  liastilv  done  for  drain- 
age, and  till'  opportunity  may  be  taken  for  exploration 
of  the  jiosilion  of  the  rent,  to  serve  as  a  guide  for  further 
interference  in  case  the  patient  rallies  sutficiently. 

In  short,  a  liiiiarotomy  should  be  done  in  all  cases  of 
bladder  ruptui'c  excejit  in  those  which  come  under  Rule 
4.  or  tlio.se  of  such  severity  that  they  cannot  bear  more 
than  the  median  operation. 

Tf.Moits  OP  THE  Bladder. — Tumors  of  the  bladiler 
may  be  classified  as  follow.s,  in  the  oriler  of  their  fre- 
(luency:  Piipilloma.  carcinoma  (carcinoma  papillosum, 
epithelioma),  myoma,  fibroma,  sarcoma. 

Piijiilhini  tiniKjis  form,  according  to  Professor  Guyon, 
nine-sixteeiiihs,  according  to  Sir  Ilenr}'  Thompson,  six- 
tenths,  of  all  the  new  growths  of  the  bladder.  They  are 
made  up  of  very  vascular  branching  papilUie,  clothed 
w  ith  irreguUirly  cj'lindrical  epithelium.  They  are  either 
peduneultited  or  sessile,  and  upon  their  character  in  this 
respect  depends  the  dillirulty  of  their  removal.  Their 
favorite  seat  is  in  the  neighliorhood  of  the  trigouum.  and 
they  may  attain  the  size  of  a  pigeon'segg,  or  even  larger. 

They  give  rise  to  intermittent  liteinaturia,  and  gener- 
ally there  is  no  pain  in  tlie  early  stages.  Pain  generally 
appeal's  later,  however,  and  may  linally  become  quite 
constant  jind  severe.  Occtisioiially.  by  their  pressure, 
they  cause  obstruction  to  inieturilion  or  to  the  entrance 
of  the  urine  through  the  ureter.s.  Finall_v,  cystitis  is 
usually  associated  with  them.  The  hu'iiuituriti  may, 
however,  exist  for  a  number  of  years  before  other  symp- 
toms appear.  Although  benignant  in  their  clmracter, 
they  finally  cause  deatli  by  the  changes  that  they  bring 
in  their  train.  That  they  may  take  on  a  carcinomatous 
chtiracter  seems  also  borne  out  liy  facts. 

The  ili<i;/jio.six  of  ptijiillary  growths  may  be  confirmed 
by  means  of  the  cystoscniie,  but  the  procedure  is  often 
complicated  by  the  tendency  of  these  tumors  to  bleed 
and  render  the  fluid  in  the  bladder  turbid.  This  may  to 
some  extent  be  obviated  by  the  use  of  an  irrigating 
cystoscope  thnmgli  wdiich  the  fluid  in  the  liladder  may 
be  constantly  renewed,  but  even  then  the  view  obtained 
is  often  unsatisfactory. 

The  tniitiiif'itt  should  con.sist  in  radical  removal  if  pes- 
sible.  The  supr;i)iubic  route  is  the  best,  as  it  gives  a 
tar  belter  view  of  the  blaiUler  iind  enalili  s  the  ojierator 
to  plan  his  proceilure  with  greater  precision.  If  possi- 
ble, the  whole  tumor,  inchiding  its  base,  should  be  re- 
moved down  to  till!  nuisculiir  layer  or  even  including  it. 
In  the  latter  case  an  immediate  suture  of  the  hole  should 
be  done.  The  suprapubic  wound  in  the  bladder  may  in 
some  cases  beclo.sed,  but  this  is  jiossible  only  in  favorable 
cases  and  when  the  lia'inoslasis  is  comiilete.  In  any 
case  it  will  be  well  to  provide  constant  drainage  with 
an  inlying  catheter  or  jicrineal  lulie. 

I'liiiiiiriicitiriiioiiiii  of  the  bla<lder  occurs  either  in  the 
form  of  pa])illary  cancer,  in  which  an  indurated  ctinccr- 
oiis  base  is  covered  by  papilUc  resembling  those  of  the 
simple  ]ia]iillonia.  or  as  an  epitheliomatous  ulcer  with 
hard  indurated  base  and  edges.  Scirrhiis  is  rarely  met 
with,  as  is  also  an  encephaloid  form  of  the  disettse. 

The  symjiliiDis  resemble  those  of    papilloma,  but  are 
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sooner  or  later  associiitcd  witli  severe  lancinating  pains 
in  the  bladder  and  its  neighborhood.  The  cancerous 
cachexia  is  often  very  niurkcd. 

The  very  noticeable  tendency  to  late  metastasis  has  led 
many  operators  to  try  to  extirpate  the  growth.  Recently, 
several  attempts  have  been  made  to  obtain  radical  cure 
by  the  removal  of  the  whole  or  a  large  part  of  the  blad- 
der. This  promises  success  only  when  the  growth  is 
confined  to  the  fundus  and  has  not  invaded  the  surround- 
ing tissues.  In  case  the  whole  blailder  has  to  be  removed 
the  ureters  should  be  implanted  in  the  vagina  in  the 
female  and  in  the  sigmoid  flexure  in  the  male. 

In  less  promising  cases  much  relief  may  be  afforded 
the  patient  by  suprapubic  cystotomy  and  curetting  the 
growth.  This  procedure  may  be  repeated  if  necessary, 
and  may  decrea,sc  the  siiffering  and  lengthen  the  life  of 
the  patient  considerably.  Death  idtimately  takes  place 
from  generalization  of  the  disease  with  symptoms  which 
vary  according  to  the  org.atis  implicated,  the  liver  being 
almost  invariably  the  seat  of  secondary  deposits. 

The  myomata  and  fibromata  can  hardly  be  considered 
separately,  as  they  usually  occur  in  a  mixed  form,  myo- 
fibroma or  tibromyoma  containing  both  fibrous  and 
muscular  elements,'  They  are  very  rare.  Gussenbauer, 
Volkmann,  and  the  writer  have  removed  tumors  of  this 
character.  Gussenbauer's  and  the  writer's  patient  re- 
covered, while  Volkmanu's  died.  Tumors  of  this  class 
may  give  rise  to  symptoms  of  obstruction,  but  do  not 
as  a  rule  cause  ha^maturia  or  cystitis. 

The  writer  has  called  attention  to  the  condition  known 
as  pachydermia  vesicte,  in  which  the  mucous  membrane 
of  the  bladder  is  changed  into  a  membrane  consisting  of 
epidermoid  cells.  The  relation  to  carcinoma  appears  to 
be  close,  and  in  the  case  reported  *  death  ultimately  oc- 
curred from  that  cause. 

PHinarji  .iiircitma  is  extremely  rare.  The  author  has 
seen  tumois  of  the  prostate  and  bladder  secondary  to  a 
round-celled  sarcoma  of  the  testis. 

Besides  the  regidar  tumors  mentioned  above,  cysts  may 
rarely  occur.  They  are  sometimes  congenital  and  con- 
tain hair,  bones,  etc. 

Neurosis  of  the  Bl.\dder. — Spasm  of  the  bladder, 
when  not  due  to  inflammation,  is  probably  in  the  great 
majority  of  cases  dependent  upon  an  increased  sensibility 
of  the  prostatic  urethra  (neuralgia  of  the  neck  of  tlie 
bladder),  causing  by  reflex  action  an  excessive  contrac- 
tion of  the  detrusor  uriua;  muscle  (see  Prostate,  Diseases 
of  the). 

In  this  connection  we  may  mention  the  retention  of 
urine  which  not  uncommonly  follows  surgical  operations, 
especially  those  involving  the  region  of  the  perineum. 
It  is  due  ajjparently  to  a  reflex  "inhibition,  the  stim\ili 
starting  from  the  seat  of  the  operation.  This  condition 
can  often  be  relieved  by  the  use  of  hot  applications  to 
the  hypogastrium  or  perineum,  and  in  women  by  spray- 
ing the  vulva  with  warm  water.  If,  however,  all  efforts 
to  induce  the  patient  to  pass  his  urine  fail,  the  catheter 
must  be  used  before  the  distention  of  the  bladder  becomes 
extreme,  and  when  once  started  the  use  of  the  catheter 
may  have  to  be  continued  for  several  days  before  the 
power  of  voluntary  micturition  returns, 

Pau.\lysis  op  the  bi..\ddeu  is  usually  consequent 
upon  some  disease  or  injury  of  the  nervous  system.  The 
lesion  may  exist  in  peripheral  nerve  trunks,  or  may  be 
located  either  in  the  reflex  or  in  the  motor  centre  (spinal 
cord  or  brain). 

The  loss  of  power  may  be  total  or  partial.  When  the 
paralysis  is  complete  (which  occurs  usually  in  connection 
with  paraplegia),  the  sphincters,  both  voluntary  and  in- 
voluntary, are  also  paralyzed,  and  after  the  accumulation 
of  the  urine  produces  a  tension  in  the  bladder  great 
enough  to  overcome  the  resistance  in  the  urethra,  a  leak- 
ing of  the  overflow  commences.  As  sensation  is  lost  in 
these  cases  the  distention  of  the  bladder  and  escape  of 
the  urine  are  often  not  perceived  l>y  the  patient. 

If  the  paralysis  comes  on  slowly^  as  it  may  do  in  cases 
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of  spinal  sclerosis,  tabes  dorsalis,  and  in  P<itt's  disease,  it 
first  makes  itself  known  by  the  diminution  in  the  force 
of  the  stream,  and  the  increase  in  the  time  occupied  in 
urination.  When  the  paralysis  is  extreme,  the  pressure 
of  the  abdonnnal  nniscles  furnishes  almost  the  only  driv- 
ing power,  and  the  stream  dribbles  perpendicularly  from 
the  meatus. 

As  the  act  of  urination  becomes  more  and  more  incom- 
jilete  the  amount  of  residual  urine  slowly  increases  until 
tinally  the  bladder  becomes  distended  and  the  overflow 
begins  to  escape,  either  intermittent!}'  or  constanth'.  In 
eitJhercase  a  jiariial  power  of  urination  may  be  preserved. 
When  the  distention  becomes  extreme,  the  pressure  is 
transmitted  back  to  the  kidnej's,  and  ma}'  be  so  great  as 
to  cause  suppression  of  urine  and  ura-mia. 

Besides  this  true  paralysis,  dependent  on  nervous 
lesions,  there  is  also  occasionally  a  partial  or  temporary 
loss  of  power,  dependent  upon  general  disturbances  of 
the  nervous  system,  such  as  hysteria,  nervous  prostration, 
and  the  debility  following  sexual  excesses. 

Atony  of  the  bladder,  by  which  is  understood  a  weak- 
ness or  loss  of  contractile  power  of  the  muscular  coat,  is 
not  infre([uently  seen  as  a  result  of  overstretching, 
■which  may  be  brought  about  b_v  voluntary  retention,  or 
may  be  the  result  of  obstruction  in  the  prostate  or  ure- 
thra. It  is  considered  in  this  connection,  not  because  it 
is  due  to  any  nerve  lesion,  but  because  the  local  condition 
and  its  treatment  are  closely  allied  to  paralysis.  The 
condition  is  closely  analogous  to  the  enfeebled  condition 
induced  in  any  voluntary  muscle  which  is  persistently 
kept  upon  the  stretch. 

The  diar/iiosis  of  paralysis  or  of  atony  of  the  bladder, 
when  existing  in  any  marked  degree,  is  usually  not  diffi- 
cult, although  sometimes  the  constant  escape  of  urine 
from  an  overfilled  bladder  leads  to  the  erroneiius  idea 
that  true  incontinence  exists.  This  mistake  will  be 
avoided  by  an  examination  of  the  hyiiogastrium,  where 
the  bladder,  if  full,  will  be  easily  detected.  Any  doubt 
as  to  the  character  of  a  central  tumor  above  the  pubes 
should  lead  to  the  passage  of  a  catheter. 

Atony  of  the  bladder,  if  dependent  upon  some  condi- 
tion that  can  be  relieved,  may  be  recovered  from.  The 
chance  of  a  favorable  termination  is,  however,  much 
more  doubtful  in  old  and  worn-out  subjects. 

True  jiaraljsis  occasionally  depends  upon  some  nerve 
lesion  (meningitis,  apoplex}-,  syphilitic  inflammation, 
fracture  of  spinal  column),  which  admits  of  more  or  less 
comjilete  recovery.  In  the  majority  of  cases,  however, 
the  loss  of  power  is  permanent.  The  cystitis,  whicb  is  its 
most  uncomfortable  accompaniment,  may  be  kept  under 
control  by  jiroijer  care. 

The  tnatnient  in  cases  of  paralysis  and  atony  should 
consist,  first,  in  the  systematic  use  of  a  catheter.  The 
bladder  ought  to  be  emptied  at  least  as  often  as  once  in 
the  twenty-four  hours  when  the  loss  of  power  is  partial, 
while  in  complete  paralysis  this  should  be  done  four  or 
five  times  a  day.  In  addition  to  this,  irrigation  should  be 
regular!}'  employed,  especially  when  cystitis  has  already 
started.  If  the  loss  of  power  be  partial,  the  washing 
may  be  done  with  cold  solutions,  which  have  a  stimulat- 
ing influence  upon  the  detrusor  muscle.  The  system- 
atic use  of  urotropin  in  doses  of  gr.  v.  to  x.,  three  times 
a  day,  appears  to  have  a  distinct  influence  in  postponing 
the  advent  of  cystitis  and  in  rendering  it  less  severe. 
Cold  bathing  of  the  abdomen  and  sacral  region  may  also 
be  useful. 

Electricity  is  sometimes  used  with  advantage.  One 
electrode  should  be  placed  over  the  sacrum,  and  the  other 
just  above  the  symphysis  pubis,  in  the  perineum,  or 
within  the  bladder  itself. 

Besides  these  local  measures  of  treatment,  the  strength 
of  the  patient  should  be  supported  as  far  as  possible  by 
regulation  of  the  diet,  by  exercise,  and  even  by  change 
of  climate  if  it  seem  wise. 

Strychnine  and  ergot  are  both  thought  to  have  a  bene- 
ficial effect  upon  the  muscular  wall  of  the  bladder,  and 
general  tonics  are  of  use  by  their  effect  upon  the  general 
system. 
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When  the  power  of  retention  is  lost,  a  urinal  becomes  a 
necessity. 

lNFL.\jnr.\TION   OF    THE   BLADDER   (CySTITIS). — If   we 

could  confine  the  term  cystitis  to  tliose  cases  only  in 
whicli  true  iiillanunatioM  exists,  th(>  task  of  makinj;  a 
clear  ami  concise  slali-incnt  w it li  regard  to  the  etiology 
would  be  much  siniplilied ;  but  there  are  many  cases  in 
which  some  of  the  symptoms  are  present  and  which  have 
long  been  considered  as  a  varietj-  of  cystitis  in  siiitc  of 
the  fact  that  the  process  never  goes  farther  than  an  ac- 
tive hypenemia.  The  more  recent  methods  of  examining 
the  female  bladder  have  .shown  that  congestion  may  and 
does  exist  without  true  intlauuuut ion,  and  it  is  probable 
that  the  .same  causes  may  act  on  the  male  bladder  and 
cause  the  cases  of  transient  cystitis  wiiich  are  so  dillieult 
to  classify. 

Tlie  ciiiilixiy  of  cystitis  has  been  the  subject  of  nuicli 
careful  bacteriological  stmly  of  late  years,  as  a  result  of 
which  the  importance  of  lh(!  role  played  by  infection  has 
been  more  and  more  appreciated.  Many  varieties  of 
cystitis  which  have  long  been  believed  to  be  the  result  of 
"irritating  urine,"  "takmgcold,"  "gout,"  etc.,  have  been 
shown  to  be  due  to  infection,  and  while  we  are  as  yet 
hardly  in  a  position  to  deny  that  certain  conditions  of  the 
urine  may  cause  an  aseptic  intlamniation,  the  number  of 
cases  properly  referable  to  this  cause  is  comparatively 
few. 

There  are  five  routes  by  which  bacteria  may  reach  the 
bladder : 

I.  B_v  the  urine  from  the  kidneys. 

II.  Through  the  urethra  on  instruments. 

III.  Through  the  blood. 

IV.  From  the  rectum  and  sigmoid  flexure,  either  by 
passing  through  the  |)eritoneum  or  through  retroperi- 
toneal lymphatics. 

V.  By  direct  extension  from  adjoining  areas  of  sup- 
puration, e.g.,  infected  urethra,  prostate,  or  pelvic  abscess. 

A  discussion  of  the  comparative  frequency  of  these 
various  sources  of  infection  would  exceed  the  limits  of 
this  paper,  but  a  few  interesting  observations  may  be 
noted. 

Posner  and  Lewin  found  tliat  after  ligation  of  the  rec- 
tum in  animals,  intestinal  bacteria  soon  appeared  in  tlu^ 
urine  and  disappeared  when  th(^  ligature  was  removed. 
AYerden  succeeded  in  producing  cystitis  by  causing  an 
artificial  retention  and  making  an  abrasion  on  the  rectal 
mucous  membrane. 

The  constant  presence  of  the  typhoid  bacillus  in  the 
urine  of  typhoid  fever  is  now  generally  accepted  and  is 
doubtless  the  cause  of  many  of  tlu^  cases  of  cystitis  oc- 
curring in  this  disease;  but  the  discovery  is  even  more 
valuable  as  suggesting  the  po.ssibility  that  a  similar  con- 
dition exists  in  other  acute  infectious  diseases,  as  the 
acute  exanthemata,  acute  polyarthritis,  etc.,  with  the  bac- 
teriology of  which  we  are  less  fandliar. 

The  bacteria  most  connuonly  found  in  cystitis  are: 

I.  The  group  of  bacteria  of  which  the  bacillus  roli 
communis  is  the  type  and  which  are  found  in  more  than 
one-half  of  all  cases  of  cystitis. 

II.  The  proteus  vulgaris  of  Hauscr,  a  common  intes- 
tinal saprophyte. 

III.  The  stai)hylococcus  aureus,  albus,  and  citreus. 

IV.  The  streptococcus  pvogenes. 

V.  The  tubercle  bacillus^ 

All  of  the  above  mentioned  bacteria  are  capable,  under 
favorable  circumstances,  of  decomposing  urea,  but  the 
colon  group  and  the  tubercle  bacilli  do  .so  much  less 
rapidly,  and  in  th(^  cases  in  which  they  occur  the  urine  is 
more  likely  to  be  found  acid. 

In  rare  instjinces  the  gonococcus  causes  a  true  cystitis, 
but  it  is  probable  that  most  of  the  cases  occurring  in  the 
course  of  a  gonorrluea  are  due  to  pyogenic  orgaidsms  (jr 
that  the  true  con<lition  is  one  of  posterior  urethritis  rather 
than  cystitis. 

Of  late  years  several  observers  have  called  attention  to 
a  condition  which  they  have  called  bactinuria,  in  which 
bacteria  are  constantly  present  in  the  urine  without, 
however,  causing  any  cystitis,  showing  that  under  normal 


conditions  the  bladder  is  not  very  susceptible  to  infection. 
The  injection  into  the  bladder  of  pure  cultures  of  viru- 
lent bacteria  has  also  failed  to  cause  (ystitis  in  all  but  a 
very  small  proportion  (jf  cases,  showing  that  some  pre- 
dis])osing cause  is  necessjiry  in  order  to  allow  the  bacteria 
to  obtain  a  foothold,  and  this  cause  is  to  be  found  in  the 
presence  of  hypera;mia,  which  is  a  very  constant  pre- 
cursor of  cystitis. 

CiiviKs  of  Uyperamia. — White  and  Martin  have  sum- 
marized the  causes  of  hyperaania  as  follows:  (1)  Reten- 
tion of  urine;  (2)  trauma:  (IS)  muscular  contractions  of 
abnormal  frequency  :  (4)  abnormal  conditionsof  the  urine; 
(."))  tumors  or  calculi;  (G)  surface  chills:  (7)  sexual  ex- 
cesses; (S)  heart  lesions;  (9)  lesions  of  the  central  ner- 
vous system. 

HypcRcmia  may  be  considered  a  predisposing  cause  of 
cystitis;  and  of  the  various  causes  of  hypera'mia,  reten- 
tion of  mine  is  by  far  the  most  commou.  It  is  the  con- 
slant  precursorof  the  cystitis  associated  with  hypertrophy 
of  the  prostate,  stricture  of  the  urethra,  paralysis  of  the 
bladder,  and  many  of  the  cases  of  cj'stitis  occurring  in 
acute  infectious  disea.ses  and  after  surgical  operations. 
In  all  these  cases  the  use  of  a  catheter  may  lead  the  way 
to  infection,  but  it  must  not  be  forgotten  that  in  many 
cases  the  urine  itself  contains  the  infectious  agent,  even 
before  the  catheter  has  been  used. 

Under  trauma  we  may  include  all  cases  following  frac- 
ture or  injury  to  the  pelvis,  injuries  to  the  bladder  dur- 
ing childbirth,  or  surgical  or  gynecological  operations. 

Abnormal  eonditii)ns  of  the  urine  may  produce  a  hy- 
pera:'mia  bv  the  i)re.senceof  drugs,  as  cantharides,  turpen- 
tine, cubebs,  and  copaiba.  A  very  acid  urine  niaj'  act  in 
the  same  wa.y,  more  especially  if  it  contains  minute 
cr_vstals  of  uric  acid  or  oxalate  of  lime.  Here  we  may 
include  the  obscure  cystitis  occurring  in  gout  and  chronic 
rheumatism,  provided  always  that  another  cause,  such 
as  obstruction  to  the  flow  of  urine,  does  not  exist. 

Tiunors  and  calculi  by  their  very  presence  cause 
hj'pera'Uiia,  and  it  is  indeed  surjirising  how  long  one  of 
the  above  conditions  may  exist  without  the  occurrence 
of  cystitis. 

Surface  chills  may  cause  acute  pelvic  congestion  and 
in  this  way  lead  to  congestion  of  the  bladder,  but  except 
in  the  case  of  old  men  with  enlarged  prostates,  this  cause 
is  probably  not  of  frequent  occurrence. 

Sexual  excesses,  by  giving  rise  to  congestion  of  the 
neck  of  the  bladder,  may  in  some  cases  cause  true  vesical 
liypera'mia:  but  in  many  cases,  at  least,  it  is  only  the 
lighting  up  of  an  old  posterior  urethritis  that  causes  the 
symptoms. 

Heart  lesions,  by  producing  a  chronic  passive  conges- 
tion of  the  whole  venous  system,  may  readil.y  be  a  pre- 
disposing cause  of  cystitis. 

We  may  summarize  the  etiology  of  cystitis  as  follows: 

1.  Infectious  cystitis,  due  to  the  action  of  bacteria  on 
the  mucovis  membrane  of  the  bladder,  already  rendered 
susceptible  by  the  presence  of  hypenemia.  This  class 
includes  the  vast  majority  of  all  cases,  and  we  are  tempted 
to  suppose  that  when  our  knowledge  of  the  bacteriology 
of  the  bladder  becomes  more  com]ilele,  the  number  of 
cases  properly  ascribed  to  other  causes  will  be  found  to 
have  dwindled  still  more 

2.  Aseptic  cystitis  due  to  the  action  of  irritants  the 
nature  of  which  is  micertain.  To  this  class  we  may  refer 
some  cases  occurring  in  gout,  but  we  are  inclined  to 
([ucstion  the  soundness  of  the  cla.ssification,  ami  also 
some  cases  of  so-called  idiopathic  cystitis  the  etiology  of 
which  cannot  be  defined. 

3.  Cases  of  mild,  transient  cystitis  in  which  it  is 
(piestionable  whether  true  inflammation  exists  and  which 
are  probably  akin  to  the  vesical  hypera'mias  which  we 
see  in  women. 

I'llli'ilofiii. — The  pathological  appearances  vary  with 
the  severity  of  the  inflanuuation.  In  simple  catarrhal 
cystitis,  the  nuicous  membrane  is  more  or  less  swollen 
and  reddened,  with  the  minute  vessels  sometimes  visibly 
injected.  This  redness  is  usually  most  marked  on  the 
summits  of  the  folds  or  ruga',  which  may  be  studded 
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with  luinctate  liemorrlmges  if  the  inflammation  has 
been  of  considi-ralilc  intensity.  Streaks  of  visoid  mu- 
cus cover  to  a  areater  or"  less  ilesroe  the  inlliimetl 
surfiires.  These  appearances  may  he  eonhiied  to  tlie 
neishhorhooil  of  tlie  inclhral  oiiciiinsr  (partial  catarrh, 
catarrh  of  the  neck  of  the  bladder),  or  may  he  dif- 
fused over  the  whole  mucous  membrane  (universal 
cntarrli).  Even  in  this  latter  case,  liowever,  the  evi- 
dences of  inHammalion  arc  usually  most  marked  about 
the  urethra  and  trisouc. 

A  loss  of  the  superficial  epithelium  (erosion)  sometimes 
occui-s,  and  this  is  occasionally  associated  with  the  for- 
mation (if  false  membrane  (croujions  inflammation).  _  A 
severe  inthunmatii>n  sometimes  leads  to  ulceration  which 
may  be  diphtheritic  in  character.  Rarely  sloughing  of 
considendile  jiortions  of  the  mucous  membrane,  and  also 
of  the  nuiscvdar  coat,  follows  long  retention.  When  in- 
flammation extends  to  the  deeper  layers  of  the  bladder, 
the  tissues  are  nuich  thickened  and  iutiltrated  with  ]ius, 
which  m.iy  lead  to  the  formation  of  abscesses.  These 
mav  extend  outward  through  the  surrounding  cellular 
tissue,  and  open  spontaneously  into  the  vagina,  rectum, 
neisliboringcoilof  intestine,  orinto  the  peritoneal  cavity. 
Occasionally,  however,  they  perforate  the  mucous  mem- 
brane, and  open  into  the  bladder  itself. 

Br.  Sanuiel  Alexander  has  described  a  condition  known 
as  nodular  or  follicular  cystitis.  It  is  characterized  by 
intense  congestion  and  the  appearance,  especially  in  the 
region  of  the  trigonum,  of  liyperplasia  of  lymph  nodes, 
soniewhat  resembling  the  condition  of  the  ileum  in  typhoid 
fever. 

A  long-standing  catarrh  causes  a  brown  or  gray  dis- 
coloration of  the  nmcous  membrane,  often  with  consider- 
able dilatation  of  the  veins,  especially  about  the  urethral 
opening.  The  surface  is  covered  with  muco-pus  which 
is  often  extremely  viscid  and  adherent.  The  mucous 
membrane  and  parts  beneath  are  much  thickened  and  in- 
filtrated. If  an  obstruction  has  been  the  primary  cause 
of  trovdjle,  the  muscular  coat  of  the  bladder  is  greatly 
hypertrophied  and  forms  interlacing  bands  which  stand 
out  like  the  colunmoe  earnea^  of  the  heart  (irssie  a  colonne). 
At  the  .same  time  that  the  bladder  is  tlius  thickened,  it  is 
often  also  dilated  (eccentric  hypertrophy).  Little  hernias 
of  the  mucous  membrane,  between  the  libres  of  the  mus- 
cular coat,  are  not  infrequent.  Lastly,  intiammation  of 
the  bladder  may  be  tuberculous  in  character,  in  which 
case  the  mucous  membrane  of  the  bla<lder,  the  prostate, 
ureters,  and  even  the  pelves  of  the  kidneys  may  be  the 
seat  of  characteristic  ulcerations. 

Clinical  History. — In  c_vstitis  the  most  prominent,  al- 
most unfailing,  S}-mptom  is  a.  fivqiieiit  desire  totirinate. 
This  varies  greatly  in  degree,  from  a  slightly  increased 
frequency  of  micturition  which  escapes  notice  to  anal- 
most  constant,  painful  tenesmus  of  the  liladder,  compell- 
ing straining  etforts  which  aecojnplish  only  the  voiding 
of  a  few  drops  at  a  time.  This  symptom  is  in  no  sense 
pathognomonic,  as  it  is  common  to  all  affections  which 
increase  the  irritaljility  of  the  neck  of  the  bladder.  The 
symptom  next  in  importance  is  pain.  This  may  be  ver}' 
slight,  and  felt  only  just  before  and  at  the  eiid  of  mic- 
turition. It  may,  liowever,  be  almost  constant  and 
severe  in  character.  The  pain  is  ordinarily  referred 
either  to  the  hypogastrium,  the  perineum,  or  the  end  of 
the  penis,  but  when  severe  assumes  a  lancinating  char- 
acter, shooting  down  the  thighs,  through  the  lumiiar  and 
sacral  regions,  and  to  the  testicles.  Pain  referred  to  the 
hypogastrium.  especially  if  accompanied  by  tenderness 
in  that  region,  is  usually  indicative  of  inflanunation 
affecting  the  body  of  the'  bladder.  When  the  neck  of 
the  bladder  is  especially  alTected.  the  pain  is  referred  to 
the  perineum  and  to  the  end  of  the  penis.  These  two 
prominent  symptoms  are  usually  accompanied  by  some 
feeer  in  cases  of  acute  universal  cystitis.  In  inflamma- 
tion of  the  neck  of  the  bladder  fever  may  be  present,  but 
is  often  slight  or  entirely  wanting.  In  chronic  cystitis 
there  is  ordinarily  no  febrile  reaction.  Retention  of  urine 
occurs  rarely  as  a  complication:  it  is  most  cominon  in 
cystitis  following  gonorrhoea,  when  a  deep  urethritis  ex- 
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ists,  and  it  is  then  due  to  a  spasmodic  contraction  of  the 
constrictor  urcthra>  muscle. 

Constipation  is  almost  always  present,  and  not  only  do 
the  ditlicult  movements  of  the  bowels  greatly  aggravate 
the  iiain  in  the  bladder,  but  experiments  would  suggest 
that  the  condition  may  favor  a  fresh  supply  of  infectious 
organisms  from  the  intestine. 

Cases  of  chronic  cystitis,  dependent  upon  conditions 
which  cannot  be  removed,  run  a  protracted  course  with 
many  ups  and  downs.  Errors  in  diet,  exposure  to  cold, 
over-exercise,  or  anv  excess  in  alcoholic  liquors  or  in 
sexual  excitement,  bring  fresh  accessions  of  inflammation, 
which  are  recovered  from  with  ever-increasing  ditflculty. 
especially  at  an  advanced  age.  Finally,  some  serious 
complications,  such  as  inflammation  of  the  pelvis  and 
secreting  portion  of  tlie  kidney,  ulceration,  possibly  diph- 
theritic, of  tlie  bladder  wall,  formation  of  an  abscess, 
.septicemia  or  urnemia,  appears  and  quickly  closes  the 
scene. 

The  character  of  the  urine  is  of  great  importance  in 
supplying  information  as  to  tlie  condition  of  tlie  bladder. 
In  a  mild  case,  the  urine  may  Vie  acid  and  but  slightly 
cloudy.  When  the  urine  is  allowed  to  stand  for  some 
time  a  light  sediment  separates,  consisting  of  muco-pus, 
with  usually  a  con.siderable  number  of  flat  epithelial  cells. 
As  the  cystitis  increases  in  severity,  the  urine  becomes 
more  and  more  turbid,  from  the  increasing  amiuuit  of 
juis;  and  in  addition  to  the  squamous  surface  epithelium, 
rounde<l  cells,  derived  from  the  deeper  layers  of  the  blad- 
der mucous  membrane  and  from  the  prostatic  urethra, 
make  their  appearance.  If,  finally,  alkaline  fermenta- 
tion occurs,  tlie  urine  acquires  a  pungent  ammouiacal 
smell,  and  the  pus  assumes  a  thick  ropy  consistenc}-. 
Bacteria  are  also  present  in  great  number,  giving  a  cloudy 
appearance  to  the  urine  even  after  the  pus  has  settled  out 
of  it.  Strongly  ammoniacal  urine  causes  tlie  pus  cells  to 
swell  to  several  times  their  natural  size,  and  finally  to 
dissolve.  Casts,  if  present,  are  similarly  dissolved,  a 
fact  which  should  be  borne  in  mind  when  examining  for 
evidence  of  coincident  kidney  disease.  Blood  corpuscles 
may  be  present  in  cases  of  cvstitis  of  some  severitv,  but 
in  ammoniacal  urine  are  quickly  dissolved.  The  blood- 
pigment  in  this  ease  imparts  a  brown  or  smoky  color 
to  the  urine,  which  is  quite  characteristic. 

Occasionally  blood  in  considerable  quantities  may  be 
passed  and  easily  recognized.  Besides  these  cellular  ele- 
ments many  crystals  arc  found  in  the  urine  of  cystitis. 
In  strongly  acid  urine,  crystals  of  uric  acid  or  oxalate  of 
lime  are  not  infrequent.  If  they  are  in  considerable 
quantity,  and  especially  if  of  large  size,  they  may  be 
suspected  as  the  possible  predisposing  cause  of  the  in- 
flammation. In  ammoniacal  urine,  the  crystals  usually 
found  are  those  of  triple  phosphate  and  urate  of  ammonia, 
with  which  are  often  associated  amorphous  phosphates 
in  a  finely  granular  form.  If  the  bladder  inflammation 
takes  on  a  diphtheritic  charat'ter,  bits  of  discolored  diph- 
theritic membrane  may  ap]iear  in  the  urine.  Gangrenous 
inflammation  of  the  bladder  wall,  which  is  usually  the 
residt  of  severe  injury,  long-continued  pres.sure.  or  of  the 
breaking  down  of  a  new  growth,  gives  the  urine  an  ex- 
cessively fetid  character.  The  admixture  of  blood  more 
or  less  decomposed  gives  it  a  lirow  nish,  smoky,  or  green 
color,  and  the  sediment  contains  much  granular  matter 
and  large  granular  corpuscles,  besides  the  various  cells 
and  crystals  found  in  severe  cystitis.  Occasi(mally. 
especially  as  a  result  of  long-continued  pressure,  con- 
siderable portions  of  the  mucous  membrane  are  thrown 
off,  and  may  be  recognized  as  such  in  the  sediment.  In 
the  case  of  a  sloughing  new  growth,  characteristic  forms 
(villi)  can  frequently  be  found  under  the  microscope. 

Interstitial  (parenchymatous)  cystitis  causes  a  train  of 
symptoms  much  more  severe  than  those  occasioned  by 
a  simple  catarrhal  inflammation.  Tlicre  is  ordinarily 
high  fever,  sometimes  accompanied  by  chills.  Tlic  in- 
flammatory infiltration  of  the  bladder  walls  stiffens  them, 
and  by  hindering  their  contractions  makes  complete 
expulsion  of  the  urine  impossible.  The  ureters,  or  the 
urethra,  may  be  obstructed  by  abscesses,  or  by  inflam- 
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matory  swelling  about  the  orifices.  If  au  abscess  breaks 
into  the  bladder,  the  apjiearanoe  of  a  greatly  increased 
((iiantity  of  pus  in  the  urine  is  followed  by  a  decided 
improvement  in  symptoms.  If  the  o])eninf;  takes  place 
into  the  intestine,  the  symptoms  also  improve,  although 
they  may  sjieedily  resume  their  serious  character  if  the 
iiuestinal  contents  irct  into  and  infect  the  abscess  cavity. 
If  the  pus  tinds  its  way  into  the  perivesical  connective 
tissue,  it  may  work  outward  and  point  either  above  the 
pul)es  or  in  the  perineum,  in  which  case  its  approach  to 
the  s\irface  is  lieralded  by  preceding  o'dema  aiul  in- 
<luration.  Occasionally,  perforation  takes  jilace  into  the 
peritoneal  cavity,  and  speedy  collajise  and  death  is  the 
consequence.  Inliltratioii  of  urine  is  a  vitv  rare  conse- 
(lueiice  of  inflanuuatory  rupture  of  the  bladder  wall,  and 
its  sjircad  is  limited  by  the  attachment  of  tlie  pelvic 
fa.scia  along  tlie  brim  of  the  pelvis.  A  localized  pelvic 
abscess  may  thus  be  formed  and  require  drainage. 

iW</f/)i'M/.«.^The  diagnosis  of  a  cystitis  is  usually  a 
matter  of  tolerable  ease,  if  the  symjitoms  and  the  condi- 
tion of  the  urine  are  carefully  incpiircd  into. 

Pure  neuros<-s  of  the  neck  of  the  bladder,  which  may 
cause  similar  stibjeclire  symiitoms.  do  not  cause  the 
alterations  iii  the  urine  which  acconqiany  inflanunalion. 

Pvelitis.  which  also  gives  rise  to  pus  in  the  uiine.  is  to 
be  distinguished  by  pain  and  tenderness  in  the  kidney 
region  and  by  a  tempeiature  liigher  than  that  of  an  un- 
complicated cystitis.  The  iiresence  in  the  urines  of  small 
caudate  cells  from  the  pelvis  of  the  kidney  is  important, 
but  their  identification  is  a  matter  of  some  difficulty. 
The  discovery  of  casts  is  always  extremely  suggestive, 
especially  in  the  presence  of  other  symjifotus  of  pyelilis. 
Cvstitis  occurs,  liowever,  not  utic(miiuonly  with  pyelitis, 
so  that  thesyfuptoms  of  the  two  diseases  may  complicate 
each  othi-i'. 

Urethritis  is  usually  to  be  distinguished  by  the  symp- 
totus  and  by  the  pri'sence  of  a  urethral  discharge.  Oc- 
casionally, however,  au  inflammation  in  the  deep  ttrethra 
may  present  features  of  similarity  with  cystitis.  If,  in 
such  cases,  the  uruie  is  passed  in  two  iiorfions.  which 
an- received  in  differeut  vessels,  the  pus  will  be  contained 
iu  the  first  part  if  llie  urethra  alone  be  affected. 

Prostatitis  res<'mblcs  in  many  symjitoms  a  partial 
cystitis.  The  pain  of  prostatitis  is,  however,  referred  to 
file  rectum  more  than  is  the  case  in  cystitis.  The  test  of 
passing  the  urine  in  two  or  even  in  three  portions  shows 
that  the  inll.-immation  is  anterior  to  the  bladder,  and. 
finally,  [lalpalion  of  the  enlarged  hot  and  tender  prostate 
throirsrh  the  rectum  c<itnpletes  the  dia.guosis.  The  coin- 
cidence of  prostatitis  with  cystitis  is  not  uncommon  and 
.should  always  lie  considered. 

The  character  of  the  urine  gives,  as  has  been  shown, 
valuable  information  as  to  the  severity  and  character  of 
the  inflammation.  Croupous,  diphfheiitic,  and  gangren- 
ous cystitis  can  generally  be  merely  suspected,  al- 
though shreds  of  fissile  may  sometimes  be  obtained  and 
put  the  matter  beyond  doubt.  Interstitial  cystitis  may 
soinetimes  be  deluiitely  made  out  when  the  iiosterior 
bladder  wall  is  affected  and  can  be  felt  through  the  rec- 
tum. The  bladder  may  even  formadelined  fender  tumor 
which  can  be  felt  from  without.  Usually,  however,  this 
condition  can  be  sunuised  <mh'  from  the  history  and  the 
severity  of  the  general  symptoius.  The  formation  and 
opening  of  an  aliscess  would  be  couftrmatory. 

Prognmix. — Acute  cystitis,  when  not  dependent  upon 
some  previously  existing  chronic  condition,  may  with 
proper  car<'  run  its  course  in  from  two  to  three  weeks. 
If  is  rarely  severe  enough  seriously  to  threaten  life. 
Chronic  cystitis,  if  dependent  on  some  curable  condition 
(stone,  stricture,  etc.),  may  be  recovered  from  after  the 
removal  of  the  predisposing  cause,  provided  that  the 
long  duration  of  the  malady  has  not  induced  permanent 
organic  changes  in  the  bladder  wall. 

Advanceil  age  and  a  weak  constitution  render  the 
prognosis  much  less  favorable.  When  the  disease  is  the 
result  of  some  condition  which  cannot  be  removed  (en- 
larged prostate,  tuberculosis,  inoperable  tumor,  etc.), 
recoverj'  cannot  be  expected,  although  a  considerable 


amelioration  of  .symptoms  may  be  accomplished  by  ap- 
propriate and  thorough  treatment.  The  aiipearance  of 
phlegmoiKms,  dijihtheritic,  or  gangrenous  inflammation, 
with  or  without  the  formation  of  abscesses,  makes  the 
prospect  of  recovery  extremely  doubtful. 

I'miihijUuix. — Many  cases  of  cystitis  could  no  dovibt 
be  aviiided  by  intelligent  care.  Careful  management  of 
au  acute  gonorrluea.  or  of  a  stricluie  or  enlargei:!  pros- 
tate, would  often  euablethe  patient  to  escape  the  cystitis 
which  they  so  fre(|Ue!Uly  induce.  The  most  important 
lirophylaclic  measure,  however,  is  a  thorough  observance 
of  aseptic  precautions  in  any  and  all  operative  procedures 
upon  the  bladder.  All  metal  and  rubber  instruments 
should  be  thoroughly  cleaned  and  boiled  immediately 
after  using,  and  should  then  eitliei'  be  kept  in  an  asejilic 
case  or  clraned  again  immediately  before  using.  The 
jiroblem  of  ch'aning  gum  elastic  and  webbing  catheters 
is  more  ditlicult,  and  they  ('au  rarely  be  used  with  safety 
more  th.-iu  a  few  times.  They  should  be  cleaned  with 
soaj)  and  water  to  remove  the  oil  and  then  washed  care- 
fully with  corrosive  sublimate  1  to  1,001).  Recent 
niitliods  of  sterilizing  catheters  with  formaldehyde  va- 
por ap|)ear  to  be  satisfactory  and  if  further  experience 
jirovessiich  to  be  the  case,  it  will  add  much  to  the  safety 
of  urethral  surgery. 

In  all  cases  in  which  there  is  any  doubt  as  to  the  healthy 
condition  of  ffie  urethra  it  is  wise  to  give  il  a  preliminary 
washing wifli  some  mild  antiseptic,  and  incases  in  which 
urethritis  exists,  it  is  well  to  repeat  this  after  the  use  of 
any  instrument. 

Of  the  great  variety  of  lubricanfsone  should  be  selected 
which  is  aseptic  and  non-irritant.  jMostof  the  antiseptic 
lubricants,  and  especially  those  containing  carbolic  acid 
or  eiicalyiitus  oil.  are  irritating.  ISimple  vaseline  ])Ut  U|) 
under  aseptic  precautions  in  collapsible  tubes  is  perhaps 
as  useful  as  any.  If  it  is  desired  to  have  a  lubricant 
which  will  remain  sterile  even  though  exiiosed  to  the 
air.  boric  acid  may  be  added  in  the  proportion  of  3  i.  to 

Si- 

'J rcatmint. — In  acute  cystitis,  whether  universal  or 
partial,  the  thing  of  first  and  greatest  importance  is  rest. 
Rest  should  be  absolute  in  bed,  iu  a  horizontal  position, 
or  with  the  hips  slightly  raised.  The  bladder,  irritated 
and  intolerant  of  its  contents,  should  be  soothed  by  full 
doses  of  some  anodyne  to  lessen  as  much  as  possible  its 
over-excitability,  and  lo  quiet  its  constant  spasmodic 
activity.  The  anodyne  is  usually  best  administered  in  the 
form  of  a  suppo.sitory.  a  favorite  combination  being 
opium  or  morphine,  with  either  hyoscyamus  or  bella- 
donna. Not  infrequently,  however,  it  will  be  found 
wise  to  give  the  anodyne  by  the  mouth,  as  rectal  absor])- 
f ion  is  slow  and  sotuetimes  unsatisfactory.  If  the  pain 
is  due  mainly  to  the  spasmodic  action  of  the  bladder, 
hyoscyamus  or  belladonna  sometimes  suffices  to  relieve  it. 
and  when  either  of  these  is  efficient  it  is  preferable  to 
opium,  which  is  objectionable  from  its  constipating 
properties,  even  when  it  does  not  disagree  with  the 
stomach.  Codeine  will  also  lie  found  useful,  especiall.v 
in  the  less  severe  cases.  If,  liowever,  hyoscyamus,  bella- 
donna, or  codeine  do  not  control  the  pain,  opiates  shoulil 
at  once  be  resorted  to;  and  these  should  be  given  in  full 
doses,  as  a  really  curative  cfTi'cf  is  to  be  expected  from 
the  relief  of  spasm. 

rieat,  wet  or  dry,  over  the  liypogastrium  and  perineum 
will  often  be  of  use,  and  if  well  apjilied  will  accoiii|ilish 
more  than  a  hot  hip-bath,  which  is  commonly  used,  but 
which  has  only  a  transient  eflect.  A  hip-bath,  if  given, 
should  be  very  hot.  and  the  jialient  should  be  in  it  but  a 
few  minutes  (four  or  five  at  the  outside),  as  the  necessary 
position,  if  maintained  for  any  length  of  time,  favors 
congestion  of  the  pelvic  organs,  and  to  a  great  extent 
counteracts  the  otherwise  good  effects  of  the  heal. 

Medicinal  treatment  intended  to  modify  the  condition 
of  the  urine  may  be  beneficial  in  two  ways:  first,  by  in- 
creasingthe  amount  an<l  consequently  dilulingtlie  urine; 
and.  second,  by  alfecting  the  reaction  and  rendering  it  a 
less  favorable  medium  for  the  growth  of  bacteria. 

The  most  simjile  and  generally  an  efficient  method  of 
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iucrensins  the  amount  of  urine  is  to  urge  the  patient  to 
drink  at  least  two  quarts  of  water  orniilk  iu  the  twenty- 
four  houi-s:  if  more  can  be  taken,  so  niueh  the  better. 
To  this  niav  be  added  cream  of  tartar  water,  or  citrate  of 
potassium, "both  of  whieli  an'  mild  ili\iretics  and  tend  to 
stimulate  the  action  of  the  kidneys.  In  this  way  the 
amount  of  urine  can  generally  be  kept  s\illiciently  large 
markedly  to  dilute  it.'  The  yegetablc  diuretics,  bucliu, 
triticum"  repeus,  uya  ursi,  etc.,  are  less  used  now  than 
formerly,  and  they  are  not  notably  more  efficient  than  the 
milder  measures  above  mentioned. 

Of  the  drugs  which  oAve  their  power  to  the  fact  that 
tJiey  are  excreted  in  some  form  in  the  urine,  beiizoate  of 
sodium,  boric  acid,  sandalwood  oil.  and  urotrojiin  are 
the  most  yaluable.  If  the  urine  is  aramouiacal.  as  is  not 
infrequentiy  the  case,  its  irritating  iiropertiesare  thereby 
nuich  increased,  and  the  use  of  some  drug  to  render  the 
urine  aei<l  is  distinctly  indicated.  The  most  efficient  are 
beuzoate  of  sodium  and  boric  acid  in  doses  of  from  gr. 
V.  to  X.  every  three  to  four  hours,  according  to  the 
reaction  of  the  urine  and  the  tolerance  of  the  patient. 
Sandalwood  oil  has  a  soothing  effect,  especially  when 
the  inllamraalion  is  most  marked  about  the  neck  of  the 
bladder,  but  it  is  taken  with  difficulty  by  some  patients 
and  should  always  be  given  in  capsules. 

The  introduction  of  urotropin  is  so  recent  that  a 
definite  opinion  in  regard  to  its  value  cannot  be  given. 
It  o\vcs  its  value  to  the  fact  that  it  is  excreted  in  the 
urine  as  formaldehj^de  and  thus  inhibits  the  growth  of 
bacteria. 

The  work  of  31.  W.  Richardson  has  shown  that  it  is 
very  efiicieut  when  used  against  the  typhoid  bacillus  in 
the  urine,  and  a  somewhat  limited  clinical  experience 
suggests  that  it  may  prove  a  valuable  addition  to  the  list 
of  urinary  antiseptics. 

Besides  this  strictly  medicinal  treatment,  the  diet 
should  be  carefully  regulated,  only  bland,  unirritating 
articles  of  food  being  allowed.  Alcohol  in  every  form 
should  be  interdicted,  and  tea  and  coffee  should  be 
avoided  or  taken  very  much  diluted.  The  bowels  are 
to  be  kept  gently  open,  and  especial  care  in  this  direction 
is  needed  when  opiates  are  being  used. 

When  the  inflammatory  process  is  being  combated  in 
this  manner,  the  predisposing  cause  of  thecj'stitis  should 
be  st)Ught  for  and  if  possible  removed.  If  an  irritating 
diuretic  is  being  taken  it  should  be  stopped.  A  rheiT- 
matic  or  other  constitutional  cause  should  receive 
appropriate  treatment.  Retention  of  urine,  if  it  exists, 
should  be  relieved  by  the  use  of  a  catheter.  When, 
however,  the  cause  of  the  cystitis  is  one  which  requires 
an  operation  for  its  removal  (calculus,  stricture,  etc.),  it 
is  usually  best,  unless  in  case  of  emergency,  to  defer  in- 
terference until  the  acute  stage  of  the  disease  is  past. 

If  the  inflammation  is  so  severe  as  to  involve  surround- 
ing parts  and  to  give  rise  to  pericystitis,  the  appearance 
of  abscesses  must  be  watched  for  with  great  care,  as 
their  early  detection  and  evacuation  is  of  cardinal  im- 
portance. 

Ordinarily  an  acute  cystitis  yields  to  careful  treatment, 
and  recovery  is  complete.  If,  however,  the  acvite  condi- 
tion does  not  subside  under  treatment  an  examination 
should  be  made  to  discover  whether  there  is  not  some 
underlying  cause,  as  calculus,  tumor,  stricture,  or  en- 
larged prostate,  which  must  then  receive  the  appropriate 
treatment. 

Almost  all  cases  of  subacute  or  chronic  cystitis,  espe- 
cially when  associated  with  foul,  decomposing  urine,  are 
to  be  greatly  benefited  by  thorough  irrigation;  and  this 
measure  may  even  be  employed  in  acute  cases  if  the  urine 
assumes  a  fetid  character. 

When  properly  performed  this  washing  out  of  the 
bladder  usually  does  much  good,  but  if  done  carelessly 
or  improperly  it  may  cause  s'erious  harm. 

Sir  Henry  Thompson  directs  that  no  more  than  two 
ounces  of  fluid  shall  be  thrown  into  the  bladder  at  one 
time.  This  rule  is  a  good  one  in  cases  of  acute  cystitis, 
or  when  the  bladder  is  greatly  contracted  or  especially 
uritable.     In  many  chronic  cases,  however,  it  is  not  only 
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safe,  but  wise  to  somewhat  distend  the  bladder  with  the 
injected  fluid,  the  object  being  to  spread  out  the  folds  of 
the  mucous  membrane  so  as  to  insure  the  thorough  re- 
moval of  fermenting  mucus  and  the  contact  of  the  irri- 
gating fluid  with  all  parts  of  the  bladder  wall.  If  the 
injection  is  made  slowly,  the  bladder  ordinarily  tolerates 
the  distention  well. 

With  regard  to  the  injecting  apparatus,  a  syringe 
forces  the  fluid  in  with  irregular,  intermittent  force,  and 
imperfections  in  the  valves  make  it  often  a  matter  of 
uncertainty  whether  the  jirfiper  amount  has  flowed  into 
the  bladder  or  not.  These  disadvantages  are  avoided  by 
the  use  of  a  fountain  syringe;  and  if  a  clear  glass  bottle 
is  used  as  the  reservoir,  it  can  be  easily  kept  clean,  and 
the  exact  amount  of  the  fluid  which  flows  into  the  blad- 
der can  be  readily  seen  and  exactly  measured  b}'  a  scale 
fastened  upon  the  side  of  the  bottle.  The  force  of  the 
stream  is  to  be  regulated  by  adjusting  the  height  of  the 
reservoir  above  the  bkadder.  This  should  never  be 
greater  than  from  one  to  two  feet,  or  the  bladder  may 
be  subjected  to  a  dangerous  strain.  It  is  also  important 
to  stop  injecting  the  moment  the  patient  feels  the  least 
desire  to  micturate. 

The  simplicity  of  this  apparatus  is  of  great  advantage 
in  point  of  cleanliness,  and  patients  quickly  learn  to 
manage  it  for  themselves. 

The  catheter  used  should  be  of  soft  rubber,  if  such  can 
be  introduced:  if  not,  that  form  which  passes  with  least 
irritation  is  the  best,  whether  bulb-pointed  or  coudee, 
gum-elastic  (English)  or  silver.  A  double-current 
catheter  is  less  good  than  one  with  single  calibre,  for  the 
continuous  stream  does  not  cleanse  the  bladder  so  quickly 
as  is  done  by  alternate  filling  and  emptying,  and  the 
necessarily  small  size  of  the  escape  tube  in  a  double  in- 
strument prevents  tlie  ready  exit  of  thick  pus  or  mucus. 
The  bladder  may  also  be  irrigated  without  the  use  of  a 
catheter  by  means  of  a  fountain  syringe  with  an  olive- 
tipped  nozzle.  This  is  held  tightlj-  against  the  meatus 
and  the  fluid  allow-ed  to  distend  the  urethra,  which  will 
"  balloon  "  out  as  far  as  the  triangular  ligament.  In  this 
w,ay  the  anteriorurethramay  be  thoroughly  washed,  and 
then  by  raising  the  douche  bottle  higher,  sufficient  press- 
ure may  be  obtained  to  overcome  the  resistance  of  the 
compressor  muscle  and  the  fluid  will  run  back  into  the 
bladder.  The  whole  operation  is  carried  out  without  in- 
troducing any  instrument  beyond  the  meatus,  and  this 
method  of  irrigation  has  of  late  found  considerable  favor 
among  surgecms  in  some  parts  of  the  country.  JIany 
drugs  are  added  to  the  injection  fluid,  either  with  the 
object  of  disinfecting  the  contents  of  the  bladder  or  of 
acting  topically  U]ion  the  mucous  membrane. 

The  most  useful  solutions  with  which  to  irrigate  the 
bladder  are  a  solution  of  borax  (biborate  of  sodium),  a 
drachm  to  the  pint;  boric  acid  one  per  cent.,  and  chloride 
of  sodium  two  drachms  to  the  pint.  The  stronger  antisep- 
tics, as  corrosive  sublimate  and  carbolic  acid,  are  too  irri- 
tating to  be  often  useful.  Occasionally  when  the  secre- 
tion of  pus  and  mucus  is  very  abundant,  and  esjiecially 
in  chronic  eases,  permanganate  of  [lotassium  1  to  ,5.000  to 
1  to  10,000  w'ill  be  found  useful  for  its  astringent  action. 

In  phosphaturia  very  dilute  hydrochloric  or  nitric  acid 
(one  or  two  droits  of  strong  acid  to  the  fluidounce  of 
water)  may  assist  by  their  solvent  and  astringent  action. 

Lastly,  we  come  to  speak  of  nitrate  of  silver,  which 
if  jiroperly  used  is  productive  of  much  good,  but  if 
abused  or  improjierly  employed  may  do  decided  harm. 

An  obstinate  chronic  cystitis  which  does  not  yield  to 
milder  measures  is  sometimes  greatly  benefited  by  the 
use  of  a  weak  solution  (one-tenth  to  one-fifth  per  cent.) 
of  nitrate  of  .silver.  This  gives  the  best  results  when  it 
is  used  every  second  or  third  day.  some  milder  injection 
being  substituted  on  the  intermediate  days.  The  amount 
of  pus  is  usually  very  decidedly  diminished  by  these  ap- 
plications. 

Occasionally,  it  happens  that  adhesive  mucus  so  clogs 
the  eye  of  the  catheter  as  to  iirevent  the  escape  of  the 
urine.  This  may  be  removed  by  attaching  a  rubber 
tube  full  of  water  to  the  catheter  and  then  dropping  its. 
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free  end  into  a  vessel  upon  the  floor.  The  weight  of  this 
column  of  wi;ter  usually  exerts  sutlicient  suction  to  draw 
out  the  obstruetinj;  nuicus. 

In  ehronie  cystitis,  the  local  treatment  is  more  to  be 
relied  ujion  than  medication. 

lu  the  majority  of  cases  the  measures  that  have  been 
suggested  will  aeeomplisli.  if  not  a  cure,  at  least  a  pallia- 
tion of  symptoms  which  brinu-s  comparative  comfort  to 
the  |iatii*iit  ;  occasionally,  however,  a  case  is  met  with  in 
which  the  bladder  has  sulfered  such  decided  organic 
changes  that  the  passage  of  urine  through  it,  with  its 
alternations  of  c.\pansion  and  contraction,  is  sutlicient  to 
keep  up  an  aggravated  intlammalion.  In  spite  of  every 
care  the  patient  begins  to  suffer  from  septic  absorption, 
and  death  seems  imminent. 

Under  such  circumstances,  constant  drainage  by  means 
of  a  catheter  should  be  tried.  This  wdll  often  have  the 
effect  of  giving  the  bladder  the  desired  rest  and  allowing 
the  reparativi',  process  to  begin.  If  this  is  not  success- 
ful, cystotomy  holds  out  a  last  hope.  An  opening 
through  the  perineum,  l)_v  providing  drainage  and  rest 
to  the  bladder,  allows  it  time  and  opportunity  to  recover 
itself.  This  trc-atment  was  tirst  applied  to  a  case  of  this 
sort  bv  the  late  Dr.  Willard  Parker,  of  New  York,  in 
the  yeiir  18.^0. 

The  necessary  opening  may  be  made  either  laterally 
through  the  prostate,  as  in  lilliotomy,  or  may  enter  the 
meiubranous  urethra  through  the  middle  line,  and  through 
this  opening  the  prostatic  urethra  may  lie  readily  dilated 
with  the  linger  .so  as  to  admit  thi'  introduction  of  a  good- 
sized  tube.  The  latter  method  has  the  advanta.ge  of  in- 
juring no  important  structiu'cs,  whereas  tin;  former  jiro- 
motcs  more  thorough  drainage.  Whenever  an  incision 
through  the  perineum  is  (iractised  it  should  be  made  the 
opportunity  for  a  thorough  exploration  of  the  bladder, 
as  an  luisuspccted  cause  for  the  cystitis  may  sometimes 
be  found. 

Stone  in  the  Bi..\miEi!. — The  stones  which  are  com- 
monly found  in  the  bladder  may  be  roughly  divided  into 
uric  acid,  oxalate  of  lime,  and  phospliatic  calculi.  A 
stone  composed  wholly  of  any  one  of  these  constitvients 
is.  however,  not  common,  the  usual  condition  being  a 
mixed  form,  in  which  a  uric  acid  or  oxalate  of  lime 
nucleus  is  covered  by  a  phospliatic  crust;  sometimes  a 
succession  of  layers  may  be  formed  by  alternating  de- 
posits of  different  components.  The  phosphates  are 
almost  always  combined  with  alkaline  urates  and  carbon- 
ates. Other  substances,  such  as  cyst  in  and  xanthin,  in 
rare  instances  form  concretions  in  the  bladder. 

For  i)urposes  of  surgical  classitlcation,  calculi  may  bt: 
divided  into  those  which  form  in  an  acid  and  those 
which  form  in  an  alkaline  urine.  The  former  class  in- 
cludes the  uric  acid  and  oxalate  of  lime  stones,  while  the 
soft  concretions,  composed  mainly  of  phosphates,  belong 
to  the  latter. 

"The  researches  of  Rainey.  Harting,  Ord,  Ebstein, 
and  others,  indicate  that  the  formation  of  stone  is  not  a 
simple  process  of  deposition  of  salts  existing  in  excess  in 
the  urine.  Indeed,  instances  are  of  everyday  occurrence 
in  which  uric  acid,  the  urates,  oxalate  of  lime,  or  the 
phosphates  are  present  in  solid  form  for  long  periods  of 
time  in  the  urine  without  leading  to  stone  formation. 
The  investigations  of  these  observers  have  shown  the 
crystalline  substances  of  tlie  urine  to  follow  the  law  of 
'  molecular  coalescence  '  laid  down  by  Rainey  and  elabo- 
rated by  later  observers:  whicii  is  bri<-fly,  that  'in  the 
presence  of  colloid  or  aUnnninoid  substances  cry.stalline 
materials  become  sjiheroidal  in  shape  and  coalesce  in 
rounded  form.'  Following  this  law,  in  the  urinary 
passages  crystals  of  uric  acid  in  their  usual  rhond)oidal 
shape  may  for  long  ])eriods  l)e  thrown  down,  washed 
along,  and  jiassed  out  with  the  urine  without  showing 
anj-  tendency  to  form  concretions.  Finally,  the  irrita- 
tion of  the  urinary  tract  leads  to  the  exudation  of  albu- 
minoid material,  which,  acting  on  the  crystals,  changes 
their  inolecular  form  and  creates  in  them  the  tendency 
to  coalesce.  The  neces.sary  albuminoid  material  may  be 
supplied  in  other  ways.     Necrotic  bits  of  tissue  are,  as  is 


well  known,  likely  to  be  encrusted  with  lime  salts. 
Masses  of  bacteria  and  bits  of  blood  clot  are  also  found 
in  stones,  but  wliat  jiart  they  play  in  the  formation  of 
the  stone  is  not  cU'ar.  The  concretion,  once  starte<l. 
contimies  to  act  as  an  irritant  to  the  wall,  and  so  con 
tinues  to  be  supplied  with  an  albuminoid  envelope,  in 
which  successive  layers  of  siiheroidal  crystals  are  de- 
posited." * 

The  formation  of  phospliatic  stones  isalmost  invariably 
the  result  of  inflammatory  conditions  in  the  urinary  tract 
leading  1<i  alkaline  fermentation  of  the  urine. 

Calculi  may  form  in  any  jiart  of  the  urinary  apparatus. 
When  they  originate  in  the  ki<lney  they  usually  find 
their  way,  sooner  or  later,  into  the  blailder.  This  may 
be  accomplished  painlessly,  or  may  be  accompanied  by 
severe  pain  (lu-phritie  colic). 

After  reaching  the  bladder  they  either  pass  out  through 
the  urethra  and  cause  no  further  trouble,  or  they  remain 
and  gradually  increase  in  size  until  their  presence  is  re- 
vealed by  the  sym])toms  to  which  they  give  rise.  Their 
detention  in  the  bladder  is  rendered  extremely  probable 
when  some  obstruction  to  mictuiition  has  caused  dilata- 
tion with  residual  urine,  or  when  sacculation  of  the  blad- 
der exi.sts.  A  stone  thus  retained  in  the  bladder  continu- 
ally grows  by  accretion.  So  long  as  the  urine  remains 
unchanged,  the  character  of  the  stone  continues  the 
same;  when,  however,  the  urine,  formerly  acid,  becomes 
alkaline  from  the  occurrence  of  fermentation,  the  soft 
salts  (phosphates,  etc.)  are  deposited  on  the  hard  basis  of 
calcic  oxalate,  or  uric  acid. 

Stones  usually  occur  singly,  but  sometimes  many,  up 
to  several  hundreds,  are  found  in  one  bladder. 

Single  calculi  are  moulded  into  a  more  or  less  oval  form 
by  ath-ition  of  the  vesical  walls.  The  surface  may  be 
toh'rably  smooth,  as  is  often  the  case  with  uric  acid  cal- 
culi, or  rough  and  granulated,  as  is  more  commonly  seen 
in  phospliatic  stones;  and  finally,  those  composed  of 
oxalate  of  lime  are  usually  covered  with  rough,  often 
sharp  projections,  giving  them  a  knobby,  irregular  out- 
line, which  has  suggested  their  distinctive  name  of  mul- 
lierry  calculi.  When  many  calculi  exist  together  in  the 
bladder,  they  are  usually  smoothed  and  faceted  by  mu- 
tual attrition. 

Stones  vary  greatly  in  size  and  consistency.  Very 
large  concretions  were  much  more  common  formerly  than 
now.  when  they  come  earlier  to  operation. 

Phospliatic  stones  are  usually  soft  and  friable,  though 
they  may  sometimes  have  considerable  hardness.  Uric 
aci<l  makes  firmer  calculi,  which  are.  however,  tolerably 
brittle.  The  hardest  stones  are  those  made  of  oxalate  of 
lime,  and  they  may  occasionally  resist  any  but  the  most 
powerful  lithotrites. 

Stone  in  the  bladder  is  often  hereditary.  A  goutv  or 
rheumatic  diathesis,  by  favoring  the  production  of  acid 
urine,  fosters  the  tendency  to  stone. 

The  habitual  use  of  liquids  or  articles  of  food  that  easily 
ferment  and  give  rise  to  acidity  may  increase  the  chances 
to  stone  formation.  That  the  <|uality  of  the  diinking 
water  (presence  of  lime  salts)  has  any  innncnce.  is  not 
proved. 

The  geographical  distribution  of  stone  seems  to  be  in 
dciiendcnt  of  any  climatic  or  geologic;  influences. 

Dr.  Keyes  believes  that  the  prevalence  of  stone  in  cer- 
tain localities  is  to  be  in  great  measure  accounted  for  by 
the  hereditary  nature  of  calculous  disease,  fostered  by 
more  or  less  close  intermarriage. 

Thompson  states  that  stone  is  common  in  the  children 
of  the  ))oor.  but  rare  among  old  persons;  whereas  among 
the  ricli  this  state  of  things  is  reversed  and  the  children 
are  ex<'mpt.  while  tlii-ir  elders  are  oftener  afllicted. 

Si/m/it(iiiiK. — The  .symiitoms  of  stone  in  the  bladder  are: 
First,  pain.  This  is  especially  severe  at  the  end  of  mic- 
turition, when  the  bladder  wall  closes  down  upon  the 
rough  surface  of  the  calculus.  The  pain  is  referred 
either  to  the  end  of  the  peni.s.  or  to  the  perineum  and 

*  From  author's  article  in  Morrow's  "System  of  Genlto-Urinary  Dis- 
eases, Syphllology.  and  Deriuatwlogy,"  vol.  i. 
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uctum.  It  is  usuallv  mucli  increased  by  violent  move- 
ments or  jollinir.  as  "in  riding.  Secondly,  frequency  of 
mietiiritioii.  which  may  or  may  not  be  diminished  by 
ic.^it  in  bed.  Thirdly",  /Ki'iiuitiiria.  The  preseni*  of 
hl.iod  in  the  urine  is  intermittent.  Tlie  water  may  be  of 
a  wine-red  or  smoky  color,  or  the  blood  may  be  contained 
in  the  last  few  dr<ii)S  of  urine  passed,  lleniorrhajce  is 
likely  to  appear  after  exercise  or  joHing.  When  these 
important  symptoms  are  present,  inquiry  will  often  dis- 
cover a  history  of  previous  attacks  of  renal  colic,  or  of 
the  appearancr  of  irravel  in  the  urine. 

As  coutirmatory  sym|itonis  may  be  mentioned,  sudden 
stoppaseof  the  stream  inthc  midst  of  micturition,  caused 
by  thestone  fallina;  against  the  mvthral  opening,  and  in 
children  an  elongatecrprepuce,  owing  to  constant  pulling 
in  the  elTurt  to  ivlieve  ])iun  fell  at  the  head  of  the  penis. 

A  bimanual  e-xaniinalion  between  tlie  hand  over  the 
pubes  and  the  finger  in  the  rcctiun  will  often  reveal  the 
presence  of  a  stone  of  any  size. 

The  diagnosis  is  rendered  comjiletc  by  a  thorough  ex- 
ploration iif  the  bladder  with  a  sound.  For  this  jiurpose 
a  metallic  instrument  should  be  used,  with  a  short  beak 
curved  to  •■in  angle  of  aliout  VW.  which,  by  allowing 
freedom  of  motion  in  the  bladder,  makes  a  much  more 
thorough  e.\aininatiiin  possilile  than  with  an  ordinary 
curved  catheter.  Sometimes  a  stone  that  evades  the 
sound  may  be  caught  with  the  lithotritc  and  its  presence 
thus  demonstrated.  The  lithotrite  also  affords  the  most 
accurate  method  of  determining  the  size  of  a  stone;  and 
by  drojiping  it  and  seizing  it  again  several  times  the 
dimensions  may  be  measured  in  several  diameters.  When 
a  stone  is  caught  in  the  lithotrite,  it  should  be  firmly  held 
and  the  instrument  with  the  stone  in  it  should  then  be 
used  for  a  further  search,  to  determine  whether  more  than 
one  stone  be  present. 

It  is  well  during  an  exploration,  especiallj'  in  a  diffi- 
cult case,  to  vary  the  amouat  of  water  in  the  bladder,  as 
a  concretion,  difficult  of  detection  in  a  fidl  bladder,  may 
be  easily  found  in  an  empty  one,  and  rice  rcrsd. 

(Occasionally  it  happens  that  in  a  sacculated  or  other- 
wise misshappen  bladder  a  calculus  will  evade  detection 
bj'  most  thorough  and  skilful  sounding.  For  these  cases 
Professor  Bigelow  has  pointed  out  the  value  of  the  litho- 
lapaxy  jiump  and  tube.  The  ctirrent  of  water  searches 
out  and  brings  the  calculus  to  the  tube  with  a  character- 
istic click  which  cannot  be  mistaken  or  overlooked. 

Examination  by  the  sound  may  be  rendered  difficult 
by  stricture  of  the  urethra,  which  if  not  passable  for  an 
instrument  of  fair  size  will  require  dilatation,  divulsiou, 
or  urethrotcimy. 

Enlarged  prostate  may  greatly  increase  the  difficulties 
of  soimding,  both  by  the  resistance  it  offers  to  the  en- 
trance of  the  instrument  and  by  reason  of  the  sacculation 
of  the  bladder  behind  the  prostate  in  which  the  stone  may 
escape  detection.  This  source  of  error  is  usually  to  be 
avoided  if  a  sound  with  a  short  beak  be  used  "and  so 
rotated  that  the  point  sweeps  the  base  of  the  bladder. 
To  accomplish  this  mano'uvre  the  handle  of  the  sound  or 
searcher  must  be  well  depressed  between  the  thighs,  as 
otherwise  its  point  catches  on  the  floor  of  the  bladder. 
The  finger  in  the  rectum  may  materially  assist  in  this 
investigation.  A  bar  at  the  internal  urethral  orifice  may 
cause  difficulties  similar  to  those  incident  to  an  enlarged 
prostate. 

Sacs  and  diverticula  of  the  bladder  occasionally  make 
the  detection  of  a  stone  by  the  sound  alone  very  d'ifficult, 
though  often  a  careful  s"earch  will  finally  carry  the  in- 
strument into  contact  witli  some  part  of  the  calculus. 

Extreme  sensitiveness  will  often  make  an  examination 
impossible  without  the  aid  of  an  anesthetic. 

Tlie  sources  of  error  which  must  be  considered  in 
sounding  are  prostatic  concretions,  rough  projections  of 
the  liladder  wall,  which  may  be  covered  with  phospliatic 
deposits,  and  new  growths"  which  may  be  similarly  in- 
crusted. 

A  practised  touch  will  usually  lead  to  a  decision  be- 
tween these  conditions.  The  grating  over  a  prostatic 
concretion  is  felt  before  the  bladder  is  reached,  and  in  a 
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case  in  which  the  doubtful  sensation  is  felt  within  the 
bladder,  a  conclusion  may  usuall.y  be  reached  by  the 
passage  of  a  lithotrite  and  grasping  of  the  stone  If  one 
exists. 

Prophylaxis. — Soft  phosphatic  stones  are,  as  has  been 
said,  dependent  usually  upon  a  local  condition  of  inflam- 
mation of  the  bladder,  and  any  treatment,  by  irrigation 
or  otherwise,  which  reduces  this  inflammation  lessens 
the  chances  of  stone  formation.  Uric  acid  and  oxalate  of 
lime  stones,  on  the  other  hand,  are  of  constitutional 
origin,  and  indicate  faults  of  assimilation  and  tissue 
change  which  are  in  a  degree  amenable  to  constitutional 
treatment. 

When  a  tendency  to  uric  acid  formation  is  evinced  by 
the  appearance  of  crystals  in  the  urine,  or  by  any  sj'mp- 
toms  indicating  a  gouty  diathesis,  efforts  should  be  made 
to  counteract  this  tendency  by  strict  attenti(ni  to  the 
patient's  habits  with  regard  to  food  and  exercise.  Sugar 
in  every  form  is  harmful  in  these  cases,  as  are  also  all 
fatty  articles  of  food,  and  these  should  accordingly  be 
avoided.  Over-indulgence  in  stimulating,  highly  seasoned 
dishes  should  be  interdicted.  Wine  should  be  given  uji. 
and  if  the  stimulant  efTect  is  needed,  spirits,  largely 
diluted,  should  be  preferred.  Systematic  exercise  should 
be  taken — if  possible,  sufliiciently  violent  to  excite  mod- 
erate jitrspiration,  and  the  skin  should  be  cared  for  by 
regular  bathing  and  vigorous  nibbing.  If  the  patient  be 
constipated,  his  bowels  should  be  regulated,  and  this 
may  well  be  done  by  a  morning  glass  of  Friedrichshall 
or  Carlsbad  wafer.  Thompson  recommends  a  long  course 
of  saline  waters  for  these  patients  with  uric  acid  tenden- 
cies, and  reganls  their  efl'ect  as  due  to  a  stimulant  action 
on  the  liver.  Whatever  the  rationale  of  their  use,  they 
are  of  undoubted  benefit  when  a  constipated  habit  exists. 

Lastly,  general  tonics,  such  as  strj'chnine  and  cpiinine. 
may  be  of  great  service  when  the  general  health  is  de- 
bilitated. Alkaline  diuretics,  by  correcting  the  over- 
acidity  of  the  urine,  relieve  local  symptoms:  but  without 
the  addition  of  general  treatment  the  acidity  returns 
quickly  upon  their  disuse. 

Treatment. — After  the  formation  of  a  stone  too  large 
to  pass  through  the  urethra,  its  removal  can  be  accom- 
plished only  by  some  mechanical  expedient.  The  solvent 
action  of  alkaline  or  other  remedies  has  never  been  shown 
to  destroy  a  stone  that  had  been  proved  to  exist. 

The  choice  of  the  operation  appropriate  to  each  ease  is 
to  be  decided  both  by  the  character  of  the  stone  and  by 
the  condition  of  the  urinary  organs. 

Children  stand  the  operation  of  litholapaxy  very  well. 
Occasionally  the  small  size  of  the  urethra  makes  this 
operation  impossible,  but,  except  in  these  cases,  it  is  to 
be  preferred  to  lithotomy. 

The  crushing  of  stone — lithotrity — became  a  recog- 
nized operation  in  1824  through  the  efforts  of  Civiale, 
who,  although  operating  with  inferior  instruments,  ob- 
tained successes  which  demonstrated  the  possiliility  of 
imlverizing  stones  with  instruments  introduced  through 
the  urethra. 

After  that  time  the  operation  was  greatly  improved  in 
technicpie,  and  largely  displaced  the  earlier  operation  of 
lithotomy.  (For  the  history  of  its  development,  see 
under  the  head  of  Lilhotrity.') 

In  18T9  Prof.  Henry  J.  Bigelow  published  a  paper  in- 
troducing the  operation  of  litholapaxy  (lithotrity  at  one 
sitting,  rapid  lithotrity),  and  so  quickly  did  this  procedure 
gain  in  favor  tliat  within  a  year  or  two  of  the  pulilica- 
tion  of  his  first  article  it  was  a  generally  established 
practice;  and  the  old  operation  of  lithotrity,  withont 
complete  evacuation,  had  become  a  thing  of  the  past. 

Professor  Bigelow  showed  that  the  tolerance  of  tlie 
bladder  to  instrumentation  is  much  greater  than  had  been 
supposed,  and  demonstrated  the  fact  that  there  is  less 
danger  in  an  operation,  even  long  and  tedious,  which 
results  in  the  complete  evacuation  of  a  stone,  than  in  the 
usual  short  and  repeated  sittings  for  its  more  gradual 
removal.  In  short,  he  proved  that  the  greatest  danger  of 
lithotrity  is  not  from  the  use  of  instruments,  but  from 
the  subsequent  irritation  of  the  mucous  nn'mbranc  by 
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the  fragments  left  in  the  bladder.  To  facilitate  the  rapid 
crushing  and  removal  of  stones,  he  also  introduced  im- 
proved iiislniMients,  which  will  be  described  under  the 
head  of  IJtIwIdpiixy. 

With  these  instruments  it  is  now  possible  to  dis- 
pose of  manv  stones  that  woidd  fornuTly  have  l)ecn 
tho\i.!:lit  beyond  I  be  rcacli  of  litliotrily.  and  it  sulliees 
to  say  that  lit liolapaxy  should  be  employed  in  all  stone 
patients,  except  in  cases  falling  under  the  following 
exceptions: 

1.  A  very  larire  and  bard  stone  may  resist  every  at- 
tempt at  crushing. 

2.  A  stone  may  havc>  as  a  nucleus  a  foreign  body,  such 
as  a  piece  of  necrosed  bone  or  a  bullet,  too  hard  to  crush 
and  too  large  to  come  through  a  tube. 

3.  An  encysted  stone  may  be  out  of  reach  of  the  litlio- 
trite. 

4.  Some  writers  consider  that  stricture  of  the  urethra 
may  prohibit  lil)iolapaxy.  This  cannot  often  happen,  for 
strictures,  however  close,  yield  readily  to  (livulsion, 
which  may  be  immediately  followed  by  the  crushing  and 
evacuation  of  the  stone.  We  have  so  often  seen  these  two 
operations  successfully  done  together  upon  an  etherized 
patient  that  we  cai.uot  but  think  this  the  best  ])ractice. 
While  it  economizes  time,  it  sjives  the  patient  much 
needless  manipulation.  When  an  impassable  stricture 
exists,  perineal  section  followed  by  )ierineal  lithotrity 
must  be  done. 

.").  The  small  size  of  the  urethra  in  children  may  pre- 
vent the  passage  of  instruments. 

f!.  Hypertrophy  of  the  prostate  may  occasionally  ren- 
der the  passjige  of  the  lithotrite  impossible  and  render 
lithotomy  necessar_v. 

7.  False  pass;iges  may  exist,  which  -so  interfere  with 
the  introduction  of  instruments  that  the  dangers  of  tlie 
operation  are  greatly  enhanced,  and  the  question  of 
lithotomy  is  to  l)e  entertained. 

N.  The  hip  may  be  anchylosed  in  a  position  which  in- 
terferes with  the  u.se  of  instrumenls. 

In  any  of  tlu'.se  exceptional  cases,  a  cutting  operation 
may  be  nMpiireii,  and  a  consideration  of  the  various 
methods  of  pcrfornnng  such  operations  will  be  found 
under  the  head  of  Llthatmiiy. 

Arthur  T.  Cabot. 
11)1  (jh  Ciibot, 

BLADDER-WRACK.— ^ff-^rw^i-.  Kdp-mtre.  Blark- 
tin,;/.  The  plant  /•'//. ■«.«  reKioiloxim  L.  (fam.  Furuce(e). 
This  ]ieculiar  enarse  sea-weed  grows  in  the  greatest 
abundance  on  the  rocky  Atlantic  shores  of  both  this 
country  and  Europe.  At  low  tide  it  covers  the  rocks 
thickly  with  its  prostrate  greenish-yellow  fronds,  while, 
when  the  tide  is  full  and  the  ])lant  is  enabled  to  tloat  by 
the  aid  of  its  numerous  air  vesicles  or  "bladders,"  it 
covers  the  bottom  with  a  forest  of  weeds.  'I'his  is  one  of 
the  i>lan1s  which  have  been  most  extensively  employed 
in  the  manufacture  of  kelp.  It  has  also  been  consider- 
ably used  in  medicine  as  a  deobstruent  anil  alterative. 
Neither  its  composition  nor  its  pro])erties  liave  been 
made  well  known,  and  its  value  is  prol]|ematical.  It 
contains  onetifth  per  cent,  or  more  of  iodine,  in  com- 
bination witli  potash.  Rarely,  considerable  quantities 
of  tannin  have  been  oliserved  in  it.  It  has  been  loudly 
proclaimed  as  an  agent  to  reduce  obesity,  and  ])roprietary 
articles  sold  for  this  purpose  are  siiid  to  contain  it.  The 
dose  is  3  to  15  gm.  ( I  ss,  to  iv.).     Most  manufacturing 


houses  prepare  both  fluid  and  solid  extiaets.     The  dose 
of  the  latter  is  0.3  to  2  irm.  {gr.  v.  to  xxx.). 

jr.  11.  limby. 

BLADON  SPRINGS.-Choctaw  County.  Alabama. 

Fdsr-OFFu  h.  —  liladon  Springs.      Hotel  and  cottages. 

AcTKss.  —  Via  ^Mobile  and  IMrniinghani  Railroad  to 
Carson  Station,  thence  twenty-nine  miles  by  hack  to 
springs:  also,  by  Jlobile  and  Ohio  Railroad  to  Bueka- 
tunna.  Miss.,  thence  twenty-eight  niiles  by  stage  or 
hack:  also  by  steamer  from  iMobile,  Tue.«lay  and  Satur- 
day service.  There  is  also  a  bi-weekly  .south-bound 
steamer  service  from  Dcmopolis.  The  sjirings  arc  four 
nnlcs  from  the  ste:uMrr  landing  on  the  Tombigbce  River. 

For  upward  of  thirty  years  the  liladou  S]irings  have 
been  a  favorite  resort  for  the  best  |ieo]ile  of  Alabama  and 
the  neighboring  Gulf  States.  The  steady  inllu.x  of  visitors 
of  late  years  renders  it  necessary  to  kee])  the  hotel  open 
all  the  year. 

The  location  is  about  eighty  miles  from  the  Gulf  as 
the  crow  flies,  and  about  one  hundred  and  seventy  feet 
above  tide  water.  The  climate  is  mild  and  equable,  the 
mean  annual  temperature  lieing  7-i°  F.  The  nights  are 
delightfully  cool,  averaging  about  6.^"  F.  after  eight 
o'clock  during  July  and  August.  The  surrounding 
country  is  hill\'  and  heavily  wooded  witli  pines,  and  ex- 
cellently adapted  for  thorough  drainage.  The  resort 
otters  abundant  inducement  for  those  wishing  to  escape 
tlie  rigors  of  a  Northern  winter.  Game  is  abundant  dur- 
ing the  fall  and  winter  months,  and  it  is  siud  that  deer 
are  killed  v,  itliin  a  mile  of  tlie  hotel. 

We  are  indebted  to  Dr.  Showalter,  of  the  Springs,  for 
the  following  analyses: 

O.vE  U.MTED  States  Gallon  Ooxtaixs: 


Vicliy 

Brancli 

Sulphur 

Old 

Spring. 

Spring. 

Sprintr. 

Spring. 

Solids. 

J.  I,  k  W.  P. 

J.L.  &  W  P. 

J.L.  AW.P. 

R.  P. 

Kiddell. 

Itlddell. 

Kiddell. 

Brunibv. 

Grains. 

Grains. 

Grains. 

Grains. 

Scidium  carlMnate  . 

46.;!3 

41.31 

:M.9:^ 

32.89 

Mafniesium     " 

.^"9 

.01 

.C.-) 

1.36 

t'ak-iuiii 

.87 

2.14 

2.43 

2.7.5 

Inin 

.49 

.23 

.711 

.02 

Calcinm  sulphate.. 

2.2.5 

2.79 

2.% 

Irim 

.24 

StKllian  rliloride . 

7.69 

Stronliuui 

.32 

Eilioa 

2.10 

(iri.'ani<:  matter  . . . 

2.36 

1.90 

1.2.5 

I'rcnie  acid 

.7,5 

HyiHK'renii'  at-id... 



.61) 

Total 

.K.49 

4S.88 

42.97 

4S.72 

Gases. 

Cubic  iacb. 

Cubic  inch.   Cubic  inch. 

Cubic  inch. 

CarboTiic  acid 

Sul[)hureted     h  y  - 
drntjen 

65.44 

1.84 

59.30              o2.KH 

1  m           1  Hi 

32.56 

Total 

1)7  28               fil  (U 

55.28 

32.56 

The  waters  are  of  the  alkaline  type,  quite  ])lentifidly 
charged  with  carbonic  acid.  They  are  useful  in  chronic 
indigestion,  in  .syphilitic  cachexia,  in  advanced  nephritis, 
in  diabetes  mellitus,  and  in  rheumatism. 

Jamts  A',  (.'rook. 
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